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Founded 1889.

P a t r o n :

Incorporated by Royal C h a rte r  1933. 
H i s  M a j e s t y  T h e  K i n g .

*J . A . R h y n a s .

SESSIO N  1945-46

President: S ir  W il l ia m  C r a w fo r d  C u r r ie .
Chairman: :f\V\ L y n n  N el s o n , O.B.E. Vice-Chairman:

Members of C ouncil:
JE. A . G a r r a t t , O.B.E. $G . O r m is t o n .

J R andal G. K in c a id .

JJ. C. L o w r ie .

*C . A . M a r r i o t t .

Associate Members of Council :
*Flt.-Lt. R. A. C o lla c o tt , R.A.F., B.Sc., Ph.D.

* R etire  in 1947. t  R etire  in 1948. t§  Co-opted, R e tire s"  n 1946.
A l f r e d  R o b e r t s o n ,  C .C . Secretary: B. C. C u r l i n g .

Honorary Members :
T h e  R t . H o n . A . V. A l e x a n d e r , P.C ., C .H., M .P ., A. R o b e r t s o n , C.C.

Honorary Vice-Presidents :
E ng Capt. W . J .  W i i l e t t  B r u c e , O .B .E ., R .D., R .N .R ., M .Eng., B . P. F ie l d e n , J o h n  M c L a r e n , G. J .  W e l l s .

Vice-Presidents :

f j .  C a ld er w o o d , M .S c.

I E n g ’r R e a r  A d m ir a l  
S. R . D ig h t , C.B.E.

fG. H. F o r s y t h , M.Sc.

$ L . J .  F u l fo r d .
$ Retire in 1946. 
H o n . T r e a s u r e r :

*R. T. O x b u r g h . 

fW . S a m ps o n .

J § S . A . S m i th ,  M .S c .

fA. F. C. T im p s o n , 
M.B.E.

* J a m es  T u r n b u l l , 
O.B.E.

*H. J. W h ea d o n .

fA. P. Q u a r r e l l .

I.ondon :
J  C arnaghan, A. E. Crigliton, S. F . Dorey, D.Sc., 
W h.E x., R. M. Gillies, J. B. H arvey , W . D. H eck , B.Sc.,
G. J. Isaac, R. S. Kennedy, S. N . K ent, A. H . M ather,
H . A. J. Silley, H . J. Vose, E ngr. R ear-A dm iral W . M. 
W haym an, C.B., C .B.E., W . T . W illiam s, O .B.E., B.Sc., 
W h.E x ., R. T . W ilson, A. R. T . W oods, F . W . Youldon.

L iverpoo l: S te rry  B. Freem an, C.B.E., M .Eng., M eland Dee, 
T h u rs ta s to n  Road, H esw all, Cheshire.
Lee W ood, 7, K ings Gap, H oylake, Cheshire.
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C ham bers, Low gate, H ull.

C ard iff: A. W . Loveridge, B.Sc., B ryntirion , M ill Road, 
L isvane, nr. Cardiff.

Swansea : M ajo r E. W . B. Kidby, O .B .E ., R .E., W ivenhoe, 
H ad land  T errace , W est Cross, Swansea.

N ew castle : S ir Sum m ers H u n te r, T he N o rth  E aste rn  M arine 
E ngineering  Co., L td., W allsend-on-T yne.
W . H am ilton , 26, M osley S treet, N ew castle-on-Tyne. 

S u n derland : A. J. B erry , S.R ., R .N ., c /o  Geo. C lark (1938) 
L td., Southw ick Engine W orks, Sunderland. 

M anchester: A lex. P . T ra ill, O .B .E .. W h.E x., Fernfield, 
V ic to ria  Road, E llesm ere  P a rk , Eccles, Lancs. 

Southam pton : Eng. Com dr. W . A. G raham , O .B .E ., R .N .R ., 
61, N o rth lan d s Road, Southam pton.

G lasgow : L. C. Davis, L loyd’s R egister o f Shipping, 95, 
B othw ell S treet, Glasgow.
S ir  J . R. R ichm ond, K .B .E ., H olm  Foundry, C athcart, 
G lasgow.

G reen o ck : M urdoch M cAffer, 9, P a rk  Avenue, off Lyle 
Road, Greenock.

L e ith : John  H ouston, L loyd’s R egister o f  Shipping, Royal 
B ank Buildings, 28, C onstitution S treet, Leith.

Aberdeen : W . P . H u n ter, R obert G ordon’s Technical Col­
lege, Aberdeen.

B elfast: W . E. M cConnell, B oard  o f T rad e  S u rv ey o rs’ 
Office, C ustom s H ouse, Belfast.

Royal N a v y : E n g ’r. V ice-A dm iral J . K ingcome, C.B., 
E ngineer-in -C hief o f  the Fleet, A dm iralty , W hitehall, 
London. S .W .l.

M erchant N avy: W . C. Sutcliffe, C.B.E.. C unard W hite  
S tar, Ltd.
J. W yld, D .S.O ., Eagle Oil & Shipping Co., Ltd.

British Colum bia: Jam es Brydon, S team ship Inspector's 
Office, N ew  P ost Office Building, V ancouver. B.C

M o n trea l: D. B. Carswell, O.B.E., President, W artim e  Ship­
building Ltd., 420, Lagauchetiere S treet, W ., M ontreal, 
Quebec.

C a lcu tta : J. Routledge, c /o  Captain A. Scobie, 9, Clive 
S treet, Calcutta.

B om bay: H . P . Southw ell, L loyd’s R egister o f  Shipping, 
L axm i B uilding, B allard  Road, B allard  E sta te , Bom bay.

Sydney : A. J. M cCowan, c /o  L loyd’s R egister o f  Shipping,
4, B ridge S treet, Sydney, N .S .W .

M elbourne: R. S tark , C om m onw ealth N avigation  Service, 
35, W ills S treet, M elbourne, C .l.

W ellin g to n : R. L. Gillies, U nion Steam ship  Co. o f N ew  
Zealand, W ellington, N .Z.

Buenos A ire s : J. C. G. W illiam son, L loyd’s R egister o f 
Shipping, Calle 25 de M ayo 158, Buenos A ires.

Cape Town : Eng. Com dr. A. H . Boyle, D .S.C., R .N .V .R ., 
L loyd’s R egister o f Shipping, 1. Com m onw ealth B uild­
ing, A dderley  S treet, Cape Tow n.

New Y o rk : J. L. Luckenbach, T h e  A m erican  B ureau  o f 
Shipping, 47, B eaver S treet, N ew  Y o rk  City.

San F rancisco : F . G. Archbold. L loyd’s R egister o f  S h ip ­
ping, 215, M ark e t S treet, San Francisco.

Committees :
Awards.

C o n v en er: T . A. B e n n e t t , B.Sc. C o m m ittee : J . 
C a l d er w o o d , M .Sc., R . A. C olla c o tt , B.Sc., Ph .D ., F . S. 
G a n d e r , B.Sc., F . M. J o n e s , B.Sc., T . W . L o n g m u ir ,
F .  H . R e id , B.Sc., W h.E x., and J .  W a r d , Ph.D ., B.Sc. 

Finance and House.
C o n v e n e r : C hairm an o f Council. C o m m ittee : J . 
C a l d er w o o d , M .Sc., J .  C a r n a g h a n , T . A. C r o m p t o n , 
W . R . H a r v e y , R . S . K e n n e d y , S . A. S m i t h , M .Sc.,
A. F . C . T im p s o n , M .B.E ., H .  J .  W h e a d o n , and A. 
R o b e r t s o n , C .C .

Library.
C o n v e n e r : A. C. H a r d y , B.Sc. C o m m itte e : W . D. 
H e c k . B.Sc., and V. D. W e t h e r e d , B.Sc.

General Purposes.
C onvener : J. C a l d er w o o d , M .Sc. C om m ittee ■ W . D.

H e c k , B .S c., J. C. L o w r ie , S . A. S m i t h , M .S c .,
A. F . C. T im p s o n , M .B.E., and H . J. W h e a h o n . 

Membership.
C o n v en er: F . W . Y o u ldon . C o m m ittee : T . A. 
B e n n e t t , B .S c., F .  M. J o n e s , B .S c ., J .  A . R h y n a s , H . 
S co tt .

Merchant Navy Engineers.
C o n v en er: C hairm an o f Council. C o m m ittee : J. C. 
L o w r ie , G . O r m is t o n , R . T .  O x b u r g h , J. A. R h y n a s , 
S A. S m i t h , M .Sc., and H .  J. W h e a d o n .

New Premises.
C o n v en er: A. R o b e r t s o n , C.C. C o m m ittee : J. D. 
F a r m e r , O.B.E., R . M. G i l l i e s , W  D. H e c k . B.Sc., 
T. C. L o w r ie , W . L y n n  N e l s o n , O .B.E ., A. P o l l it t , 
H .  A. J. S il l e y , S. A. S m i t h , M .Sc., A. F . C. T im p s o n , 
M .B.E., H . J .  W h e a d o n , and F . W . Y ouldon .



Publicity.
C onvener : A. C. H a r d y , B.Sc. Com m ittee : A. F. C. 
T im p s o n , M .B.E., G. R id l e y  W a t so n , B.Sc., and V. D. 
W e t h e r e d , B.Sc.

Papers and Transactions.
C o n v en er: A. F . C. T im p s o n , M .B.E. C o m m ittee : 
J . C a l d er w o o d , M .S c., R. A. C ollacott , B.Sc., Ph.D .,
G. H . F o r s y t h , M.Sc., A. C. H a r d y , B.Sc., W . D. H e c k , 
B .S c ., S. A. S m i t h , M .Sc., and H . J. W h e a d o n .

Junior Section.
C o n v e n e r: E. F. S p a n n e r , R.C.N.C. (re t ). Com ­
m ittee : E. R. C h a m b e r l a in  (M em ber), J. H . G r a v e s  
(A ssociate M em ber). E . W . C r a n s t o n . W h.Sc. 
(A ssociate), F . A. E v e r a r d  and D. A. W in t o n , B .S c . 
(G raduates).

Social Events.
C o n v e n e r: A. R o b e r t s o n ,  C.C. Com m ittee : F. P. 
B e l l ,  A. E. C r i g h t o n ,  T .  A. C r o m p to n ,  B . C. 
C u r l i n g ,  R . M. G i l l i e s ,  J. A. R h y n a s  and A. F . C. 
T im p s o n ,  M .B.E.

Education Croup.— Executive Committee.
C hairm an : C. J. M. F lo o d ,  B.Sc., W h .E x .  Com mittee : 
T . A . B e n n e t t ,  B.Sc., R . A . C o l l a c o t t ,  B.Sc., Ph.D., 
F. S . G a n d e r ,  B.Sc., T .  W . L o n g m u i r ,  F .  H . R e id , 
B.Sc., W h.E x., R . F .  T h o m p s o n ,  B.Sc., C . W . 
T o n k i n ,  H . J. W h e a d o n  and B . C . C u r l i n g  
(Secretary). Co-opted M em bers : J . H . C u r r i e ,  M.A., 
B.Sc. (London County Council E ducation  D epartm ent),
B. S a n d h a m , M .Eng. (A ssociation o f T eachers in 
Technical Institu tions), G. P a t c h in , A .R .S .M .  (A ssocia­
tion o f Technical Institu tions), R . R . B u t l e r , M .Sc. 
(A ssociation o f P rincipals in Technical Institu tions), 
J. R a m sa y  G e b b ie , O .B .E . ,  B.Sc. (Shipbuilding E m ­
ployers Federation) and E . W . C r a n s t o n , W h.Sc. 
(Jun ior Section Com m ittee).

Examinations Board.
C hairm an : R . F. T h o m p s o n , B.Sc. B o a rd : T . A . 
B e n n e t t , B.Sc., C. J. M. F lood , B.Sc., W h.E x ., F . S. 
G a n d e r , B.Sc., F. H . R e id , B.Sc., W h.E x ., and C. A . 
W a l k e r .

R epresentatives:
T h e  E ngineering  Jo in t E xam ination  B oard— F. H . R e id , B.Sc., W h.E x., and R . F. T h o m p s o n , B.Sc 

B ritish  Shipbuilding Research A ssociation, Research B oard—S. A. S m i t h , M.Sc.
L loyd’s R egister o f Shipping, Technical Com m ittee—H .  S. H u m p h r e y s .

T he M erchant Shipping A dvisory  Com m ittee— H . S. H u m p h r e y s .
C orrosion  R esearch Com m ittee o f the B ritish  N o n -F erro u s M etals R esearch A ssociation—J. A. R h y n a s .

H e a t Engine T ria ls  S tand ing  Com m ittee— J a s . C a r n a g h a n  and G. J. W e l l s .
M arine O il Engine T ria ls  C om m ittee— S t e r r y  B. F r e e m a n , C.B.E., M .Eng., and H . S . H u m p h r e y s .

L.C.C. School o f  Engineering  and N avigation, Poplar, A dvisory Com m ittee—H . S co t t .
Association o f Special L ib raries and In fo rm atio n  B ureaux—B. C . C u r l in g .

B ritish  Society fo r  In terna tional B ibliography—B. C. C u r l in g .
Royal N aval Reserve, A dvisory C om m ittee—H . S . H u m p h r e y s .

W orld  P o w er C onference, B ritish  N ational C om m ittee— E. W . G r e e n , O.B.E .
The B ritish  C orpora tion  R egister o f Shipping and A irc ra ft, Com m ittee o f M anagem ent and Technical C om m ittee-

W. F. B r o w n , B.Sc., W h.E x.
T h e  Institu tio n  of E lectrical E ngineers—Ship E lectrical E quipm ent R egulations C om m ittee N. H . S w a n c o a t  and

S. A. S m i t h , M.Sc.
T h e  In stitu te  o f W elding—J. T u r n b u l l .

T he P arliam en tary  and Scientific C om m ittee—H . S. H u m p h r e y s  and S. A. S m i t h , M.Sc.
The B ritish  E lectrical and Allied Industries Research Association : Jo in t C o m m ittee : Steels fo r H ig h  T em pera tu res-

S . F. D o r e y , D .S c., W h.E x.
Jo in t C om m ittee on M aterials and their T esting  o f T echnical In stitu tions and Societies in G rea t B rita in

W . D. H eck, B.Sc.
(G eneral C om m ittee : A. C. H a r d y , B Sc.

T h e  E ngineering  Public  R elations Com m ittee 1 E xecutive  C om m ittee : T h e  S e c r e t a r y .
I Sub-C om m ittee fo r  Scotland : L. C. D a v i s .

T he Institu tio n  o f (A d v iso ry  Panel on E ngineering A b stracts—A. C. H a r d y , B.Sc.
Civil E n g in e ers !  C onference on E ngineering  E ducation  and T ra in in g : G eneral C om m ittee—T . A. B e n n e t t , B.Sc. 

U niversity  College, Southam pton : A dvisory Committee, D epartm ent o f M arine E ngineering—
E n g ’r  C o m ' r W .  A . G r a h a m , O.B.E ., R .N .R .(ret.).

D epartm ent o f Scientific and Industrial Research : Com mittee on M ain Reduction G ears installed in Sh ips—
S . A. S m i t h , M.Sc., and H . J. W h e a d o n .

Scottish Engineering S tudents’ A ssociation— J o h n  A dam .

British Standards Institution:—

L. C h a l o n k r .

|  R. S. K e

P etro leu m  In d u s try  S ection  :
T e c h n ic a l C om m ittee  P T /2 , F uel O ils ) »
S ub -C om m ittee  P T /2 /1 , D iese l F u e l O ils J J 

T ech n ica l C o m m ittee  M E/17, G e a rs —G. H. F o r s y t h ,  M .Sc.
C om ponen t P a r t s  of E ng ine  In d ic a to r s  \
E n g in ee rin g  Sym bols an d  A b b rev ia tions  |- J . C a l d h r w o o d ,  M .Sc 

S ta n d a rd is a tio n  of L e t te r  Sym bols j 
T ech n ica l C o m m ittee  on K eys and  K eyw ays [ q  'p M a r r i n e r  
M arking  of V alves. F la n g e s  and  F itt in g s  I
Air R ece iv ers  I R . S. K e n n h d y  and  J . C a r n a g h a n .
M ech an ica l In d u s try  C om m ittee  f 
S pot W eld ing  M ach in es
P ro te c tiv e  L e n se s  fo r  W eld ing  O p e ra to rs  
Sub-C om m ittee on G a s  W eld ing  of S tee l S tru c tu re s  
S ub-C om m ittee  on E le c tro d e s  fo r Shipbu ild ing  P u rp o se s—

E. F. S p a n n e r ,  R .C .N .C . ( re t  ). 
Solid F u e l In d u s try  C om m ittee  S F / :— ^

S F/1 , N o m e n c la tu re  an d  D efin itions fo r Solid F uel [ D o w l i n g .
B urn ing  A p p liances  

S F /1 /2 , S team  G e n e ra to rs  and  B oilers  '
I ro n  an d  S tee l In d u s try  C o m m ittee—J . T u r n b u i x .

T h e  In s titu te  of M arine Engi
Ceneral Committee.

C hairm an : J. C a r n a g h a n .

C o m m ittee :—
V ice-P residents : A. E. C r ig h t o n , R. S. K e n n e d y ,
S. N . K e n t . F. W . Y ouldon .
M em bers of C o u n c il: J. C aldf.r w o o d , M.Sc.,
W . L. N e l s o n , A. F. C. T im p s o n , M.B.E., and 
H . J. W h e a d o n .
M em bers o f the G u ild : T. A. C r o m p to n ,  H . S.
H u m p h r e y s , and G. S p e c k .

T e ch n ica l C om m ittee  on L a n d  B oilers ]
,, ,, ,, S h ip s ' M a te r ia ls   ̂ J .  C a r n a g i i a n .

S ub-C om m ittee on M arin e  F la n g e s  
S ta n d a rd is a tio n  of P um p T e s t s —R. M. G i l l i e s .
T e c h n ic a l C om m ittee  on F a n s —J .  K .  M a c V i c a r .
T e ch n ica l C om m ittee  on S tee l C a s tin g s  fo r  u se  a t  H ig h  T e m p e ra  

tu re s —T . H . B u r n h a m  B.Sc.
T e ch n ica l C om m ittee  on D o c u m e n ta tio n —B. C .  C u r l i n g .
M ach ine  T o o l T e s ts  an d  A lignm en ts—G. T h o m p s o n ,  M .E n g .
S h ip s’ S ide S c u ttle s  and  F ra m e s  (T y p e  A )—F. M. B u r g i s .  
T e c h n ic a l C om m ittee  on H a n d  H a m m e rs—J . C a r n a g h a n  an d  R. S 

K e n n e d y .
E lec tric  C ab les  fo r u se  on b o ard  S h i p —N. H . S w a n c o a t  an d  P. H 

D a l l i s o n .
C oupling  G u a rd s  fo r M ach inery—T . A. C r o m p t o n .
T e ch n ica l C om m ittee  M E/12, C h a in s  a n d  F itt in g s  )
S ub-C om m ittee  M E /12/6, A ncho r C h a in s  |  ■»* ^ rnaghan
C om m ittee  on Boiler W a te r  T e s ts —HL J . W hkadon.
T e c h n ic a l C om m ittee  M E /9 . S p a n n e rs—T. A. C r o m p t o n .  
S ta n d a rd is a tio n  of V alves—H . S c o t t .
G e a r  C u ttin g  M ach in es  fo r  M arine  G e a r in g —S . A. S m ith ,  M .Sc. 
T e ch n ica l C om m ittee  M E/94, R evo lu tion  I n d ic a to r s —R. A. C o l l a c o t t  

B .S c., P h .D .

neers G uild of Benevolence.
H on. T rea su re r  : A . R o b e r t s o n , C.C.
S ecre ta ry  : B. C. C u r l in g .

Executive Committee.
C hairm an  : J. C a r n a g h a n .
Com m ittee :—

V ic e -P re s id e n t: S. N. K e n t .
M em bers o f C o u n c il: J. C a l d er w o o d , M.Sc., 
W . L. N e l s o n , A. F. C . T im p s o n , M .B.E., and 
H . J . W h e a d o n .
M em bers o f  the  G uild : T  A. C r o m p t o n , G. S pec k .



Minutes of Proceedings at the 
Fifty-seventh Annual General Meeting, March 8th, 1946.

Chairman : M r. W . LYNN NELSON, O.B.E. (Chairman of Council).

The fifty-seventh A nnual G eneral M eeting o f the Institu te  was 
held a t the C onnaught Room s, G reat Queen S treet, London, on 
Friday, M arch 8th, 1946, a t 11.30 a.m. M r. W . Lynn Nelson, O .B.E. 
(C hairm an o f Council) was in the  C hair, and w as supported  by 
M r. J. A. R hynas (V ice-C hairm an o f Council), M r. A . Robertson,
C.C. (H o n o ra ry  T reasu re r)  and M r. B. C. C urling  (Secretary).

The Chairman, opening the proceedings, said it was r ig h t and 
proper before tu rn in g  to  the  business o f the m eeting th a t he should 
explain w hy he was occupying the  C hair. H e  fe lt  sure th a t the 
Council and all the M em bers p resen t w ould learn  w ith deep reg re t 
th a t th e ir highly-esteem ed P residen t, S ir  W illiam  C raw fo rd  C urrie, 
would be unable to be p resen t a t the m eeting  due to indisposition. I t  
was the earnest w ish of them  all th a t S ir W illiam  w ould speedily 
be resto red  to good health . T he C hairm an  then read  a  le tter w hich 
he had received fro m  th e  P resid en t as follow s :—

“D ear M r. L ynn Nelson,
I am  v ery  so rry  1 am  unable to be p resen t on F rid ay  a t 

the m eeting and a t the Luncheon, fo r  I  have been advised to 
stay off fo r  som e days.

I w ould wish, how ever, to  thank  you and the  M em bers o f 
Council m ost g ra te fu lly  and sincerely fo r  the  g rea t honour you 
have done me in having me as your P resid en t in this y ea r ju s t  
finishing. I t  has been a g re a t privilege, p a rticu larly  to one 
like m yself who is a  laym an in all m atters appertain ing  to 
engineering. T h an k  you very  m uch indeed.

Y ours sincerely,
(Sgd.) W illiam  C. C u rrie”.

Mr. T. A. Crompton in terposed  to suggest th a t the  sentim ents 
of the m eeting be conveyed to  the President.

Mr. A. Robertson (H on. T rea su re r)  proposed th a t M r. C rom p­
ton’s suggestion be adopted  by sending a telegram  to the  P residen t 
fo rth w ith . M r. F . W . Youldon (V ice-Presiden t) seconded th is p ro ­
posal, and the follow ing telegram  was sent to the  P residen t :—

“ M em bers assem bled a t opening o f  A nnual General M eeting 
unanim ously resolved to  convey th is expression o f reg re t a t your 
indisposition and best wishes fo r  y o u r speedy recovery.

Nelson, C hairm an”.

The Chairman th en  requested  th e  Scru tineers to re tire  and 
exam ine the voting  papers fo r  the election o f Officers and M em bers 
o f Council, and to rep o rt to him  the resu lt o f  the  ballo t fo r  announce­
m ent la te r in  the  m eeting.

Annual Report.
The Secretary (M r. B. C. C urling) then read an abstrac t o f the 

A nnual R ep o rt (see page ix).

Financial Sta tem ent.
The Honorary Treasurer, in presenting  the F inancial S tatem ent 

(see page xx ), said :—
“The A u d ito rs ' C ertificate a ttached to th e ir  accounts reads as 

follows :
'W e have verified the Investm ents and B ank B alances and 

have inspected the  Insu rance  Policies and T itle  Deeds, and we 
have obtained all the in fo rm atio n  we have required . In  ou r 
opinion the B alance Sheet o f  your In s titu te  has been properly) 
d raw n  up so as to exh ib it a  tru e  and co rrec t view  o f  the In ­
stitu te ’s affairs according to the  in fo rm ation  and explanations 
given to  us and as show n by the books o f the Institu te '.

Copies o f  the A udito rs’ report, in w hich will be found  detailed 
those item s show ing increases o r decreases du ring  the past year, a re  
befo re  the  meeting.

W h ils t o u r headquarters w ere  evacuated  to H ig h  W ycom be fo r 
the period  o f the  w ar, certain  additional expenses w ere incurred, 
covering rent, rates, e tc .; these will now  be elim inated. A s we only 
re tu rned  to  the L ondon prem ises in M ay, a  p roportion  o f the rent, 
ra tes  and taxes fo r  the H ig h  W ycom be prem ises is covered in ou r 
accounts fo r  the period under review . W e may, I think, co ngratu ­
late  ourselves th a t the costs involved th rough  o ur evacuation 
to H ig h  W ycom be have proved to  be very reasonable.

I w ould d raw  your a tten tion  to the follow ing item s in the 
accounts and will deal first w ith revenue.

Revenue.
T he increase in m em bership is reflected in very considerable 

increases in subscrip tions from  M em bers, Associates, G raduates 
and Students, am ounting respectively to  £436 17s. 10d., £233 13s. 10d., 
£ 1 8  10s. 7d., and £ 3 4  Is. 8d., m aking a total increase o f £769 17s. 8d., 
less subscrip tions in advance w hich b ring  the to ta l increase down 
to  £628 3s. Id. E n tran ce  fees a re  increased by £28  10s.

I n c o m e  f r o m  A d v e r t is e m e n t s  continues to  increase in spite of 
the  fact th a t we have few er pages in  the  T ransac tions and sm aller 
individual space fo r each advertiser, the increase on the  previous 
year being £104 9s. 9d.

R e n t  R e c e iv a b l e  : T h e  am ount o f £59  13s 9d. fo r  p a r t  o f  the 
ground  floor and first floor covers a  portion  o f the y ear to  th e  tim e 
w hen the prem ises w ere given up by the H om e G uard. D u rin g  the 
com ing y ear the ren t will be £125 fo r  the basem ent only.

I n t e r e s t  : T he dividends received are  in all cases the sam e as 
last y ear w ith  the  exception of the  3% Savings B onds 1960/1970, 
which show  the in te res t fo r  a full y ear o f £270. It w ill be rem em ­
bered th a t reference w as m ade in m y rep o rt last y ear to the sale 
o f £6,000 5% Conversion Loan. T h is w as invested in  3% Savings 
B onds 1960/70. W e now hold £9,000 o f th is stock.

Expenditure:
P o sta g es  a nd  T e l e g r a m s  are  up by £40  15s. 8d.
E x a m in a t io n  E x p e n s e s  are  considerably lower, fro m  £111 17s. 

last y ea r to  £23 0s. Id. th is year, and the  cost o f L loyds’ R egister 
Scholarship o f £24  11s. 9d. last y ear does no t recu r th is year owing 
to  th is Scholarship  being suspended fo r  the  tim e being. W e hope it 
will soon be possible fo r th is Scholarsh ip  to  be resum ed.

A w a r d s  E x p e n s e s  appear fo r the first tim e in the  sum  of 
£23 4s. T hese  a re  now  being charged  to revenue instead  of against 
income from  A w ards, thus leaving the  total revenue from  the various 
A w ards available fo r  d istribu tion  as prizes.

W e have prin ted  a  L ist o f M em bers fo r  the first tim e since 1939. 
T h is has involved a cost o f  £176 16s. l id .

S t a t io n e r y  a n d  G e n e r a l  P r i n t i n g , as m igh t be expected, is 
very  considerably increased, having gone up from  £145 17s. l id .  to 
£237 6s. l id . ,  an  increase o f £91 9s.

S t a f f  S a l a r ie s  a n d  C l e r ic a l  A s s is t a n c e  a re  v irtually  the  same. 
D uring  the com ing y ear this item  will go up considerably, due to  
increase in Staff, the re tu rn  of M r. L am bert, and increased salaries.

A f f il ia t i o n  S u b s c r ip t io n s ,  e t c ., cover contributions to the 
fo llo w in g :—

£  s. d.
B ritish  E lectrical and A llied In dustries R esearch

A ssociation .................................................................... 31 10 0
B ritish  Society fo r  In ternational B ibliography ... 2 2 0 
P arliam en tary  and Scientific Com m ittee (2 years) 21 0 0
B ritish  S tan d ard s Institu tion  .............................  3 3 0
Jo in t Com m ittee on M aterials and their T esting  

o f T echnical Institu tions and Societies in
G reat B rita in  .......................................................  1 1 0

Association o f Special L ib raries and Inform ation
B ureaux  ....................................................................  3 3 0

B ritish  N o n-F errous M etals R esearch A ssociation 25 0 0 
S u n d r ie s  : £297 16s. 4d. includes C hristm as g ra tu ities to the 

Staff, sundry travelling  expenses, an illum inated reg is te r o f H onorary  
M em bers, rem oval o f fu rn itu re , etc., from  H ig h  W ycom be prem ises 
to the M inories, and a num ber of various sm aller items.

R e n t , R a t e s , e t c . T his item  o f £551 13s. 3d. is low er as com ­
pared  w ith £597 4s. 5d. last year, but includes £110 4s. fo r  the 
rental o f prem ises a t H igh W ycom be up to  the end o f July, when 
this ceased.

H o u se  A cco unt  : Staff w ages a re  h igher from  £359 17s. 8d. last 
year to £468 8s. lid ., owing partly  to o u r now  having an assistant 
care taker on the p rem ises; there is also an increase in cost o f coal 
and o th er item s on th is account.

R e p a ir s  : T his item  show s an increase from  £161 17s. 2d. to 
£236 11s. l id . ,  and covers the cost o f c learing  the sand from  the

v



roof, renew ing and cleaning g u tte rs and downpipes, cleaning up 
the L ec tu re  H all and m aking it ready fo r  use, and a num ber of 
sm all items.

I n s u r a n c e  : W a r D am age Insurance is elim inated, but in spite 
o f th is the cost o f insurance is heavier, from  £27 15s. to  £48 5s. 3d., 
due to the fact that we have had to  increase the  am ount o f insurance 
on the prem ises a t the M inories, ow ing to  increased replacem ent 
value.

T r a n s a c t io n s  : H ith e rto  the total o f  the figures shown under 
this heading has been a rriv ed  a t a f te r  deducting the proceeds from  
sales o f T ransactions. T h is y ear we have show n the total cost o f 
the T ransactions a t £3,050 6s. 4d. as com pared w ith £2,906 10s. 4d. 
last y e a r; a f te r  deducting the  proceeds o f sales am ounting to 
£347 6s. 8d., the final figure is £2,702 19s. 8d., being a reduction as 
com pared w ith last y ear o f £203 10s. 8d.

R e s e r v e  f o r  R e p a ir s  a n d  R e n e w a l  o f  P r e m is e s  : £1,000 has 
been put aside fo r  this purpose, as has been done in the previous 
three  years.

T he final resu lt o f the  Revenue Account shows a credit balance 
of £1,553 2s., as com pared w ith £670 5s. 9d. last year, and this is 
c arried  fo rw ard  to the  balance sheet.

Balance Sheet.
L ife  Subscriptions a re  up to £231 as against £126 last year.
I t  w ill be noted that the A w ard  Funds, from  the  S ir A rchibald  

D enny A w ard  down to  the L ord  In v e rfo rth  A w ard, have only the 
capital am ounts shown in each case. T h e  accrued and cu rren t in terest 
on these capital am ounts a re  given separately  lower down, and show 
a balance o f £111 15s. 6d. T hey  are  being dealt w ith in th is way, 
because under p resen t arrangem en ts combined aw ards a re  being made 
by the  Council each year in the  names o f the donors collectively. T his 
has been done ow ing to  the difficulty o f adm inistering  so m any 
separate  aw ards. W e do, how ever, preserve the names o f the donors 
in ou r accounts each year.

T h e  publishing o f the th ree  books, viz. : “R unning and M ain­
tenance of M arine M achinery”, “E lectricity  Applied to  M arine 
E ngineering”, and “ N aval A rch itectu re  and Ship C onstruction” has 
show n very excellent results, the total am ount standing to the cred it 
o f these three  publications in ou r balance sheet am ounting  to 
£642 15s. 4d.

S o c ia l  E v e n t s  A c c o u n t  : T his has a substantial balance of 
£317 3s. Id. A  p a rt o f  this will no doubt be allocated by the  Council 
to  the Guild o f Benevolence.

R e s e r v e  f o r  R e p a ir  and  R e n e w a l  o f  P r e m is e s  : I t  will have 
been noted from  my observations on the Revenue A ccount th a t £1,000 
has been set aside, b ringing the total figure fo r th is reserve up td  
£4,000.

P e n s io n s  F und  : T h is h as been increased by £100 during the 
y ea r and will be fu r th e r  increased a t the nex t m eeting o f the 
Council.

T he balance of £1,553 2s. brought fo rw ard  from  the Revenue 
A ccount brings the  Capital A ccount to £36,675 9s.

I n v e s t m e n t s  : L ast y ear th e  accounts show ed £2,800 3i%  W ar 
Loan. T h is has been reduced by £100, the am ount invested under 
the L ord  In v e rfo r th  A w ard, w hich is shown la te r u n d e r “Invest­
m ents—A w ard s”.

A s will have been noted fro m  the A uditors ' p rin ted  report, we 
have invested du rin g  the  past y ear £3,500 in 3% Local Loans, b rin g ­
ing o u r  total o f investm ents to £25,408 18s. 8d., w ith a  m ark e t value 
of £25,730. T h is w as on the  31st Decem ber, 1945. Since then the 
£200 B ank of E ngland  Stock has been realised, and we now  hold 
£800 G overnm ent S tock a t  3 pe r cent, as against £703 17s., the  
purchase value shown in these accounts.

N e w  P r e m is e s  F u n d  B a n k  A cc ount  £142. A  separate account 
has now  been opened, and in fu tu re  this will be trea ted  separately.

F u r n it u r e  : A n  item  o f £55 shown under his heading relates to 
the purchase o f an additional K ard ex  cabinet.

S tock  o f  P u b l ic a t io n s  : These are now running low, and fu rth er 
editions o f the th ree  books are  being prepared .

G u il d  o f  B e n e v o l e n c e  : T h e  A ud ito rs have not yet completed 
these accounts ow ing to  p ressu re  o f  w ork, bu t some approxim ate 
figures can be given. T h e  Capital A ccount has been increased by 
£625 2s. l id . ,  including L ife  Subscriptions and donations, the la tter 
am ounting to  £456 12s. l id .,  which includes an am ount o f 50 guineas 
received from  M essrs. C hadburns, Ltd. T his brings the Capital Fund 
to  approxim ately  £25,143 19s. 5d., to which has to be added the John  H  
Silley M em orial Fund. T h is F und  has been increased by £2,250, the  
am ount o f the covenanted subscriptions from  M r. H . A. J . Silley 
and M r. B ern ard  Silley and recovered Incom e T ax  thereon. T he 
total Capital Fund, therefo re , w ill now  be approxim ately  
£41,893 19s. 5d. T he total received on account o f revenue from

all sources has been £2,555 14s. 9d., an increase o f  £560 12s. 10d., 
and includes subscriptions £379 13s. lOd. and donations £330 
(including £250 fro m  K ing G eorge’s Fund fo r Sailo rs). T he balance 
comes from  dividends and ground rents.

T he to ta l am ount spent on  re lief du rin g  the period wbsl 
£1,571 11s. 6d., an increase on the  previous year o f  o v er £200.

T he figures given above m ay be slightly  a ltered  as th ey  are  sub­
jec t to  audit.

Marine Engineers’ National W ar  Memorial.
M r. C urling  has already re fe rre d  in his rep o rt un d er the  head­

ing o f “ N ew  P rem ises” to the decisions o f  the  Council confirm ing 
the  recom m endations m ade by o u r P residen t, S ir  W illiam  C urrie, 
and the Com mittee. F o r  the in fo rm atio n  o f the M em bers o f the 
N ew  P rem ises Com m ittee, as well as those gentlem en w hom  the 
P residen t approached w ith a  view to  hav ing  th e ir  nam es added as 
signatories to the appeal, I  wTould like to say th a t one o f o u r P ast 
P residen ts suggested th a t the  appeal, as first d ra fted , was too 
academ ical, that it should be phrased in sim pler language and aimed 
at the public as well as ourselves to m ake it a  tru ly  national m em orial, 
w ith  a  m ore hum an touch. T h ere  was no tim e to call a  Com mittee 
m eeting and I had  recourse to  an  experienced jo u rn a lis t to whom  1 
gave die necessary inform ation, resu lting  in the  appeal le tter being 
couched in to tally  different language bu t incorpora ting  all the  points 
contained in o u r original letter. T h is w as subm itted  to o u r P re s i­
dent and some M em bers of the Com m ittee, receiv ing  their full 
approval. T hese appeal letters w ere all posted y esterday  m orning 
and m ost o f  those p resen t will have received a  copy by th is time, 
fro m  w hich you will note it is supported  by several o f  ou r P a s t 
P residen ts and m any influential gentlem en.

I note th a t one of o u r friendly  jo u rn a ls  in th e ir  desire to  an ti­
cipate th is m eeting reported  the  am ount received fro m  those names 
included in M r. C urling’s rep o rt the sum  of £ 1 4 2 ; th is should have 
been £242, as £100 was received early  th is y ear and is no t included 
in th e  1945 accounts.

I m ust express on behalf of the Council and m y C om m ittee deep 
g ra titu d e  to  our President, S ir W illiam  C. C urrie , fo r  all th e  assist­
ance he has given and the  keen in terest he has displayed in this 
p ro jec t—one w hich we hope w ill p rove to  be o f wide national 
in terest—and also fo r  launching the  appeal on the occasion of his P re s i­
dential A ddress. F u r th e r  to  tender o u r  thanks to  M r. H . A. J . 
Silley fo r his very  able advice and assistance.

T he Council hope th a t th ere  will be an  im m ediate and generous 
response, and th a t the ta rg e t aim ed a t will be v e ry  quickly attained.

I t  w as quite im possible to  include all the details and ideas which 
w e hope will u ltim ately be incorporated  in the  proposed building. 
M em bers m ay have ideas to  p u t fo rw ard , and it is suggested th a t 
they  do this in w riting . T h ey  w ill then all be considered a t the  
appropria te  tim e.

T h e  Institu te  o f M arine E ngineers is w ithout doubt _ the right 
and proper au th o rity  to  establish a M em orial o f this k ind to  all 
our m em bers and o th er m arine  engineers who have given their lives 
fo r  the very existence o f G reat B rita in  and the B ritish  Com m on­
w ealth  o f N ations.

T h e  appeal will be energetically  p ressed  during the  coming 
m onths, and I hope to be able to  rep o rt a t o u r  n ex t A nnual M eet­
ing very  substantial p rogress to w ard s the  a tta inm en t o f o u r  ta rg e t 
of £100,000”.

Adoption of Report and Accounts.
Mr. C. R. Hutchinson (M em ber), m oving the  adoption o f the 

R eport and F inancial Statem ent, said  th a t it was usually  som ething 
of a  sinecure to  undertake this task, but he w ould like to m ake  one 
o r two observations.

F irs t  o f all, they  m ust congratu la te  them selves on the  increase 
in m em bership w hich was largely  responsible fo r  the  very  sa tisfac to ry  
financial position detailed by M r. Robertson. T hese  w ere very 
healthy  signs.

H e  m ust express reg re t th a t no Denny Gold M edal had been 
aw arded  this year. M em bers m u st ge t on their toes in tim e fo r 
nex t y ear’s aw ard.

F u rth e r  efforts should be m ade, he felt, to  get the Jun io r Sec­
tion in to  a  m ore active state, and th e  ju n io r m em bers should be 
urged to  subm it m ore papers and essays. R eg ard ing  essay awards, 
m em bers would be in agreem ent w ith  the  policy o f  m aking the 
prizes w o rth  while. T he explanation  of the shortage o f essays was 
like th a t o f  the sho rtage  o f ju n io r engineers—pay well and they 
would be forthcom ing 1

T he m ost exciting item  in  th e  R eport was th a t re la ting  to  the  
new prem ises. T h is  was a golden opportun ity  to  do som ething use­
fu l in m em ory o f the m arine  engineers who lost th e ir  lives during
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the recen t w ar. T he p ro jec t w hich the Council had pu t fo rw ard  
was am bitious, hut could, no doubt, be achieved. H e th o ugh t that 
m any  m em bers would send in help fu l suggestions on th is m atter.

H e  thought that the figure o f £643 rep resen ting  donations to 
the Guild o f Benevolence w as disappointing, in view  of the In s titu te ’s 
large  m em bership. I t  w as up to  m em bers to  do b e tte r than  this.

T he reference to  the  M erchan t N avy  T ra in in g  B oard w as very 
interesting, but suggested rem issness on the p a r t o f  som eone in that the 
Institu te  was not b rough t into the m a tte r  in a  p ro p er m anner. It 
was highly sa tis fac to ry  to no te  th a t some o f the In stitu te ’s recom ­
mendations had been accepted.

The reports o f the various represen tatives w ere indicative o f  a 
labour o f love, and the g ra titu d e  o f m em bers to  these gentlemen 
should be recorded. H e h im self had  served on some o f the 
Institu te ’s Com m ittees and so had som e idea o f the arduous w ork  
that was entailed. T h e ir  thanks w ere  also due to  M r. R obertson 
fo r  the very  considerable duties he undertook in guid ing the financial 
affairs o f T h e  Institute, and they  all knew  w hat a  g rea t deal they 
owed to  M r. Curling.

I t  w as w ith  m uch pleasure  th a t he now  form ally  m oved the 
adoption o f  the  R eport and Financial Statem ent.

Mr. R. K. Craig (M em ber) said th a t M r. H utchinson had care­
fully  reviewed the past y e a r’s w o rk  and had le ft him  nothing to 
do o th er than, in fo rm ally  seconding the  adoption o f the R eport 
and Financial S ta tem ent, to  endorse h eartily  his rem arks.

The Chairman, b e fo re  pu tting  the m otion to  the m eeting, invited 
fu rth er com m ents on the  R eport and Accounts.

Mr. T. A. Crompton, as a M em ber o f  the  Com m ittee o f the 
Guild o f  Benevolence, re fe rred  to  the  profit on publications o f 
approx im ately  £400. and expressed  the hope th a t a  large proportion  
o f th a t sum w ould be allocated to  the Guild o f  Benevolence.

The Honorary Treasurer (M r. A. R obertson) said that th is sug­
gestion w ould receive due consideration a t th e  next m eeting o f  tbe 
Council.

Mr. Crompton then re fe rre d  to  the Pension  Fund. H e  noted 
th a t the  S taff had increased as had the M em bership, but the alloca­
tion to  the Pension F und  had been decreased as com pared w ith the 
previous year.

The Honorary Treasurer explained th a t this w as due to  the fact 
that the  figures fo r  the  tw o years w ere overlapping.

Mr. Crompton said th a t he w ould like to  propose to the  m eeting 
th a t the am ount allocated to  the Pension Fund be increased to  £200 
and, fu rth er, th a t as th is Fund in a  sense belonged to  the S taff it 
be treated  as a separate  account in w hich could accrue th e  in terest 
earned from  investm ent o f the  moneys.

The Honorary Treasurer, replying, said th a t th is w as a m atter 
of considerable in te res t to  th e  S taff and to  the M em bers, bu t it had 
to  be borne in m ind th a t how ever m uch it w as possible to increase 
the Pension Fu n d  (it now  stood a t £400) it w as bound to  be quite 
inadequate. W hen  th e  tim e cam e fo r  any m em ber o f the Staff 
to  retire, it w as fo r  th e  Council to  decide upon any increased pension 
over th a t which it had been possible to  cover by the existing  
insurances, and any  such increases w ould have to  be m et out o f 
revenue. W Tiatever the Pension F und  am ounted to, it was unlikely 
to be sufficient to  m eet the  demand in such an event. H is  personal 
view  was th a t th e  fund  m ight well be abolished as the  revenue 
would have to  m eet any larg e  sum s dem anded o f it later. T he 
pension policies carried  the provision  o f a definite am ount payable 
on the death o f  an employee. T h is  w as a benefit w hich they, as 
an Institute, would find required  an enorm ous sum  to  carry , and 
w as not a burden which th ey  could undertake  by m eans o f a Pension 
Fund . H e  really  did no t see th a t th ere  w as any ob jec t in going 
ag a in st the  Council’s carefu lly  considered decision.

Mr. Crompton pointed ou t th a t if  the Pension F und  was increased 
sufficiently it could obviously m eet all requirem ents. H e  fe lt th a t 
M em bers would certainly agree th a t  the Fu n d  should not be abolished. 
H e  added th a t he w as only p u tting  fo rw ard  a recom m endation as 
com ing from  the  present m eeting to  the Council fo r  consideration, 
and expressed  his satisfaction  when the  Honorary- T re a su re r  assured 
him  th a t the  m atte r would be duly considered a t the nex t m eeting o f 
the Council.

The Chairman then subm itted the m otion th a t the R eport and 
F inancial S ta tem en t be approved and adopted, and th is w as carried  
unanim ously.

Presentation of Awards.
The Chairman, tu rn in g  to the nex t item —the A w ard s to be p re­

sented fo r 1945—said th a t the strik in g  o f m edals was still no t pe r­
m issible, bu t they would be provided in due course. A s sta ted  in 
the A nnual R eport, the D enny Gold M edal had been w ithheld, but 
the Institu te  S ilver M edal had  been aw arded to M r. J. H .G . M ony- 
penny fo r his paper “Stainless Steels fo r T urb ine  B lad ing” . In  p re ­
senting the diplom a to M r. H . Allsop, representing  M r. M onypenny, 
who could no t be p resen t due to  illness, th e  C hairm an  expressed the  
sym pathy o f  the m eeting  w ith M r. M onypenny and their earnest 
hope fo r his recovery.

Mr. Allsop, responding, said th a t everyone w ould feel reg re t th a t 
M r. M onypenny w as unable to receive the  In stitu te ’s aw ard  in p e r­
son. T he paper fo r which the  aw ard  had been m ade was w ritten  
by M r. M onypenny and com pleted before  he was taken ill, and 
there  was th e re fo re  no question th a t it w as entirely  his w ork  and 
the c red it fo r  it w as solely his.

As a  colleague o f M r. M onypenny’s, he could say that those 
who had know n him a  long tim e had alw ays had a  very  high reg ard  
fo r  him, and in fact his repu tation  as an au th o rity  on stainless steels 
was international. T he p resen t occasion was th e re fo re  a  fu r th e r  
recognition o f  his valuable w ork, and one o f w hich he would be 
very  highly appreciative had not th is m ost u n fo rtu n a te  illness 
occurred . H e  w ould be m ost gratified by the honour the Institu te  
had accorded him, and he (M r. Allsop), had m uch pleasure in 
accepting the  aw ard  on his behalf and thanking  the In stitu te  as he 
knew  M r. M onypenny would wish. M r. M onypenny w as still 
seriously ill, and it m ight be th a t he was in no condition to  appreciate 
this occasion. T h e  certificate w ould be passed on to M rs. M ony­
penny, w ho would derive some sm all com fort, in these u n fo rtu n ate  
circum stances, fro m  the know ledge that M r. M onypenny was held 
in such h igh esteem.

The Chairman then presented to  P ro fe sso r S. J. Davies, D.Sc.. 
Ph.D ., on behalf o f D r. M. I. Faw zi and him self, the diplom a of 
the H e rb ert A kroyd  S tu a r t  A w ard  fo r th e ir paper entitled "D evelop­
ment, Princip les and A pplication o f the  Com bustion T urb ine” . T he 
presentation was received with acclam ation, and P ro fe sso r  D avies 
suitably  responded.

As M r. M. W . Sydenham  (A ssociate), the w inner o f the W . W . 
M arrin er M em orial P rize, and M essrs. D. B ruce and P . L. Gaches, 
the  w inners o f aw ards fo r  essays, w ere  unable to  be present, th e ir 
aw ards w ere being fo rw ard ed  to  them  by post.

Vote of Thanks to Retiring President.
The Chairman said th a t his nex t duty—a very p leasing one— 

was to  move a vote o f thanks to  their re tirin g  P residen t, S ir  W illiam  
Currie.

On behalf o f the Council, V ice-P residen ts and M em bers, he 
expressed th e ir deep appreciation o f the keen in te rest displayed by 
th e ir  P residen t, and o f the excellent w ork  he had carried  ou t during  
his year o f office. H e  re fe rred  pa rticu la rly  to  S ir  W illiam ’s w ork  
in connection with the M arine E ngineers’ N ational W a r  M em orial 
B uilding Fund Com mittee, and bow  fu lly  they  recognized and 
appreciated his efforts in this direction. I t  would be recalled th a t 
S ir W illiam  launched the  initial appeal on the occasion o f his P re s i­
dential A ddress on O ctober 9th last, and th ey  w ere very  g ra te fu l to 
him  fo r  this and fo r the  unstinted, w holehearted support o f the 
scheme w hich he had subsequently displayed.

On tak ing  office, S ir  W illiam  had expressed the  hope th a t v ic­
to ry  would be achieved before his presidential term  expired. H is 
hope had been realised, bu t they w ere all fu lly  aw are  o f the  burden 
entailed by his e x tra  duties as P resid en t o f  the In stitu te  in the light 
o f the  heavy, m u ltifa rio u s responsibilities a lready  shouldered by him 
in his high position, w hich, o f  course, w ere intensified beyond m easure 
by the prevailing  conditions.

He, therefo re , on behalf o f  the Council and M em bers, expressed 
to their re tir in g  P resid en t th e ir  very  sincere thanks fo r  all he had 
done. (Applause).

Mr. J. A. Rhynas (V ice-C hairm an  o f Council) seconded the p ro ­
posal, w hich was carried  w ith enthusiastic  applause.
Report o f  the  Scrutineers.

The Chairman next presented  the R eport o f  the S cru tineers 
(M essrs. G. B. P low s and C. J . H am pshire) on the ballot fo r the 
election o f Officers and M em bers o f Council, w hich showed th a t the 
follow ing had been elected :—

A s P residen t fo r Session 1946-47 :
S ir Am os L ow rey  Ayre, K .B .E .

As V ice-P residen ts fo r Sessions 1946-49 :
London : S. F . Dorev. C .B.E., D .Sc.. W h.E x., R. S. Kennedy,

A. H . M ather, A. R. T . W oods.
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C ardiff : A. W . Love ridge, B.Sc.
S w a n se a : M ajo r E . W . B. Kidby, O.B.E., R.E. (ret.).
N e w c as tle : W . H am ilton.
M anchester : A. P . T raill, O.B.E., W h.E x.
Aberdeen : W . P . H u n ter.
B e lfa s t : W . E. McConnell.
Royal N a v y : Eng. V ice-A dm iral S ir  J. Kingcome, K.C.B.
M erchant N a v y : N . L. W rig h t, A. J. H arding, O .B.E.
Sydney : A . J . M cCowan.
M elbourne : R. S tark .
Buenos A ires : D. H . N icholson.
Singapore : *F . G. Ritchie.
R an g o o n : *W . A. H arrin g to n .

*D ependent on these V ice-P residen ts re tu rn ing  
to  S ingapore and R angoon respectively.

As H o n o ra ry  T rea su re r  fo r  Session 1946-47 :
A lfred  R obertson, C.C.

As M em bers o f Council fo r Sessions 1946-49:
T . A. Bennett, B.Sc., R. K. C raig, H . S. H um phreys, S. A.

Sm ith , M .Sc., E . Souchotte.
A s A ssociate M em ber o f  Council fo r  Sessions 1946-49 :

A. C. H ardy , B.Sc.

Induction of the  President.
The Chairman said th a t  his next duty found him  in a ra th e r 

paradoxical fram e  o f m ind in th a t while he was extrem ely  so rry  
th a t S ir  W illiam  C urrie  could not be present to  induct th e ir new  
President, he h im self felt im m ensely pleased and privileged to do 
so, particu larlv  as S ir  Am os was a distinguished D unelm ian and he 
(the C hairm an) had first seen the light o f  day in th a t k indred  
county  N orthum berland.

T h ere  was no need to elaborate on the  outstand ing  capabilities, 
m erits and activities o f S ir A m os A yre. Everyone connected w ith 
the shipping industry  was, to some extent, conversant w ith  the 
w o rk  he had carried  ou t fo r  the A dm iralty  during  the 1914-1918 
w ar. and above all the trem endous responsibility w hich he took on 
in 1939 and held until 1940 in his post o f D irecto r o f M erchant Sh ip­
building and R epairs, and la te r as D irector o f M erchant Shipbuild­
ing th roughou t those m ost anxious years 1940-1945. T h ey  could not 
assess the  fu ll ex ten t o f  his ta sk  and its responsibility, but some 
day it  m ight be revealed. M eanwhile, m ost o f them  could appreciate 
w hat a burden he had carried  a t the tim e when the  production of 
m erchant ships o f all sizes and tvpes was o f vital im portance to this 
nation and a decisive facto r in the  success o f the Allied cause.

T h e  M em bers, as engineers, welcom ed S ir A m os as a highly 
esteemed shipbuilder, and he (the C hairm an) would assure him  o f 
the loyal support o f all M em bers o f Council and Officers o f  the 
Institu te . S ir A m os’s nom ination by the Council had been unani­
mous, as also had been his election, and he could be sure th a t they 
w ould all endeavour to m ake his term  o f office a p leasant experience.

T h e  C hairm an thereupon  invited S ir  Am os to occupy the  P re s i­
dential C hair and preside over the  m eeting to  its conclusion.

Sir Amos L. Ayre, K.B.E., on tak ing  the C hair to the accom pani­
m ent o f  loud applause, thanked  the m eeting fo r th e ir response to 
M r. N elson’s very  k ind rem arks.

H e  asked them  to  believe th a t it was no m ere fo rm ality  when 
he said th a t he looked upon his induction as P residen t as a very 
high honour indeed. H e  had not accepted the Council’s kind inv ita­
tion to  accept nom ination fo r the P residency  because he had a 
lot o f  spare tim e on h is hands, bu t one o f the reasons w hich had 
m oved him  to do so w as th a t it would give him an opportunity  
to com e into even closer contact w ith  m arine engineers.

T he duties carried  ou t by him  during  the  w ar, to  which M r. 
Nelson had re fe rred , w ere carried  out w ith the help o f a  very  small 
staff indeed, and it had only been m ade possible by the good feeling 
which existed a t all times, even when there  w ere  risks o f  m isunder­
standings regard ing  featu res that could not be fu lly  divulged. I t  very 
often  happened that, d irectly  o r indirectly, he had had to enlist the 
help o f m arine engineers, and m any useful jobs had been done by 
consultation. H e  had often  w ondered w hether he w ould ever have 
an opportun ity  to thank  the profession, and he therefo re  welcom ed the 
present opportun ity  o f expressing  his g ra titude. H e thanked them  
all, because d irectly  o r indirectly everyone had played a pa rt in the 
w a r production.

H e would also confess to  having accepted nom ination w ith some

feeling o f tem erity , because they  w ere all h igh ly  skilled m arine 
engineers, and he cam e to them  as a shipbuilder. A ll his life  he had 
tried  to keep pace w ith th e ir w ork, bu t a recent visit he had paid 
to the engine room  o f a  m odern ship had  caused him  to  cast his 
m ind back to  w hat it w ould have been 40 y ears  ago, and to reflect 
how com plicated indeed had become m arine  engineering. H e would 
have to study th e ir papers m ore closely th an  ever.

W ith  th a t excuse fo r  his shortcom ings in th e ir  profession he 
would only add the earnest assurance th a t his du ties in  the  office o f 
P residen t would receive the fu llest a tten tion  possible. H e  looked 
fo rw ard  to a very  happy term  o f office, particu la rly  in v iew  of 
the C hairm an 's encouraging prom ise th a t he could an tic ipa te  their 
w holehearted co-operation.

Finally, he w ould like to say th a t it had  caused him  a feeling 
o f g reat reg re t that S ir W illiam  C urrie  could not be p resent, due to 
illness. F o r a  large  num ber o f years he had been associated  with 
S ir W illiam  in various activities o f  a  public and sem i-public charac­
ter, and he held him  in very  h igh esteem.

Mr. A. H. Mather, m oving a vote o f thanks to  the Scru tineers 
(M essrs. G. B. P low s and C. J. H am psh ire) and th e ir  reappointm ent 
fo r the ensuing year, said th a t they  had carried  ou t their duties 
again th is y ear w ith th a t com m endable efficiency w hich had m arked  
th e ir w ork  in this office fo r, he believed, the  w hole o f the w ar 
period.

T he proposal was seconded by Mr. T. A. Crompton and carried  
unanim ously.

Vote of Thanks to the Council and Officers.
Mr. R. J. Welsh (M em ber) said th a t h is d u ty  w as the  last bu t 

not least item  on the  agenda, nam ely, to  propose a vo te  o f thanks 
to the  Council and Officers.

T he Council and Officers deserved to be congratu la ted  on a  g reat 
m any things, such as the grow ing  m em bership, th e ir initiative dis­
played in being the first to  resum e th e ir social functions, the high 
s tandard  o f the papers, and not least fo r  th e  g re a t am ount o f  tim e 
they had obviously devoted to  th e ir duties. Everyone w as pressed 
fo r  tim e these days, and it m eant m ore th an  it had in the past. On 
behalf o f  all the m em bers, th ere fo re , he would express their g rea t 
appreciation o f the efforts o f the C hairm an, the  V ice-C hairm an, the 
H o n o ra ry  T reasu re r, the  S ecre tary  and all the o th er Officers who 
had contributed to the excellent resu lts o f  the y ea r 's  w ork  w hich had 
been brought to their notice th a t day.

Mr. S. B. Freeman, C.B.E., M.Eng. seconded the proposal, 
which was carried  w ith loud applause.

Mr. W . Lynn Nelson, O.B.E. (C hairm an  of Council), replying, 
said th a t during  the tenure o f his office, now com ing to a close, there 
had been m any and varied  questions discussed by the Council, some 
o f them  of vital im portance to  the in terests o f the In s titu te  and to 
the m arine engineering profession generally. D ecisions had been 
taken, and he w ould assure m em bers th a t the Council in m aking these 
decisions on th e ir behalf had acted in accordance w ith  th e ir  firm 
determ ination  to  uphold the term s o f the Royal C h arte r and the  wel­
fare  o f the  Institute.

A lthough m any M em bers o f Council had found th e  duties o f 
th e ir responsible positions during  the  past y ea r a  g re a t tax  on th e ir  
energy, and they  had had little  tim e fo r  d iversion o r  leisure, they  
had conscientiously attended the Council m eetings, and had given him  
m ost generous support, fo r  w hich he w as duly gra tefu l. I f  a M em ­
ber o f  Council was ever absent, then  one could rest a ssu red  th a t 
the reason  was beyond th a t M em ber's control. H e could app ly  the 
sam e rem ark  to  the various Com m ittees.

A s they had heard  from  the report, the Institu te  continued to 
go steadily fo rw ard  from  streng th  to streng th , and this w as due in 
no sm all m easure to the  in terest and services rendered  by the  m em ­
bers who took  office. M oreover, one m u st fu lly  realize th e  excellent 
w ork  carried  out by the H o n o ra ry  T rea su re r , M r. Robertson, and the 
Secretary , M r. Curling, and his staff. H e  w ould take this oppor­
tu n ity  to record  his personal th an k s fo r  th e ir efforts which had 
m ade his duties so m uch easier.

On behalf o f  the Council, the M em bers o f Com m ittee, the Secre­
ta ry  and th e  staff, he would express sincere thanks to the m eeting 
fo r their m ark  o f appreciation o f the w o rk  done du ring  the  past ses­
sion. H e  w ould also avail h im self o f  th is opportun ity  to renew  his 
wish that S ir A m os A yre would have a happy and in teresting  term  
of office as P resident.

The President then declared  the proceedings term inated .
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Annual Report of the Council
In their re trospec t o f  194S, th e  Council, in comm on w ith their 

fellow m em bers o f the In s titu te  who have been in tim ately  associated 
with the past six  y ears’ w ar effort, rejo ice in the  trium phan t achieve­
ment o f the g reatest task  th a t has ever befallen the B ritish  Com m on­
wealth and the A llied N ations.

T he p a rt w hich fell to  m arine  engineers in both the m aintenance 
and defence o f sea tran sp o rt has been m ost creditably  carried  out. 
T heir role in the  transition  to  peacetim e requirem ents w ithin the 
fram ew ork o f the em ergent new  w orld’ o rd e r will hardly  be less 
exacting. On their behalf the  In stitu te  m ust not fail to keep its 
position in the fo re fro n t o f  m arine engineering scientific and technical 
developm ent which it has consistently held up to  the present.

Membership.
T he changes in the m em bership, recorded in the  accom panying 

table and chart, show  an increase o f  267 in the aggregate.
An up-to-date list o f m em bers w as published in October.

T o ta l
1 st J a n . , T ra n s fe r s 31st D ec.,

G rad e . 1945. F rom . T o . E lec ted . D ied. R es ig n e d . L a p se d . 1945.
P a s t P residen ts ... 12 l 11
H o n o ra ry  M em bers 3 l 2
M em bers ................ 3,096 34 180 37 22 69 3,182
Com panions 41 1 3 43
Associate M em bers 348 9 4 15 1 9 348
A s s o c ia te s ................ 787 25 9 151 5 6 15 896
G r a d u a te s ................ 99 6 3 29 1 3 121
S tudents ................ 97 9 65 1 5 147

T otals ... 4,483 50 50 443 45 30 101 4,750

B r i t i s h  S t a n d a r d s  I n s t i t u t i o n .
S olid  F uel In d u stry  C om m ittee:
S F /1 ,  N om encla ture  and D efinitions fo r  So lid  F uel B urning  

A ppliances.
S F /1 /2 ,  S tea m  G enerators and Boilers.

M r. W . D ow ling was appointed to  succeed M r. E. W . Green, 
as representative  on the above Com m ittees, on the la tte r’s 
retirem ent.

Technical C om m ittee  M E /9 4 , R evo lu tion  Indicators.
D r. R. A. C ollacott was appointed as representative o f the 

In stitu te  on this new ly-form ed Committee.
Technical C om m ittee  M E /8 1 , D im ensional Standardisation o f  

V alves: Su b -C o m m ittee  on V alves fo r  S team .
M r. H . Sco tt w as appointed to  represen t the In s titu te  on the 

above Com m ittee.
Technical C om m ittee on Fans.

M r. J. K. M acV icar was appointed 
to succeed M r. T . A. Bennett 
on his re tirem en t fro m  this 
Com m ittee.

C om m ittee  on S tandardisation  o f  
P ressure  Gauges.

D r. R. A. C ollacott and M r. A. R. 
M ann w ere appointed to  repre­
sent the In stitu te  on this newly- 
form ed Com m ittee.

Papers.
T h e  

lished
follow ing papers have been pub- 

the T r a n s a c t io n s  during  1945,

Obituary.
T h e  losses by death are  recorded a t the end o f th is Report. The 

sym pathies o f the  Council and m em bers a re  extended to  the relatives 
in their bereavem ent.

T he Council especially reg re t the deaths o f E ngineer Vice- 
A dm iral S ir George G. Goodwin, K.C.B., LL.D . (P residen t 1922/3), 
and M r. George H eron  (fo rm erly  V ice-P residen t fo r S ingapore).

Council.
A t the m eeting o f the Council held on 20th M arch, M r. W . Lynn 

Nelson, O .B .E ., w as elected C hairm an o f Council and M r. J. A. 
Rhynas, V ice-C hairm an fo r  the  1945/46 Session. M r. S. A. Sm ith, 
M.Sc., the im m ediate Past-C hairm an , w as co-opted to  serve on the 
Council fo r  the Session.

Vice-Presidents.
Sunderland.— E n g ’r. Com ’r. A. J. B erry , R .N .(re t.), w as elected 

to succeed M r. F . H . Reid on his re tu rn  to London.
San  Francisco.— M r. F. G. A rchbold w as re-appointed to succeed 

M r. C. E. P e tersen  (deceased).
W ellington, N e w  Zealand.—M r. R. L. Gillies was elected vice 

the late M r. D. K. B lair.
Calcutta.—M r. J. R outledge was elected to  succeed M r. C. S. 

McCaskie on his re tirem ent and re tu rn  to  this country.

Representation of the  Insti tu te on Outside Organisations.
Engineering Jo in t Council.

T he Council, a t th e ir F e b ru a ry  m eeting, unanim ously decided 
that the Institu te  should w ithd raw  from  constituent 
m em bership of the E ngineering  Jo in t Council. 

P arliam entary  and Scientific  C om m ittee.
M r. S. A. Sm ith w as appointed as an *additionaI rep resen ta­

tive o f the In stitu te  on th is Com m ittee, in succession to 
and in the same capacity as M r. R. Rainie (retired ). 

L lo yd ’s R eg ister o f Sh ipp ing: Technical C om m ittee.
M r. H . S. H um phreys w as elected to succeed M r. S te rry  B. 

F reem an as the Institu te ’s representative on this Com ­
m ittee, upon M r. F reem an’s re tirem ent in Ju n e  last.

Issue. Sub jec t.
January . *Developm ent, Princip les and 

A pplication o f the C om bustion 
T urbine.

F ebruary . *T he Fundam entals o f Ship 
Form .

M arch *L ight Alloys fo r M arine  Engines.
A pril. T he Steam  Je t A ir E jecto r.
May. T h e  D esign and P roduction  o f

P ressu re  Gauges.
July. The P ro p e r C are  o f  L ubricating

Oil in Service.

A ugust. T he F a ilu re  o f A u x ilia ry  D iesel 
Engine Connecting R od B olts. 
A S urvey  o f  Cause and P re ­
vention.

Septem ber. Bulk Oil M easurem ent.

those m arked * a f te r  reading and discussion :

October. *The O peration  of 
B oilers a t Sea.

W nter-T uhe

N ovem ber. T he P resid en t’s A ddress.

T h e  N ew  A tlas Diesel Fuel In ­
jection System  fo r  Diesel 
Engines.

Decem ber. ^Stainless Steels fo r T urb ine  
B lading.

A u th o r .
P ro fe sso r  S. J. 

D avies, D.Sc., 
(Eng.), Ph .D ., 
M .I.M ech .E , and 
M. I. Fawzi, 
Ph .D . A .M .I. 
M ech.E.

F. H . T odd, B .S c , 
Ph.D ., M .I.N .A .

A. J. M urphy, M.Sc.
W . P . Scott, B.Sc.
R. A. Collacott, 

Ph.D ., B .Sc.(Eng.).
M arine  L ubrican ts 

C om m ittee o f  the 
P e tro leum  Board.

M essrs. W . S. B urn, 
J . C alderwood and 
H . J. W headon.

E. Stokoe (M em ber, 
In stitu te  o f  
Petro leum ).

M a jo r W . Gregson, 
M .Sc.(E ng.). 
M .In s t.C .E , 
M .I.N .A ., 
M .I.M ar.E .

S ir  W illiam  C. 
C urrie.

H . T . P y k  (M em ­
ber).

J . H . G. M ony- 
penny, F .In st.P .

*To M r. H . S. H um phreys.

Insti tu te  Awards.
The D enny Gold M edal, fo r the best paper contributed  by a 

M em ber du rin g  1945. O n the recom m endation o f th e  Com m ittee o f 
A d jud ica to rs the Council have decided to  w ithhold the A w ard  o f the 
M edal on this occasion.
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C hart o f  M embership.

The  Institu te  S ilv e r  M edal, fo r the  best paper contributed by a 
non-m em ber during  1945, has been aw arded to M r. J. H . G. M ony­
penny, F .Inst.P . fo r  his paper entitled “Stainless Steels fo r T urb ine 
B lading”, published in the D ecem ber T r a n s a c t io n s .

T he Jun ior S ilv e r  M edal and P rem ium . N o paper was con tri­
buted by a ju n io r m em ber during  1945.

T h e  H erbert A k ro y d  S tu a r t Azuard, value £50, fo r the best paper 
on the h isto ry  and developm ent o f heavy oil engines contributed by a 
m em ber o r a non-m em ber du ring  the  two years ending on the 30th 
A pril, 1945. T h is A w ard  has been conferred jo in tly  upon P ro fe sso r 
S. J. Davies, D.Sc., Ph .D ., and D r. M. I. Fawzi, fo r their paper 
entitled “Developm ent, P rincip les and A pplication o f  the Com ­
bustion T urb ine”, published in the  January , 1945 T r a n s a c t io n s .

An additional aw ard  o f £25 from  tb is Fund was g ran ted  to 
M r. J. W . A rm stro n g  fo r his paper entitled “H eavy Oil Engine 
P ro g re ss” , published in the October, 1944. T r a n s a c t io n s .

T he W . IV. M arriner M em oria l Prize, value £5, fo r the best 
Engineering  K now ledge scrip t w ritten  by a candidate in the M inistry  
of W a r T ran sp o rt’s 1945 E xam inations fo r  the Second Class 
E ngineer’s Certificate o f Competency, has been aw arded, on the 
recom m endation of the M in istry ’s C hief E xam iner o f Engineers, to 
M r. M ichael W yndham  Sydenham  (Associate).
Thames Nautical Training College, H.M.S. "W orces te r” .

T h e  Institu te ’s P rize, value £ 2  2s., fo r excellence in M arine 
Engineering, w as won by Cadet J. E. Robinson.
Awards for Essays.

W ith  a view  to  stim ulating  competition fo r the prizes available 
from  the various legacies, the Council decided to  m erge the accrued 
in terest on these funds and to offer tw o A w ards o f £20 each, n a m e ly :

(a) fo r the best essay on any subject o f m arine engineering 
in terest subm itted by a Student o r a G raduate ; this prize to 
be provided out o f the John  I. Jacobs, W . M urdoch and D. F. 
R obertson fu n d s ;

(b) fo r the best essay on any subject o f m arine engineering 
in terest subm itted by a m em ber o f any grade (including 
Students and G ra d u a te s); th is prize to be provided ou t o f 
the S ir  A rchibald  Denny, J. Stephen, and L ord  In v erfo rth  
funds. S ix  entries w ere received, o f which none w as from  
a S tudent o r a G raduate. On the recom m endation o f the 
A w ards Com m ittee the Council aw arded a prize o f £15 to 
M r. D avid Bruce (A ssociate) fo r  his essay entitled “T he 
F u tu re  T ra in in g  and S ta tu s  o f the M arine E ngineer” , and a 
prize o f £ 5  to . M r. P e te r  L . Gaches (Associate) fo r  his essay 
entitled “ Some Poin ts on the Layout and Installation  of 
M arine M achinery”.

Insti tute  Prizes for Students of Technical Colleges in Marine Centres.
T he Institu te 's  A nnual prizes, increased to  £ 2  2s. each, fo r

students accom plishing the best y ear’s w o rk  in H e a t Engines a t 
technical colleges and schools in m arine cen tres w ere aw arded as
follow s :—

Leslie R eid F o rrest, Dundee Technical College.
George W illiam  Parsons, Cardiff T echnical College.
Leslie A lbert D arby, W est H am  M unicipal College.
M ark  A lan Stephenson, P lym outh  and D evonport Technical 

College.
John  Steenson, B elfast College o f T echnology.
John  H u tto n  Neilson, Royal Technical College, Glasgow. 
Kenneth M aurice Batley, H u ll M unicipal Technical College. 
A llan Robinson, Liverpool Technical College.
W illiam  H ig h  Schofield, C onstantine Technical College, M iddles­

brough.
W alte r  A lan Rowley, W est H artlepool T echnical College.
B rian Fenwick, Sunderland Technical College.
H enry  W atson, R u th erfo rd  College o f Technology, Newcastle- 

upon-Tyne.
D avid N ew m an Jones Cole, P o rtsm ou th  M unicipal College. 
Stanley H enderson, Senior T echnical Institu te , Gateshead.
John Noble S trachan, R obert G ordon’s T echnical College, A b er­

deen.
Jam es L. Cheyne, Leith  Technical College.
B rian  Fenwick, Sunderland Technical College.
John R ichard H arrison , T he Polytechnic, R egent S treet, W .l. 
Kenneth A lbert Setterfield, T he W oolw ich Polytechnic.
D erek R ichard Field, U n iversity  College, Southam pton.
A ndrew  B eattie Scrim geour, G reenock Technical College. 
W illiam  George Collins, B irkenhead Technical College.
John  H arrison , M arine School o f Sou th  Shields.
E dw ard  Francis P im lo tt, F alm outh  Technical School.
W illiam  George M unday, Sw ansea Technical College.

Lloyd’s Register Scholarships.
The tenure  o f the  th ree  Scholarships aw arded in 1940, 1941 and 

1942 rem ains in abeyance pending the release o f  the holders from  
th e ir respective w ar service.

National Certificates in Mechanical Engineering, with Special 
Reference to Marine Engineering.

243 O rd in ary  Certificates, 34 H ig h e r Certificates and 3 H igher 
D iplom as w ere endorsed by o u r P residen t d u rin g  1945.
Education Croup.

On a recom m endation passed a t the first post-w ar Annual 
M eeting o f the G roup in June, th e  Council agreed to resum e the 
Institu te  lectures at U niversities and technical colleges du ring  the 
w inter session. _ W ith  the concurrence o f the C hairm an of th e  Junior 
Section Com mittee, the follow ing program m e was a rranged  by the 
Executive Com m ittee o f the  E ducation  G roup : —



T uesday, N ovem ber 20th, 1945, a t W im bledon T echnical College: 
“T h e  V alue o f R esearch to the Y oung E ngineer”, by R. A. 
Collacott, B.Sc., Ph .D . (Associate M em ber o f Council).

W ednesday, Decem ber 5th, 1945, a t the  Polytechnic, R egent 
S treet, W .l : “ Precision M easurem ent”, by H . B arrell.

Tuesday, Jan u a ry  29th, 1946, at South  E ast L ondon Technical 
In stitu te  : “Applications o f W elding to  M arine E ngineering”, 
by H . N . Pem berton.

Friday, F eb ru ary  15th, 1946, a t W est H am  M unicipal College : 
“M odern  T ren d s in W ater T ube B oiler In sta lla tions”, by 
S. D. Scorer (M em ber).

The Council’s prize, value 2 2s., fo r  the  best rep o rt on D r. 
Collacott’s lec ture  subm itted by a  S tudent un d er 25 y ears o f  age, 
was won by E . N . G rantham , and a consolation prize, value £1  Is., 
was aw arded  to  S. W . W hite. A djudication o f entries received in 
respect o f M r. B arre ll's  lecture is pending.

T he G roup also held a m eeting a t the Institu te  on F’riday, 
N ovem ber 9th, 1945, a t which M r. F . H . Reid, B.Sc., W h.E x . 
(M em ber), P rincipal o f South  E ast London Technical College, gave 
an address on “T he E ducation A ct in relation to Technical E duca­
tion”. T he address and discussion have been published in the January , 
1946, T r a n s a c t io n s .

junior Section.
W hilst the activ ities o f this Section have rem ained in abeyance, 

M r. E. W . C ranston, as a  m em ber o f the  Ju n io r Section Committee, 
was co-opted by the  Education  G roup E xecutive  Com m ittee to assist 
in a rrang ing  the  above m entioned lectures a t technical colleges.

Transactions.
T he m onthly publication o f the T r a n s a c t i o n s , including the 

m arine engineering and shipbuilding abstrac ts , has been m aintained 
during  the year. A n  increase in  the paper supply is eagerly awaited.

T he Council wish to record  th e ir thanks to the  au thors o f the  
papers and con tribu to rs to the discussions published in the T r a n s a c ­
t i o n s  during  1945.

Publication of Books.
T he th ree  books published by the Institu te—“ T he R unning and 

M aintenance of M arine  M achinery”, L aw s’s “E lectricity  A pplied to 
M arine E ngineering” , and H o g g ’s “N aval A rch itectu re  and Ship 
C onstruction”— have continued in steady demand. T he second rep rin t 
o f the  last nam ed book w as received from  the p rin te rs early  in the 
year.

Premises.
T he de-requisition of the City P rem ises by the W ar Office and 

their re-occupation by the In stitu te  Staff took place in May. T he 
lease o f 73, A m ersham  Road, H ig h  W ycom be, w as term inated  a t the 
end of July. T h e  L ectu re  H a ll w as partially  reconditioned and used 
fo r the first tim e po st-w ar on the occasion o f the P residentia l A ddress 
on O ctober 9th.

T h e  h ire  o f  the L ib ra ry  has been perm itted  to the  Engineer 
Surveyors’ A ssociation and the O m nibus Society fo r  their m eetings 
as before  the w ar.

New Premises.
A t th e ir F eb ru a ry  m eeting the Council decided to  form  a  N ew  

P rem ises Com m ittee, under the chairm anship o f the H onorary  
T reasurer, M r. A . R obertson, and th a t M r. R obertson should nom inate 
the m em bers o f this Com mittee. T h e  Com m ittee was duly constituted 
and appointed a t the M arch  m eeting of the  Council, the m em bers 
being M essrs. J . D. F a rm er, R. M . Gillies, W . D. H eck, J. C. Lowrie, 
W . L. Nelson, A . P o llitt, H . A. J . Silley, S. A. Sm ith, A . F . C. 
T im pson, H . J. W headon and F . W . Youldon.

A t the O ctober Council m eeting, M r. R obertson reported  the 
results o f the Com m ittee’s deliberations, and o f subsequent consulta­
tion  w ith the President.

T he Council unanim ously agreed :—
(i) th a t the new build ing  should fo rm  a  national m em orial to 

the  engineers o f the M erchant N avy  w ho had lost their lives 
du rin g  the w ar.

(ii) th a t the appeal should also m ake reference to the D iam ond 
Jubilee  o f the Institu te  in 1949, by w hich date it was hoped 
th a t p repara tions fo r  the  erection o f the new building would 
have been completed.

(iii) th a t the nam es of prom inent men who agreed  to support 
the  appeal should be added to those o f the  P residen t and 
o th er signatories to  the appeal.

(iv) th a t S ir  W illiam  C urrie  should launch the appeal on the 
occasion o f  his P residen tia l A ddress on O ctober 9th.

T h e  last-nam ed decision w as duly carried  o u t; the  o ther three 
proposals a re  now being im plem ented, w ith the kind assistance o f the 
P resident.

D onations have already been received from  M r. A lfred  Robertson, 
M r. A. H . M ather, M r. H . Y. Mosey, M r. J. Y. Mosey, M r.
A. C. H ard y  and the T odd  Shipyards C orporation, N ew  Y ork.

Staff.
M essrs. G. L am b ert (R oyal A rm y  Service Corps) and R. Cane 

(Royal A rm y P ay  Corps) w ere still on active service a t the end of 
Decem ber. M r. L am bert has since been released under Class B 
arrangem ents and resum ed his duties as assistan t to  the S ecretary  on 
February  14th, 1946.

J. W illis was tem porarily  released  from  the M erchant N avy 
Pool and resum ed duty as assistan t to the C aretaker in A ugust, being 
finally released by the Pool in N ovem ber.

M iss K. B. H olm an  w as engaged as lib ra rian  vice M r. F . D. 
C lark  (resigned).

M iss D. E. G illm ar (shorthand  typist) and M iss J. E. D aykin 
(ju n io r book-keeper) w ere  engaged vice M rs. J . C. Isbester and 
M rs. N . T rendall, who w ere unable to accept t ra n s fe r  fro m  H igh 
W ycom be. M iss M . S tra th d ee  was engaged as ju n io r shorthand 
typ ist (additional).

Guild of Benevolence.
T he Council, as T rustees o f the Guild o f Benevolence, a re  pleased 

to record  that donations to  the G uild received during  1945 am ounted 
to £643, in addition  to  th e  th ird  annual donations o f  £1,000 and 
£500 to  the  John  Silley M em orial F'und received under covenant 
from  M r. H . A . J . Silley and M r. B. L. Silley respectively.

Revision of the  By-Laws.
T he Special Com m ittee under the chairm anship  o f D r. S. H. 

D orey concluded their w o rk  on th e  revision o f the  B y-L aw s in 
O ctober. T h e ir  recom m endations as adopted by the  Council a re  being 
subm itted fo r  approval by the  M em bers a t  an  E x trao rd in a ry  General 
M eeting on M arch  19th, 1946 (postponed fro m  F eb ru ary  1st).

Merchant Navy Training Board.
T he M erchant N avy  T ra in in g  B oard  published in N ovem ber their 

R eport on the train ing  of engineer officers fo r  the M erchant Navy. 
T he R eport was rep rin ted  in the D ecem ber T r a n s a c t io n s .

T he Council, having in m ind the  anom aly by which the  Institu te, 
holding its Royal C h arte r as the representative  o f the m arine 
engineering profession, was no t represented on the  N ational M aritim e 
B oard, obtained the agreem ent o f  the M in istry  o f W a r T ran sp o rt to 
accept the  In stitu te ’s com m ents on the  above m entioned R eport.

T he Council accordingly held tw o special m eetings in Decem ber, 
1945, and a th ird  in January , 1946, to consider the proposals contained 
in the R eport.

A  num ber o f am endm ents w ere agreed upon and have since 
been subm itted  to the  M inistry  o f W a r T ran sp o rt and the M erchant 
N avy  T ra in in g  B oard.

Scottish Engineering S tudents’ Association.
T h e  Council gave their support to the newly fo rm ed  Scottish 

E ngineering S tudents’ Association, and appointed M r. J . Adam  
(Student) to represent the Institu te  on the Council o f the  Association.

Visit to Messrs. Davey, Paxman & Company’s Works.
By the  k ind invitation  o f M essrs. Davey, P ax m an  & Co., L td., a 

pa rty  o f m em bers o f th e  Institu te, w ith m em bers o f the D iesel Engine 
U sers’ Association, v isited  the Com pany's W o rk s a t Colchester on 
Saturday, Ju ly  7th, 1945. A  detailed report o f this event was pub­
lished in the Ju ly  T r a n s a c t io n s .

Library.
T h e  Institu te ’s lib rary  service was increasingly in demand, both 

as reg ard s the loan o f books and replies to  enquiries fo r  technical 
inform ation.

T he Council a re  g reatly  indebted to m em bers and others who 
have reviewed the  new  books added to the L ib ra ry  du ring  the year.

Social Events.
N otw ithstand ing  the difficulties im posed by the continuing w a r­

tim e austerity , tw o of the In stitu te ’s custom ary  social events w ere 
successfu lly  arranged . A n au tum n Golf M eeting was held a t H adley 
W ood G olf Club on W ednesday, Septem ber 19th, 1945, and the  Allied 
V ictory  w as celebrated by a Conversazione a t the C onnaught Room s on 
F riday , D ecem ber 7th, 1945.

Follow ing the P residen tia l A ddress, a  Council d inner w as held
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al the G reat E aste rn  H otel on Tuesday, O ctober 9th, 1945, the guest 
o f honour being the Rt. H on. A. V. A lexander, P.C ., C .H , M .P., 
F irs t L ord  o f the A dm iralty , H onorary  M em ber o f the Institute.

T h e  above m entioned events w ere reported in the succeeding 
issues o f the T r a n s a c t i o n s .

Armistice Day, 1945.
T he Institu te  was represented by M r. W . Lynn Nelson, Chairm an 

o f Council, a t the C om m em oration Service a t W estm inster Abbey 
on N ovem ber 11th, 1945, and by M r. J. A. Rhynas, V ice-C hairm an 
o f Council, a t the service and laying o f w reaths a t the M ercantile 
M arine M em orial, T ow er H ill.

President-designate.
T he Council w ere h ighly gratified by S ir A m os A yre’s acceptance 

of nom ination fo r  election as P residen t fo r 1946-7. H e  has alw ays 
shown keen in terest in the  In stitu te ’s activities, and as C hairm an of 
the Shipbuilding C onference his accession to the P residentia l office 
a t the present tim e is particu larly  opportune.

Representatives’ Reports.
O w ing to p revailing  conditions a  num ber o f outside organizations 

on which the In stitu te  is represented have rem ained inactive during 
1945. B rief reports on the o thers a re  given below.
T he E ngineering Jo in t E xam ina tion  Board. R ep resen ta tiv es: M r.

F . H . Reid, B .S c , W h .E x .; M r. R. F. Thom pson, B.Sc.
M eetings o f the B oard  w ere held on 9th M arch, 22nd June, and 

23rd Novem ber, 1945.
A t the m eeting on the first date, the R eport fo r 1943/44 and a 

statem ent o f accounts fo r the  year to  Decem ber, 1944, w ere adopted. 
A t the second meeting, the 1946 exam inations w ere arranged  to be 
held on the 2nd-5th A pril and on the ls t-4 th  O ctober. A t the th ird  
m eeting, fu r th e r  consideration  was given to  the fu tu re  adm inistrative 
w o rk  of the B oard  and to applications from  o th er professional in stitu ­
tions to  jo in  the Board.

A t the Ju n e  and N ovem ber m eetings the reports o f the 
M oderato rs w ere considered and adopted.

T he follow ing qualifications have been added to  those already 
recognised fo r exem ption  fro m  the Common P re lim inary  E xam ina­
tion :—

T h e  Forces P re lim in ary  E xam ination  Certificate.
T h e  Royal N aval H ig h er Education  T est (F irs t and' Second 

Class Certificates).
T he Royal M arine F irs t  Class Certificate.
T h e  total num ber o f exem ption certificates received from  the 

C onstituent Institu tions from  1st June, 1941, to 30th June, 1945, w ere :
T h e  In stitu tion  o f Civil Engineers ............................. 1,980

„ „ „ M echanical Engineers ................  1,741
„ „ „ M unicipal and C o u n ty . E ngineers 94
„ „ „ N aval A rch itects ................  3
„ „  „ S tru c tu ra l Engineers ................  66

T h e  Institu te  o f  M arine E ngineers ............................. 101
T h e  Royal A eronautical S o c i e t y .......................................... 288

Total ... 4,273
F o r the A pril, 1945, exam ination there w ere 242 hom e candidates, 

o f whom 230 presented them selves, and arrangem ents w ere m ade to 
exam ine 17 candidates a t eight centres overseas and in fo u r P risoners 
o f W ar Camps.

F o r  the O ctober, 1945, exam ination there were 129 hom e candi­
dates, o f whom 119 presented  themselves, and arrangem ents were 
made to exam ine 48 candidates a t 11 overseas centres.

T he  results o f the hom e exam inations were :—
Sat. Passed. R eferred . Failed.

W hole  exam ination:
A pril, 1945 ... I l l 46 37 28
O ctober, 1945 ... 42 15 20 7

One or tw o subjects:
A pril, 1945 ... 119 82 26 11
O ctober, 1945 ... 77 39 30 8

T he B ritish  Shipbuilding R esearch Association. R epresentative : M r.
S. A. Sm ith, M.Sc.
D uring  the year there  have been a num ber of m eetings o f the 

A ssociation and of the various sub-com m ittees form ed by the parent 
body. P rio rities have been assigned to  the items o f research work 
and co-ordination has been arranged. T he  In stitu te ’s representative 
has been appointed to  a  num ber o f  sub-com m ittees and a very  com ­
prehensive and interesting research  program m e is envisaged. W ork  
o f a  confidential na tu re  has already been carried out.

Lloyd’s R egister o f  Shipping. Technical C om m ittee. R epresentative:
M r. S. B. Freem an, C .B .E , M .E n g , who resigned during  1945
and whose place w as taken by M r. H . S. H um phreys.
A prelim inary  m eeting o f the Technical M em bers was held on 

W ednesday, 14th February , 1945, the full m eeting being held on 
T hursday , 15th February.

The follow ing m atters w ere b rought forw ard , and a f te r  dis­
cussion w ere dealt w ith generally on the lines desired by the technical 
staff.

Revised R ules fo r E lectric  A rc  W elding in Ship C onstruction. 
Modification to the Rules fo r R iveting o f Steel Ships. Am endm ents 
to  the General R egulations re la ting  to  the Classification of Steel 
Vessels. Am endm ents and additions to  the Rules fo r periodical 
surveys o f m ain and auxiliary  engines and boilers, electrical equip­
ment and exhaust steam  turbines connected to  the main sh a ftin g  of 
steam reciprocating engines. A m endm ents to Section 20D and Sec­
tion 34 of the Rules fo r S teel Ships. A m endm ent to Section 21 
clause 4(d) o f the Rules fo r vessels intended to carry  petroleum  in 
bulk. A m endm ents and additions to  the Rules fo r  the Construction 
and Survey o f Engines and Boilers o f S team  Vessels. Modifications 
of the Rules fo r W elded P ressu re  Vessels. R equirem ents fo r  the 
supply o f spare gear added to  the Rules fo r  the construction and 
survey of petrol and paraffin engines. A dditions and am endm ents to 
Rules fo r the construction and survey o f  heavy oil engines and their 
auxiliaries.

A m endm ents to Section 1-4 (R equirem ents fo r new R efrigerating  
Installations) and Section 5 (Periodical Surveys) o f  the R ules fo r 
R efrigera ting  M achinery and Appliances.

Am endm ents to  Section 4, para. 2 (C ritical Speed) of the Rules 
fo r E lectric  P ropelling  M achinery. A ltera tions to the Rules fo r 
E lectrical Equipm ent. A m endm ent to  Section 10 (Q uality  and T es t­
ing o f Ingot Steel Forgings) o f the  R ules fo r  Q uality  and T esting 
o f M aterials.

T he subject of gauging finished gears and the m easurem ent of 
e rro rs  in g ear hobbing m achines w as discussed a t length, and it was 
agreed that a technical sub-com m ittee should pursue  the  m atter w ith 
the Chief E ngineer Surveyor.

M r .  H u m p h r e y s  attended his first m eeting o f th is Com mittee 
on 27th Novem ber, 1945, w hen various m atters regard ing  L loyd’s 
Rules, etc. were fully discussed in the forenoon by the Technical 
Com m ittee and the recom m endations w ere pu t to  the  m ain Com ­
m ittee a t the afternoon  session.

T here  is a  wide representation  o f  various sections o f the Industry 
on this Com m ittee and it is felt that all L loyd’s requirem ents are 
m ost thoroughly  investigated' before they a re  pu t into practice.

Corrosion Research Com m ittee o f  the B ritish  Non- Ferrous M etals
Research Association. R epresentative : M r. J. A. Rhynas.
T his Association has completed 26 years o f service to the non- 

ferrous m etals industry.
The A ssociation has m odern R esearch  L abora to ries and H ead­

quarters a t E uston S treet, London, N .W , which a re  well and specially 
equipped w ith apparatus fo r different kinds o f  research  w ork  such 
as m elting and casting, m echanical testing, pyrom etry  laboratory, 
m etallography, corrosion laboratory, chem ical laboratory, physics 
laboratory, and workshop.

T he  A dm iralty  have now rem oved the secrecy restric tions on 
reports on copper nickel iron alloys. T h e  reports have been released 
to m em bers generally by announcem ent in the Bulletin in the usual 
way, but the Association request m em bers to trea t m any in teresting  
research results as confidential.

T he subjects o f research carried  out du ring  its existence are  as 
follow s : im purities in copper, casting o f b rass ingots, p roperties of 
lead and lead alloys, atm ospheric corrosion, condenser tube corrosion, 
gases in metals, shrinkage and gas porosity  in castings and 
solders, etc.

T h is b rief reference to some of the A ssociation's in terests and 
w ork a t present in p rogress will serve to  illu stra te  its usefulness.

Association o f  Special Libraries and In form ation  B ureaux. R epre­
sentative : M r. B. C. Curling.
In  July, 1945, the Association published the first issue of the 

Journal o f  Documentation. T he contents of th is and the tw o fu rth e r 
parts issued by the end o f the year indicate the im portance of this 
publication to lib rary  users.

A  M anual on the Technique o f  Special Librarianship, by J. E. 
W righ t, published by the Association in June, 1945, has m et an 
imm ediate and continuing demand.

A new edition o f the Select L is t o f  S tandard B ritish  Scientific  
and Technical B ooks  is in active preparation.

T he  program m e o f the Annual Conference in Septejnber con­
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tained a  num ber o f valuable papers on in form ation  services and 
research  lib raries, including P ro fe sso r J . D. B ernal's opening address 
on “ In fo rm atio n  Service as an Essential in the P ro g ress o f Science” .

B ritish  Socie ty  fo r  International Bibliography. R epresentative : M r.
B. C. Curling.
A  fu rth e r p rogram m e of inform ative papers and discussions 

has been carried  ou t du ring  1945, including a  discussion on the tech­
nique of m aking ab strac ts  o f scientific and technical papers, which 
w as opened by E ng ineer Com m ander D. H astie  Sm ith , R .N .(re t) , 
M .I.M ar.E ., a t the O ctober m eeting. T he Council is p rom inently  
associated w ith th e  p o st-w ar revival o f the activities o f the In te r­
national F ederation  fo r  Docum entation, including the arrangem en t o f 
a conference in P a r is  early  in the  coming year.

W o rld  P o w er C onference, B ritish  N ationa l C om m ittee. R epresenta­
tive : M r. E . W . Green, O .B.E.
A  m eeting o f the Com mittee w as held on 30th A ugust, 1945, the 

first fo r over six  years. T he business transac ted  was o f a purely  
fo rm al na tu re .

B ritish  C orporation R eg ister  o f  Sh ipp ing  and A ir c ra ft , Technical
C om m ittee. R epresen tative  : M r. W . F. Brown, B.Sc., W h.E x.
T he m atte rs  dealt w ith  by the T echnical Com m ittee in the course 

of the past year have been m ainly concerned w ith reversion  from  
w ar-tim e to  peace-tim e practice.

I t  has been ag reed  th a t certain  em ergency m easures affecting 
ships’ pum ping, valves and fittings in m achinery  space, etc. should 
be perm anently  adopted and included in th e  Society’s Rules. I t  has 
also been agreed th a t c erta in  provisions fo r  hull s tru c tu re  and fittings 
(such as the  provision o f horizontal stiffeners a t the end o f w eather 
deck hatchw ays, the p ro tection  o f the ends o f w ood hatch  covers 
by steel bands, the provision o f locking bars on exposed hatchw ays, 
the standard isation  o f cleats and wedges and the non-acceptance of 
cast iron  fo r  valves and discharges below the freeboard  deck) all of 
w hich a re  a lready inco rpora ted  in the Rules e ith e r as requirem ents 
o r recom m endations, should in fu tu re  fo rm  a  p a r t o f the conditions of 
assignm ent o f  loadlines. D u rin g  the w ar a  reduction  in anchor and 
cable equipm ent has been perm itted , bu t it is no t intended th a t this 
re laxation  o f R ule standards be m ade perm anent.

T h e  m ateria ls used in construction  o f ships and m achinery have 
been the  sub ject o f  investigation. Ships constructed  a t Continental 
ports, in w hich T hom as steel has been used, m ust be kept under 
observation  fo r a  sufficient period to show w hether o r  no t classifica­
tion is justified, and even in the case o f ships built fro m  open hearth  
steel there  have been instances o f the cracking o f plates w hich have 
em phasised the need fo r research.

The question o f the  best sizes and shapes o f rolled sections fo r 
welded w ork has also been exam ined, but a lthough  a  considerable 
am ount o f  da ta  has been collected, the C om m ittee do not reg ard  the 
production o f an extensive series o f  new  sections as justifiable, 
although certa in  large sections m igh t well be developed w here a t 
present there  is  no  su itable ro lling  available.

The P arliam entary  and Scientific  C om m ittee. R epresentative : M r.
H . S. H um phreys.
T his C om m ittee has been very active and deserves the  utm ost 

support. T h e  usual m onthly  C om m ittee M eetings w ere held, a t 
which there  w as alw ays a  sh o rt ta lk  by an  em inent politician o r p ro ­
fessional m an. A t a m eeting held late in 1945 three  o f the  scientists 
who visited R ussia gave m ost in te resting  talks on th e ir  experiences. 
There  are  a num ber o f m em bers o f  both H ouses o f  P a rliam en t on 
the Committee, and practically  a ll the scientific bodies are  well re ­
presented. T h e  prestige  and w o rk  o f the scientist and engineer w ere 
kept well to the fo re, and o ften  a Cabinet M inister attended the  m eet­
ings to  answ er questions on scientific subjects.

A s regards the Officers o f the Com m ittee, the th ree-year ru le is 
adopted, as w ith this In s titu te ; accordingly  L o rd  Sam uel re tired  fro m  
office fo r a t least one y ear a t the A nnual G eneral M eeting  and S ir  
Jo h n  A nderson has succeeded him  as President.

T h e  B ritish  E lectrical and A llied  In d u str ies  R esearch  Association:
J o in t C om m ittee  on S tee ls  fo r  H ig h  Tem peratures. R epresen ta­
tive  : D r. S. F. Dorey, C .B.E., W h.E x .
Investigations undertaken in o rd er to determ ine the  equations fo r 

p lastic flow  (on loading) and creep un d er general stress system s fo r 
a 0-17 per cent, carbon  steel have recently been com pleted and re ­
ports a re  being prepared. E xperim en ts to determ ine how  relaxation  
behaviour is re la ted  to  creep behaviour under constant stress, using 
the sam e 0-17 pe r cent, carbon steel, have nearly  been com pleted and 
two chrom ium  m olybdenum  bolt steels have been obtained from  
different sources fo r  exam ination o f th e ir re laxation  behaviour. T he

final stage in the com parison o f various sho rt-tim e creep lim its and 
long-tim e creep properties o f m olybdenum  steel has been reached.

T w o carbon  steel ingots, one good and one poor on creep resist­
ance when fo rged  in to  ba r have been chosen to  produce tubes in the 
various final states m et in industry . Sam ples o f  these tubes have 
been undergoing test to exam ine the differences in creep behaviour 
produced by the com m ercial processes and h eat treatm ents, fu ll de­
tails o f  w hich have been supplied.

A  series o f  tests have been carried  ou t on steels to  determ ine 
w hether fa ilu re  in high tem p era tu re  creep tests occurs a t an earlie r 
period in steam  than  in tests in air, a t atm ospheric p ressure, o r  in 
vacuum . rlh e  tests have show n a g reat degree o f variab ility  in life 
tests to  ru p tu re . I t  appears that steam  som ew hat accelerates fa ilu re  
in these h igh stress tests. Som e additional tests in hydrogen showed 
a  m ore active attack.

A p p ara tu s has been constructed  to  study  the  creep behaviour o f 
superhea ter tubes under in te rnal high p ressu re  high tem pera tu re  steam  
(l,0001b./in.2, 950° F.). C om parative tests w ill subsequently be m ade 
using a ir  under p ressu re  instead o f steam .

F u rth e r  w o rk  has been carried  ou t to  determ ine w hether abnor­
m ality  as know n to ex is t in carbon steels occurs in m olybdenum  steels. 
T h e  effect o f o th er alloying elem ents in m olybdenum  steel has been 
fu r th e r  studied in  regard  to in tercrysta lline  cracking, spheroidisation 
and g raphitisa tion . A  separate  study has been m ade o f the la tter 
in view o f the reported  fa ilu re  o f steam pipe by th is action.
Scottish  Engineering S tu den ts’ A ssociation. R ep resen ta tiv e ; M r.

J. A dam .
T h e  Sco ttish  E ngineering  S tuden ts’ A ssociation w as form ed in 

1945 and to date has been officially recognised by m ore than  20 in stitu ­
tions and societies. Som e of these have only very  few  Scottish 
m em bers under the  age o f th irty , o thers have a m uch la rger younger 
m em bership. A ltogether there  is a  potential m em bership o f ap p rox i­
m ately 800 and o f th is num ber about 550 have applied fo r  m em ber­
ship. N um erous letters received fro m  young  Scottish  engineers in 
every  branch o f the profession  seem to indicate a w holehearted  wel­
come fo r  the A ssociation. T h e  active support received and the 
in terest show n appear fu lly  to ju s tify  the  fo rm ation  o f such an 
organization.

T h ree  evening m eetings have been held. T h e  first o f these was 
on 11th O ctober when S ir  H a ro ld  E . Y arrow , Bt., C .B.E., H o norary  
P residen t o f  the  Association, delivered his P residen tia l A ddress. 
A fte r  paying trib u te  to  the energy and fo res ig h t o f M r. J . L. Adam ,
C.B.E., w ho had originally  conceived the idea o f such an Association, 
S ir  H a ro ld  stated  th a t the A ssociation could fulfil a  very usefu l func­
tion by bring ing  young men in all branches o f engineering  together 
Erom tim e to  tim e and by rem oving the objection  th a t engineers keep 
all too o ften  w ithin th e ir own "w atertig h t com partm ents". S ir H aro ld  
went on to discuss certa in  research  w ork  and experim ents w hich had 
been undertaken in shipbuilding and m arine  engineering, w ith  special 
reference to  fa st torpedo boat destroyers. H e  ranged o ver the effect 
o f  depth o f w a te r  on speed o f  ships, the  w ork  o f the  ship experim ent 
tank, v ib rations o f ships, ships’ m achinery  and boilers. A bout 100 
persons attended the m eeting.

T he second m eeting w as held on 7th N ovem ber w hen M r. A. A. 
W ells, B.Sc., S tud .Inst.C .E ., m em ber o f  the Association, read  a  paper 
entitled “ Photoelasticity  : M odern M ethods and th e ir A pplication  to 
E ngineering P rob lem s” . In th is th e  A u th o r gave a b rief h isto ry  of 
the developm ent o f pho toelastic ity  and  m entioned the outstand ing  
personalities responsible fo r  this developm ent. T he paper dealt m ainly 
w ith m odern m ethods and the A u th o r explained both the practical 
and theoretical aspects. A bout 50 persons attended the  m eeting.

T he th ird  m eeting w as held on 3rd D ecem ber when M ajo r E . F. J. 
P lowden, R .E., G .I.M ech.E ., A .I.M ar.E ., A .Inst.N .A ., m em ber o f the 
A ssociation read a  paper entitled “Som e N otes on R .E. W o rk  in 
Ita ly” . Illu s tra tin g  the  different aspects o f  R .E. w ork, M ajo r P lo w ­
den, w ho had recently  re tu rn ed  from  service in Italy , discussed road 
construction and m aintenance, bridge-building and the use and m ain ten­
ance o f m echanical equipm ent, and closed his address by re fe rrin g  
to the ship salvage w ork  undertaken by the  R .E .’s in N o rth  A frica . 
A bout 50 persons a ttended the m eeting.

An in teresting  program m e has been a rran g ed  fo r the  second h a lf 
o f the Session.

British Standards Institu tion.
P etro leum  In d u stry  Section: Technical C om m ittees P T C /2  Fuel O ils;

P T C /3 /1  Lubrica ting  O ils; P T C /3 /2  Turb ine  Oils. R epresen ta­
tiv e ;  M r. J. L. Chaloner. [T h e  identification Code o f  these C om ­
m ittees has been changed from  P T / -  to P T C /- .] .
P T C /2  Fuel Oils. On the instructions o f the P e tro leum  Industry  

Com m ittee, th is Com m ittee has been reconstitu ted  and now includes 
a representative o f the M in istry  o f W a r  T ran sp o rt. In struc tions
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have been issued to re -d ra f t  B.S. 209 and 742, fo r which purpose a 
new d ra ftin g  Com m ittee P T C /2 /1  has been set up.

P T C /3 /1  L ubricating  Oils. B.S. 210 is under review fo r  the 
purpose of decision w hether the present specification of classification 
is to be replaced by a set o f  actual oil specifications.

P T C /3 /2  T u rb in e  Oils. B.S. 489 rem ains as amended in 
February , 1944, and no fu r th e r  changes are  proposed a t present.

Technical C om m ittee  M E /1 7 , Gears. R ep resen ta tiv e : M r. G. H . 
Forsyth , M .Sc.
T he Com m ittee has m et a t intervals, p reparing  a revision of 

B.S. 545, M achine C ut Gears, B. Bevel (w ith helical, curved and 
stra ig h t teeth).

In  addition, the question o f T raction  G ears has been raised and 
w as re fe rred  to the  B ritish  G ear M an u fac tu rers’ Association, who 
recom m ended th a t the existing  standard  required reconsideration and 
th a t any revision should be effected by incorporating  the requirem ents 
o f B .S. No. 436.

A ir  R eceivers. R e p resen ta tiv es: M essrs. J . C arnaghan and R. S. 
Kennedy.
B.S. 429, R iveted A ir  Receivers, is under revision.

M echanical In d u stry  C om m ittee. R ep resen ta tiv es: M essrs. J. 
C am aghan and R. S. Kennedy.
T he follow ing specifications, am endm ents and au thorisations have 

been approved :—
N e w  specifications.

D raw ing  boards and tee squares.
M ethods o f sam pling boiler feed w ater.
R einforced diam ond dies fo r w ire  pulling.
Shapes o f butt-w elded lathe and planer tools.
W ire  rope slings and sling legs.

A m endm en ts.
B.S. 466, E lectric  overhead travelling  cranes.
B .S. 431, M anila ropes fo r  general purposes.
B .S. 908, S isal ropes fo r general purposes.
B .S. 863, S teel s tra ig h t edges.
B .S. 1127, C ircu la r screw ing dies.
B .S. 907, D ial gauges fo r  linear m easurem ents.

A u thorisa tion  w as given to set up Technical Com m ittees fo r : — 
R evolution  counters.
S tandard  th read  rolling dies.
C ast iron and pressed  steel sectional tanks.
Lubrication  nipples fo r m achinery and vehicles.
F ilte rs  fo r  a ir, oil, fuel and o th er gases, and liquids. 
C om ponent p a rts  fo r locom otives.
P re ssu re  gauges.

P rotective  Lenses fo r  W elding Operators. R epresentative M r. R  .S. 
Kennedy.

A  Sub-C om m ittee on Personal S a fe ty  Equipm ent has been busily 
engaged in a revision o f B.S. 679. In this w ork  consideration is being 
given to  the  A m erican Specification and to a d ra ft  A ustra lian  Specifi­
cation. A  p rogram m e of experim ental w ork  is also in hand.

So lid  F uel In d u stry  C om m ittee, S F / - .  R epresen tative: M r. W . 
D ow ling (in place o f M r. E. W . Green, O .B.E., w ho resigned 
du ring  the  year).
Since A ugust, 1945, the follow ing have been dealt w ith :—
(a) Proposed B ritish  S tandard  L og Sheet(s) fo r Sm all Steam  

B oiler P lan ts. T hese  applied only to sm all o r m edium  Land 
B oiler P lants.

(b) T he 7th D ra f t  B ritish  S tandard  Specification fo r  “ ready to 
fit” therm al insu lating  m ateria ls fo r  hot and cold w ater 
supply and heating  installations fo r dwellings w ith a w ater 
heater pow er o f no t g re a te r  than  40,000 B .T .U .’s /h o u r. 
B rickw ork  setting  fo r  cylindrical boilers. Open fires and 
dom estic cookers and com bination grates, canteen equip­
m ent, etc.

(c) M ethods o f test fo r  tran sp o rt gas p roducer fuels.
(d) Sm all dom estic hot w a ter supply boilers fo r  solid fuel.
(?) 4th D ra f t  B ritish  S tan d ard  fo r  p re-form ed insulating 

m aterials fo r central heating  and ho t and cold w ater supply 
installations.

(f )  M em orandum  re m ethods fo r  testing  atm ospheric pollutions 
and the standardisation  o f the instrum ents required  fo r  such 
tests.

(g) R eport o f m eeting of th e  U nited  N ations S tandards Co- 
O rd ina ting  Com m ittee, held in N ew  Y ork  in O ctober, 1945.

Iron and S tee l Industry  C om m ittee , I S / - .  R epresentative : Mr. Janies 
T urnbu ll, O .B.E.
T h e  w ar-tim e practice o f dealing w ith the business o f  this Com­

m ittee by correspondence has been continued. D uring  the past year 
the three follow ing specifications have been published : —

(1) B.S. 1271, P ro o f T est fo r  Creep Quality o f Carbon Steel 
P la te  o f Boiler P la te  Q uality.

T his specification is intended to  be applied when agreed, 
to ascertain  the  creep qualities o f  the plate m ateria l in the 
tem perature  range ?U0° F .-9500 F . I t  is not intended to 
describe a m ethod fo r  investigating  the creeg qualities fo r 
the purpose o f determ ining suitable design stresses.

(2) B .S ./S T A . 25, Services Specification fo r H igh  Silicon Iron  
C astings—which has been specially p repared  fo r the M inistry  
o f  Supply.

(3) B.S.405, Expanded M etal (Steel) fo r General Purposes.
In  addition, a  d ra f t  has been p repared  g iv ing  recom m endations 

to m an u fac tu re rs  on the protection  by painting, spraying, etc., of 
light iron  and steel item s such as w indow  fram es.

Technical C om m ittee on Land Boilers. R e p resen ta tiv e : M r. J . 
C am aghan.
T h e  w hole series o f land boiler specifications a re  under revision. 

A  new specification fo r n o n-ferrous pipes fo r and in connection w ith  
land boilers has been prepared  and w ill have been published before 
this rep o rt appears in print.

Technical C om m ittee on Fans. R epresen tative  : M r. T . A. Bennett, 
B.Sc.
One m eeting was held du rin g  the y ea r to discuss proposals fo r 

the m odifications o f B .S. 848 T estin g  o f  Fans fo r  G eneral Purposes, 
and B.S. 707 T esting  of M ine Fans and to am algam ate  these into one 
specification.

Technical C om m ittee on D ocum entation . R ep resen ta tive: M r. B. C. 
C urling.
N o  m eeting w as held du rin g  1945 bu t i t  w as arranged  th a t one 

should be held as soon as possible to  consider a  letter fro m  the 
Federation Internationale de D ocum enta tion  suggesting  the resum p­
tion  o f in ternational standard isation  in the field o f Docum entation.

Since the cessation o f hostilities a  large  m ass o f m ateria l relating 
to extensions o f the U n iversal D ecim al C lassification w hich have 
been proposed on the C ontinent du rin g  the w ar years a re  now becom ­
ing available. I t  is necessary to  consult these docum ents in the p re ­
p ara tio n  o f the E nglish  edition, and th is has considerably  slowed up 
the ra te  o f  p rogress both as reg ard s the  A bridged E dition  and the 
full tables.

S h ips’ S id e  S cu ttle s  and F ram es  ( T ype  A ) .  R ep resen ta tiv e : M r.
F. M. B urgis.
A  m eeting  of th is Com m ittee w as held on 28th N ovem ber, 1945, 

to consider the revised d ra f t  B ritish  S tan d ard  Specification on ships’ 
side scuttles. T h is d ra f t  w as very care fu lly  scrutinized and certain  
m inor a lte ra tions w ere m ade to the w ording. T he one representative 
o f the sidelight m anu fac tu re rs  p resent was called upon to settle cer­
tain m inor points regard ing  design and phraseology, and the  d ra ft 
was then  finally approved. I t  was decided to proceed w ith the publica­
tion of the specification in pam phlet fo rm  o f sim ilar type to N o. 3024- 
1926 S h ips’ S ide Scuttles B ritish  S tandards Specification.

Technical C om m ittee  on H and  H am m ers. R epresentatives : M essrs. 
J. C arnaghan and R. S. Kennedy.
B.S. 876, H and H am m ers, is under revision and a  new specifica­

tion  fo r picks, b ea ter picks and m attocks is in course o f p repara tion .

C om m ittee  on Coupling Guards fo r  M achinery. R epresen tative  : Mr. 
T . A. Crom pton.
A  m eeting to consider various com m ents on the  second d ra ft 

B ritish  S tan d ard  fo r  guards fo r couplings w as held  on the 13th 
Novem ber, 1945. I t  was decided to circulate, in th e  n e a r  fu tu re, a 
fu r th e r  d ra f t  to  m an u factu re rs and o thers interested, and a sugges­
tion w as m ade th a t ano ther m eeting should be called som etim e in 
A pril, 1946.

Technical C om m ittee  M E /1 2  Chains and F ittings. Representative : 
M r. J . C arnaghan.
B .S. 394, sh o rt link w rough t iron  chains, and B.S. 590, steel 

chains, a re  under revision.

Sub -C o m m ittee  M E /1 2 /6 ,  A n ch o r Chains. R ep resen ta tiv e : M r. J. 
C arnaghan.
B.S. 3006, stud  link cables (anchor cables) is under revision.

xiv



C om m ittee  M E /7 2 , Boiler W a ter Tests. R epresentative : M r. H . J.
W headon .
D u rin g  the la tte r  p a r t o f  1944 the Sub-C om m ittee  M E /7 2 /3  

(M ethods o f Boiler W a te r T rea tm en t) elected a  sm all panel to  revise 
the  d ra f t  code entitled  "T rea tm en t o f Feed and B oiler W a te r  fo r 
M arine  Boilers”, o f w hich som e 1,000 copies w ere circulated  to 
various interested persons and organisations, bo th  in this country 
and abroad, fo r comm ent. D u rin g  the past y ea r the  panel has m et 
on eleven occasions to  review  the considerable num ber o f com m ents 
received. T he revision o f the d ra f t  code is now nearing  completion 
fo r the approval o f the Com m ittee.

U ntil the final publication is available, copies o f the d ra f t  can be

obtained from  the B ritish S tandards Institu tion , Publish ing  D e p a rt­
ment.

Technical C om m ittee  M E /9 4 , R evo lu tio n  Indicators. R ep resen tative: 
M r. R. A . Collacott, B .Sc., Ph .D .
T he first m eeting of this Com m ittee w as held on 20th Septem ber, 

1945, M r. S te rry  B. Freem an, C.B.E., M .Eng., being elected  C hairm an. 
T h ree  Sub-C om m ittees w ere then  set up to  consider the  stan d ard isa ­
tion  o f revolution indicators fo r  (a) a irc ra f t ;  (6) road  tran sp o rt 
v eh ic les; and (c) industria l and m arine  applications. T h e  w o rk  of 
these Sub-C om m ittees is proceeding.

Obituary.
R o n a l d  A l l a n  (M em ber 7660) died a t his hom e in E dinburgh  

on D ecem ber 26th, 1945, aged 59 years. H e  w as the youngest son 
o f the late S ir W illiam  A llan, M .P., o f Sunderland, and was educated 
a t S underland  H igh School and a t D urham  School. H is technical 
tra in ing  w as obtained a t A rm stro n g  College and he served his appren­
ticeship w ith M essrs. S. P . A u stin ’s Shipbuilding Y ard , Sunderland. 
D u rin g  the 1914/18 w ar he was in the  R oyal G arrison A rtillery , 
leaving w ith the rank  o f Captain. H e  spent tw o  years as im prover 
w ith M essrs. M cK enzie & T orrance, E d inburgh , and fo u r years as 
engineer (F 'actory M anager) a t Castlefield E state , Federated  M alay 
S tates. F o r over 20 years he w as London R epresentative (M arine 
D epartm ent) o f M essrs. R ichardsons, W estg a rth . In  February , 1942, 
he joined the M in istry  o f Supply bu t re tired  ow ing to ill-health  in
1944. M r. A llan  was a F reem an of the C ity o f London. In  O ctober, 
1924, he designed and patented  a reciprocating  cylinder engine. The 
draw ings and description a re  in “M oto r Ship” o f O ctober o f  th a t 
year. H e  was an A ssociate M em ber o f the Institu tion  o f N aval 
A rchitects.

W il l ia m  H e n r y  H . B e v a n  (M em ber 9298) was born in Sunder- 
and on Ju ly  12th, 1891, and w as th e  second and only surviv ing son of 
the late C aptain Sam uel Bevan and M rs. Bevan. H e  served his 
apprenticeship a t the C entra l M arine Engineering W orks, W est 
H artlepool, and on leaving w ent to sea as 4th engineer w ith  the 
London and N o rth e rn  S team ship Company. In  A ugust, 1915, he 
joined M essrs. Coombes & M arshall as 2nd engineer and in Septem ber 
o f the  n ex t year w as appointed C hief Engineer o f the s.s. “G rasm ere”. 
H e joined the U nion Castle Mail S team ship Co. in O ctober, 1916, his 
first ship being the  “G loucester Castle” w hich w as then a  hospital 
ship and M r. B evan w as on board when she w as torpedoed in  the 
Channel. H e  served in m any ships o f the U nion C astle Line and in 
A ugust, 1938, w as C hief Engineer o f the s.s. “D rom ore Castle” . 
D uring  the course o f  his tim e a t sea M r. B e v a n  obtained his F irs t 
Class B oard  o f T rad e  Certificate. T aken  ill du ring  a  voyage to South  
A frica  in 1941 he underw ent an operation  in D urban and did not 
regain his health . In  1942 he le ft the  U nion Castle Com pany and 
became E ngineer S urveyor fo r  the G resham  Insurance Com pany. 
He died on M arch  30th, 1945 a f te r  an operation a t the Seam en’s 
H ospital, T ilbu ry .

J a m e s  H . B l ig h t  (M em ber 3730) was born on Ja n u a ry  10th, 
1884. H e  served his apprenticeship  w ith the T ham es Ironw orks, 
Greenwich, from  1898 to  1905, continuing there  as d raughtsm an until 
1910. M r. B ligh t w ent to  S ingapore, w here he w orked on a  rubber 
plantation fo r about 18 m onths. H e  re tu rned  to  E ngland, and in 
1912 joined the firm  o f M essrs. R. & H . G reen and Silley W eir, 
L td., as draughtsm an. F ro m  1914 to  1919 he w as d rau gh tsm an  and 
assistant w orks m anager, and in 1919 was appointed w orks m anager, 
Royal A lbert Dock, w hich post he held until 1943, when he re ­
signed owing to the w eak condition o f  his heart. In  1943 M r. B light 
w as appointed m anaging d irec to r o f the B ritish  A rc  W eld ing  Com ­
pany, L td ., and was w ith th is firm  un til th e  tim e o f  his death, w hich 
occu rred  on July  5th, 1945.

T h o m a s  B r o w n  (M em ber 6675) w as bo rn  a t Po lm ont, S tir lin g ­
shire, on Jan u a ry  6th, 1885. H e  was educated a t F a lk irk  H igh 
School, F a lk irk  S. and A. School, and received his technical educa­
tion a t th e  G lasgow and W est o f Scotland T echnical College. H is 
apprenticeship  was served w ith  N obel’s Explosive Com pany, G las­
gow, and M essrs. N ap ier Bros., L td. o f G lasgow. M r. B row n joined 
the G reenock S team ship  Com pany as 4th engineer in 1907, sailing in 
the “G ulf o f  V enice” , and fro m  1909 w as w ith the A u stra lian  U nited
S.N . C om pany of Sydney, com m encing as 7th engineer and a tta in ­
ing the rank  o f  ch ief engineer. In  1926 he w as appointed assistan t

superin tendent engineer w ith the  la tte r company. H e  obtained his 
F irs t-C lass  Certificate in M ay, 1941. M r. B row n was chief engineer 
o f s.s. “ N ankin” (T he  E as te rn  and A u stra lian  S team ship Company 
L im ited) when she was taken as prize  by a  G erm an ra ider on M ay 
10th, 1942. H e  w as taken  to  a p riso n er-o f-w ar cam p in Japan, and 
it was la te r learned th a t he died from  pneum onia there  on Decem ber 
13th, 1943. M r. B row n had been sailing to  the  E ast fo r  abou t nine 
years. T he E aste rn  and A u stra lian  S team ship  C om pany L im ited 
have w ritten  o f his ste rlin g  qualities, and said th a t he w ould be sadly 
m issed.

J o h n  F. C a m p b e l l  (M em ber 3488) w as born  on Septem ber 28th, 
1897, a t Southam pton. H e  was educated a t Sw ansea G ram m ar School 
and M anchester G ram m ar School, and served his apprenticeship as 
engineer w ith the  M anchester D ry  D ock Com pany and D. & W . 
H enderson of Glasgow. M r. Campbell comm enced his sea-going 
career in 1918 in vessels belonging to the  M anchester L iners Ltd, 
and the D onaldson L ine L td . On obtain ing  his 2nd class Certificate 
he w ent to  sea in a  B eardm ore-T osi diesel driven vessel and subse­
quently  in a S u lzer diesel driven oil tanker. H e  obtained his F irs t 
Class C ertificate and was fo r  a  tim e in the  D raw ing  Office o f the 
B ritish  W estinghouse E lectrical Com pany, M anchester. In  1924 he 
was appointed E ngineer S urveyor to  L loyd’s R egister o f Shipping, 
and served a t Liverpool, M anchester, Cardiff and Leith. M r. C am p­
bell died a t  his hom e in E d inburgh  on Ja n u a ry  25th, 1946.

R o b e r t  A. C a t t e r a l l  (A ssociate 8979) w as born on 2nd October, 
1913. H e  served his apprenticeship  w ith  M essrs. Dunlop Bell & Co., 
and M essrs. J . W . P ick erin g  & Sons, L td. o f Liverpool. In  Novem ber, 
1934, he w ent to sea as 5th engineer in the service o f M essrs. T . & J. 
H a rriso n  of Liverpool, and obtained his F irs t-C lass  B oard  o f T rad e  
Certificate. F rom  A pril, 1939, until his election as an A ssociate o f 
the In stitu te  he was on the  shore staff o f  th e  sam e firm, but later 
re tu rn ed  to  sea. H e  w as a  surv ivor f ro m  the “A u d ito r” w hen she 
w as torpedoed in the  A tlan tic  in June, 1941—on th a t occasion he was 
in a boat fo r ten days. M r. C atte ra ll w as 2nd engineer o f the 
“N ovelist” and w as posted as m issing when the  ship w as lost by 
enem y action off M adagascar in 1944.

H aro ld  T h o m a s  B e l ie u  D ix c e e  (M em ber 10102) w as born  on 
26th O ctober, 1891. H e  served an apprenticeship  w ith M essrs. R ait 
and G ardner fro m  1905 until 1910. H e  was employed as a  sea­
going engineer from  1910 until 1926 (finally as chief engineer). F rom  
1926 to  1927 he was H ead  Forem an and A ssistan t M anager with 
M essrs. F letcher, Son & Fearnall, o f T ilbu ry  Docks. F o r  tw o  years 
a f te r  th a t date he held an appointm ent in S ingapore and on re tu rn ing  
to th is country joined the firm  o f Silley, Cox & Co., L td., in Falm outh, 
in the capacity o f  A ssistan t E ngineer M anager. In  1943 he w as fo r 
a  sh o rt tim e a t the Royal A lbert Dock, a f te r  w hich he w ent to 
M illw all and S urrey  D ocks as B ranch M anager fo r  M essrs. R. H. 
Green & Silley W eir, L td . M r. D ixcee died on 6 th  A pril, 1945.

J a m e s  C a m p b e l l  E r s k i n e  (M em ber 4986) w as born  in Scotland 
in 1884. H e  served his apprenticeship  w ith M essrs. M u ir and 
H ouston, Ltd., o f G lasgow, a fte rw ard s  going to sea and obtaining 
his F irs t-C lass  B oard  o f T rad e  Certificate. F o r  six  years he was 
chief engineer o f vessels ow ned by M essrs. B u rre ll & Son, G laseow . 
M r. E rsk ine  settled  in A u s tra lia  in 1917, and w as fo r  tw o  years 
Inspector o f  M achinery, C om m onw ealth  Sh ip  C onstruction and for 
three  years m anager o f the W illiam stow n W o rk s  o f  M essrs. T hom p­
son & Co. P ty . Ltd., V icto ria . H e  then became a p a rtn e r in the 
firm o f M essrs. Greenlees & Co., N aval A rch itects and Engineers, 
Sydney, and in 1924 jo ined L loyd’s R eg is te r as ship and  engineer 
su rveyor a t  the la tte r  port. A t th e  tim e o f  his death  on th e  16th
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D ecem ber, 1945, he was senior ship and engineer surveyor a t Syd­
ney. H e is survived by a w idow and tw o sons. H is loss will be 
keenly felt by his m any friends and associates in the shipping and 
engineering professions.

J a m e s  F a i r g r ie v e  (M em ber 4033) was born on the 21st o f April, 
1884. A fte r  serving his apprenticeship with M essrs M orrison & Sons, 
o f Leith, and with M essrs. H aw thorn  & C o , also o f Leith, he spent 
six years at sea, and obtained his F irst Class B oard o f T rade  Certifi­
cate. H e  worked fo r some tim e with the S tandard  Oil Com pany 
o f New Y ork on th e ir installations in N o rth  China. W hen in 1919 
this company decided to replace all B ritish staff by A m erican, M r. 
F a irg rieve joined the  A siatic Petroleum  Com pany as Installation 
M anager in N orth  China, spending practically the whole o f his tim e 
at different points on the Y angtse River, for some years at Chinkiang, 
la te r a t Chungking, and for the last eight years o f his service he 
was in charge o f H ankow  Installation which is the largest in that 
area. W hile a t C hinkiang he acted as Lloyd’s Surveyor. In 1934 
M r. F airgrieve joined a fam ily business, Robert N. Fairgrieve, L td , 
d istribu tors of F rig idaire  R efrig e ra to rs  fo r Scotland. Soon a f te r  
the  outbreak of w ar he joined the A dm iralty  and was stationed in 
London, supervising generally  the A dm iralty  fuel oil installations 
in the U .K . from  an engineering standpoint. T h is position he held 
until shortly  before his death, which occurred on M ay 20th, 1945.

H e n r y  F ord  (A ssociate 9276) w as born  on D ecem ber 13th, 191 S. 
H e obtained his technical education at the Hull M unicipal Technical 
College, and served his apprenticeship w ith M essrs. C harles i) . 
H olm es Company, L im ited, o f  H ull. In 1939 he went to sea as 5th 
engineer with the  A nglo-Saxon Petro leum  Company. H e obtained 
his F irs t Class M otor Certificate in Decem ber, 1943. M r. Fo rd  died 
on Ju ly  23rd, 1945.

H arry Charles Gearing  (M em ber 7850) was born on 19th 
O ctober, 1877. H e was the eldest son of the  late M r. Sydney Charles 
Gearing, who, with M r. A ndrew  Cunningham , founded the firm of 
Cunningham  and G earing in Cape Tow n in 1878. T his firm became 
registered  as a  lim ited liability com pany in May, 1919, and was 
known as G earing’s, L td. M r. H . C. G earing became its m anaging 
d irector and chairm an on the death o f his fa th e r in December, 1923. 
H e  was a leading au thority  in the Union on m arine engineering. 
Educated a t the Sea Poin t Boys’ H igh School, he served his appren­
ticeship in m echanical engineering in his fa th e r’s firm. A fte r  com­
pleting  his education and train ing  oversea, he worked fo r the 
engineering firm  of R ichardsons, W estg a rth  & C o , L td , W est 
H artlepool. H e  was a  m em ber o f the Institu tion  o f M echanical 
Engineers, a  m em ber of the Institu tion  o f N aval A rchitects, a Fellow  
o f the Royal Society o f A rts  and a  Fellow o f the A m erican 
Geographical Society. H e  held m any im portant positions in Cape 
and South A frican  industry. H e  was president o f the South A frican  
Federated  C ham ber o f Industries in 1926, 1927, 1935 and 1936. F rom  
1929 to 1932 he was president o f the Cape Cham ber o f Industries, 
and from  1920 until the tim e o f his death he was chairm an of the 
Cape E ngineers’ and Founders’ Association. F rom  1929 to 1934 he 
was chairm an of the Cape Industrial Council fo r the E ngineering 
Industry , and was a foundation m em ber o f the Cape A pprenticeship 
Com m ittee fo r this industry  from  July , 1932, becoming its chairm an 
in 1934 and holding this position until he died. D uring  the last w ar 
he became the first president o f the South A frican  Federation of 
Engineering  and M etallurgical Associations. H e  was also a m em ber 
of the Table Bay H arb o u r A dvisory B oard and was on the council 
o f th e  Cape Technical College. Tennis was his chief sporting  interest, 
and it was his custom  to invite prom inent tennis players to play 
on his private court a t Rondebosch at week-ends. M r. G earing died 
at his home in Rondebosch on 31st O ctober, 1945, a f te r  a  long illness. 
H e  leaves five daughters. H is  w ife  died in Decem ber, 1944.

T h o m a s  G e r a r d  (M em ber 1416) was bor.n a t M ontrose, Scotland, 
and served his apprenticeship with M essrs. Shanks & C o , L td ,  
A rb roa th , and with M essrs. A rm stro n g ’s, New castle, continuing fo r 
tw o or three  years as fo rem an  m illw righ t in the gun shops o f  the 
la tte r  firm. In 1885 he went to sea in tram p  steam ers, including the 
“ City o f Lincoln” and “ N 'esm ore”, during  w hich tim e he obtained his 
F irst-C lass Board of T rad e  Certificate. M r. G erard  spent som e 
years with the C orries S ta r  Line, sailing as 2nd engineer and chief 
re frig e ra tin g  engineer in the “S ta r  o f E ngland” and “ S ta r  o f N ew  
Z ealand”. H e joined the Federal S team  N avigation  Company, L td , 
as a 2nd engineer, serving in th is capacity in the “C ornw all” and 
“ D orset” and as chief engineer in the “ Suffolk” and  “ E ssex”. In 
1911 he was appointed to superintend the construction of this com ­
pany’s tw o large re frig e ra ted  cargo  and passenger ships “ W iltsh ire” 
and “ Shropsh ire” a t the  w orks o f M essrs. Jo h n  B row n & Company,

L td , Clydebank. The w ork  w as completed in 1913 and M r. G erard  
sailed as chief engineer o f  the “ W iltsh ire” until h is re tirem ent from  
sea service in 1921. D uring  the 1914-18 w ar th is ship became a 
troopship and was in service a t Gallipoli. In 1921 he tran s fe rre d  to 
Fa lm outh  w here he supervised rep air and conversion w ork  on a 
num ber o f ex-G erm an steam ers. T w o  years la te r M r. G erard  lost 
his w ife. Upon completion o f the w ork in the same year he retired 
from  fu rth e r active service and lived quietly  a t his home a t F o rest 
Gate. O w ing to the explosion o f a land m ine during  an a ir  ra id  
he lost his home and a fte rw a rd s  took  a house a t W anstead. H e  died 
on N ovem ber 25th, 1944, a f te r  a sh o rt illness, a t the age of 85 years.

A l b e r t  H i g g in s  (M em ber 1193) w as born in 1869. H e  was 
apprenticed with S trode  & C o , E ngineers, London, and received his 
technical education a t F insbury  T echnical College and the Regent 
S treet Polytechnic. H e  gained m any certificates and was a Silver 
M edallist fo r his skill in m etalw ork. F o r a  num ber o f years he was 
the electrical engineer fo r  S trode  & C o , and carried  out several 
large  contracts both in tow n and country. In  1902 he form ed the 
firm o f H iggins & Griffiths L td ,  and in 1934 jo ined the firm of 
H igg ins and C attle  L td ,  rem aining a d irecto r until his death. H e  
w as as keen on the sm allest m echanical o r electrical detail (such as 
in the Queen’s Doll’s H ouse) as in the la rg e r con tracts fo r  works, 
docks, ships, factories, etc. H e  saw  through  his long life the evolu­
tion of the application of electricity  from  the gu tta  percha insulated 
cable and the  Book carbon lam p to the polyvinal cable and the 
fluorescent lamp. H is sport in his early  days was boxing and later 
golf. H e  was a g rea t traveller and knew  the seven seas. T here  
were not m any ports in the w orld  a t w hich he had not called o r 
lands he had no t visited during the  past 30 years. H e  took a lively 
in terest in fa rm ing  and country life. H e  was an officer o f the G rand 
Lodge of Freem asons and was associated over m any years with 
hospitals and children’s homes. T o  those who enjoyed his friendship, 
and there  were many, he was a m an o f exceptional heart and mind, 
who never fo rgo t old friends. In his passing we have lost one o f 
the pioneers o f the m odern electrical installation, who gave his know ­
ledge to m any over 60 years o f engineering. H e  died a t the age o f 76 
a t a nursing  hom e in Cape Tow n.

F r a n c is  M. H u n t e r  (Associate 10155) w as bom  in Lerwick, 
Shetland, on M ay 31st, 1913. H e  w as educated a t the Central Public 
School there and served his apprenticeship w ith M r. P . T . Johnson, 
engineer, and in G ray’s G arage. H e  was then employed as a jo u rn ey ­
m an until A ugust, 1936, when he left Shetland and went to sea with 
the A nglo-Saxon Petro leum  Co. A f te r  com pleting the necessary time 
a t sea he studied at Leith  E ngineering  School and obtained his Second 
Class B oard o f T rad e  Certificate. F rom  Decem ber, 1939 to May, 
1940, he was 2nd engineer w ith the  N o rth  o f Scotland S.N . Company 
and in July, 1940, re turned to the A nglo-Saxon Petro leum  Com pany 
as 2nd engineer. H e  obtained his F irs t Class M otor Certificate in May,
1943. M r. H u n te r died a t sea, ow ing to  enem y action, on A pril 1/th, 
1945. H e  leaves a widow.

F r e d e r ic k  H u r s t  (M em ber 9348) w as born on 1st M ay, 1881. 
H e  served his apprenticeship w ith the L ancashire  and Y orkshire 
Railw ay Company. H e went to  sea in 1902 and obtained his F irst 
Class B oard of T rad e  Certificate. In  1906 he was appointed A ssistant 
Engineer, Royal Indian M arine, rem aining in this service until 1909, 
when he became Second E ngineer in the s.s. “Labuan”. F rom  19l0 
until 1914 he was employed a t P o w er S tations at Blackpool, R uncorn, 
and S toke-on-T ren t. D uring  the whole o f the 1914-1918 w ar he was
E.R .A . and Chief E .R .A , R .N .R , and from  1919 to 1922 was T h ird  
Engineer in B elfast steam ers o f the L .M .S. Company. F o r  the 
follow ing six years he w as in business on his own account. H e  went 
to  sea again in 1928, serving with Bibby Line and H oulder B ro s ,  and 
a fte rw ard s with the Glen Line. F rom  1933 to 1939 he w as ashore 
as a representative o f Compton Bros. & Russell E dw ards. H e  became 
T em porary  Boom Engineer, R .N .R , in 1939, in w hich position he 
rem ained until February, 1943, when he retired  ow ing  to the ill- 
health o f his w ife. M r. H u rs t  died on 5th June, 1945, a f te r  a very 
sho rt illness.

W i l l ia m  M id d l e t o n  J a p p  (A ssociate 8903) w as born on 3rd 
A pril, 1898, and served his apprenticeship w ith B arclay Curie & 
Company, w ith the Sunbeam  M otor Com pany, L td ,  o f W olverham p­
ton, and F ra se r and Bothwick. H e  volunteered  fo r w ar service in 
1915, and was an artificer in R .E. Signals, serving in France, and was 
wounded in the first battle  o f the Som m e. L ater he served in 
M esopotam ia and India until 1919, and attained the rank of Captain. 
On com ing back to E ngland he re tu rned  to  the Sunbeam  M otor 
Com pany in the  E xperim ental D epartm ent, w here he rem ained until
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1923. M r. Japp  then became Chief A ssistan t to  M r. W illiam  
A lexander, the well-known Consulting Engineer, o f Glasgow, to whom  
he alw ays said he owed a  g rea t deal. Upon the decease o f M r. 
A lexander, M r. Jap p  took over his agencies, and represented T he 
S tandard  l ’iston k in g  Com pany of Sheffield, T he E yre  Sm elting Com­
pany, and P rodorite  L td . of W ednesbury. H e  was very well known 
to all m arine engine builders in Glasgow. H is recreation  was trout 
fishing. D uring  the last w ar M r. Japp  took an active interest in the 
cadet movement, being second in com m and o f the 7th C am eronian 
Cadet Force a t the  tim e of his death on 26th A ugust, 1945. H e  leaves 
a widow and one daughter.

W illiam  K err  (M em ber 4974) w as born  a t Lochwinnoch, Sco t­
land, on 5th M arch, 1872. H e  was the  eldest son of Jam es K err. 
P a rish  C lerk of Lochwinnoch. H e  was educated a t John  Neilson 
School, Paisley, was a Q ueen’s P rize  Scholar a t Paisley Technical 
School, and served his apprenticeship  w ith Bow and M cLachlan of 
th a t tow n and with Lobm tz & Co., R enfrew . F o r some time he was 
in Cape T ow n Pow er S tation . H e went to  sea and obtained his 
F irs t  Class B oard of T rad e  Certificate. H e  spent eleven years with 
the  N ippon Yusen K aisha and China N avigation  Co. and acquired a  
Japanese  Chief E ngineer’s certificate. A lte rw ard s  he jo ined the 
C hina M erchants Com pany and sailed on the  China Coast. T hen he 
w ent to the Taikoo D ockyard  and Engineering  Com pany, H ong  Kong 
as engine shop fo rem an . W hile th ere  he invented and patented 
a  steam  drier, which was fitted in all China m erchant ships, w ith 
g ra tify in g  results. H e  re tired  th rough  ill health in 1930. M r. K e rr  
was m uch esteem ed by all who knew him and was a L ife  M em ber 
o f the M arine E ngineers’ Association. H e  died on 23rd June, 1945; 
he leaves a  widow and one daughter.

E d g a r  J a m e s  K y t e  (Associate 9774) w as born on A ugust 20th, 
1890. H e  served his apprenticeship fro m  1906 to 1911 in one of 
H .M . D ockyards. F ro m  1911 he was a t sea w ith the Royal N avy 
and served m subm arines from  1917 to 1920, in the la tter y ear as 
Senior E ngineer. H e  was A ssistan t (later Chief) Engineer, Oilfields 
of h-gypt tro m  1921/22, then fo r a  year w orked w ith the A ngio- 
Persian  O il Com pany as A ssistan t E ngineer. D uring  the  years 
1923/26 he was In s tru c to r in A ero. E ngines w ith the R .A .F ., and 
from  1920 to 1929 was A ssistan t (later Chief) Engineer fo r nine 
factories, Bom bay Com pany in India. t*or a  y ear he was M echanical 
E ngineer to the G reek Governm ent engaged on the erection and m ain­
tenance o t large  m odern m achine shops, etc., then the year ,u 
spent teaching and studying, t o r  two y ears M r. K yte was m arketing  
engineering products. 1' rum  1936 to 1940 he was E xam iner in M arine 
Engineering  and Technology and advanced engineering subjects and 
editor o f various engineering instruction  m anuals to r  the l.C .S. 
London. In  i940 he was Boom  E ngineer Officer, R .N .R . H e  died on 
January  20th, 1945, a t w hich tim e lie was C hief E ngineer Officer o f 
H .M .S . “B artizan ”.

E n g i n e e r  R e a r - A d m ir a l  H a r r y  L a s h m o r e ,  C.B., D .S.O . (M em ­
ber 9979) was born on N ovem ber 16th, 1868. H e entered the Royal 
Navy in Ju ly , 1889, and served in H .M .S . “M arlbo rough” a t P o r ts ­
m outh, and a t the Royal N aval E ngineering College, K eyham , the 
first tra in in g  estab lishm ent fo r naval engineer officers. F ro m  1890 
to 1893 he w as in H .M .S . “M ercury” on the China S ta tion , and 
from  1894 to 1898 in the E ast Indies in H .M .S . “ B risk ”. H e then 
went to  S o u th  W ales, w here he was A ssistant, A dm iralty  Coal In ­
spection. P rom  1902 he was in H .M .S . “O rw ell”, and was one of 
the few su rv ivo rs when, in 1903, she was sunk in collision w ith
H .M .S. “ P ioneer", receiving special prom otion fo r his services in 
the incident. L a te r  he was in H .M .S . “F o resig h t”, and a fte rw ard s 
w as concerned in the building o f H .M .S . “N ess”. In  la te r years 
he served in destroyers, including H .M .S . “ S w if t” , and then  served 
fo r  a time with the H om e Fleet. F ro m  1908 he was in charge of 
v arious ships, and was engineer com m ander in H .M .S . “ Inflexib le” 
w hen she left Invergordon in 1915 fo r  an unknow n destination, 
a rriv in g  with Adm iral S ir D oveton S tu rdee’s squadron a t the Falk land  
Isles to engage and destroy the “ S c h a rn h o rs t” and “Gneisenau”. H e 
la te r  went to the Dardanelles in the “Inflexib le”, and was aw arded 
the  C.B. and D.S.O . A dm iral L ashm ore was prom oted to  engineer 
captain  in 1917, and in 1918 served in H .M .S . "E u ry alu s” in Egypt, 
and was aw ard ed  the O rder o f the  N ile. H e  was in com m and a t the 
Royal N aval E ngineering College, K eyham , fro m  1919 until 1922, 
when he was p rom oted and appointed to the S taff of the  C om m ander- 
in-C hief, P o rtsm o u th , re tirin g  in 1925. A dm iral L ashm ore was a 
M em ber o f  the U nited Services Institu tion  and of the Royal E m pire  
Society. H is  death  occurred  suddenly in N ovem ber, 1945.

J o h n  G o o d w in  M cK a y  (M em ber 2342) was born  on 7th N ovem ­

ber, 1865, a t Seacombe, Cheshire. H e  served his apprenticeship with 
M essrs. C ochran & Co., B irkenhead, and M essrs. D. Rollo & Sons, 
Liverpool. H is  first trip  to  sea was m ade in th e  s.s. “K ansas” in 
1886. H e  obtained his F irs t Class B oard o f T rad e  Certificate in 
1890 at the age o f 24, and had an adventurous career, being ship­
wrecked in the s.s. “ B runsw ick” in 1888 and in the s.s. “ K ildona” 
in 1896. H e  joined the s.s. “K nigh t C om m ander” in 1901. T his 
vessel was sunk by the R ussians off Yokoham a on 24th July, 1904, 
fo r carry ing  contraband of w ar. M r. M cK ay was taken prisoner 
on the Russian first class cru iser “ Russia”, released a t V ladivostok 
and travelled across S iberia  by tra in  to  St. P etersburg , en route fo r 
home, and was rem unerated  by R ussia eight years a fte rw a rd s  fo r 
the loss o f all his effects. In 1909 he was appointed Chief Engineer. 
A fte r  serving fo r  th ree  years in the s.s. “T ren th am  H all” he re tired  
from  the sea in 1917. H av in g  spent 31 years a t sea he w as again 
employed by M essrs. D. Rollo & Sons as assistant forem an until 
1929, when he became assistant secretary  to  T h e  M arine E ngineers’ 
Association, Liverpool B ranch, until his final retirem ent in 1940. 
M r. M cK ay held au th o rity  to w ear the B ritish  W a r Medal Ribbon 
and the M ercantile M arine M edal Ribbon, 1919. H e  died on 4th 
A ugust, 1945, in his 80th year.

W il l ia m  M acF a r l a n e  (M em ber 2876) w as born in Jan u ary , 1874. 
H e  served his apprenticeship w ith M essrs. Denny & Com pany o f 
D um barton  from  1890 to 1895. M r. M acF arlane  spent m any years 
a t sea and obtained his F irs t Class B oard o f T rad e  Certificate. In  
1914 he was C hief Seagoing E ngineer and in 1940 re tired  from  the 
Indo-C hina S.N . Com pany, w ith w hom  he had been since 1924. H e 
died on Jan u ary  30th, 1945, follow ing a  short illness.

J a m e s  H . M a n c c r  (M em ber 2297) died on 12th Septem ber, 1945, 
a t Southsea. A  native o f A yr, he served his apprenticeship with 
J. & T . Y oung & Co. o f th a t tow n and w ent to  sea as a jun io r 
engineer in the  service o f the Pacific S team  N avigation  Co. H is 
nex t service afloat was w ith the  B ritish  and A frican  Steam  N aviga­
tion  Co., and, lastly, w ith the B lue Funnel L ine (A lfred  H o lt & Co.). 
In  1883 he obtained his F irs t Class B oard  o f T rad e  Certificate and 
a f te r  a  short spell ashore entered  the service o f  the old U n d e rw rite rs’ 
R egister fo r  Iron  Vessels, o f Liverpool, in the capacity o f a surveyor. 
In  Septem ber, 1885, the U n d e rw rite rs’ R egister w as am algam ated 
w ith  L loyd’s R egister o f Shipping and M r. M ancor thus became a 
L loyd’s Surveyor. H is new duties kept him  at L iverpool, fro m  w hich 
po rt he was tran sfe rre d  to  London, then to Cardiff, and finally to 
Leith, and the best evidence o f the esteem  in which he was held by 
his chiefs was his appointm ent, early  in 1894, to  go to N ew  Y ork 
as the first exclusive L loyd’s Engineer S urveyor in the U nited  S tates. 
In 1901, the activ ities o f L loyd’s R egister had so fa r  extended in 
A m erica th a t M r. M ancor w as raised to P rincipal E ngineer Surveyor, 
and when the post o f P rincipal S u rveyor fo r the U n ited  S ta tes was 
vacant M r. M ancor was appointed to  fill the berth  in recognition of 
his fa ith fu l services and w ith the universal approval o f  all shipping 
in terests concerned w ith the efficiency of the Society’s w ork  in the 
m atte r o f ship repairs, alterations, im provem ents and new  construc­
tion. M r. M ancor’s re tirem ent in M ay, 1916, m ay be said to  m ark  
the closing of an era  in the  history  o f L loyd’s R egister in the U nited 
S tates. W hen he first a rrived  in A m erica  th e  activities o f L loyd’s 
R egister w ere chiefly concerned w ith  the surveying of fo reign  vessels 
going to  those shores, while little by little  the scope o f the Society’s 
operations was m ade to  include A m erican  vessels, so that it became 
forem ost in the esteem  of A m erican underw riters, shipow ners and 
shipbuilders. I t  is in connection w ith th is uphill w ork  in _ w inning 
A m erican shipping in terests over to  the s tric t requirem ents o f Lloyd’s 
R egister th a t M r. M ancor’s success was m ost m arked. T h is was 
done w ithout in any way departing  from  the high standard  imposed 
by the Society, but solely by dint o f patience, geniality  and eagerness 
to  serve all th a t w ent to  him  fo r  assistance. I t  was again a case 
o f the hum an elem ent prov ing  itself indispensable in m aking the 
system  a success, and the com m anding rank  which the  society has 
achieved in all countries, including A m erica, is due largely  to  the 
loyal effort o f its servants, am ong w hom  the nam e o f M r. M ancor 
will occupy a  leading place. A fte r  his re tirem ent he was attached to 
the staff o f the B ritish  C onsul-General in N ew  Y ork, w here his long 
experience and knowledge o f shipping affairs was o f the u tm ost value. 
M r. M ancor was very active in church affairs in N ew  Y ork, being a 
V estrym an of the old P a rish  o f C hrist C hurch, C linton S treet. H e  
w as the In stitu te ’s V ice-P residen t fo r  N ew  Y o rk  fro m  1912/13. 
M r. M ancor leaves a  widow.

J a m e s  D. M a u c h l in e  (A ssociate 6859) w as born on 8th October, 
1883. H e  served his apprenticeship with M essrs. W atson, Laidlaw  & 
Co., of Glasgow, and M essrs. Lees, A nderson & Co., also o f  Glasgow. 
F o r fo u r years he w as in the  high speed engine and tu rb ine  d epart­
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m ent o f M essrs. J. H ow den & Co., L td., Glasgow. F o r a  tim e he 
was engaged on the  construction of naval guns a t the C oventry 
O rdnance W orks, G lasgow, and then joined M essrs. M irrlees, 
W atson  & Co. o f that city, being engaged on the erection o f sugar 
plant. D uring  the 1914-18 w ar he was in the Royal Engineers, and 
fo r  tw o years p rio r to th is was com m ercial and technical representa­
tive o f  the U niversal M etallic Pack ing  Company, a  post which he 
resum ed on leaving the  A rm y. H e  cam e from  a fam ily  o f engineers 
—his fa th e r was responsible fo r the change over from  the three- 
bladed to  the four-bladed propeller. M r. M auchline could not be 
persuaded to  take a  m uch needed rest and died on 30th Septem ber, 1945.

S id n e y  O w e n  (A ssociate M em ber 3942) died suddenly on 22nd 
June, 1945. H e served his apprenticeship w ith the B a rry  Graving 
D ock and E ngineering Co., L td., B a rry  Dock. H e was a lecturer 
in m echanical and m arine engineering and was an Associate M em ber 
o f the Institu tion  o f M echanical Engineers, and H onours M edallist in 
M arine  Engineering. D uring  the w ar he had entered fully into several 
services, being a  Zone Officer in the A .R .P . and a F light Lieut, in 
charge o f a unit in B ideford . F o r  the past ten years o r  so he had 
been an exam iner in engineering subjects fo r the U nion o f Lancashire 
and C heshire Institutes, and had m ade quite a  name in N o rth  Devon 
as a  sound engineer and one alw ays ready to help in any problem.
H e  was in the way of building up fo r  him self quite a large consulting 
practice. H is interest in youths was shown by his m em bership o f 
the Juvenile Em ploym ent Com m ittee fo r Ilfracom be, and he was 
very  active in m any o ther directions in B arnstaple and the surrounding 
area. A t the tim e of his death he was a  m em ber o f the staff o f 
the B arnstaple School o f  Science and A rt.

H u g h  L e w is  P i r i e  (M em ber 8132) was born on 29th Novem ber, 
1888, and served his apprenticeship w ith Jam es A bernethy & Co., 
Aberdeen. In 1909 he became A ssistan t to the M echanical Superin ­
tendent, A lgom a Steel Com pany o f  Canada. In 1911 he w ent to 
A m erica  and continued his studies a t Puerdue U niversity . L a te r  he 
joined the Illinois Steel Company. In 1915 he returned to  England 
and joined the A rm y. H e saw  service in F'rance and gained the 
M ilita ry  Cross. In  1919 he joined the staff o f Stein and Atkinson, 
L td., and later on the S tanton Ironw orks Company, Ltd. A bout that 
tim e he in itiated the m ovem ent from  which the Institu tion  o f Fuel 
Econom y Engineers originated. H e became honorary  secretary  of 
th a t body, which w as la te r m erged into the Institu te  o f  Fuel, o f 
which M r. P irie  became a jo in t honorary  secretary  and a M em ber 
o f Council. A fte r  a  period as chief engineer to M essrs. Caswell and 
Shearing, M r. P irie  took up the appointm ent o f chief combustion 
engineer and adviser to  A m algam ated A nthracite  Collieries, Ltd., 
which he held fo r fo u r o r five years before becom ing chief engineer 
to the Coal U tilisation  Jo in t Council. H e  did excellent w ork  in 
building up a technical advisory  departm ent. In 1939 M r. P irie  was 
recalled to active service, and with the rank  o f M ajo r he served in 
F rance  w ith the B ritish  E xpeditionary  Force. In 1940 he was 
released from  the A rm y on the ground of health and returned to 
the  Coal U tilisa tion  Jo in t Council. L a ter on he was seconded by the 
Council w ith the complete technical departm ent to the then Mines 
D epartm ent, which became the M inistry  o f Fuel and Pow er. M r. 
P irie  did m uch to  organise a nation-w ide fuel advisory service, which 
w as m ost helpful to the  G overnm ent's fuel efficiency cam paign and 
to industry  in general. H is m any friends w ill m ourn  his loss. H e  
died in Leeds on 19th Septem ber, 1945.

D a v id  W ood P a t e r s o n  (M em ber 8561) was born on 29th D e­
cem ber, 1905, and was a native o f  M acduff, Banffshire. H e  served 
his apprenticeship w ith the M acduff Engineering Company. M r. 
P a terson  spent the  whole o f his tim e a t sea in the service o f  the 
B ritish  India Steam  N avigation  Com pany com m encing in Septem ­
ber 1928 as 5th engineer. H e  obtained his F irst-C lass B oard o f 
T rad e  certificate in 1937. D uring  the late w a r he served in various 
ships and in M arch, 1943, w hen hom ew ard bound in the s.s. “U m aria”, 
the  ship was torpedoed and sunk. M r. Paterson  was picked up and 
a rrived  in B rita in  in borrow ed clothes, having lost all his possessions. 
A fte r  recovering from  in juries received he re turned to India, w here 
his death occurred  in the M ilitary  H ospital a t C hittagong on F e b ru ­
a ry  2nd, 1946, so fa r  as is known th rough  an explosion in the  
re fr ig e ra tin g  engine room . H e  leaves a  widow and a sm all d au g h te r 
who was born five m onths a f te r  h e r fa th e r’s re tu rn  to India.

I saac L. P u l l e n  (M em ber 8606) was born on A ugust 25th, 1903.
H e  served his apprenticeship w ith T he Avonside Engine Com pany of 
Bristol, went to sea in 1925, and obtained his F irst-C lass B oard o f 
T rad e  Certificate. A fte r  spending m ost o f  his sea service w ith the 
A nglo-Saxon Petro leum  Company, M r. Pullen, in 1936, took up a 
position as assistant m aintenance engineer w ith M essrs. Sprostons,
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Lim ited, and w ith their affiliated company, T he D em era ra  Bauxite 
Com pany, Lim ited, in G eorgetow n, B ritish  Guiana. H e died at 
M ackenzie, B.G., on N ovem ber 22nd, 1941.

V in c e n t  B. P ybus (M em ber 7291) w as born in June , 1887. He 
was educated a t B rid ling ton  G ram m ar School, and ob tained  his 
technical tra in ing  a t the H u ll M unicipal T echnical School. H is 
apprenticeship was served w ith  M essrs. E arle ’s Sh ipbuild ing  and 
Engineering  W orks, H ull, from  1906 to  1910. M r. Pybus spent 
m any years a t sea w ith various com panies, a.nd obtained his E x tra -  
F irs t Class B oard o f T rad e  Certificate. F o r  eight and a  h a lf years 
he w as employed by T h e  S ilver L ine Lim ited, o f London, th ree  years 
being spent as chief engineer in their vessels and five and a half 
years as superintendent engineer in C alcutta  and the  Pacific C oast of 
N o rth  A m erica. In  1933 he set up in business a t San Pedro, 
C alifornia, as a  consulting  engineer. L a te r  M r. Pybus became 
w h a rf engineer o f the  S ingapore H a rb o u r B oard , w hich  post he 
w as occupying when taken prisoner by the Japanese  and in terned in 
a cam p a t Sum atra . H e  died there  on N ovem ber 11th, 1944.

V e n k a ta r a m a  R a d h a k r is h n a n  (A ssociate 10398) w as born  on 
22nd Septem ber, 1908. H e  studied a t the E ngineering  College, 
B enares H indu U niversity . F rom  1931 to  1934 he was Special A ssis­
tan t w ith M essrs. S halim ar W orks, Shipbuilders, C alcu tta  (T urner, 
M orrison & Co., L td.). H e  then joined the  M ysore  Iro n  W orks, Ltd., 
B hadravati, M ysore, in the blast fu rnace  departm ent. L a te r  he was 
engineer in charge of the m aking and laying o f  sew erage spun con­
crete  a t M essrs. the H um e Pipe (F a r  E as t) Ltd., S ingapore  and 
supervisor o f the ground w ork fo r the S ingapore  Civil A ir  P o rt. 
F rom  1936 onw ards he was L ec tu re r in E ngineering  a t the G overn­
m ent Technical School, S ingapore and L ectu rer in E ngineering 
a t evening classes a t the G overnm ent (E lectrica l) Raffles institu te , 
S ingapore. M r. R adhakrishnan served in the  S ingapore  V olunteers, 
being lieutenant and second in com m and o f the G overnm ent Technical 
School Cadet Corps, S ingapore. D u rin g  the w ar he obtained a com ­
m ission as a  Sapper Officer (L ieut.) in the Ind ian  A rm y, being later 
prom oted C aptain and w ork ing  as an  In telligence Officer. Captain 
R adhakrishnan was aw arded  the  M .C. in recognition o f a  very fine 
exploit. H e  was a  p risoner o f w ar under the Japanese in S ingapore 
from  F eb ru ary  to M ay, 1942, when he escaped, reaching India a t  the 
end o f A ugust. C aptain R adhakrishnan  suffered a breakdow n in 
health owing to m alnutrition  and his long trek  and was fo r  some tim e a 
patien t in the B ritish  M ilitary  H ospital, B an g alo re ; it is presum ed 
th a t he died there  as no fu r th e r  details have been received.

R o b e r t  R a m sa y  (M em ber 9752) was born a t P e r th  on Decem ber 
23rd, 1888. H e served his apprenticeship  w ith the Caledonian R ail­
way Company, G lasgow fro m  1904/06, and then w ent to M essrs. 
Rennie and P rosse r, m otor engineers, un til 1910, a f te r  w hich he took 
a short engineering course w ith  M essrs. John B row n & Co., L td ., of 
Glasgow. In  O ctober, 1910, he w ent to  sea as assistan t engineer 
w ith the P . & O. Com pany, rem aining w ith them  until A pril, 1915, 
when he joined the A rm y and served  w ith  the R .A .S .C . un til May, 
1919. In  Ju n e  o f th a t y ear he jo ined  the  staff o f M essrs. A ndrew  
W eir & Co., and served as second engineer on s.s. “C om eric”, and 
tw o years la te r became chief engineer on the "M onaduock”. M r. 
R am say subsequently held this position  on  various vessels belong­
ing to th is company. D uring  the course o f his sea-going career he 
obtained his F irst-C lass B oard  of T rad e  Certificate. In  O ctober, 1938, 
he w as appointed to  the staff o f U nited  B altic  C orporation as m arine  
superintendent, and continued to hold th a t position until the tim e of 
his death, which occurred  suddenly in L iverpool on  F e b ru a ry  12th, 
1945.

H a r r y  L. R e e s  (Associate M em ber) died on D ecem ber 17th,
1945. H e  served his apprenticeship w ith M essrs. Faw cett P re s to n  o f 
L iverpool, and the V ulcan F ou n d ry  Com pany, o f  E arlstow n , Lancs. 
M r. Rees went to sea and obtained his Second-Class B oard  o f T rade  
Certificate, bu t details o f  his subsequent activ ities a re  no t known at 
present.

W . A. R e y n o l d s  (M em ber 2867) served  his apprenticeship  with 
L ondon & India Docks (now the P .L .A .) H e  spent eight years a t 
sea, d u rin g  which tim e he obtained his F irs t-C lass  B oard o f T rade 
Certificate. In  1914 M r. Reynolds w as on th e  staff o f M essrs. 
Babcock & W ilcox, L im ited. H e  w as la te r  in charge of the erec­
tion of large land plants in various countries, w ork ing  from  the 
London office. A t the tim e o f his death, w hich occurred on A pril 
23rd, 1945, M r. Reynolds was m anager o f  the  M elbourne office o f 
M essrs. Babcock and W ilcox, L im ited.

J o h n  L y t h  R ic h a r d s o n  (M em ber 2975) o f M essrs. J . L. R ich a rd ­



son & Sons, Ltd., C onsulting M arine  E ngineers and Ship Surveyors, 
H u ll, w as born in 1865 and served his apprenticeship w ith E a rle ’s 
Sh ipbuild ing  & Engineering C o , L td , H ull. H e  la te r w ent to sea 
as a  m arine engineer, obtained his certificates, and a fte rw ard s cam e 
ash o re  and started  as a consulting m arine engineer and ship surveyor 
in H ull. H e was very  well know n th roughou t the country, as du ring  
his early days he did considerable salvage w o rk  in the H u m b er d istric t 
and had during  th is tim e considerable experience o f A dm iralty  court 
work. D uring  the last w a r and afte rw ards, M r. R ichardson acted fo r 
the M inistry  o f Shipping as D istric t Superin tendent fo r the area from  
W hitby to K ing’s Lynn. H e  was a founder m em ber, and P residen t 
in 1930, o f  the Society o f C onsulting M arine  E ngineers and Ship 
Surveyors and w as, fo r m any years, C hairm an of the H u m b er D is­
tric t and M em ber o f the Council.

W i l l ia m  A. R ic h m o n d  (M em ber 8144) w as born on 18th F eb ru ­
ary, 1885. H e  served his apprenticehip w ith M essrs. C. D. H olm es 
and Com pany o f H ull. In  1909 he w ent to  sea in the  service o f W . H . 
C ockerline & Com pany and obtained his F irs t Class B oard o f T rad e  
C ertificate. M r. R ichm ond -was Chief E ngineer when he resigned 
and took up the position as S ecretary  to  the Hull B ranch o f  the 
M arine E ngineers Association, w hich post he held from  Septem ber, 
1933, to  Septem ber, 1942. A fte rw ard s he became Jo in t S ecretary  
a t the H ull B ranch of the N avigators and E ngineer Officers’ Union. 
F o r some tim e he was the H o n o ra ry  T reasu re r, H ull A ssociation uf 
Engineers. M r. R ichm ond died on D ecem ber 1st, 1945, a t the age 
of 61.

L ew is  R aphael R ick inso n , Engineer-C om m ander, R .N . (M em ber 
8529) was born  on 21st A pril, 1883. H e  served his apprenticeship 
with A. H a rk e r  & C o , o f S tockton-on-Tees. C om m ander R ickinson 
was chief engineer w ith S ir  E rn est S hack leton’s A n tarctic  E xped i­
tion, 1914-16. In la te r years he becam e p a rtn e r o f W ells and Kem p, 
consulting naval architects, London. M r. K em p d’ed in 1927 and 
the firm w as la te r conducted under the style o f  W ells and Rickinson. 
T hey  had a considerable consulting practice w ith the  Crown A gents 
fo r  the Colonies. C om m ander Rickinson w ent to  sea a t the age o f 
20 as fo u rth  engineer in a tram p  steam er and subsenuentlv w as w ith 
S cru tton ’s D irect L ine to  the W est Indies and w ith C. T . B ow ring  & 
Co.. L td . H e  w as consulting engineer to Jacobs & B arrin g er when 
he joined the A ntarctic  Expedition  as chief engineer o f the “E n d u r­
ance”. C om m ander R ickinson died a t New'bury, B e rk s , on 16th 
A pril, 1945.

Tamf.s  R igby  (M em ber 8645) w as bom  a t W est H artlepoo l on 
4th M arch, 1902. H e  served his apprenticeship there  a t the C entra l 
M arine Engine W orks. On leaving the Engine W o rk s he w ent to 
sea with the B ritish  Tndia Steam  N avigation  C o , and obtained his 
F irs t Class B oard  o f T rad e  Certificate. In 1937 he joined the T akunpa 
T in D redging  Com pany, South Siam, as ensineer. W hen th a t country  
became involved in th e  w a r he escaped to  Penang, then  to  S ingapore 
and la te r  to  India. T h ere  he becam e attached as a  C aptain to  a 
special service b ranch  o f the A rm y, and his know ledge o f native 
dialects w as such th a t he w as en trusted  w ith m any im portan t and 
dangerous m issions. F rom  A pril, 1944, to  Tanuarv, 1945. he w as 
E ngineer in C harge o f  Force  136, Bom bay. M rs. R ighy re tu rned  to 
this coun try  b e fo re  the w a r hegan and C aptain R igbv joined his 
fam ily when he cam e hom e on leave in January , 1945. H e  took  up a 
post in M alaya in A u g u st o f  th a t year and m et w ith  a  fa ta l accident 
within tw o o r  th ree  m onths o f  his a rriv a l. H e  leaves a w idow  and 
two children. C aptain R igby w as an A ssociate M em ber o f  the 
M alayan D red g in g  A ssociation and a M em ber o f the D iesel Engine 
U sers Association.

T h om as  E. R o b so n  (M em ber 6087) was born a t Seaham  H arb o u r, 
Co. D urham  in 1883. H e  w as educated a t the  C hurch School th ere  
and a t R u therfo rd  Co1W e, N ew castle-on-Tvne, and served his ap p ren ­
ticeship a t the Central M arine  E ngine W orks. W est H artlepoo l, from  
1899 to 1904 From  1904 to 1908 he w as a ju n io r engineer w ith J. F. 
W ilson  & Co.. o f W est H artlepoo l, a f te rw a rd s  go ing  to  sea and 
ob ta in ing  his F irs t Class B oard o f T r a d e  Certificate. In  1908 he was 
second engineer in the  s.s. “B alaclava” , owned by the A gincourt 
S team ship  Com pany, and in the early  pa rt o f 1914 w as Chief E ngineer 
in the s.s. “N orthw estern  M iller”. F rom  1914 to  1930 he w as C hief 
E n s in ee r w ith the  Furness W ithv  L ine, chiefly on th e  W estern  U .S.A . 
trade  route. H e  also supervised the building o f ships fo r  this Com ­
pany in Copenhagen and Glasgow. H e  a f te rw a rd s  joined the P rince 
Line as S u perin tenden t E ngineer, first in S ingapore and la te r  in 
H ong  K ong. In  1940 he left H o n g  K ong and returned to  S ingapore, 
leaving here  fo r  the  U nited  S ta tes in 1941. F ro m  1941-45 he w as 
Superin tendent E ngineer in N ew  Y o rk  and B altim ore, leaving in

A pril, 1945, to  serve in the sam e capacity in M ontreal, w here he m et 
his death  in a street accident in O ctober o f th is year.

G e o r g e  R ic h a r d  R u s s e l l  (M em ber 8449) w as born on 25th 
A pril, 1885. H e  served his apprenticeship in Sunderland, first w ith 
M essrs. W igham , and then a t Scotia  W orks. H e  obtained his F irs t 
Class B oard o f T rad e  Certificate and was a t sea fro m  1904 until 
Jan u ary , 1945. In  1937 he w as appointed C hief E ngineer w ith the 
B ritish  T an k e r Com pany. H is death  occurred  on the 7th Ju ly , 1945.

T h o m a s  D. S c o r e r , Sub. L ieut. (E .), R .N .R . (A ssociate 9306), 
was born on June 9th, 1913, and served his apprenticeship w ith 
the W allsend S lipw ay and E ngineering Com pany from  1930/35 when 
he entered  the D raw ing  Office o f th is Company. D uring  1937/9 he 
w as a seagoing engineer w ith the  Shaw, Savill & Albion Company, 
obtaining his Second Class B oard o f T rad e  Certificate. In  1939 he 
was A cting  Sub. L ieu t.(E .), R .N .V .R . in H .M .S . “M ersey” , being 
prom oted to Sub. L ieu t.(E .), R .N .R , in October, 1941. H e was a 
G raduate  o f the Institu tion  o f M echanical Engineers. In  1943 it was 
reported  that Sub. Lieut. Sco rer was m issing and his death m ust now 
be presum ed.

J a m e s  S h e p h e r d  (M em ber 4534) w as born  on 16th N ovem ber, 
1882. H av in g  served an apprenticeship  a t M essrs. E a rle 's  Shipbuild­
ing and E ngineering Company, L td ,  H u ll, he w ent to  sea and in 
record tim e obtained his E x tra  C h ief’s B oard  o f T rad e  Certificate. 
T hen followed his acceptance o f the position o f  S ecretary  of the 
H ull B ranch o f the M arine E ngineers’ A ssociation, w hich post he held 
until he joined the In land W a te r  T ran sp o rt Section, Royal E n g ’neers 
during  the first w orld w ar. A f te r  dem obilization, M r. Shepherd  assisted 
the late M r. A. N. Som erscales in the coaching o f m arine  engineer 
officers fo r their B oard o f T rad e  C ertificates, and also teaching even­
ing classes a t the  T echnical College. H ull. In  1922 he was appointed 
C onsulting E ngineer w ith T. W a tt Peterson  & C o , H u ll, and in 1936 
becam e B ranch M anager fo r  the  B eldam  P ack in g  and R ubber C o , 
H ull. F rom  1940 until his death he w as M anager fo r the H um ber 
D istric t o f  th is Company. H e  died on 25th A ugust, 1945.

A. K . S o w t e r  (M em ber 10478) w as born  a t G reenock in 1880 
and was educated there  a t K iblains Academ v. and subsequently  at St. 
D unstan’s College. M ost o f his apprenticeship  w as served w ith T he 
General Steam  N avigation  C o , L td ,  a t D ep tfo rd , bu t the last six 
m onth 's o f his tra in in g  he received a t the B elfast w orks o f  M essrs. 
H arlan d  & W olff, L td ,  w ith w hom  he subsequently  rem ained fo r 
about fo u r years as a draughtsm an. H e  comm enced his sea career 
in 1905 w ith  the  R oyal M ail S team  P ack et C o , in whose service 
he rem ained fo r  the next 11 years. D uring  th e  la tte r  pa rt o f th is 
tim e he served as Eng. L t.-C o m , R .N .R . on the  a rm ed m erchant 
cru iser “A lcan ta ra” . F rom  1916 to 1924 he w as employed as m anager 
a t several yards o f  M essrs. R. & H . Green & Sillev W eir, L td ,  
and then he became general m anager o f M essrs. S . H odge & Sons, 
L td ,  o f  M illw all. In 1926 he established h im self as a consulting 
engineer and surveyor, a  business in w hich he rem ained engaged 
until the tim e o f his death, w hich occurred  on th e  16th A pril,
1946.

W il l ia m  B r o w n  S t e v e n s o n  (M em ber 8426) w as born on F eb ru ­
a ry  15th, 1892. H e  served his apprenticeship  w ith M essrs. T . & J. 
Stevenson, K ilm arnock. M r. Stevenson w ent to  sea in 1914, and 
obtained his F irs t-C lass  B oard  of T rad e  Certificate. F ro m  1916 to  
1919 he was a  Sub. L ieut. (E ), R .N .R . In  A ugust, 1919, he joined 
the B ank L ine as 2nd engineer, being prom oted to chief engineer in 
1922. In  the autum n o f 1924 he spent a few  m onths in M essrs. 
H arland  and W olff’s Diesel shops, and in Jan uary , 1925, re tu rned  to 
the  B ank Line, serv ing as chief engineer in various ships until J a n u ­
ary, 1943. In  June, 1943, he w as appointed chief engineer w ith T he 
H ain  S team ship  Com pany, and went out to  V ancouver to  take over 
the  “F o rt B ellingham '’ fro m  the builders. T h e  vessel loaded on 
U .S.A . W est C oast ports and discharged in L ondon late in th a t 
year. On com pletion o f discharge the “ F o rt B ellingham ” was 
fitted ou t fo r  the  N o rth  R ussian  trade, on w hich voyage she was 
lost ow ing to  enem y action off Cape N o rth  on Ja n u a ry  26th, 1944. 
M r. Stevenson w as no t am ongst the survivors, and his death  w as 
th e re fo re  presum ed on th a t date. H e  le f t a w idow , w ho passed 
aw ay ju s t  a y ear a fte rw ard s.

J o h n  J .  T a it  (M em ber 9050) was born on S ep tem ber 10th, 1886. 
H e  served his apprenticeship w ith M essrs. Davidson & Com pany of 
B elfast, and follow ing th is w ent to th e  B elfast Engine W o rk s of 
M essrs. H a rlan d  & W olff to gain experience in m arine  engine w ork 
p rio r to  going to sea. F ro m  1912 to  1917 he w as a t sea in th e  service
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o f the Shaw  Savill & Albion Com pany and during that tim e obtained 
his F irs t Class B oard o f T rad e  Certificate. In  1917 he joined the 
A tlantic  T ran sp o rt Com pany and la te r the Eagle Oil T ran sp o rt Com ­
pany, rem aining until 1919 when he entered the service o f Coast Lines 
Ltd., a tta in ing  the rank o f C hief Engineer. M r. T a it was a m em ber 
of th e  M arine E ngineers Association. H e  died in N ovem ber, 1943.

R obert R ichardson T urnbull (M em ber 5065) w as born on 12th 
July, 1884, and served his apprenticeship with R obert Shiel & Son, 
B erw ick-on-Tw eed, and Faw cett, P resto n  and Company, o f Liverpool. 
H e then spent fo u r years a t sea w ith T . & J. H arrison , Ltd., L iv e r­
pool, obtaining his F irs t Class B oard o f T rad e  Certificate. Joining 
the  firm of H . & C. G rayson L td . (la ter Grayson, Rollo & Clover 
Docks, L td.) in 1909 as a draughtsm an  and assistant repair m anager, 
he became m anager o f th e ir repair w orks a t L iverpool two years 
later, and a t various tim es acted as m anager o f o ther branches o f the 
firm ’s activities until his appointm ent as general m anager, a position 
he held fo r 16 years. In A ugust, 1938, he severed his connection with 
the  firm  and fo r a sh o rt tim e represented H arland  & W olff, L td., in 
th e ir repair w ork  branch until he was appointed m anaging d irector 
o f the “J .D .” Insu la ting  Co., L td., in 1939. F o r  some years M r. 
T urnbull was the  M ersey representative in L ondon on the  executive 
com m ittee o f the Shipbuild ing Em ployers’ Federation. H e w as a 
m em ber o f the Institu tion  o f N aval A rchitects, and a past-president 
o f the L iverpool M arine  E ngineers’ and N aval A rchitects Guild. M r. 
T urnbu ll w as attending a M asonic consecration o f a new C hapter, 
Perseverance, o f w hicb he had ju s t been installed the first head, 
and w as rising to  reply to a toast when he collapsed and died alm ost 
im m ediately. H e  had no t been in  good health  fo r some years.

J ohn S. W ilk ie  (A ssociate M em ber 5761) was born on 4th 
February , 1897. and served his apprenticeship w ith S m ith ’s Dock Co.. 
L td., N o rth  Shields. H e  commenced his sea career in Novem ber, 
1917, and served in the M ercantile  M arine during  both w orld  w ars,

To  the M em bers, 15th February, 1946.
T h e  I n s t it u t e  o f  M a r i n e  E n g i n e e r s ,

85/88, T h e  M i n o r i e s , E.C.3.
Gentlemen,—

W e have to  report th a t we have exam ined and checked the 
A ccounts o f your Institu te  fo r the year ended 31st Decem ber, 1945, 
and we set out below o u r  observations.

(1) T he Revenue A ccount shows a  surplus o f  £1,553 2s. Od. 
as com pared w ith £679 5s. 9d. last year, an increase o f £873 16s. 3d.

(2) T he Gross Revenue w as £11,436 6s. 4d., an increase o f 
£833 6s. 3d. m ade up as follow s :—

Decrease. Increase.
£  s. d. £  s. d.

Subscriptions ................ — 728 3 1
E ntrance Fees ................ — 28 10 0
E xam ination  Fees ... — 8 10 0
A dvertisem ents ................ — 105 9 9
R ent Receivable ................ 90 6 3 _
In terest ............................. — 47 4 1
H ire  o f H all and L ib ra ry  ... — 2 5 0
Sundry Sales ................ — 3 10 7

90 6 3 923 12 6
D educt: Decrease 90 6 3

Increase as above .......................................... £833 6 3

(3) Expenditure charged  to  Revenue A ccount am ounted to
£9,883 4s. 4d., an increase o f £199 18s. Od. m ade up as follows : —

Decrease. Increase.
£  s. d. £  s. d.

—  263 1 11 
45 11 2 —

— 146 3 11
— 74 14 9 

5 14 9 —
203 10 8 —

— 45 19 2 
7 11 —

obtaining his Second Class B oard  o f T rad e  Certificate. In 1927 he 
w as appointed second engineer w ith M essrs. C apper A lexander & Co. 
H is death occurred on 10th D ecem ber, 1945, and he was the last 
seafaring  m em ber o f a  fam ily th a t had  been connected w ith the sea 
fo r m any generations.

W il l ia m  F. W e l c h  (A ssociate 9375) w as born on F eb ru a ry  2nd, 
1913. H e received his technical education a t the R u therfo rd  T echnical 
College, New castle, and served his apprenticeship w ith S ir  W . G. 
A rm strong  W hitw orth  & Com pany, L im ited, Scotswood. In 1934 he 
went to sea as A ssistant to Sen ior 4th engineer with the A nglo- 
Am erican Oil Co. H e  joined M essrs. A lfred  H olt & Com pany as 
A ssistan t to  3rd engineer in 1936, rem aining w ith them until his re ­
signation in 1942, when he was 3rd engineer. D uring  the course of 
his sea-going career M r. W elch obtained his F irs t Class B oard of 
T rad e  Certificate. H is death w as reported  in D ecem ber, 1945.

N o r m a n  A. Y ou n g  (M em ber 8971) w as born on M ay 13th, 1902. 
H e was educated a t L e Fevre 's  Pen insu lar School, South Australia, 
and W oodville and Adelaide H igh Schools, and served his appren­
ticeship w ith T he Adelaide S team ship  Com pany L im ited , o f Sydney, 
N .S .W . H e went to sea in O ctober, 1923, as 4th engineer w ith  the 
A delaide S.S. Company, Ltd. F rom  D ecem ber, 1931, to October, 
1932, he was 3rd engineer w ith the  H adley Shipping Com pany, Ltd., 
and in M arch, 1933, joined M essrs. Cable and W ire less , L td., w ith 
w hom  he rem ained three  years, being prom oted fro m  5th to  3rd 
engineer. F o r ten m onths in 1936 he w as ju n io r engineer w ith The 
Glen Line, London, and them fo r th ree  m onths w as w ith Messrs. 
H ud d art, P a rk e r, L td., o f  A ustralia . M r. Y oung finally jo ined Messrs. 
B urns, Philp  & Company, Ltd., o f Sydney, and was chief engineer 
o f  m.v. “ M uliam a”. H e died, th rough  enem y action , on M arch 27th,
1944, w hilst serv ing as 2nd engineer in the m.v. “ T u lag i” . M r. Young 
w as a m em ber o f the A u stra lian  In s titu te  o f  M arine  and Pow er 
Engineers, Sydney, N .S .W .

D e p re c ia t io n .......................................... 8 0
Prizes ............................. _ 25 10 9
T ra n s fe r  to  Pension F u n d ................ 100 0 0 —

355 12 6 555 10 6
D educt: D ecreases ................ 355 12 6

Increase  as above ................ £199 18 0

(4) T he increase in Surp lus R evenue is m ade up as follow s
£ s. d.

Increase in I n c o m e ............................. 833 6 3
Less:  Increase in E xpenditu re  ... 199 18 0

633 8 3
A d d :  Loss on Redem ption o f  5% Conversion

Loan in 1944 ............................. 240 8 0

Increase in Surp lus R evenue £873 16 3

(5) Sales o f  Handbooks.
T he follow ing profits have been m ade during  the y e a r :— 

“T he R unning and M aintenance o f M arine  M achinery” £158 4 0
“E lectricity  Applied to M arine E ngineering” ................  £58 6 8
“N aval A rch itectu re  and Ship C onstruction” ................  £179 11 10

(6) Investm ents.
T he m arket value a t 31st D ecem ber, 1945, o f  the In s titu te ’s free  

Investm ents standing in the books a t £25,408 18s. 8d. w as £25,730. 
D uring  the y ear £3,500 Local Loans 3% Stock has been purchased 
ou t o f general funds a t a  cost o f £3,405 19s. 6d.

(7) W e have verified the Investm ents and B ank Balances and 
have inspected the Insurance Policies and T itle  Deeds, and we have 
obtained all the inform ation we have required. In  o u r  opinion the 
Balance Sheet o f  your Institu te  has been p ro p erly  d raw n  up so as 
to exhibit a true  and correct view  o f  the In stitu te ’s affairs according 
to the inform ation and explanations given to  us and as shown by the 
books o f the Institute.

Y ours fa ith fu lly ,
W e s t  &  D r a k e ,

C hartered Accountants.

General Expenses
Rent, Rates, etc.......................
H ouse Account ................
R epairs .............................
In su rance  .............................
T  ransactions ................
T ransactions (Bound Volum es) 
L ib ra ry  and R eading Room Account

x x
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D epreciation of Furn itu re  ................
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H .M .S. W orcester Prize
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D r SOCIAL E VEN TS ACCOUNT. Cr.

T o  P a y m e n t s ..........................................
„ Balance at 31st Decem ber, 1945

£  s. d. 
874  17 4 
317  3 1

£ 1 ,192  0 5

By Balance a t 31st December, 1944 
„ Receipts .........................................

£  s. d  
169 15 5 

1 ,022  5 0

£ 1 ,192  0 5

LIBRARY AND READING ROOM ACCOUNT.

T o Reading Room  Expenses 
„ Book P urch ases and B inding...

£ s. d.
31 3 3
3 2  9 7

£63  12 10

By Sales ..............
„ R evenue Account

£  s. d. 
11 7 3 
52 5 7

£63  12 10
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I ask  th is  com pany to  d rin k  the health  o f the  In stitu te  o f M arine 
E ngineers. I  couple w ith  th is  toast the nam e o f m y friend  the 
P resident, S ir A m os A yre. T he fact th a t he is sitting  w here he 
is is a  fu r th e r  g round  fo r com plim enting the In stitu te  and its m em ­
bers. (Applause).

Sir Amos L. Ayre, K.B.E. (P residen t), who responded, said : F irs t  
o f all, I should  like to say th a t w e have received a telegram  from  
the Polish N aval R epresentative, sta ting  th a t he reg re ts  being unable 
to  be w ith  us.

On behalf o f  the In stitu te , I should like to  th an k  M r. Jacobs 
fo r  the v e ry  k ind  rem ark s he has m ade in proposing th is toast, 
and to  th an k  th is good com pany fo r  the  w ay in w hich it has received 
it. W e  apprec ia te  those  rem arks a ll the m ore in th a t they  come 
from  the head o f  th a t fine old classification society, L loyd's 
R egister. T h ere  is one th in g  th a t M r. Jacobs om itted from  his 
sp ee fh ; he did no t say any th ing  about the  rum ours w e have heard, 
and o f  w hich w e have read  in the  press, regard ing  an  am algam a­
tion o f o u r tw o  classification societies. In  these days, w hen it  be­
hoves this cou n try  to  m ake all its organisations as strong  and pow er­
fu l as ever it can, it seems to  m e th a t the tim e has a rrived  fo r  that 
am algam ation. H ow ever, perhaps the subject is sub judice, and so 
I  will say no m ore ab o u t it. Air. Jacob’s dissertation on insurance 
w as certain ly  in teresting , particu la rly  to some o f  us who are  con­
cerned w ith  p re m iu m s! (L aughter).

In  th a t connection, I som etim es w onder w hether it is w idely 
recognized w h a t a  change has taken place in recent tim es in reg ard  
to  sa fe ty  a t se a ; I  m ean, sa fe ty  fro m  all the  perils o f th e  sea, 
foundering  and so on. Is  it realised th a t a t the beginning o f  th is 
century  th e  losses due to those perils am ounted  to  about 14 per 
cent, o f  the w orld  tonnage  afloat in any year, w hereas by th e  be­
g inning o f  the recent w a r  th a t ra te  had been reduced to som ething 
less than  0-5 p e r cent.?  I  th ink  th a t a  certain  am ount o f cred it 
is due to engineers and shipbuilders and classification societies and 
all o thers concerned, b u t as fa r  as the engineers and shipbuilders a re  
concerned, it w ould be a v e ry  k indly recognition o f th e ir  p a r t in 
it if  som eth ing  could be done w ith reg ard  to  prem ium s.

A t the m om ent, the  in d u stry — I am  engaged in the  production 
side o f  it—has v e ry  m uch in m ind a close exam ination into all 
m a tte rs  th a t lead to  economy. W e have in m ind all those services 
and  supplies genera lly  th a t go to  m ake the  finished ship. W hen  all 
is said and done, m arine  engineering and shipbuilding a re  assem bling 
industries, and we th ere fo re  look w ith  a jealous reg ard  on all those 
th ings th a t w e have to assem ble, w hether they  a re  goods o r se r­
vices, when the level o f  prices w hich they  reach looks ra th e r  abnorm al 
com pared w ith  1939. I say th is p a rticu la rly  because I w ant to  give 
shipowners the  assurance th a t p roductive  industry  is v e ry  conscious 
o f their needs. I t  seem s to  m e th a t it behoves everyone, w hatever 
p a rt he plays in th e  w hole chain  o f operations, w hether he be 
the  m erchan t w ho is pu rchasing  and assem bling and collecting 
m aterials fro m  the fa r  co rners o f  the earth  which come to  this 
country and eventually  find them selves going out again  in the  form  
o f a  ship, w h e th er he be concerned w ith  tran sp o rt o r  w ith  the 
processing industries, o r  w ith  the production o f  the finished article, 
to  have the fu lle st reg ard  to  what, w hen all is said and done, spells 
efficiency.

T h ere  a re  p robab ly  some here  to-day w ho y esterday  sa t fo r  
m any hours listening to  th e  P rim e  M inister and o th er M inisters 
telling us w h a t a  v e ry  im po rtan t p a r t exports a re  going to play  
in o u r life  in fu tu re , and p a rticu larly  in the  nex t few  years. I t  is 
to  some ex ten t fo r  th a t reason th a t I  m ake th is reference to  the 
fact th a t we m ust look to  our laurels and obtain efficiency so f a r  as 
ou r production  costs a re  concerned.

I should like to  a ssu re  the shipow ning indu stry  th a t technical 
p rogress is going on. T h a t  is evident to  anyone w ho cares to read  
the  T ransac tions o f  th e  In s titu te  o f M arine  Engineers. I fo r  one, 
as a  shipbuilder, hum bly adm it th a t I  have learned a  good deal even 
about shipbuilding in read ing  those T ransactions. B ut the point is 
th a t a ll th a t w o rk  is go ing on, som etim es unseen, and I  th in k  it 
is not alw ays realised  w h a t a  v e ry  g rea t benefit i t  is to  the  sh ip­
ping indu stry  o f th e  country .

M r. Jacobs has re fe rre d  to  the fac t th a t the m em bership o f 
th is In stitu te  is approach ing  5,000, and th a t shows the  intense in terest 
o f  those concerned. H e  a lso  re fe rre d  to the  A nnual R eport o f  the 
Council, w hich w as p resen ted  to  th e  A nnual G eneral M eeting this 
m orning and is a  m ost illum inating  d ocum en t; it shows all the various 
ram ifications w ith which th e  In s titu te  is concerned, and it indicates 
the  various o rgan isations w ho seek to  consult w ith  ou r m em bers 
and o u r Council, and w hat a  v ery  larg e  p a r t is played in the general 
m ake-up o f  things by the  Institu te  o f M arine  Engineers.

T h ere  w as a p a rticu la r  item  in th a t R eport w hich caught m y

attention, and th a t ■was the re ference  to  the  R ep o rt o f  the  M erchant 
N avy  T ra in in g  B oard . I  hope th a t v ery  fu ll reg ard  will be paid 
to  the very  practical am endm ents w hich have been proposed by this 
Institu te . Fu ll use should be m ade o f the  enorm ous am ount of 
valuable experience possessed by this In stitu te  in a  m a tte r  o f  that 
sort. N o t only has it considerable and very  valuable experience of 
the  past, but it is also second to  none in its ability to  envisage the 
requ irem ents o f the fu tu re ; and in th is connection it is necessary  to  
rem em ber the very  rapid  advance w hich has taken place and w hich 
is continuing to  take place in the design o f propelling m achinery . A 
very  large  p a r t  o f this endeavour is d irected  to  obtain ing  g re a te r  
economy in fuel consum ption, and th a t in tu rn  involves th e  in tro d u c ­
tion  o f m ore in tricate  and delicate m achinery and eq u ip m en t T h a t 
feature  alone dem ands th a t th e  fu llest a tten tion  should be g iven to 
training.

I should also  like to  re fe r  to  th e  appeal launched by  o u r P ast 
P residen t, S ir  W illiam  C urrie . I should like to  tak e  th is oppor­
tun ity  o f  saying how  so rry  we a re  th a t illness p reven ts him  being 
here to-day. I m yself have been associated w ith  him  in various 
capacities o f  a  public and sem i-public n a tu re  o ver a  long series of 
years. W'e all know  how  m uch valuable w o rk  he has done, and we 
all appreciate th a t du ring  h is y ea r o f office h e  did a g reat deal 
o f  valuable w o rk  fo r  th is Institu te . (A pplause). H e  was person­
ally responsible fo r  launching the appeal in connection w ith ou r new 
headquarters. A s you all know, w e shall have a t some tim e _ o r 
o ther to vacate o u r  p resent prem ises on account o f the re-p lanning 
o f th e  C ity o f London. T h e  new  building, w hich is to be regarded  
as the  M arine  E ngineers’ N ational W a r  M em orial, is intended to  
be a fitting trib u te  to the 4,500 m arine engineer officers who lost th e ir 
lives du ring  the w ar. I  ask  all those in to  whose hands th is very  
fine appeal, which I understand  w as issued e ither yesterday o r  to ­
day, comes to  respond to  it, and I hope th a t every m em ber o f  the 
Institu te  and every  friend  o f  the m arine  engineers will assist in doing 
every th ing  possible to  achieve th is v e ry  g ran d  o b jec t (A pplause).

In conclusion. I should like to  tak e  tb is  opportunity  o f th ank ing  
publicly the  m em bership fo r  th e .h o n o u r they have done me in e lect­
ing m e P residen t o f th is  g rea t body. I t  is a  p a rticu la r honour to 
me as a  shipbuilder. I  appreciate th a t I  am  now en tering  a  con­
clave devoted to  a  science w hich is perhaps very  m uch m o re  p ro ­
found than  m y own, but I  shall do m y best to try  to  keep pace with 
it. I  am  rem inded o f  a  sto ry  I  once heard on the T y n e  o f two 
shipyard  fitters, one o f  whom  le f t to  get a job in a  m arin e  engineer­
ing firm  not f a r  away, m aking turbines. One n igh t the  tw o cronies 
m et in the local, and the one w ho still rem ained in th e  shipyard 
was anxious to  know  how  G eordie w as getting  on  in his new job. 
“ O h”, said Geordie, “ it’s w onderful. T h ey  w o rk  to  thousandths; 
you can 't use a  tw o-foo t rule th ere” . “T h o u san d s?” replied Jim , 
“H ow  m any o f them  go to  an inch?” “ B lim ey” , re to rted  Geordie, 
“m illions !” (L au g h ter and applause).

“ THE CUESTS” .
Mr. Robert Rainie, M.C., M.I.Mech.E., M.I.Mar.E., w ho proposed 

the toas t o f  the  Guests, said : S ir W illiam  C urrie, o u r imm ediate 
P a s t P residen t, is u n fo rtu n ate ly  no t able to  be w ith  us this a f te r ­
noon ow ing to  illness. H e  w as to have dealt w ith  th is toast, w hich 
S ir  A m os A y re  has now  assigned to m e. T h e  Institu te o f  M arine  
Engineers can congratu la te  itself on hav in g  draw n together on th is 
occasion so m any h igh ly  placed and p rom inen t people as its guests, 
and so m any guests o f  its m em bers. I  am  called upon to  propose 
the toas t o f these guests. W hen  m y frien d  A lfred  R obertson, the 
C hairm an  o f the  Social Events C om m ittee, told me about this, a  free  
transla tion  o f  w h a t he said w ould am ount to this : “ R am ie, you 
are  well down on the toast list. T he im po rtan t speakers will hav e  done 
th e ir stuff. Y ou a re  only a  stop-gap, anyw ay; so if  n o t fo r  my 
sake o r y o u r own sake, "for heaven’s sake be b rie f  ” (Laughter). 
T h a t  w as good advice, bu t I am  su re  you would not hav e  me deal 
w ith  th is job  in anything like a  p erfuncto ry  m anner.

W hile  w e h onour all o u r  guests, I cannot m ention  everyone 
o f  them  and m ay possibly m ake m istakes in the o rd er o f  precedence. 
T h e  civic toast has been dealt with, bu t I w ould  add that 
we o f the In stitu te  feel th a t th e  presence o f the  L o rd  M ayor am ong 
us will cem ent, i f  not fo r a  hundred  years, a t lea s t fo r  his te rm  o f  
office, the long standing association  between th e  Institu te  and th e  
C orporation  o f the  C ity o f  London. A m ong th e  prom inent guest? 
on the list is the F irs t  L o rd  o f  the A dm iralty , th e  Rt. H on. A. V . 
A lexander, who is an H o n o ra ry  M em ber o f  th is Institute. W e a re  
denied the  p leasure  o f  his company because o f a Royal com m and to  
him, w hich he m ust obey. T he g rea t Service  which he so ably 
guided d u rin g  the w a r  y ears is, how ever, well represented by V ice- 
A d m iral S ir  A r th u r  P ow er, the Second Sea Lord, and by the 
E ngineer-in -C hief o f  the  Fleet, V ice-A dm iral S ir John  K ingcom e,
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who, v e ry  appropriately, is a  V ice-P residen t o f  the  Institu te. W e 
accord  them  a very h ea rty  welcom e indeed. I have also the oppor­
tu n ity  to  offer very  sincere g reetings and a  h ea rty  welcom e to  one 
o f o u r V ice-P residents fo r  the M erchant N avy, M r. N orm an  W rig h t 
T h e re  a re  very few  social occasions on w hich he can be w ith us, 
and we are very  glad  to  m eet him.

W e are delighted also  to have w ith us A dm iral o f  the  F leet 
Viscount C unningham . (A pplause). H e  has ju s t  re tired  from  
the  post o f F irs t  Sea L ord  and relinquished his m ost onerous and 
responsible duties. W e wish him  in his re tirem en t good fishing 
and good golf, bo th  o f  which, peculiarly  enough in the case o f  a 
Scot, he looks on as recreations. W e welcom e also the P residen t o f the 
Institution o f N aval A rchitects, A dm iral L o rd  Chatfield (Applause). 
Between his In stitu tion  and o u r Institu te  there  a re  th e  happiest re ­
lations, and in fac t we have the  pleasure o f m aking  ou r prem ises 
in the M inories available to  its m em bers fo r  th e ir  Spring  M eet­
ings.

O u r g a th e rin g  is honoured by the  presence o f one who during 
the w a r  held in his hands the destinies o f  th e  M erchant F leet 
in w hich so m any o f o u r m em bers served th ro u g h o u t the  w a r years 
and a re  serv ing  to-day. W e rem em ber th a t as M in ister o f  W ar 
T ran sp o rt, L ord  L eathers instigated the  fo rm ation  o f  the Com m ittee 
w hose rep o rt on the  p o st-w ar tra in ing  o f  officers and ra tin g s has 
now  been issued. T he recom m endations in th a t rep o rt a re  o f vitai 
im portance to o u r Institu te , as they  affect the sta tus o f engineers 
in the M erchan t Service. W hile th is C om m ittee has m ade its 
recom m endations, I  should like to  re fe r  to  the legend o f K ing 
R obert the  B ruce and the spider, and to rem ind th e  In stitu te  and 
its Council th a t B ru ce’s spider spun its ow n ladder.

W e also  welcom e very  w arm ly to-day represen tatives o f  several 
o f the U n ited  N ations— Belgium, China, Greece, N orw ay, Po land  and 
R ussia, o u r  allies and friends. W e give them , as alw ays, a very 
sincere welcom e. (Applause).

I  now  w ish to  re fe r  to  A dm iral H ew itt, o f the U nited  S ta tes 
N avy, w ho is to  reply  to th is toast. (Applause). A dm iral H ew itt 
comm enced his naval service in 1903 and reached his present rank  
in Novem ber, 1943. In  the w a r now  alleged to be ended (L aughter) 
he com m anded squadrons in the Pacific, and he becam e directly  
associated w ith o u r  squadrons and our M erchant F leet in 1941 and 
1942, when he com m anded the A tlantic  F leet T ask  G roup (Applause). 
T h erea fte r  he held various com m ands in th e  M editerranean , and 
participated  in the operations fo r  the  landing in N o rth  A frica , the 
invasion of Sicily and the landing a t Salerno. H e  was fo r  a  tim e 
under the com m and of V iscount Cunningham  (A dm iral S ir A ndrew  
Cunningham , as he then was), and in A ugust last he assum ed com ­
m and of the U nited  S ta tes N aval Forces in E urope. W h at o th er 
o r better w ords can I say than  “W elcom e, friend  ! W elcom e com ­

r a d e ! ” (A pplause). H isto ry  records nothing in w ar o r  peace to 
com pare during  the past six  years w ith the  friendship, the  com rade­
ship and co-operation betw een his country  and ours, betw een his 
Service and ours. (A pplause). T here  a re  few  propositions th a t I 
could put to the Council and m em bers o f  th is In stitu te  w ith  th e  c e r­
tain ty  o f  th e ir unanim ous approval, bu t I know  th a t the proposal 
th a t I  now m ake is one o f  th e m ; and it is that w e o f the Institu te  
rise and d rink  to the very  good health  o f  o u r guests. (A pplause).

Admiral H. K. Hewitt  (C om m ander, U .S . N aval Forces in 
Europe), w ho received an ovation on rising  to respond, said : I am  not 
a public speaker, bu t I feel th a t this assem bly gives m e considerable 
inspiration . W hen  I received m y invitation  to  th is very pleasant 
occasion I was very  thankfu l. I  was very  m uch honoured when 
I was invited to  respond to the toas t o f  the guests, and I accepted, 
though w ith  some trepidation . I  m ust adm it th a t my feeling of 
trep idation  was g reatly  increased when I received th is m orning a 
list o f the  d istinguished guests, and still m ore when I saw  the  size 
o f this assem bly ; but I  should like to  say th a t I also fe lt m ore 
honoured than  ever, and I accept it as a  com plim ent to  my country 
and to m y Service. (A pplause).

N o t so long ago—in fact, m y first tr ip  to  sea was m ade in a 
steam  brig— sailors m ore o r  less looked down on eng ineers; they 
did not like the cinders on th e ir  w hite decks, and th ey  did not like 
to have th e ir  sails soiled. In  o u r  N avy  there  w ere m any captains 
who refused to  use th e ir  engines unless they  had to. In those days 
the  s to ry  is told in o u r N avy—you m ay have heard  it—o f  tw o ships 
in com pany w hich w ere try in g  to  go th ro u g h  som e n a rro w  w aters 
and w ere faced w ith adverse  cu rren ts and wind. T h e  com m odore 
told th e  ju n io r captain to  take him  in tow, w hich w as done, and 
they tow ed and towed, bu t did not seem to  be ge tting  anyw here. A t 
last the ju n io r captain  sent a signal back to  th e  com m odore—

" I f  wind and tide do not abate 
W e  cannot get you th ro u g h  th e  s tra it” .

Quickly cam e the reply :
“A s long as you have wood and coal,
Y ou’ll tow  us th rough , G od dam n y o u r s o u l!” (L aughter).
N ow adays, how ever, we cannot get anyw here w ithout the m arine 

engineer. Great strides have been m ade in m arine  engineering, and 
great strides have been m ade p a rticu la rly  du rin g  this w a r period. I 
bear honour to  those m arine  engineers w ho lost th e ir  lives in the 
A llied cause. I give p raise  to  the  m arvellous feats w hich w ere 
accom plished in constructing  ships, in keeping them  afloat, and in 
getting  them  going again  when they had been dam aged, I give p raise  
to the  m arine  engineers. I  know  th a t I speak fo r  a ll m y fellow - 
guests as well as m yself when I say how  g rea tly  I appreciate being 
here and the honour w hich you have done us. (A pplause).

T he proceedings then term inated .
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THE INSTITUTE OF MARINE ENGINEERS GUILD 
OF BENEVOLENCE—Twelfth Annual General Meeting.
The T w e lfth  A nnual General M eeting o f the Institu te  o f M arine 

Engineers Guild o f Benevolence was held in the Institu te  L ib ra ry  on 
Tuesday, 30th A pril, 1946, a t 3 p.m. M r. Jam es C arnaghan, Chairm an 
o f the G eneral and E xecu tive  Com m ittees, was in the Chair, and 
there w ere p resent eleven m em bers and officers.

B efore  proceeding w ith the business on the agenda, the C hair­
m an read the follow ing le tter from  M r. H . A. J. Silley

130, Leadenhall S treet,
London, E.C.3.

D ear M r. C arnaghan,
I w rite  to ask your indulgence fo r th is afternoon. U nfortunate ly , 

I have a m eeting a t 3.30 w hich I cannot possibly put off, and this, 
I fear, precludes m e from  attend ing  the m eeting o f the Guild of 
Benevolence.

T he R eport m akes very  encouraging reading and it is good to see 
the funds of the Guild m ounting year by year. T here  is no doubt 
in my m ind that you have no t yet felt the heavy calls which will be 
made upon you, aris ing  ou t o f the late w ar.

P lease accept m y apologies fo r  my fa ilu re  to a ttend the m eeting 
this afternoon.

Believe me,
Y ours sincerely,

(Signed) H . A. J. S IL L E Y .
A le tter had also been received from  M r. A. H . Ledger expressing 

reg re t fo r  his unavoidable absence due to  ill-health.
The Chairman in his opening rem arks, said :—
"O n behalf o f  the G uild o f Benevolence I tender o u r sincere 

thanks to the  Institu te  o f M arine E ngineers fo r their continued sup­
port by affording us the efficient services o f their S ec retary  and his 
assistant, M rs. W atson. I f  it w'ere not fo r  their g ra tu itous services 
the expenses o f adm inistration  would be increased considerably beyond 
that o f  slightly  over 6 per cent., the g rea te r present expenses being 
m ainly fo r postage in d istribu ting  relief.

D u rin g  the past year the Com mittee have had several interesting 
cases b ro u g h t before  them. A m ongst these the follow ing m ay be 
m entioned :—

(a) A M em ber o f  the Institu te , whose w ife was seriously ill, 
was granted sufficient re lief to cover the hospital fees.

(b) A w idow to whom , ow ing to the lim itation o f the old age 
and supplem entary pensions regulations the C om m ittee were 
prevented from  giving reg u la r relief, w as given a g ran t to 
aid he r a f te r  an illness.

(c) T he orphan  son of a late M em ber o f  the Institu te, w hom  the 
Com m ittee has assisted during  his studies, has been placed 
on the w aiting  list o f  M essrs. Clarke, C hapm an’s W orks for 
en try  as an apprentice engineer upon term ination  o f his 
school career in Ju ly  next. T h e  Com m ittee has to thank M r. 
W . A. W oodeson fo r  this good office.

(d) T he son o f  a late  M em ber o f the Institu te is being assisted 
du ring  his education by a g ran t given to  his m other.

In o ther cases, w here children are  being assisted during  their 
education, very sa tisfac to ry  reports have been received regard ing  their 
progress.

I t  m ay be m entioned that, upon the term ination  of the w ar, the 
Com m ittee gave a special v ictory  g ran t to  each recipient o f  relief, 
including a  few deserving cases in w hich re lief had not been given 
owing to the restric tion  o f the supplem entary pensions authority . 
T hese g ran ts w ere additional to those given a t C hristm as time.

A t each Annual General M eeting we have pleaded w ith those 
M em bers o f  the Institu te  who have not yet become m em bers o f the 
Guild, and we again ask  them  to do so w ithou t fu r th e r  delay in o rder 
to  assist in the good w o rk  o f helping those in necessity.

M eanwhile, w hether m em bers o f  the Guild o r  o f the  Institute, 
should they become aw are  o f  any cases o f  distress affecting m em bers 
o r their dependents they should fo rw ard  particu lars to the  Secretary, 
when the  Com m ittee will endeavour to g ran t re lief” .

The Secretary then read the A nnual R eport (see page xxviii).

The Honorary Treasurer n ex t presented the official A u d ito rs’ R eport 
on the A nnual A ccounts (see page xxxi), and his own rep o rt thereon, 
as follow s :—

"T h e  audited accounts o f  the Guild o f Benevolence fo r the year 
ending 31st Decem ber, 1945, arc in your hands and I have pleasure

in reading the Certificate a ttached  to  the accounts as given by our 
official A uditors.

T h ere  a re  not m any fresh  points upon w hich I can m ake any 
comm ent. T he m ain th ing is that the  G uild is extending its u sefu lness 
and the total capital funds a t o u r  disposal a re  showing a  steady in ­
crease, a lthough one has frank ly  to  adm it th a t the increase in o u r 
Capital position du ring  the last year is m ainly, and in fact alm ost 
entirely, due to the generosity  o f  M r. H . A. J. Silley and M ajo r
B. L. Silley.

L ooking a t the B alance Sheet you w ill see the Capital A ccount 
is increased from  £24,687 6s. 6d. to £25,197 10s. 9d., an increase o f 
£510 4s. 3d.

T he John  H . Silley M em orial Fund  is increased  by £2,250 to  
£16,750.

T he balance on Incom e and E x p en d itu re  A ccount is also in­
creased by £430 5s. 5d. to  £4,514 7s. 2d.

On the A ssets side we have increased  o u r  investm ent o f 3 per 
cent. Local Loans by £250, the C apital F und  being increased by that 
am ount also to £13,971 9s. 5d. T h ere  is a  sm all difference of 
£ 3  19s. Od. in th is figure, w hich is accounted  fo r  by the price o f 
purchase.

Investm ents on account o f  the  John  H . Silley M em orial Fund 
show £1,965 4s. Od. against an actual increase on the o ther side o f 
£2,250. T his is explained by the fac t th a t the  difference, viz. 
£254 16s. Od. is a t the present m om ent in cash a t the B ank and is 
included in the item o f £351 4s. Id. T h is  will, o f  course, be invested 
shortly  as fu r th e r  am ounts a re  received.

T he freehold G round Rents rem ain  a t the sam e figures as fo r the 
previous year.

O u r investm ents under R evenue F u n d s also rem ain  exactly the 
sam e as last year.

T he cash a t B ank and in hand w hich represents the balance at 
the Bank on Revenue Account, as well as m onies invested in the 
P ost Office Savings B ank is h ieh e r bv £407 3s. 8d., bringing the total 
to £1.315 9s. 4d. as against £908 5s. 8d. last year.

In the final resu lt o u r capital assets stand a t £46,461 17s. l id .  
as com nared with £43.271 8s. 3d. last year.

I should like to point ou t in connection with the increase under 
the John H . Silley M em orial Fund o f £2.250, £1,500 o f this is re ­
presented by Income T ax  reclaim ed, £500 from  M r. B L. Silley and 
£250 from  M r. H . A. T. Silley. T he balance o f £750 from  M r.
H . A. J. Silley w as credited in the p revious year.

T u rn in g  to the Income and E x pend itu re  A ccount, it is disappoint­
ing to find th a t the annual subscrip tions a re  actually  reduced by 
£11 7s. l id .  T hey still only stand a t £380 10s. 0d.. w hich is really  
very small in com parison to w h a t it ought to be if  every  M em ber 
o f the In stitu te  became a subscriber to the Guild. T his is surely the 
ta rg e t to  be aim ed at but we seem to be m aking very  slow headw ay 
in th is direction.

W e have received ano ther contribution o f £250 from  the K ing  
G eorge’s F und  fo r  Sailors.

O u r income from  dividends is h igher by £155 13s. Id., the to ta l 
income from  dividends, Incom e T a x  recovered, B ank In te rest on 
D eposits and Rents being h igher by £222 11s. 9d.

D u rin g  the past y ear your Com m ittee have increased the scale o f 
relief to som e extent as well as in w ays a lready  indicated by the 
Chairm an. You will note w ith eratification  th a t the am ount d is tr i­
buted has been increased from  £1,367 6s. 3d. to  £1,595 14s. 6d. By 
doing so the balance o f income over expenditu re  is reduced  from  
£541 2s. lOd. to  £433 13s. l id .

W e cannot bu t feel g reat sa tisfaction  a t the financial position of 
the Guild as it stands to-day and in reflecting on th is v e ry  satisfac­
to ry  position to cast o u r m inds back and rem em ber o u r  P">st-President, 
M r. John H . Silley. fo r his w o rk  in inau g u ra tin g  the  Guild, and the 
very fine support w hich is still being given by his tw o  sons.

Mr. F. M. (ones (M em ber) in p roposing th e  adoption of the 
R eport and Accounts, said th a t it w ould be noted that o f  the 41 
applicants who received re lief du rin g  th e  past year, 15 were m em bers 
and 26 non-m em bers o f  the In stitu te  o r the  Guild. H e  emphasized 
the aspect th a t the Guild was o f assistance to  non-m em bers, w hich 
showed the wide scope o f its o p era tio n s; approxim ately  one h a lf  o f 
the am ount distributed  w as to people w ho w ere not connected with 
the Institu te . W ith  reg ard  to  the percentage o f m em bers o f  the
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In stitu te  w ho  w ere m em bers o f the Guild, he understood  th a t sim ilar 
conditions prevailed in kindred institutions, bu t he urged th a t neverthe­
less every  effort should be made to  increase the num ber o f m em bers 
fro m  th e  Institu te ’s Roll. F u rth e r, it w ould be a  very good th ing  
if  m ore  m em bers could be persuaded to  covenant th e ir subscriptions.

T h e  R eport ju s t  read by the H o n o ra ry  T re a su re r  spoke fo r 
itself, and he had m uch pleasure in p roposing th a t the  R eport and 
Financial S ta tem ent be adopted.

Mr. F. P. Bell (M em ber) endorsed the  previous speaker’s rem arks 
and had p leasure  in seconding his proposal.

Mr. T. A. Crompton (M em ber) com m ented on the fac t th a t both 
the H o n o ra ry  T re a su re r  and M r. Jones had em phasized the sm all 
proportion o f m em bers o f the In stitu te  included in the M em bership 
Roll o f the Guild. In th is connection he rem arked  th a t th is w as the 
first tim e th a t no donation had been m ade by the  Institu te  to  the 
Guild. H e  personally  regretted  th a t the In s titu te ’s nam e did not 
appear in the list o f donors, and he thought th a t the  m em bers gener­
ally w ould share  his feeling on th is point.

The  Honorary Treasurer said th a t M r. Crom pton had drawn atten­
tion to th is m a tte r on a previous occasion. H e  (the H o n o ra ry  
T re a su re r)  could assure  him  th a t i f  the Guild should be in the 
position to  requ ire  a  donation to m eet its expenditure , it w ould be 
forthcom ing. H e  suggested that the  main question to  which the 
C om m ittee should  devote attention a t the m om ent w as th a t o f in­
creasing the  M em bership.

Mr. Crompton replied th a t his suggestion w as not pu t fo rw ard  
on financial g rounds so m uch as from  the point o f  view  th a t there 
should be a t  least a  token donation fro m  the Institu te .

The  Honorary Treasurer said th a t th is m atte r would be given due 
a tten tion  by the Council.

T he adoption  o f the R eport and Financial S ta tem ent was then 
carried unanim ously.

Mr. C. Speck (M em ber), proposed the re-election o f M r. J. 
Carnaghan as C hairm an o f the General Com m ittee fo r the ensuing 
year. H e  re fe rred  to  th e  fact th a t fo r  the  past ten years since he 
took over the  office o f  C hairm an, M r. C arnaghan had regu larly  
attended the m eetings o f the  Com m ittee and had conducted the duties 
in a  highly sa tis fac to ry  m anner, and he (the speaker) did not th ink  
they  could do b e tte r than  to  ask M r. C arnaghan to  take office fo r 
ano ther year.

T his proposal was received w ith  acclam ation and was carried  
unanim ously.

Mr. Carnaghan thanked the m em bers fo r  this expression o f their 
approval and confidence, and said th a t he w ould be happy to  carry  
on fo r  an o th er year.

On the proposal o f  the  Chairman, the follow ing w ere elected to 
the  General Com m ittee fo r the ensuing year :

V ice -P re sid en ts : R. S. Kennedy, S. N . K ent and F. W . Youldon.
M em bers o f  C o u n c il: H . S. H u m p h rey s and H . J . W headon.
M em bers o f the Guild : T . A. C rom pton, W . Lynn Nelson and

G. Speck.

Mr. W .  A. Christianson (M em ber) said th a t he had m uch pleasure 
in proposing a vote o f  thanks to  the General and E xecutive Com ­
m ittees fo r  their w ork  du rin g  the past year. T o  the o rd inary  m em ­
bers like him self, it wras apparen t th a t a lot o f w ork  had been done, 
and they noted th a t the Com m ittees had held twelve m eetings a lto­
gether, w hich m eant a lot of time and th o u g h t on the p a rt of the 
Committee M em bers. H e  was quite  su re  that they  had done their 
job well, and speaking on behalf o f  the m em bers as a  whole, he felt 
th a t the affairs o f  the G uild w ere in good hands.

R eference had a lready been m ade to the  sm all num ber o f m em ­
bers o f  the Institu te  who w ere m em bers o f  the Guild. H e  agreed 
th a t som ething should be done to rem edy th is situation, n s t  only as 
regards the  num ber o f  m em bers, bu t also the  am ount o f th e ir sub­
scriptions.

H e  expressed special appreciation  o f the services o f  M r. 
C arnaghan, the C hairm an, M r. R obertson, the H o n o ra ry  T reasu re r, 
and M r. C urling, the  Secretary . H e  w as very  glad to  note th a t M r. 
Carnaghan w as going to  continue as C hairm an fo r ano th er year. 
H e  proposed th a t a  very  h earty  vote o f thanks be accorded to  the 
General and E xecutive  Com m ittees.

T h e  proposal w as carried  by acclam ation.
The Chairman, in reply, said :
“On behalf o f  the General and E xecutive  Com m ittees and the 

Officers o f the Guild, I th an k  M r. C hristianson fo r  his k ind rem arks. 
I  desire  personally  to thank  the H o n o ra ry  T rea su re r , the  Secretary , 
and his assistant, M rs. W atson, fo r the efficient m anner in w hich they 
have carried  ou t their duties.

I also tender m y thanks to  the  M em bers o f  the G eneral and 
Executive C om m ittees fo r th e ir loyal assistance du ring  the  regu lar 
m eetings o f the past y ear” .

T he m eeting then  term inated .
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Twelfth Annual Report of the General Committee.
A pplicants who received re lief from  the Guild in 1945 num bered 

41, the total am ount o f g ran ts being £1,565 14s. 6d., i.e. £217 Os. 3d. 
in excess o f  the to ta l am ount disbursed in 1944.

T he thanks o f the General Com m ittee a re  extended once m ore 
to the m em bers and donors who have subscribed to  the Guild funds 
during  the  year. F u rth e r  g ran ts from  K ing G eorge’s Fund a re  again 
acknowledged w ith  g ra te fu l appreciation.

T he Com m ittee also convey th e ir thanks to the L iverpool M arine 
Engineers’ and N aval A rch itects’ Guild, the M arine E ngineers’ A sso­
ciation Benevolent F und  and the Royal A lfred  Aged M erchant 
Seamen’s Institu tion , fo r  continuing to  share the burden o f g ran ts 
made to several recipients.

T he C om m ittee’s appreciative thanks a re  tendered to M r. J. 
Routledge, M r. W . A . W oodeson, and others, fo r the  valuable pe r­
sonal assistance they  have tendered in connection w ith  cases.

Meetings of Committees.
Since the date o f the preceding R eport th e  General Com m ittee 

has held five m eetings and the Executive Com m ittee seven meetings. 
U ntil the staff’s re tu rn  to the Institu te  prem ises in May, M r. J. 
C arnaghan (C hairm an) continued to attend personally  to the  o rd in ary  
business o f the Executive Com mittee, his decisions being confirmed

by the Com m ittee a t subsequent m ee tin g s ; th e  Com m ittee again 
record th e ir appreciation o f  M r. C arnaghan’s services.
Applications for Relief.

A  sum m ary  of the  cases dealt w ith  betw een 1st Ja n u a ry  and 
31st Decem ber, 1945, is given on page 6. In  34 o f th e  cases relief 
was continued from  the preceding year.

Membership.
14 L ife  M em bers and 43 Subscrib ing M em bers have been elected 

during  the year. A llow ing fo r  losses by death and resignation, the 
total m em bership a t the date o f th is rep o rt is 205 L ife  M em bers 
and 457 Subscribing M em bers. O f the la tte r  201 have covenanted 
to  continue th e ir subscriptions fo r seven years, thus affording a con­
siderable addition to the Guild’s income.

The John Silley Memorial Fund.
This fund continues to  increase due to  th e  generosity  o f 

M r. H . A. J . Silley and M ajo r B. L . Silley, to  w hom  the Com mittee 
tender g ra te fu l thanks.

J a m e s  C a r n a g h a n ,
C hairm an o f  the General C om m ittee.

B. C. C u r l in g , Secretary .
26th M arch, 1946.

LIST OF DONORS TO  
TH E INSTITUTE OF MARINE ENGINEERS GUILD OF BENEVOLENCE. 

From  th e  date of foundation  2nd  A ugust, 1934 to  the  31st D ecem ber, 1944.
£ s. d.

Abell, S ir  W estco tt S., K .B .E . .......................................... 5 ft 0
A chille  S e rre  (E m "1 >ypes) ....................................................... 4 0 0
A dam s, George (Legacy) ...................................................... 100 0 0
A dam s, George (T rustees) ....................................................... 12 10 0
A itken-Q uack, E . .................................................................... 5 5 0
A iton & Co., L td . ................................................................... 10 10 0
A km an, O. M. (2 d o n a t i o n s ) ....................................................... 2 6 0
A lfa-L aval Co., L td ............................................................................. 5 5 0
Allen, W . H ., Sons & Co., L td. (2 donations) ................ 126 0 0
A lton, W . A. (2 donations) ....................................................... 7 7 0
A nglo-Saxon P etro leum  Co., L td ................................................ 1,000 0 0
Anonym ous (10 donations) ....................................................... 65 0 0
Anonym ous ................  ... .......................................... 8 6
Anonym ous (5 donations) .............................  ................ 1 18 0
A nonym ous (2 donations) ....................................................... 8 0 0
A nonym ous (2 donations) ....................................................... 1 11 0
Anonym ous (2 donations) ....................................................... 17 0
A nonym ous ................................................................................. 1 1 0
A nonym ous (2 donations) ....................................................... 2 2 0
A nonym ous ................................................................................. 1 10 0
Aston, J . H erb ert, J .P ........................................................................ 1 1 0
A ustra lian  In stitu te  o f  M arine and Pow er E ngineers ... 1 11 6
A uto-K lean S tra iners, L td ............................................................... 10 10 0
Babcock & W ilcox. L td. .. .......................................... 105 0 0
B arr, H . (5 d o n a tio n s ) .................................................................... 2 0 6
Beldam, C. A .......................................................................................... 105 0 0
Bennet, J. ................................................................................. 5 0
Blundells & T . A lbert C rom pton & Co., L td. (4 donations) 42 0 0
Booty, M. J. (7 donations) ....................................................... 3 13 6
Bridges, F. W . (Legacy) ....................................................... 100 0 0
M.v. “Brisbane S ta r” (Captain and Officers’ Fund) . 1 1 0
B ritish  Ind ia  Steam  N avigation Co., L td ................................... 750 0 0
B ritish  Pow er B oat Co., L td .......................................................... 1 1 0
B ritish  Thom son-H ouston Co., Ltd. ... ... ................ 25 0 0
Brown, A . & R., L td . (4 d o n a tio n s ) .......................................... 21 0 0
B row n Bros. & Co., L td ................................................................ 52 10 0
Brown, F. T .......................................................................................... 8 6
Brown, G. J. ................................................................................. 10 6
Bruce, D. (2 d o n a tio n s ) .................................................................... 6 1 0
Bruce, J. W . (2 donations) ....................................................... 1 1 0
Buckton, W . W . (Legacy) ....................................................... 25 0 0
B urrage, E. E. (2 d o n a t io n s ) ....................................................... 1 8 6

£  s. d.
B urrow , N. ... ................
B utler, E. F ..............................................................................
Button, W . A .......................  ... ................
Calderwood, J., M .Sc. (2 d o n a t io n s ) .............................
Cammell, L aird  & Co., L td ................................................
Campbell, A. K . M . (3 donations) .............................
C arnaghan, J . T ., B .Sc...........................................................
C arter, H . D .............................................................................
C hesterfield T ube Co., L td. ... ................
C hristensen, S. G. (7 donations) .............................
Christianson, W . A . (2 donations) .............................
C lark, A. W ...............................................................................
Clarke, Chapm an & Co., L td ..............................................
Clegg, A .......................................................................................
Cleveland, E . G........................................................................
Coffyn, C aptain T . ........................................................
Cole, T . E. (2 donations) ...........................................
Colinese, S. G. (6 d o n a t io n s ) ...........................................
Collacott, R. A., F ligh t L t., B.Sc., Ph .D ., R .A .F .

donations) ....................................................................
Collings, J. W ...........................................................................
Cookson, F . R. C. (6 donations) .............................
C orr, D. J . ....................................................................
Cottrell, A. B ............................................................................
Cowan, C. J . ....................................................................
Craigm yle, R t. H on. L ord  ..........................................
C rane Packing, L td .................................................................
C unard  W hite  S ta r, L td . (12 donations)
D arw ins, L td .............................................................................
Davey, P ax m an  & Co., L td . (2 donations) ...
Davidson, M ajo r General A. E., C.B., D .S.O .
Davies, F . S .............................................................................
Delves, J. V ...............................................................................
Denny, S ir M aurice E.. Bt., C.B.E., S .B ....................
Denny, W m . & Bros., L td ..................................................
D ew ar, J . M ..............................................................................
D ew rance & Co., L td .............................................................
Dodds, T . (4 d o n a tio n s) .......................................................
Dorey, S. F„  C.B.E., D.Sc., W h .E x ................................
D rossi, H . H . R .......................................................................
D rum m ond, R. M.
Drysdale & Co., L td ........................  . .. ................

10 6
10 6

4 2 0 
105 0 0

1 5 6
2 2 0 
2 0 0

105 0 0
5 16 0 
2 2 0

10 6
500 0 0

1 1 0
2 0

5 5 0 
9 0

6 16 0

5 5 0
1 0 0
3 11 0
1 0 0

10 0 0
100 0 0
105 0 0

10 10 0
233 0 0

10 10 0
21 0 0

2 0 0
3 3 0
3 3 0

100 0 0
50 0 0
2 2 0

26 5 0
1 15 6 

10 0 0
2 2 0 

13 0
105 0 0
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£ s. d. £ s. d.
H .T . “ D u n era” .................................................................... 5 s 0 M ellor, W . H . (7 donations) .......................................... 7 7 0
D unster, W . (per F. W . Youldoti) ............................. 5 0 0 M iddleton, J . D. (3 d o n a tio n s ) .......................................... I 11 6
E ag le  Oil & Shipping Co., L td ....................................... ... 105 0 0 M iddleton, W . J ....................................................................... I 1 0
E as t, A . S. .................................................................... 1 1 0 Mitchell, J . ... ................  ............................. 7 6
E lle rm an  & Bucknall Steam ship Co., L td .................... 3 10 0 M ountstuart D ry  Docks, L td ............................................. 100 0 0
E nglish  E lectric Co., L td .................................................... ... 105 0 0 M um ford , N . (4 donations) .......................................... 13 8 0
Evans, A. F ............................................................................... 3 3 0 M urray , A . .................................................................... 6 0
Fairfield Shipbuilding & Engineering  Co., L td. ... ... 105 0 0 M urray , Jo h n  & P ilo t P ress , L td ................................... 25 0 0
Farm er, J. D., O .B .E . (2 d o n a t io n s ) ............................. 8 0 0 M acdonald, T ............................................................................ 5 5 0
Federal Steam  N avigation  Co., L td ................................. ... 500 0 0 M cIntosh, G. .................................................................... 10 0
F erring  Local Savings Group (3% Defence Bonds) 15 0 0 McKie, H ..................................................................................... 1 1 0
Firth, T ., and J. B row n, L td ............................................. ... 21 0 0 M cK inlay, R. D. M .............................................................. 2 2 0
Flem ing, S. W . C. (3 donations) ............................. 1 18 0 M cLean, H . (5 donations) .......................................... 6 18 0
Folland A irc ra f t , L td ............................................................ ... 10 10 0 N aylor, H . (5 donations) .......................................... 2 2 6
F oste r W heeler, L td ............................................................. ... 10 10 0 Nelson, W . Lynn, O .B .E. .......................................... 25 0 0
Funnell, A . J. (3 donations) .......................................... 1 11 6 N ew  Zealand S team  Ship Co., L td ................................. 500 0 0
Furness, W ith y  & Co., L td ............................................. ... 1,000 0 0 Nicholl, Com ’r. S ir Edw ard , K .B .E ., R .N .R . 105 0 0
Galloway, J . H . (3 d o n a tio n s ) .......................................... 1 11 6 N o rth  E aste rn  M arine E ngineering Co., Ltd. 100 0 0
General E lectric  Co., L td ................................................... ... 21 0 0 O rien t Line, L td ....................................................................... 500 0 0
George, W . R ........................................................................... 10 6 O rm iston, G. .................................................................... 5 5 0
G erard , A. J ............................................................................. 3 8 Oswald, J . H ............................................................................. 1 0 0
Gibson, A . T ............................................................................. 8 6 Owen,' G. H . L .......................................................................... 1 1 0
G ordon-L uhrs, Lt.-Col. H ., C.M.G. (3 donations) ... 5 4 0 P ain ter, R. E . .................................................................... 8 2
G orringe, H . M ........................................................................ 1 1 0 P a rk e r, A . H ............................................................................. 3 0 0
Gough, R. H . (2 donations) .......................................... 2 2 0 Park in , F ..................................................................................... 10 6
Graham , W . .................................................................... 18 0 P arsons M arine Steam  T urb ine Co., L td .................... 100 0 0
Green, R. H . .................................................................... 100 0 0 Paxm an, E . P ., M .A. (A nnual) ............................. 2 2 0
Green, R. H . & Silley W eir, L td ................................... ... 500 0 0 H .N .P ............................................................................................ 1 1 0
Gregg, A. E . C ......................................................................... 12 2 P. & O. S .N . Co., L td ........................................................... 750 0 0
Gregson, M a jo r  W ., M .Sc................................................. ... 10 10 0 Petree , J . F o s t e r .................................................................... 10 10 0
Guerin, W . R ............................................................................ 10 6 P ette rs, L td. .................................................................... 21 0 0
G ullett, T . E. (3 donations) .......................................... ... 12 0 0 P i p .............................................................................................. 1 3 0
H all, J . & E., L td . (4 donations) ............................. ... 200 0 0 Pirie , H . L ................................................................................. 2 2 0
H annam , J. R ........................................................................... 1 2 6 Poli (C artoonist a t the C onversazione) ................ 2 0 0
H arlan d  & W olff, L td ............................................................ ... 250 0 0 Pollock, Jam es, Sons & Co., L td . (2 donations) ... 10 10 0
H arrin g to n , W . A. (5 donations) ............................. 2 12 6 Porn , M ........................................................................................ 10 10 0
H arrison , F . J ............................................................................ 5 5 0 Preece, Eng. V ice A dm iral S ir  George, K .C .B . (2 donations 6 6 0
H art, N . .................................................................... 1 I 0 Preece, S. G ............................................................................... 10 10 0
Hastie, J. & Co., L td ........................................................... ... 105 0 0 Prentice, C. (4 donations) .......................................... 3 12 6
H aw thorn , R. & W ., Leslie & Co., L td .................... ... 250 0 0 P reston , J. J. (2 donations) .......................................... 5 6 2
Heenan & Froude, L td .......................................................... ... 10 10 0 Q uarrell, A . P . (3 d o n a t i o n s ) .......................................... 2 19 0
H erio t, J. C. .................................................................... 19 0 Q uin, P ark , F lem ing Benevolent Com m ittee 4 0 0
H iggs, H . A ............................................................................. 16 0 Raim es, G. W . B. (4 donations) ............................. 1 10 0
Hom ew ood, M iss B. E . .......................................... "! 2 2 0 Ram say, J . W . (3 d o n a t i o n s ) .......................................... 8 11 6
H ood, J . E . V ........................................................................ 10 0 Reavell & Co., L td ................................................................. 25 0 0
H opes, T ...................................................................................... 8 6 Rebbeck, S ir  F. E ,  D .L., J .P ............................................. 25 0 0
Hopewell, G. H . (2 d o n a tio n s ) .......................................... 21 0 0 Reed, G. H ................................................................................ 10 6
Houston, W . C .......................................................................... 5 0 0 Reid, F . H., B.Sc., W h.E x. ... ... ................ 10 6
How den, Jam es & Co., L td ................................................ ... 21 0 0 Richm ond, S ir J . R., K .B .E ............................................... 1,000 0 0
H unter, M rs. R. A. ....................................................... 1 1 0 Riddell, A. M ........................................................................... 10 10 0
Hutchinson, G. H . M ............................................................. 10 0 Risoe, A . ... ..........................................  ................ 6 0
H utchinson, G. R. (4 donations) ............................. !!! 102 2 6 R itchie, F . G. (2 donations) .......................................... 10 10 6
H utchison, M ............................................................................. 5 0 R oberts, W . H .......................................................................... 1 1 0
I.C .I. M etals, L td. ....................................................... "! 10 10 0 Robertson, A. (A n n u a l) ....................................................... 5 5 0
I.C .I. M etals, L td., B irm ingham  (Employees) ... 50 0 0 Robinson, E. F. B. (3 donations) 1 11 0
Im rie, W ...................................................................................... i 0 0 Robinson, J . ..................................................................... 5 0 0
Inchcape, Rt. H on. E a r l  o f .......................................... ... 1,000 0 0 Rooks, G....................................................................................... 1 1 0
Institute  of M arine E ngineers (10 donations) ... 1,424 9 6 Roux, A. E. 6 10
Jackson, D. H . ... ....................................................... 10 6 Royal M ail Lines, L td ............................................................ 105 0 0
Jones, F. M., B.Sc. ....................................................... !"  i 1 0 R ubery, O w en & M essier, L td. ............................. 10 10 0
Jordan, H . J . .............................  ............................. 5 2 R uston & H ornsby, L td. (2 donations) ................ 42 0 0
Kincaid, J. G. & Co., L td .................................................... !'.! 105 0 0 Ryland, E . T .............................................................................. 1 1 0
K ing George’s Fund fo r Sailo rs (6 donations) ... 1,000 0 0 Scott, H . .................................................................... 10 6
K irkaldy, W . H . (4 donations) ............................. 14 6 S co tt’s Shipbuilding and E ngineering  Co., L td. ... 105 0 0
K irkbrigh t, G............................................................................ i 0 0 Sellex, J. E. .................................................................... 10 0
K linger, R ichard, L td ........................................................... ... 21 0 0 Serck  R adiators, L td ............................................................. 26 5 0
K uske, Z. (3 d o n a tio n s)....................................................... 3 18 0 Shaw, Savill & A lbion Co., L td ....................................... 525 0 0
L ang, L. ....................................................................
L ang, W . V ................................................................................

1 4 6 Shipm aster .................................................................... 1 0 0
2 2 0 Silley, John  H ., O .B .E ........................................................... 500 0 0

L aurence S co tt and E lectrom otors, L td ...................... ... 21 0 0 Sim pson, M ajo r P . A. M., R .E . (4 donations) 7 15 6
Lees, T . R. ... ....................................................... 3 3 0 Sinclair, F . T ............................................................................ 10 6
Leslie, R ...................................................................................... 1 11 6 Skinner, D. B. (3 d o n a t i o n s ) .......................................... 2 12 6
Lloyd’s R eg is te r o f Shipping (3 d o n a tio n s ) ................ ... 78 15 0 Snell, J. (4 d o n a t i o n s ) ....................................................... 2 4 9
Logan, A ...................................................................................... 10 6 Soanes, E. G. (2 donations) .......................................... 6 5 6
Longm uir, T . W . (6 donations) ............................. ” ! 6 5 0 Som ers, W alter, L td .............................................................. 52 10 0
Lovatt, G. H . V ....................................................................... 7 6 Soulsby, S ir  L. T . G............................................................. 5 0 0
Luckly, S. F ............................................................................... " !  5 0 0 Spanner, E. F., R .C .N .C .(re t.) .......................................... 10 0 0
Manganese Bronze and B rass Co., L td ...................... . .. 52 10 0 Spanner, W . F., R .C .N .C . .......................................... 1 0 0
M ather, A . H ............................................................................. ... 10 6 Speirs, H . J. ( L e g a c y ) ....................................................... 450 0 0
M ather & P la tt, L td ............................................................. . .. 10 10 0 Stein, J. & Co., L td ................................................................. 21 0 0

XXIX



£ s. d. £ s. d.
Step, A . G. ............................. ... 1 6 4 W ard , J ........................................................................................ 1 1 0
Stephen, A lexander & Sons, L td . 50 0 0 W atson, G. O ............................................................................ 2 2 0
Stephenson, B .................................... 10 10 0 W atts , Fincham , L td. (3 d o n a tio n s ) ............................. 6 6 0
Stone, J. & Co., L td ......................... 25 0 0 W eir, A ndrew  & Co., L td .................................................... .. 1,000 0 0
Sulzer Bros. (London), Ltd. 10 10 0 W eir, G. & J., L td .......................................................................... .. 1,000 0 0
S uperheater Co., L td . (6 donations) 52 10 0 W eir, Jam es (T ru st Fund) .................................................... ..2 ,000 0 0
Sw anbrow , C. J . (2 donations) 2 2 0 W eir, R t. H on. Viscount, o f Eastw ood, P.C., G.C.B., D .L. 1,000 0 0
Sw ansea M em bers ................ 5 5 0 W eir, J . G., C.M.G., C .B .E ................................................ .. 1,000 0 0
T ait, W . A. (9 donations) 5 17 0 W hite, J. Sam uel & Co., L td .............................................. .. 25 0 0
Thom as, J. K. (8 donations) ... 3 18 0 W hitehall Technical P ress  .......................................... .. 21 0 0
Thom pson, John  (W olverham pton), L td ................................... 21 0 0 W ight, R. B. (5 donations) .................................................... 2 10 0
T hornycroft, John  I. & Co., L td. 21 0 0 W illiam s, M rs. B. ........................................................ 2 2 0
Tim pson, A. F. C., M .B.E. ... 1 1 0 W ilson, G. M. (Bequest) ..................................................... .. 200 0 0
T rain , J . T . (2 donations) 1 10 0 W iltsh ire, E. F .................................................................................... 3 12 0
T renchard, L. D. (2 donations) 2 1 0 W ood, F. (2 d o n a tio n s ) .................................................................. 2 2 0
Tube Investm ents, L td. 25 0 0 W ren, C. W . L im pricht (2 donations) ........................... 2 2 0
Turnbull, F. (3 donations) 1 13 0 Y arrow  & Co., L td. ... _ .................................................... 52 10 0
T yrrell, H . R„ M ajor, I.A .O .C. (2 donations) 7 2 0 Y orkshire Copper W orks, L td . ....................................... .. 26 5 0
V ickers-A rm strongs, L td . 250 0 0 Youldon, E . ............................................................................... 10 0
W ailes Dove B itum astic, L td. ... 26 5 0 Youldon, F . W . (collecting box—5 donations) ”  4 10 0
W allace, W . E . G. (3 donations) 19 6 Young, J . (3 d o n a tio n s ) .................................................................. 3 3 0
W allis, R. Pendennis, Ph.D ., M.Sc., W h.E x . (2 donations) 2 2 0 Young, R ............................................................................................... 2 6
W allsend Slipw ay and Engineering  Co., L td ....................... 105 0 0

D onations from  1st Jan u ary  to  31st D ecem ber, 1945.
£  s. d. £ s. d.

M rs. R. H u n te r  (2nd donation) .......................................... 1 1 0 W . C. Grootenhuis ......................................................................... 1 1 0
J . Snell (5th donation) ....................................................... 12 6 E. F . B utler (2nd donation) ........................................................ 12 0
P . E w i n g .............................................................................................. 10 6 J . J . P reston  (3rd d o n a t i o n ) ....................................................... 7 2
L. D. T ren ch ard  (3rd donation) .......................................... 1 1 0 A . H . L edger ... . ..  ........................................................ 2 2 0
H . D. C arte r (2nd d o n a t i o n ) ....................................................... 2 12 0 G. H . L. O w en (2nd donation) .......................................... 1 1 0
M ajo r P . A. M. Sim pson, R .E . (5th donation) ................ 1 0 0 J. W . A . Jack  ... ..................................................................... 10 0
W . M ellor (Covenanted) ....................................................... 1 1 0 Anonym ous (6th donation) ........................................................ 13 0
P . J. M arshall ................................................................................. 5 0 M ajo r H . R. T yrre ll (3rd d o n a tio n ) .......................................... 4 10 0
A. N. P la tfo rd  ................................................................................. 1 1 0 P. Ew ing (2nd donation) ....................................................... 20 0 0
F. T urnbull (4th donation) ....................................................... 10 0 Sulzer B ros. (London), L td. (2nd donation) ................ 10 10 0
R. Pendennis W allis, Ph.D ., M .Sc., W h.E x . (3rd  donation) 1 1 0 Lt.-Col. H . G ordon-L uhrs, C.M.G. (4th donation) 2 2 0
J. W . B ruce (3rd donation) ....................................................... 10 6 A nonym ous .................................................................................. 3 0 0
J. K. T hom as (9th d o n a t i o n ) ....................................................... 10 0 A. R obertson (Covenanted) ....................................................... 5 5 0
J. E . V. Hood (2nd d o n a t i o n ) ....................................................... 13' 0 M ajor-G en. A . E. Davidson, C.B., D .S.O . (2nd donation) 2 0 0
W . A . T a it (10th donation) ....................................................... 10 0 C unard  W hite  S ta r  (13th d o n a t i o n ) .......................................... 20 0 0
S. W . C. F lem ing (4th donation) .......................................... 7 6 H . Y. M osey ................................................................................. 1 5 0
A. J. C ant ................................................................................. 10 6 A nnal’s T ru s t .................................................................................. 2 2 0
L. L ang (2nd d o n a t io n ) .................................................................... 7 6 T . Dodds (5th d o n a tio n ) .................................................................. 10 0
F. W ood (3rd donation) ....................................................... 1 1 0 W . E. G. W allace (4th donation) ..........................................

1
8 0

F. R. C. Cookson (7th donation) .......................................... 10 6 C. J . Sw anbrow  (3rd donation) .......................................... 1 0
J. C. W alker 10 6 J. J. P reston  (4th d o n a t i o n ) ........................................................ 1 1 0
R. H . Gough (3rd d o n a t i o n ) ....................................................... 1 1 0 Anonym ous .................................................................... 18 4
W . R. G uerin (2nd d o n a t i o n ) ....................................................... 10 6 D. B. Skinner (4th d o n a t i o n ) ........................................................

10
10 6

J. E llson .............................................................................................. 1 1 0 Superheater Com pany (7th donation) ............................. 10 0
R. S. K ennedy  ................................................................................. 1 1 0 Davey, P axm an  & Co., L td. (C o v e n an ted ) ............................. 10 10 0
G. R. H utch inson  (4th donation) .......................................... 15 0 W . A. A lton  (4th donation) ....................................................... 2 2 0
R. S. B la c k le d g e ................................................................................ 12 0 D. H . K ing ................................................................................. 10 10 0
J. D. B lack ................................................................................. 10 6 A. Cross ................ 2 10 0
J. D enny ................................................................................. 1 12 6 A. J. Paszyc (2nd donation) ....................................................... 18 5
A. P aszyc ................................................................................. 1 10 0 E. F. B. Robinson (4th donation) .......................................... 10 0
W . A. A lton  (3rd  donation) ....................................................... 2 2 0 G. H . H opewell (3rd donation) .......................................... 10 0 0
F. W . Y ouldon’s Collecting B ox  (6th d o n a t i o n ) ................ 1 13 0 B. R ogers ................................................................................. 2 10 0
A. G. S tep  (2nd donation) ....................................................... 8 0 Anonym ous (11th donation) ....................................................... 10 0 0
T . E . G ullett (4th d o n a t i o n ) ....................................................... 4 0 0 A nonym ous (2nd donation) ....................................................... 7 10 0
E . E. B urrage  (3rd d o n a t i o n ) ....................................................... 1 1 0 C unard W hite S ta r (14th d o n a t i o n ) .......................................... 20 0 0
J. H e rb ert A ston, J .P . (2nd donation) ............................. 1 1 0 A. E . C. G regg (2nd donation) .......................................... 2 0 It
T . H indm arch ................................................................................. 10 10 0 W . J. S. Glass ................................................................................. 1 5 6
R. B. W ig h t (6th donation) ....................................................... 10 0 O. M. A km an (3rd d o n a t i o n ) ....................................................... 1 5 0
A. P . Q uarrell (4th donation) .......................................... 1 1 0 S G. Christensen (8th donation) .......................................... 17 6
R. D. M. M cK inlay (2nd donation) ................  ................ 2 2 0 King G eorge’s Fund fo r Sailo rs (M ain Fund) ................

K ing G eorge’s Fund fo r  Sailo rs (Sea Services Sunday)
200 0 0

M r. and M rs. W . F. S p a n n e r ....................................................... 2 10 0 50 0 0
W atts, Fincham , L td. (4th donation) ............................. 2 2 0

D onations received from 1st January , 1946 to  27 th  M arch , 1946.

F. W ood (4th donation)................
W . A. T a it (11th donation) ...
W . M ellor (Covenanted)
J. K . T hom as (10th donation)
L. W ood ..........................................
E. B urrag e  (4th donation)
J. E llson (2nd donation)
M ajo r P . A . M. Sim pson, R .E. (6th donation)

£ s. d. £ s. d.
1 1 0 J . W . B ruce (4th donation) ....................................................... 10 6

10 0 E . F. B utler (3rd donation) ....................................................... 8 0
1 1 0 A. M a r t i n .............................................................................................. 1 0 0

10 0 H . D. C arte r (2nd d o n a t i o n ) ....................................................... 1 18 0
1 1 0 A. N . P la tfo rd  (2nd donation) .......................................... 1 1 0
1 1 0 R. Pendennis W allis, Ph.D ., M.Sc., W h .E x . (4th donation) 1 1 0
1 1 0 M rs. R. H u n te r (3rd donation) .......................................... 1 1 0
1 0 0 J. Snell (6th d o n a t i o n ) .................................................................... 12 6

xxx



T H E  IN S T IT U T E  OF MARINE ENGINEERS G UILD  OF BENEVOLENCE.

l i a b i l i t i e s .
Capital Account

Balance a t 31st D ecem ber, 1944 ................
Add:

L ife  M em bership Subscriptions 
Donations to C a p i t a l .............................

The John Silley Memorial Fund
Capital Fund ..........................................

Income and Expenditure Account
Balance a t 31st Decem ber, 1944 ................
A dd  Excess of Incom e over E xpendi­

tu re  fo r the y ear .............................

Subscriptions received in advance 
Creditor .................

Balance Sheet, 31st
£  s. d. £  s. d.

24,687 6 6

169 10 0 
340 14 3

-2 5 ,197  10 9 

16 ,750  0 0

4,061 11 9

433 13 11

4,495 5 8
13 16 6

5 S 0
4 ,514  7 2

December, 1945.
A SSE T S.

C a p i t a l  F u n d s .

Free Investm ents
A s valued 2nd A ugust, 1934 :—

£1,937 L ondon M idland & Scottish  
R ailw ay 4% P reference  S tock ... 

£500 N ew  S o u th  W ales 4% Stock
1942/62 ..........................................

£250 31% W a r  L oan .............................
A t C ost L ess  Sales :—

£7,100 3i%  C onversion Loan, 1961 
£1,779 0s. l id .  3% Local Loans 
£1,417 12s. 3d. 3% Savings Bonds,

1960/70 ..........................................
£985 3% N ational Defence Bonds

(M arket value 31st Decem ber,
1945, £13,949).

Investm ents held for account of the John 
Silley Memorial Fund
£3,770 4s. lOd. 2i%  Consolidated S tock... 
£9,000 3% Savings Bonds, 1960/70 
£4,645 5s. lOd. 3% Local Loans

1,515 14 0

505 12 6 
259 16 3

7,585 12 10 
1,696 15 6

1,422 18 4 
985 0 0

3.000 0 0
9.000 0 0 
4,465 4 0

-13 ,971  9 5

1 6 ,465  4 0
flVf a  r k p f  vall i** 3 1 s t  O p f p m h p r





F. R . C. Cookson (8th donation)
D. G. W ebster .............................
A. P. Q uarrel! (Sth donation)
G. R. H utchinson (Sth donation) 
R. H. Gough (4th donation)
A. J. Cant (2nd donation)
W . C. Houston (2nd donation) 
W . R. Guerin (3rd  donation) ...

JB s. d.
10 6
18 0

1 8 0
1 1 0
1 1 0

10 6
3 0 0

10 6

J. D. Black (2nd donation) .............................
E. F. Spanner, R .C .N .C .(ret.) (2nd donation)
W . K err ................  ................
T . E. G ullett (Sth donation) ...
Anonym ous (7th donation)
G. E. A rundel .............................
R. D. M. M cK inlay  (3rd donation)

£  s. d.
18 0

S 0 0
10 6

3 3 0
13 0
10 6 

2 2 0

PARTICULARS OF THE CASES ASSISTED BY THE GUILD, 
from 1st January to  31st December, 1945.

Case A m o u n t o f Case A m o u n t o f
N o. A ge. Qualification. R e lie f Granted. N o. A ge. Qualification. R e lie f Granted.

1 67 W idow  of fo rm er M em ber of T he 104 80 M arine E ngineer ................ 1 6 0
Institu te  ............................. 67 0 0 (C hristm as g ran t on y)

3 78 M em ber o f  T h e  In stitu te  ... 144 0 0 106 16 Son o f fo rm er M em ber o f  T he Institu te 28 0 0
6 64 D aughter o f  M arine Engineer 35 10 0 107 59 W idow  of M arine E ngineer 34 10 0
8

19
65
89

W idow of M arine Engineer 
W idow  of M arine  E ngineer

38 8 
34 10

0
0

109
114
120

63
72
56

W idow  o f M arine E ngineer
M arine E ngineer ................
M arine E ngineer ................

20
30
34

5
6 

10

0
0
0

20 80 M arine E ngineer ................ 28 0 0 122 59 W idow  o f M arine Engineer 34 10 0
44 67 W idow o f  M arine E ngineer 21 10 0 123 45 W idow  o f  fo rm er M em ber of The
47 65 W idow  o f M arine  Engineer 28 0 0 In stitu te  ............................. 83 6 0
51 66 W idow  o f  fo rm er M em ber of T he 125 48 M em ber o f  T he In stitu te  ... 55 15 0

Institu te  ............................. 21 10 0 126 55 W idow  o f fo rm er M em ber of The
53 68 W idow  o f M arine E ngineer 21 10 0 In stitu te  ............................. 59 4 0
58 68 W idow  o f M arine  E ngineer 23 0 0 127 56 W idow  o f fo rm er M em ber o f T he
72 66 W idow  o f M arine E ngineer 1 0 0 In stitu te  ............................. 65 0 0

(C hristm as g ran t only) 128 74 W idow  of M arine  E ngineer 34 10 0
76 66 W idow  o f M arine E ngineer 11 0 0 130 18 D au g h ter o f M arine Engineer 52 0 0
80 66 S iste r o f fo rm er M em ber of T he 131 52 W idow  o f M arine E ngineer 34 10 0

Institu te  ............................. 54 0 0 133 66 & 56 D augh ters o f  fo rm er M em ber u f T he
85 72 W idow  of M arine  Engineer 16 0 0 Institu te  ............................. 120 S 0
88 80 M em ber o f T h e  Institu te  ... 12 8 0 134 76 W idow  o f  fo rm er M em ber of T he
96 70 W idow  o f  fo rm er M em ber of The In stitu te  and Guild o f Benevolence ... 22 10 0

In stitu te  ............................. 54 0 0 135 49 W idow  o f M arine Engineer 28 s 0
97 74 W idow  o f M arine  Engineer 31 10 0 136 64 M em ber o f the  Institu te  ... 31 10 0
98 78 M arine E ngineer ................ 15 0 0 137 38 W idow  o f fo rm er M em ber T he
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Synopsis.
T h e  resistance experienced by a ship arises fro m  a num ber o f  

different sources— sk in  fr ic tio n  due to the m otion  o f  the hu ll surface  
through the zvater, w ave m aking brought about by the variations 
in pressure around the m oving  vessel, eddying behind bossings and 
other appendages, and the resistance o f  the  upper structure  m oving  
through the air. T he  best fo rm  to adopt fo r  a particular design 
o f  ship depends upon the interplay o f  all these elem ents, and the 
study  o f  the fundam enta ls o f  ship fo r m  m u s t eviden tly  begin w ith  
a consideration o f  those o f  ship resistance. O ur present know ledge  
o f  th is latter sub ject is therefore  first review ed, and then applied to 
the problem  o f  ship fo rm . T h e  m ost efficient shape o f  hull varies 
w idely w ith  the dim ensions, proportions and speed o f  the ship, 
the em phasis sh iftin g  fro m  sk in  friction  to w ave m aking resistance 
zvith varying  conditions, and th is change is  traced throughou t the  
speed range fro m  slow , fu ll  cargo ships to destroyers. N o  a ttem pt 
has been made to g ive  detailed guidance on the design o f  lines, but 
only the broad principles have been dealt w ith , and it  is  show n how  
they lead to types o f  lines fo r  d ifferen t c ra ft w hich  have in general 
been derived originally fr o m  long experim ent, both w ith  m odels and  
fu ll-scale ships.

Introduction.
W hen I was asked to p repare  th is paper fo r  p resen ta tion  to 

your Institute, I accepted the invita tion  w ith a full appreciation 
of the difficulty o f giving anything approach ing  a com plete account 
of such a large sub ject w ithin the com pass o f a  single paper.

T h e  choice o f shape fo r  a  ship’s hull depends upon the various 
elements w hich m ake up the  to ta l resistance experienced by the ship 
when she m oves th ro u g h  the w ater, and th e ir  relative im portance in 
the p a rticu la r design in  question. O u r survey, th erefo re , m ust 
evidently begin by  an  exam ination  o f  the  fundam entals o f ship 
resistance.

In  addressing  the In stitu te  o f M arine Engineers, I  have tried  
to  rem em ber the  fac t th a t m any o f its m em bers, particu la rly  the 
younger ones, have not had  the  tim e o r the  opportun ity  to  delve 
very  deeply into naval a rch itecture . W ith  th is in mind, and fortified 
by the expressed w ishes o f several m em bers, and by the  title  chosen 
by your Council, I have trea ted  the sub ject “ fundam entally”, 
assum ing no previous know ledge o f ship resistance. In  doing so,
I m u st ask  the indulgence o f those w ho are  fam ilia r w ith the 
subject, and hope th a t they m ay find a  few  points o f  in terest new 
to  th e ir  experience.

I have, indeed, been asked w hy a m arine engineer should wish 
to  have a know ledge of ship form . A dm ittedly , the  design o f the 
fo rm  and the  lines do no t norm ally  fa ll w ith in  his province, yet he 
w orks in v erv  close contact w ith the  naval a rch itect during: both the 
designing and build ing of a  ship, and such co-operation  is likely to  be 
m ade both closer and sm oother if  both parties have an  understand ing  
o f a t least the  fundam entals o f each o th ers’ problem s. Such know ­
ledge is likely to  p revent one p a rtn e r fro m  m aking unjustifiable 
dem ands upon the other, and generally  to sm ooth the  pa ths o f both. 
M oreover, the  superin tendents o f m ost shipping companies are

* Senior Scientific Officer, Ship D ivision o f the  N ational Physical 
L abora to ry .

engineers by train ing  and experience, and they should have a  certain  
know ledge o f the basic principles o f  ship resistance and fo rm  if  they 
a re  to  serve th e ir com panies to  the g rea tes t good, both in the  upkeep 
and efficient running o f th e  ex isting  fleets, and in the  design of 
new  tonnage.

I f  I can con tribu te  to th is end to  how ever sm all an extent, I 
shall feel m y labour in p reparing  this paper has no t been in vain.

2.— The Elements of Ship Resistance.
T he resistance o f a ship is usually  considered  to  be the  force 

w hich w ould be necessary to  tow  her th ro u g h  p e rfec tly  sm ooth 
w ater, no account being taken of any in teraction  betw een hull and 
p ropeller o r o f the  resistance o f appendages.

T hese la tte r  facto rs alw ays have som e effect, and  m aybe an 
im portan t one, upon the resistance, bu t fo r  sim plicity a re  om itted 
fro m  a first survey.

T h e  pow er necessary to  overcom e th is resistance is called the  
tow -rope or effective horsepow er (e.h.p.).

T he principal elem ents con tribu ting  to  the  resistance o f a  ship 
in sm ooth w a te r a re  :—

(1) Skin  fric tion  drag , due to  the m otion o f th e  hull th rough  
a viscous f lu id ;

(2) W ave m aking resistance, rep resen ting  the energy continually 
being supplied by the  ship to  the  w ave system  which she 
creates on th e  su rface  o f the w a te r ;

(3) E ddy  resistance, due to  the energy carried  aw ay by eddies 
fo rm ed  around ste rn  fittings, bossings, o r  local regions 
on the  hull w here the cu rv a tu re  is so sharp  th a t the  w ater 
is unable to follow  the shape and b reaks aw ay ; and

(4) A ir resistance experienced by th e  above-w ater stru c tu re  
advancing th rough  the  air.

In  addition, fo r  a ship a t sea, v arious o th er elem ents en ter into 
the problem —the pitching and heav ing  m otion engendered by waves 
both increase the resistance, and the a ir  resistance is m odified when 
a  w ind is blow ing to  an extent depending upon the  la tte r’s streng th  
and direction.

W hilst, fo r  convenience, the to ta l resistance is so div ided up, 
it is as well to  realise from  the outset th a t the  separation  is by no 
m eans as rigid as it m igh t appear. Thus, if  serious eddying occurs 
over a  p a rt o f the su rface  o f the  hull, the  increased resistance m ay 
be p a rtly  com pensated fo r  by a  reduction  o f skin fric tio n  d rag  
over th a t area. Again, a t  h igh  speeds, the  a rea  o f  su rface  o f the 
hull in contact w ith the w ater m av be augm ented  due to  the  wave 
profile along the  ship’s side, and the skin friction  d ra g  thereby 
increased.

3.— Model Experiments.
A g rea t deal o f  ou r know ledge o f ship resistance has been 

derived fro m  experim ents w ith m odels. Such sm all scale w ork  is 
m uch quicker and cheaper to carry  ou t than  experim ents w ith  full 
size ships, and m uch easier to  control. Full scale w ork  is also 
subject to  so m any variab les due to w eather, w ind, tides, condition 
o f hull su rface  and different types o f engines and propellers, th a t it 
is ex trem ely  difficult to  repeat any set o f conditions again. T h is  is 
not to  deny the  vital im portance of full-scale w ork, and one o f the 
prim ary  functions o f any model experim ent establishm ent m ust be
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The Fundamentals of Ship

to  seize every opportun ity  to  collect reliable fu ll scale da ta  fo r  com ­
parison w ith m odel results. If, as a  result, the  la tte r can be show n 
to afford  a  basis fo r  the co rrec t prediction o f fu ll scale perform ance, 
m odel w ork  w ill afford a ready, quick and cheap m ethod o f obtaining 
a good shape of hull fo r  any new  design.

E xperience over the  last 70 years has show n th a t th is can be 
done, and a ll th e  m aritim e nations now  possess m odel ship testing 
tanks in w hich such w o rk  can be carried  out. I t  is no t intended to 
give here any detailed descrip tion  of such a tank, w hich m ay be found 
in o th er papers [1]*. Briefly, it consists o f a w aterw ay  along which 
m odels can be tow ed a t different speeds and their resistance measured.

T h e  m odels a re  m ade o f paraffin w ax  o r wood, and m ay be 
16 to  24ft. in length, an d  w hen ballasted to  represent to  scale 
the  loaded ship, w eigh 2,000 to  3,0001b. T hey  are  thus large  enough 
fo r  the necessary accuracy  to  be a tta ined  in th e ir shaping and  in 
th e  m easurem ent o f th e ir resistance.

T h e  results a re  co rrected  to  apply to  the  ship—by m ethods to 
be described la te r—and usually, in this country , presented in the

fo rm  o f curves o f (g )  to  a  base o f  a speed function —== or (p )

T he resistance constant (g )  is defined as :

R  x  2937-7= e-h -p’X 427-1 
=  V JA ’ V s A *

where
R = resistance in tons ;
V  =  speed in k n o ts;
A =  displacem ent in to n s; 

and e.h.p. =  effective horse  power.

and 0 = 0 - 7 4 6 ^ ..........................

where V  =  speed in k n o ts ;
p =  prism atic  coefficient; 

and L  =  length o f  ship in feet.
In  Fig. 1 a re  shown som e typical (g )  curves fo r

different classes o f vessels. T h e  peculiar shapes o f 
these curves, the regions w here  resistance is increas­
ing  rap id ly  o r  slowly w ith speed, well illu stra te  the 
difficulties o f choosing the m ost efficient fo rm  to suit 
a given set o f  circum stances.
4 .— Skin Friction Drag of Smooth Surfaces.

T h e  im portance of the  skin fric tion  resistance o f

* N um bers re fe r  to  papers listed on page 20.

(1)

a ship will be appreciated  when it is realised th a t it am ounts to som e 
85 pe r cent, o f the  to ta l resistance o f a slow cargo ship, and  to  very 
nearly  h a lf  the to ta l fo r  a  destroyer.

A s a  flat sm ooth  surface  such as a  p late  m oves th ro u g h  a  viscous 
fluid, the  fluid n ear it is carried  along w ith  it, th ere  being no 
relative m ovem ent a t the surface. Som e distance ou t fro m  th e  
su rface  the  fluid is unaffected by th e  passage o f the  p late  and rem ains 
a t rest. T h ere  is th u s set up a  velocity g rad ien t in  th e  fluid along 
lines norm al to  the  surface , and  the resistance experienced by the 
la tte r w ill depend upon th is g rad ien t and upon  th e  v iscosity  o f the 
liquid. T he fluid so set in m otion, lying betw een the su rface  and the 
undistu rbed  ou ter liquid, is called the “boundary  layer” o r “frictional 
w ake”. Im agining the su rface  to  be a v ery  th in  flat p late advancing 
in to  w ater, th e  re la tive  velocity across a  section norm al to  th e  plate 
and in line w ith its leading edge w ill be everyw here  equal to  the 
velocity o f th e  plate, V  (Fig. 2). A s the p late moves on, it will 
d rag  the  w a ter im m ediately in contact along w ith  i t  a t velocity V , and 
th is w a ter w ill set in m otion  th a t ju s t  outside it, in v irtu e  o f  the  
tangential forces due to  viscosity. T h is effect will spread ou tw ard s 
g radually , so th a t the boundary  layer w ill becom e w ider and w ider 
tow ards the  re a r  o f the  plate, as show n by th e  line aaa  in F ig . 2. 
Beyond the a f te r  end, the  layer w ill cease to  widen, and the  energy 
p u t into the w a te r by the  plate, w hich represen ts the  w o rk  done 
by the  p late and is a m easure o f the  resistance it experiences, is 
d issipated in eddies and heat. Since the  change in velocity  fro m  the

(2)

D i s t r i b u t i o n  o f  R e l a t i v e  V e l o c i t y  o f  W a t e r  

t h e  B o u n d a r y  L a y e r  t o  t h e  P l a t e  is  

t h e  O r d i n a t e s  o f  "m e  C u r v e s  

S e c t i o n s  a l o n g  T h e  L e n g t h .

s h o w n  B Y  

D R A W N  FOR DIFFERENT

W A K E  LEFT BEHIND  

P L A T E , IN  W H IC H  
ENERGY G IVEN TO 

FLU ID  IS D IS S IP A T E D

WATER VELOCITY 
------------------- »

RELATIVE To PLATE

F i g . 2.-
- V

-D istribution  o f  velocity  in boundary layer along a flat plate.
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V E L O C I T Y  O F  f l o w  V .

F i g . 3.— Lam inar and turbulent w akes.

surface o f the p late to the  u nd istu rbed  w a ter ju s t  outside the layer 
is everyw here V, it follow s th a t the  velocity  g rad ien t norm al to  the 
surface decreases as we go a f t  a long  the  plate.

T he m ovem ent o f  w ater inside the  w ake m ay  fo llow  tw o 
patterns. In  e ith e r case it is assum ed th a t the actual w a ter nex t to 
the  su rface  has no  m otion  relative to  th e  surface , bu t is carried  
along w ith  it. I f  betw een th is and the  o u ter edge o f  the  wake, 
w here the fluid is absolutely a t  rest, the w a ter m oves in a  series o f 
layers such th a t no m ix ing  occurs, and the velocity g rad ien t in passing 
outw ards is constant, the  flow is said to  be laminar (F ig . 3a.).

On the o ther hand, if  the  flow is such th a t eddying occurs in the 
wake, w ith  consequent m ixing o f  the layers and an  in terchange o f 
energy, and a  vary ing  velocity g rad ien t across the  boundary  layer, 
the flow is said to  be turbulent (F ig. 3b). E ven so, th ere  is still a 
very  thin film o f fluid n ear th e  su rface  in w hich th e  flow is still 
lam inar, show n by th e  line bb in F ig . 3b and called the lam inar film.

W hich o f  these flow regim es w ill be set up  in  given circum stances 
depends upon the  re la tive  predom inance o f inertia  and viscous forces, 
the fo rm er fav o u rin g  tu rbu len t flow, the  la tte r  lam inar. I t  m ay be 
shown th a t the  ra tio  o f these tw o forces is represented  by the

* V L  p a ra m e te r -----

w here V = sp e ed  o f  the  su rface  relative to  still w a te r ;
L  =  length  o f su rface  in d irection  o f m otion ; 

and v=coefficient o f  k inem atic v iscosity  o f the fluid 
_  coefficient o f  viscosity 

m ass density
=  fL

* P
T h is  param eter is called the  Reynolds num ber (R ) o f the  

m otion, O sborne R eynolds being the  first to  dem onstra te  the fu n d a ­
m ental differences between lam inar and tu rb u len t flow in pipes [2], 
I t  fo llow s th a t sm all values o f  R  w ill be associated  w ith lam inar flow, 
and  larg e  values w ith turbulent.

T h e  shear force  betw een ad jacen t layers o f a  viscous fluid, 
and th e re fo re  u ltim ately  the d ra g  on a p late m oving th ro u g h  it, 
depends upon the  coefficient o f  viscosity  m and the  velocity g rad ien t 
betw een th e  layers. Hence, as the fluid im m ediately in contact w ith 
a  sm ooth  su rface  is carried  along w ith it, the  resistance will be a 
function  o f  th e  fluid p roperties and the  velocity g rad ien t only, and 
will no t depend upon th e  exact n a tu re  o f the  surface , so long  as 
it is sm ooth. B y a  com bination o f  theo ry  and experim ents, the 
la tte r  carried  ou t both in a ir  and in w ater, the resistance to  be 
expected fo r  bo th  lam inar and tu rbu len t flow over a  sm ooth surface 
has been determ ined.

Since the  resistance is expected to  differ w ith type o f flow,
w hich in tu rn  depends upon the value o f Y k , it  is usual to  plot

results to  a base o f  R eynolds num ber, R.
T he ordinates m ust rep resen t d ra g  o r  resistance. T h is  depends 

upon the  density o f the  fluid, p, the a rea  o f su rface  in contact 
w ith  the  fluid, S, and the  velocity V, and we could  w rite

R =  C(p S V n.
N ow  it is found th a t fo r  tu rb u len t flow, w ith which engineers 

a re  norm ally  concerned in fu ll scale hydraulics, n  is very n early  2, 
and fo r  sim plicity a  qu ad ratic  law  is adopted. A lso, th e  dynam ic 
pressu re  associated w ith  a  velocity V  is i p V 2, and we accordingly 
w rite

R  =  C, i  PS V 2

OT C ,= T pS V 2 .................................................................... (3)
C, is the coefficient o f skin fric tion  drag, and will depend upon the 
Reynolds nu m b er o f  the  flow, and m u st also take into account any 
d ep artu re  o f the  index n  from  the value 2.

T h e  results o f a  num ber o f  experim ents a re  show n in F ig . 4, 
w hich illu stra tes v ery  c learly  th e  tw o different types o f  flow.

A t low  Reynolds num bers the  flow in the  w hole b o undary  layer 
is lam inar, and the resistance then  varies d irectly  as the  velocity, i.e. 
n  =  l ,  and consequently C, fa lls along the  line I fo r  lam inar flow 
over sm ooth surfaces.

A s R increases, the boundary  layer begins to  b reak  up tow ards 
its rea r  end in to  turbulence, and th is change g radually  spreads fo r ­
w ard  until the com plete tu rb u len t flow is established, when C, lies 
on the C urve I I  fo r  tu rb u len t flow over sm ooth surfaces. T he 
curve o f C, now  falls only slow ly w ith  increasing  R eynolds num ber, 
show ing th a t fo r  such tu rbu len t flow n is a little  less th an  2.

T h e  value o f C f fo r  tu rb u len t flow is g rea ter than  th a t fo r  
lam inar, and this is to  be expected, since the  velocitv g radient in the  
lam inar film in the  fo rm er case is g rea te r than  th a t in the  com ­
pletely lam inar boundary  layer.

Betw een these tw o  regim es th ere  is a  transition  reg ion  w here
C, lies betw een the  tw o curves I  and II , and in w hich  the  flow  is 
unstable.

I f  we consider a  plank o f given length L  in a  fluid o f  kinem atic 
v iscosity  v, increasing  R eynolds num ber m eans increasing speed, and 
the fall in Cf is indicative o f an index o f speed less than  2.

On th e  o th er hand, i f  we ru n  planks o f  different lengths all 
a t the  sam e speed V  in the  sam e fluid, the  longer p lanks will have 
a h igher Reynolds num ber, and a  lo w er C(. T h is  show s th a t  the 
specific resistance pe r sq. ft. o f  su rface  decreases as w e go a ft, and 
th is w ould be expected, since w ith the  increasing  w id th  o f boundary  
layer the  velocity  g rad ien t will be sm aller.

5.— Effect of Roughness on Skin Friction Drag.
W hen a  su rface  is rough  instead  o f sm ooth, a fu r th e r  fac to r is

3
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in troduced  into skin friction  drag. T h e  la tte r  now  no longer depends 
only on the  p roperties o f the  fluid, bu t w ill a lso  be affected by the 
finish o f the  surface.

T h e  m ost com plete data on the effect o f  roughness a re  those due 
to  N ikuradse  and Schlichting  [3], in w hich experim ents w ere m ade 
on the flow th ro u g h  artificially  roughened pipes. I t  is difficult to 
define accurately  the roughness m et w ith  in practice. N ikuradse 
used sand o f definite g ra in  size and density  o f d istribu tion  over the 
surfaces. Som e o f his resu lts a re  show n in F ig . 5.

W ith  very sm all sand grains, the curve o f resistance coefficient 
C ( is o f the  lam inar type a t  first, changes o ver to  th e  sm ooth  tu r ­
bulent curve as fo r  a  sm ooth plate, and only a t som e re la tively  large 
value of Reynolds num ber does it leave th is curve, then  becom ing 
parallel to the  base line o f the diagram . T h is  show s th a t above a 
certain  value o f Reynolds num ber the resistance fo r  a  ro u g h  su rface 
varies as V*.

A s the roughness is increased (fo r  exam ple, by using  la rg e r sand 
grains) the  R eynolds num ber a t w hich the C f coefficient leaves the 
sm ooth tu rb u len t curve becomes low er and low er, and finally the 
transition  takes place s tra ig h t fro m  the lam inar to  the  "ro u g h ” con­
dition. T he coefficient C, fo r  rough  su rfaces is th u s  constant once 
the transition  range is passed, its actual value  depending upon the 
relative roughness.

T h e  explanation  of th is effect o f roughness m ay  be briefly stated. 
T he lam inar film a t the su rface  in tu rb u len t flow is very  th in — 
usually  m easured in thousandths o f an inch-—and is indicated by  the 
dimension S in Fig. 3(b). So long as th e  roughness o f the surface  
a re  less than the thickness o f  the lam in ar film, they  w ill not come 
into contact w ith  the  tu rb u len t flow in the  boundary  layer, and will 
have no effect upon it, and the su rface  w ill be "sm ooth” . W hen  the 
roughnesses are  g rea te r in heigh t than  8, how ever, thev  p ro tru d e  into 
the tu rbu len t region, increasing the  irreg u la ritie s  o f  flow, se tting  up 
eddies and experiencing increased p ressures on th e ir  fo rw a rd  sides 
and decreased ones behind, all leading to  an increase  in resistance. 
T he b igger the height o f the roughnesses, th e  fu r th e r  they  pro trude  
into the tu rbu len t region and th e  la rg e r Cf.

I t  can be show n th a t 8. the thickness o f  th e  lam in ar film in tu r ­
bulent flow, decreases w ith increase in R eynolds num ber—hence a 
roughness heigh t w hich does no t come th ro u g h  the film a t low  
R evnolds num bers will subsequently  do  so i f  the  value o f R  is 
sufficiently increased, and the g rea te r the  he igh t o f  roughness, the 
sooner w ill the  “sm ooth” su rface  act as a  " ro u g h ” one.

6.— Experimental Data on Skin Friction.
M any experim ents have been carried  ou t in bo th  a ir  and w ater, 

using e ither tow ed plates o r pipes w ith  fluid runn ing  th ro u g h  them.

W hen the results a re  plo tted  as C, to  a base o f  they  co nfo rm  to
V

the general pattern  described above, as is evident from  Fig . 4.
T he best know n o f these results to  naval a rch itects and m arine 

engineers are  those due to W . F roude . published in 1872 and 1874 141, 
and the coefficients fo r  shin frictional resistance in general use to-day 
a re  those derived by the Froudes, fa th e r and son, from  these ex p eri­
m ents. T h e  la tte r  w ere carried  out w ith planks o f different lengths, 
the longest being 50ft.. and  the h ighest Reynolds num ber a tta ined  
w as 4-6x 10'. N ow  the Revnolds num ber fo r  a 400ft. shin a t 10 knots 
is 5-5x10* and fo r  an 800ft. ship a t 30 knots is 3-3x10*. o r 12 and 
72 tim es as high as the larg est value reached by Froude. T o  use 
such experim ents a t low  Reynolds num ber to  predic t the  co rrec t C, 
fo r  the m uch h igher value fo r  the  ship is a problem  f ra u g h t w ith  
g reat difficulty, involving as it does a g reat range o f  ex trapo la tion . 
F roude in 1874 produced coefficients fo r  leneths tin to  500ft. a ssu m ­
ing th a t the  resistance w as vary in g  as V , ,J5 and g iving values o f 
a coefficient f  fo r  different lengths to  be used in the fo rm u la

R f =  f. S. V ’ *’s ................................................................................. (4)
but it is not known how  he derived these fro m  the plank results. 
T h e  th eo ry  o f tu rbu len t flow was no t then developed (O sborne 
Reynolds paper appeared  in 1883). I t  was assum ed fo r  m any years 
th a t F ro u d e  took  the resistance per sq. ft. o f  all th e  su rface  m ore 
than  50ft. a f t  o f  the leading edge as being th e  sam e as that o f the 
50th foot, bu t P avne has recently shown th a t th is m ethod does not 
give F ro u d e’s published figures T51. R. E . F ro u d e  in 1888 extended 
the coefficients to lengths o f 1,200ft., m aking  some fu rth e r small 
ad justm ents f61.

As the theo ry  o f tu rb u len t flow developed, it was n a tu ra l to see 
how  F ro u d e ’s coefficients com nlied w ith the known dependence o f 
Cf on R eynolds num ber, and B ak er in 1915 [7] made such a com ­
parison, and by p lo tting  on a  logarithm ic scale obtained a  s tra ig h t 
line th ro u g h  the experim ental spots and ex trapo lated  this to  the  
necessary h igher Reynolds num bers.

Reference to  Fig. 4 will show  th a t F roude’s coefficients, con-
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verted to  the C, fo rm , do  no t confo rm  to  the law  of dependence 
V L

on the p a ram e te r——, w hich is necessary  fo r  dynam ical sim ilitude,

but fo r  different lengths o f ships give rise to a series o f lines nearly  
parallel to  th e  theo re tical sm ooth tu rbu len t curve, bu t m ounting  
steadily above it w ith  increase in length. T h is la tte r  curve is well 
established by experim ents in o th er spheres than  naval arch itecture , 
and a good case can be m ade ou t fo r  a  com plete reconsideration of 
the p resent m ethods of calculating  skin friction  resistance. The 
C ontinental and A m erican  T anks befo re  the w ar had in m any cases 
a lready done so, using  the sm ooth tu rbu len t curve fo r  the correct 
Reynolds num ber fo r  the  ship and adding to  it an allowance fo r 
roughness which depended upon the type of ship, condition of surface  
and arrangem ent o f butts, laps and seams.

F o r  a  400ft. ship a t 10 knots, the Reynolds num ber is 5-5 x  10s, 
and the C( value fo r  sm ooth tu rbu len t flow is 0 00177. E xperim ents 
by K em pf [8] on long ra fts  have show n th a t th is figure is increased, 
when the su rface  has tw o coats o f ships’ paint applied over butts, 
laps and rivets, by 17 per cent, up to  0-00207. I t  is rem arkable th a t 
F roude’s coefficient fo r  a  400ft. shif> a t  10 knots is 0-00209—in o ther 
words, his values as ex trapo la ted  to  the ship lengths v irtua lly  include 
an allow ance o f the co rrec t o rd e r fo r  roughness such as is present 
on a  clean, plated, fresh ly  painted hull. W h eth er he included any 
such allow ance deliberately o r  no t we shall probably  never know, but 
its presence accounts fo r the. success o f the coefficients in predicting  
ship resistance and th e ir continued use in m ost experim ent T anks 
to-day.
7.— The Prediction of Ship Resistance from Model Results.

W e have seen th a t skin fric tion  resistance depends upon the

value of the Reynolds n u m b e r - y  . F rom  dim ensional considerations

it can be shown th a t w ave m aking resistance depends upon ano ther
V

param eter, r i  called th e  F ro u d e  num ber, w here  L  is the  length 
v g L

o f  the ship and g the acceleration due to gravity . T he frictional re-
V L

sistance coefficient will be the  sam e fo r  m odel and ship w hen——
is the  sam e fo r both, w hilst fo r the  w ave m aking coefficients to be

V
identical, the  values of ” 7=*= m ust be equal. F o r  experim ents in 

V g L
w ater, v and g  a re  the same in m odel and in ship, and we see that 
it is in trinsically  impossible to fulfil both requirem ents in a single 
m odel test, since the  absolute m odel speed w ould have to  be very 
m uch h igher than  th a t o f the ship to fulfil the constancy o f V L  and 
very  m uch low er to  m ake V /V L  the  sam e in each case.

F ro u d e  w as the  first to  clearly show  th a t when a m odel and a
V

ship a re  runn ing  a t the  sam e values o f —v ^ t h e  wave fo rm ations are
v L

exactly  sim ilar, and th a t then  th e  w ave m ak ing  resistance Rw of the 
ship is given by

Rw =r'*A3 ... .................................................................... (5)
w here rw= w ave-m ak ing  resistance o f m odel 

and A =  scale ra tio  o f ship to  m odel.
Such speeds a re  called “corresponding speeds”.

B u t the m easured resistance o f  the m odel includes both skin 
friction  and w ave-m aking resistance, and the difficulty was to separate 
them . F ro u d e  assum ed th a t the frictional resistance o f the model 
o r ship hull w as the sam e as th a t o f a flat su rface  having the sam e 
to ta l a rea  and length. By the  use o f his coefficients, r , fo r  the m odel 
could be calculated and sub tracted  from  th e  to ta l m odel resistance, 
g iving the residuary  o r w ave-m aking resistance r w. T h is  could then 
be used to  find the  residuary  resistance R w fo r  the ship from  equation
5, to  w bich could be added  the  frictional resistance R t calculated 
from  his appropria te  ship coefficient, g iving the  to ta l resistance o f the 
ship. T h is sp litting  up of the resistance in to  tw o  com ponents was a 
g rea t step fo rw ard , and F roude  was enabled by so doing to  convince 
the A dm iralty  o f the usefulness and re liability  o f m odel experim ents. 
N evertheless, a  m om ent's reflection w ill show  th a t the assum ption  
th a t the resistance o f a flat and a curved su rface  of the  sam e length 
and a rea  will be the same cannot be theoretically  justified. W e shall 
re tu rn  to  this point later, bu t in the m eantim e, it is well to rem em ber 
that th is is still the m ethod in use to -day  to  determ ine the ship re ­
sistance fro m  the resu lts o f  m odel tests.

8.— W ave Making Resistance.
W hen  a  ship passes over the su rface  o f w ater, a  w ave p a tte rn  

is generated, and the energy w hich is being continuously  supplied to 
the w ave system  appears as w ave m aking resistance.

T h e  earliest account o f  the w ay such w aves a re  fo rm ed was 
given by K elv in  in 1887 [9] and e laborated  in 1904 [10]. H e  im agined 
the ship to  be an isolated p ressu re  point trave lling  o ver the w ater, 
sending ou t groups of waves, which he show ed w ould give rise to  
tw o system s trave lling  along w ith  the point, one a d ivergen t patte rn  
spreading ou t on e ither side o f the line o f  travel, the second a  series 
o f  transverse  waves behind the  point.

W hen a  ship hull m oves th ro u g h  the w ater, the  p ressure  along 
the length will vary , th ere  being generally  an  a rea  o f h igh pressure  
n ear the bow and ste rn  and o f low pressu re  along the  m iddle portion. 
In the case o f a com pletely and deeply subm erged vessel such as a 
subm arine, th is will no t give rise  to  waves, bu t when the pressure  
d isturbance is near the  surface , the la tte r  is d istu rbed  and w ave 
system s a re  fo rm ed  having th e ir initial crests o r hollow s som e d is­
tance a f t  o f the points of m axim um  and m inim um  pressure . T his 
is well illu stra ted  by experim ents m ade by E g g ert in the W ashing ton  
T an k  [11], in the course o f w hich he m easured  the p ressu re  d is tr i­
bution over the ends o f a  m odel and com pared it w ith  the observed 
wave profile (Fig. 6). By taking the longitudinal com ponents o f  these
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C o n t o u r s  s h o w  c h a n g e  o f  p r e s s u r e .

P o s i t i v e  p r e s s u r e s  i n d i c a t e  a n  in c r e a s e  in  p r e s s u r e  a b o v e  t Ma t  in  t h e  s t a t i c  c o n d i t i o n .
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S p e e d  » 3 - 8  K n o t s

F ig .  6 .—Pressure distribution m easured over a m odel hull.

pressure  forces and in teg rating  them  over the  length (Fig. 7) he was 
able to  show  th a t the resu lting  resistance agreed  quite closely with 
that m easured on the m odel a f te r  the  estim ated skin fric tio n  had 
been subtracted.

T h e  w ave resistance experienced by a ship can th ere fo re  be 
looked upon as the  resu ltan t net fo re  and a f t  fo rce  acting  on the 
hull due to  th e  p ressu re  d istribution  a round  it. F o r  a  ship o f 
m athem atical fo rm  m oving in a  perfect fluid, this resu ltan t force can 
be calculated, as was show n in 1898 by M ichell [12],

A lternatively , th e  w ave resistance m ay be calculated from  energy 
considerations once the  w ave patte rn  a t a  g rea t distance behind the 
ship is known, as show n by H avelock [13]. N a tu ra lly  both these 
m ethods lead to  the sam e m athem atical expressions.

V arious experim enters have taken  up th is subject, and  com pared 
the calculated and tneasured  w ave resistances o f m odels having 
m athem atical form s. T h ere  a re  various restric tions on the  m ethod, 
due to  the  assum ptions w hich a re  necessary in o rder to  m ake the

P o s i t i v e  Fo r c e s  o n  B o w  I n c r e a s e  R e s is t a n c e  o f  M o d e l . 

Po s i t i v e  F o r c e s  o n  S t e e n  D e c r e a s e  R e s i s t a n c e  o f  M o d e l . .

m athem atical w o rk  am enable to  trea tm ent, bu t i t  w as very  soon 
found  th a t the g reatest discrepancy w as due to  the  neglect o f  viscosity 
in the calculations. H avelock  in 1935 [14] suggested  a  m ethod by 
w hich th is difficulty m ight be overcom e em pirically  by com parison 
o f calculated and observed results fo r  m odels, and W igley  follow ed 
this up  a t  the N ational Physical L ab o ra to ry , obtaining a viscosity 
correction  from  the  results o f a  num ber o f m odels, w hich could then 
be applied to  fu tu re  calculations f 15]. T h is v iscosity  correction  gave 
calculated  curves o f wave resistance (C )w w hich agreed  quite closely
w ith those m easured, as is evident fro m  Fig . 8, taken  from  paper 15. 
W hilst we are  still some w ay fro m  being able to  calculate the actual 
wave m aking resistance o f a  ship, the  qualitative agreem ent show n 
above is such th a t the m athem atical theo ry  can be used to  study  the  
fundam entals o f w ave resistance.

P e rh ap s the c learest idea o f these can be derived fro m  a study  
of the w ave m aking of a  very  sim ple w edge-shaped fo rm  described 

by W igley in  1931 [16] hav ing  a  w a te r­
line m ade up of a  parallel centre section 
w ith equal w edge shaped ends (F ig . 9). 
H e  show ed th a t the  expression  fo r  the 
wave profile a long  the hull contained five 
term s :—

A BO V E  
WL S I

S PEEO  or  MODEL 

3  8  K n o ts .

F ig .  7 .— Curves o f  longitudinal force per inch length.

(i) a  sym m etrical d istu rbance o f the 
surface, dy ing aw ay quickly fore 
and a ft, an d  w hich absorbs no 
energy because o f its sym m etry.

and fo u r w ave system s, generated  at
(ii) the  bow, and beginning w ith a 

c r e s t ;
(iii) the fo rw a rd  shoulder, and begin­

ning  w ith  a  t ro u g h ;
(iv) th e  a f te r  shoulder, and  beginning 

w ith  a  t r o u g h ; and
(v) the  stem , beginning w ith a crest. 

T hese fo u r  system s are  shown in Fig. 9. 
C onsiderably a f t  o f  the form , all fo u r 
system s become sine curves o f continuously
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dim inishing am plitude o f  a length ap propria te  to  a free  wave 
trav e llin g  a t the speed of the model, this length being reached a f te r  
about tw o com plete waves.

T h e  calculated  profile along the m odel w ill be the sum  o f these 
five system s, and the m odel profile as m easured  w as in general 
ag reem en t w ith  th a t derived theoretically  in so fa r  as shape and 
positions o f the crests and tro u g h s w ere concerned, but the heights 
o f the  actual waves tow ards the ste rn  w ere considerably less than  
calculated, due principally to  the effects o f  viscosity.

T h e  complete w ave profile, and th e re fo re  the  energy to  m ain­
tain  it, and so finally the w ave resistance, will v a ry  w ith  speed, 
since the com ponent wave system s lengthen w ith speed and the re la­
tive positions o f th e ir crests w ill a lter. T h is  w ill give rise, as speed 
is increased, to  oscillations in the  w ave resistance w hich account fo r 
the hum ps and hollow s seen in the (g )  curves o f  F ig . 1.

In  th is simple, s tra ig h t line fo rm  tw o types o f in te rference  can 
o c c u r :—

(i) betw een tw o system s o f the sam e sign, i.e. bow  w ith 
stern, o r between the  sh ou lder sy s tem s; and

(ii) betw een system s o f opposite sign, e.g. bow and 
shoulder system.

T h e  second type is the  m ore  im portan t, because the 
p rim ary  hollow  o f the shoulder system  can coincide w ith the 
first hollow  o f the bow  system , befo re  the la tte r has been 
m ateria lly  dam ped by viscosity. In the first type, the prim ary  
crest o f  the stem  system  can only coincide w ith a  crest 

of the  bow system  w hich has a lready  lost m uch o f its 
height by viscous damping.

T he second type, in th is p a rticu la r  fo rm , occurs 
between bow and a f t  shoulder and betw een fo rw ard  
shoulder and 
ste rn  a t  the  
sam e tim e, be­
cause o f sym ­
m etry, and the 
separation  of 
these poin ts is 
(1+a) o r  pL 
(Fig. 9).

T he m axim a 
o f resistance 
w ill occur when 
the final wave 
system has the  
greatest heights, 
i.e. when the 
c r e s t s  ( o r  
troughs) o f the 
tw o system s 
coincide, which 
w i l l  h a p p e n  
when

5
2 ’

etc., o f a  wave 
length.
Sim ilarly , the m inim a o f resistance w ill be found when the final wave 
system  has the least height, i.e. when the  crests o f one system 
coincide w ith  tro u g h s o f the other, and then

pL  =  l ,  2, 3, etc. w ave lengths.
N ow  (p )  as defined in equation (2) is the ra tio  o f the ship speed
to  the speed of a w ave o f  length pL*. I f  the waves fo rm ing  the

pL:
S c a l e

Fir,. 8.— Com parison o f  m easured and calculated curves.

Speed of ship
Speed of w ave o f length pL

V (knots)__
6(T

0-746 V  
•/ pL = ®

101-33
t  I f  A is the  length  o f the waves generated, then  the  speed o f the

waves, and th e re fo re  o f  th e  ship itself, is

(p )  fo r  th a t speed is = ^  V4
g(pL ) =  PL

given by \ / . H ence

2ir
F o r  m axim a o f resistance, 

etc.p L -4 A , | A> | . v

whence ®  = VI V2.V2,

=  1-414; 0-818

etc.

0-634, etc.

d ifferent system s had all a length ap p ro p ria te  to  th e ir speed, we 
could say th a t m axim a and m inim a o f the w ave resistance should 
occur w hent

® m a r .  =  1'414 ; 0-818; 0-634; 0-535 ..........................................

® min. =  1 000; 0-707; 0-578; 0-500 ..........................................
A ctually, the first waves o f any system  form ed by a ship are  a 
little  sho rte r than given by the trochoidal theory, and the coincidence 
o f  crests or troughs does not occur until slightly h igher speeds than 
those given above are  reached— fo r the simple form  being discussed, 
W igley has shown the critical speeds to  be

®  m a x .  =  1-434; 0-821; 0-634 ; 0-535 ..........................................)
® min. =  1-007; 0-709 ; 0-579 ....................................................... j 6

T he next m ost im portan t interference will be th a t betw een the 
bow and the fo rw ard  shoulder, and here fo r  m axim um  resistance we 
shall have

2
L e = J , -■ etc. wave lengths.

w here  L E=  length o f entrance from  bow  to  fo re  shoulder. T hese 
correspond to  speeds given by

V  =  l-92y 'L E ; 1-10\/L E ; 0 -8 8 ^ 1 ^  ..........................................  (7)
T he first of these is, fo r  norm al form s, obscured by the hum p at 
(|J) =  about 1-5; the  last, and all beyond it, a re  a t such low speeds th at
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^  d ir e c t io n  o f  M ot io n

P l a n  o f  W a t e r l i n e .

M o d e l  h a d  V e r t i c a l  S id e s  T h r o u g h o u t .

r e s t .

------------------------  C a l c u l a t e d  P r o f i l e , E q u a l  t o  S u m  o f  S y m m e t r i c a l

D i s t u r b a n c e  a n d  F o u r  C o m p o n e n t  S y s t e m s .

------------------------M e a s u r e d  P r o f i l e  f r o m  M o d e l  E x p e r i m e n t s .

F ig . 9.— A nalysis into com ponent w ave system s o f  the profile  along a sim ple fo rm . -Speed equivalent to ( p \~0-75.

the interference effects a re  no t noticeable, but the speed o f 1-10\/L E is 
one a t w hich hum ps in the (q ) curve a re  o ften  fo u n d  in fo rm s with 
a pronounced fo re  shoulder.

W igley also calculated the wave m aking resistance Rw to  see if 
the speeds o f m axim a and m inim a resistance agreed w ith those p re­
dicted from  the interference of the w ave system, and showed that 
all the above conclusions w ere confirmed, but th a t the m axim a and 
m inim a o f the (g )w curves occurred  at (p )  values of

(P) max. =  1-496 ; 0-846 ; 0-646 ; 0-542 ......................................... -i 

( P ) mi„ . - 1 044 ; 0-726 ; 0-589 ...................................................... j (8)
T he expression fo r  the  w ave m aking resistance R w ' s ° f  the 

form
R w 'x V 6 (constant te rm + fo u r  oscillating  term s) 

and th ere fo re
(C )w<x:V4 (constant te rm + fo u r  oscillating t e r m s ) ................ (9)

The © w curve is thus m ade up o f a  steady increase vary ing  as
V ‘ due to  the constant term  and fo u r types of in terference (Fig. 10). 
These la tter ultim ately, a t very  high speeds, cancel both each o ther

and the steady increase in (g )w, so th a t  the w ave m aking resistance 

u ltim ately  tends to vanish, and beyond the hum p at (p )  =  l '5  there  

are  no fu rth e r  hum ps and (q )w fa lls steadily. In  actual fact, the
hull will change trim  so m uch a t these high  speeds th a t entirely  new 
phenom ena arise.

F o r  m ore shipshape form s, w here the  w aterlines are  curved, 
the wave system  again  consists o f  five com ponents—a sym m etrical 
d isturbance and fo u r wave system s [17]. T w o system s begin with 
crests, one a t the bow  and one at the stern, and are  due to  the change 
o f angle at these points. I f  the bow angle on the w aterline is the 
same as fo r  the stra igh t line form , the w ave system  commencing 
there  will be the same. T he o ther tw o system s, like the shoulder 
system s in the  s tra ig h t line form , begin w ith  hollows, but a re  no 
longer tied to  a definite point, since the  change of slope is now 
gradual and spread over the whole en trance o r  run. T hey commence 
a t the bow  and a f te r  shoulder respectively, as shown in Fig. 11, 
m uch m ore g radually  than  in the previous case o f the wedge shaped 
form . T he  one due to  bow cu rv a tu re  m ay be looked upon as a 
progressive reduction o f th a t due to  bow  angle as the slope o f the 
w aterline becomes less in going a f t  fro m  the bow.

Since the origins o f the w ave system s a re  now spread out along

Fo r e  S h o u l d e r , s y s t e m

A f t  S h o u l d e r  s y s t e m .

B o w  S y s te m
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the curved entrance and run, the w ave m aking length becomes m uch 
less definite, but if  the values o f (p )  fo r  th e  hum ps and hollow s
on the resistance curve a re  w orked  ou t fo r  a parabolic  fo rm  having 
60 pe r cent, and no parallel body in the  length, the  follow ing values 
a re  obtained :—
60 per cent, parallel body.

( P ) m a x .  =  l 'S 2 ; 0-85; 0-6S; 0 - 5 4 ....................................................... j

© min. =  1-07; 0-73; 0 - 5 9 ....................................................................) (10)
0 per cent, parallel body.

® m a x . =  1-55; 0-89; 0-73; 0 - 6 2 ....................................................... ]

(£ )  min. =  1 '0 7 ; 0-79; 0 - 6 7 ....................................................................J (U)
A com parison o f these figures w ith those given fo r  the s tra ig h t line 
form  in equation  (8) show s th a t the  (p )  values fo r  m axim um  and

2 o

m inim um  resistance fo r  the  parabolic  fo rm  w ith 60 per cent, parallel 
length agree  very closely w ith  those  fo r  the s tra ig h t line fo rm , 
show ing th a t in th is case pL  is still a  reasonable approx im ation  to  
the w ave m aking separation  length. Such a fo rm  will have ends 
approx im ating  to the wedge shape. W ith  no parallel body the ends 
will be m uch less so, and here we see th a t th e  agreem ent in (p )
values is no t so good, and the  wave m aking separation  m ust differ 
m ore from  the value pL. O f course, the existence of in terference 
effects o f th is kind was know n to  naval a rch itects long before  the 
m athem atical w o rk  outlined above was started . F ro u d e  dem onstra ted  
them  in a s trik in g  m anner by runn ing  a num ber o f m odels consist­
ing o f the  sam e fore  and a f te r  bodies separated  by different lengths 
o f paralle l [18]. F o r  a given speed the phase o f the fo re  and a f te r  
body w ave system s changed w ith th e  addition of m ore and m ore 
parallel, g iving rise  to oscillations in the w ave m aking resistance (Fig. 
12). T hese curves also  show  th a t the actual waves w ere sh o rte r 
than  those to be expected from  the trocho idal th eo ry  fo r  the same
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speed. B ak er and K ent, in 1913, w ere actually  the first to  analyse 
F ro u d e ’s results and o th er w o rk  o f th e ir  own a t the N .P .L . on m uch 
fu lle r m erchant vessels w ith  a  view to  finding som e criterion  fo r

S h a p e  o f  M o d e l  w a t e r l i n e .

d i r e c t i o n  o f  M o t i o n .

I .  7 5  FT

E N T R A N C E

2a

O 9 6 8  F T

7  5  FT

Parallel
R u n

SYMMETRICAL DISTURBANCE.

W A V E  SYSTEM  DUE T o  BOW  ANGLE.

predicting  the in terference speeds [19], - T h ey  w ere led to  the con­
clusion, from  a study  o f a  large  num ber o f w ave profiles m easured 
on m odels o f different types, th a t the  p roduct pL  w as a sa tisfactory  
m easure of the wave in terference  characteris tics o f a  ship fo rm , and 
accordingly in troduced the speed constant (p )  w hich is still in use
a t the N .P .L . to-day. T hey  sta ted  th a t m axim a and m inim a resist­
ances w ould occur w hen the speed w as such th a t

® m a x .=  V \  ’ V t -  V<J ; V i 3  etC-

® min. = Vt ‘ V\ : Vll : Vlh etC-
o r

© m a r .  = 2-00; 0 8 9 5 ;  0-667 ; 0-555; 0-485 ; 0-437

®  mm. =  1-15? 0-756; 0-603; 0-516; 0-460 ; 0-417
A com parison of these values w ith those given in equations (10) and
(11) show s good agreem ent a t all points except fo r  the  last and 
h ighest m axim um , w here the  (p )  theory  fails to  p red ic t th e  correc t 
speed. T he reason fo r  th is is now  known, it being  due to a change

(12)

W A V E  S Y S T E M  D U E  TO  C U R V A T U R E  OF FORE BO D Y.

W A V E  SYSTEM  OUE T o  CURVATURE OF A F T E R  B O D Y .

•

W A V E  S Y S T E M  D U E TC STER N  A N G L E .

T O T A L  WAVE P R O FILE  AS CALCULATED (= SUM OF 5  COMPONENTS GWEN ABOVe )  SHOWN

M E A S U R E D  W A V E  P R O F IL E S H O W N -----------------

0 - 4  8  is  16

S c a l e  o f  f e e t  f r o m  B o w  of m o d e l .

F ig .  11 .—A nalysis into its  components o f  the w ave profile o f  a m odel o f parabolic shaped water-line.
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To t a l  L e n g t h  o f  S h i p .

F i g .  12.—E ffe c t on w ave m aking resistance o f  in terference caused by varying  length o f  parallel body.

in the position o f th e  first c rest o f  the bow  system  w hich takes place 
a t such h igh speeds, and the  last m axim um  o f th e  (g )  curve actually

occurs a t (p )  betw een 1-5 and  1-6.

W ith  th is reservation , th e  0  th eo ry  gives th e  naval arch itec t
a valuable guide to  the best and  w o rs t w ave m aking speeds to  be 
experienced in a  new  design, and enables him  to  take  the necessary 
steps e ith e r to  avoid  a  m axim um  point or, i f  th is is impossible, such 
as a re  practicable to  reduce its effect as m uch  as possible.

I t  is in teresting  to  note th a t B aker and K ent also gave in their 
first paper re fe rre d  to  above the  speed fo r  entrance w ave m aking as 
v =  l-09V L B, w hich agrees exactly  w ith  th a t given in equation (7)

fro m  the  m athem atical analysis.

9.— Form Resistance.
F ro m  the discussion on skin fric tio n  d ra g  and  w ave m aking  re­

sistance outlined above, w e can im agine the  to ta l (g )  curve as being

m ade up o f tw o parts , ( g ) F and (g )w . due to  skin fric tio n  and w ave

m aking respectively. In  Fig. 13, A A  represents the  to ta l (g )  curve

as m easured  in th e  T an k  experim ents. A s a lready  described, (g ) F
can be calculated on the  assum ption th a t the skin fric tio n  resistance 

o f the  hull is the  sam e as th a t  o f a  fiat 
su rface  o f the sam e a rea  and length. If  
we re stric t ourselves fo r  th e  m om ent to  the 
m odel results , th is can be done w ithou t in ­
troducing  any doubts as to  the  m ethod  of 
ex tending the skin fric tio n  coefficients to 
ship lengths. T h e  cu rve  o f ( g ) F will be
alm ost a  s tra ig h t line such as BB, sloping 
slightly  dow n as the speed (and Reynolds 
num ber) o f  the  m odel increases. I f  the  
m odel has been run  to  quite low speeds, the 
low est p a r t o f th e  (g )  curve will be found 
to  be sensibly paralle l to the  curve o f (g ) P
and  situated  some little  distance above it. 
A t such speeds the  w ave m aking resistance 
is negligible, and th e  additional resistance 
over and above th a t estim ated  from  the 
plank fric tion  data , has been called the fo rm  
resistance o r fo rm  drag , and is indicated  in 
Fig. 13 as A (g )p.

T h is  fo rm  d ra g  is m ade up o f tw o 
com ponents. In  the  first place, if  the ste rn  
o f the m odel is very  fu ll and short, o r  the  
bilge has too sm all a  radius, eddies m ay be 
she'd, and the energy lost in th is w ay will 
increase  the  resistance. T o  avoid such eddy- 
m aking resistance, the  a f te r  end w aterlines 
of the ship should have a  gentle cu rv a tu re  
and the  tangent to  the  lines should, if  possi­
ble, not exceed an inclination o f 18° to  the 
sh ip’s centreline. T h is  is no t a lw ays possi­
ble, o f course, but the slope should be kept 
as n ear to  th is figure as o th er fac to rs  will

C O M P O N E N T  OF V A LU E  D U E  TO 
W A V E M AK IN G R E S IS T A N C E .

C O M P O N E N T  O F  © V A L U E  D U E TO 
F O R M  R E S IS T A N C E ..

=■. COMPONENT OF ©  VA LU E: D U E T O  
S K IN  F R IC T IO N  R E S IS T A N C E  ON 
ASSU M PTIO N  THAT S H IP  HULL IS 
E Q U IV A L E N T  TO  A  PLA N K . OF  SAME 
A R E A  OF SURFACE AND L E N G T H .

F i g . 13.— C om ponents o f ship resistance.
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allow. T h e  bilge rad ius can be m ade sm aller on slow er 
speed vessels—values such as to  m ake the m idship a rea  coefficient as 
high as 0-98 can be w orked if  care  is taken to avoid corners w here 
the paralle l ends and if  the flat bottom  o f the  ship also  begins to  
rise fa irly  rapidly a t these points. B u t even in m odels w here the 
presence of any such eddy-m aking is m ost unlikely, there  is still a 
com ponent o f fo rm  resistance w hich is to be a ttribu ted  to  the differ­
ence between the  flat p lank  and the curved ship surfaces.

W ith  a  flat plate, the  relative velocity o f the  w ater outside  the 
boundary layer w ill be constant and equal to  the speed o f advance of 
the plate, bu t th is is no longer tru e  fo r  a  shaped body.

I t  is u sefu l to consider this problem  first fo r  a  stream line body 
—a  solid o f revolution  such as a to rpedo  o r  a irsh ip  fo rm —deeply 
im m ersed in a  fluid, so th a t there  is no w ave-m aking to  d istu rb  the  
stream line flow. T h e  n o rm al p ressu re  on the body will now  v ary  
over the surface , as will a lso the velocity, and the  physical considera­
tion  th a t the  pa th  o f  the w ater around  such a shaped body m ust 
necessarily  be longer than  fo r a flat plank of the same length indicates 
th a t the  m ean velocity m u st be higher.

F o r  th is reason we should  expect the skin friction  d rag  to be 
higher, also, and th a t it will depend on the p roportion  o f the body 
in question, being sm aller the g re a te r  the  fineness ra tio  o f the body*. 
T h is  is borne ou t by experim ents on such bodies in air, w here, fo r  
exam ple, the a irsh ip  R33 w ith a fineness ra tio  o f 8-2 gave a  form  
d ra g  of only 4 per cent, o f the skin friction  d rag  fo r  a plate a t the 
sam e Reynolds num ber, w hilst “A k ro n ” of fineness ra tio  5-9 had a 
fo rm  d rag  o f  7-7 per cent. Reduction in fineness ra tio  beyond a cer­
ta in  point, how ever, w hilst it m ay still fu r th e r  reduce the fo rm  drag, 
w ill increase the  skin fric tion  d rag  because of the g rea ter surface  
area, and there  will thus be some optim um  fineness ratio . T h is is 
probably not a  definite figure bu t will vary  also w ith  the  particu la r 
shape.

W hen the body is b ro u g h t to the surface , and becomes a ship, 
the  fo rm  effect is still present, bu t is fu rth e r com plicated by the fact 
th a t the va ria tio n  in p ressu re  along the hull now gives rise to wave 
systems, which a lte r the am ount o f w etted surface and the velocities 
over the hull. T hese  la tte r effects are  usually  credited to  the wave

o-io
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F ig u re s  b e s id e  e a c h  s p o t  g iv e  p r is m a t ic  c o e f f i c i e n t  

B e a m / d r a f t  r a t i o  in  a l l  c a s e s  1-5
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resistance, and the fo rm  d ra g  is taken as the excess o f d rag  over 
that o f th e  equivalent flat p late a t such low  speeds th a t the  wave- 
m aking resistance is negligible.

P e rr in g  in 1925 published the results o f some experim ents at 
the N .P .L . w ith m odels o f ships and o f sim ple fo rm s o f different

beam  to  d ra f t  ratios. H e  found  in genera l th a t ^ (C )p  was about

0 1 0  to  0-12 on a to ta l o f about unity, i.e. an  increase o f 10 to
12 pe r cent., the low er figures being fo r beam  to  d ra f t  ra tio s of 2 0, 
nearest to  th a t fo r  one half o f a  solid  o f revolution, fo r  w hich form  
resistance is know n to  be small.

B aker has given sim ilar figures, o f  the  o rd e r o f 4  to  15 per 
cent, fo r  w arships and passenger ships, and go ing up  to  25 per cent, 
fo r  cargo  ships, bu t as the p rism atic  coefficient o f  the la tte r  w as as 
high as 0-80, this probably includes som e eddy-m aking resistance over 
th e  a f te r  body.

In  recent years W igley  has published m easured resistances fo r  a 
large  num ber o f m odels o f n a rrow  beam  and fine fo rm  in w hich 
there  is little  likelihood of eddy-m aking a f t  o r along the bilge. T he 
ord inate  o f the  m easured (g )  curve a t the  lowest speed, when 
( g ) F has been sub tracted  fro m  it, has been tak en  as a  m easu re  o f  

th e  form  resistance A (g )F. T hese  values a re  p lo tted  in Fig. 14 to
a  base o f  the h a lf  angle o f entrance on th e  load w aterline  fo rw ard . 
T hey show  a  definite decrease w ith increase in angle o f entrance, 
fro m  abou t 0-10 fo r  5° to  no th ing  a t  20°. W ig ley  has also carried  
ou t a  sta tistica l investigation  o f A (g )F fo r  a  num ber o f ship m odels
ru n  in the course o f the o rd inary  tan k  test w ork , and  found  th a t it 
increased from  very  sm all angles w ith  hollow  w aterlines to  a  m ax i­
m um  fo r  about 10°, and thereafte r, w ith  m ore and m ore convex lines, 
decreased again.

T h u s fo r  m inim um  form  resistance the  angle o f entrance should 
be large  and the w aterlines convex. T o  explain th is effect, i t  seems 
necessary to assum e th a t the fu ll bow  has th e  effect o f pushing the 
w ater in fro n t o f it, so  slow ing dow n the re la tive  m otion  o f  the 
w ater past the hull ju s t in the  region w here  the g rea tes t frictional 
resistance is norm ally  experienced. A s a  result, th e  re la tive  velocity 
all a long the hull is reduced, and in ex trem e cases the  frictional 
resistance is actually  less than  th a t fo r  the equ ivalen t plank. The 
increased pressure  over the fo re  p a r t o f  the  bow  will, o f course, 

give rise  to  som e additional w ave resistance, but 
a t very  low  speeds th is w ill no t be im portan t, and a 
net gain results. T h is  is  borne ou t by the  experi­
m ents o f E g g ert’s re fe rred  to  above. T he m odel he 
used had a  very  pronounced  bulbous bow, w ith very 
high p ressures on its fo rw a rd  side, b u t the fo rm  re 
sistance w as very  definitely negative over the low er 
tw o-th irds o f the  speed range, as distinct fro m  
earlie r results o f his w ith  non-bulbous bows, w here 
the fo rm  resistance was positive. T h is can only be 
achieved a t the cost o f increased wave resistance, 
how ever, and is th e re fo re  only to  be recom m ended 
a t low speeds w here the w ave resistance is a  small 
percentage o f  the to tal. Such fu ll w aterlines fo rw ard  
have long been know n to  be beneficial a t slow  speeds, 
and here we have the explanation. T hey have the  
added advantage th a t fo r  a  given displacem ent th e  
ste rn  can be m ade fine and the slopes kept low  enough 
to  ensure absence o f eddy-m aking resistance a t the  

° 7 ° °  sam e time.

10.— Choice of Ship Dimensions.
In  only a  sm all num ber o f  ships is speed the 

predom inant consideration, and in the o rd in ary  field 
o f m erchan t shipping the  shape o f hull cannot be 
chosen purely  on the  g rounds o f a tta in ing  m inim um  
resistance.

T he first condition m ost generally  laid dow n by a 
prospective ow ner is th a t a certain  deadw eight m ust 
be carried  a t a certain  speed. In  addition  to this, 
there  a re  usually  a  num ber o f restric tions. Length 
is generally  a dim ension w hich could be increased 
w ith advantage on purely resistance grounds, but it 
is expensive in first cost, it is lim ited  by strength  con­
siderations and it is inconvenient in m any cases in

0 7*7

20O " 5 °  10° 15°
H a l f  A n g l e  o f  E n t r a n c e  o n  Lo a d  W a t e r l i n e

14.—Form  resistance fo r  a num ber o f  models. A (g )P is  contribution o f  fo rm  tak ing  up m ore quay room  and req u irin g  lo n g  locks 
resistance to to ta l l7*\ ' n cana ŝ o r dock entrances. T he scantlings and equip-

' i i '  m ent requ ired  by the C lassification Societies and
the B oard  of T rad e  a lso depend on length as a p rim ary  variable. 
In  certain  cases a  small increase in this dimension, w hilst it m ight 
be beneficial fo r  resistance, m ay bring  the ship into a h igher grade 
fo r  scantlings o r equipm ent. Increase  in d ra f t  is o f  benefit fo r 
reducing resistance, and is also reflected in  a  corresponding increase 
in depth o f hull, w hich increases th e  stren g th  o f the hull g irder, and 
is accordingly a cheap dim ension as regards cost. U nfo rtunate ly , 
d ra f t  is usually  restric ted  by the depth o f  w ater in harbours and♦Fineness ra tio  =

length  in d irection of m otion 
m axim um  diam eter
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p a rticu la rly  o ver the  sills o f docks.
Increase  in beam  w ithout a  corresponding decrease in fullness is 

genera lly  bad fro m  a resistance point o f view, but a m inim um  beam 
to  d ra f t  ra tio  is essential fo r  stability.

T he naval architect is thus faced w ith  th e  problem  o f designing 
a  hull which, w hilst conform ing to  certain  lim iting  conditions, will 
be the  m ost economical to drive. Such  a design m ust evidently be a 
com prom ise, and in the solu tion  he m ust m ake use o f th e  know ledge of 
sh ip  resistance which has been -outlined in  the first p a r t o f  this paper.
11 .— Length and Prismatic Coefficient.

In  o rder to carry  a  given displacem ent, th e  choice o f length  and 
prism atic  coefficient a re  interdependent.

W hilst the reduction  o f first cost, p o rt and o th er dues demands 
as sho rt a length as possible, this dim ension cannot be cu t below a 
certain  m inim um  w ithout in cu rrin g  an unreasonable penalty  in in­
creased pow er and lack o f seaw orthiness. K ent has show n [21] th a t 
tw o conditions give rise to  m axim um  pitching—when the  sh ip’s 
na tu ra l pitching period is equal to the  period  o f encounter w ith the 
waves, and when she is m eeting w ith  w aves o f  such size th a t the ra tio

ship length /  _  1 j som ew hat less than  unity. Accordingly, a 
w ave length ( A. \ J 6 y '

ship should have a  length som ew hat longer than  th a t o f the waves 
m ost prevalen t on the trad e  rou tes a long  w hich she is to ply. F o r

m inim um  pitching, K ent states th a t ^  should be about 1-7, w hilst

fo r  m inim um  heaving, the  value  should  be 1-2 [22], H is  experience 
o f  w eather in  the  N o rth  A tlantic  in w in ter show ed th a t the m ost 
comm only encountered w ave had  a length o f som e 27S to  300ft., so th a t 
fo r  m inim um  pitching a  length of about 500ft. w ould be necessary.

In  the N o rth  Sea m uch sh o rte r w aves a re  norm ally  m et, of 
length ISO to  200ft., and th e  length  fo r  m inim um  pitching w ould be 
fro m  260 to  340ft. W h ils t m any o f the  vessels regu larly  plying to 
the C ontinent w ould pass this test, a  g rea t num ber com ing in to  the 
coaster class w ould  no t do so, and it is know n th a t such sm all vessels 
do feel the w eather very  m uch sooner and to  a  g rea te r degree than  
th e ir la rg e r sisters.

W h ilst the requirem ents o f  seaw orthiness indicate a  low er lim it 
to the length, they  also se t an  upper one to  the  perm issible fullness. 
In  a  series o f m odel tests in waves, covering experim ents on five 
fo rm s of prism atic  coefficients rang ing  from  0-80 to  0-60, K ent found

T A B L E  1.

Ship.

Length 

in ft.

Block

coefficient.

Speed 
in sm ooth 

w ater,

knots.

% Loss 
o f  speed 

in  w aves 6ft. 
h igh  fo r  sam e 

, , s.h.p. 
value o f — - D ispt.

“B erengaria” ... 883-6 0-60 24-0 4-2
“M ontcalm ” 546 0-71 16-5 6-7
“L ondon M ariner” 450 0-73 14-3 7-3
“O royo” ................ 530 0-70 13-6 8-1
“O ropesa” 530 0-745 13-0 10-4
“ San A lberto” ... 442 0-742 12-7 13-4
“San T irso ” 420 0-785 10-25 21-0
“San  G erard o ” ... 530 0-83 11-30 32-7

T he percentage loss o f speed in 6ft. waves increases very slowly w itl 
block coefficient up to  a  value o f 0-74, bu t above th is the loss in­
creases very  rapidly.

S cale: or
F ig .  IS .— Economical speeds fo r  minimum wave making resistance.

th a t the m axim um  prism atic  coefficient fo r  good speed-keeping p ro ­
perties should  no t exceed 0-75 [23]. T he fu llest m odel o f the series 
shipped w a ter over a  sm aller range of w ave lengths th an  did the 
finest, bu t w hen it  w as shipped the fu lle r fo rm  took  m ore on board, 
and was in som e cases com pletely swam ped. T hese conclusions fro m  
m odel tests have been confirm ed a t sea, as is show n by the figures in 
Table I, obtained by K en t [24].

E xcessive fullness fo rw ard  also prom otes a  tendency to  slam, 
and care should be taken to  avoid any flat a reas on the b o ttom  fo r­
w ard. T ran sv erse  sections should not have too m uch U  shape a t the 
bottom , and the floor lines should comm ence to lift im m ediately the 
parallel body ceases so as to  give a V  shape w hich will allow  the 
hull to en ter the w a ter sm oothly  when pitching.

As we have seen w hen d iscussing w ave-m aking resistance, the

13



The Fundamentals o f Ship Form.

product o f  length and prism atic  coefficient, pL, in the  fo rm  o f the  
speed constant (p ) , w ill give an  indication as to w hether o r  no t the

ship is running a t a  favourab le  wave m aking speed. T h e  (p )  values

previously given fo r  m axim um  w ave m aking  w ere 0-485, 0-555, 0-667,
0-895 and 1-50. T hese  give the  speeds a t  w hich the in terference re­
sistance is a  m axim um , th a t is, the points w here the actual 
value departs fa rth e s t above the  m ean w ave resistance (g ) w curve, 
which we have seen varies as V* (Fig. 15). T hey  do not, as a rple, 
indicate absolu te m axim a, bu t ju s t  above these speeds the (g ) 
curve flattens ou t before  beginning the  rise to  the n ex t hum p. F o r  
economical perform ance, i t  is desirable fo r  a  ship to  run  a t a (p )
value on th is flat part, and the service speed should no t be too  n ear 
the  beginning o f the  rise, in o rd e r th a t the  fo rm  m ay rem ain good 
to  a  som ew hat h ig h er speed, a fea tu re  w hich is o f g re a t assistance 
in m aking up in fine w eather tim e lost in bad. F ro m  Fig. 15 we see 
th a t suitable m axim um  values o f (p )  a re  about 0-50, 0-60, 0-75 and
1-08. I f  these a re  exceeded, the h igher speed will only be achieved 
a t the expense o f  a  d isproportionate  increase in power.

In  a very  fu ll ship, such as the coaster in Fig. 1, the  low  speed 
hum ps a re  well developed, and the  m axim um  econom ical speed will 
be given by

@ = 0 -5 0 .
T h e  tanker fo rm  w ith  a prism atic  coefficient o f  0-77, can be driven 
to  the  nex t speed o f  (p )= 0 -6 0  w ithou t undue expenditure o f  power.

F o r  still finer fo rm s, such as the traw ler, th e  low  speed hum ps 
are  not very  m arked, and th e  first serious rise occurs above the 
speed given by (p )  =  0-75. T h e  cross-C hannel vessel, w hilst actually
a little  fu lle r th an  the traw ler, has the advantage o f  length, and here, 
w here speed is becom ing o f  g rea te r im portance the com bination of 
p and L  is such th a t th e  rise in  the  (q ) cu rve  about (p )  =  0-75 is not

prohibitive, and th e  vessel can be driven to  (p ) =  l-08 w ithout un­
reasonable expenditu re  o f power.

W here  speed is absolutely o f param oun t im portance, as in 
destroyers, fo r  exam ple, and econom y is not. o f itself, a first con­
sideration, the  fo rm  has to  be driven to  speeds above the last hum p 
in th e  (g )  curves a t  (p )  =  l-5. A lthough  the (g )  value above this 
speed begins to fall steadily, it m ust be rem em bered th a t the pow er 
is still rising  rapidly, since it depends on the  p roduct (g )V s, and the 
slow  fall in (g )  in no w ay com pensates fo r  th e  rise in V s.

T he length and fullness to  be chosen fo r econom ical propulsion 
a t a given speed a re  th u s in tim ately associated, and the choice is one 
in which the naval a rch itec t m ust rely  upon his accum ulated experi­
ence and the large  am ount o f published data  a t his command. A 
fo rm u la  orig inally  due to  F . H . A lexander fo rm s a  very good guide 
—it relates the  block coefficient, speed and length by the  equation

where
C B =  block coefficient.

V = sp e ed  in knots, 
and L  =  length in ft.

F u rth e r  guidance can be found  in D r. B aker’s book on ship resist­
ance [25] and in S ir  A m os A yre’s papers to  the N o rth -E ast C oast 
In stitu tion  o f Engineers and Shipbuilders [26], W hen  the principal 
dim ensions and fullness o f  the fo rm  have been decided upon, the 
resistance o f  the  ship will depend chiefly upon the follow ing 
featu res :—

(1) T h e  d istribu tion  o f displacem ent along the  length, as shown 
by  the  curve o f cross-sectional areas, and typified by  the 
longitudinal position  o f  the  centre o f buoyancy ;

(2) the  shape o f the  load w aterline, particu la rly  fo rw a rd ;
(3) shape o f tran sv erse  sections near the  e n d s ; and
(4) the type o f stern.
T he choice o f the  correct shape o f a rea  curve and load w ater 

line depends upon the  (p )  value a t  w hich the  vessel is to  run , and
hence upon the prism atic  coefficient chosen. W e have seen that, as a 
first approxim ation, the to ta l resistance can be divided in to  frictional, 
form  and w ave m aking resistance, th e  fo rm er being considered as 
th a t due to the equivalent plank surface, w hilst the la tte r  tw o kinds

m ust be considered together, usually  under the  nam e o f residuary  
resistance.

12.— Frictional Resistance.
I f  the frictional resistance o f a  ship is considered  to  be equiva­

lent to  th a t o f a  plank of the sam e a rea  o f w etted  su rface  S and 
length L , we can w rite, as before,

R f =  Ct i p  S V".
T h e  resistance will be least when S and C, a re  k ep t as sm all as 
possible consistent w ith  the  o th er requirem ents o f  th e  design.

W e  can take it th a t L  has a lready  been fixed in association  w ith 
p and V , and th e re fo re  the only choice w e have le f t  to  reduce S is 
th a t o f  the  m ost suitable ra tio  o f beam  to  d ra ft, B /d . T ay lo r has 
expressed the  w etted  su rface  o f a  ship by the  fo rm ula

S ^ C v'A L
and given con tours o f  C over a  range o f  m idship section a rea  co­
efficients and B /d  ra tio s [271, which indicate th a t th e  m inim um  w etted 
su rface  w ill be attained w ith  a  B /d  ra tio  o f  ab o u t 3-0. B u t such a 
high value is n o t u sua lly  acceptable on o th er grounds. F o r  a given 
m idship area, i t  involves a  larg e  beam  and th is in tu rn  will m ean 
increased w ave-m aking resistance should  the  ship be running  a t 
h igh speeds. A lso, it will lead to  larg e  m etacen tric  heights, and 
consequently to  stiffness and d iscom fort to  passengers. I t  is usual 
to find the B /d  ra tio  fo r  m erchan t vessels n e a re r  to  2-0 than  3-0, a 
very  comm on value being about 2-3. In  vessels such as cross Channel 
ships, o f restric ted  d ra ft, values as h igh as 3-0 m ay be used, and here 
the consequent additional GM  is no draw back  in  view  o f th e  large  
am ount o f  su p erstru ctu re  and deck load carried . T h e  beam  to  d ra ft  
ra tio  is thus usually  fixed on grounds o th e r th an  th e  a tta in m en t of 
m inim um  resistance.

In  o rd er to  keep C, as low  as possible, th e  su rface  should be 
kep t clean and sm ooth and free  fro m  ab ru p t fea tu res such as plate 
edges.

Som e idea o f  the  additional resistance due to  roughness can be 
obtained fro m  th e  curves in Fig. 5 and  fro m  K em p f’s w o rk  [81. H e 
has given values o f  a  coefficient Ck to  be added  to  the  sm ooth co­
efficient C, fo r  various types o f  roughness tes ted  both on pontoons 
in the H a m b u rg  T an k  and by  m eans o f nlates let into the sides of 
ships. T h e  results a re  sum m arised  in T ab le  2. I t  w ould appear 
th a t th e  roughness p resent on a  clean ship is no t sufficient to  make 
the  resistance fo llow  the quadratic  law, i.e.. behave as a  completely 
“ro u g h ” su rface  as defined by N ik uradse’s w ork , b u t ra th e r th a t the 
additional resistance should be looked upon as a  constant augm ent to 
the sloping curve w hich defines th e  C, coefficient, b u t the evidence on 
th is noint is not yet conclusive.

T h e  W ashing ton  T an k  au tho rities have adopted Geber’s co­
efficients fo r  sm ooth surfaces, and add an allow ance fo r  roughness 
am ounting  to  14 oer cent, fo r  a  400ft. cargo  shin and  22 per cent, 
fo r  a 900ft. battle  cru iser [281. T hese  b ring  the coefficients into 
reasonable agreem ent w ith o rd inary  F ro u d e  results , bu t the  la tte r 
in general appear to  underestim ate the resistance o f a hull, since

T A B L E  2.
K e m p f ’s E x p e r im e n t s  o n  R o u g h n e s s .

Increase as 
percentage o f 

sm ooth C r value
T ype o f S urface. C,. fo r  400ft. ship.

400ft. ship, sm ooth s u r f a c e ................
(1) Plane, sm ooth steel plates, w ith 

new  paint, no rivets, seam s o r  
butts, w ith  average roughness 
about 0-012" .............................

(2) A s (1) bu t w ith  b u tts  0-8" th ick  
every 16ft...............................................

(3) N ew  hull, new  paint, w ith  rivets, 
bu tts  and straps as m easured on 
“H am b u rg ” and “E u ro p a”

(4) C opper-sheathed hull o f “ G rey­
hound” ... .............................

(5) P lan e  su rface  w ith  sand particles
0 04" d iam eter covering 100% 
o f  a rea  ... ................

(6) P lane  su rface  w ith  barnacles 0-12" 
to  0-16" high, covering 25% o f  a rea

c , fo r  400ft.

l - 6 0 x l 0 - 3 —

O -lO xlO -s 6

0 - 4 0 x l0 - s 25

0 -7 5 x 1 0 -3 47

0-7 5 x 1 0 -3 47

1 -0 x 1 0 -3 62

3 -0 x 1 0 -3 187

14



The Fundamentals of Ship Form.

K em p f s resu lts  fo r  ord inary  shell plating  show  percentages con­
siderab ly  g re a te r  than those adopted by W ashington. T h e  position 
o f  o u r  know ledge in this field is not a t p resen t sa tisfac to ry , bu t it is 
sufficient to  show  th a t considerable gains could be m ade by the im ­
provem en t o f the present type o f surface.

O ne way in w hich th is can be done is by carefu l a tten tion  to  the 
condition o f the surface when repainting, and any additional tim e and 
expense incurred  in this w ay w ould soon be repaid in reduced fuel 
bills. T he introduction  o f  w elding allow s o f the  elim ination of 
seam s and laps and rivets, and fro m  th e  evidence o f  T able  2 this 
should enable a considerable reduction  in skin fric tion  d rag  to  be 
made, since the Ck coefficient drops fro m  0 - 7 5 x l0 - 3 to  O -lO x lO -3 fo r 
such a change, a lthough  the  la tte r  coefficient m ight no t be attained 
on a large stru c tu re  because o f a  certa in  roughness and d isto rtion  of 
the surface  a t  th e  welds.

In some riveted  ships the  bu tts  and seams have been sm oothed 
off w ith a  p lastic com position applied so as to  fo rm  a tapered  wedge. 
This has been done in a liner bu ilt a  few  years ago, and the  saving 
in pow er w as abou t 7 per cent. T his, o f  course, represents a con­
siderably  g re a te r  percentage o f the  skin fric tion  resistance. Som e 
experim ents by B aker [25] w ith m odels show ed th a t nearly h a lf 
o f  th e  saving in pow er resu ltin g  fro m  such  flushing o f th e  butts 
and seam s could be achieved i f  the change w ere restric ted  to  the  first 
one e ighth  o f the length fro m  th e  bow. T ria l  resu lts fro m  tw o 
sis te r  ships, in w hich 20 pe r cent, o f  the  length fro m  the bow  w as 
sm oothed off by com position, show ed a  gain  o f som e 4 pe r cent, 
in  power.

S im ila r increases in pow er m ay be expected when the  su rface  
becom es fu r th e r  roughened by fouling , as instanced by item  (6) 
in T ab le  2. T ay lo r has given figures fo r  tw o cases—a U .S . destroyer 
e igh t m onths ou t o f dock in  the  N o rth  A tlan tic  and a U .S . battleship
10 m onths in C alifornian  w a ters—in w hich the  add itional resistance 
represented a Ck value o f  3 - 6 2 x l0 - 3 and 2 - 4 3 x l0 - 3 respectively, in 
close agreem ent w ith  K em pf’s experim ents. T h e  average increase in 
pow er fo r  a  large  num ber o f A m erican  ships 4, 5 and 6 m onths ou t 
of dock, has been stated to  be 7-8, 9-6 and 11-8 pe r cent, respectively, 
but the figures fo r  individual ships v a ry  w idely w ith  the  tim e o f the 
year, tim e spent a t sea and in port, the  reg ion  in w hich th ey  trade 
and so on. T h u s B aker gives figures o f 20 per cent, a f te r  three 
m onths ou t o f  dock in the  Tyne, and as m uch as 11 p e r cent, a f te r  
only 40 days in the Clyde, th e  la tte r  being exceeded by S ir  A rchibald  
Denny’s figure o f i  per cent, pe r day fo r  fou ling  grow ing  on ships 
in the fitting ou t basin a t D um barton .

T hese figures should be sufficient to  indicate to  all concerned 
w ith  the building, m aintenance and runn ing  o f ships the im portance 
o f keeping the paint su rfaces sm ooth and clean and o f  elim inating 
the s tru c tu ra l roughnesses in the original shell w henever possible.

!3 .— Wave Making and Form Resistance.
W hereas the facto rs leading to  a low  skin fric tio n  d ra g  a re  

applicable to  all ships, the problem  o f  the m ost suitable shape o f hull 
fo r m inim um  resid u ary  resistance is m uch m ore difficult. D ue to the 
in terp lay  o f w ave m aking  and fo rm  resistance, the  requirem ents fo r  
m inim um  residuary  resistance will, in fact, depend upon the  actual 

( V \
speed-length ra tio  j j o r  (p )  value a t w hich the  ship is to  run.

I t  is convenient in the first instance to  study  the requirem ents 
fo r  m inim um  w ave m aking resistance, and la te r to  see how  these 
m ust be modified to  tak e  account o f  fo rm  effect.

Som e in teresting  deductions can be d raw n  fro m  the  resu lts o f  a 
series o f m odels run  a t T ed d in g to n  by W iglev  [29]. T hese  all had  a 
prism atic coefficient o f 0-700, the paren t fo rm  being sym m etrical about 
am idships. In  the o th er two, fo re  and a f t  asym m etry  was introduced, 
so as to give tw o fo rm s w ith the L .C.B. respectively 4-08 and  6-12 per 
cent, o f the length from  m idships. B y runn ing  these tw o  fo rm s both 
w ays round, a  series o f  five m odels was obtained w ith a  progressive

decrease in angle o f entrance and a  corresponding  m ovem ent a f t  
o f the L .C.B. T he principal dimensions o f  the  m odels a re  given 
in Table 3.

T h e  calculated w ave m aking curves fo r  these m odels a re  
show n in Fig. 16.

V
A t low speeds, up  to  /7: - 

V L 0-75, th e  w ave resistance is less the  

Vfiner the  angle o f  entrance. A b o v e =0-70,  the (g ) w curve fo r

the  fo rm  w ith  th e  finest angle o f entrance begins to  rise m ore rapidly 
than  the  o th ers  and m ounts above each one in succession un til a t

—̂ -= 1 -0  it is exceeded only by th a t w ith  th e  fu llest angle o f entrance 
v L

—th a t is the  sam e m odel ru n  the  o th e r w ay round. W ith  fu rth e r 
increase in speed th e  tw o  (g ) w curves com e closer together, and

V
finally m erge a t ab o u t 1-4, a f te r  w hich  the  w ave m aking resist­

ance is the same fo r  th is m odel e ither w ay round. T h e  m athem atical 
theo ry  shows th a t in a  p erfec t fluid this w ould be the sam e a t all 
speeds, the difference betw een the  (q ) curves in an actual fluid being
due to  viscosity, and the  disappearance o f th is difference is indicative 
o f  the sm all effect o f v iscosity  a t high speeds.

T he m odel w ith  th e  n ex t finest ang le  o f  entrance becom es the
V

best a t  —/r= =0-75, bu t presently  begins to  rise rapidly, and above 
v L

V
^ j - = 0 - 9 0  the m odel w ith s tra ig h t w aterlines and an angle o f entrance

o f 10-7° is the best and re ta ins its superio rity  to  the h ighest speeds.
T hese  changes in relative resistance can be broadly  explained 

by applying th e  know ledge o f w ave m aking  resistance a lread y  ou t­
lined.

A t low  speeds, the m ain resistance is due to  the  w ave system  
form ed  a t the  bow, and th is  depends upon the  angle o f entrance 
so th a t the  sm aller th is is made, the  less the resistance. A t som e­
w hat h ig h er speeds the resistance due to  the  cu rv a tu re  o f the 
entrance becom es im portant, and the  m axim um  slope o f the w a ter- 
lines along the  entrance m ust be g rea te r th e  finer the bow  angle 
(since all have eventually  to  reach  the same beam  am idships), w ith 
the  resu lt th a t the  finest-angled fo rm s lose th e ir superio rity . F inally, 
a t h igh  speeds, the  sym m etrical fo rm  w ith in te rm ed iate  bow  angle 
and stra ig h t w aterlines is the best, bu t there  is no t a g reat difference 
in any o f them , and a t such speeds it has been show n by W ig ley  [30] 
th a t shape is relatively  im m ateria l and the  ( g ) w value depends only
on the ra tio  o f length to  displacem ent.

T h e  above conclusions m u st be modified, especially a t the  lowpst 
speeds, when the effect o f fo rm  resistance is considered. T he 
m easured  curves o f residuary  resistance fo r  the sam e five m odels o f 
Table 3 a re  show n in Fig. 17. T h e  residuary  resistance is obtained 
fro m  the to ta l m easured  resistance by su b tracting  the skin fric tion  
assessed on th e  usual F ro u d e  assum ptions, i.e. in o u r earlie r notation

© * = © w+ A (C )f .
T h e  values o f ^ (C ) f  f ° r  these  five m odels a t th e  low est speeds 

have a lready  been given in F ig . 14, and since all m odels have a lm ost 
identically  th e  sam e w etted  surface, the  w ill be the  sam e fo r 
all. H ence th e ir relative m erits  w ill be defined by the  curves o f 
re sid u ary  ( g ) R.

A n exam ination  o f  Fig. 17 show s som e very  in teresting  features 
W e have  seen th a t A (q )f  the fo rm  resistance, decreases w ith
increasing angle o f  entrance, w hich is exactly  opposite to  the

T A B L E  3.

M odel
No.

D irection  of 
running.

T ype of w ater-line  
fo rw ard .

L
B

B
d c P i ap.

L.C.B. fro m  
am idships 
as % L.

2130B Fine end leading V ery  hollow 10-66 1-50 0-700 o 6-12 aft.

2130 A H ollow „ „ „ 5-3° 4-08 aft.
1970B Sym m etrical S tra ig h t o r slightly  convex , , ,, „ 10-7° A m idships

2130 A F u ll end leading Convex >> „ „ 15-7° 4-08 fwd.

2130B »» - ■> »» - 18-2° 6-12 fwd.

15



The Fundamentals o f Ship Form.
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change in wave resistance at low speeds. A t such speeds, the form  
effect, being m uch la rg e r th an  th a t due to wave m aking, com pletely 
outw eighs it, and reverses the o rd er o f  the m odels. Thus, fo r 

V
speeds below a value o f 7=  about 0-5, the m odel w ith the L.C.B. 

v L
fu rth es t fo rw a rd  and the fu llest angle o f entrance is the best o f all, 
w hilst the w orst is th a t w ith L.C.B. fu rth es t a f t  and the finest

angle. T he curves o f  (g )  all practically  in tersect a t —===0-5,

and im m ediately above it the o rder is reversed, from  th a t speed 
to 0-75 the  tw o fo rm s w ith L.C.B. a f t  o f m idships being very  nearly

^  i n  K n o ts ,  L i n  F e e t . )

F ig . 16.—Calculated curves o f  w ave m aking resistance constant ( g ) w-

indistinguishable. A t th is speed the © .
fo r  the finest fo rm

begins to  m ount, as we saw  before, an d  a  g rad u al change in bow 
lines from  very hollow  to w ards s tra ig h t w ith  L.C.B. am idships is 
indicated, the  la tte r  becom ing the best o f all a t speeds above 
V

—===1-0. T hese results, using w hat a re  adm itted ly  not shipshape 
v L
m odels, nor o f norm al p roportions, a re  sum m arised  in T ab le  4.

T hese conclusions a re  well illu stra ted  g raphically  in Fig. 18. 
T h e  base o f this d iagram  m ay be considered  e ither as angle of 
entrance o r  position o f L.C.B., and the  curves a re  draw n, each fo r 
a  constant value of V / a/ L ,  to  show  the  difference in (q ) from
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T A B L E  4.

The Fundamentals o f Ship Form.

Speed-length  ra tio  
V /V L B elow  0-5 0-5 to 1 0 A bove 1-0

B est type of bow 
w ater-lines

Convex w ith  fa ir ly  
large  angles o f entrance

H ollow  and  sm all 
angles o f entrance becom ing

stra ig h t w ith  increase 
in V /V L

Stra igh t, w ith  m edium  
angle o f entrance

Best position o f L.C.B. F o rw ard  o f m idships A f t  o f m idships changing
to

m idships a t high 
speeds A m idships

th a t fo r the m iddle m odel o f  th e  series, i.e. the  sym m etrical one
V

w ith L.C.B. am idships. A t "7 == =  0-4 the  superio rity  o f the  fu ll bow 
v L

is apparent fro m  the slope o f the curve fo r  th a t speed-length ratio . 

F o r " ^ ^ = 0 - 6  and 0-8 this slope is reversed, show ing th e  advantage

o f the fine bow, w hilst a t still h igher speeds any d epartu re  from  
the sym m etrical m odel involves an  increase in residuary  resistance.

A lthough  the fo rm  resistance has such a large  effect on the 
the to ta l (C) a t very  low  speeds, a  study  o f th e  curves in Figs. 16
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V

and 17 suggests th a t this effect seems rapidly  to disappear, since the 
relative o rd e r o f the  m odels a t h igher speeds is quite unchanged by 
the  inclusion o f fo rm  effect. I f  th e  la tte r  w ere due solely to  the 
augm ent o f skin fric tio n  d rag  due to  the  h ig h er average velocity 
o f th e  w ater a long  the  curved su rface  o f th e  hull as com pared w ith 
the plank, one w ould expect A(C) to  rem ain  m uch the  sam e over 
the  w hole speed range. Y et fo r  m odel 2130B ru n  both ways round, 
the very large difference in © „  a t low  speeds, a ttrib u ted  to the
difference in fo rm  resistance, has com pletely d isappeared  a t high 
speeds. T h u s the fo rm  resistance m u st change in character quite 

quickly w ith increase o f speed, and we do no t yet 
know  enough o f th e  different elem ents o f resistance 
to  explain th is phenom enon.

A ll these m odels w ere very  fine and of n a rro w  
beam , and it is unlikely th a t they  suffered fro m  any 
eddy-m aking resistance. B u t in an  actual ship th is 
possibility has to  be g uarded  against, and to  th is end 
the bilge rad ius should n o t be too  sm all—a point 
w hich has been ra th e r  lo st sigh t o f in th e  past— 
ab ru p t changes o f c u rv a tu re  should be avoided at 
the shoulders, and the slopes o f th e  w aterlines o f the 
a f te r  body should not be too  steep, the  angles to  the 
centre line being lim ited to  18° w here possible. In  the  
fa stes t o f  all, such as destroyers, the w aterlines are  
usually  m ade very  full, and the ste rn  cu t up in a long 
gentle slope as being the  only w ay  to  achieve this 
w ithou t p roh ib itive  loss o f  deck space, a t th e  same 
tim e prov id ing  an easy pa th  fo r  th e  w a te r  to  the  
screw s.

In  T ab le  S are  given the  salient fea tu res  know n 
to  be necessary  to  ensure a good perfo rm ance  fo r  
various types o f  ships w o rk in g  o v er different speed 
ranges. T hese have been developed as the  resu lt o f 
m any years o f experim enting  w ith  m odels in T anks 
and w ith  actual ships, and bear a  close resem blance 
to  those th a t w ould be expected fro m  the  above 
reasoning, as a com parison betw een T ables 4 and S 
will show.

Slow and Medium Speed Cargo Ships.
T h is  class includes vessels w ith  p rism atic  co­

efficients in th e  range 0-82 to  0-7S, running  a t speeds 
fro m  (p )= 0 -4  to  0-6. T h e  slow est and fu llest ones
m ust take advantage o f the  sm all form  resistance 
obtainable by hav ing  a  larg e  bow  angle (up to  3 5 ° )  
and consequently have  a  sh o rt entrance, the  L.C.B. 
well fo rw ard  of m idships, and convex w aterlines fo r ­
w ard. W ith  coefficients above 0-78 it is a lm ost im ­
possible to  avoid  eddy-m aking a t the  stern, unless the 
vessel is fitted w ith  a  sm all diam eter, fa st ru nn ing  
screw , so th a t a  good c ru iser ste rn  can be w orked  
in to  th e  lines. F o rw ard , the large angles o f  entrance 
m ake the  vessel sensitive to  sea conditions, and in 
o rder to  avoid still la rg e r angles above w ater, w hich 
will be im m ersed when pitching in waves, th e  stem 
should be well raked, successive w aterlines practically  
parallel, and  the  fo rw ard  tran sv erse  sections o f V  
shape.

In  the  finer vessels in th is range ru nn ing  a t speeds 
approach ing  a  (p )  value o f 0-6, the  bow  angle should
be reduced to  about 27°, the fo rw a rd  w aterlines m ade 
n early  stra igh t, and the  entrance and run  o f  nearly  
the sam e length. T he stern  lines can now  w ith  care 
be kept dow n to  the  lim iting  slope o f 20°.

F ig .  18 .— C urves o f  constant values o f  ' ------ , shozving differences in
V' L

fro m  that fo r  the sym m etrical m odel 1970B.

. values
Cargo Liners.

These vessels, w ith prism atic  coefficients o f  0-75 to



T A B L E  5.

Type of ship
Slow speed cargo 

ships
M edium  speed 

cargo  ships C argo liners
In term ediate

liners
H ig h  speed liners 
and fa st coastal 
passenger vessels

C ross-Channel
vessels T .B .D ’s.

p. (prism atic coefft.) 0-82 — 0-78 0-78 — 0-75 0-75 — 0-70 0-70 — 0-65 0-65 and below 0-65 and below 
(B est resu lts 0-57)

0-65 and below

0-4 — 0-6 0-5 — 0-60 0-55 — 0-65 0-60 — 0-80 0-70 — 0-90 1-05 — 1-40 1-50 and above

Length o f parallel 
body

34% U p  to  25% depend­
ing on beam

U p to  U p  to
25% 20%

10% w ith 0% 
h o 11 ow  

L W L  
fwd.

0% with 
s tra ig h t 
L W L

None N one None

Entrance
Run

0-6 — 0-8 0-8 to  100 
0-9

1-0
L B m ust be long 
enough to  avoid 

'V = 1 -0 9 V L b hum p

1 0 M 1-2 1-2

L.C.B. as % L  from  
am idships

2% fw d .— 1-0% 
fwd.

S.S.

2% f wd . — 1-0% 
fwd.

S.S.

14% to 4%
fwd.

S.S.

1-0% fwd. to  1-0% a ft. S.S. 
„ „ „ 2-0% „ T .S .

14% aft. to  2% aft. 
T .S .

2% to  3% aft. 
T .S .

1% to 14% aft. 
T .S.

Shape o f a rea  curve S tra igh t ends S tra ig h t M edium 
ends hollow  

fo rw ard

S tra ig h t H ollow  
ends curve 

fo rw ard

Fine entrance 
essential

Fine ended curve 
of areas. Bulbous 
bow usefu l above 

@ = 0 -7 5

Fine F u l l e r  
ended e n d s ,  

u s i n g  
b u lbous 

fo rm

M axim um  area  a l t  
o f am idships. F o r  
h i g h e s t  speeds, 
s tra ig h t o r  slightly  
convex fo rw ard . 
Good bu ttock  lines 

a ft.

Shape of L .W .L . Bow—slightly con­
vex throughout. 

S t e r n  — f a i  r l y  
s t r a i g h t .  Slope 
not g rea te r than 

20°.

B ow  con- B ow  con­
vex v e x  t o  

stra ig h t

B ow  lines either 
s tra ig h t and long 
entrance or hollow 
and sh o rt entrance

Bow B ow  
lines lines 

hollow  stra ig h t

Fine L .W .L . fwd., 
hollow

Fine end F u l l e r  
fo rw a rd  ends by 

m  a  k  ing 
W L  end­

ings 
s t  ra igh t 
o rh o llo w  
w ith bulb

M axim um  beam  as 
fa r  a f t  o f am id ­
ships as possible. 
L W L  fw d. quite 
s tra ig h t o r  even a 
little  convex. A ft 
quite  fu ll to  a c t as 

cover to  screw s

4 a E on L .W .L . 35° 32° 30° 27° 24° 16° 
s tra ig h t 
o r 12° 
hollow

18° 12° 
hollow 

o r  up to 
16° 

stra ig h t

D ow n to  6° w ith 
hollow

6° _  7° 6° w ith 
hollow , 

9° w ith 
stra ig h t

10° — 12°

M idship section co­
efficient

0-98 — 0-99 0-98 0-98 0-98 0-95 0-90 — 0-95 0-80 — 0-85

C ruiser stem Reduces resistance 
up to 6%

E ssen tia l to  in­
crease length

E ssen tia l to  in­
crease length and 

cover screw s

The 
F

undam
entals 

of 
Ship 

F
orm

.



The Fundamentals o f Ship Form.

0-70, an d  runn ing  a t speeds corresponding to  (p )  values o f 0-55 to  0-6'S,
a re  in a  reg ion  w here transverse  w ave m aking is becom ing im portan t, 
and  hence care  is necessary to avoid  th e  w o rs t effects o f in te r­
ference, one o f the  hum p w ave m aking speeds being a t ( |J ) =0-555.
I t  so happens th a t in these vessels the  entrance w ave-m aking hum p 
given by V  =  1-09VLE, already described, occurs a t  speeds very  n ear 
to  those corresponding to  =  0-555, and  a very  bad result m ay
occur. T h is coincidence can be avoided if  th e  entrance can be 
m ade long enough, and in such a  case th e  bow w aterlines should 
be stra igh t, w ith an angle o f entrance in the  neighbourhood o f 16°. 
I f  th e  necessary length o f entrance cannot be attained, it should  be 
m ade sh o rte r and the  bow angle m ade sm aller, say 12°, w ith hollow  
waterlines. T h is  has the  effect o f reducing  the  bow  w ave-m aking 
and so reducing the  hum p in the (g )  cu rve  due to  the  critical (g )
value. W ith  s tra ig h t waterlines, the (g )  cu rv e  rises steadily over
m ost o f the  useful speed range, w hilst w ith  the  hollow  lines it rises 
m ore slow ly a t first, but tu rn s up  ea rlie r and crosses the (g )
curve fo r  the stra ig h t w aterline fo rm  in the  neighbourhood of 
(p )  =0-60. A t this p a rticu la r (p ) value equally good resu lts can be
obtained w ith e ither type of entrance—below it, hollow  lines are  
b e tte r, above it s tra ig h t ones.

Intermediate Liners.
T h e  prism atic  coefficient lies betw een 0-70 and 0-65, the  corres­

ponding speeds being about (p )  =  0-60 and (p ) =  0-80. In  th is range
there  a re  tw o critical (p ) values to  avoid—0-56 and 0-67—and at
the top speed o f (p )  =  0-80 we a re  approach ing  th e  0-9 hump.

V ery  little  parallel can be w orked  in such vessels— say 10 per 
cent, as a m axim um —and in general a  hollow  w aterline  fo rw ard  
gives the  best result, a lthough a t (p )= 0 -8 0  a  s tra ig h t line bow is
becom ing a  possibility  again.

High Speed Liners.
T hese  vessels have prism atic  coefficients o f  0-65 o r  less, and are  

running a t speeds approach ing  (p )  =  0-90, w hich is the in terference
hum p caused by the  coincidence o f th e  second hollow  o f the  bow 
wave system  w ith  the  first ho llow  o f  th a t due to  the ste rn  curvature. 
In  o rder to  reduce th is in te rference  as m uch as possible, th e  bow 
w ave system  m u st be m ade sm all, and hence a very  sm all ha lf 
angle o f en trance is required , in th e  neighbourhood  of 6°, w ith 
consequently a  hollow  w aterline. Such a  fine entrance m eans th a t it 
m ust lie long to  avoid  a  sharp  shoulder am idships, and consequently 
the tran sv erse  station  hav ing  th e  m axim um  a rea  is usually  ab aft 
h a lf length. F o r  speeds above (p )= 0-75 , a  bulbous bow is o f some
advantage, reducing  the  (g )  value by perhaps 2 to  3 pe r cent.
T he bulb m ay  be looked upon to a first approxim ation , as a sphere 
situated  below the w a ter and centred  on th e  fo re  perpendicular. 
Such a  sphere ru n  by itself, a t  the sam e depth below the w ater 
su rface, w ould  cause a  su rface  w ave system  beginning w ith  a hollow , 
and if  the  bulb is correc tly  placed on the ship th is  hollow  m ay be 
used to  reduce the  first crest o f th e  bow wave system  and hence the 
to ta l resistance.

Cross-Channel Vessels.
T h e  prism atic  coefficient fo r  such vessels is about 0-60, and they 

a re  running above the  hum p a t (p )  =  0-90, the speed lying between
=  1-05 to  1-40. A t (p )  =  l '0  a  fine ended w aterline can be used,

w ith a  ha lf angle o f 6° o r  7°, but as (p )  approaches 1-4 the  ends
m ust be m ade fu ller by stra igh ten ing  th e  w aterlines or, in som e cases, 
using  a  bulbous bow. T h e  resistance, as we approach  the 1-5 hum p, 
com es to  depend m ostly  on th e  ra tio  o f  length  to  displacem ent, 
as we have a lready  seen, and  any increase in length, w hether actual 
by u sing  a  cru iser ste rn  o r  v irtu a l by filling the ends o f  the  fo rm  
and fining elsew here, is ex trem ely  valuable in reducing resistance. 
T o  obtain  a  long fine entrance, the  section o f  m axim um  a rea  should 
be som e 5 p e r cent, o f the length a f t  o f  m idships.

Destroyers.
T hese  vessels a re  run  a t speeds above (p )  =  l-5, w here the  last 

hum p in th e  (g )  cu rve  occurs. A t th is hum p, th e  additional in te r­
ference resistance is caused by the  first hollow  o f  th e  bow wave 
system  coinciding w ith  the first hollow  o f the  a fte rb o d y  system , 
thus causing an  exaggerated  w ave d isturbance a b a ft th e  ship. A s 
speed is increased  above (p ) =  l-5, th e  hollow  o f the  bow  system

continues to  m ove a f t  and begins to  cancel th e  first c rest o f  the 
a fte rbody  system , thus leading to  reduced w ave m aking. T his 
proceeds p rogressively  as speed is increased, and  it  should  be noticed 
th a t now th ere  is no o th e r hollow  of the  bow system  to  coincide w ith 
th e  first s te m  hollow , and so th ere  can be no  fu r th e r  hum p w ith 
increasing  speed, and  as th e  first s tem  crest is m ore and m ore 
cancelled by the  first bow  hollow , th e  (g )  curve continues to fall.
A dditional reduction  in all the  w ave system s results from  th e  change 
in trim  of the ship a t h igh speeds.

U nder such conditions, and  fo r  a given displacem ent, length is 
all im portant, and should  be increased v irtu a lly  as m uch as possible 
by m aking the  ends fu ll and  am idships fine. T hus the m idship 
a rea  coefficient w ill be reduced to  0-82 o r  so, and the  ends filled out, 
fo rw ard  by m aking the  w aterlines s tra ig h t o r even convex, w ith 
h a lf angles on the  load line o f 10° to  12°, and a f t  by keeping the 
w aterline b read th  a t  full w id th  a lm ost to  the  stern, and cutting  up 
undernea th  on a long  easy slant to  give good w a ter flow to  the 
propellers.

A  com parison o f th e  analysis show n in T ab le  5, and described 
briefly in the  fo rego ing  parag raphs, w ith th a t in T able  4, derived 
fro m  reasoning on general theoretical and  m athem atical g rounds and 
deduced fro m  experim ents on a series o f  m odels, w ill show  th a t all 
the  m ain featu res o f the  progressive  changes necessary in  ship form  
w ith  increasing speeds can be accounted fo r  from  the knowledge of 
w ave m aking and  fo rm  resistance previously described. T h ere  are  
speed ranges w here  th e  fea tu res  fo r  a  good design a re  definite and 
easy o f a tta in m en t; th ere  a re  o thers, in the  regions of transition  
betw een the  predom inance o f one fo rm  o f resistance and another, 
w here  th e  problem  is by no  m eans so easy o f solution. I t  is 
here  th a t the ju dgm en t o f the  naval arch itec t is called fo r  in no 
sm all m easure, and  to -day , in all countries w hich have pretensions 
to  being m erchan t sea pow ers, he is able to  have recourse to  experi­
m ent in a  tan k  in o rd e r to  check his ideas and ensure th a t th e  ship 
when bu ilt w ill be a  w o rth y  exam ple o f his skill.

14.— Appendages and Other Features.
B efore  leaving o u r  subject, a  few  w ords m ay be said  abou t ste rn  

fittings and o th er appendages.
B ilge keels and sh a f t  bossings should  be so designed as to 

in te rfe re  as little  as possible w ith  the  norm al flow along the  hull, 
and should  th e re fo re  be placed to  conform  as nearly  as possible w ith 
th e  stream lines. T h is can easily be done w hen m odel tests a re  being 
m ade, since the  stream lines along the bilge and o ver th e  ru n  can 
then  be determ ined. Suitable sh a ft bossings m ay then be d raw n  out, 
and w ith  ou tw ard  tu rn ing  screw s th e  inclination o f the  web to  the 
horizon tal is u sually  betw een 20° and 30°. A  sym m etrical bossing 
is usually  be tte r than  one w ith  a  flat top, and the  tap er a t  the end of 
the sh a f t  web casting  should be m ade easy, the  slope to  th e  fo re  
and  a f t  centre line no t exceeding 15°. In  the  o rd in a ry  ship, no th ing  
is to  be gained propulsively  by fitting A  brackets in place o f bossings, 
bu t in very fine, h igh  speed vessels, the  la tte r  becom e v ery  large, 
w ith  consequently a  big resistance, and correctly  p roportioned  A 
brackets a re  then  an  advantage, but it is difficult to  ensure th a t  the 
arm s are  in the  co rrec t position to  offer m inim um  resistance to  the 
flow.

W e have so fa r  considered the  hull design solely fro m  th e  point 
o f view  o f obtaining m inim um  resistance. Such a  hull will also, in 
general, be the  easiest to  drive w hen fitted w ith  a  propeller, bu t there  
a re  certa in  requirem ents w hich m ust be fulfilled in o rd er th a t the 
p ropeller m ay w o rk  efficiently. T h e  finer the  run  o f the  ship, the 
easier and m ore un ifo rm  th e  flow o f w a ter to  the  screw  an d  the 
m ore efficiently we m igh t expect it to  w ork. T h is  is b ro ad ly  tru e  
but, like m ost things, can be overdone. T h e  propulsive efficiency 
depends both on the  efficiency o f th e  screw  itself and upon the 
w ake and  th ru s t deduction conditions it finds behind th e  ship. T hese 
la tte r a re  com bined in a  single fa c to r called, ra th e r  curiously, hull 
efficiency, and the h igher th is is the  b e tte r the propulsive coefficient. 
T h e  hull efficiency in  single screw  ships is o f th e  o rd e r o f 1-2. 
In  a  slow speed ship, w hen the  ste rn  lines are  fined dow n and the 
bow  filled out, the  resistance w ould norm ally  be decreased, and th e  hull 
efficiency increased, w ith  a  happy overall result. B u t if  th e  fining of 
the  ru n  is carried  to o  fa r, the w ake is reduced w ithou t a  com pensating 
fall in  th ru s t deduction, a n d  consequently hull efficiency and propu l­
sive efficiency a re  reduced, and cases a re  on record  w here th is has 
m ore th an  counterbalanced the fall in hull resistance. I t  is thus 
quite possible to  have a  ship w hich w ould be easier to  tow  but h a rd er 
to  propel th an  another, and  this fe a tu re  really  p revents the  filling 
of the fo re  body an d  fining o f th e  ru n  in slow  speed ships being 
c arried  too fa r, w hich is also a good point fo r  th e  p reserv a tio n  of 
sa tis fac to ry  seagoing qualities, since too bluff a  bow  m akes a  ship 
feel the  w eather sooner.
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O ther points w hich m ust be w atched to  secure good propulsive 
efficiency are  the  clearances betw een propeller and  hull, rudder and 
sternpost, w hich m ust be sufficient also to  avoid v ibration  trouble.

R udders and sternposts can give rise to  quite unnecessary 
resistance if  a  little  th o u g h t is no t paid  to them . T h e  single plate 
ru d d er is quite re sistfu l, and  is now  fo rtunately  rapidly  disappearing, 
being replaced by a  sm ooth, double plate rudder. T he stem post 
should be shaped on th e  fo rw ard  side to  give a  fin, so that a  square 
surface  is not presented to  the  p ropeller race, w hilst if  th e  body 
post fo rw a rd  o f the  p ropeller can be shaped also, so m uch the better. 
E xperim ents on m odels [31] have show n th a t the resistance o f a 
square post and single p late rud d er m ay am ount to as m uch as 
12i per cent, o f th a t  o f th e  naked hull, w hich can be reduced to 
S per cent, by fitting a  sym m etrical fin to  the fo re  side o f the  post, 
and stream lin ing  the  rudder. T h e  net gain  in resistance of some 7 per 
cent, was exactly  reflected in the reduction of horsepow er a t the 
propeller, and  such a  reduction, so sim ply obtained, is extrem ely 
w orth  while when tu rned  into fuel costs.

A lthough, in a  general way, V  sections in the  a fte rbody  are  the 
best fo r  low  resistance, filling out on the low er levels so as to 
c lub-foo t the  end sections is beneficial in im proving hull efficiency, 
even though  the resistance itself m ay thereby be slightly  increased.

1 5.— Conclusion.
In  th is paper I  have tr ie d  to  give a  b rief account o f o u r present 

know ledge o f th e  indiv idual item s w hich to g eth e r m ake up the total 
resistance o f a  ship, and  o f how  th e ir interaction a t different points 
o f the  speed range calls fo r  different trea tm en t o f the shape o f hull 
in o rder th a t  m inim um  resistance m ay be experienced.

T h e  lines o f ships to-day are  no t so m uch the outcom e of such a 
logical process as th e  resu lt o f y ears o f  experience in th e  running 
o f ships and o f m odels, bu t I  have show n th a t both m ethods o f 
approach have led  to  the  sam e broad  picture, and th a t all the 
apparen t peculiarities in design can be explained fro m  theoretical and 
experim ental knowledge.

T o  try  to cover such a subject as the “ Fundam entals o f  Ship 
F o rm ” in  a  single paper was a lm ost to  a ttem p t the  impossible. I  
have purposely confined m yself to  general considerations, and m ade 
no a ttem p t to  give detailed guidance on the design o f lines, n o r on 
the  estim ate o f pow er. F o r  such purposes there  is a  v a s t storehouse 
of know ledge w aiting to  be used in the  T ransactions o f ou r In stitu ­
tions and in the  books on ship resistance.

O u r know ledge in th is field is still, however, fa r  fro m  complete, 
and  m any points can only be cleared  up by co-operation  between 
th e  scientist, th e  experim enter and th e  operato r. T here  is a  g reat 
need fo r in fo rm ation  fro m  full scale tria ls  and fro m  ships running 
on th e ir everyday tasks, in o rd e r th a t the fu llest benefit m ay be 
derived fro m  m odel experim ents. B u t th e  collection o f such in fo rm a­
tion is difficult and costly. In  the  past o u r p rogress has suffered 
accordingly, bu t we m ay be hopeful that w ith  the  fo rm ation  of the  
tw in R esearch A ssociations fo r  Shipbuild ing  and M arine Engineering, 
th is country  m ay in the  fu tu re  m aintain  the  p ro u d  position w on fo r 
he r by the  m arine engineers and naval architects in the past.
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Discussion.
The Chairman said  th a t D r. Todd, w ho was presenting the 

paper th a t evening, had  w ritten  a g reat num ber o f papers on the  
v ibration  o f ships, and also on the sub ject to  be discussed on the 
present occasion. H e  w as the Senior Scientific Officer, Ship  Division, 
N ational P hysical L aborato ry , and it was well known th a t those 
w ho came fro m  th a t L ab o ra to ry  w ere o f such eminence th a t it was 
very difficult to  criticise anything th a t they  pu t fo rw a rd ; but it was 
to be hoped th a t speakers in the subsequent discussion w ould  a t any 
rate be able to d raw  fro m  the a u th o r additional inform ation . T he 
paper w as an  excellent one, and com pared experim ental w o rk  w ith 
practice, som ething no t o ften  to be found in w hat m ight be described 
as the  “p ro fesso ria l'’ type o f paper.

Dr. E. V. Telfer,  D.Sc., Ph.D., in opening th e  discussion, said the 
paper was a difficult one fo r  a  naval arch itec t to  discuss before  an 
audience o f m arine  engineers. A ctually, m arine engineers w ere

curious p eo p le ; once they had reached a  certa in  degree o f eminence, 
and had been adm itted to the In stitu tion  o f  N av al A rch itects because 
of th e ir m arine  engineering  qualifications, they then, in addition to  
“C onsulting M arine  E ngineer” on th e ir  plate, pu t up “and Naval 
A rch itec t”. One fault, therefore, w hich he had  im m ediately  to  find 
w ith  the paper was th a t it was g iving fa r  too  m uch inform ation  to  
m arine engineers, and helping them  to  c a rry  on th a t unw orthy  con­
dition of affairs ! H ow ever, the  au th o r had  also  succeeded in pu tting  
into the paper m ost o f the m ajo r con troversies in naval architecture, 
so th a t personally  he w ould no t m ind th e  m arine  engineer being 
sim ultaneously so ably advised and confused.

H e  w ould  like to use the opportun ity  to  discuss some o f the 
naval a rch itectu ral theories o f the  paper, the  chief o f w hich was the  

theory . F ortunately , in presenting  the  paper, th e  au th o r d id  not 
g reatly  stress th is theory , though  presen ting  it in the m ost fav o u r­

i
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able lig h t fro m  the  point o f view o f securing its acceptance. P e r ­
sonally, he w ould like to  em phasise to  m arine  engineers th a t it was 
a t best a  very  rough  and a  very  approx im ate  theory. I t  w as used 
only in th is country, and hard ly  recognised a t all abroad. T h ere  w ere 
som e w ho w henever they  had the opportun ity  o f discussing it  tried  
to  te a r  it to pieces as rapid ly  as possible. H e  did not w ant to do 
th a t on the present occasion, but he w ould like the  a u th o r to realise 
th a t the  use o f the prism atic  coefficient in the (g )  fo rm ula  was only
a  coarse first approxim ation . I t  had been know n ever since F ro u d e ’s

V
tim e th a t the use o f j j — w ith  the  ro o t sequence was the basis

approxim ation. K en t and B aker had realised th a t  the  p rim ary  wave- 
m aking length w as som ething of the  o rd er o f pL, bu t it w as now 
desirable to  go a  stage fu r th e r  and have o ther a lte rna tives to  the 
prism atic  coefficient.

T he a u th o r  had  given a  clue to th a t in illu stra tin g  the w o rk  of 
E ggert, and som e Japanese w ork, w hich show ed how  im portan t the 
top belt o f the  displacem ent w as in relation  to the to ta l w ave m aking. 
This a t once suggested th a t it w as th e  load w aterline w hich had 
the m axim um  effect on in te rference  phenom ena. T he use o f  the  
load w aterp lane  coefficient (p a rticu larly  the forebody) instead of the 
p rism atic  coefficient m ight do a good deal tow ards m aking the  idea 
o f the  (p )  theory  acceptable to  naval a rch itec ts in general. P e rhaps
the a u th o r w ould give som e consideration  to that.

T h e  au th o r had no t very  m uch tim e to deal w ith  roughness, but 
there  he cam e to  one o f the m ajo r controversies in frictional resist­
ance. T h e  figure w hich he gave applied solely to the flow of w ater 
in pipes and only to  one type o f roughness, the sharp  o r sand ro u g h ­
ness ty p e ; bu t m any o th er roughnesses had been tried  in pipes, p a r­
ticu larly  in G erm an laboratories, such as the  studded roughness, and 
th a t gave entirely  different results. T h en  th e re  was the undulating  
roughness, w hich caused a  v ery  m uch less resistance increase. I t  was 
difficult to  know  how  one was to get a tru e  calib ra to r o f roughness. 
I f  one took  pyram id roughnesses and had them  a certain  spacing 
apart one w ould g e t one r e s u l t ; on closing them  up one w ould get 
ano ther result. T h e  real significance o f roughness was no t yet 
appreciated.

I t  was desirable to  em phasise, in connection w ith  the  figures 
given, m ainly fro m  K em p f’s w ork, in T able  2, th a t those w ere in all 
cases local ro u g h n esse s; th ey  w ere no t roughnesses fo r  the w hole 
ship. T h a t w as a v e ry  im p o rtan t d istinction to  m ake, because if  in 
a  ship one roughened the bow v ery  heavily, and then roughened the 
stern  one w ould no t necessarily  detect the  effect o f  th a t ste rn  rough­
ness. I t  was a lready  in "roughened” w ater, and it w as not acting  
as it w ould have done had it been added to  th e  bow. H e  w anted  to 
m ention that fac t so th a t m arine  eng ineers w ould  appreciate th a t 
the w hole sto ry  w as no t yet known, and som e o f the  very  high figures 
w hich the a u th o r gave, such as 0 - 7 5 x l0 - 3 fo r C^, o r the last figure, 
o f  187 pe r cent, increase over a  sm ooth surface, w ould no t be 
obtained fo r the  w hole plane roughened as stated, and  a  very  m uch 
less effect th an  th a t w ould  be felt.

T hose w ho w ere  in terested  in the subject, if  they  w anted to 
know  m ore about it, should  read  D r. K em p f’s paper in the 1937 
Transactions o f the  In stitu tion  o f N aval A rchitects, and particu larly  
Dr. B aker’s discussion o f it. D r. B aker expressed  m any doubts as 
to  the valid ity  o f the theo ry  th a t the  G erm ans w ere developing a t 
the time. Personally , he knew  o f the  existence o f no intervening 
fundam ental w o rk  on the  subject, and the  tim e w as ripe fo r  a  really  
comprehensive exam ination o f the  w hole question o f the roughness 
effect on ship resistance.

In  T ab le  5 the a u th o r sum m arised  his experience in the design, 
best proportions, coefficients, etc., o f various types o f  ship, fro m  the 
slow speed cargo ship to the  torpedo boat destroyer. I t  w ould be 
desirable fo r th a t table to be accom panied by a  corresponding  
d iag ram ; m any people could see the  w hole p ictu re  very  m uch bette r 
in a  diagram  than fro m  tables, and i f  the a u th o r  w ould do th a t the 
value o f the  paper w ould be enhanced. A t  the sam e time, p robably  
the  a u th o r  could also em body in  the  table the  values o f the relative 
length in relation to  the displacem ent o f the  various m odels, w hat 
w as called  the F roude (̂ nT) value. T h a t  w ould help to  explain the
difference betw een cross-C hannel vessels, fo r  exam ple, and  T .B .D ’s.

One point on w hich he disagreed w ith  the  a u th o r  w as the signific­
ance w hich th e  a u th o r put on form  resistance. T he au th o r suggested 
th a t by increasing  the  angle o f en trance  on the  load w aterline  the 
form  resistance w as reduced, bu t personally  he w ould not adm it th a t 
fo r  one m o m e n t; he th ough t th a t the  au th o r was being forced to  th is 
deduction because o f  erroneous m odel experim ents, and th a t w hat he 
was actually  m easuring  th ere  was the  sensitiv ity  o f various types o f 
bow angle and en trance to the sustaining o r  p roduction  o f lam inar 
flow in the model. In  those m odels he assum ed th a t no a ttem pts w ere

m ade artificially  to ensure turbulence, and i f  th a t w as the case he 
denied the  a u th o r’s r ig h t to  d raw  the conclusions he did from  those 
p a rticu la r results. I f  th e  au th o r w ished to  prove his point, he  should 
s ta r t  alw ays w ith  the sam e afte r-end . T h ere  should be no correspond­
ing fining o f an  a fte r-en d  a t  the sam e tim e as he increased th e  angle 
o f the fo rw ard  w ater-line.

T o  test the  effect o f increasing  the w aterline angle o f bow, keep­
ing th e  a fte r-end  constant, th e  a u th o r  should by progressively  
roughening the bow show th a t no fu r th e r  increase in fo rm  resistance 
could be induced by fu r th e r  roughening, and having done that, he 
could proceed to com pare fo rm  effects. M any people had  investigated 
th is point. T h ere  was, fo r  exam ple, th e  w ork  o f K em pf and S o tto rf  
on the frictional resistance o f sm all plates. T hose sm all plates showed 
a preponderating  lam inar flow w hen  they  had  a rounded leading 
edge. O nce that leading edge w as sharpened to a  very  small extent, 
turbulence was induced over a lm ost the  w hole plate, the  resistance 
w as practically  doubled, no t because o f a  fo rm  effect but due to the 
elim ination of lam inar flow.

A  fu r th e r  se t o f tests m ay be m entioned. T hese  w ere carried  
out a t the  H a m b u rg  T an k  and  w ere on six  geom etrically  sim ilar 
m odels o f 4 to  12 m etres in length, one series fo r  a  fa s t passenger 
ship fo rm  and the o th er fo r  a  c ru iser fo rm . T h e  resu lts w ere  re­
ported  by G raff in June 1939 in the Schiffbautechnische G esellschaft 
research  bulletin. E very  m odel show ed an appreciably different fo rm  
resistance, the  highest being som e tw o and a  h a lf  tim es  the  low est 
in  the sam e series. N o  artificial turbu lence induction  w as used. I f  
D r. T odd still believed his own resu lts a f te r  a  study  o f G raff's w o rk  
he had m ore fa ith  in p rom iscu ity  than  had D r. T elfer.

T h e  a u th o r m ig h t enlarge on the difference betw een lam inar 
flow and tu rb u len t flow. T u rb u len t flow did no t m ean the eddying 
flow accom panying large  vortices. I t  w as a  stream line flow, because 
tu rbu len t flow w as requ ired  so th a t the B ernoulli law  w as obeyed. 
A  p erfec t fluid, in practice, was tu rb u len t flow, w hich allow ed the 
fu ll plus o r  m inus p ressure  changes induced by the fo rm  to  take 
place. T h e  likelihood o f m odel lam inar flow  w as the  m ajo r point o f 
objection w hich he w ould  like the  au th o r to  m eet, because if  the  
au th o r w as r ig h t on th a t point th ere  w as a  new  line o f research  
opened up w hich had an  application to  actual ships. I f  he him self 
w as righ t, he  m aintained th a t the  application  w as a false one, and 
w ould no t only have no bearing  on im proving  ships bu t w ould  p ro ­
bably produce w orse ships.

In  com m on w ith the au tho r, he w ould  like to  h ear the view s o f 
som e o f the m arine  engineers present, so th a t they  could give a  lead 
as to  the  type o f in fo rm atio n  w hich th ey  w ould like to have placed 
a t their disposal, in add ition  to  the  p resent and possible fu tu re  papers. 
H is  ow n a ttitu d e  tow ards m arine engineers w as th a t he liked to  give 
them  m eans of m easuring  pow er m ore correc tly—he h ad  published 
several papers on th a t subject— so th a t they  w ere then in a  position 
to  give accu rate  resu lts o f service data. In  a recent new spaper a rticle  
it was sta ted  th a t the  chief trouble  w ith the  B ritish  sa ilo r (and in th a t 
generalisation  the  B ritish  m arine engineer m igh t be included) was 
the fac t th a t his life  was one o f continual boredom . I f  m arine 
engineers could be induced, fo r  exam ple, to  m easure  w ave profiles, 
they could provide in te resting  in fo rm atio n  w hich could be checked 
on the  m odel, and th e ir  boredom  w ould  be som ew hat relieved.

H e  would like th e  a u th o r to give the  re ference to  F ro u d e ’s 
establishing th a t betw een one m odel and a la rg e r m odel th e  wave 
profiles a t corresponding  speeds w ere exac tly  the  same. H e  could 
not rem em ber the  reference h im self, and he w as inclined to doubt i t ;  
such da ta  as he had show ed th a t the  w ave profiles did no t agree, 
n o r did the  a ttitudes o r angle o f  squat. T h e  w hole subject appeared 
to  have very  little  law  and o rd e r abou t it. T h a t did not, however, 
dispose o f the fac t th a t under all th is m odel w o rk  there  was fu n d a ­
m ental tru th , and the  a u th o r  w as to  be co n g ra tu la ted  on exposing 
som e o f th is t ru th  in  the  paper. H e  hoped it _ w ould lead m arine 
engineers to  co-operate  m ore w ith  naval a rch itec ts so th a t their 
know ledge o f ship resistance and propulsion  could be extended.

Mr. W .  S. Burn, M.Sc. (M em ber) co n g ratu la ted  the au th o r on 
presenting so lucidly and concisely a  scientific analysis o f  the  elem ents 
o f ship fo rm . H e  w as g lad  th a t th e  paper was no t too m athem atical 
—a fa u lt o f  m ost papers by naval architects—and th e re fo re  could 
be appreciated  by m aritim e engineers like th e  speaker, w ho was 
a lm ost as in terested  in ship design as in engine design. I f  
engineers w ere to  give shipbuilders the m o st su itable m arine 
engines, it w as essential fo r  them  to  have a  keen apprecia­
tion  o f th e  rud im ents o f ship design. T h e  present tendency 
to  considerably h ig h er speeds w ould entail considerable changes 
in hull fo rm  in o rder to reduce resistance as w ell as 
requ iring  m uch g re a te r  engine pow er. I t  seemed evident th a t we w ere 
approaching th e  e ra  o f  the fa st cargo  liner w ith m uch finer lines 
no t only below  the L .W .L . bu t also above sea level, so th a t the
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difference in pow er required in sm ooth and rough w eather w ould be 
substantially  reduced com pared to  p resent s tandards; Table I_ was 
very in teresting  to  engineers in dem onstra ting  this point. W ith  a 
length o f 500ft. and a  prism atic  coefficient o f about -65 and w ith 
fine deck lines a t bow  and stern, the  ex tra  pow er required  to m ain­
tain  schedule speeds in ro u g h  w eather w ould be kept w ithin reason­
able limits.

I t  had been established in the U .S.A . by actual experim ental con­
struction  th a t fine lines w ith  a sm all parallel body was even less 
expensive than  one hav ing  a considerable parallel body and bluffer 
e n d s ; th is conclusion was ra th e r different from  th a t a rrived  a t by 
m ost B ritish  shipbuilders, bu t the A m erican  m an-pow er com parison 
w as undoubtedly carried  ou t scientifically. T his conclusion w ould 
have som e in teresting  repercussions in th e  fu tu re  and it w ould be 
in te resting  to  have from  the au th o r som e figures o f com parative re ­
sistance of 500ft. (overall) ships w ith  a  constant displacem ent of, 
say, 14,000 tons, a  speed o f 18 knots and w ith an  a lte rna tive  beam 
o f from , say, 63ft. to  69ft. 6in. w ith prism atic  coefficients to  suit. 
T h ere  w as evidence th a t the  tendency to  increased beam  had m uch 
from  several p ractica l points o f view, to recom m end it, and especially 
when the engines w ere o f such a  w eight as to  perm it them  to  be 
placed a ft, thereby  giv ing  the shipow ner the  fu ll benefit o f a wide 
beam fo r  carg o  stow age am idships.

F ro m  the shipow ner’s cargo  carry ing  point o f view, the space at 
bow and ste rn  w as o f a low  grade value, and as there  was a  wise 
w orld  tendency to  elim inate crew  accom m odation from  the  forecastle  
and poop, th e re  w as a logical inducem ent to  fine down the above 
w ater lines a t bow and stern , and especially the latter.

T h e  speaker had actual sea experience of a vessel w ith a  very 
fine s tem  and  w as satisfied th a t the  tendency to  poop was negligible 
even in very  bad w eather. In  the  case o f the bow, th ere  w as m uch 
to  recom m end th e  placing o f a  broad  stream lined bridge s truc tu re  
righ t fo rw ard  a t  th e  shoulder to  serve as a  w eather shield fo r the 
rest o f the  deck and to  enable the use o f a fine bow w ith  negligible 
flare ra th e r than  the  w ide and rounded bow deck lines so com m on 
to-day. T h is m eant th a t the  foredeck m ust be com pletely w a ter­
tig h t bu t it w as subm itted  th a t th is was not difficult to achieve. The 
universally  accepted principle o f designing ships to have a d ry  fo re ­
deck by giving the  bow a rapidly increasing buoyancy as the  vessel 
encountered  waves, resulted in excessive pitching and pounding and 
it w as subm itted that, in the  case o f a  500ft. ship especially, g reater 
bow w ave-im m ersion could be accepted, provided a secondary break­
w ater about 100ft. fro m  th e  bow was provided in the  fo rm  of a 
suitable wind and w a ter deflecting bridge struc tu re , the foredeck 
freed  of excrescences and given good draining properties in the  form  
o f a gentle tu rtle  d e c k ; th a t is, w ith  negative sheer and ample cam ber 
and a slight flare disposed well back tow ards the shoulders.

In  the  case o f the ste rn  there  was am ple practical evidence to 
prove th a t the ste rn  deck lines could be m ade very fine indeed w ith ­
o u t a g rea te r freeboard  than  the w eather deck and the  recent tendency 
of certain  A dm iralty  cargo liners tow ards a h igh and rounded poop 
seemed to  have been a step in the w rong direction and the  U .S.A .
C.3 type of ship seemed preferable.

A s speeds exceeded 14 knots, the speaker suggested th a t there 
was a  case fo r  a widely different design of ship fro m  the conventional 
type. I t  was, however, m ost desirable to  m ake substantial reductions 
to  the w eight o f th e  m achinery to enable the engines to  be placed righ t 
a ft, so th a t the  a f t  m achinery w eight w ould no  m ore th an  counter­
balance the  fo rw ard  bridge stru c tu re  and all the ship’s equipm ent 
which could be placed fo rw ard . One w ay o f reducing engine weights 
was by the  use o f ind irect drives and high speed engines, bu t the 
speaker thought th ere  w as a  good case fo r  d irect drive double acting 
Diesel m achinery provided the propeller revo lu tions could be substan­
tially  increased. I t  w ould  be of g rea t in terest to  have D r. T o d d ’s 
considered opinion as to  the  possibilities in  th is direction w ithout 
appreciable sacrifice o f  efficiency, by special design o f the stern  and 
propeller. I t  seems th a t the fu tu re  18 knot cargo liner o f 10,000 tons 
deadw eight w ould requ ire  a  single screw  Diesel pow er o f about
10,000 s.h.p. and if  the  propeller speed could be ra ised  to  150 r.p.m. 
the speaker could envisage a d irect drive m ain engine w eight o f  not 
exceeding 300 tons (excluding auxiliaries) and a p ropeller o f reason­
able size. W ould  the  elim ination o f deadwood a f t  im prove the  p ro ­
peller efficiency?

Fig. 6 w as o f special in terest in view of the differences in the 
bow shape of w arships in the U .S.A . and this country and a  sim ilar 
d iagram  from  a conventional pointed bow w ould be of interest. T he 
speaker w ould  be in terested  to  have Dr. T odd’s opinion as to w hether 
th ere  was likely to be any saving in having a bulbous bow fo r 18 knot 
cargo liner types. A s speeds increased the ugly continental bow 
w ith  its h ighly  rak ed  stem  and curved fo re fro n t seemed to  be less 
and less desirable.

D r. T odd  had once again m ade evident th e  g reat im portance o f
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skin frictional resistance in m erchan t ships and  this w as of m ajo r 
in te res t to  the superintendent engineer, w hose du ty  it was to  keep 
the sh ip’s hulls clean in service. T able  2 w ell show ed the need 
fo r  clean sm ooth plates w ithout riveted  jo in ts. I t  w ould be in terest­
ing to  know  w hether there  was reliable experim ental d a ta  available 
to establish the relative resistance o f w elded and riveted  joints, the 
la tte r w ith  a lternatively  m achine and hand  w elding. A t a  paper re­
cently read before  the Institu te , the speaker had suggested  th a t p ro ­
jecting  m etal on welds on the ship’s side should  be g round  off to  
im prove the fa tigue resistance, and it w ould  be in te resting  to  have 
assessm ent o f  the likely gain  fro m  such a proposal due to  the  reduced 
skin friction.

D r. T odd  had  m entioned th a t p late  d isto rtion  caused by welding 
m igh t have an in ju rious resistance effect and  the p lating  o f  some 
vessels built in this country  certain ly  had a definite “ facet” appearance, 
but the speaker th o u g h t th a t the concave p late d isto rtion  between 
vertical fram es a t the bow due to  w eather o r im m ersed bodies w as 
likely to be m uch m ore serious. T h is  effect w as m ost noticeable 
on certain  w elded ships used in n o rth e rn  convoys but could be seen 
to a g rea te r o r  less degree in m ost ships. I t  would be interesting to 
know  w hat effect these concavities had  on re s is tan ce ; it seemed to 
th e  speaker th a t the  tran sv erse  fram in g  system  w as fundam entally  
unsuitable a t the  fo rw ard  end o f a  ship. In  the  case o f w ings of 
aeroplanes w ith the thin p lating  usual, the ribs w ere invariably  
a rranged  parallel to the d irection  of flight a t the  leading edge and 
in the case o f welded ships th e  “cheque board” system  o f fram ing  
(i.e. combined transverse  and longitudinal) w ould give a fa r  superior 
plate support w ith the th inner plates welding should  perm it. T here  
was a  tendency in th is coun try  to belittle  the direct hydrodynam ic 
gains o f  welded ships and reliable scientific da ta  w as needed by 
shipow ners to  enable them  to settle fu tu re  policy.

In  the  au th o r’s last pa rag rap h  the need fo r  g rea te r co-operation 
between scientist, experim enter and o p era to r was stressed, and there  
is no doubt th a t the N .P .L . should undertake fa r  m ore research  u n d e r 
actual sea conditions and have g rea te r scope in actual ship design. 
T he speaker believed th a t fa r  m ore fu ll size experim ental w ork  
should be undertaken by the G overnm ent under a special technical 
non-com m ercial M aritim e B oard  equivalent to th a t w hich had 
operated  since 1936 in th e  U .S .A . w ith  such strik ing  success. I t  
seemed th a t o u r sole chance of regain ing  o u r  m aritim e position was 
by courageous and well planned technical adven tu re  w ithou t undue 
regard  fo r  tradition , backed by all the scientific and practical know ­
ledge a t o u r comm and. A  recent investigation  by the M in istry  of 
L abour had  apparently  affirmed th e  ex trao rd in a ry  lack o f scientific­
ally trained naval a rch itects and m arine engineers in this coun try  due 
to years o f neglect and non-appreciation by th e  industry . V ery  
belatedly the vacant chairs o f  naval a rch itec tu re  m igh t sho rtly  be 
filled, but it w ould be ten years a t least before  a  trick le  o f trained 
men w ere available fo r  responsible research  and development.

It th ere fo re  seemed im perative th a t the  e rea test possible econom y 
be exercised o f such highly tra ined  scientists as now  ex isted  and it 
was subm itted th a t fo r  the  n ex t few  y ears m ost ship research  w ork  
should be centrally  directed a t T edding ton  w here th e re  was already 
an  efficient bu t sm all organisation, and placed un d er the a fo rem en ­
tioned Board. T he com position o f the new  tw in shipbuilding and 
m arine engineering research  associations m entioned, consisted essen­
tially  o f the heads o f industry  w ho w ere d irectly  responsible fo r  the  
p resen t regre ttab le  position and it seem ed evident th a t som e new 
blood and non-com m ercial d irection w as u rgen tly  needed. T he m oney 
fo r  the  proposed research  w o rk  by the industry  w as to  come fro m  
income tax  rebate and therefo re  fro m  public  funds. T h e  sim plest 
and logical w ay of increasing sh o rt term  research  and developm ent 
in shipbuilding was fo r  the G overnm ent im m ediately to  increase  the 
financial g ra n t to  the  T edding ton  T an k  w hose staff had  a lready  so 
greatly  added to  o u r  scientific know ledge o f ships. S im ultaneously, 
it m igh t be desirable to  in troduce a com petitive scientific elem ent 
w ithin the industry, but this m ust sure ly  be a  longer term  policy. The 
speaker strongly  urged  the need fo r  a  W h ite  P a p e r  dealing  w ith all 
aspects o f ship and engine research, design and construction , to guide 
the G overnm ent on its fu tu re  policy o f m aritim e affairs on which 
the  w ell being of the coun try  so g reatly  depended.

The Chairman said that, speaking as a  m ere  m arine engineer 
w ho had been fo r  some few  years responsible fo r  the pow ering o f a 
large  num ber o f  ships, from  liners to  fa s t  cargo  vessels, the paper 
m ade him  feel th a t w hen one said th a t a  ship w as going to do 23 
knots on a certain  pow er, and th a t she requ ired  to  be a  certain  
length and a  certain  b read th  and a  certa in  d raught, one was taking 
g rea t risks. H e  had usually  adopted T a y lo r  as a  so rt o f fa th e r in 
determ ining the pow er required .

A s the  au th o r pointed out, the  first pow er th a t one had to  
estim ate w as the effective horse p o w e r ; a f te r  th a t one cam e to  the
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propeller, and  the question o f the revolutions o f  the propeller, so 
ably  b ro u g h t ou t by M r. B urn, was one w hich had  to be considered 
in re la tion  to the  efficiency w hich could be obtained. H e  w ould like 
to  say, how ever, though no t in any sp irit o f egotism , th a t it was 
possible to  approxim ate the effective horse  p ow er v e ry  nearly  to  th a t 
w hich w as obtained afte rw ard s fro m  tan k  experim ents.

A s a  superintending engineer, one had  in th e  first place to  m ake 
a specification, and one had to  take the  responsibility  o f p u tting  in 
th a t specification w hat the respective builders, w hen they quoted  fo r  
the job, w ere expected to accomplish. I t  was n a tu ra lly  open to  the 
bu ilder to  say th a t he could no t provide the  speed on the pow er given, 
bu t in h is own case th a t had occurred  only on one occasion, and when 
the vessel was tried  in a  certain  tank  (not the  N ational tank, bu t a 
V ickers tank) the superintendent o f  th a t tank  tried  ou t various form s 
o f  bossing, and, a lthough  having previously  asked fo r  a  slight reduc­
tion in the  speed specified, produced an in w ard -tu rn ing  screw  which 
showed a  considerable reduction in horse pow er fo r  the sam e speed. 
Seeing th a t it was an appreciable percentage, and that it had come 
fro m  the tank, they expected to  get som ething like ha lf o f it in 
p rac tice ; bu t w hen the  ship w as pu t on tria l, w ith  the inw ard  tu rn ­
ing  screw s and the bossing adopted, over the m easured  m ile she did 
ju s t over 23 knots fo r  1,000 less h.p. th an  had been given the builders 
to  do 2 2 | knots, w ith  a certain  displacem ent. H e  was no t advocating 
in w ard -tu rn in g  screw s, because the  ships w hich w ere fitted w ith 
in w ard -tu rn in g  screw s w ere changed over to  ou tw ard -tu rn in g  screw s 
a fte rw ards. N o  doubt everyone w as guessing w hat the  fo rm  of 
drive  w a s ; i t  w as turbo-electric , the only fo rm  in w hich such an 
a rran g em en t w as possible.

M arine  engineers had som etim es to  delve in to  the questions w ith 
w hich the a u th o r  had dealt. T h ey  did no t p rofess to  know  nearly  
so m uch about them  as the learned naval arch itects w ho had spoken 
that evening, bu t they had to  tak e  th e  responsibility  a fte rw ard s that 
the ship achieved the speed laid  down, and they  had to 
take the  responsibility  fo r  o th er th ings in addition to  speed, 
such as fuel consum ption. O n  th a t point it was possible, 
w ork ing  fro m  the fundam ental (g ) , to  pu t the A dm ira lty  coefficient
in term s o f the (g )  and ano ther coefficient used in m arine  engineer­
ing, the  fuel coefficient, and it w as generally  possible to prove, by 
the co rre lation  o f those th ree  coefficients, w h e th er a  m an who said 
th a t he w as doing a certain  fuel consum ption per s .h .p ./h o u r was 
actually  speaking the tru th  o r  th o u g h t th a t one w as foolish to  believe 
him. H e  had found th a t very  useful.

T hose few  rem ark s w ith  regard  to  the sh a ft h o rse  pow er m igh t 
be considered to  be ou tside  the scope o f the paper, because the  
au th o r w as speaking o f  the effective horse pow er, bu t it all led to 
the sh a ft horse  pow er, w hich w as w hat one w as a fte r , and he was 
sure  th a t the various sta tem ents w hich the a u th o r had m ade w ith 
reg ard  to  angles o f entrance, parallel m iddle body and so fo rth  would 
be o f v e ry  g rea t value. D r. T e lfe r  had m ade som e facetious rem arks 
about the m arine  engineer, bu t i t  m ust be rem em bered th a t the  m arine 
engineer had to  w o rk  to precision lim its, and be certain  abou t every­
th ing th a t he pu t into his engines, while, as D r. T e lfe r  had rem arked, 
the naval a rch itec t w as still not c erta in  about this and no t sure about 
that.

BY CORRESPONDENCE.
Sir Amos L. Ayre, O.B.E. (D irec to r o f M erchant Shipbuilding) : 

T he a u th o r is to  be congratu la ted  on so ably overcom ing the  diffi­
culty  to  w hich he re fe rs  in his in troducto ry  parag raph . H e has m ore 
than  overcom e i t ;  he has, in fact, enriched the  T r a n s a c t i o n s  o f the  
Institu te  w ith w hat is really  an u p -to -date  condensed tex t book on 
the subject o f ship resistance.

I t  m ay be th a t the speed function  (p )  appears w ith som e p re ­
dominance, and in m y view, unnecessarily  so, having regard  to  the  
very  g reat m ajo rity  o f  p ractitioners w ho have no use fo r  it, if  only 
fo r  the reason th a t there  is available the  en tirely  sa tisfac to ry  and

V
sim pler function ~ r r .  I  o ften  w onder why th e  few  supporters o f 

v  L
(p )  do no t realise th a t— —  is a  perfec tly  reliable function  in the

d e te rm in a tio n  of the positions o f  the  “ hum ps” and “hollow s” fo r  
any norm al ship form , and in fact, m ost th a t m ay be term ed  abnorm al. 
H u m p s occur v ery  n ear to  values o f  -78, -98 and 1-46, w hilst the 
“hollow s” lie very  n ear to  '72, '86 and 1-15. A t low er ̂  values, the 
phenom enon is o f  little  im portance in its effect, unless in the very  
exceptional case o f  a  vessel w hich fo r  some reason m ay require 
to  be given a  speed a t w hich she is overdriven relative to the block 
coefficient. In  th e  o rd inary  or general case the first definite instance

V
of the phenom enon is experienced at

I t  is pleasing to  note the  tw o occasions on w hich tbe  a u th o r 
re fe rs  to  radius o f  bilge, and particu la rly  his view  th a t the bad 
featu re  o f m aking th is too  sm all has been lost sight o f in the past. 
B u t it did not apply to  the  w hole o f the  p a s t ; it is only du rin g  the 
past th irty  o r  fo rty  years th a t th ere  has been a  tren d  tow ards very 
sharp  bilges.

T he a u th o r’s recognition o f there  being subjects, o th er than  re­
sistance, w ith w hich the  ship designer is concerned, is also  to  the  
good, as T an k  A uthorities w ould no t alw ays seem to  have done so. 
Successfu l ship design involves successful com prom ise w ith in  a 
varie ty  o f subjects. T h ere  is an im portan t reference to this in the  
concluding p a rag rap h  o f Section 14 o f the  p a p e r ; an exam ple which, 
alone, concerns the  tw o p rincipal featu res o f E xperim ental T an k  
w ork.

T h e  A lexander fo rm u la  quoted by the  au th o r as 

C s = l - 0 4 - 2 ^ L

should, I think, be accepted as applying to  vessels o f  low speed, say 
V  . .

abou t ^ j= -= -5 /-6 ,  and  in respect o f service conditions. I f  it is

w ritten  as

C B = 1 0 8 —2 y f 7

it will correspond to  the  speed a t  w hich (g )  begins rapid ly  to  in ­
crease, and can  be accepted as the speed and block coefficient re la tio n ­
ship beyond w hich the m odel is overdriven, i.e. in the  sm ooth w ater 
o f th e  E xperim en tal T ank. In  determ ining this rela tionsh ip  from  
curves o f (g ), care  m u st be taken  to so rt ou t any o th e r reason fo r
rapid  advance, such as th e  approach to a “hum p” speed. W h ilst the 
fo rm u la  using 1-08 w ill u sually  apply to  the  T an k  condition up to  a

speed equal to  =1-0, it is not necessary to reduce to  1-04 fo r  the

service condition a t th e  h igher speeds. F o r  service conditions the 
fo rm u la  can, in the  norm al case, be used to  determ ine the m axim um  
block coefficient th a t should be used, as follow s :—

V  V
1'0 4 - 2 7 L  a t \ T L = ' 5°
1 - 0 4 5 - .....................=  -60
1 - 0 5 - .....................=  -70

1 -0 6 - „ „ „ =  -80
1 0 7 — .....................=  -90
1 - 0 8 - .....................= 1-00

As a rule, the effect o f a  “hum p” speed can be eased som ew hat by 
a reduction  in the  block coefficient. In  the case o f a  norm al vessel 
which, because o f length lim itation, m ust be run  a t the  “hu m p ”

V
speed of ' j f  =  -78, a reduction of -02 in the block coefficient as deter-

V •L'
m ined by the form ula, will usually  m eet the  “hum p” effect, and p ro ­
duce a sm ooth curve of (g )  in th a t vicinity. T he  m ore  pow erfu l

V
“hum p” effect a t 7 ^  =  -98 cannot, how ever, be so met.

The W igley experim ents, sum m arised in T ab le  3, are  m ost in­
teresting, but are, o f course, abnorm al in the range o f location of 
L.C.B. A  range o f 2 per cent, of L. fo rw ard , and the same am ount 
aft, will usually  cover all vessels fro m  very  low to very high  speeds. 
Even a t 4-08 per cent., fo rw ard  and a ft, we have abnorm al instances. 
O rd in ary  cross curves d raw n th ro u g h  the  curves given in Fig. 17 
indicate that, fo r  these m odels, the best positions fo r L.C.B. is at

about 5 per cent, o f L  a f t  of m idships fo r  ^ = -70 and varying to
V

2 per cent. L  a f t  of m idships fo r ^ -^ = 1 -0 0 . T h is could not, of
course, be accepted fo r  o rd inary  ship design, even with reg ard  to  the 
subject of resistance. . . . .

T h ere  is a g reat deal o f valuable in form ation  and guidance in 
T able 5, and the only com m ents I w ould m ake thereon  concerns the 
m idship’ section coefficients th a t are  given. F o r  m edium  speed cargo 
ships, it m ight be em phasised th a t 0-98 should  be looked upon as a 
m axim um . In  the case o f the cargo  liners, I believe 0-975 is a p re ­
ferable m axim um , the  same applying to  in term ediate  liners.

T he  references to  ru d d ers  and stem posts are  im portant, bu t the 
saving of 7 per cent, as the  resu lt o f stream lining these appendages, 
together w ith the addition o f a  fin is, perhaps, pu t som ew hat m odestly. 
I believe th a t  savings of m uch h igher m agnitude a re  possible. But 
I do not think th a t any m ore than  a sm all p roportion  o f th e  total 
saving arises o u t of the  reduced resistan ce ; the im provem ent in p ro ­
peller efficiency arising  out o f the fin effect is by fa r  the g rea te r. N o
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doubt, owing to  scale effect, it is no t possible to determ ine exactly  
w hat the reduced resistance am oun ts to.

I  agree w ith  the  a u th o r th a t o u r knowledge o f the  subject is 
still f a r  from  com plete but, w ith closer co-operation betw een the  
experim enter in th is p a rticu la r branch o f o u r science and those who 
design and build ships, we should learn m uch m ore. T he condition 
o f w eather, use o f helm , etc., du ring  the course o f  fu ll scale tests, 
usually  m akes s tr ic t com parison difficult, bu t there  should be m uch 
m ore opportun ity  given to  the experim enter to participate  in these, 
as well as when the vessel is in service, to enable fu ll corre lation  of 
the m odel and fu ll size condition to  be produced.

Mr. B. P. Fielden (M em ber) : D r. T odd lias done good service 
to the shipping in d u stry  by his w ork . One fundam ental he does no t 
m ention is the  necessity o f hav ing  personnel w ho know th e ir jo b  in 
designing and  runn ing  ships and are  given th e  position to  which 
th e ir brains and w o rk  entitle  them . I t  is doubtfu l w hether the public 
realises w h a t has been done by those ou t o f the lim elight and one 
can only judge  the  A d m iralty ’s valuation  of the Engineering B ranch 
by the  fact th a t th ere  is no engineer w ith  the rank  of A dm iral and 
only one V ice-A dm iral on the A ctive L ist. T h ere  are a  few  R ear- 
A dm irals, and  as fo r  N aval C onstructors, a re  there  any? T h e  M er­
cantile M arine is a bit ahead  of them  in th is m atter, but not much.

A no ther fundam ental w hich m ight be discussed is the b readth  
to length r a t io ; a  com m on one fo r all vessels is no t suitable. On the  
N o rth  A tlantic  trade , ships com ing eastw ards a re  generally  laden but 
going w estw ards, ow ing to  U .S.A . tariff laws, they a re  generally  light

and a  ship w ith  a  com paratively  low  g  ra tio  w ill slow up in bad

w eather and pound w hich no one likes, w ith  the possible exception 
o f ship repairers.

A  beam y ship m ay be a ll rig h t fo r  a passenger type w here little 
cargo is carried  and the  fo rw ard  end is kept fine, bu t fo r cargo 
c arrie rs  the ideal to  the  sh ipow ner is one in w hich all the  holds can 
be discharged and loaded a t  the  sam e t im e ; in o th er w ords, a ll the 
holds should be as nearly  equal in capacity  as possible.

In my opinion, the  finest cargo  ships carry ing  a  few  passengers 
th a t have ever been on the N o rth  A tlan tic  trad e  w ere the “M innea­
polis” class o f  ships owned by the A tlan tic  T ran sp o rt Com pany, L td . 
T hey  w ere 600-7ft. betw een perpendiculars, 65-5ft. ex trem e breadth  
and 43-3ft. m oulded depth  w ith  a  loaded block coefficient o f -72. In 
detail a round  th e  sterns they could have been im proved, as advocated 
in D r. T odd 's paper, bu t they had good constitutions and did a lo t 
o f w o rk  un til in  the last w ar the  G erm ans sank  the lot.

A no ther ship o f sim ila r length bu t w ith  80ft. beam, w hich was 
m ore fashionable bu t less hardy, pounded badly. Ships have to be 
bu ilt to  su it the trad e  they  are  em ployed on.

Dr. A. M. Robb (U n iversity  o f G lasgow) : D r. T odd has p re ­
sented a valuable sum m ary  o f know ledge as it is to-day. In recent 
years th a t knowledge has, so f a r  as the  fundam entals a re  concerned, 
developed rapidly, in larg e  m easure  because o f the developm ent o f 
aeronautics. T h e  developm ent has answ ered some questions, bu t it 
has raised  others. A possible question is w hether th e  accepted p ra c ­
tice o f classify ing the elem ents o f resistance into fo u r categories is 
now adequate. T he g rouping  in category  (3) on page 1 is common, 
bu t there is g round  fo r  suggesting  th a t the resistance due to  the  
fo rm atio n  o f eddies a t local regions o f a  hull, o r  a t the  w hole a fte r  
end o f a hull should  be separated  from  the  resistance due to eddies 
around details o f  s te rn  gear. T h e  la tte r  source o f resistance, the 
only eddy m aking  resistance recognised in the  o lder tex t books, 
seems to obey F roude’s L aw  of Com parison. T h a t is a  reasonable 
conclusion from  D r. T odd’s w o rk  published in  1934 and from  some 
m uch criticised tr ia l trip  records which, published nearly  fo u r years 
before, an ticipated  D r. T o d d 's  conclusions. T h ere  is doubt, how ­
ever, w hether the o th er eddy m aking resistance, th e  resistance gener­
ated by excessive fullness o f a f te r  body, a lso  follow s the  F ro u d e  
Law . I f  the tw o fo rm s of eddy m aking resistance follow  different 
laws they  should no t be g rouped  together, and they  should receive 
individual recognition. T h e  evidence on th e  m atte r in doubt is fa r  
fro m  complete. N evertheless, it seems perm issible to re la te  a  series 
o f seemingly separate  considerations in case the action  should lead 
to  fu r th e r  investigation. In  1913, the  existence o f serious “hull” 
eddy m aking was first b rough t to  light by B aker, who published 
photographs o f the  d isturbance. In  1919, Sem ple published som e 
results o f experim ents on cargo ship m odels w hich show ed th a t undue 
fullness o f a f te r  body resu lted  in a  resistance increased by 80 per 
cent, beyond th a t o f the  m ore com m on form . Since such an  increase 
represented, roughly, a  five-fold increase in residuary  resistance and 
there  was no com m ent on excessive waves being created, it seems 
reasonable to  associate the excess w ith  th e  fo rm ation  of the  “hull’' 
eddies brought to notice by B aker six  y ears  before. D oubts have 
been expressed w hether the  resistance o f the fu ll size ship w ould be 
increased by the w hole o f  the  80 per c e n t.; bu t th ere  was an obvious

difficulty in the w ay o f obtaining full size confirm ation o r  contra­
diction. T he doubt seems, how ever, to  receive justification  from  
som e rem arks by M r. E. W ilding in the  course o f the  discussion of 
a  paper by M r. M. P . Payne in 1934. M r. P ayne  had expressed 
scepticism  regard ing  the  application o f th e  o rd in a ry  law  of com ­
parison to shallow  w ater experim ents, and M r. W ild ing  supported 
him  by instancing cases in w hich tank  predic tion  an d  tr ia l trip  result 
w ere w idely divergent, the  resistance m easu red  in the tank  being 
relatively m uch in excess o f th a t experienced by the ship. I t  is 
possible th a t these records from  1913, 1919 and 1934 should  all be 
associated. M oreover, it is possible th a t som e shallow  w ater ex­
perim ents by T ay lo r should also be taken  in to  consideration . T ay lo r 
found  th a t it was im possible to  obtain  consistent results a t  speeds 
above  th ree  knots w ith  a  20ft. m o d e l; in o th e r  w ords, a t speed- 
length p roducts m uch h igher th an  those norm ally  associated  w ith 
instability  o f  result. F u r th e r  evidence is afforded by a  record  o f 
shallow  w ater experim ents in the D u m b arto n  T ank, published in 
“D esign and C onstruction  o f Ships” , V ol. I I , p. 238. T h e  record  
shows instability  o f resu lt over a  range o f the  h ig h er speeds and no t 
over the  low speed range. T he instab ility  o f  resu lt suggests eddy 
m aking. T he occurrence a t th e  h igher ra th e r th an  the low er speeds 
suggests “hull” eddy m aking, as does the  occurrence in  shallow  w ater, 
w hich has the  advantage, fro m  one point o f  view , o f exaggerating  
phenomena. I f  the  association o f all these seem ingly separate  con­
siderations is reasonable, it suggests th a t th ere  is a n o th e r elem ent o f 
resistance which does not follow  F ro u d e ’s L aw , and w hich, to  borrow  
from  the  realm  of aeronautics, m ay be term ed  “ fo rm  d rag ”, and 
which is distinct fro m  both  the “ form  resistance’'  no ted  on page 11 
and th e  eddy m aking  resistance developed behind deta ils o f stern 
gear. I t  is no t suggested th a t “fo rm  d ra g ”, if  i t  is indeed a separate 
elem ent, is a  considerable fa c to r ;  it is suggested  th a t there  m ay be a 
need fo r fu r th e r  investigation  as a  step to w ard s  fu lle r  understanding.

In  the sam e connection, i t  m igh t be a  help if  all published tank 
records could be presented in the m anner show n by F ig . 13, w ith the 
(g )  curve continued below the low est speed a t  w hich consistency
o f resu lt is possible, and w ith  the  "sca tte r” a t low  speeds indicated. 
Com parison of such records m igh t assist to w ard s a  fu ller un d er­
standing of fo rm  d rag  and fo rm  resistance, assum ing this distinction, 
and m ight a lso  cause u n certa in ty  as to  w h e th er w ave m aking is 
entirely  negligible a t  the low est speeds o f tan k  tests. C onsideration o f 
the last point arises from  w atching a  co aste r ra th e r less than  200ft. 
long approach ing  a b e rth  on the  M ancheste r Canal. T h e  ship w as a t 
an angle o f 30—40° to  the berth , w ell aw ay  fro m  it, and only the 
fo rw ard  d rau g h t m ark s cou ld  be seen. She w as barely m oving 
bu t there  was an  appreciable “hum p” on the  w a ter a t  the stem, which 
by com parison of d rau g h ts  befo re  and a f te r  b e rth in g  am ounted to  
abou t th ree  inches. T he ex ten t o f the  local elevation of th e  w ater 
w ith  a lm ost im perceptible m otion  raised  a doubt as to  w hether com ­
m only accepted beliefs a re  fu lly  valid.

T h is doubt leads one to  question w he th er w ave m aking resis t­
ance has been as closely studied as it deserves. Close study involves 
carefu l investigation  o f records o f w ave profiles, and th ere  a re  
g rounds fo r  suggesting  th a t th ere  a re  no t nearly  enough records and 
the few  th a t have been published have not been p roperly  analysed. 
T h e  records m ade by F roude in the  course o f his parallel-body ex­
perim ents w ere b ro u g h t to  ligh t only recently, fu lly  60 years a f te r  
the  experim ents, and the only o thers availab le  are  those  published 
by K en t in 1915. T he la tte r  records show  som e rem arkab le  featu res 
w hich have been ignored, and an  incom plete exam ination suggests 
th a t th ere  is a  link betw een them  and a  fea tu re  o f the F ro u d e  
paralle l-body experim ents w hich has a lso  been ignored. I t  is not 
necessary to  recapitu late the  considerations w hich suggest th a t the 
(g )  c riterion  is based on inadequate investigation. T h e  “entrance

w ave” criterion  no ted  on page 11, V  =  1-09 \/  L E, is also based 
on inadequate consideration. I t  w as developed fro m  tw o  sets of 
experim ents. A  sum m ary  o f the  resu lts  o f  one se t show s the  im ­
p ro p rie ty  o f the  criterion . T h e  five lengths o f entrance ranged  from  
129-4ft. to 221 -7ft. A ccording to  th e  criterion , th e  speeds a t  which 
th ere  should be excessive resistance should  ran g e  fro m  12-4 to  16-23 
knots. T h e  actual “hum p” speeds ranged  fro m  12-7 knots to  15-85 
knots. T h e  point fo r  criticism  is th a t  the difference betw een criterion  
and actuality  is in one d irection  a t one end o f  the  range and in the 
o th er d irection  a t the  o th er end o f th e  range, c riterion  12-4 knots 
and actual 12-7 knots a t 129-4ft. as com pared w ith  c riterion  16-23 
knots and actual 15-85 knots a t 221-7ft. W h en  th ere  is a definite 
trend  of difference, it is no t p roper to  tak e  an  average value and use 
it as a  basis fo r  a  physical explanation. T h e  o th er set o f experi­
m ents show s the  sam e ch aracte ris tic  varia tion . Incidentally, too, some 
experim ents carried  ou t by M cE ntee  on  the  m ost su itable position 
of paralle l body show ed th a t the best re su lt fo r  a  speed o f 11 knots 
was a tta ined  w hen the  length o f the entrance was 105-3ft. A ccord­
ing to  the  en trance  w ave “law ", th a t leng th  o f entrance should give
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bad re su lt a t 11*2 knots. H ence, there  is no “law ”. T he con­

sideration  h e re  is th a t presentation o f c rite ria  such as and

based on inadequate exam ination o f available data, is a hindrance 
the developm ent o f fu ller understand ing  since it has a deterren t 
effect on investigation. In spite o f all the p rogress th a t has 
been m ade, o r  possibly because o f it, th ere  is am ple scope fo r  fu r ­
ther, and fu ller, investigation.

, ^ r\  Coljacott, B.Sc., Ph.D. (A ssociate M em ber o f Council) : 
W hile  it has obviously been impossible fo r  th e  a u th o r to include in 
his paper an account o f all the aspects involved in the selection of a 
ship form , I w ould be interested to learn  w hether he has carried  
ou t any w ork on the  relationship betw een ship fo rm  as represented 
by its propulsive efficiency (in the m anner outlined in this paper) 
and its general m anoeuvrability, both from  a  steerage point o f view 
fo r  tu rn in g  and in its reversibility.

F o r  tu rn ing , there  is a certain  am ount o f “w ay m aking” and the 
ra te  o f tu rn  w ill depend initially on the  tu rn in g  m om ent (applied 
via the ship’s propellers and ru d d er) and on the  ship’s fo rm . I t  
would be in teresting  to  receive the a u th o r’s com m ents on th is feature  
o f  ship fo rm  and propulsion.

F u rth e rm o re , the  econom y of operation  o f m any small vessels 
depends no t sim ply upon th e ir  propulsive fo rw ard  efficiency, bu t also 
th e ir efficiency when operated “in reverse”. T h is is a  particu la rly  
im portan t fac to r w ith tugs, and as the propellers do  no t them selves 
possess such a h igh efficiency when operated  in reverse as w hen in 
the  fo rw ard  direction, it would follow  th a t the  ship fo rm  fo r these 
vessels should  have the highest possible general efficiency fo r  both 
directions o f  m otion.

In  conclusion, I  w ould like to suggest th a t the  susceptibility o f 
a ship’s s tru c tu re  to v ibration  is also  an  im portan t fac to r in its 
ultim ate selection, and th a t som e m odel experim ents should also 
analyse th is fea tu re  as^ well as the hydrodynam ic aspect trea ted  by 
the author. Ships w hich v ib rate  badly a re  uncom fortab le  fo r  the 
crew  o r  passengers, and m ay be rendered  stru c tu ra lly  unsound.

N evertheless, I w ould like to congratu la te  the au th o r on having 
presented an  exceedingly in te resting  paper.

Mr. A. M. Riddell (M em ber) : D r. T odd  is to be com plim ented 
on the m ass o f in fo rm atio n  he has been able to  pu t fo rw ard  in such 
a sho rt paper.

In  view  o f the com plexity  o f the  problem s raised in  a rriv in g  a t 
the best hull fo rm  fo r  given service  conditions, I  feel th a t if  the 
paper has b ro u g h t hom e to  engineer superin tendents and  th e ir like 
the need fo r hav ing  expert advice, it has fulfilled an  im portan t and 
usefu l function. In  these days o f specialists I feel th a t  m ost m em bers, 
a f te r  reading the  paper, w ill fu lly  appreciate th a t fo rm  design is 
a  m atte r fo r  som eone w ho has not only a  tho rough  know ledge of 
the underly ing  principles, but also a vast fund  o f experience.

I notice th a t in section 2 o f  the paper headed “T he E lem ents of 
Ship R esistance” , D r. T odd  does no t m ention fo rm  resistance, 
a lthough  in Fig. 13 and under section 9 fo rm  resistance is m entioned 
and approx im ate  figures a re  fu rn ished  show ing the relationship  be­
tween skin fric tion  (as calculated fo r  a  plank o f the  sam e length and 
su rface  a rea  as th e  hull) and fo rm  resistance. I  presum e th ere  a re  
un d er w ater appendages and fittings w hich have little  o r no effect on 
wave m aking resistance and, if p roperly  designed, do not create  eddy 
resistance, a lth o u g h  these  bo th  have skin friction  and fo rm  resistance.

In  section 14, propulsive efficiency, w ake and th ru s t deduction 
a re  all m entioned. I th ink  the value o f the paper w ould be con­
siderably enhanced if  D r. T odd  w ere to  give a c lear definition of 
w ake and th ru s t deduction and, by  quoting  exam ples, enlarge on the 
interplay betw een these tw o facto rs. T h is w ould d em onstra te  the 
undesirability o f reducing hull and propeller efficiency to a g rea te r 
ex ten t than  the benefit obtained by a  reduction  in hull resistance. 
In  dealing w ith wake, D r. T o d d  m ight also deal w ith the balance 
w hich has to  be a rrived  a t in ensu ring  th a t any fining dow n of the 
lines im m ediately in fro n t o f the  p ropeller does no t so reduce the 
beneficial effect o f w ake as to  m ake the  n e t resu lt less efficient than  
w ould be the case w ith som ew hat bluffer lines.

A lthough  the  paper does no t deal w ith  the  propeller, I th ink  a 
c lear definition of the term  “Q uasi-propulsive coefficient” would be 
o f value.

I feel th a t collaboration  betw een the staffs o f th e  v arious T anks 
and the personnel w ho a re  running the ship, w ould be extrem ely  
valuable. T h e  am assing of da ta  covering perform ance under different 
conditions o f  displacem ent and w eather, if  fu rn ished  to  experts, could 
go a  long w ay tow ards b ridg ing  th e  gap between the  purely  scientific 
and the practical aspects o f the  subject. In this connection, I w ould 
suggest th a t w ith correctly  calib ra ted  to rsionm eters the  reg is te ring  of 
s.h.p. w ould be extrem ely  sim ple and  free  from  erro r. F u rth e rm o re , 
a W alk er’s o r o th er p a ten t log, correctly  calibrated, w ould facilitate  
a  tru e  reading of speed th ro u g h  the  w ater. T h is w ould obviate those 
e rro rs  w hich are  bound to occur if  the speed of tide o r c u rre n t have 
to be assum ed. D a ta  reg ard in g  d irection  and velocity o f wind and 
s ta te  o f w eather should also be furnished, th is being  obtained from  
“ the B ridge”.

Som e of the  technical officers o f the W illiam  F roude  L ab o ra to ry  
trave l from  tim e to tim e in th e  actual ships w hich have been de­
signed from  the  resu lts  o f m odel tria ls . T hey  have thereby gained 
a very  valuable fund  of experience o f the actual service conditions. 
I feel it is only co rrec t to  m ention th is as th ere  are  still a  few  
“d ieh ard ” critics who contend th a t T an k  A uth o ritie s  in general are 
too pedantic. I rem em ber hearing  M r. K ent, the  p resen t S uperin ten­
dent o f the  W illiam  F ro u d e  L abora to ry , sta te  in a  b roadcast th a t he 
was slung over the stern  in bad w eather in o rd e r to  study  the w o rk ­
ing o f the p ropeller and rudder. T h is, I think, supplies the  com plete 
answ er to  any criticism  th a t T an k  A uthorities do no t m ake every 
endeavour to  gain as m uch practica l experience as possible !

As the  paper deals only w ith the fundam entals o f ship form , I 
appreciate th a t propeller p erfo rm ance  w as entirely  beyond its scope, 
but I do th ink  it w ould be an advantage if  D r. T o d d  w ould read 
an o th er paper dealing w ith  the fundam entals o f p ropeller p e rfo rm ­
ance, such paper to be an  extension o r  com plem ent to  th e  present 
one, since on account o f th e ir m utual in teraction , it is im possible to 
divorce hull fo rm  fro m  propeller perform ance.

Mr. C. Wigley (Ship  D ivision, N .P .L .) : I m ust congratu la te  
D r. T odd  on a very  readable and in fo rm ative  paper. I th ink it should 
serve very well its purpose o f g iving the m arine  engineer som e in­
sigh t in to  the problem  of hull design.

I should like to  em phasise th a t the chief difficulty a t p resent in 
the  calculation  o f w ave resistance fo r  ships o f o rd in a ry  speeds is 
the  co rrec t assessm ent o f  the effects o f  viscosity on the  w ave resist­
ance. A s Dr. T odd  m entions in sections 2 and 8 o f  the paper, the 
division o f the resistance into separate  item s is only a  rough  ap p ro x i­
m ation  and a t low and m odera te  speeds the  effect o f  v iscosity  on the 
wave resistance cannot be neglected. T he present m ethod  o f assess­
ing th is effect is em pirical and, as I think, capable of im provem ent. 
T h ere  is no g re a t difficulty in ex tend ing  the  present m ethods of 
calculation to  o rd inary  ship fo rm s (in co n trast to fo rm s derived from  
algebraic  eq u a tio n s); the lines to  be fo llow ed w ere  laid  dow n by 
H avelock  in 19430). In  the sam e paper H avelock  a lso gave the  
m athem atical expression fo r  the w ave resistance of a  source and an 
equal sink a t distance pL ap art and in the line o f m o tio n ; he also 
show ed th a t th is com bination is the first approx im ation  to the  w ave 
resistance o f a  fo rm  w hich takes account o f its length w hen the 
stren g th  o f the  source is correc tly  chosen. I t  is possible fro m  this 
expression to deduce the position o f the m axim a and m inim a of 
© w  on a base  (P ) > m ax ' m a occur a t ap p rox im ate ly
(p ) =  l-50, 0-86, 0-67, and th e  m inim a a t (p )  = l-14, 0-74, 061 .
These values m ay be com pared  w ith  those given by the  (p )  theory ,
in equation  12 o f the paper, and, a llow ing fo r  the  m isplacem ent o f 
the  first m axim um , th e  reason  fo r w hich is given by D r. T odd, it 
will be seen th a t th is sim ple approxim ation  gives m axim a and 
m inim a in  very  nearly  the places p rescribed by the  (p ) theory . I t
follow s th a t the theoretical explanation  o f w h a t has been know n fo r 
years as the  (g ) th eo ry  is in  fac t the possible approx im ation  to  a
form  by  replacing it by a  source and a  sink.

d) “T he A pprox im ate  C alculation of W 'ave R esistance a t H ig h
Speed” , by T . H . H avelock, F .R .S ., N .E .C .I. o f E . and S., Vol.
60 (1943).

The Author’s Reply to the Discussion.
The Chairman’s rem arks about the  m erits o f inw ard  and o u t­

w ard  tu rn ing  screw s on twin screw  ships a re  m ost interesting. I t  
has been found  a t T edding ton  th a t inw ard  tu rn in g  screw s give a 
higher propulsive efficiency, bu t th e  best resu lts can only be achieved 
w ith e ith e r type when it is associated w ith  the correct shape of

bossing. I f  th is is done, and the  d irection of tu rn in g  a fte rw a rd s  
changed, it follow s th a t the  screw s w ill then no t be w o rk in g  under 
the  best possible conditions, and some unnecessary loss is being in­
curred . In  the past, inw ard  tu rn in g  screw s have usually  been re­
jected  because a ship w ith  them  w as said to be less easy to  manoeuvre,
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but it is believed th a t th is fau lt has been considerably exaggerated, 
and th a t w ith a  little  experience the sm all draw backs could be over­
come o r accepted in face o f the reduction in horse-pow er. M r. Sm ith  
has had considerable experience in th is question, and in sta ting  that 
the d irection of tu rn in g  w as subsequently changed fro m  inw ard  to 
outw ard , he has aroused  o u r  curiosity  as to the reasons fo r the 
change. I t  w ould be m ost in teresting  if  he could give the  whole o f 
the facts some day, including the com parison of ship and m odel 
figures, since here  is a case in w hich a T an k  prediction going contrary  
to accepted practice  w as vindicated in the fu ll scale trials.

M r. Sm ith  is quite  correct, o f course, in saying th a t one can 
approxim ate  very  closely to  the effective horse power, and T ay lo r’s 
S tandard  Series is doubtless a  very  good guide in the case o f the 
types o f ship w ith  w hich he is generally concerned. B u t it m ust 
not be fo rg o tten  th a t T ay lo r’s and all o ther series have been derived 
from  m odel experim ents, so th a t the la tte r  fo rm  the tru e  basis fo r 
all reliable estim ates. S ta n d ard  series, too, a re  usually  developed 
fro m  a single paren t fo rm , and this cannot be the least resistfu l a t 
a ll speeds, so th a t a  little  im provem ent can usually  be looked fo r 
w hen experim ents a re  m ade upon m odels specially designed fo r  p a r­
ticu lar conditions.

Dr. Telfer has raised m any controversial questions, w hich cannot 
be adequately  dealt w ith in the  reply to  a discussion on this paper 
— indeed, any one o f them  m igh t easily fo rm  the basis fo r  another 
paper.

T h e  (p ) “theory” w as evolved in the first instance solely on
em pirical grounds to explain the varia tion  o f wave m aking resistance 
w ith speed, b rough t abou t by in te rference  between the  different wave 
system s created  by a ship. In  th is field it has proved both illum inat­
ing and useful, and a lthough  it had originally  no theoretical basis, 
the  subsequent w o rk  o f W igley  w ith  a  wedge shaped form  show ed 
th a t fo r such a sim ple shape the  assum ed wave m aking length  o f pL  
was actually  tru e  except a t  the  h ighest speeds. M ore recently, H ave­
lock has show n th a t the  m athem atical conception o f replacing a sh ip’s 
form  by a source and an equal sink requires th a t they should be 
situated  a distance pL  apart, as clearly  b rough t ou t by M r. W igley  in 
his contribution  to  th is discussion. I t  is evident th a t the (p )  theory
has, in fact, a real theoretical basis, and can be extrem ely  useful in 
discussions on wave m aking resistance and in terference phenomena.

I t  is probable th a t D r. T e lfe r’s idea of substitu ting  the load 
w a ter line coefficient fo r the  prism atic  coefficient w ould give a n earer 
approx im ation  to  the  tru th , but I  reg re t th a t under the present 
p ressu re  o f w o rk  a t the Sh ip  D ivision, it has been quite impossible 
to go fu r th e r  w ith  th is m atter.

I find m yself in com plete agreem ent w ith D r. T e lfe r  over the  
present lack o f fundam ental know ledge of roughness effects, and 
in Section 6 o f the paper have a lready  m ade a  sim ilar plea fo r  a

T A B L E  6.
Length  b.p. =  480ft.
Length  overall =  SOOft.

Beam  
in ft.

D ra f t  
in ft.

Block
coefft.

P rism atic
coefft.

N aked

17-5 knots ( -)= - =  0-80) 
v 'L

e.h.p. a t

18-6 knots ( —̂ =-=0-85) 
v L

62 23-8 0-692 0-710 5905 7760
64 0-670 0-687 5625 7330
66 0-650 0-667 5430 7040
68 0-631 0-647 5310 6780
70 » 0-613 0-629 5200 6595

complete reconsideration  o f the m ethods o f dealing w ith skin friction  
resistance, w hich m u st o f course include the effect o f roughness. 
T o-day w e are  using coefficients o f friction  fo r  ship surfaces derived 
by som e m ethod unknow n fro m  m odel experim ents (m ade 75 years 
ago), and apparen tly  including an unknow n allowance fo r the effects 
o f butts, laps, rivets, paint, etc.—surely no t a  sa tis fac to ry  sta te  in 
this year, 1945?

D r. T e lfe r  has righ tly  called attention to  the differences between 
local and to ta l roughness effects, bu t the figures to  which he takes 
exception have been exceeded in practice, as fo r exam ple, in the  cases 
cited in Section 12 fo r  A m erican w arships, w here the  additional re ­
sistance due to  fou ling  was as m uch as 3 -6 2 x l0 ~ 3, ag reeing  very 
closely w ith  K em pf's  values in T able  2.

C erta in  conclusions have been draw n in th is paper from  resu lts 
o f  m odel experim ents m ade by M r. W igley a t T eddington. D r. 
T e lfe r  says th a t these m odels w ere suffering prom iscuously from  
lam inar flow and th a t the conclusions a re  in consequence not valid. 
N one o f these m odels w ere tried w ith  any device fo r  inducing tu r ­

bulence. On the o th er hand they w ere  large  m odels and m oreover 
had no t bluff, rounded bows bu t w ere all finished sharp, the m axim um  
angle o f entrance on the  w aterline  in the fu lle st m odel being only 
18°, which w ould fall aw ay rapidly  a t  low er levels, w hilst in  the 
finest m odel th is L .W .L . angle was only 2-7°. In  the  past various 
m odels have been run  a t T edding ton  w ith  roughened  bow s (m ade so 
by the  use o f a  K em pf scraper) and in no case o f m odels o f fineness 
and proportions sim ilar to  those in question has any appreciable effect 
been observed. T h e  only tim e w hen a  change w as found  was in the 
case o f m odels o f ex trem e fullness, in w hich th e  resistance values a t low 
speeds w ere very e rra tic , and w ere  stabilised by the  artificial roughen­
ing a t the  h igher values. T he resu lts  o f  th e  analysis in to  fo rm  re­
sistance also show  a progressive change w ith  angle o f  entrance, and 
this does no t look like a fo rtu ito u s fea tu re , w hilst the general con­
clusion th a t full entrances lead to  decreased  resistance a t low  speeds 
has been known to be tru e  in practice fo r  m any years. F o r  these 
reasons I am  not satisfied th a t D r. T e lfe r ’s criticism  is a  sound one, 
bu t obviously the m atte r could only be settled  by reso rt to  experim ent, 
and this cannot be done a t the m om ent, involving as it w ould the 
reconstruction  o f some of these m odels and th e ir  running again  w ith  
and w ithout artificial roughening. P e rh ap s  w hen the press o f com ­
m ercial w ork  a t the  L ab o ra to ry  abates, it m ay be possible to include 
an investigation o f th is question in o u r  p ro g ram m e w ith  fu tu re  
m odels o f the  series.

Mr. Burn raises a very  in te resting  question w hen he m entions 
the shape of th e  hull above w ater. T h is  is an  aspect o f sea- 
kindliness w hich has no t received sufficient consideration  in  the past, 
due principally  to  a  lack o f reliable in fo rm atio n  as to  th e  behaviour 
o f ships in different types o f  w eather. A nalysis o f service logs 
seldom  leads to  c lear-cu t conclusions and  a  g re a t deal o f w ork will 
eventually  have to  be done on board  ships by tra in ed  personnel before  
th is problem  can be seen correc tly  and th e  solu tion  found. In  con­
nection w ith above-w ater resistance, we m ust also rem em ber a ir  re­
sistance and th e  accum ulation o f gun p la tfo rm s, life  ra fts , heaving 
derricks and so on in the present day w a r tim e vessels m ust, taken 
together, increase this resistance quite  m ateria lly . A  com plete clean­
up of the upper w orks will be necessary  in these and in new  ships 
a f te r  the w ar.

I t  is assum ed that the  vessels re fe rre d  to  by M r. B urn  as being 
less expensive when bu ilt w ith  fine lines and short parallel body 
than  w hen having long parallel and bluffer ends w ere all o f the same 
displacem ent so th a t the  fo rm er had  g rea te r beam. T h is does not 
seem logical, bu t in reply to  M r. B u rn ’s request the  follow ing figures 
have been prepared  show ing com parative  resistances fo r  a n u m b er o f 
vessels o f different proportions.

T ak ing  his length o f 500ft. overall as corresponding to 480ft. 
b.p., and assum ing a constant displacem ent o f  14,000 tons, the  e.h.p. 
values w ould be as given in T ab le  6.

T hese  show  th a t the in­
crease in  beam when accom ­
panied by a corresponding 
decrease in block coefficient 
reduces the e.h.p., bu t the 
reduction  does no t • go in 
proportion  to the  beam  in­
crease, the saving becom ing 
less as the  beam approaches 
70ft. T h u s a t 17i knots the 
reduction  in pow er fo r  an 
increase in  beam  from  62 to  
64ft. is some 4-8 per cent., 
w hereas an  increase fro m  68 
to  70ft. only resu lts  in a 
saving o f 2 pe r cent, 

n a rro w  w a te rtig h t deck fo r- 
to  ac t as a  b reakw ater

T he suggestion o f using a 
w ard  w ith a  bridge designed 
m ight give im proved p erfo rm ance  in a sm ooth  sea bu t if  it resulted  
in the vessel shipping m ore g reen  seas th is w ould  be unlikely in 
rough  w eather, and m oreover m igh t lead to  s tru c tu ra l dam age and 
perhaps serious flooding. T h ere  w ould also  be g re a t difficulties in 
a rrang ing  cargo  hatches, derricks and  ven tilation  to  the holds.

Any substantial increase in p ropeller revolutions fo r  the same 
pow er absorption  and speed o f advance w ill norm ally  result in a 
decrease in p ropeller efficiency and also in the quasi-propulsive co­
efficient. In the  case w here the  fa s te r  runn ing  propeller is also o f 
sm aller diam eter, some advan tage  can be derived  in resistance by 
adopting  a deeper c ru iser stern. I  have no  com parative figures cover­
ing any wide range o f revolutions fo r  cargo liner types, bu t have 
published m any such com parisons fo r  coasters. One of these is re­
produced  in  p a rt in T ab le  7.

T h e  revolutions per m inute  fo r  11 kno ts vary  from  106 to  338. 
A s a  consequence the  open p ro p e ller efficiency falls fro m  0-68 to
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T A B L E  7.
C oaster 200 0ft. x 3 3 -4 ft.x  11-43ft. d ra f t  a t  11 knots.

M odel N o ........................................................................ 1945A 1945B 1945C
S te rn  ................................................................................. R aised  counter. C ruiser. D eeper cruiser.*

D isplacem ent in tons .......................................... 1315 1317 1317

N aked e.h.p. 297 290 285

P ropelle r diam eter, ft. 10-66 8-00 6-66
„ pitch ra tio  .......................................... 1-0 0-6 0-8 0-6 0-8 0-5

R.p.m. .................................................................... 106-3 150-6 196 236 257 338

Open propeller effic iency ................ 0-68 0-62 0-59 0-57 0-50 0-48
Q uasi-propulsive coefficient ............................. 0-70 0-635 0-685 0-635 0-64 0-60

D elivered horsepow er a t p r o p e l l e r f ................ 530 585 530 572 557 595

T h ru s t deduction frac tio n .......................................... 0-29 0-29 0-21 0-21 0-18 0-17
H u ll efficiency ....................................................... 1-02 1-02 1-14 1-13 1-18 1-21

L oss in propeller efficiency __ 9% 13% 16% 26% 29%
Loss in q.p.c. ................ -- 9% 2% 9% 9% 14%
G ain in e.h.p. -- _ 2i% 2i% 4% 4%
O verall increase in delivered horsepow er --- 10% nil 8% 5% 12%

* Low est poin t o f  propeller disc kep t in sam e vertical position and sh a ft centre  low ered fo r  sm aller d iam eters.
t  Includes 25 pe r cent, fo r  appendage and w eather resistance in average fine w eath e r a t sea.

0-48, but the  reduction  in quasi-propulsive coefficient is only from  
0-70 to 0-60—i.e. 14 pe r cent, instead o f 29 pe r cent. T h is recovery 
is m ainly due to  the  sm aller th ru s t deduction frac tion  realised w ith 
the sm aller screw s. T hese  screw s, being low er dow n on the  hull, 
have progressively  finer lines ahead of them , w ith  the  resu lt th a t 
each reduction in d iam eter is accom panied by a  quite large im prove­
m ent in th ru s t deduction  frac tio n  (see T ab le  7). T h ere  is a lso a 
small im provem ent in  th e  resistance o f  the hull due to  the  cru iser 
stern—24 and 4 pe r cent, w ith  the tw o types tried . A s a  resu lt, the 
final overall increase in pow er needed is only 12 pe r cent, fo r  an 
increase in r.p.m. from  106 to  338, and up to 250 r.p.m . the  penalty  
is no m ore than  6 o r  7 p e r cent.

W h ils t these figures app ly  quan titatively  onlv to  the  coaster in 
question, the tre n d  w ould  be exactly  the  same in th e  la rg e r ship, 
and they m ay be taken  as a  guide to  w hat could be achieved w ith  
fast running engines. T hus, fo r  a  400ft. ship, the range of revo lu­
tions w ould be fro m  75 to  240, w hich w ould cover m ost o f the likely 
range suggested  by M r. B urn.

T he e lim ination  o f  deadwood a f t  w ould reduce the skin friction  
resistance a very  sm all am ount, bu t w ould  also reduce the  effective 
wake, and so lead to  som ew hat low er p ropeller efficiency. I t  w ould 
also decrease th e  directional stability  o f the  ship and so call fo r the 
use o f la rg e r helm  angles to  keep h e r  on her course.

I am  not aw are  o f  any experim ents m ade to  m easure th e  resist­
ance o f welded p la ting  as distinct fro m  riveted. A g rea t deal o f w ork  
has been done in aeronautical research  on th e  effect o f relative 
sm oothness in a irc ra f t  w ings and th e  effect o f  rivets, lap jo in ts, etc. 
T ru sco tt and P ark in so n , fo r  exam ple*, tested surfaces in w a te r w ith 
rivet heads o f v a rio u s types, and found the  follow ing increases in 
resistance over th a t fo r  the  sm ooth surface.

T A B L E  8.

R ivet d iam eter ... .............................  ... ................  5 /32"
Spacing of rivets in fo re  and a f t  row s .............................  2"
Spacing of rivets in transverse  r o w s ..........................................  1"
Spacing of transverse  row s .......................................................  10"
Speeds up to 40 m.p.h.

T ype o f  rivet head. H e ig h t above smooth 
surface.

Percentage increase 
in d rag  over sm ooth 

surface.

C ounter sunk in 
dim pled plating

Level w ith surface  
outside dimple

11

B raz ie r in head 
25/64" dia.

5/64" 24

Round in head 
5 /16" dia.

0-117" 30

♦The increase in  frictional resistance caused by various types of 
rivet heads. N .A .C .A . Technical N ote No. 648 (1938).

Som e figures fo r the 
effect o f o th er su rface  
irregu larities have been 
given by H o o d f. Jogg led  
plating joints transverse  to 
the flow gave an increase of
4 per cent, in drag, w hilst 
lapped jo in ts caused tw ice 
th is increase. W hen  the 
la tter w ere cham fered  off 
over a  length o f th ree  tim es 
the thickness of plating, the 
increase w as 5 per cent, 
instead  of 8 per cent. 
Experim ents made w ith a 
wing section showed th a t the 
com m ercial product had a 
resistance some 8 per cent, 
h igher than  th a t of the m ore 
carefu lly  m ade specimen 
used in the tunnel tests, an 
increase a ttribu ted  to  sheet 
waviness betw een the  wing 
fram e  m em bers.

A ll o r m ost o f th is 
e x tra  resistance should be 
recoverable by the use of 
w elding in place o f riveting 
if  the  jo in ts w ere  ground 
as M r. B u rn  suggests and 

if  the p lating  w ere not w avy betw een fram es. I f  the  la tte r  is to  some 
extent unavoidable, longitudinal fram in g  w ould have som e advantage.

M r. B urn ’s view s on the m ethods which should  be pursued  
in research  in the  fu tu re  are m ost interesting, and it is hoped th a t the 
In stitu te 's  representatives on the various bodies and  com m ittees which 
w ill in fu tu re  have the d irection o f the w ork  will p u t them  fo rw ard  
in the rig h t quarters.

Sir Amos Ayre has raised the  question o f the suitability  of 
(p )  as a  p a ram ete r fo r com paring (g )  curves fo r  different hull form s,
and m akes a  plea fo r  the use o f the sim pler function V /  \/L .

I  find m yself largely in sym pathy w ith  this suggestion. T he  (p )
theo ry  has considerable value when investigating  w avem aking in te r­
ference and in predicting fa irly  closely the position of the hum ps and 
hollow s in the (g )  curves. O ne the o ther hand, the presence of the
prism atic  coefficient p is a t times a g reat nuisance. T hus, w hen com ­
paring  tw o form s of the sam e length but slightly  differing fullnesses, 
the sam e value of (p )  d®es not represent the sam e speed, and  it is very
easy to  m ake erroneous com parisons th rough  th is change in speed 
scale. T he trouble  is th a t a function w hich is very  usefu l in a  lim ited 
field has been used in a  m uch w ider one w here  its claim s are  much 
less well founded. N evertheless, the w hole o f the da ta  published 
by the T eddington T an k  uses th is speed function  (p ), and  fo r  th a t
reason alone it w as necessary to  sta te  its derivation and usefulness. 
T h ere  is now  a  huge am ount o f model and ship data available on 
th a t basis, and it w ould be a very  laborious task  to convert it to  any 
other. A t the sam e tim e it would be easily  possible to  change the 
m ethod o f p lo tting  w ith  all fu tu re  models, j r n d  adopt a  new  speed 
base. S ir  A m os favours the sim ple V /V L , w hich is undoubtedly 
easy o f use and can, in m any cases, be approxim ately  w orked out 
m entally— it is also the basis on w hich A m erican results a re  norm ally
presented. ___

T he chief criticism  o f th is choice is th a t th e  sim ple V / \ / L  func­
tion  is no t non-dim ensional, and w ould give rise to  confusion when 
used w ith  B ritish  and M etric  systems. This_ can be overcom e by
using the function  ^ l" ) ’ S^v e n  b y X w hich is non-dim en­

sional in any consistent system  o f units. F o r V  and L  in knots and 
feet, we have

0 = 1 . 0 5 5 2 ^ =  _
w hich is no t m uch m ore difficult to  handle than  V / \ /L .

B efo re  leaving th is subject, a n o th e r a lte rna tive  is w orth  a tten ­
tion—the old F roude  speed constant ( jT ) , given by

(j£) =0-5834 w ith V  in knots and A  in tons.
In  m any  cases th is is p referab le  to a  term  involving length. T he 

fA irc ra f t  E ngineering, Septem ber, 1939.
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com m onest problem  the  naval arch itect is faced w ith is to  design a  
vessel o f a  certain  deadw eight (and hence to  a  first approxim ation  
constant displacem ent) to  a tta in  a certa in  speed, and in (jT) both these 
quantities a re  d irectly  involved. In  com paring a num ber o f m odels 
a plot o f (g )  on a base o f (jT) is very often  extrem ely illum inating, 
since fo r  a  given displacem ent and speed a vertical line th ro u g h  the 
relevant (jT) value will give (g )  values directly  com parable w ith one
another, even though  the various m odels m ay be o f different lengths, 
p roportions and fullnesses.

A t present, p ractitioners have to  deal w ith data presented  in all 
so rts o f w ays—A m ericans do no t use (g ), fo r  exam ple, bu t give
resistance in pounds per ton o f displacem ent—and m ust convert them  
to th e ir own p a rticu la r  fancy. B efo re  the  w ar, biennial conferences 
o f T an k  S uperin tenden ts w ere held, and if  these a re  renew ed in the 
fu tu re  S ir A m os will no doubt agree th a t this is one o f the  first 
item s which should be discussed.

T h e  Institu te  and  m yself a re  indebted to S ir A m os fo r giving 
them  the benefit o f his very g rea t experience in the choice o f su it­
able block coefficients fo r various speed-length ratios. H is  statem ent 
th a t the  difference betw een service and ideal tria l (o r T ank) condi­
tions g row s less w ith  increase in designed speed is borne out by ex­
perim ents m ade in ro u g h  w ater.

T he m odels run  by M r. W igley were not, o f course, o f com ­
parable  form  w ith  o rd in ary  ships—the m idship section coefficient was 
0-66, fo r exam ple—and it was not intended th a t the  results should 
be applied o th er th an  qualitatively.

A s reg ard s the  gain in propulsive efficiency w ith  fins, I am  glad 
to have S ir  A m os’ confirm ation th a t such savings a re  possible in 
ships. A s reg ard s the m echanism  by w hich th is is achieved, however, 
som e experim ents I  m ade in 1934 showed th a t the m ajo rity  o f Jhe 
im provem ent w as due to  the reduction in resistance, and no t to  any 
m ateria l im provem ent in propeller efficiency (31). T he la tte r  was 
only increased by 2 i  pe r cent, a t 45 per cent., and unalte red  a t 25 per 
cent., real slip, w hereas the to ta l reduction in pow er was fro m  6 to
10 per cent. A s an experim entei I am greatly  in sym pathy w ith S ir 
A m os’ p lea fo r  m ore opportunities to be given fo r the collection of 
seagoing perform ance figures, and in this connection it m ay not be 
ou t o f place to express the thanks o f the T eddington S taff to him  
fo r th e  w ay in w hich he has, in his position as D irecto r o f  M erchant 
Shipbuilding, enabled its m em bers to  obtain m ost in te resting  and 
valuable da ta  on th e  tr ia l trip s o f m any o f the  vessels fo r  w hich he 
has been responsible.

Mr. Fielden’s criticism  of the trea tm en t o f technical staffs has 
certainly been justified in the past—it is to  be hoped th a t the  w ar 
w ill have b rough t hom e still m ore forcibly o u r dependence on ship­
ping, and the  debt w hich the coun try  owes to  all engaged in the 
industries concerned.

Dr. Robb rig h tly  questions the  accepted practice o f classifying 
ship resistance, in p a rticu la r the  inclusion in eddy-m aking resistance 
both th a t fro m  appendages and fro m  features such as unduly sharp  
cu rv a tu re  o f the  hull, etc. T he division is, to say the least, a rb itrary , 
and it was carefu lly  sta ted  in Section 2 th a t the separation  is by no 
m eans rigid, and is m ore one o f convenience, and a com m entary on 
the present state  o f ou r knowledge. T h e  eddy-m aking resistance 
from  blunt appendages such as sternposts, rudder arm s, etc., is not 
likely to  suffer fro m  scale effect, the value o f R / le A V 2 being the 
same fo r all sizes o f sim ilar objects o f this type, as has been shown 
by m any experim ents. Such resistance will th ere fo re  follow  Frou'de’s 
L aw  o f com parison. Resistance of o th er appendages, such as s tream ­
lined stru ts, and the resistance caused by eddies being shed from  the 
hull will on the  o th er hand probably  depend on the Reynolds num ber 
o f the  flow, and will be critica l in nature, and. w ould not be expected 
to  follow  F ro u d e ’s Law . T h is  is recognised in model w ork, w here the 
resistance of bossings, fo r  exam ple, as m easured  on the model, is 
usually  halved when applied to  the ship, though  th is is adm itted ly  only 
a first approxim ation . T h is  critical na tu re  is also the  explanation of 
the instability  o f resistance in shallow  w ater to which D r. Robb calls 
attention, and is also one o f the causes o f bad steering in m any vessels 
in such w ater. I t  is believed th a t m uch of the  discrepancy betw een 
ship and m odel results in shallow  w ater to w hich reference is m ade 
was not due to a  fa ilu re  o f the  law  o f com parison bu t to  lack o f 
rig id ity  in the fa lse  bottom  placed in the T an k  to obtain the  correct 
depth o f w ater. T he resu lting  suction between the  bottom  and m odel 
tended to  raise the fo rm er and thus called fo r  the  expend itu re  o f 
m uch energy. T h e  N ew  T an k  a t T edding ton  has a  stre tch  o f 180ft. 
o f  shallow  w ater a t one end w ith  a  concrete bottom  and one o f the 
subjects on which research  will be begun as soon as w ar conditions 
p erm it is th a t o f resistance in shallow  w ater, w hich m ay th row  some 
ligh t on D r. R obb’s problem . W e have also developed the recording

of w ave profiles photographically , and such reco rds will become 
routine in all fu tu re  research into ship fo rm , so th a t the old contro­
versy w hich surrounds the  (p ) and rival theories m ay be finally dis­
solved.

Dr. Collacott. M uch w o rk  has been done w ith  m odels on the 
problem s of steering, m anoeuvrability and backing, the resu lts of 
which D r. C ollacott w ill find in the transac tions o f the technical 
societies—it w ould take up too m uch space to  describe them  here. 
M odel w ork  a t T eddington on steering  has been, and still is, greatly  
handicapped by the lack o f a  steering  pond in w hich larg e  m odels can 
be m ade to  p e rfo rm  all the manoeuvres m et w ith in p ractice. M ost 
o th er nations possess this facility, and  it  is hoped th a t th e  lack  will 
be m ade good in th is country  before  long. V ib ra tion  is no t neglected 
in ou r w o rk  a t T eddington, but th ere  a re  m any difficulties in the way 
of trea tin g  this problem  by models. T h e  m ethod  I have adopted 
has been to  carry  ou t the calculations fo r  the  n a tu ra l hu ll f re ­
quencies and to m easure the  v ibration  on th e  ships them selves to 
v e rify  the correctness o r  o therw ise  o f  the calculations. I f  the  effect 
of the su rrounding  w a ter is allow ed for, the calculated  and m easured  
frequencies a re  found to be in good agreem ent, and the  m ethod m ay 
be applied to  new vessels in  the  design stage w ith som e confidence, 
and the necessary steps taken to avoid synchronism  betw een one of 
these n a tu ra l frequencies and the  unbalanced forces in engines, 
aux iliaries o r propellers.

Mr. Riddell draw s a tten tion  to the fact th a t fo rm  resistance is not 
specifically m entioned am ong the elem ents o f resistance listed in 
Section 2. T he discussion has a lready  brough t ou t the difficulties o f 
dividing up the to ta l resistance into separa te  elements, and, in the 
past, fo rm  resistance has ra th e r been relegated to  the ro le  o f  taking 
care o f any resistance no t o therw ise to be accounted  for, and treated  
as a  troublesom e p a r t o f skin friction  drag . T h is  w as justified to 
some ex ten t in th a t it w as considered to be p a rtly  o r wholly due to 
the cu rv a tu re  o f the fo rm  increasing the length of the average pa th  
o f the w a te r  a long  the hull, and so p a rtak in g  o f the  n a tu re  o f  skin 
friction. F o r  this reason it has not u sua lly  appeared  as a  separate 
item . If , however, the  conclusions d raw n  in th is paper from  W igley’s 
w ork  was substantiated, it is evident th a t th is o ld er view  of form  
resistance does not represent anything like th e  w hole tru th , and form  
resistance m ust certain ly  take its own place in  the  elem ents o f  ship 
resistance.

I t  is ra th e r  going beyond the  scope o f th is paper to begin d is­
cussing screw  propeller perform ance, bu t as certain  ideas connected 
w ith  it appear in the text, M r. Riddell is clearly  rig h t in asking th a t 
they should a t least be defined.

I f  E  is the effective horse  pow er requ ired  to tow  the ship w ithout 
any appendages (such as rudder, sternpost, o r  bilge keels) in sm ooth 
w ater, and w ith no allow ance fo r the  a ir  resistance o f  hull and upper 
works, and S  is the sh a ft horse  pow er a t the  propeller, then  the 
ra tio  E / S  is defined as th e  quasi-propulsive coefficient (q.p.c.). T he 
prefix ' ‘quasi” is used because it does no t take any account o f the 
m echanical efficiency of the engines o r  losses in sh a ft friction , w hich 
m ust be separately  assessed. T h e  sh a ft horse  pow er requ ired  a t the 
p ropeller o f the ship w ill be given by

5~ =  £ + a llo w an c e  fo r  appendage, a ir  and w eather resistance 
Q uasi-p ropulsive  coefficient.

T h is allowance is usually  taken as 8 per cent, fo r  a ir  and appendage 
resistance in single screw  ships (w ith  an addition  fo r  bossings in 
tw in screw  ships) and ano ther 15 pe r cent, is added  fo r  w eather re ­
sistance in average fine w eather a t  sea.

I f  R  is the hull resistance when tow ed w ithou t p ropeller a t 
speed V, and T  is the p ropeller th ru s t necessary  to propel th e  ship 
a t this same speed, it is found th a t T  is g re a te r  th an  R  and the ra tio  
R / T  is called the th ru st deduction facto r, denoted by (1— t), t being 
the thrust deduction fraction .

Again, if  the  p ropeller is ru n  in open w ater, i.e. w ithout any 
hull o r  o th er obstruction in fro n t o f it, it w ill deliver th e  th ru s t T  
a t the  sam e revolutions as when behind th e  hull a t some speed V, 
low er than  the speed of advance o f  the  hull, V . T h is is because 
when it is w ork ing  behind the hull it is in th e  fric tional w ake w here 
the  w ater has been given som e fo rw a rd  velocity  due to  viscous d rag  
and stream  line pattern , so th a t th e  av erage  feed o f w ater to  the 
screw  is a t a  speed V u less th an  V.

T h e  ra tio  V /V -, is called th e  F ro u d e  w ake factor, denoted by 
(l+«>), w here w  is the  w ake fraction .

T h e  product (1-fiw) (1 — t) is called th e  hull efficiency (h) and is an 
in tegral p a rt o f the  m ake up o f the  quasi-propulsive coefficient, the 
la tte r being h igher (o ther things being equal) the g rea te r the  value 
o f h. T h is w ould obviously be achieved by m aking w  large  and t 
small, bu t th is cannot, u n fo rtu n ately , be done to any m arked  extent. 
w  will, b roadly  speaking, be g rea ter, th e  fu lle r the  a f te r  body o f the
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ship, b u t th ere  a re  obvious lim its to th is if  excess resistance is no t 
to  be the  result. M oreover, a full a fte rb o d y  im m ediately ahead o f the 
screw  has th e  sim ultaneous effect o f  increasing t, and in consequence 
h is n o t very  susceptible to  control in th is way. T h e  sam e applies 
if  the a fte rb o d y  is m ade long and fine to  reduce resistance, w  w ill be 
less, b u t so w ill t, and h m ay no t suffer. I t  is quite  possible, how ever, 
to  reach  the  stage w here fo r  a  little  m ore  fining the  loss in w  and in h 
w ill exceed the gain in resistance and in  t, and cases a re  on reco rd  of 
hulls w hich are  easier to  tow  but h a rd er to  d rive  by a propeller due 
to  th e  fining of the run  being carried  beyond th is optim um  point.

I t  is hoped th a t these few  rem arks will m ake the  ideas o f w ake 
and th ru st deduction clearer to  m em bers—the sub ject cannot be fu r ­
th e r pursued a t th is stage w ithout the  discussion developing into 
ano ther paper !

M y colleagues and m yself are  g ra te fu l to  M r. R iddell fo r  his 
re ference to  th e ir efforts to  co rre late  m odel and ship data, and he 
may be certain  th a t any facilities offered to  us by ship ow ners to 
collect in fo rm ation  on tria ls  o r sea voyages w ill be g ladly  accepted.

Mr. Wigley. I t  is ex trem ely  in teresting  to have M r. W igley’s 
fu r th e r  com m ents on th e  basis o f  the (p )  theory, and to  be show n how
the la tte r  has, in fact, som e basis in hydrodynam ic th eo ry  when the 
ship’s hull is represen ted  in the  sim plest possible w ay by a  source and 
a  sink a t a  distance pL  apart. T h is  is, in fact, the “w ave-m aking 
leng th” as used  by B aker and K ent in th e ir  original a ttem p t to 
explain w ave m aking resistance on the  basis o f in terference effects.

In  conclusion, I  w ould like to  express m y thanks to a ll those 
who, by con tribu ting  to the discussion on the paper, have so m uch 
enhanced its usefulness, and ra ised  so m any points fo r  fu tu re  thought.

OBITUARY— Commander Carl E. Petersen. U.S.N.R
News of th e  death  on the  2 2 n d  July, 1944 of Com m ander C. E. 

Petersen, U.S.N.R., our V ice-P resident for San Francisco since 1938, 
has recently  been received. He was born on th e  2 1 s t January, 1897 
in Am erica, and served an apprenticeship  w ith  th e  Morse Dry Dock Gr 
Repair Com pany of Brooklyn. From 1 9 1 9 /2 0  he was engaged w ith 
th e  Port of N ew  York U.S.S. Board, and then  briefly as naval a rch itect 
to the  U.S.M.S. Company. From 1 9 2 1 /7  he served the  U nited 
S tates Lines as naval architect, and was th en  appointed  in the  same 
capacity to th e  N ew port News Shipbuilding & Dry Dock Company. 
Mr. Petersen took a prom inent p a rt in th e  arrangem ents for the  
reception of th e  foreign delegates to  th e  International C onference of 
Naval A rchitects and M arine Engineers w hich was held in New York 
in Septem ber, 1936 under th e  auspices o f the  Society of Naval 
A rchitects and M arine Engineers. In 1938 he was engaged 
as A ssistant M anager of C onstruction and Repair to th e  M atson 
Navigation Company of San Francisco. In January, 1942 he was 
recalled to  active du ty  as C om m ander in th e  U.S. Navy; he had 
hoped to  re tu rn  to his w ork w ith  th e  M atson N avigation Company 
afte r the  w ar. He was always keenly in terested  in the  In s titu te ’s 
affairs, and his death  is a very real loss to th e  Council.
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Purchased.

Merchantmen a t  W ar.  H .M . S ta tionery  Office, 1944. 144 pp., 
illus. Is. 9d.

Presented by Eng’r Com’r D. Hastie Smith, R.N. (retd.).
Discoveries and Inventions of the  Twentie th  Century. By E d w ard  

Cressy. 3rd  Edn., 1930. G eorge R outledge & Sons, L td .

Saltwater Tramp. By W arren  A rm strong . Ja rro ld s  (London) 
L td . 148 pp., 16 illus.

Presented by the Publishers.
Fuel Efficiency Bulletins issued by the  M in istry  o f Fuel and 

Pow er, as follow s :—
No. 36, C reoso te-P itch  M ix tu re  (Coal T a r  Fuel “200”). January , 

1945.
No. 37, Sm all V ertical Boilers, S team  C ranes and Shunting  

Engines. Decem ber, 1944.

Electrodes and Processes Approved for Use in Ship Construction.
T h e  B ritish  C orporation  R eg iste r o f  Shipping and A irc ra ft, January , 
1945.

Solar Radiation as a Power Source. B y C. G. Abbot. Sm ithsonian 
Institution, W ashington, D.C. 11 pp., 3 plates.

Electric Power Stations. Vol. II , 2nd E nd. By T . H . C arr. 
C hapm an & H all, L td., London, 1944. 549 pp., fu lly  illu stra ted  and 
larg e  num ber o f  tables. 32s. net.

T he present review er had the  pleasure o f review ing favourably  
the  first volum e o f the  second edition. T h is  volum e m aintains the  
high s tan d ard  established by the  previous w ork  and  com pletes the 
sub ject in  a  m ost in te resting  m anner. T h e  tw o volum es m erit 
acquisition by naval and m erchan t navy engineers hoping to  tak e  up 
civil occupation in pow er sta tion  w ork, as they fo rm  an excellent 
basis o f study  w hich could be supplem ented by m ore detailed and 
specialised literatu re.

W hile  com m ending both w orks upon grounds o f general tech­
nical and engineering value, the au th o r w ould do well to  rem ove 
all inconsistencies and “ fancy” un its (e.g. “k.p.h.” in one place and 
o th er m eans o f designation in o thers) and use term s to  w hich pow er 
sta tion  engineers are  accustom ed. T h e  practice  o f follow ing A m erican  
term inology in som e cases has little  to  com m end it. I t  should  be 
rem em bered th a t such w orks go ou t to  all p a rts  o f th e  w orld  w here 
references m ay be impossible. A thorough overhaul and  stan d ard isa ­
tion  of term s, units and designations appears essential. F u rth e r, the 
w orks could be indexed be tte r even if  this involves the  use o f  sm aller 
type.

A lthough  it is difficult to  keep ab reast o f  new technique, as 
sta ted  in th e  previous review, re ference to  several new pow er station 
equipm ents has been o m itte d ; a  u se fu l service w ould  be rendered 
by bring ing  th is w ork  fu lly  up to  date by re ferences to m odern 
equipm ents.
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The Steam Boiler Year Book and Manual. 3rd Edn., 1944. E dited  
by S. D. Scorer, A .M .I.M ech.E ., M .I.M ar.E . P au l Elek, Ltd. 
30s. net.

In  this latest edition, P a r t  I consists o f 25 chapters, o f which 
six  a re  entirely  n e w ; tw o  have been greatly  extended, and the 
rem ainder revised  as necessary to  b ring  them  up to date. P a r t  II , 
o f five chapters, deals w ith  fuel utilisation, developm ents in com­
bustion appliances, feed  w ater, steam  and fire-side problem s, and 
m odern operational practice. T he publishers express the  hope th a t 
in the nex t edition they  will be able to include im portan t and 
interesting in form ation  now w ithheld fo r security  reasons.

T h e  book com prises an  in form ative and extrem ely fu ll index of 
m an u fac tu re rs’ p ro d u c ts  used by the  steam  engineer, w hich are  well 
described and illu stra ted  by  line draw ings and photographs.

O f p a rticu la r in terest to all w atertube boiler users will be the 
articles upon the latest m ethods o f expanding (by rolling) tubes, and 
experim ental investigation o f tube expanding. T hese la tter include 
m ost in teresting  and usefu l tab les and graphs.

Marine Diesel Oil Engines, 2 vols. By J. W . M. Sothern. 
J . M unro  & Co. L td . 1142 pp., illus. 65s. net.

T he seventh edition of th is w o rk  follow s closely the  lines o f the 
previous editions. I t  is designed to cover the syllabus o f the 
exam inations in Engineering  K now ledge fo r  M .o.W .T . Certificates 
o f C om petency; the book fulfils th is p u rpose  very  well. T he first 
volum e is devoted m ainly to  descriptions o f the types o f engines used 
in B ritish  m arine  practice, and the  large  num ber o f draw ings and 
photographs w hich accom pany the  tex t considerably assist the 
description.

T h e  second volume is devoted m ainly to descriptions o f auxiliaries, 
m any of w hich have nothing to  do w ith  oil engines particularly , 
such as steering  gears, generators, m otors, boilers, etc., but w ith 
which the  sea going engineer is concerned.

In  bo th  volum es a  larg e  am ount o f in fo rm ation  is given about 
the actual results to  be expected in practice, such as cylinder w ear, 
and the am ount o f lubricating  oil used. B oth volum es include 
questions and suitable answ ers. N o a ttem p t is m ade to present the 
theoretical therm odynam ic side o f th e  subject, and the  book is of 
in terest m ainly to  the  engineer concerned w ith the  actual running o f
oil engines.

Practical Mathematics for  Marine Engineers. By H . R. Daish, 
W . Em bleton and J. H . Sw ord. 6 th  Edn. T hom as R eed & Co. L td. 
1,110 pp. 30s. net.

T h is w ell-know n tex t book fo r  m arine engineers studying fo r  
M .o.W .T. exam inations is intended to cover th e  questions requiring a 
m athem atical solution in P a r ts  A  and B o f these exam inations.

C om pared w ith the  previous edition, the  review er can find only 
one sm all add ition  to  the tex t, bu t several new  questions set in the 
engineering science and  heat engines exam inations have been added  to  
the tes t papers.

From Atoms to Stars. By M artin  Davidson, D .Sc., F.R .A .S . 
H utchinson. 186 pp., illus., 15s. net.

D r. D avidson has certain ly  justified the title  o f this m ost fascina t­
ing study, “F rom  A tom s to  S ta rs” . H e  has le ft ou t o f consideration 
nothing th a t exists in the  universe.

H is  description of the  stru c tu re  o f the  a tom  is the generally  
accepted one, i.e. a  heavy nucleus w ith  the ligh t electrons in the o u ter 
rings, but re ference is made to  D r. T u tin ’s theory  which reverses 
the  condition by placing the  heavy protons outside and the  ligh t elec­
trons in the  nucleus. T o  an engineer th is seems to  be m ore u n d e r­
standable, fo r  w h a t engineer w ould design a  flywheel w ith  a  heavy 
boss and a  co rk  r im ?  N evertheless, we are  all free  to  fo rm  our 
theories.

R eaders will find m any  puzzles explained in the a u th o r’s chapters 
on th e  earth -m oon  system , such as the tides and the m oon's phases.

T hose who are  curious reg ard in g  life  on o th e r planets are 
answ ered by the au th o r in his descrip tion  o f th e  “velocity o f escape”, 
an  im portan t fac to r in the life  o f the hum an  race, as well as o ther 
conditions w hich m ust ex ist to produce and  m aintain  life  such as 
exists on this earth .

T he chap ters dealing w ith the sta rs and e x tra  galactic  p a rts  of 
the universe teem  w ith u p -to -date  knowledge.

T he reader will find th is a  m ost absorbing book, even th e  appen­
dices being a w ork  in them selves.

Munro’s Engineer’s Annual, 1945. Jam es M unro  & Co., Ltd., 
G lasgow, 144 pp., illus., 3s. net.

In  com piling the  la test edition o f th is very  w ell-know n annual 
the publishers have deleted a  considerable am ount o f m ateria l con­
tained in the previous edition  and substitu ted  articles o f h igher 
technical na ture . T hese include ab strac ts  o f th e  sym posia o f  the 
Institu tion  of N aval A rch itects on “ W ate r T ube Boilers fo r  M er­
chant S h ips” and the In stitu te  o f M arine  E ngineers on “T he Engin- 
ing o f P o s t W a r  Vessels o f L ow  P o w er”.

T he edition contains the  usual m athem atical and tide tables w hich 
have alw ays been found m ost valuable fo r  re ference  purposes.

Electrical Installation Rules and Tables. B y  W . S. Ibbetson, B.Sc.,
A .M .I.E .E ., M .I.M ar.E ., published by E. & F. N . Spon, L td . P rice  
6s.

T h is adm irable little  book should  be o f  g re a t value  to  wiremen, 
installation engineers, m aintenance engineers, and all w ho have to 
deal w ith  electrical installation  w ork . In  th is, th e  fo u rth  edition, 
every endeavour has been made to  b ring  the contents up to  date. The 
first p a rt sum m arises those p a rts  o f the  1939 edition o f  the I.E .E . 
R egulations w hich it is essential th a t th e  p ractical m an should have 
readily available fo r reference. T ab les dealing  w ith  the characteristics 
and operation o f A.C. m oto rs have been added.

T h ere  is also  a valuable section on illum ination, a  subject which 
in the past has tended to be neglected by  all bu t a  few  specialists. 
A  usefu l section is th a t dealing w ith  th e  fau lts  to  w hich electrical 
m achines a re  prone, and th e ir  ap p ro p ria te  remedies. W ith o u t 
enum erating  in detail all o f  the m atte r  dealt w ith, it m ay be said 
th a t it includes a wide v a rie ty  o f  in fo rm atio n  w hich is no t usually  
found  w ithin one book.

A  suggestion w hich m ight be m ade is th a t in the  nex t edition, 
when we m ay be free  fro m  paper restric tions, the  size o f the  book 
m ight be slightly  increased. T h is could  be done while still keeping 
it to com fortab le  pocket size. In  its p resen t fo rm  the type, and m ore 
particu larly  frac tiona l figures in num erical tables, a re  ra th e r on the 
sm all side.

PERSONAL.
L. C. B u r r i l l ,  M.Sc., P h .D . (M em ber), is the inventor o f 

T h e  M anganese Bronze Com pany’s propeller shaping m achine 
described in the ab strac t on page 133 o f  the Jan u ary , 1945 T r a n s ­
a c t io n 's .

F. W . Youldon (Vice-President) retired on the 31st January 
from  the position of a Superintendent Engineer of the Anglo-Saxon 
Petroleum Co., Ltd. H e has been succeeded in that capacity by 
A lex an d er Logan (Member).

J. S i m p s o n  (A ssociate M em ber) holds tw o decorations, 
M .B.E. and L loyd’s W a r  M edal, gained in D ecem ber, 1942 w hilst 
serv ing in the  P . & O . S .N .  Co.’s s.s. “ S tra th a lla n ” .

G. W . T u r n e r  (A ssociate M em ber) has been aw ard ed  the  
M .B.E.

J. S. W e l l s  (M em ber) has been aw arded  the M .B.E . fo r 
exceptional courage  and devotion to d u ty  w hen his ship was torpedoed 
in convoy.
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