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Inlroduction 
-1 I i i  paper  i s  presented as a t r i bu te  t o  W i l l i n m  F r o u d c  oli the occasion of the 

i l t i ve i l ing  ol' the ~ i i emo l - i a l  p laque t o  h i s  genius, \v l l ich n iarks  the site of i l l e  
o r i y i l ~ a l  cxpcr imcnt  tank k l i o w t i  as [he  A d m i r a l t y  Exper iment Workb,  T o r q l ~ a y .  
Ih is p i o l ~ e c r  enterprise in s h i l ?  n lodc l  reseal-c11 fot-nicd a n  ear ly p ro to type  fol- 

co11il7a1-;thle f i lc i l i t ics a t ~ d  ~ i i c t h o t l s  now / ; ) L I I ~ ~  the w o ~ - l d  over i n  most  coun i r ics  
\ \ i l l 1  tn; ir i l i lnc i t~tcl-ests. T l l c  131-csctit papcl-  deals w i i l i  dcvcloplr lents a t  [lie 
Adl i i i t - :~ I iy  Fx17cl-itiic111 WOI-ks, I I;IsI;II-, to l i lcct  ~IIC ~ - c q ~ ~ i t ~ e l n c ~ i ~ s  o l ' t l l e  t i i o d e r ~ i  
N : I \ ~ .  S h i p  n lode l  I-cse;li-cl1 has c o n t i t i ~ ~ c d  ;it l l a s l a r  1'01- near ly sc\'cnt) ye;n.s 
;~nc l  i t  \\.ill hc appr-cciatcd i l ia t  ;111y re\ / icw 111~1~1 ;iccot-dirigly be 01' :I getler;~l 
cli:~l.actel- ; r t ~ c l  m a n y  detai ls ar-e incvit ; ibly omi i te t l .  

0 - i i ~  the il ivestig:\tions wcl-e \at-gcly col icer t ied w i t h  i ~ i i l ~ s o v c m c ~ i t s  i n  
I~ I I I I  ; lnt l  pt -opel lcr  design 10 ensul-e i l l c  highest possible s1:lndards o l ' l w c ~ l ~ u l s i o ~ i .  
l ' l i i s  \bark i~ 11o\\, tnore compl-chensivc l'ollo\r.itlg thc incrcase o f i i ~ c .  s l~ecd,  n n i l  
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number of classes of H . M .  ships. In addition, the scope of the investigations 
has expanded appreciably slid propulsion is now only one  of  a number of' 
objectives. Investigations are called for in parallel to secure the I-equisite hig11 
operational standards in ship tnotion and seaworthiness, steering, freedom Srom 
vibration, and other qualities. 'I'he functions arc broad and thc investigations 
comprise model experiments, ship trials with the associ:~ted theory and research 
in connection with current warship design, new construction and conversions 
o r  niodifications to  H.M. ships o n  service. Spccial problems arc also invcsti- 
gated, including hydrodynarnic nspccts of underwater weapons. Additional 
1- r l ~ ~ I ~ t ~ ~ ~  : . . arid new methods of ;~ppro:~ch  have been called for, but these all 
derive fro111 the foundations so sccurely laid by a grcal pioneer. 

Facilities 
Experiments continctcd at  Torq~lny  from IS71 until 1x85, when in accorclancc 

with the terms OS the lease the ecl~lipment was dismantled anti the watcrway 
filled in. Contemporary records indiczitc that there was no doubt as  to  the 
tlecessity o f  cotltinuing the work, 2nd the.only problcrn was to clccidc on ;I 

suitable site and equipment. 'The site selected was in the Haslar Gunho;~t  
Yard, and ;I longer tank than at  Torquay was provided with Inore pcrlllanent 
c q ~ ~ i p m e n t .  This facility, now known as No. I Ship Tank, has becn in continuous 
~ l s e  since i t  was complcted in 1887. A major change was tile provision o f a  widc 
carriage which spanned the full width of the waterway, in lieu of ;I n;ct-row 
carriage running o n  overhead rails. This c;irriagc remains substantially as built 
nearly seventy years ago. A feature is th;tt the members of  the structural trilsses 
:Ire thin wooden box girders. The  structure is remarkably rigid and light 
and  yet successfully carries a large load of apparatus at  its centre. I 'hc fact that 
it is still in activc ~ t s e  is a wonderrul tribute to  the design and workmansl~ip, 
but i t  must bc regl-etf~tlly stated that owing to fair wear and tear, arrangements 
are  now in h a ~ i d  for its replacement. Plans are also well ~idvanced for a n  
extension of length of the waterway by 100 it to  provide greater carriilgc spced 
and a complete cycle of oscillations in wave tests. 

It became eviderit about thirty years ago that the volume of  invcstig:~tions 
called for was far beyond the scope of one tank. Additional and  more modern 
equipmelit was ~ieccssnry and proposals were Sormulated for a larger tank and  a 
klslcr carriage to suit the developtnents of List ships of various types. The  
ncccssity \\.ill  be appreciated \vliell i t  is recalled that a t  thc time N o .  1 Ship 
T ; ~ r l h  \\.as pla~illcd, the largest sllip in the Navy was I1.M.S. 7i.r!fi1l::rrr, about 
345 fl long, of 11,900 tons displ:tccmcnt, and 16 knots spced. Evc~ltually the 
equipment, knoivn as No. 2 Ship Tank,  was complctcd in 1932. The provision 
proved cvcn more titnelp than was foreseen. Withclut the additio1i;ll flccility 
i t  ~ , o ~ ~ l t l  110t II;IVC bee11 possible to have cart-ictl O L I ~  tlic work required during tile 
I;1st \v;11-. 

The tiext facility to be completed was No. I Cavitation Tunnel. Thc Dil-cctor 
of  Nav;~l C:onstructioll recommcticlccl this provision to the Admiralty in 1937 
to meet the rcquircmet~ts of the rapidly cxl>anding \vnrslrip pt-ogr;ltnrne and the 
iicvelop~~lent of I'llst large propcllcrs. The e q ~ ~ i p m e n t  was completed I'OIII-  ::cars 
I:1tcr. 

- l ' l~c  tc~1113el wcs I'oi111ci ~ I I \ / L I I L I : I ~ > I C  Sol- i ~ ~ v c s t i g a t i o ~ ~ s  ;irisi~ig out 01'1-apicI \vi~r- 
time ticveloplnenls. I t  \\,:IS app;Il-cnl illat all the 1-ccli~irc~nc~rls could not he inel 
hy one tunl~cl  and propos;~ls wel-c i'ormr~latctl l additional ;111d I L I I - ~ C ~  
111t1ncl. Mfc \\;ere Sortr~~iate to find i n  <;er-~iiany at tllc co~~clus io l i  of hoslilitics 
:I sui~;chlc tunllcl that l1nd olily rcce~itly hecn cociipletc~i. I t  w;is 11-n~isferrc~l to  
1 1 ,  I . I .  I - i . latcl- \chcn i'uiids \ve~-c alloc;~tcd i t  was cl-ected 1 1 1  pl:cce. aricl the 
h~~ilel ing to liol~se tlic ccli~ip~iic~il  is now appro;~ching col~il,letio~i. I ' l ~ i s  itcm i \  
know11 as No.  2 C;ivitalio~i l u n n c l .  



I'ropulsion 
-1'Iic ol3ject ol'tlie invesligatiol~s under this heilding is to obtain lllc hest s l i a p ~ ~  

of 1 1 ~ 1 1 1  liries ; I I I C I  the best sIi;~pe illid p (~s i t io~ i  01' the al-)l>er~di~ges. t o ~ ~ t l l e r -  will1 
the optimurn desigti o f  propellers, boil1 for nlaxirnu~l~ fu l l  speed and ril:~xinluni 
cndut-nncc at cruising speed. This is ;lcliicvcd by testing model5 fil-51 ol'thc I I ~ I I I  
alone, the11 \%,it11 ;~ppclldages added, arid linally with propeller-s litrecl. Rccllrise- 
menls i'or cruising ancl f~r11 power per-forrn;~llcc arc often co11flicti11g ariti the 
rcl;~tive ili\lioi-t:~nce att;iched to each ntl'ects the design. Bilse keels, rutlder\. 
shal't br-:~cltcts, sllafts, dockirig keels, and  other ;~plieridnses : ~ r c  securecl s ~ ~ e c c s s -  
ivcly in position on thc hull of the final model and the I-csistance ol'ci~ch selxrr- 
alcly clelel-i~iinetl. I'rioi tests are made to asccrl:~in tllc ;~ligr~mcnt (71' rclcv:~~iI 
ilcms to tlie Ilow to rcduce tlie resistarlcc to a rllil~irn~lm. For this pill-pose tllc 
tlireclion ol' Ilow o f  wafer al and near- Ihe !lull is cletet-mined fsoln the :~ngles 
taken 1117 by small vanes mour~ted on axes passing tlu-ough the tllc!tlcl. I~liport- 
: ~ r ~ c c  is ;~ttachcd lo thc shift  brackels 10 rcduce interferctice of water Ilow to the 
1~1o~~eIIer-S 21s well as to ensure miniml~m rcsislnncc. Shaft bracket i lo~\ '  expcri- 
merits are macle, both with prop-llcrs working aricl ren~oved I-espcctivcly in or-del- 
to  isolate thc  separate efrects of hull and propellers. Generally the inll~iencc 
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of the ~ ~ r n ~ ~ e l l c r - ~  on flow direction is small if not negligible. One  of the earliest 
i teps it1 dcsign is to  tleterminc the tiiameter, pitch. a r ~ d  blade area of the pro- 
peller-~, as  these are t l ~ c  in;<jor Scat~ii-cs i~illucr~cing efficiericy. '1-his is cor~sitierccl 
i r ~  c011,j~rriction with optiriir~m 11;rft and ship speeds. Tlic way is ther~ open to  
prcpar-c the PI-climinal-y drawi~ig of  the lu~ll lincs, spcci;~l tittentiori being giver1 
to propcllcr clearances to avoid vibration and cavitation. Frequently the 
pr-oblern is to arrarrge I l 1:irgcst possible propeller- that can he fiitctf. 
l'ollowing resist;~ncc tests ;IS tlcscl-ihcd  hove to  include ;I riiodel or  moi ie l~  
witlr modilicd lincs, if improvcmciit is expected inner drive 1)ropellcr tests n1-c 
c;~rricd out to deter-mine ihc 1 1 ~ 1 1  cflicicncy elements. ' f h c  procedure is to cover 
;I wide r:lnge of revol~rtions i;>r eac l~  of tlic series of speeds o f  advance wiil~irr 
the operational rallgc. t l ~ ~ l l  ciliciency clcmcnts appropriate to  the model selS- 
propulsion point :Ire then tletcr-mirrctl over the speed range from curvch. The 
tlc(ailcd design o S  propeller is then prepared and cavitatiori tests arranged on :I 

rnodel. Iravirrg regard a l w  to c r o i o r ~  arid vihr:rtion. C;ivitalion ;rlso p1-ornotes 
noise which car1 lead lo hydroplionc detection by the enemy and  this aspect 
receives corcful attct~tion. FIGS. 2 and 3 indic;~te o r ~ c  i~npor tant  lesson that can 
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P C CAVITATION N U M B E R  6- -- a p/gV' 

I x  le:rrlit i'rorn tunnel tests. The  n;lrrow propellel- is more etlicicnt at high 
cavit;rtioli numbers when illere is liltle ur no cavitation, i111d ;llsc) ;lt very 10% 
ca\,ii;ition numbers whc~ i  tllc whole o f t h e  backs of' the blades ofcacll  of tllc two 
niotlcls is covered with bubble cavitatiui~. Ihe  l~a~- t icu lar  models were for thc 
speed record c r i~f t  Bl~c(,hiril. The  wide propeller was more eficienl hetwecn 
\pccds corl~csponding 1 0  aboui 32 and  50 k~lcils, hut the ~ l a r row j~roj,cllcr 
s l~owed to iippreciablc advant ;~ge at  lligller sl,eeds LIP to thc maximu111 of' tcsl 
\\ ' i t11 borne indic;~tion hot11 from the trend of the results ; I I I ~  111cory i I i ; ~ t  the 
i~npro\~ciiiclit w o ~ ~ l d  be m:~in~;ritled at g~-c;ilcr speeds. 

LVillii~m l-routle a t ~ ; ~ c l ~ e d  great iii~poutancc to  ctrl~sistcnc); ~ ~ n d  tliis w a s  Sull) 
aj?l?l-ec.i;~tcd by  his son R .  E. 1-1-outic. I h c  foIIo\vi~lg L I C C O L I I I ~  o f c x ~ ~ ~ r i c ~ i e e  will1 
>l;~l~tlarcl mcidcls emphasizes their \visdom ;111d li)rcsisllt. I t  \VLIS fcirlntl I'ro111 the 
lil-sl csj,eriments at llaslar in  April 1887 that the ~rcsistalice of t l ~ c  moclcl W:I\ 

niucli less than sccmcti pli~usihlc. I t  was ilccitlc~l to I-cmakc ancl try ;I nrotlcl 
\vliicli had been c;irefully tested at Torcluay, and :I n~odcl  01' 1I.M.S. I r i ,s was 
sclcctctl l'or- the purpose. This ~iiodcl was tested i l l  May I S S 7  with tllc rcsult t l i ; ~ t  



157 

to br ing  the resistance curve in to agreement w i t h  that obtained at Torquay it 
was necessary t o  assume that the skirl fr ict ion of the water i n  the f-lnslar tank 
was nearly 7 per cent lcss tlinrr that o f  the water i n  the l 'orquay tank at tlrc same 
ternper:rture. Subsequent trials o f  the Iris model at intervals showcd n gradually 
iricrcasing rcsistancc, and by tlie entl of .Iune 1x87 it w a s  ahout cclual t o  th;rt 
recorded at T'orquay. 'The gradual increase i n  rcsist:~nce quality o f  the %'ater 
was corroborated by the results 01' repctitiorr experiments w i th  other models. 
In order t o  avoid ally seriolrs error i t  was decided t o  fo l low tlic expetlietit 
alrelidy ndoptetl, rr;rmcly regul;tr nncl rreclilent tests o f  I star~t lart l  rilodel. 
D u r i n g  the c;rrly cxperirnents ;rriolhcr circumstance i l ld ica tc~ l  a dilfcrcncc i n  
character between tlrc water at H:~sl;rr a r~ t l  l'orcllrny. l ' h is  was thc tcnclency 01' 
the w;itcr to  deposit niinute air or gas bubbles on the sur l i~ce ol' t l ic models 
which at moderate speeds dit l  not c x f ~ ~ l i n t c ,  hut adhered to the s~~rSace and 
consicler;~hly iticrei~sed ihc resistance by variable amounts. l h i s  trouble w;rs not 
expericriced in  the l'orquay t;rnk. Suhscqclent experience contir lned I l lat  the 
phenornenor~ i s  season;rl ; ~ n d  i s  upparerit Sroni, spring to  autclmn, when the 
water temperature exceeds :rboirt 50  F. A n  ;rppli;rncc for l ight ly br~rsl l i r i f  
the surface o f  the niodel immetliately hel'orc each r u n  wJ:is iristalled i n  N o .  
I Ship Tank i n  1887, ;rnd similar. provision was r l i r~dc i n  N o .  2 Ship ' l ank  
on  completion. 

C;eilcrnlly tile change i n  I-esistancc o f  the standorci rilodel dur ing a n  annual 
cycle i s  srn;~ll and the tcrnperat~rre corrcction, n:imcly 3 per cent dccre;~sc o f  
skin-fr ict ion ror each 10 degrees F a l i r e r ~ l l c i ~  rise of tcrilpemture i s  \vcll corl- 
firrnetl by  the tests. 

Ahnormal  ch;rngcs in  the resistance qr~a l i t y  have been recnrdcd on corlr- 
parativcly rare occasions. 

The clraractcr oC these abnorrli;rl variations has beell very mcrcli the same, 
namely, a more or less gradtral ch;ir~ge to the rnaximum ;rntl ;I gradual rcstora- 
t ion t o  tire nol-mal value, tile total period concerned being about t\vo to thrcc 
months .  

7'11~ resistar~cc of tl1e stand~~rc l  modcl whcri testeci i n  No.  2 Ship r a n k  Iias heel1 
I r i r l y  steady iirid cqui\~alerit to :I reduct io~ i  o f  ;thout 5 per cent o f  the shin 
friction. I t  is rir.)t ~~nreciso~lable t o  expect that tlic resistancc would be lcss iliar> 
i n  No.  2 Ship l'arrk, on accotcrit oS tl lc greater- hire and  conseclucntial increased 
I'rcedom I'roin side wall arrd bottom ir~terlkrcnce. 

Profit ing hy this lessor,, o l ~ c  o f  the car-lies1 nrodcl prolwller-s tested ill N o .  I 
Cavitat ion 4-ur1nel has hecn retestcc1 f rom time to time. N o  really sigrlificnr~t 
ch:znge in propulsiorl cli;rr;ictcristics II~Y yct beer, measurctl at al l  ;rnalop?us ((1 

the vnri;itio~i; wit11 the stnnd:\rd rnodel 11~111. Ncvcr the lc~s  the icsis (if the 
star~clard t i iodcl propeller have c ~ ~ r l t r i h ~ r t c d  much to the detectior~ of mirior 
irregulnritich i n  t l ic ;ipp;lrntils. 

Manccovring 
Occasic>nal investigictioris only on  c c r t : ~ i ~ i  :r\pecls of m a ~ r t r u i r i n g  \\ere c~illccl 

for i n  the past, hut i l lc \vnrk for mariy qcar-s was 1;~rgely corllirictl to  ihc deter- 
~ ~ i i n i r t i o r i  01 t11rec coniponcrlt hrcc; or1 a rnodcl controlled on a ~ t r : r i g l~ t  course. 
I<~rddcr  t o ~ - c l ~ ~ e  and i l l -cc wcre also inc:tscrred for g~rid;irlce in  the dcsiyn (IS 
steel-ing, gear- and I-crdcler stock. The tests \vcrc inl i>rmative as rcgnrtls dircc[iorinl 
st;rbility :irrd tlrc cllecl o l ' thc I-c;~clion ol' propeller race  or^ IILIII ; ~ n d  I-udder, hirr 
only g i ve  irldirect g~rid;~nce on tl lc turning clunlilics gcncr;iIIy. F.rico~~t-;igir~p 
i r r i ~ r ~ v c ~ r i ~ r i t s  c oht:~ir~cd Sroni t ~ ~ r r i i r l g  tests o r 1  SI-ccly propellctl rrri~dcls 
coriimcriccd :jbout twcnry years ;1g(1. War cxllcrierice emp1r;isizcd the ncccssity 
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: ~ i l a c k .  esl?eciall!. 1.01- h l l n i i l l g  subm;~~- incs .  M a n m u v ~ . i ~ ~ g  01'  ~,~-ol,clle(l il1odelh 
about 10 i t .  l o l ~ g  ih in\,c5tigatecl ill a dccl> lake. .I-lie I l ~ i l l s  a]-c ge~ lc l - :~ l iy  mat ie 01'  
\ \ooc l  : lnd  cal-bcl-l,~~ilL i o  l igh t  cotlsrrllcLio11, h ;~v ing  reg;ii-cl I o  t l l c  r~cce\s i ly  oI. Ihc 
pnovision l l I sp;rce to a c c o ~ r ~ m o c l a l c  m c a 5 ~ l r i n g  appar;lt l ls ;rntl 
~prol?el l i i ig  ec lu ipn ie~ l l .  A Ihil- rn:l~-gin o f  clisposahlc wc ig l j l  i s  t i lso ~rccess;~~-y  l b r  
hall:~st 10 ~ - e [ ~ r o c l i ~ c c  the stability and morl lel lr  ol ' inel-t ia 01'1he s l ~ i p .  .[.he m o t l r l  
i s  d l - i v v ~ ~  by  clecll-ic 1notol-s s u p p l i c ~ i  h y  hatlcl- ic\.  T i l l l c  s\\,irches a1.c pl.ovidctl 
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i'or c o n t r o l  o f  s tar t ing  and s topp ing arld k)r opera t ing  [ h e  steering gear w i t h  
l i m i t  s w i ~ c l ~ c s  for t l le  prcscr ibcd angles of rudder .  T h e  r a t c  of movcn icnt  of the 
~.~lc ic lcr  correspoticts t o  that  of the  ship. T h e  t u r n i n g  p a t h  is dc ier rn incd p h o t o -  
cr;~l,liic:~lly oncl the rccor-ds i r ic l i ldc time, arlgle, ;~nd ra te  of rnovernen( o f  .~ 
I-c~dtler, I i a f t  p c e d ,  a11d angle of hecl. Speed of ~ ~ d v a n c c  is  d c d ~ c c d  f r o m  the 
i ~ ~ t - l l i r i g  P;IIII :~i id checked h y  cal ibrat ior l  o l ' t h e  s h n l i  speed. E lec l ron ic  t1yn;ltno- 
~ n c t e r s  are f i t ted  it1 some models t o  record  t l l c  t ra r~s icn t  t o r q u e  2nd roscc c111 t he  
~ l c  A s r i~a l l  i ;~hora(or-y : ~ n d  :I phu tograp l i i c  tower  are p rov ided  (1-I(;. 4). 
I r e c  t i r rn i l ig  icbts ;\re ;1l.;11 made i n  No. 2 Sh ip  Titrrk, but  t he  i c n g t l ~  o f  i l i c  mot le l  
must  he re!;trictctl to ;1ho111 0 I'I. (III ; ~ccoun t  01' t he  l i m i i e d  wiclth of w;tterway. 
I l ie sm;~ll mo t l c l  has i h c  great ;~dv:tntnge of economy in c l f o r t  ~ ~ r i c l  t he  cluich 
a s e s ~ r i i c t i t  oCstcering c l ~ ~ a l i t i c s  i n  the in i t ia l  stages of t l i c  design so that  improve-  
nlctt is c;111 he ~ i n ~ e l y  embot l ied.  

1 . 1 1 ~  t h ~ ~ e c - d i ~ i i e t ~ s i o ~ i ; I I  (iccc1011~ of SI~~II~;II-~I~CS p r e s e l ~ t s  a n  involvecl p r o h l c n ~ .  
C ~ t n i 1 ~ I i c ~ t t i o n s  :Ire i n t r ~ > d ~ r e c d  b y  t l l c  f i ce  sur-l;~ce a n d  the c o n s e q ~ r c n t i ~ ~ l  c l ~ ; ~ n g e  
it1 I'orccs \v i th speed :117t l  i n lmcrs ion.  Componen t  fc>rces can h e  d e t c n r l i ~ i c d  or1 ;I 
\ t ra ight  course in ;I s l i i p  l a n k ,  hut for re:ilistic results st:ibil ity clcr ival ivc lcs ls or1 
;I rot ; \ t ing a r m  :II-C neccss:lry. I'l;rns are i n  pr-epar-aliotl f o r  a manceuvrir lg tarik 
h t ~ i t a h l c  li)r t c t  of models o f  surk~lcc ships n l l d  submarines. T h c  design prov ides 
I i>r  the gcner;~t ior l  oi' \viivus o f  n ~ i x c d  co l i iponcnts  in  t w o  directic>ns, w l ~ i c h  w i l l  
p c r m i t  ;I 1-calistic ilivcstig:iti(irr of se;~\vorlhiness w i t h  coup led  rnol iol ls, the 
r i io rc  so as the rnc>dcl can proceed or1 a n y  l i n e  OS bearing. 

Seuworthiocss 
;\l;iny c s ; ~ ~ i q i l e >  cou l t l  l l c  cliroted illustl.;tting the impor tancc  o f  weather- i r l  

I I  c r : ~ t i o i s .  I l cc luc t ion o r  rolliri$ was o n e  o!' l h c  1irohlems so hri1li: lntly 
i n v c t i g : ~ t c t l  1'1,r the s l i i p i  o f  h i s  day, hy  Wi l l i a t l l  I ' r o~ l t l e .  S ~ ~ s t ~ ~ i r i c t l  spced : l r i c l  
c c l i ~ i s  I I I I I - ~ i i t  i ~ i - c  S ~ i ~ l r - r  r l i .  Pitch. 
l ieavc, ancl l I ~i~castrr.et l  ancl f~ r l l  consiclcr:~tion giver1 t o  c lampit lg t l ie  
i i ~ i  I t  i s  i ~n l i o r - r ;~ r i t  thac deck.; :111tl o p e l ~ i l i n g  pos i t ions should he ;IS f'l.cc 
1.1-or11 se;t ;ir~tl sp1-:11y ;I\ possil>lc ill ad\~crsc  \ \ e ; ~ t l ~ e r .  Fans arc  h r o u g l ~ t  i n t o  p1~0 
i o  rlctcr-nitni: mean\ Scir -  :~\.oitliti: spray h l o \ \ n  i n b o a r d  hy  a cross \viritl. Dcnr i y -  
I3ro\\ 11 \iahili/.et-s ;ire l i i l c t l  10 m;lrly ol' 1 I . M .  i l i ips ,  ancl i i io t lc l  tcsts i n  [ l ie  b I i i l >  
!aril, ;111c1 c ; i t i i  turi1ie1 l i l : ~ y  ;I I ill dc te r~n i r i i t i f  t i c  s i ~ e ,  ~ I i a p c ,  and 
~ l r l - ~ l l l g c l l i ~ ~ l l 1  or  IIIC fins. 

A \\:\\.c gccicr;itc~r- i s  pl-o\,icletl i r i  cacl l  t;11iL, l h a l  i r i  N o .  I be ing h ;~s ic :~ l l y  a \  
I ~ I - h !  l i t i c t l  r ~ c ; ~ r I y  l i l ' t )  yc:r~-s i~g " ,  a l t l ~ f l r g l i  l h c  cir-ivirig ~:rr.~-angerncnis Ii;\\,c hccn  
i . e ~ ~ ~ s i i l c i - ; ~ h l ~  i r i i l x o \ ; c ~ l  \\it11 stead) c c ~ n t r t ~ l  ancl a c l j ~ r s t m c r i ~  k)l- \v:i\'cs o l ' d i f k r c n i  
~ i / c \ .  I<csi11;1r \Y:I\.CS IIIJ t o  ;I l c ~ i g t l ~  01.40 1.1 ;11icI I ieigl l t  2 Kt c : ~ n  b e  g c ~ i e r ; ~ l e d  t t l ~ r s  
~ - i y ) re~dr~c i r i g  oil t l ie  1iioclc.1 hcale t l lc  frill r-arlge o f  \?':1\1c s i re  011 the occ:~~is.  I h c  
I I~ I~ I~ I I .~L I I~~~C o f  invi.\tig:rtiotis i n  \\avcs nccds nr i  emplt;rsis ;IS 1-cgar-ds thc hc;r~-i~i;r  
OII 11~1ll li>r111, lo ;~<I i r~g,  l ' r e e l ~ o : ~ r ~ l .  ; ~ t i d  (>ll ler C:~ett>~-s :III~ t l ~ e  ~'I;IIICII~I-~II~ -I':III\, 
tncii1ic)tictl ill a p i -cccci i~ ig pal-agraph i~iclic;i lcs lh;\t, ns I'ar as t l ic Aclmil .al ly i> 
col~cernccl ,  th is type of' rescarell 112s a l l  cxp: l l id i l ig  ro le.  I ' ; ~ r ; ~ O ~ i x i e ~ ~ ~ l y  ]?erll:i)>s. 
ca l ln  \ jr : i icr Icslc ;rIso ;ill'o~-cI ~ l \ e f ~ i l  i n k ~ r - ( n a t i o n  or1 sea~,ori l i i r lcs' ; .  Clr:in;e 01. 
I I I I I  l r ~ i c l e l s  I p c e d  i rcgill:ii-ly i i ~ e : r ~ ~ ~ r c c t .  A r e  s i  i l l  i1,L b) 
i i hou t  3 I'L ;I[ t l le  ho\v ancl 2 l'( a1 t i le  \!er-11 :I[ Iiigli spcetl. 0 1 1  the other hancl, ( l ie  
l 01' :I clrstroyes I-iscs b y  about  2 1.1, ; r l t I i t iug l~  111c (11-alrglit il,erenscs a f t  h> 
a h r ~ u l  5 i l .  I l l c  dili'er-cncc is, OS c o ~ ~ l - s c ,  1x1-s,cly due r o  l h c  l c n g l l ~  of i h c  tr:111s- 
\ e t - ~  \v;ive \vhich i s  les.; l l l a l i  tlrat o l ' t l l s  l:11-2e sh ip  bu t  grc:itcr than ( h a (  o f  r l ic  
clcst roycr .  I ' l i ;~ngc of d r - a ~ ~ g h l  a l  s l x c t l  i s  frc;l!cr ilr \lra!lo\v water ancl c a ~ i  
l>ecomc ~ . r i ~ i c a l  a t  c c r t a i ~ ~  spcccls. 'This i s  t ~ f  c)l ,era~io~ial i r~ leres t  when. I'or 
~%sarnl7le, horiihar-cling ;l11 enemy coast. a n d  has been investigatecl acco r t l i r~g ly .  
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V ib ra t ion  
T e n  years ago  t l ie  D i rec to r  o f  N a v a l  Cons t ruc t ion  advised the  Hoard ol' 

A d m i r a l t y  that  war  exl,ericr~cc con l i rmc t l  t l ia t  improved  l i ~ c i l i l i c s  were necessary 
for invest igat ing v ib ra t i on  of t1 .M.  ships. T h e  gc r~era l  t rend  h a d  been i n  the 
di l -ect ion ol'iricr-cased speeds u l ~ d c r -  a l l  cond i t ions ol'scrvicc, w i l h  l ~ i g l i e r  rnachin- 
c r y  power-s p e r  propel ler  sha l l .  This, i n  cori . j~rnction w i t h  Lhe increased n u m b e r  
a n d  sensi t iv i ty  o l ' ins t ru l i ie~ i ts  rccluit-cd l'or accurate gunnery  a n d  other purposes, 
i n c l u d i t ~ g  radar, l~ecessi ta(cd i l l a t  sh ip  v ibra t ion s l l o ~ l l d  be f u r t l ~ e r  reduced i n  
new cons l r l~c t i o r l .  

M o s t  v ih ra t i on  ill H.M. ships, c s p e c i ~ ~ l l y  w i t h  tu rb ine  drive, is propeller- 
exci ted ei ther l ~ y d r o d y r i a ~ n i c n l l y  o r  (1-om impcrfect ior is  i r i  propel ler  balarice. 
'1- l~e la t te r  is g l rardcd i ~ g a i n s t  by  precision r n a n u l i ~ c l ~ ~ r c ,  \vl i ic l i  h ;~s  h c c l ~  rc l inc i l  
ill I-eccrit years as ;I result o f  expel-ictice iri crrvit;ltiou ancl (f l l icr (ields. J 'hc 
Ihc(ors govern i t ig  prope l le r  indircecl v ih r :~ t ion  have l o n g  been recogrii/ctf. ;tnd 
the l ine\  o f a  sh ip  a n d  shape o fappend ;~ges  arc clesigrictl t o  a v o i d  eddies, a n d  t o  
Ic;I(I 10 :IS s t i i ; ~ l l  i111d ~rt i i l 'orr i i  :I wake ;IS possible. T l i e  propel lers are a r r a l ~ g e d  
wel l  c lcar of the h u l l  : r t i c l  appendages ; ~ c c ~ ~ r c l i n g l y .  There  is st i l l  m u c h  10 be 
l e a r l ~ t  concern ing  t l ic  velocity gradient  in the boundary  layer a n d  t r ia ls on a 
sh ip  have bee11 arr;~rigcd as one  l i l ~ e  o f  approncl l .  

If t l i c  r iatural  frcclucncy o f  the pro],eller s l iz~f t  system is reso r~an t  w i t h  t11:it ol' 
t l ie  propeller- b lade beats, ; ~ x i ; ~ l  v ih ra l i o l i  w i l l  r cs~ r l t .  T l i e  ; ~ m p l i t ~ r d c  shou ld  not  
exceed 0.025 in., ill order- ( o  avo id  serious wear o n  the f lexible c o i ~ p l i n g s  between 
the gear-hoxes ;III~ t l ie (urhines a n d  on the o t l ~ e r  m;~c l i incrp  i tems. Propellers 
~ \ , i t l i  f ive hlat ics and  also w i t l i  f o u r  blades l iavc been f i l t cd  t o  some sl i ;~fts of 
cer ta in  clnsses, i n  l ieu  ol '  propel lers ui t l i  tht-ec blades, w i t h  very sa t i s l i ~c to ry  
result?. 

A sm;~l l  v ib ra t i on  laboratory  hirs therefore bce r~  p rov i~ lec l  t o  accommoci ;~tc 
t l ie  stall- and apparatus. One  of ( l ie  l i r s t  duties Lvas t o  o h t n i l ~  t l ie  necessnr!. 
equ ipmc l l t .  Ex i s t i ns  m e c h a ~ i i c a l  v ihrographs were i m p r o v e d  and  addi t io r la l  
it istr-unients of r icw type obt;liried. Spcci:~l i ns l rumcn ls  have been p rov ided  f o r -  
accurate r - e c o ~ - d i l ~ g  01' l o w  frecluency vihrat ioris free f r o m  resonant e x c i l a l i o ~ i  
w l i i c l i  leads t o  excessive readings. A v ih r : l t i o~ i  table is nvai lahle fo r  ca l ib ra t ing 
t l i c  I-ecorder-s. 

C o r ~ ~ p r e l i e n s i v e  v i b r ; ~ t i o l ~  surveys are c ;~r r ie t l  olrt drrr ir ig ;ill l i r s t  of class ship 
11-ials. O t h e r  t r ia ls arc ar ranged t o  invest is t tc  any ol>.jectiorinhle v ih r ;~ t i o l i  
repor ted ;I( sea. A l t l i o u g l ~  h u l l  v ibrat ior i  m a y  h e  slight, I-esonarlt response ma), 
he cxci tet i  ill local  i tcms s ~ l e l i  ;IS ;I r i i ; ~s t  \ v i t l ~  [ l ie  heavy radar  ;Incl \vireless ae r i ;~ l \  
or ill d i rec tor  towers. V i b r ; ~ l i o l i  sener;~tors l iavc hccri  used w i t h  success t o  
ascertain t l i c  natura l  freqirencies 01' I'llnd:ilnerit;~l ancl l i iglier- modes o f  v ib r ;~ t i o l i  
ancl the forces exci l i r ig v i h r a t i o l ~  at sea. 7 l iese tr ials arc  car r ied o u t  wh i le  t l ie  
s l ~ i l ;  i s  i n  ha rbour  a n d  are accord ing ly  no t  slrhject t o  reslr- ict ions \vl i ic l i  may 
o h l a i n  when the s l i ip  i s  at sea. 

I t  m a y  ; ~ l s o  he ment ionet l  that  good pros!-css l i ; ~ s  been n iadc \+it11 advance 
p rcd ic l i on  ol' ~resor~atr t  l ' ~ - e i l ~ ~ e ~ i c i c s  ;is i lescl-ibed t-ecc~r[ ly b y  S i r  V ic to r  Shepliei ird 
t l ie  1)irector o f  Na\ ja l  C'onstrucl io l i .  

Ship 'l'rials 
A c c r ~ r a l c  r n c a ~ ~ l ~ - e n i e l ~ t s  o n  s l i i l h  11-ials are c s s c r i t i ~ ~ l  t o  all'or-cl a rcl i :~ble basis 

I'or i n ~ p l - o \ , c n ~ c t ~ t  iri the t lcsiyn ol '  H.M. sliil,s. .A cc~niprc l iensive prograrnnie i \  
ar-ri~ngecl Sol- c ;~c l i  l i rst ol'class i l i i p  and 1I1c tl-i;ll I-eci~rcis (o r -  \v l i ich t l ~ e  A t i ~ i i i r a l t )  
Expc r imer i l  W o ~ - h <  arc responsible cornprise progressive measured m i le  speetl 
11-ial\. t u r ~ i i ~ i g ,  maritru\,r-in? a n d  a vibr-atiori survey. Oppor- t l rn i ty  i s  a lso t irkct i  
t o  I-ccorcl pitel l ,  l iea \~c  ;111cl roll alrtl ti1 ohset-vc lheli;~violrr of the s l i ip  : re l ier-a l l~ 
in acivcrse wcathcr- ancl l i o t c  any fc;tturcs l1i;lt arc ;~ll'ectctl hy sea a n d  spray. 
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Some ships are l i t t cd  w i t h  qtabi l i rcr  fins and a d d i t i o ~ l a l  tr ials :tt-e invol\,cd t o  
dc tc rm i l i c  their  c l~ecl ivencss.  O l h e r  11.ials i ~ i c l u d c  t l lc  mcasul-cnleut 111' h ~ i l l : ~ r d  
I'LIII and of to\\:ing pull over a I -a~ igc  o f  spcccl a n d  m a c l ~ i ~ l e r y  power  for  such 
,.I. ,~sses . . ;IS  nines sweepers a n d  tugs. F:~st pat l -o l  hoats preserit spcci ;~ l  lcaturcs on 
accou l l l  o f  1110 w ide spcetl I-angc and tile lal-ge dynamic  l i f t .  I n  ;l(ldition t o  the 
o the r  mcasure rnc~~ ts ,  r u n n i n g  rise and t r i m  o f  t l ie  l>oat i s  cat-cl'e~lly ascet-t;li~ied. 
21s th is i s  it i ipor(:lnt at i l i c  l i t l ~ n p  and higher speeds i'ol- sca\vc~rt l i incsi  as wel l  as 
p r o p u l s i o l ~ .  I-lull prcssul-e and s lammir ig  accclcrat ions arc  ; ~ l s o  11icasurctl l'or 
ccr to i t i  honts. Progressive mcasnred m i l e  spccd tr ials have been c;rr~-ictl o u t  o n  
si)me ships wi l l1 :~ltcrn:r l ive sets ol' propellers, a ~ l t f  the series Sot- l w o  cl:~sscs ol' 
t lcstroyel- have been o f  ~rat l ier  I :~rgc scope. <;lass v iewing pal-ts l iave been t i t l c t l  
i n  the stet-11 for obsel-ving a n d  p I io tog r : l p l~ i l i g  prope l le r  c ; ~ v i I a t i o ~ i .  

. l l le  extent t o  w l i i c l i  t l ie  l r i a l  progl-ani l i lc  h;ls g r o w n  m a y  be ; lp[ lreciatcd li.~)tn 
t l ie st;~tement thn( m:~nceuvrit ig t r ia ls n o w  inc lude abou t  lil'ty co l i ip lc te  t u r ~ r s  
th rough  300 dcg, c o v c r i ~ l g  ;I wide rang: , o f  approac l l  s p x d  a n d  ruclclel- angle, 
\vlicreas forn lc r ly  six t e ~ r ~ i s  were co~rs ide rcd  sul l i r ient .  I t  may  h e  added that  
~iranceuvr-i l ig tr ials inc lude I'LIII tests 01' the r i tdder  ;111d steering gear i ~ r i d  ;11so 
carcl'ul n~c;~suret i ien ls  of (he ;~ccelerat ion and  deceler;ltion dislances. I l i c  
system of analysis o f  a l l  t r ia ls is directet l  t o  a rcady assessment of t l ie  va l i d i l y  o f  
scale correct ions f r o m  m o d e l  tests as wel l  as t l ie  stant l~ i rc l  o f  sh ip  pcrform;tncc. 

Apparatus 
A wide  range o f  m e a s u r i ~ i g  apparatus i s  n o w  necessary ancl i l  is tempt ing  t o  

cicscribc the  i tems i n  delai l ,  h u t  th is w o u l d  reclclire m e ~ c l i  greater space than can 
he f o u n d  ill th is paper.  I l i e  resist:~ncc dyna l l iomcter  of No.  I  S l i ip  ' l a n k  \vns 
transferred from f o r q e l a y  and co l l t inuet i  i n  rcgellar use u n t i l  a 1i.w years ago, 
whe11 i t  w ;~s  replaced by a modern  apparatus. I ' h i s  reco rd  ol' e ig l i ty  yeill-s' 
accurate service speaks f o r -  i t sc l r  as t o  the  liig11 htandar i l  of design and w o r k -  
manship.  'I 'he or ig ina l  propel ler  d y n a m o m c l c r  also saw very l o t i s  service ; i t  
T o r q u ; ~ y  a n d  later  at F~laslar, h u l  has been replacecl b y  :I motor-dr ive11 apparatcrs. 
S imi la r  c l y~ iamomc le rs  bu t  o f  greater capaci ty ;Ire on No.  2 Sl i ip  1-;11ik c;l~-I-i;lge. 
A fc;iturc o f  the i i i s t rument io t l  is t l ie  ' l i t t l e  l o f s  ', w l i i c l i  are located wel l  ;lhead 
o f  the  cxper imcnt  carriage. Tl ic i l -  pi l l -pose is the t l l c a s u r ~ ~ i i e l i t  01' tile \ \ : ~ t c r  
c i t r rcnt  a n d  hence t l ie  necessary col- rcc l iot i  10 the spceil :IS ~ ~ ~ e : t s ~ t r i . d  ove1- t l ie  
y r o i ~ n t l  t o  ob ta in  t l ie  ( r u e  speed o l ' t h e  mot lu l  I111-ou:lli t l ic  \\.;ltel-. f l ~ e  81-range- 
n icn ls  ;~I-c ~ ~ i c ~ c l i  t l ie  ~:~IIIC ill pr i t i c ip le  :is l'or t I ie f jrhl logs a t  Tol.clll;ly, 1 3 ~ 1 1  ( l ie  
t lctai ls l iavc becl i  impr-ovecl. T h e  dete l - rn i~~;~t i i ,n  o f  c: r r r i ; l~e speed 1.1-om ;ILI~O- 
~ r z l p l i i c  recot-cls i ~ l ' d i s t a n c c  a n d  t i m e  has i i o w  given w : ~ y  i n  N o .  I Sh ip  T a n k  
(13 !lie ~ n c : ~ s ? ~ ~ - e ~ i i e ~ ~ t  b y  ;I CinceI tlccin?al coun te r  cl11-onomcicr of i l ~ e  i i l i ~ c  01' 
tr;lnsiI past t \vo  p l ~ o t o - c e l l s  I(,(< fl apal-t. 7-his ~ i i c t l i oc l  combit les ;~ccr~l- ; lcy \ \ i l l 1  
ccor iomy 11I'si:~ll. 1~111-ec component  l'or-ce d y n ; ~ l ~ i o r n c t c ~ - s  arc 131-oviclcil l'or i e \ t \  
01 '  I ie~ I l \  and  col i tr-ol surl i lccs gc~ ic~- ; i l l y .  III mos t  cases i l ~ e  :lj>par;itu\ I'or niea.;rlr- 
I I f ~ ~ r c c s  i s  01' ~ ~ i c c l i a n i c ; ~ l  l y l l c  \\'it11 clcc11-ii,::l ailsiliat-ies. hcii g i l ~ l t l  itse 
i s  tii:~clc o l ' e l e c t r ~ ~ ~ i i c  ; ~ p p I i c ; ~ t i t ~ ~ ~ s  1'01. t1-;11isii.111 ;~ i : : : :~ l~~-c t i i c~ i ts .  .l his i111pori:ltlt 
aclbaltce lias ol?cl~ecl a \4ide l i c ld  l.111- ~ i i c : ~ \ c ~ r ~ . ~ ~ i e t ~ t \  tIi;11 coitlcl at l>c,t ot i ly  l>c 
; ~ i ~ ~ x i t i ~ t e t l  1 l i r ~ i i l .  I :I \~ i i : ! l I  e l c c t r ~ l n i c \  I ; I ~ > I I ~ ; I [ ~ I - ~  i \  l- i~.o\ i( let i  l'ot. 
I l ~ c  s l ; ~ l l ' t o  t ic \ 'c lop :incl c ; i l ib~-;~fc l h e  v ; i l - i c>~~\  i t em\  co1iccrl1cd. 

S l i ip  t r ia l  I ~ I S  i ~ ~ e l c i c s  I I I  111licr i t e i i i i  l 111otio11 I~C~OI -C I~ IP  
yenerall! o f  g i > p c  ( a l l l i i ~ u g h  p e t i d ~ l l ~ ~ r n  i n \ t r ~ t m e t ~ l s  \ t i l l  lint1 ~ i c ~ ~ ; i \ i o t ~ ; i l  
I I I  : ~ l i c i i ~ i .  hea~- i l i g  ~-eco~. t lc~-s  k ) r  t~ l .~ l i~ i ! ! .  1p;1111, I ~ I S I I I I ~ L I I ! ~  1.111. 
IIIC:I\II~C~~ICII~ ol'111111 ;111d P ~ O P C I I C ~  I.OLI~.I~I~CS'I. A c l i l l i c ~ t l t ~  \ \ i l l 1  \ l ~ i p  IIIO~III~I i \  
( l ie  el!i~t-t i n v o l \ c t l  i n  anaI>/ . ing 'if: I;iryc ; icc~t i i i r~ l ; l t i c~n 01' records. St;~ti>tic;!l 
r c c o r c l e ~ . ~  arc c~ncicl- d c v e l o l i l ~ ~ c ; i t  l'or rcacly i l , l i i r-m;it io~i on  t l i s l~ ! ; l ccmc~ l t ,  
v c l ~ ~ c i t q ,  a i i d  aecclcr ;~t ion.  .A c : ~ I i l ? ~ . ; i t i ~ ~ g  I ~ ~ l x i ~ - : ~ l o r y  i s  lp~-o\~iclci l  \c~ i t ;~ l> ly  
e c ~ ~ i l ? p c t l  I'or i le;i l i i lg \\:it11 s l ~ i p  11-i;ll i r i s i ~ n ~ t i i e ~ i t s .  I'OI t l i ~  ; ~ s ~ i . ~ ~ ~ b l y  :111(l c; i l i I - i i - :~~ 
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t i o l ~  ol '  a p p : ~ ~ - a t ~ r s l ' o r -  riiociel icsls, : ~ n d  t l ie  eeltrippil ip ol' modc ls  c o r ~ i p l c t e  wit11 
i n s l r u ~ l i c l ~ t s  fol- special lests. 

I ' l ~ o t o p ~ - a p l i y  i i o w  l i l ids  w ide  ;111d incl-easing ;~pp l ica t ions.  Si l lgle Rash 
l 1 t 1 1 1 i s  l p ~ p l  c 1 i l 1 1 i 1 i  I l ~ ' i t l i  :III CXPOSLII-C o f  25 mic l -o-  
seconds 1.01- l l ~ c  mode l  ar id 6 0  t o  500 mic.roscconds fo r  the ship. ' l l ~ c s e  (':IS( 

\~,ceds i r ivolve t l ~ c  p r o v i s i o t ~  of power-1'111 l i g l ~ l i l i g  \\lit11 c :~ re l '~~ I I y  COIIII-oIIed fl:~sIi. 
I nvcs t ig :~ t i o l~s  o n  sh ip  motior! are greatly assisted h y  pl iotograp! iy ,  an t i  c ine 
l i l l l is  (11' mot lc l  hlrl ls w1ic11 ~ i .oceed ing  at \,ariolrs sp:cds, in r~ i i l ' o r~ i i  waves 0 1 '  
tlil1i.r-enl Icr~gt l rs :rntl sIop:s, a l l ' o r ~ l  p c ~ - ~ i i c ~ n c ~ i t  rcc<~rcls of  t l i c  hchnviour,  i i i c l ud -  
i l l 2  (11-yncss. A l l y  l o c ~ ~ l  I ~ ; I ~ L I I - ~ s  tI1;1t 111~1y lp~-c)~i iotc \vet~iess :II-C i r~vcsl ig;~lecl  ~IIICI 
nlodi l ic : i t ior~s ;II-I-angccl II~ i r n p ~ - o v e r ~ ~ c r ~ t .  t i igl i-speccl c inema vic\vs o f  c;~\,ita- 
o c I i ~ i v ~ l ~ ~ i ~ l l e .  T h e  presenl I i l i~i t  is 15,000 1'1-;11nes per \cc., ;incl ;~ I l I i oug l i  
\ ~ ~ l l i : i c n ~  ('or some I-ecluircrne~its, t l ie  lo l l?  lc r r l i  a i m  i s  t o  trace the lil'c 1iist01-y 
o l 'hc~bb lcs ,  and  ! I ~ i s  w i l l  p roh i rh ly  i - e c l ~ ~ i ~ - e  :I six-l'ol(l incl-easc in spcccl, w l ~ i c l i  ill 
111i.n c;iIls ('or- spcci ;~ l  l c c l i ~ ~ i c l u c ,  l l i c  r leccis:~l-y arr;rngcmenls 1'or \vl i ic l l  arc 11ntlcr- 
d c v e l o p r n u ~ t .  

Rlot lcl  R4a1111facturc 
1- l ie 1 x 0 ~ s ~  o i  I-ilpici a i l d  accul-ate r c p r o d l l c l i o ~ ~  o l 'mot fe l  11uIIs in lpara l l i~ i  wax 

in i t i :~(ct l  by  Wi l l ia r i i  I-'~rotrde Ii;ls remainct l  r r r~a l le rcd in essentials s i l ~ c c  l i i s  clay. 
1 l ie  o r i g i l ~ ; l l  shaping ~ n a c l ~ i n e  a1 Torquay ,  al l l10~1p11 s t i l l  avai lable :IS a l l  e x l ~ i h i t ,  
was rcpl;~cccl \vlien l l ie  establ ishment was tr;~r~slbl-recl t o  Hasl:~r- I,y ;I lal-gccr and 
11ii11~e c o ~ i v c ~ i i e ~ i t  ~ i i i ~ c l i i r ~ c  wit11 11ori/orit;11 ill lie11 of' \'er-tic:~l t ~ m v e r i e  t ~ ~ l ? l e s .  
l l i i s  i n  ( u r n  w:ls ~rcplacct l  i n  1912 by a machine s imi la r  ill pr- i l ic iple, b u t  ol' 
g[-eatel- cal7acity a n d  i m l ~ r o v e c i  ili t iet:~i l .  (I:rc;. 5). Sat isk lc lory  p r o d ~ ~ c t i o r ~  01' 
models t l cpe~ ids  vel-y largely o n  t l ~ c  prel?arat ion ~ I I I ~  c ; ~ s t i l ~ p  of  W;IX. N e a  
sl~pl,lies : ~ r c  first mel ted t io\vn and cast into hrrckets t o  solidil 'y. I h e  i l igots ;Ire 
ag;lin r i~cltccl,  cast ant i  sol idi l ied, the p1-oces5 bc ing  I-epe;~tcd six tiriies. Foul-  
per cel l (  o f  becsw;~x i s  ;~ddccl  at t l ic  laht mel t ing.  Th is  111-oced~rr-c i s  necessary fo r  
;I l i o n i o g c l ~ e o ~ r s  casting. I n  I-ecenl yeal-S I 0  p c r  cent ol' cc(-esin h ;~s  also been 
:rtlt lctl. T l ~ i h  \\,as XI-ra~igcd f o l l o w i l ~ g  :I scl-ics o f  tests, i n c l u d i n s  mc;lsur-ement 
< ~ I ' c l a s t i c  r irodulus 011 samples w i t h  val-ying :rmilirl lts o f  ccresin. I l i e  results 
\r.er-e prc>rnising :ind ol ie or t w o  niot lc ls  \ce~-c made w i t h  the eel-csin ;~ddit i( , l i .  
I-:uper-icr~ce conl i rmecl  that  s t i l r ~ ~ e s s  was iricr-e;rseci a n d  t l ie  vb.jectitinablc s r n i l l l  
h o g  w;rs avoiclcd in OIIC moclel a n d  I-ecluceil i n  o ~ l i c r s .  Less tension \\as reclu i~-ei l  
I l I r e  ~ c c r i i r ~ g l y .  A I '~rrt l iel- acl\.a~il;rge i s  t l ie  elirni11;ltion o f  p o r -  
I W a x  models are no t  sat is f ;~ctory for  tesrs ill kvaves over- a l ly  [ ) r o I ~ > ~ i g e ~ I  
pcriocl 011 account or l h c  liability t o  i l c f o r m a l i v ~ ~  a n d  clamage a n d  ; ~ l s o  the 
l i n ~ i t a t i o l i  ol' disposable weipl i t .  L i y l i l  \ \ooden n~cl t lc ls  a[-e e l ~ i p l o y e d  l i11- sea- 
v o r t l ~ i i c s  a n d  also r I I ~ I I I I I ~ ~ ~ I I  e x p e r i ~ i i c ~ i l s .  t l ~ e  necessary machi l ie 
cc lu ip i i ienl  hc i l ip  pr-o\iclcd fo r  the p~lr-pose.  I>cvclopmcnts i n  plastics ol1i.r 
~pr-ospcclivc aciv;lntagcs, oric apl,lication be i l l s  I'or sub~ i ia r incs  a n d  a smal l  
c x ~ ~ e r i ~ i i e l i l ; l l  m o d e l  1'01- th is  pur-pose i s  heill:: invcsl igatct i .  11 sl ioir l t l  he c ~ ~ i p l i a -  
\i/ed. Iii,\vc\el-. that  p a r ; ~ f l i l ~  wan is so o \ , c r \ \ l i c l n~ ing ly  super ior  as re fnr t ls  
cco i ic~rny ; lnt l  ellrick 131-eduction, that  modc ls  o f  oi l let- ni:lcer-ials ;il-c on ly  con-  
.iderecl \ v l i e ~ i  t l ie  c x p c ~ - i m e ~ ~ t  I-eq~ril-cnients cannot lbc n ic l  by :I \ tax  IILIII. 

I l i c  ~ r a d i t i o n a l  process of t i i ; ~ k i n p  lnot le l  propellers 01' a l o v  i n c l t i l ~ g  p o i ~ ~ l  
\ v l ~ i t e  ~ i i c t n l ,  cor ivcnient ly  cas l  i n  :I p l ;~ \ t c~ .  o f  Paris mou ld .  i s  s t i l l  i 'ollowcd I'OI- 
I I I  III~ICIS. I'recisioli st:~ndarcls and  s t ro r~gc r  ancl st i l ler  i i i a t c~ - i ;~ l  a(-c necess- 
;1r4 ['or the 1x1-ge models I-ccluired for  cnv i ta l ion  a n d  otliel. tes l i .  A p; r t te r~ i  
b lade i s  l i r - s t  tnade ill w h i l e  mel:~l, cast wi l l1 :I ~ i r a c l i i ~ ~ i n g  ; ~ l l o \ z ~ a ~ r c e  i n  21  plaster^ 
mould. T h e  propel ler  i s  then m o u l d e d  in l i )a l i i  a l i t l  cast ill manganese h ro l i / c  
I ~ I u r i i i ~ ~ i ~ ~ i i - s i i ~ r r  I I  1 r e c ~ i r e l .  TCIIIPCI-;I~II~C c o ~ i t r o l  h y  P~I -OI~ IC~CI .  

c .omhinc~I  wit11 cat-eful fot111dr-y pract ice i s  i lnport:rnt l ' (~r ~ I i e  e I i ~ ~ i i n : ~ t i ~ ) r i  i ~ l ' h l o w -  
liolcs, p; i r t icul ;~r lv  i n  t l i c  liglit : ~ l l o y  c:lslings. I - l ~ e  171-opcller- i s  m;~cI i inct l  o n  the 



i';lcc. ( in i \h  h c i t i  hy  s~lccessi \~c g[-inclitrg aritl hulti.rg. Arry s m ~ ~ l l  sur-l';~ce l io lcs 
ar-e stoppetl  hy  ;I co ld  \\clcl lproccs\. I l r e  hacks at-e fitrishecl t o  sliapc, t l c tc rmincd 
l smal l  hot-c dr-il l inss t o  t i i ic l -o~r ietcr  thicktiess, t l ie  surplus rna~er i ; l l  bc i t ig  
t i i o c  I g t i t i l i t i  l ' o l l ~ c l  l l ~ g .  I11 order  t o  lrieet the product io r i  
I-eclrrireliicnts o f  t l ie  e x p ~ r t ~ i l c d  c\ t ;~hl is l imet l t ,  m o d c l  propcl let-  r n a n ~ r ( ; ~ c t ~ ~ r e  i s  
IIOW ctincetitt-;tlecl i t 1  a 111-ol>ellcr I; lboralor-y p l -c~v idcd w i t h  ;I f o ~ ~ n t l r y .  ~ i i ; lc l i i r re 
\hop,  gr i l l t i ing,  wcl i l ing,  ancl st r ick l i r ig bays. 

(;errera1 

W e  have scetr t l ~ a i  t i le  i \ t l t r i i~ -a l l )  Expcr imct i t  W o r k \ .  t iaslal-, 01-igi~rall) 
pl;~riric(I i o  r ~ i c c t  11rc ~ r c ~ ~ ~ t i r e ~ i i e ~ r t ~  o l ' t l i e  cc~ti ip;~r;rt ivcly s l t > ~ l  :itid s~rr ; l I l  sl i ips 131' 

t l ie  Victo l - ian N;IY~ has becti adaptet l  a n d  expanclcd t u  meet tlrc cxactirrg need5 
i ~ f  tlrc I;~st and  large s l i i l x  o f  t l ic  moclcrn El izahet l i ;~n N a v y .  i2ircral't cart-icrh. 
17;1ttIc~11i(>;, CI-(I~SCI.S, I C I ~ I S ,  r i g r c s  ~ ~ h ~ r ~ i r i c s ,  ~ i r i r i e - s w c c p ~ ~ - s .  l i t r idir ig 
craf t .  f i t s 1  1p:1trt11 ~ t .  ;11id ~ r o ~ i - e c l ~ i r h ; ~ t ; ~ ~ i l  vessels i l l ~ ~ s l t - a t e  the v; lr icly 01' 
prcselit dab cl;~sses. each \vit l i  p i -ob le~ i is  Sol- the m o d c l  expe l - imc~r tc r .  ( i ~ l n n c r y  
c i~ t r t ro l ,  radar, a n d  weapons l i a \ ~ c  con ip l ica tcd the invcs t ig :~ t i o~ is .  T h c  s l o ~ ,  
rec i lxocat i l i y  macli incr) o f  last c e t i t t ~ r y  has largely f iven \\.ay t o  the ste;ttii 
tt11-hinc. t l ie  internal  con ihust io t i  clrgitic. a n d  recently the  gas turbine. t o  a d J  io  
the coni l>lcxit ics o f  the 131-opcllcr dcsigl~cr-. Invest igat ions as ciesct-ihetl i t i  t l ie  
~> rcccd ing  p;~~-;~gr;~pl is  must be p~.ogi-esscci i n  paral lcl ,  as i t  i s  cs\ential t h : ~ t  one 
c l t~a l i t y  01' t l ie  ship s l i o ~ t l d  trot hc improved  ;I[ t l ic  cxpeir ie 01' othcr  clt1;tlitics 01' 
comp:tr;lhle importance.  M; lny  s l xc ia l  p.-oblcms ;\I-c ;ilso in\esti~!cltctl ancl 
mcn t io t i  may hc made ;IS ex;~mplcs o f  ai r  bl-e;1k\4i1tcrs, f loa t ing breakwaters. 
I V ~ V C S  or1 he:~cIres. i l l rd circ~t1; i t i t ig tvi~ler- S~S~CIIIS, i l i c l ~ l d i t r g  111c shiipe of i l i lc ls  
a n d  o t l t l e t c  The  lattci- i nc l~ rdcs  pr-cssurc and  f low mc;istrretriclits ;IS w,cll a \  
p r ~ ~ ~ ~ l s i o r i .  Tests ill ( l ie  c;~vit ; l t iot i  ttlritrel II;L\'c p layed a p:lrt in cleveloping thc  
.;Iiapc 01' : l i t -c r i~ l i  ~ i r r g s .  W o r k  011 i r iodcl  ;~t ieI iors h:~s bee11 c o t i d i ~ c t c d  ; ~ t i c I  il 
n ~ l m h c r  01' im l l roved moot-i i rg : lncl io~-s Ii;lve hccn ordct-ecl. S t r i k ing  economics 
clt'cctcd i n  t l ie  cost o f  tnoorit igs cxccetl marry t imes that o f  the smal l  :rirchor l i ~ t i k  
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and  stnlT. l'his saving i s  cunlulativc a n d  provides o co~ iv inc ing  answer to tliose 
wl io  may qilcstion the cost o f  research. I t  i s  rc11iark;rble that the syslcm i11iti:rted 
by  o ~ l r  pioneer has stood tl ie test o f  t ime with the co l~sec l~~ent ia l  wide dc\,clop- 
mcnls. 

N o t  the least o f  o ~ l r  debts t o  W i l l i ~ rn i  F r o ~ l t l e  i s  tl ie training o f  his gil'ted 
and devoted so11 Rohert Edmtrnd. H e  ~rssun~cd his i ~ t l i c r ' s  i i ~ i ~ i i t l e  ;I[ ;I cc1111- 
porativcly early age, ancl his :listinctivc geliirrs was soon ln:~nifest at Tc>rq~lay 
and later a t  Hnslar. He, l ike his f l l t l ~e~ - ,  :~ i l t icvcd n ~ u c l i  wi th comparatively 
simple means, and this i s  rellcctcd i n  the cqi~iprnent ol' No.  I Sliip Tank ;rt 
Haslar, \v l~ ic l i  remained suhstnlitially ~rn;~ltcl-cd ~ ~ n t i l  his rc t i rc~ncnt  in  I910 at 
the r ipe asc of 72, r ich in  achievement. t l c  h;rd hcen ;rssoci;rtecl wi th his (;ltlicr 
fro111 the start of the work at Torclllay, and so complctcd 21 period o f  a h o l ~ t  t iny  
years i n  the Admiralty service. An adccl~~atc irppreciation o f  I<. E. I'roude's 
work  is outside the scope of this paper, hut mciitic>n may be 111;lde o f  his out- 
~ ( e n d i t i g  work o n  met l~odicnl  series propellcrs ancl the associated theory. 
I-ie was the first to  clariry the 1 1 ~ 1 1 1  tlli.:iency clcnlcnts expressing the interaction 
between hul l  and  propellers, and paid early attention l o  hul l  form a n d  the 
ell-ects o f  systematic change o f  shape. H e  completecl the first systematic investi- 
gation or1 ship mot ion and resistnnct i n  regular waves no less t han  f i l ly  years 
ago. The constant system o f  notat ion wli ich he evolved has systematired and 
simplified the calculations associated wit11 model experiments. I t  i s  not sur- 
pr is ing that  it has continued ill regular use since its inception at ihc heginning 
01' the work at Haslar. 
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