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Summ ary

E arly  in 1945 the M anagers o f the B lue Funnel L ine em barked u p o n  an  extensive bu ild ing  
program m e w hich included a  num ber o f fast single-screw cargo liners o f tw o classes, recog­
nized by th e  letters “ P ”  and  “ H ” . F o u r o f each class entered service, the “ P ’s” serving the 
F a r  E ast and  the “ H ’s” A ustralia, and  each is propelled by double reduction  geared 
turb ines o f com paratively high pow er on a  single screw. T his feature is the subject o f  the 
present paper, w hich a ttem pts to  am plify inform ation , an d  record  in  greater detail th an  
already published, particu lars relating to  the design, construction , an d  perform ance o f ships 
w hich a t  the tim e o f their design m arked an  exceptional advance in single-screw propulsion .

A lthough  the annua l re tu rns o f  post-w ar shipbuilding 
feature the continued  predom inance o f  single-screw ships, it 
is significant th a t there is no  ind ication  o f  any m ajor tendency 
to  extend the upper lim it o f  pow er norm ally associated w ith 
single-screw propulsion. T here does seem a visible trend  
tow ards increased pow er in  direct-drive single-screw m oto r 
ships w hich probably  indicates general acceptance o f  the 
m axim um  pow er w hich the diesel engine has to  offer, bu t 
fo r fast cargo-liner tonnage w ith pow ers beyond the range 
o f  the single diesel engine it still appears custom ary to  favour 
tw in screws. F o r  this class o f  tonnage, however, it does 
seem desirable, in  view o f  the advanced stage o f  developm ent 
o f m odern  steam  p lan t, to  investigate in the design stage the 
savings inherent in  single-screw propulsion . Such savings 
are  reflected in  low er initial cost and  the cum ulative effect 
o f  savings in  weight, space, low er m aintenance charges and  
the sm aller num ber o f  personnel, all o f  which con tribu te  
m aterially  tow ards the earn ing  capacity  o f  the ship, and  m ay 
be found  sufficient to  determ ine the choice o f single-screw 
steam  in preference to  tw in-screw  diesel.

T he “ P ” and  “ H ”  ships described in  the paper a re  typical 
examples o f single-screw cargo liners p ropelled  by double 
reduction  turbines o f  high pow er. In  bo th  cases the fre­
quency o f  service required  an  average sea speed o f  n o t less 
th an  18 knots, and  the designers’ choice lay betw een direct- 
drive diesel engines operating  tw in screws and  a  steam  
turb ine installation  operating  a single screw. The m axim um  
pow er required  was o f the order o f 15,000 shp, and  although 
a t the tim e w hen the problem  w as being explored single- 
engined ships w ith  pow ers o f this order were unknow n it was 
no t considered there was anything experim ental in the p ro ­
posal. O n the con trary , it w as felt th a t w ith  m odem  steam  
p lan t reliability  could  reasonably be guaranteed, reliability 
being rightly  regarded  as the m ajor factor, its im portance in­
creasing w ith size and  speed, and  in  the p resent instance 
was considered to  govern all o th er factors. T he only doubtful
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m atte r which rem ained was the questions o f  m anoeuvrability  
in  ports, harbours, and  narrow  w aters. This could  only be 
assessed upon  know ledge already gained w ith sim ilar size 
single-screw ships having less pow er, b u t it w as sufficient to  
give the reassurance necessary to  perm it the  p ro jec t to  
proceed.

The “ P ”  and  “ H ” ships are  closely related  in  design, the 
m ain  differences applying only to  dim ensions an d  d is tribu ­
tion  o f  cargo spaces to  m eet the requirem ents o f  their 
respective services. T he propelling m achinery  is sim ilar in 
all eight ships, and  so also is th e  general arrangem ent o f  
accom m odation.

Design Features

D im ensions “P” “ H ”

Length overall 515 ft. 6 in. 523 ft.
Length  betw een perpendicu­

lars 478 ft. 485 ft.
B readth m oulded 68 ft. 69 ft.
D ep th  m oulded to  upper

deck 38 ft. 6 in. 38 ft. 6 in.
Sum m er load  d raugh t 30 ft. 7 |  in. 30 ft. l l i  in.
Sum m er load  displacem ent 18,920 tons 19,507 tons
Sum m er deadw eight 11,270 tons 11,355 tons
C argo bale space in  tons o f

40 cu. ft. 15,450 15,380
G ross tonnage 10,093 10,125
N et tonnage 5,893 5,921

G eneral a rrangem ent o f  “ P ” design is show n in  Figs. 1 
and  2 and  “ H ” design in  Figs. 3 and  4. A s m any o f  the 
general a rrangem ent and  o ther features are  com m on to  b o th  
“ P ” and  “ H ,” it will suffice to  describe briefly th e  essential 
details o f “ P ”  design only.
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HIGH-POWERED SINGLE-SCREW CARGO LINERS
General Arrangement Features

N o departu re  is m ade from  the three-island type which is 
generally characteristic o f  the com pany’s ships, w ith six cargo 
hatches, three forw ard and  three aft o f  the m achinery space. 
T here is an  upper and  low er cargo ’tween deck o f  norm al 
height th roughou t the three forw ard holds and  one ’tween 
deck o f  above norm al height in  the tw o after holds. N o. 3 
ho ld  and  low er ’tween deck are arranged fo r the carriage o f 
liqu id  cargo an d  N o. 4 ho ld  is subdivided in to  several inde­
pendent com partm ents fo r the carriage o f  refrigerated cargo 
a t  various tem peratures. T he six cargo hatches are served by 
a  full equipm ent o f  derricks and  winches, designed and 
distribu ted  to  give m axim um  efficiency and  the m aintenance 
o f  a high ra te  o f  loading and  discharge. A ltogether there 
are tw enty-six derricks and  tw enty-four winches, tw o o f the 
derricks having lifting capacities o f  50 tons and  20 tons and 
th e  rem aining derricks o f  5 and  10 to n  capacities. All 
winches are  contro lled  from  positions w hich enable the 
w inchm en to  have the loads in  view a t all stages o f  lifting 
and  low ering. A  satisfactory standard  o f  w atertight sub­
division is obtained  by eight w atertight bulkheads, all o f 
w hich extend to  the upper deck.

Accommodation
Crew .— The deck ratings and  stewards are  E uropean  and 

the  engine-room  ratings Chinese. T he form er are  berthed 
in  a deck-house on the centrecastle deck am idships and  the 
la tte r in  the poop  erection, the com pany’s standard  o f  two 
ratings per room  being observed. Officers in  single-berth 
cabins occupy a  deck-house on the airy boat-deck, and  m ay 
thus enjoy off-duty seclusion from  bo th  passengers and  o ther 
m em bers o f  th e  crew. T he cabins o f  bo th  officers and  
ratings are each com pletely panelled in selected veneers and 
liberally furnished and  equipped in  keeping w ith the com ­
pany’s high standard  o f  crew accom m odation. C om m odious 
recreation  room s are  also provided fo r bo th  officers and 
ratings.

Passengers.—Follow ing th e  com pany’s trad itional policy, 
provision fo r the carriage o f  passengers is lim ited to  the 
m axim um  which the design can  com fortably perm it w ithout 
encroaching in any way upon  the requirem ents necessary for 
the m ost effective d istribution  o f  cargo stowage an d  its 
speedy handling. T he m idship deck-house suffices fo r the 
relatively sm all num ber o f  th irty  passengers carried, the 
standard  o f accom m odation  com paring n o t unfavourably 
w ith  best passenger-liner practice. T he cabins, seventeen in 
num ber, includes one su ite and , situated  in a  deck-house 
site, the accom m odation is com fortably p lanned  fo r tropical 
travel. Public recreation  facilities indoo r are in  keeping 
w ith the high standard  o f  accom m odation, and  am ple deck 
space is available fo r outside recreation  o r  p rom enade space.

Form and Model Tests
M odel tests were conducted  on  tw o m odels A  an d  B 

designed fo r tw in-screw  propulsion . M odel B differed

TA B L E  I

M odel A M odel B

Length  b.p . on  l.w.l 
B read th  m oulded 
D raugh t m oulded 
D isplacem ent m oulded 
D isplacem ent coefficient 
Prism atic coefficient 
M idship area coefficient 
Longitudinal centre o f  buoy­

ancy (excluding cruiser 
stem ) a ft o f am idships . .

480 ft.
69 ft. 

29-58 ft. 
18,500 tons 

0-66 
0-681 
0-97

7-36 ft.

480 ft.
68 ft. 

29-5 ft. 
18,200 tons 

0-66 
0-679 
0-973

7-25 ft.

slightly from  m odel A , the m odification consisting m ainly 
o f a  contraction  of the b read th  from  69 ft. to  68 ft. F o r  
these tw o m odels, the ship particu lars are  given in  T able I 
and  the resistance results in  T able II.

T A B L E  II

K nots v
V l

M odel A M odel B

ehp © ehp ©
14i 0-662 3,305 0-658 3,208 0-648
15 0-685 3,669 0-660 3,575 0-652
15i 0-707 4,073 0-664 3,980 0-661
16 0-730 4,534 0-672 4,420 0-664
16i 0-753 5,054 0-683 4,905 0-672
17 0-776 5,609 0-693 5,394 0-676
17± 0-799 6,188 0-701 5,900 0-678
18 0-822 6,802 0-708 6,527 0-688
18i 0-845 7,490 0-718 7,340 0-712

T he (C j values fo r m odel B are  less than  fo r m odel A  fo r 
all speeds and  th e  results generally are  satisfactory, although 
a  sm aller (C j value w ould  probably  be obtained a t  the 
m axim um  service speed o f  18£ knots by fining the fo rw ard  
waterline.

T he hu ll form  was re-designed w ith a single screw stem , 
m odel C, and  in  addition  the length o f  the ship w as reduced 
to  478 ft. b.p. M odel C  was subsequently re-cu t to  a 
modified design, m odel D , having the body section m ore 
U -shape. B oth  m odels C  and  D  were tested fo r resistance, 
and  the resulting (C) values for m odel D  were good a t all 

speeds up  to  18£ knots, a t  w hich speed the C value was
2 }  per cen t better th an  fo r m odel C . A lthough  im proved 
values are  still p robab le  a t  the h igher speeds by fu rther 
fining o f the waterlines forw ard accom panied by a  fu rther 
m ovem ent a ft o f  the longitudinal centre o f  buoyancy, this 
step was deemed inadvisable on account o f  service con­
siderations. M odel D  was accordingly adop ted  fo r the lines 
o f  the new  ships and  fo r the subsequent screw tests. The 
body fo rm  is given in  Fig. 5. F o r  m odels C  and  D  the ship 
particulars are  given in  T able II I  an d  the resistance results 
in Table IV.

TA B LE III

M odel c M odel D

L ength  b.p. on  l.w.l.
B readth  m oulded 
D raugh t m oulded 
D isplacem ent m oulded 
D isplacem ent coefficient 
P rism atic coefficient 
M idship area coefficient 
Longitudinal centre o f  buoy­

ancy (excluding cruiser 
stem ) a ft o f am idships . .

478 ft.
68 ft. 

29-5 ft. 
18,035 tons 

0-658 
0-677 
0-972

7 -2  ft.

478 ft.
68 ft. 

29-5 ft. 
18,025 tons 

0-658 
0-677 
0-972

7-25 ft.

T he resistance experim ents were carried ou t w ithout any 
tu rbulence stim ulation. Screw propulsion tests were carried 
o u t w ith m odel D , the general particulars o f  the screw tested 
being given in  T able V.

In  association  w ith the screw propulsion tests, special 
study w as given to  the design o f  sternfram e and  rudder in 
view o f  the im portance associated w ith appendages o f  the
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HIGH-POWERED SINGLE-SCREW CARGO LINERS

F i g .  5 .— “P ” c l a s s ,  b o d y  p l a n .

T A B L E  IV TA B L E  VI

K nots v
Vl

M odel C M odel D

ehp © ehp ©
141 0-663 3,230 0-656 3,135 0-636
15 0-686 3,620 0-661 3,510 0-643
15} 0-709 4,015 0-666 3,900 0-648
16 0-732 4,440 0-670 4,340 0-656
16} 0-755 4,900 0-672 4,795 0-661
17 0-777 5,360 0-674 5,280 0-665
17} 0-800 5,860 0-675 5,800 0-670
18 0-823 6,500 0-689 6,375 0-677
18} 0-846 7,390 0-719 7,180 0-702

TA B L E  V

D raugh t m oulded . .  29-5 ft.
N um ber o f blades 4
D iam eter . .  20-5 ft.
R evolutions 106-8
Blade area (ex boss) 189 s q .f t .
Q P C ........................................... 0-689

m odern  ship and  their relation  to  ship resistance and  p ro ­
pulsion. A  rudder area o f 227 sq. ft. may be considered above 
the average fo r the size o f ship, b u t service results have proved 
excellent and  have dismissed any anxiety w hich m ay have 
lingered w ith  regard  to  m anoeuvrability  and  handling o f  ship 
in  harbours and  narrow  w aters. In teresting  results are given 
in  T able VI o f  m odel tests w ith rudders o f varying th ick­
nesses.

These results a re  significant and  indicate m ore th an  3 per 
cen t im provem ent in the p ropulsive coefficient fo r the th in  
rudder. T he im provem ent is also associated w ith less w ake

R udder 
24 in. thick

R udder 
12 in. thick

R udder 
3 in. thick

Speed in knots 18-57 18-58 18-68
W ake fraction 0-452 0-415 0-393
T hrust deduction  fraction 0-227 0-204 0-20
H ull efficiency 1-122 1-127 1-115
Screw efficiency in open

w ater 0-586 0-594 0-596
Screw efficiency behind

m odel 0-613 0-629 0-640
Q uasi-propulsive coeffi­

cient 0-689 0-710 0-713

fraction , less th ru s t deduction  fraction  and  greater screw 
efficiency in  open w ater and  behind the hull. This m ay be 
due to  the im proved slip conditions under w hich the screw 
is w orking, bu t the results certainly exhibit a  tendency 
favourable to  the fitting o f  a  th in  ru dder fo r the specified 
propulsive conditions. F o r  p ractical reasons the actual 
rudder was m ade abou t 15 in. thick. The m inim um  clearance 
between the trailing edge o f  the propeller blades and  the 
forw ard  edge o f the s tem post is ab o u t 9 per cent o f the 
propeller diam eter, w hich is ra ther m ore th an  cu rren t prac-

TA B L E  VII

D raugh t m oulded 29 -5 ft.
D isplacem ent p lated 18,140 tons
Speed 18-5 knots
Effective horse-pow er 7,180
Q uasi-propulsive coefficient
Shaft horse-pow er a t  p ropeller w ith 23 per

0-710

cent allow ance . .  . . 12,440
R evolutions 104
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tice, bu t despite this very slight p itting o f the sternpost took  
place over a  sm all area opposite the propeller blade tips a t 
top  and  bo ttom . T he pitting is no t serious, and  after 
developing in  the early voyages is now  less active.

T he estim ate o f pow er for ship based upon  the result o f 
the p ropu lsion  experim ent o f m odel D  w ith im proved rudder 
is given in  T able V II.

T he  propellers actually fitted were designed and  m anu­
factured  by the M anganese Bronze and  Brass C o., L td ., and  
J. S tone and  C o., L td ., and  have the general particulars 
given in  T able  V III.

TA B LE V III

N um ber o f blades . .  4
D iam eter . .  20-5 ft.
B lade area (ex boss) (M .B.) . . . .  195 sq. ft.

(J.S.) . . . .  185 s q .f t .

T he propelling m achinery provides for 14,000 shp for 
no rm al service and  an  available m axim um  o f 15,000 shp. 
T he service results given later in  the paper dem onstrate th a t 
the required  speed fo r the voyage is well w ithin the com pass 
o f the propelling installation.

The Alternative Motor Design
T he propelling m achinery contem plated consisted o f two 

double-acting B urm eister and  W ain  engines, tw o-stroke cycle 
w ith airless injection o f  fuel, driving tw in screws, each engine 
being capable o f delivering 6,800 bhp a t 116 rpm  in service 
w ith eight cylinders 550 mm . d iam eter and  1,200 mm. stroke. 
T he principal hull dim ensions o f  the steam  design were also 
accepted fo r the m oto r design and  general arrangem ents o f 
the m oto r design were adjusted only w here necessary to  
accom m odate the tw in diesel m achinery.

Resistance and Propulsion Tests
C om pared w ith the steam  design, the results o f the m odel 

tests o f the m o to r design are approxim ately 2 per cent less 
favourable, w hich generally accords w ith expectations.

Cargo Capacity
T here is an  obvious loss o f cargo-carrying space in  the 

m o to r design due to  the larger space required for the p ro ­
pelling m achinery and  shafting, and  this reached the unex­
pectedly high figure o f 800 tons o f 40 cu. ft.

Deadweight Capacity
Sim ilarly there is also an  appreciable reduction  in  the dead­

w eight capacity  o f  the m o to r design, again due to  the in­
creased w eight o f  propelling m achinery assisted by a  slightly 
heavier hull. T he reduction o f  to ta l deadw eight am ounts to  
650 tons. T his loss is also reflected in  the reduced weight 
o f  cargo w hich can be carried. T aking a voyage period o f 
ten  days fo r bunkering  purposes, the relative figures fo r the 
steam  an d  m o to r designs are  given in Table IX .

TA BLE IX

Item Steam  design M o to r design

Stores 220 220
Oil fuel 830 570
F resh  w ater 400 400
C argo 9,820 9,430

T o ta l . . 11,270 10,620

E arning capacity  being directly related to  available cargo- 
carrying space, the additional increm ents o f  cargo deadw eight

affords the flexibility necessary to  m ake the fullest use o f  the 
larger cargo-carrying space o f  the steam ship.

The weight o f  cargo dim inishes as the length o f  voyage 
increases, bu t for all p ractical purposes the steam ship shows 
a  gain up  to  a voyage length o f  10,000 miles o r 2 2 \ days 
steam ing a t 18+ knots.

Comparative Earnings
A  voyage com parison given in  T able X  assum es a  voyage 

length o f  24,000 miles and  considers only th e  tw o design 
variables o f fuel and tonnage dues. T he m argin  includes all 
o ther expenses including depreciation and  profit. A n  index 
figure o f  100 for the steam ship is taken  as the basis to  w hich 
all the o ther figures are directly related.

TA B LE X

Steam ship M otorsh ip

Fuel ............................. 13-75 12-00
Tonnage dues 7-53 7-26
M argin 78-72 75-34

100 00 94-60

Construction Cost
T ow ards the end o f  1945 several shipbuilders were invited 

to  subm it tenders fo r the construction  o f the tw o alternative 
designs, and o f the tenders received the m ost favourable fo r 
bo th  the steam  design and  the m o to r design revealed tha t 
the cost o f  the la tter was higher by abou t 18 per cent. This, 
together w ith the substantial gains in poten tia l earning 
capacity o f  the steam ship, were m ajor factors in influencing 
the decision in favour o f the steam ship and  far outw eighed 
any additional cost o f  fuel consum ed by the steam ship. This 
and  o ther econom ics have since been borne ou t by voyage 
results.

Propelling Machinery
F o r the reasons already given it was decided th a t the m ost 

econom ic ship w ould result from  the adop tion  o f  single­
screw turbines o f 15,000 m axim um  horse-power. The 
m achinery installation  has been described in the press, and  
the rem arks th a t follow  dwell m ainly upon perform ance and 
service experiences. The tabu la ted  results o f thirty-seven 
voyages are show n in Table X I.

T he feed cycle chosen utilizes bled steam  to  heat the feed 
to  240° F . ; th is relatively low  figure was selected in order 
to  keep dow n to reasonable p roportions the size o f  a ir heater 
necessary to  ob tain  88 per cen t boiler efficiency. In  actual 
service, however, the m argin  o f perform ance specified has 
enabled us to  raise the feed tem perature  to  280° F . w ithout 
loss o f  boiler efficiency and  w ith a consequent gain o f about 
3 per cent in the overall fuel consum ption.

T he tu rbo-generator and  m ain feed pum p act as steam  
consum ers for the stand-by o r m anoeuvring condition , so 
th a t an  adequate supply o f fuel can be fired in  the sa turated  
furnace o f each boiler under the condition  o f  m inim um  
ou tpu t. The tu rbo-generator follows conventional lines w ith 
its own condenser; this feature w ould, how ever, n o t be 
repeated, as it is considerably m ore efficient to  use a  back­
pressure set and to  ob ta in  useful w ork  from  heat throw n 
away in  the exhaust steam.

Funnel Design
In  com m on w ith m ost shipowners, difficulty w ith sm oke 

and fumes on deck was experienced w ith the first ship. A 
“ fancy” design o f  funnel top  show n in Fig. 6 a  had  been 
fitted and  was clearly useless; consequently, la ter ships w ere 
modified to  the form  show n in Fig. 6 b ,  with the result th a t 
under the m ajority  o f  sea-going conditions this trouble  has 
been elim inated.
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H IG H -PO W ERED  SINGLE-SCREW  CARGO LINERS 

TABLE XI

Type o f  burners and  num ber o f  voyages analysed
F a r  E ast A ustralia

X  (2) Y ( 10) A B C ( I I ) X  (6) A B C  (8)

F ull speed, miles 21,171 23,094 23,433 24,130 23,595
T otal distance, miles 23,186 24,286 25,203 25,496 26,327
D raugh t, m ean 26 ft. 7 in. 26 ft. 8 |  in. 26 ft. 9 \  in. 27 ft. 3 i  in. 28 ft. 5 i  in.
D isplacem ent (mean) 15,947 16,036 16,103 16,697 17,580
F u ll speed, m iles/hour 18-88 18-78 18-771 • 18-58 18-46
S l i p ..................................................................... 5 -58% 2-78% 5-56% 5-13% 4 -5 4 %
rpm 106-19 103-04 105-9 104-34 103-1
shp 13,440 13,334 13,336 13,214 12,925
Fuel, lb ./shp /hour 0-576 0-586 0-578 0-584 0-575
Fuel, tons/day  (full speed) 83-15 83-456 82-525 82-65 79-64
A dm iralty coefficient 317 316-8 317 317 329
Fuel coefficient 51,277 50,415 51,248 50,715 53,421
T on m iles/ton fuel/full speed 86,895 87,011 87,911 90,777 97,869
T on  m iles/ton fuel/total distance . . 86,645 84,814 87,546 88,509 96,213

i i i i  i

i-H ■ ' - . j

F i g .  6 c . — O r i g i n a l  f u n n e l  a r r a n g e m e n t  
View looking in direction of Arrow “A,” in F i g .  6 a .

Tail-shaft Liners
T here have been a num ber o f  interesting defects o f tail- 

shaft liners which, although practically confined to  these 
ships, a re  nevertheless n o t thought to be in any way the 
result o f  the pow er o r service conditions.

O n the dock trial o f  one ship o f  the class, the liner was 
found  stopped whilst the  shaft was still rotating. This had  
occurred during a  change o f direction o f the shaft. The 
shaft was changed, bu t there was no indication o f a  possible 
cause on  either liner o r lignum  vitae bearing. The trials o f 
the  ship were then  carried ou t satisfactorily and  the ship was 
loaded a t G lasgow  and  Birkenhead. A dock tria l before 
finally sailing for the F a r E ast was satisfactory, but when 
the  ship increased speed in the river the liner suddenly began 
to  slow dow n and  stopped. A t the sam e tim e it m oved 
forw ard due to  the  pressure o f  the  rubber ring on  the end 
o f  the  liner. The ship was dry-docked w ith full cargo and 
the  spare shaft borrow ed from  another ship. Once again 
there was no  indication o f the  reason fo r this defect arising. 
In  neither case was the liner apparently  heated unduly until 
after  slipping h ad  com m enced. The liner was tested on  its 
re tu rn  to  the m akers and  was found to  be quite tight on 
the shaft w hen cold, w ithstanding a dead load  o f 120 tons. 
O n w arm ing up , how ever, it was found th a t abou t 25° F. 
difference in tem perature between the steel shaft and gun- 
m etal liner was sufficient to  rem ove the interference fit th a t 
had  been allowed. As a  d irect result o f  this experience, we 
are now  requiring  the use o f  an  interference fit o f  0 -5  to  
0-75 thousandths o f  an  inch  per inch diam eter fo r this 
service.

Lately another unusual defect has come to  light. Owing 
to  the continued failure o f  stern gland packings in  one ship, 
the shaft was draw n for inspection and  was found to  be 
considerably roughened in all places w here the weight o f  
the  shaft did  n o t actually bear on the lignum  vitae. There 
were apparently  two layers o f scale deposits, the ou ter one 
hard  and  the inner softer and  reddish in co lour; the liner 
had  in  fact “ destannified.” N o  reason has so fa r been 
found for this, although other shaft liners in this and o ther 
classes o f ships have been found to  be affected similarly. 
M easurem ents o f  the potential difference between the shaft 
and ship show th a t the shaft is positive to  the ship with a 
voltage varying from  0 -2  volts a t full speed to  zero when 
the shaft is stopped.

Propellers
A t the  tim e o f their design the propellers fo r these ships 

represented a  step in to  the unknow n. I t  is particularly  satis­
factory therefore to  record  th a t the designs produced by the 
M anganese Bronze and Brass C o., L td ., and J. Stone and 
C o., L td ., have been free from  serious troubles. There has 
been slight roughening o f the backs o f  the  blades o f  bo th  
designs. A fter developing rapidly fo r tw o o r th ree voyages 
it now  appears to  be static, and  it is to  be hoped  th a t no  
further trouble will ensue.

G ear W ear
A fter the trials o f  the first ship it was apparen t tha t all 

was no t well w ith the gearing, even though  the full designed 
load  had  n o t been used. T he secondary pinions and  the 
m ain wheels w hich had  the 7/10 in. deep too th  form  were 
m arked to  a  significant degree; opinions differed as to  the 
designation o f the failure. M ost experts called it “ scuffing,”  
bu t others, including ourselves, believe it was “w ear” due to  
general penetration  o f the film ra th er th an  local failures. 
A t each subsequent exam ination o f th is and  succeeding ships 
it was apparen t th a t the hand  dressing done was im proving 
the load-carrying capacity o f  the  gear. A bout a year after 
the first ship w ent into service it was discovered th a t there 
was insufficient tip relief on  the teeth. Then followed an 
interesting series o f  tests on  the gearing o f these ships. A t 
this stage four ships were in service; all showed w ear to  a 
m arked extent. T he next two ships to  go into  service had  
increased tip  relief, provided in  one case by change in  design 
o f the  hobs and in  the o ther by a  post hobbing process 
developed fo r this purpose by V ickers-A rm strongs, L td ., 
o f  Barrow . The form er was and  still is entirely free 
from  this type o f wear, whilst the la tte r has only developed
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BAFFLE PLATES BOLTED TO RIB

(A ) O RIG IN AL ARRANGEM ENT (B) MODIFIED ARRANGEM ENT

F i g .  1 1 .— C o n n e c t i o n s  t o  s t e a m  w h i s t l e  
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a patch  o f insignificant dim ensions w hich has n o t increased 
after the first voyage.

Sim ilarly n o  w ear has occurred on  one set o f  p o st hob 
trea ted  gears w hich had  been cut on the sam e m achines as 
tw o w orn  sets o f gears th a t had  n o t been given the ex tra  tip 
relief. Figs. 7, 8, and  9 show the type o f  w ear as recorded 
by su lphur casts from  the ac tua l wheel.

Windage of Main Gear Wheel
F rom  the first ship onw ards the tu rb ine  lubricating  oil 

consum ption was excessive. D espite a tten tion  to  num erous 
leaks, it  rem ained high, and  was eventually traced to  oil 
creeping along the l.p. tu rb ine  shaft and  being th row n ou t 
as a  fine mist. N oth ing  unusual appeared  to  be involved 
in  th e  design o f th e  bearing and  it  w as difficult to  find the 
reason for this occurrence.

It was then found th a t there was a considerable build-up 
o f  pressure on the l.p. side o f  th e  gear case, presum ably 
due to  w indage o f the teeth o f the m ain gear wheel. A ttem pts 
to  relieve this pressure by venting proved vain and  resulted 
in oil m ist and  vapour spreading m ore generally over the 
engine room . A ttem pts to  prevent th e  pressure rise by 
elim inating the ingress o f  a ir failed because no  indication  of 
th e  po in ts o f entry  o f  a ir could be found.

T he troub le  was finally cured by fitting a  baffle over the 
bearing cap and  by m odifying the drainage arrangem ents 
from  the pedestal (Fig. 10). T he shorter and  straighter pipe 
for oil retu rns has elim inated the troub le  completely.

Steam Whistles
Follow ing on  trad itional practice, it  w as decided to  fit a  

steam  whistle in  these ships w ith an  a ir w histle as stand-by. 
T he T yfon w as chosen in  view o f  o u r satisfactory experience 
w ith the ir a ir  whistles over a period o f  years. This was 
installed as show n in Fig. 11 a .  N o  serious difficulty was 
experienced w ith the whistle per se, b u t it took  nearly  tw o 
years to  solve the p roblem  o f  the w ater th a t from  tim e to  
tim e prevented the w histle from  blow ing reliably. There 
appeared  to  be n o  logical reason  fo r th e  difficulties expe­
rienced and  it was only the chance passage o f  tw o super­
in tendent engineers to  Singapore th a t gave them  the tim e 
and  facilities to  solve the m ystery. Once the d ra in  system 
was modified to  th a t show n in Fig. 1 1 b  no  fu rther trouble  
was experienced and  the steam  w histles are  in  every way as 
reliable as the a ir whistles o f  m otorships.

Main Condensers in the “ Helenus” Class
T he condensers o f  the “ Peleus” class have been entirely 

free from  defect, b u t those o f  identical design in  the four 
A ustralian  ships o f  the “ H elenus” class have all had  tube 
failures o f  the types show n in  Figs. 12, 13, an d  14. The 
tubes th a t have failed have been random ly d istributed  over 
the tube nest an d  failures have n o t been confined to  the first 
p a rt o f  th e  tube  from  th e  in let end.

O ne tube  proved  to  be o f  A dm iralty  brass instead o f  
alum inium  brass. These com m ents do  n o t apply, however, 
to  the bulk  o f the failures, som e eighteen in  all.

N o  adequate exp lanation  o f  these failures has been fo rth ­
com ing, though  it  m ay be associated w ith w ater con tam ina­
tion  in  A ustralian  h arbou rs; reference to  troub le  in pow er 
stations from  th is source has been found in  th e  Transactions 
o f the Institu te  o f M etals.

Condenser Circulating Water Inlet Pipes
In  com m on w ith o ther shipow ners, som e difficulty has been 

experienced w ith th e  erosion o f  the sea-w ater pipes to  the 
m ain circulating pum ps. W e have n o t had  to  renew any 
pipes, as when th is defect w as first found we em barked on 
a program m e o f coating  these pipes w ith sprayed rubber, and  
perforation  did n o t therefore  occur. T his has been done by 
P. B. Cow  and  C o., L td . (Peradin  division) and  has proved en­

tirely successful in elim inating th is trouble. A ll fu ture  steam  
ships will have their pipes so coated before they en ter service.

In this connection it m ay be o f  interest to  m ention  a sim ilar 
trouble  in  the m oto r ships, where severe erosion o f  the 
sanitary  pum p casing was found  to  be due to  the specification 
o f an  unduly high head. The pum p w as required  to  dis­
charge 15 tons /hou r a t 100 ft. head ; in  service the head  was 
lim ited to  between 50 and  60 ft. w ith  th e  result th a t the 
quantity  pum ped  was ab o u t 45 tons/hour. T he high resu ltan t 
velocity in  th e  suction pipe caused a ir im pingem ent a ttack  
on the  casing. T he cure in  this case was a  shorter and  m ore 
direct lead o f  the suction  p ipe and  an  increase in  diam eter.

Oil Fuel Combustion
W ith the early ships difficulty was experienced in getting 

better th an  10-5 per cent C 0 2 w ith consequent loss in effi­
ciency. A  change was m ade to  th e  oil fuel registers and  
burners m ade by A ssociated B ritish C om bustion , L td ., w ith 
an  im m ediate gain in  econom y o f ab o u t 2 per cent. In  
addition , brick-w ork defects (except in way o f the corbel) 
and  soo t deposits in  the superheaters, etc., have been so fa r 
reduced as to  be no longer significant. Indeed, it is now  
com m on to  run  from  Liverpool to  S ingapore and  beyond 
w ithout needing to  change a  burner for cleaning.

T he success o f the change in oil-burning technique has in 
fact show n up  a  defect in the boiler design, as it is n o t possible 
to  m aintain  a bu rner alight in the sa turated  furnace and  a t 
the sam e tim e achieve the designed 850° F . final steam  tem ­
peratures.

N um ber o f  burners 
per boiler ° F

pressure
A ir

pressure
Steam

tem perature

Saturated Superheat

Before modifi­
cation 2 4 190 5-5 850° F.

A fter modifi­
cation 1 4 260 8 0 820° F .

Control o f Main Engines
Probably  the biggest p rob lem  th a t has n o t yet been solved 

is the con tro l o f the m ain  engines under th e  “ S top”  con ­
dition. A s is well know n, it  is essential to  m ove turb ines 
nom inally  stopped, in  o rder to  avoid d is to rtion  and  thereby 
cause dam age to  the blading. O ur practice is to  keep the 
tu rb ine  tu rn ing  continuously  a t the low est possible revolu­
tions un til it is essential to  stop  th e  propeller fo r the safety 
o f  th e  ship o r  “ finished w ith m ain  engine” has been rung. 
T he low est steady speed is 6 rpm , corresponding  roughly 
w ith 1 k n o t; if, how ever, th e  shaft stops, the initial kick 
necessary to  s ta rt th e  engine again  is n o t less than  15 rpm  
o r 3 knots, w hich pu ts a great stra in  o n  ropes and  personnel 
contro lling  m ovem ents in to  docks, etc.

In  new  construction  a design o f  tu rn ing  gear has been 
produced th a t enables th e  engine safely to  be “ barred ” by 
tu rn ing  gear even though  steam  is on th e  engines, bu t the 
adap tion  o f  this to  existing ships has taken a long tim e, and  
w ith cu rren t m anufacturing  delays it  is problem atical when 
th e  first un it can  be fitted to  one o f  the existing fleet.

D ISCUSSIO N

Commander R . B . Cooper: I am  a com bustion  engineer, 
and  therefore will no t presum e to  occupy tim e in discussing 
aspects o f the paper o ther th an  com bustion. I t does seem 
to  m e th a t we have here an exam ple o f w hat can  be achieved 
by a tten tion  to  fuel econom y. M ost o f us to-day  are  con ­
cerned w ith fuel econom y, bu t I  believe we tend  to  th ink  
m ainly in term s o f solid fuel because it comes so near to  ou r
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everyday lives. To-day, o f  course, oil fuel is the life-blood 
o f  shipping.

W e know  th a t the costs o f all fuels have gone up, and  we 
are well aw are o f how the qualities o f  solid fuels have 
deteriorated; bu t I  am  n o t quite certain  w hether we are fully 
aw are o f  how  oil fuel has deteriorated o r m ight deteriorate 
in the future, and  the au th o r’s rem arks are very interesting 
concerning the im provem ent obtained by changing the design 
o f  the oil fuel burners. I  believe I am  right in  saying th a t 
the previous design o f burners was one w hich h ad  been in 
use fo r som e tim e before the war. All oil fuel bu rner m anu­
facturers have, since the war, realized th a t they m ust pay 
close a tten tion  to  design principles, and  have produced new 
types o f  burners to  deal w ith m odern conditions.

W e see here econom ic ships w ith efficient boilers w ith 
econom izers and  a ir heaters, and  yet a  saving o f very nearly 
2 per cent o f  fuel was made.

In  p lanning  a  conversion careful consideration has to  be 
given to  all features o f design if  the desired result is to  be 
achieved.

T he size and  shape o f  furnace and  the characteristics o f 
th e  fans are m ost im portan t items. A lthough the fuel 
pressure from  the pum ping unit is often considered to  be a 
lim iting factor as to  w hether conversions are w orth  while, 
it should be borne in m ind tha t a  m odern  and  good design 
o f  a tom izer will give better com bustion even w ith a  low  oil 
fuel pressure than  from  the older designs.

A nother po in t is n o t to  go fo r absolutely theoretical 
m axim um  efficiency, bu t bear in  m ind th a t quite a  num ber 
o f  boiler-room  personnel to-day are  un trained  and  require 
a  system w hich is sim ple to  operate and  m aintain. This 
applies particularly  to  periods o f  lighting up o r m anoeuvring. 
I t  is during these occasions th a t m ost o f the dam age to  boilers 
takes place.

I  th ink  the owners are well placed in  th a t in my opinion 
their engineers are  extremely good and  their boiler-room  
crews follow o u t instructions received.

I t  is interesting to  see how  pu tting  up the draught loss 
an d  thereby increasing the a ir velocity fo r mixing the air 
w ith the oil achieved better com bustion, and  th a t by m aking 
full use o f  the fans available a  to ta l overall increase in 
efficiency was obtained from  these ships.

I t  will be seen from  the table o f superheat tem peratures 
th a t the  superheat was dow n after conversion. This is 
obviously due to  the fact th a t com bustion  was being com pleted 
in  the furnaces w ith less excess air.

B urning efficiency and  superheat tem peratures are very 
m uch interlinked, and I have found th a t as a rule excess a ir 
will influence the tem perature profoundly  up to  h a lf power, 
w hereas above th a t pow er it is usually late com bustion which 
gives rise to  unduly high superheat tem peratures.

T he po in t m ade by the au th o r w ith regard to  running 
from  L iverpool to  Singapore w ithout changing an  atom izer 
fo r cleaning is interesting, as this is undoubtedly allied to  
the rem arks th a t m aintenance and  soot deposits in super­
heaters have been so fa r  reduced as to  be no longer significant. 
R unning  continually w ith a  clean undam aged atom izer is 
very im portan t in  o rder to  achieve optim um  com bustion, as 
it is the small percentage o f  large drops w hich comes from  
a dirty o r a dam aged atom izer w hich produce the ill effects.

A  well-designed atom izer, however, m ust be precision m ade 
to  very accurate lim its w ith a knife-edged orifice, and  is o f 
course very easily dam aged on  cleaning. I t  is therefore 
im portan t to  in troduce in to  the oil fuel register a device 
w hereby the atom izer rarely becomes dirty, and  this is no 
d oub t being achieved in the bu rner described, b u t we all 
know  th a t w ith the best o f  in tentions m istakes can occur, 
and  it is thought th a t even greater efficiency could be obtained 
even w ith the bu rner in  question by renewing atom izers m ore 
frequently.

I t  should be the aim  o f  oil fuel bu rner m anufacturers to  
m ass-produce if  possible a  standard  type o f  atom izer, pre­
cision m ade, a t such a  cheap price th a t ow ners w ould never

bo ther to  clean them . Even w ith  the m ost careful cleaning, 
atom izers can become dam aged in such a way th a t p o o r 
com bustion is achieved thereafter.

The oil fuel register should be designed such th a t the 
atom izer will steam  fo r three weeks to  a  m onth  w ithout 
changing o r cleaning and it is then renewed.

O n the average vessel, one burner will consum e about
8 tons o f fuel per day which costs nearly £50. If by renewing 
atom izers a  saving o f only 0 -5  per cent w ere m ade, then the 
atom izer w ould pay fo r itself in  a  week, w ithout tak ing  in to  
account the low ering o f m aintenance bills. I t  w ould be 
interesting to  see the am oun t o f savings w hich could be 
effected by renew ing atom izers a t shorter intervals th an  a t 
present.

I t  has been m entioned th a t the soo t deposits being reduced 
is due to  the atom izers rem aining clean fo r a  long period. 
If, as a  result o f a  dirty sprayer, there is only 1 per cent o f  
large drops com ing from  the atom izer and  th a t these large 
drops are  only half b u rn t w hen they reach the cold surfaces 
o f  the tubes, it  will be found  th a t som ething like 5 cwt. o f 
soo t and  sticky oil deposits w ould form  in the boilers in the 
course o f a  week w ith the present-day grade o f  fuel oil and  
w ith the average size o f  boiler. T hus it will be seen how  
essential it is to  keep the condition  o f  atom izers good a t all 
times, as a very sm all nick  in  the orifice o r a tiny piece o f  
d irt will easily produce 1 per cent o f  large d rops in the oil 
spray.

In  conclusion, as it is very possible th a t how ever m uch 
the oil com panies strive to  preserve quality, the grade o f oil 
fuel m ay becom e w orse in the future, it  is believed th a t the 
savings w hich have been m ade by the conversion in  these 
ships can be achieved in  m ost o ther ships, particularly  in 
any new construction , if  the boiler and  burner designers 
w ould w ork in  the closest o f  co-operation  instead o f separately 
as is usually the case to-day.

M r. H . N . Pemberton (A .M .J .N .A ., M .I.M ar.E .): T he paper 
is o f  considerable interest to-day, w hen large pow er single­
screw tankers are  projected b o th  in E urope and  th e  U .S.A . 
These ships, up  to  40,000 tons dw., transm itting  20,000-
22,000 shp th rough  a  single screw, present certain  opera­
tional problem s o f  w hich so fa r  we have little experience; 
fo r example, large d iam eter propellers o f  low  rpm  are  neces­
sary fo r good propulsive efficiency a t high powers, and  this 
brings in  tra in  difficulties peculiar to  large propellers 
associated w ith stern fram e design in ships having propelling 
m achinery aft. In  these cases adequate propeller aperture 
clearance is essential in  o rder to  avoid excessive propeller 
excitation, torsional, la teral an d  axial, o f the dynam ic system 
com prising turbines, gearing, shafting and  propeller.

T he experience o f  ou r research departm ent a t L loyd’s has 
show n that, where apertu re  clearance is less th an  abou t 
6 per cent o f  the propeller diam eter, there is danger o f serious 
to rque and  th rust variations o f such p roportions as m ight 
cause trouble w ith shafting, bearings and  gearing. In  
addition , substantially large transverse forces becom e avail­
able fo r causing v ibration  o f  the ship’s hull.

A p art from  the question o f  m anoeuvrability  (and in  this 
connection the fitting o f  special pow er-assisted rudders m ight 
be considered), it w ould seem th a t the propeller, stern  frame, 
and  rudder com prise the governing factors in th e  m axim um  
pow er w hich can conveniently be used in  single-screw ships, 
particularly  w ith engines aft. N o  o ther serious engineering 
factor seems to  arise.

I w ould like to  say a  w ord on  the tailshaft liner problem  
m entioned by the au thor. T he tailshaft in question is o f 
23 \ in. diam eter, an d  it  m ay be th a t the shrinking o f liners 
on shafts o f such a  size gives rise to  m anufacturing difficulties. 
H owever, sim ilar trouble, nam ely, the slackening of the liner, 
has occasionally occurred w ith new ships having shafts o f 
norm al size, and  it is generally a ttribu ted  to  insufficient 
clearance in the stern tube bush, o r to  the swelling o f lignum 
vitae when the fitting-out period has been unduly prolonged.
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I t  m ay be th a t w ith  very large shafts the bush clearances and  
the size o f w ater grooves will n o t be adequate if  based on 
established practice fo r norm al d iam eter shafts. This trouble  
has also been associated w ith the use o f  lam inated plastic 
bearings, and  it is generally understood  th a t a  very am ple 
supply o f  forced w ater lubrication  is essential w ith these 
synthetic bearings. I w ould like to  know  w hether the au tho r 
has experienced sim ilar trouble  w ith bearings o f  this type?

W ith  regard to the shrinking o f  liners on  tailshafts, the  
au th o r states th a t as the result o f  this experience his com pany 
now  requires an  interference fit o f  0 -5  to  0 -7  thousand ths o f 
an  inch per inch diam eter. T his lines up  w ith representative 
A m erican and  B ritish practice, and  I w ould like to  know  
w hat shrinkage allow ance was m ade in the case o f  the liner 
m entioned in the paper w hich becam e slack.

W ith  reference to  the tailshaft liner w hich the au th o r states 
had  been “destannified”— w hich I presum e m eans th a t the 
tin  h ad  been taken  ou t o f  the m aterial— I  th ink  the explana­
tio n  fo r this is th a t an electro-chem ical process had  been set 
u p  w hich caused selective corrosion  o f  the tin  in the alloy 
an d  also th e  solu tion  and  redeposition  o f copper. I t  is a 
sim ilar process to  dezincification, w hich attacks copper alloys 
con ta in ing  silicon, alum inium , tin, arsenic, and  m anganese; 
and  in  fact, since tin  is a  noble m etal as com pared w ith  zinc, 
I w onder w hether the case m entioned in the paper was really 
one o f  dezincification. Perhaps the au th o r could supplem ent 
his rem arks by giving us the com plete com position  o f  the 
m aterial, b o th  before and  after the trouble  h ad  occurred.

I t  is unusual fo r th is type o f  co rrosion  to  occur w ith the 
zinc and  tin  contents norm ally used fo r tailshaft liners, and  
so fa r as the electro-chem ical in teraction  betw een th e  alloying 
elem ents o f the liner is concerned I understand  th a t tin  has 
an  inhibiting effect an d  does n o t therefore p rom ote  o r 
encourage cathodic reaction. I  am  n o t an  au thority  on  the 
subject and  am  therefore open to  correction. This, however,
I  do know , th a t tin  is cathodic to  iron  and  steel, and  there­
fore the po ten tia l difference between the shaft and  the ship’s 
structure  m entioned by the au th o r w ould, I  th ink , lead to  
corrosion  o f the steel and  no t to  the destannification o f  the 
brass. I  w ould like to  have further details o f  this trouble, 
fo r th e  in form ation  w ould be valuable. W e a t  L loyd’s 
R egister have a very active engineering research departm ent, 
w hich has a wide experience in  investigating troubles in  the 
m achinery o f  ships, and  even though  the au th o r confesses 
to  being mystified by this exam ple o f  destannification (and 
he has certainly mystified me), there is n o  reason why the 
m atter should be allowed to  rem ain  a  m ystery.

Professor L . C . Burrill, M .S c ., P h .D . (M em ber o f  Council, 
I .N .A ., M .I.M ar.E .)-. I should  like to  th an k  M r. D ickie and  
his com pany for having so kindly agreed to  the publication  o f 
all the  technical details o f these im portan t ships, thus laying 
themselves open to  a  general discussion o f decisions w hich they 
m ade som e five o r six years ago.

In his opening rem arks M r. D ickie said th a t this was a  
courageous developm ent, and  the success o f  their pioneering 
venture is proved by the fac t th a t their lead  has been followed 
by o th e rs; so th a t such high-pow ered single-screw vessels are 
now  relatively com m on practice.

I  am  interested m ainly in  the propeller side, a lthough  I 
realize th a t the propellers fo r these vessels represented only 
one sm all problem  am ong the m any w hich confron ted  the 
superin tendent engineer and  others concerned w hen they 
undertook  this difficult task. A t the tim e when the design 
was first considered the norm al pow er o f  14,000 bhp on  a 
single screw was a  relatively new venture and  represented a 
definite step fo rw ard , a lthough  the propeller m akers had  
previously h ad  som e experience w ith pow ers n o t greatly 
inferior on  several ships fo r bo th  B ritish and  foreign 
owners.

There had  been som e bu ilt in Sweden fo r N orw egian 
owners, notably  the Talabot an d  Tmnerlaine fo r W ilhelm sen- 
w ilk, and  there was also th e  m /v Olna and  her sister

vessel, built by Swan, H un ter and  W igham  R ichardson  
and  C o., L td ., fo r the A nglo-Saxon Petro leum  C o., L td.

Consequently they were able to advise the owners with 
some confidenceand some knowledge o f previous installations.

In  fact, it is o f  interest to  no te  th a t in  th is instance the 
owners, builders, engineers, and  propeller m anufacturers 
co-operated  for a period o f two years before the final decision 
was taken. Twin-screw and  single-screw alternatives were 
w orked o u t in  som e detail, and  the question o f optim um  
revolutions fo r b o th  cases w as looked in to ; even the question 
o f built versus solid propellers was exam ined in  detail.

I t  is also very interesting to  no te  th a t these prelim inary 
investigations, w hich were m ade on  the basis o f  system atic 
propeller data , were confirm ed n o t only by the com parisons 
la ter m ade in the tank , as between the three-bladed and  four- 
bladed designs, bu t also by the perform ance figures deduced 
from  the voyage records o f the actual ships.

The design o f  a  single-screw propeller o f  this size and  pow er 
was, however, n o t solely a  m atte r o f  academ ic considerations; 
it  involved a  great deal o f  com m on sense, experience and  
com prom ise, in add ition  to  the purely hydrodynam ic problem s 
w hich could be approached  by calculation. F o r  example, 
the question o f  physical size and  w eight in troduced  new  
problem s o f  handling , slewing and  fitting the propeller, and  
the question o f the intensity o f  loading on  the tailshaft liner 
was also o f  extrem e im portance.

F o r  this reason, the final p ropeller w as m ade sm aller th an  
the op tim um  diam eter indicated by the norm al app roach  to 
th e  propeller problem . T he ac tua l d iam eter is 20-5 ft., 
w hereas it should  have been ab o u t 22 ft. F u rtherm ore , less 
b lade surface was adopted  th an  w ould  be indicated  by the 
usual calculations; th e  surface indicated  was m ore th an  
200 sq. ft. and  the actual surface is 195 sq. ft. Steps were 
also taken  to  reducc w eight by carefully exam ining the 
strength  o f  the blades a t each radius. I t  is o f  in terest to  
m ention this, because obviously the sam e conditions will 
ob ta in  in the future, w hen larger pow ers are  required.

These decisions were taken  as the result o f  close con­
sultation  and  despite the design lim itations I have m entioned, 
the perform ance is extrem ely good, and  the propellers o f 
these vessels have stood  up  rem arkably  well to  the high 
loading they have been carry ing  in  service.

A gain, it is o f in terest to  m ention th a t the b lade sections 
are o f  aerofoil type th roughou t the length  o f the blades, and  
despite the heavy loading it has no t been found  necessary to  
tu rn  to  a less efficient type o f  section th an  usually  em ployed.

T he problem  o f  ru dder design fo r single-screw vessels is 
n o t a  new  one, b u t here we have som e in fo rm ation  w hich is 
w orthy o f careful consideration . T here are som e w ho prefer 
large and  thick rudders behind single screws, w hich propeller 
designers do n o t favour, ow ing to  the in teraction  betw een 
ru dder and screw, and  in  this case the th inner rudder, which 
interferes less w ith the propeller, is show n by the au th o r’s 
tests to  give h igher propulsive efficiency.

M r. F. M cA lister (M .I .N .A . , M .I.M a r .E .): The au th o r’s 
com pany have long been know n fo r their enterprise, and  it  is 
pleasing to  see M r. D ickie  carry ing  on the trad itions o f the 
Blue F unnel Line in  such a  w orthy  m anner.

M y p articu lar in terest in  th is paper is the choice in  the 
m ode o f  propulsion , and  I  w ould  like to  rem ark  on the way 
the problem s o f h is to ry  keep repeating  themselves. In  the 
early days o f  m arine engineering slow -running paddle-wheel 
engines w ere geared up  to  the first screw propeller vessels. 
M achinery developm ent proceeded quickly un til in  1879 the 
largest vessel was the  A rizona , 450 ft. long, single screw o f 
6,350 ihp ; in  1881 cam e the C ity  o f  Rom e, the  Inm an  liner, 
560 ft. long, single screw o f  11,900 ihp, followed in 1885 by 
the  Etruria  and  Umbria, C unard  liners 501 ft. long, single 
screw o f  14,500 ihp  and  19 knots. These ships had  large 
com pound engines w ith  the l.p. cylinders 105 in. in diam eter. 
F u rth e r advances in  size and  pow er o f  ships inevitably p ro ­
duced tw in-screw  propulsion  w ith consequent disadvantages
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in propulsive efficiency and  m anoeuvring from  rest. These 
disadvantages were offset by the m ore obvious advantage o f 
additional security by m ultiplication o f pow er units and, no 
doubt, under the then m etallurgical and  m echanical lim ita­
tions im posed upon engine-builders it is probable tha t 
accidents occurred from  tim e to  tim e w hich am ply confirmed 
the decision o f the p ruden t shipow ner in this respect.

B ut all this was over h a lf a  century ago. In  the m iddle 
o f  the 1930’s a great deal o f a tten tion  was being paid to  the 
forw ard developm ent o f high-powered single-screw vessels, 
as the m anifold advantages o f this m ode o f propulsion were 
being increasingly appreciated.

In  Japan , 1932 brought the Fujisan M aru  o f 7,200 bhp, 
1934 the K om aki M aru  o f 7,600 bhp. In  1935 appeared the 
Toa M aru  o f  8,000 bhp, in 1938 cam e the Kinka M aru  o f 
9,200 bhp, and  la ter in 1938 the Itukusim a M aru  o f 10,000 bhp, 
all single-screw m otor-driven vessels. C ontem porary  develop­
m en t in U .S.A . in this period produced the Hawaiian Planter 
class o f  8,500 shp, the Albany  o f 9,000 shp, and  in 1941 the 
Corsicana o f  12,000 shp, all single-screw turbine-driven 
vessels.

In  this country  m oderate developm ent proceeded up to  the 
6,800 shp M inistry  vessels during the w ar and  the four 
C anad ian  Pacific Beavers o f 9,000 shp in  1944.

A t the end o f the w ar the au th o r’s com pany m ade their 
decisions em bodying single-screw turbine-driven vessels o f
15.000 shp.

N ow  my own com pany have designed and  m anufactured  
propellers up  to  50,000 shp w ith pleasing success, b u t there 
is a  difference between m ultiple screws and  single screws in  
th a t the w ake behind a  single screw is m uch m ore varied 
than  behind the m ultiple screw shaft bracket. I t is this 
large variation  in w ake w hich brings propellers o f  abou t
15.000 hp designed w ith reasonable area, thickness and  o ther 
norm al features up  to  the borderline o f  trouble. I  am  
therefore pleased to  see am ongst M r. D ickie’s com m ents th a t 
the propellers are reasonably satisfactory fo r their duty.

I t  is probably  true  to  say th a t m any a fine ship is ou t o f 
date  on the day o f  her launch, the im plication being th a t 
shipbuilding and  engineering progress rapidly and  im proved 
designs are  already in  preparation . The po in t o f m y com ­
m ent is th a t we are ta lk ing  to-day in 1952 o f M r. D ickie’s 
and  his com pany’s views in  1945 on the step forw ard to
15.000 hp  single-screw vessels, w hereas to-day designing 
offices and  shipyards are  concerned w ith 20,000 hp  single­
screw vessels and  to-m orrow  possibly higher powers.

Propellers fo r such vessels can  easily reach 45 tons in  
weight, requiring a  to ta l m elt o f up  to  70 tons o f bronze, 
and  such propellers are bound  to  cause m ore than  usual 
though t in the consideration o f design, m aterial and  m anu­
facture. I f  in  the years to  come the answers to  the present 
m ovem ent in single-screw vessels are  as satisfactory as the 
au th o r’s adm irable sum m ation  o f his step in to  the dark  in 
1945 then we shall all have cause fo r congratulation.

M r. S . Archer, M .Sc. (M .I .N .A . , M .I.M ar.E .): The paper 
offers m aterial fo r discussion on  a  great m any provocative 
subjects, bu t fo r brevity I shall confine m y rem arks to  the 
question o f  gear w ear (Figs. 7, 8, and  9).

O ne o f the chief difficulties w ith gearing defects such as 
p itting, wear, and  scuffing is to  know  w ith certain ty  w hether 
the trouble  is progressive o r  static, and  in  m ost cases reliance 
is placed upon  “eye m em ory,”  sketches, an d /o r evidence 
from  the am oun t o f  “ pick-up” in  the m agnetic filters. I t is, 
therefore, interesting to  note the au th o r’s use o f su lphur 
casts. This m aterial, however, suffers from  a num ber o f 
draw backs. I t  is messy and  requires ju s t the righ t am ount 
o f  heat in  m elting. F urtherm ore, it is brittle  when set and  
usually needs som e m echanical stiffening such as a core wire. 
Fortunately , a  m uch m ore convenient m aterial is now  avail­
able which is applied cold and  takes an  extremely faithful 
im pression. I t  is a  synthetic resin o f the sem i-therm o­
setting type know n as “ M arco” and  sets in less than  h a lf an

hou r w ith an  initial expansion o f under 1 per cent and  
subsequent contraction  o f 6 per cent. [Here the speaker 
showed some sam ple casts from  a m ain  reduction gear w hich 
had  been heavily overloaded in  service (abou t 25 per cent 
overload on power).]

The au tho r believes th a t the defects show n in  Figs. 7, 8, 
and  9 should be classed as “ w ear” due to  general penetration 
o f  the oil film rather th an  local failures. Fig. 7, however, 
appears to  show typical heavy scuffing n ear the roo ts and  
lighter scuffing near the tips, and  to  th a t extent, relative to  
the involute profile, the defects m ay legitimately be regarded 
as local failures, undoubtedly due to  insufficient tip  relief on 
pinion and  wheel teeth, as borne ou t by subsequent successful 
experience.

[At this po in t the speaker showed som e slides o f  pinion 
teeth illustrating typical scuffing o f the local failure type and  
indicating th a t where scuffing does occur it m ost frequently 
leads to  accelerated wear.]

M ost reputable com panies to-day fit torsionm eters as 
standard  equipm ent to  their turb ine-driven ships and  thereby 
safeguard the gearing and shafting from  serious overloading, 
a t least as regards the m ean  to rque  loading. There are, 
however, a  considerable num ber o f owners and , in  particular, 
those operating A m erican w ar-built tonnage who do n o t fit 
such an  appliance, and , in  consequence, cases of serious gear 
to o th  wear, p itting  and  scuffing caused by over-driving are 
by no  m eans uncom m on. T he typical results o f  such trea t­
m ent can  be seen from  the “ M arco” casts exhibited.

O f the various torsionm eters in  use to-day probably the 
best know n is o f  the null-reading differential transform er 
type in w hich a  needle has to  be b rough t to  zero by the 
ro ta tion  o f  a g raduated  scale drum  carried on a screw, the 
am oun t o f  which ro ta tion  is p roportional to  the shaft twist 
and  hence the m ean torque. This instrum ent has many 
advantages bu t suffers from  the lim itation  th a t it does n o t 
indicate to rque variation directly.

There is good reason to  believe th a t m any o f ou r gearing 
troubles are initiated w hen operating  conditions are  such as 
to  im pose heavy fluctuations o f loading on  the gears, as 
under torsional v ibration  or w hen pitching heavily in  a 
seaway. I t will be appreciated th a t in  the la tte r case, owing 
to  the high inertia  o f the tu rb ine ro to rs and  gears, practically 
the w hole o f the p ropeller to rque variation  will be trans­
m itted  to  the gears w ith negligible change o f  speed. Thus, 
under severe conditions with the propeller periodically losing 
and  regaining im m ersion, the load on  the gears m ay well 
vary from  alm ost zero to  full-load torque, perhaps several 
tim es a m inute fo r long periods.

A nother suspected source o f  trouble, particularly  scuffing, 
has been the sudden o r heavy-handed operation  o f the m ain 
steam  contro ls during  m anoeuvring causing excessive too th  
loads a t relatively low speeds when oil films have no t built up 
sufficiently, i.e. under conditions approaching boundary  
lubrication . This is particularly  liable to  cause dam age 
during the early life o f the gears before they are  properly 
run  in.

M ost existing torsionm eters unfortunately give the engineer 
on w atch no  indication  o f  the m agnitude o f  such to rque 
variations, and  for som e tim e now  it has been felt th a t there 
is a  real need fo r a direct-indicating to rsionm eter w hich could 
be used to  supplem ent the norm al m eter and  give to  the 
engineer a t the contro l station  a visual w arning, fo r example 
by dial and  pointer, o f  the instan taneous values o f  the to rque 
fluctuations. I t m ay be o f  in terest therefore to  state th a t 
a  well-known British to rsionm eter m anufacturer has a t the 
present tim e a proto type instrum ent o f this nature  on experi­
m ental service, and  the indications are distinctly hopeful tha t 
i t  will before long be possible to  go in to  com m ercial p ro ­
duction w ith this instrum ent. I t  is expected th a t accuracies 
o f  the o rder o f +  2 \  per cent should be obtainable, a lthough  
w hen used as a w arning device in conjunction w ith the 
conventional null-reading instrum ent such high accuracy 
w ould not, o f  course, be essential.
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The au th o r’s views on this po in t w ould be m uch appre­
ciated.

M r. H . F . Sherborne, M .C ., M . A. (Assoc. I. N .A .,A .I . M ar.E .) : 
T here are  tw o sections o f the paper to  w hich I w ould like to  refer. 
T he  first is under the heading “C ondenser C irculating W ater 
In le t P ipes.” This is a  subject on  w hich a lo t has been said 
and  w ritten, particularly since the w ar. I  have no criticism  
to  m ake, but I  do ask a  very genuine question w ith reference 
to  the coating o f the circulating w ater inlet pipes w ith  sprayed 
rubber. I  have seen this done in  certain  parts  o f  the circula­
tion  systems in  som e o f  H .M . ships, notab ly  the co rrugated  
p a rt o f the condenser circulating system trunking , and  I 
understand the results have been quite satisfactory. I  should, 
however, like to  know  w hether these pipes to  w hich the 
au th o r refers are  fabricated  from  sheets o r are  solid draw n? 
In  either event, is the rubber applied before o r after fabrica­
tion  an d  bending?

I t  is becom ing alm ost universal practice to-day fo r owners 
to  specify one o r ano ther o f  the corrosion-resisting alloys, 
instead  o f copper, fo r pipes carry ing salt w ater on  board  
ships. This seems to  be a highly desirable and  p ruden t 
precaution . O n the o ther hand , if rubber coating  is going 
to  m ake use o f the special alloys unnecessary, we w ant to  
get to  know  ab o u t this clearly as soon  as possible. The 
problem  is really one o f  equipm ent, because w hereas there 
is plenty o f  capacity in  this country  fo r m aking all the copper 
tubes th a t a re  likely to  be required, providing we can  get 
the m etal from  w hich to  m ake them , the m anufacture o f 
these special alloys is a  very different proposition , and  if  they 
are going to  be fu rther and  m ore widely specified, non-ferrous 
m etal m anufacturers will have to  m ake considerable additions 
to  their p lan t in  the way o f  extrusion presses and  m elting 
furnaces.

T he o th er item  to  w hich I  w an t to  refer is the m ost in ter­
esting account o f  the com parative behaviour o f  the condenser 
tubes in  the “ H elenus” and  “ Peleus” class ships respectively. 
In  p ropriety  I m ust declare an  absence o f interest in  the 
m atter. I  am  n o t responsible for the m anufacture o f  the 
tubes in  either class o f ship. In  these circum stances, and 
presum ing there is no fault to  be found  w ith the com position 
o r  s truc tu re  o f  the alloy, I  th ink  I can  properly ad o p t these 
tubes. A s one w ho has been very actively concerned w ith 
the service o f  condenser tubes fo r the last quarte r o f a century 
I  th ink  it  is m y duty  to  say a  w ord o r tw o if  only in  the 
interests o f  a  sense o f p ropo rtion . I say no th ing  o f the one 
tube  w hich proved to  be o f  A dm iralty  brass instead o f 
alum inium  brass— the less said ab o u t th a t unhappy  e rro r the 
better. I  do  n o t know  how  m any alum inium  brass tubes 
are  in service— one firm  alone has sent ou t over tw enty m illion 
since first m aking them —so it is an  indirect testim ony to  
their great w orth  when seventeen alum inium  brass tubes fail 
in four ships and  there are  three pages o f  pictures o f them  
in the T r a n s a c t i o n s .

I do hope there is n o t going to  be ano ther epoch o f  trouble 
in the condenser tube w orld. I  am  ju s t old enough to  have 
been in the th ick  o f  the last one— we got over th a t w ith the 
new alloys, and  shipow ners and  m arine engineers were able 
to  go ahead w ith their p lans and  designing on  the basis th a t 
they w ould n o t have to  w orry  ab o u t a  tigh t condenser, a t 
any  ra te  so fa r as the m etal o f  the tubes was concerned. 
T his was so as fa r as ships were concerned— the position  
was n o t so clear w ith pow er stations using estuarine water. 
U nfortunately  it is generally true  to  say th a t estuaries and  
harbou rs  generally are  tending to  get fouler and  fouler 
w hilst ships rem ain  in  such places longer. I referred to  this 
yesterday on  com m enting on M r. Basil Sanderson’s paper 
and  it is n o t controverted .

T he tubes illustrated  in  M r. D ickie’s paper from  the 
“ H elenus”  class ships look  to  m e to  be suffering from  
corrosion o f the oxide p itting  type due to  pollution.

T he up-to -date  position  m ay well be illustrated by a few 
brief quo ta tions from  a  p ap er read  before the Institu te  o f

M etals by three very great authorities on  the subject— 
“ C orrosion  and  R elated  Problem s in  Sea-W ater C ooling and  
Pipe Systems in  H .M . Ships,” by Slater, K enw orthy and  
M ay, Journal o f  the Institute o f  M etals, Vol. 77, P a rt 4, 1950.

T hus, a t page 310:

“ Later work led to the development of more resistant alloys, 
and these have proved so successful for condenser tubes that unless 
and until changes in design bring about a marked increase in the 
severity of the operating conditions the condenser tube problem 
may be considered to be virtually solved.”

A nd page 317-18:

“ Occasional failures in aluminium brass are usually due to 
deposit attack, assisted by decomposing organic matter and by 
excessive local turbulence where a foreign body has lodged.”

This reference to  excessive local turbulence is n o t relevant 
to  the m atte r a t p resent under consideration . In  any event 
intense im pingem ent a ttack  due to  excessive local turbulence 
only penetrates the tube w hen the partia l obstruction  lodges 
in  the very first days, even hours, o f  the tu b e’s life.

T hus, a t page 318:

“ Moreover, in some of the pipes the conditions may be almost 
stagnant for long periods, during which fouling organisms may 
develop to an astonishing degree and by their eventual decom­
position liberate various harmful sulphur compounds into the 
water. During stagnant periods such compounds readily encourage 
pitting or larger areas of corrosion.”

This reference is under the sub-heading o f  “ A uxiliary P iping” 
bu t is no t irrelevant to  the subject.

Finally , a t page 329 is the follow ing:
“ Stagnant periods when marine muds activated by decomposing 

organic matter settle on the metal surfaces and destroy the natural 
protective films, are yet another of the major problems.”

By the sam e post as my p rin t o f  th is paper cam e also the 
32nd A nnual R ep o rt o f  the B ritish  N on-F errous M etals 
R esearch A ssociation, da ted  A pril 1952. T he following 
parag raph  occurs under the sub-heading “ C orrosion  in  
C ondenser Systems” :

“ The aluminium brasses, which have deservedly gained an 
excellent reputation for resistance to impingement attack, occa­
sionally pit in waters heavily contaminated with organic matter, 
and this subject is among the items of further work now in hand.”

I though t the condenser tube  problem  was finished w ith 
so fa r as ships were concerned (no t pow er stations), and  th a t 
it  h ad  becom e a very interesting subject fo r students to  show 
w hat we had  to  contend w ith in  the past. T he position , 
how ever, appears to  be th a t co rrosion  o f  condenser tubes 
has raised its ugly head again, and  the question  is, how  
w idespread is it? Before the w ar I can  recall only one case 
o f  this pollu tion  corrosion, and  th a t was in  a  tug, Socony  12, 
belonging, as its nam e indicates, to  the S tandard  Oil C om pany 
o f  N ew  Y ork. T h a t tug  w as w orking continually  in dirty 
w ater and  her alum inium  brass tubes suffered from  this type 
o f  trouble— corrosion due to  pollu tion . T h a t was the only 
know n instance. D uring  the last eighteen m onths there have 
com e to  light to  my know ledge n o t m ore than  h a lf a dozen 
cases, o f w hich the one described by the au th o r is the latest.

N either alum inium  brass no r cupro-nickel is im pervious to  
this type o f  corrosion . I t  only seems to  occur in new ships 
o r after a  re-tubing— th a t is to  say, when the pollu tion  con­
ditions are  present before the tubes have had  sufficient w ork 
in  salt w ater to  give them  a  tho rough  protective film.

W e in the non-ferrous w orld are  extremely grateful to 
M r. D ickie fo r letting us all know  ab o u t th is incident. N o  
one denies th a t pollu tion  is increasing and  th a t ships stay 
longer in  polluted waters.

W e aw ait developm ents w ith som e little anxiety as there 
is n o t yet any m etallurgical answ er to  this type o f  trouble.

Professor E . V . Telfer, D .S c ., P h .D . (M em ber o f  Council,
I .N .A ., M .I .M a r.E .)\  T he first question I w ould raise con ­
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cerns M r. D ickie’s rem arks on the area o f the rudder. W hy 
should he be w orried ab o u t the rudder area being too  big? 
I  canno t see why this should be troublesom e, unless he is 
th ink ing  th a t it  will take too  long to  p u t the rudder over, 
as com pared w ith a rud d er o f  less area. I  have devoted 
considerable a tten tion  to  rudder design, and in a  paper on 
seakindliness (N .E .C . Inst., 1938) I gave a form ula facilitating 
th e  determ ination  o f  rudder a rea ; the figure obtained  from  
m y fo rm ula  is exactly th e  value M r. D ickie has used, and  I 
am  pleased th a t he has found  the rudder to  be highly sa tis­
factory. I  do know  o f cases where excess areas have 
given trouble, and  probably  the au th o r has had  sim ilar 
experience.

M y nex t question concerns T able X I, and  I w ant to  ask 
ab o u t the second colum n, Y  (10), w hich gives the lowest 
ap p aren t slip o f 2-78 per cent and  the low est rpm . T hat 
m eans autom atically  tha t, if  the propellers are  the sam e, the 
pow er should have been 8 per cent less th an  in  all the  o ther 
cases, w hereas in fact it  is not. T he pow er is roughly abou t 
th e  sam e as in  the o ther cases. W hy is this?

T he final colum n in  th a t table, A B C  (8), gives the next 
low est slip, 4 -54  per cent. There you have the highest 
A dm iralty  coefficient; and  this simply arises from  the fact 
th a t the ship has the greatest m ean displacem ent.

My final po in t arises som ew hat ou t o f the rem arks o f 
previous speakers. I  feel th a t the experim ents carried  ou t 
by M r. D ickie to  decide w hether the single-screw ship suffers 
any penalty  as com pared w ith the m ore norm al twin-screw 
ship are  n o t nearly sufficient to  decide the issue. I  have 
felt fo r a  long tim e th a t the no rm al m odel com parison need 
no t give the true  ship com parison between the single-screw 
a n d  the twin-screw types, because the beneficial effects o f 
wake are m uch m ore evident on  the single-screw m odel than  
on  the tw in-screw m odel, and  the m odel benefit o f the single 
screw  m ay disappear o r be reversed on  the full-size ship.

I t  is still m ore essential, in  view o f the unusually high 
pow ers we are  now  proposing to  p u t th rough  single screws, 
to  develop the efficiency o f  the twin-screw design. Shortly 
before the w ar I had  to  consider a  program m e o f twin-screw 
ships, and  I advised my clients th a t by a fundam ental change 
in  bossing design a  definite propulsive econom y could be 
obtained. I  discussed the m atte r w ith D r. B aker, w ho 
naturally  felt th a t it was quite im possible to  im prove upon 
the norm al T eddington design w ith the bossings lined off to  
avoid  all hu ll cross-flow. H ow ever, o u r proposals were 
tested , and  it  was soon evident th a t the standard  design could 
be im proved. W e eventually were able to  im prove the 
propulsive coefficient by am ounts varying from  6. to 8 per 
cent. M y clients were naturally  very pleased. Their 
m anaging director cam e dow n to  the T ank  and , expressing 
h is pleasure to  D r. Baker, suggested th a t he and  his co­
directors before adop ting  the im proved design w ould 
natu rally  like to  have from  the T ank  som e guarantee th a t 
these results will be obtained in the ship. D r. B aker alm ost 
exploded and  said : “ W e never guarantee anything.”

Thus the possibility o f progress w hich could have affected 
hundreds o f  twin-screw ships subsequently bu ilt stopped a t 
th a t m om ent. I  do hope, however, th a t the au th o r will be 
encouraged to  re tu rn  to  the im provem ent o f  tw in-screw 
design, because I feel th a t the single-screw is being forced 
to  unnecessary h igh  lim its and  fo r an  efficiency gain w hich 
m ay be m ore ap p aren t th an  real.

The Chairman (Viscount Runciman) (President I .N .A .): I t  
gives m e particu lar pleasure personally to  propose a very hearty  
vote o f thanks to  M r. D ickie fo r his paper, because I started  
m y shipow ning career in  the office o f A lfred H o lt and  C om ­
pany. I there learned first th a t they are  probably  the best 
shipow ners o f  the w orld, and  second th a t they know  i t ! N ow , 
to  som e extent, we know  it too , and  we m ust be very grateful 
to  M r. D ickie fo r his paper and  fo r the discussion it has 
p rovoked ; he has m ade a  con tribu tion  o f lasting value to  our 
T r a n s a c t i o n s .

Written Contributions to the Discussion
M r. George Wood {M .I.M ar.E .)'. The au thor has generously 

given a fund  o f m ost useful inform ation , th a t built upon  
recent sea-going experience.

R eferring to  the funnel design, it is interesting to  no te  th a t 
the au thor, while claim ing a solu tion  to  the sm oke nuisance 
w ith the modified funnel, only claims freedom  from  the 
trouble  under the m ajority  o f sea-going conditions. The 
designer is to-day, however, often called upon  to  p roduce a 
funnel shape to  give freedom  under all sea-going conditions, 
as the nuisance fo r an  odd  short period can  quickly soil the 
decks, etc.

Particulars are  n o t given o f the sm oke exit speed, which, 
according to  present-day theory, is the im portan t factor, and 
can only be sufficiently great to  give a  desirable s/v ra tio  a t 
the expense o f increased I.D . an d /o r F .D . fan pow er. I t 
w ould be interesting to  learn  if the greatest possible sm oke 
exit velocity was obtained by using the available m argin  of 
fan power.

The experience o f the tailshaft liner becom ing loose may 
be taken  to indicate, as the au th o r suggests, th a t it is desirable 
on such large shafts to  use greater interference fits between 
shaft and liner than  have been adop ted  in the past on  sm aller 
size shafts. O ne is, therefore, convinced o f  the au th o r’s 
w isdom  in suggesting the need fo r the interference fit to  be
0 • 5 to  0 • 75 thousandths o f  an  inch per inch d iam eter o f shaft.

The au th o r has referred to  the high pow er transm itted  to  
the single screw, and  this, together w ith the com paratively 
low revolutions resulted in a  large shaft diam eter. M aybe 
the experience should be taken  as a  po in ter also th a t the 
design o f  larger d iam eter stern tube bearings m ay require, 
am ong o ther special a tten tion , m ore effective cooling.

The experience quoted  o f gear w ear m ay be considered to  
show how  the advantage o f excellent and  accurate gear 
hobbing can be lost if  sufficient tip relief is n o t provided. 
T here now  appears to  be som e evidence th a t extra tip  relief 
is desirable on  gear teeth o f  the deep to o th  standard . The 
fact th a t som e gears w ith deep teeth  have been runn ing  fo r 
m any years w ithout trouble, a lthough  adm ittedly cu t less 
accurately, m ay possibly be due to  th e  fact th a t m ore hand  
w ork used to  be  done on  teeth th an  is done to-day, i.e. hand 
w ork tends in  general to increase the am oun t o f  tip  relief.

T he reference to  the trouble  originally experienced w ith 
the sluggish response in  operating  the steam  whistle is very 
opportune because this experience is, according to  reports, 
all too  com m on. W hile the solution was found  by altering 
the drain  system, one is still aw are o f the constan t w ater loss 
w hich could be reduced if  the size o f  steam  supply pipes 
were smaller. W hether these steam  supply pipes a re  unduly 
large or the actua l steam  consum ption  does give a  m axim um  
allowable steam  speed, one is led to  observe th a t the p ropo r­
tions o f energy given by the steam  to  the energy o f sound 
produced is rem arkably  great, and  it m ay be that, as in  the 
case o f  producing sound in  m usical w ind instrum ents, a 
sm aller operating  pressure w ould be equally effective. The 
experience quoted  does bring in to  relief the as yet unsolved 
problem  o f obtain ing a  steam  whistle giving constan t ready 
response in  operation  com bined w ith a low steam  con­
sum ption.

T he trouble experienced w ith condenser tubes, ap a rt from  
the inadvertent fitting o f  A dm iralty  brass tubes, appears to  
be m ore puzzling in  the absence o f  such troubles w ith tubes 
o f the sam e m aterial fitted in  o lder ships and  subject to  the 
sam e sea-water conditions. O ne is natu rally  led to  w onder 
w hether, the m aterial being th e  sam e, process in m anufacture 
could be a  factor in  the problem .

M r. W . Sampson (Vice-President, I .M a r.E .) : The au th o r’s 
m ost valuable paper m ight be sum m ed up  as describing a  very 
well m atched installation. Obviously, from  the propeller to  
the boiler, the steam ships described by the au th o r have their 
m achinery units thoroughly  m atched and  operating  a t equally 
peak efficiencies.
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R eferring to  the boilers under the heading “ Oil Fuel 
C om bustion ,” the au th o r shows how  significant is the perfec­
tion o r  otherw ise o f  the burning o f the fuel, and  he states 
th a t the success o f  the change in  oil-burning technique has 
in  fact show ed up  a defect in  the boiler design. F o r  the 
pu rpose o f record  it  m ight be sta ted  th a t the boilers were 
designed correctly on  the know n perform ance o f  the burners 
originally chosen fo r these ships, and  the fact th a t a  re­
distribution o f the fuel burning betw een the tw o furnaces 
was found necessary w hen the very noticeable im provem ent 
following the fitting o f the new  burners was m ade did m ean 
th a t very little fuel needed to  be b u rn t in  the  ou ter furnace 
o f  the boilers w hen m eeting the required  superheat conditions, 
bu t w hat the au th o r term s a  defect in  the boiler design m ight 
have been corrected by the fitting o f  a sm aller o u tp u t bu rner 
in  the sa turated  furnace, thus enabling it  to  be kep t alight.

T he au th o r deserves to  be thanked  fo r bringing to  light 
how  serious a  m atter the com bustion  o f fuel really is. Ship­
ow ners canno t expect anything b u t deterio ration  in  the 
quality  o f the fuel to  be supplied in  the future. Increased 
im purities can  be expected, and  we are  still a  long way off 
from  perfecting oil burners w hich can burn  satisfactorily the 
very m any grades o f  fuel oil th a t will be supplied on norm al 
trad ing  routes, and  boiler design will im prove only as oil fuel 
burning technique im proves.

M r. S . A . Sm ith, M .S c . (M .l .N .A ., M em ber o f  Council,
l.M a r .E .) : This pap er has p rovided m ost useful da ta  on this 
subject, and  it  m ay be o f  in terest to  no te  th a t the P. & O. 
C om pany, w hen considering the ir post-w ar build ing p ro ­
gram m e, were faced w ith som ew hat sim ilar problem s, and  
their inquiries and  investigations to o k  place ab o u t eighteen 
m onths previous to  sim ilar investigations by the B lue Funnel 
Line.

E arly  in  1944 investigations were m ade in to  the relative 
runn ing  costs in  sim ilar ships propelled  by single-screw 
turb ines an d  tw in-screw diesels, and  in  D ecem ber o f th a t 
year m achinery specifications were forw arded to  builders and 
the o rder fo r tw o tu rb ine ships was aw arded to  Vickers- 
A rm strongs, L td ., in  M arch  1945.

F o u r ships were actually  required, and  in  order to  obtain  
equitable deliveries and  to  suit existing shipyard conditions 
it  w as necessary to  accept tw o ships w ith  tw in-screw diesel 
propulsion , and  B arclay C urie & C o., L td ., w ere aw arded 
the contract.

F o u r  ships were, therefore, ordered, tw o w ith single-screw 
turbines, Surat and  Shillong, and  tw o w ith tw in-screw diesels, 
Soudan  and  Som ali. I t  is a  well-known fact th a t single-screw 
propulsion  is m ore efficient th an  tw in screw as there is no 
bossing to  push  th rough  the w ater, and  th is adds an  add i­
tional pow er in  th e  region o f  12 per cent fo r sim ilar form s 
o f ships. A s the designed speed and  pow er o f  these ships 
was such th a t single-screw diesel m achinary w as o u t o f the 
question the relative costs, etc., o f single-screw turbines and  
tw in-screw diesels h ad  to  be discussed, an d  factors leading 
to  the preference o f  steam  propulsion  were based on  the 
following calculations.

These ships were designed fo r the F a r  E astern  run , and  
calculations were m ade to  cover a  22,000 miles voyage, a  
C hina coast voyage and  a  U nited  K ingdom  coastal voyage 
a t  an  average round  voyage speed o f  18 kno ts a t  15,750 tons 
displacem ent.

(a) M achinery and O il Fuel
Tw in-screw diesel Single-screw tu rb ine

W eight o f installation  . .  1,743 tons 1,220 tons
Oil fuel fo r 6,395 miles . .  1,290 tons 1,955 tons

A t the price o f  oil a t the tim e in  question  these costs 
w orked ou t a t £8,220 fo r diesel and  £9,023 fo r steam , giving 
an  advantage o f  £803 per voyage in  favour o f diesels.

R epair an d  survey costs were then  discussed an d  it 
was estim ated th a t these gave an  advantage to  steam  by £460. 
T he net saving in  favour o f  diesel m achinery was, therefore, 
£343 per voyage o r  £1,029 per year.

T o offset this cost there  was a  saving in  favour o f steam  
p lan t in  the initial cost, and  also a  reduction  in  personnel, 
nam ely tw o engineer officers. I t  was la ter found  th a t due to  
the type o f  m achinery eventually installed—especially in  regard  
to  the evaporating  p lan t— th a t a saving in  space equivalent to  
450 tons o f  cargo was m ade in the steam  ships above th a t 
which was originally "estimated.

T he principal dim ensions o f  these ships and  those later 
laid dow n fo r the B lue F unnel Line are  given here, and  it 
will be seen th a t these are  a lm ost identical, each com pany, 
how ever, keeping to  its ow n recognized practice regarding 
crew and  passenger accom m odation.

Steam  “ S” 
single screw

D iesel “ S”  
tw in screw

Blue Funnel 
“P ”  single screw

Length bp . . 490 ft. 490 ft. 478 ft.
B readth  m oulded . . 67 ft. 67 ft. 68 ft.
L oad draught 29 ft. 6 in. 29 ft. 5 in. 30 ft. 7$ in.
D raugh t— upper deck — 34 ft. 6 in. 38 ft. 6 in.
B lock coefficient . . 0-65 0-653 —

L oad  d isp lacem en t.. 18,000 18,270 18,920
G ross D /W 11,590 11,100 10,000
N et D /W 9,345 9,271 —

C argo bale 588,000 589,000 618,000
M axim um  sea speed 18 kno ts 18 knots 18 kno ts
N orm al shp 11,000 — 14,000
M axim um  shp 13,000 13,600 15,000

T o ta l . .  . .  3,033 tons 3,175 tons
(b) O il Fuel and Lubricating O il Consumption

Twin-screw diesel Single-screw tu rb ine
T otal fuel consum ption  . .  2,960 tons 4,020 (blr.)

278 diesel
Lubricating oil including

diesel generators . .  40 galls./day 13 galls./day

A  com parison o f the m ain  propu lsion  m achinery  o f  the 
three classes o f  ships can now  be set o u t an d  is as follow s:—

Steam  “ 5 ”
N orm al propelling pow er 11,000 shp w ith a  m axim um  o f

13,000 a t  125 rpm . T he  h .p . tu rb ine  driving th rough  double 
reduction  and  the i.p . and  l.p . th rough  single reduction  
gearing.

T he steam  supply from  tw o W .T. boilers o f  F o ste r W heeler 
design w orking a t  525 lb ./sq. in. an d  850° F . superheat. The 
norm al boiler o u tp u t to  be 58,500 lb ./h r. w ith a  m axim um  
o f 84,000 lb.

G enera to rs: T hree 6-cyl. 325 kW  a t 325 rpm  and  220 volts. 
P ropellers: 18 ft. 6 in. d iam eter, 16 ft. 3 in. p itch , 160 sq. ft. 

surface, four-bladed solid.

D iesel “5 ”
Twin-screw reversible opposed p is ton  two-cycle engines to  

m ain tain  13,600 bhp  (87 per cen t m echanical efficiency) a t 
116 rpm . E ach engine o f  six cylinders 670 m m . d iam eter 
and  2,320 m m . com bined stroke.

G en era to rs : T hree 6-cycle 325 kW  a t 325 rpm  and  220 volts. 
P ropellers: 17 ft. 6 in . diam eter, 17 ft. 6 in. p itch , 115 sq. ft. 

surface.

Blue Funnel “P ”
N orm al service pow er o f  14,000 shp w ith a  m axim um  o f 

15,000, the drive being th rough  double reduction  gearing. 
G enera to rs: T u rbo  (no ra ting  given).
P ropellers: 20 ft. diam eter, no p itch  given, surface approx i­

m ately 190 sq. ft.
M odel tests w ere carried  o u t and  the follow ing results 

obtained  fo r an  equivalent o f 18,000 tons displacem ent a t 
17 and  19 knots.
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Surat (9 hours) Soudan (12 hours)

R evolutions 122-13 114
shp 11,449 11,937 ihp 

(9,675 shp 
a t  81 per cent)

M .E. fuel 16 tons 18-5
G en. fuel 16-62 19-45
L b ./shp /h r.......................... 0-5814 0-305 (ihp) 

0-377 shp

Steam  “ S”  
(P. & O.)

D iesel 
(P. & O)

Blue Funnel
“ P”

Speed 17 19 18-5
ehp 4,941 7,730 7,180
W ake, per cent 30-5 28-4 41-5
H ull efficiency 1-117 1-106 1-127
Relative ro tative efficiency 0-998 0-991 —

Qualified hull e ffic iency .. 1-114 1-1097 —
Propeller efficiency in  open 0-632 0-624 0-594
Q uasi-propulsive efficiency 0-705 0-685 0-710
Speed length rates 0-768 0-858 0-845

The figures on the righ t are those obtained from  m odels 
o f  the Blue Funnel “ P ” class ships given in the paper.

F rom  the principal dim ensions, m odel results, etc., a  g raph  
o f  the speed against ehp was draw n up  fo r bo th  steam  a n d  
diesel ships, and  by com paring the following figures it  can  
be seen th a t for equal speeds the ehp for steam  propulsion  
is low er than  th a t fo r diesel propulsion .

Steam D iesel

Speed ehp Speed ehp

13 2,384 13-2 2,385
14 3,014 14-3 3,100
15 3,755 15-4 4,050
16 4,571 16-5 5,510
17 5,459 17-6 7,410
18 6,555 --- ---

T he first ship to  be delivered was the twin-screw diesel 
vessel Soudan, and  trials took  place over the Skelm orlie 
m easured mile. W hen the single-screw Sura t was ready for 
trials she sailed over the sam e course under sim ilar w eather 
conditions, the w ind being force 3 on the beam  for the Soudan 
and  force 4 in the case o f the Surat. The tria l results are 
set ou t below :—

Surat Soudan

M ean d raught 
D isplacem ent 
R evolutions 
shp

Speed
Speed length ratio  
Slip, pe r cent 
A .C. on  shp
A .C. on shp a t  18-97 knots

16 ft. 7 in. 
9,350 

127 
12,860

20-12
0-908
1-22 

281-1 
281-1

16 ft. 10 i in. 
9,565 

118 
13,490 ihp 

=  11,710 shp 
18 97 
0-857 
6-5 

262-7 
262-7

These results again bear ou t the contention  th a t fo r equal 
speeds the hp  for single-screw steam  propulsion is low er th an  
for tw in-screw  diesels. This is apparen t, for in  the form er 
the additional resistance o f the bossing is elim inated.

A  fuel consum ption tria l followed the ru n  over the 
m easured mile, the Soudan fo r 12 hou rs’ du ra tion  against
9 hours fo r the Surat, w hich figures com pare favourably.

These ships have now  been o n  con tinuous service to  th e  
F a r  E ast fo r several years, and  a  com parison  has been m ade 
and  average figures fo r the tw o ships covering a period  o f 
two years (six voyages) is quo ted .

Surat Soudan

T otal distance a t sea 
A verage d raught 
Average displacem ent 
Average speed 
A verage slip 
A verage revolutions 
A verage shp 
Fuel coefficient 
Fuel/day
A dm iralty  coefficient 
Fuel, lb ./shp /h r..........................

25,923 
24 ft. 5 in. 

14,455 
16-7 
3-5 

108-2 
8,450 

51,449 
56-3 

327 
0-62

25,334 
24 ft. 2 in. 

14,505 
16-07 
9-5  

102-8 
8,950 

71,104 
34-84 

275 
0-363

It will be seen th a t the Surat's  average speed is alm ost 
1 k n o t m ore than  th a t o f the Soudan. This is accounted fo r 
by the fact th a t when running in to  heavy w eather diesel 
m achinery is governed by its m .i.p ., and  canno t be driven, 
w hereas turbine m achinery is n o t affected to the sam e extent.

R epair and  survey costs were also com pared over the 
sam e period  (six voyages) and  these bear ou t the original 
conception th a t the running  costs o f  a  tu rb ine are  less than 
those o f diesel by £300-£400 per voyage.

Surat Soudan

£ £
M ain engine repairs 647 3,254
Auxiliary repairs 1,731 1,024
Boiler repairs 5,059 87
D ry dock—

Propeller, etc., repairs 708 1,061
Tail shaft repairs

G en. repairs 1,529 1,674
M ain engine survey 13 3,582
A uxiliary engine survey — 740
Boiler survey 1,638 —
D ry dock—

Propellers, etc., survey . . 179 184
Tail shaft survey

G en. survey 1,127 900
N um ber d a y s .. 845 788
T otal costs 19,207 20,089
R ate/day 22-7 25-5
Stores rate/day 6-5 7-6
Stores and  repairs . . 29-2 33-1

The to ta l cost includes the m ain  m achinery repairs and  
survey costs as set ou t above, and  also such item s as electric 
wiring, ventilation, deck, m achinery, pipes an d  connections, 
etc. L ubricating  oil is included in the stores.
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Author’s Reply
C om m ander C ooper and  M r. Sam pson have b o th  poin ted  

ou t the im portance o f  the com bustion  equipm ent in the 
econom ic operation  o f a steam  ship. The au th o r entirely 
agrees w ith their views and  w ould only add  th a t it is essential 
for the o il-burning equipm ent to be simple to  operate, and 
for the design o f the boiler to  be closely related to  the 
requirem ents o f the oil fuel registers when burning the m ost 
difficult fuel in  the range from  50 to  6,500 seconds R edw ood I. 
Only in this way can  foo lp roof com bustion  equipm ent be 
provided.

The au tho r generally agrees w ith  M r. P em berton’s com ­
ments regarding the probab le  lim iting factors in single­
screw propulsion, bu t w ould also like to  d raw  a tten tion  to  
the points m ade by M r. M cA lister; indeed, it seems quite 
probable th a t the sheer physical p roblem  o f m aking and 
handling the propeller will set a  lim it to  the wide application 
o f  very high pow ers on  a single screw.

T he tailshaft liners th a t have slackened have all been 
forced on w ith an  interference fit o f  between 4 and  7 
thousandths o f an  inch by a press w ithout heat. N o 
trouble has been found w ith liners shrunk  on  by heating as 
these have a  greater interference fit, n o r has any undue wear 
o f the lignum  vitae been found  to  suggest th a t the cause 
could have been lack  o f  cooling o r  “ lubrica tion .”

The experience w ith plastic  m aterials has been confined 
to  those cases w here n o  add itional w ater supply w as p ro ­
vided. W ear has appeared  to  take place in fits and  starts , 
as no w ear occurred for perhaps n ine m onths and  then in 
three m onths { in. took  place. A ll these bearings have now 
been replaced by lignum  vitae. T he heat generation  during 
this rap id  w ear has no t caused a liner to  move on the shaft. 
The only o th er case o f  the m ovem ent o f a  liner in the Blue 
F unnel fleet was a Sam  ship when a rubber stern tube lining 
was used w ithout add itional w ater cooling. W ear dow n was 
rap id  and, w hen after ab o u t 8,000 miles sudden rap id  heating 
took  place, the liner stopped and  m oved up the shaft under 
the influence o f  the ru bber ring.

W ith regard  to  the destannification o f liners, the pheno­
m enon has now  been found in varying degrees on  every liner 
th a t has been exam ined. All these liners are standard  gun- 
m etal o f  the follow ing com position  ran g e :—

Z inc
Tin
L ead
N ickel . .
Iron
Phosphorus 
C opper balance

1-77-2 00
9-40-10-7
0 -0 6 -0 -4
0 0 - 0 - 5
0-06
0-016-0-03

Som e have been sand cast and  som e centrifugally cast; 
w ithin the lim it o f o u r observations it w ould be true to  say 
th a t the effect is som ew hat m ore pronounced  on centrifugally 
cast liners. T he au th o r welcomes M r. Pem berton’s offer o f 
the assistance o f  the R esearch D epartm en t in  solving the 
mystery.

M r. A rcher’s com m ents on the gearing are o f  in terest and 
the recom m endation fo r M arco is particularly  valuable. He 
differs from  the au th o r som ew hat in nom enclature o f gearing 
wear, bu t this was n o t unexpected. H is com m ents on 
torsionm eters are o f value, bu t the au th o r feels th a t w hat is 
required  in th is field is a  torsionm eter th a t is robust enough 
to  stand  up to  service conditions and  to  m ain tain  its accuracy 
w ithin +  2 i  p er cent. T his is fa r from  being achieved yet—

as indeed it is fa r from  being achieved w ith  m ore essential 
equipm ent such as pressure gauges an d  therm om eters.

T he m ain  injection pipes to  w hich M r. Sherborne refers 
were fabricated  from  copper sheet and  had  been in  service 
up to  ab o u t tw o years. The rubber co a t was applied to  the 
finished pipes and  was carried round  to  form  the jo in ting  
m aterial on  the flange faces. The isolated failures o f  the 
alum inium  brass condenser tubes in the ships voyaging to  
A ustralia  continues and  th e  F a r  E astern  ships continue to  
be free from  these defects. W hilst the au th o r agrees th a t 
one swallow does n o t m ake a  sum m er, a  series o f  isolated 
condenser tube failures can cause considerable cost and  delay 
in  steam  ships.

In  reply to  Professor Telfer, in  T able X I, colum ns 1 and  3, 
X  (2), and  ABC (11), the propellers are  supplied by the 
M anganese B ronze an d  Brass C o., L td ., while the second 
colum n Y  (10) are  all o f  propellers m ade by J. S tone and  
C o., L td .

F rom  com plete voyage results we find th a t S tone’s p ro ­
pellers under service conditions give 103/104 rpm  and 
M anganese B ronze 106 rpm .

C olum ns 4 and  5, X  (6), and  A B C  (8), a re  results o f 
voyages w ith propellers o f bo th  firms.

In  reply to  M r. W ood, the funnel gas exit velocity was 
raised to  ab o u t 120 ft./sec. by the m odifications; w ith the 
add itional a ir pressure required  fo r the oil fuel registers this 
was the practical lim it to  the fan  capacity . W ith regard to  
Mr. W ood’s com m ents on  the condenser tubes, the au th o r 
em phasizes th a t it is only the ships voyaging to  A ustralia  
th a t experience the trouble. Sim ilar ships building a t  the 
sam e tim e bu t runn ing  between the U nited  K ingdom  and  
F a r E ast do  n o t experience the defects.

M r. S. A. Sm ith 's com m ents in the com parison  w ith the 
P. & O. C om pany’s Surat class are  interesting, b u t he  has 
m isinterpreted the da ta  regarding the Blue Funnel ships. 
T he m axim um  sea speed o f the “ P ” and  “ H ” class ships is 
o f course considerably in  excess o f  18 knots.

T he au th o r is surprised to  see the high revolutions o f the 
P. & O. single-screw steam  ships an d  presum es th a t this 
speed was chosen in order to  re ta in  single reduction  gearing 
for the i.p. an d  l.p. turbines.

The ra ting  o f  the tu rbo-generator fitted in the “ P ” and  
“ H ” class ships is 550 kW , bu t the peak sea load  seldom  
exceeds 400 kW . T here is thus adequate  m argin  o f pow er 
fo r all seagoing purposes.

The following voyage figures m ay be o f  in terest in  com ­
paring  the results o f the m o to r ship Soudan  w ith  tw o Blue 
Funnel m oto r ships.

Glengarry 
(tw in screw) Bellerophon (single screw)

T otal distance a t sea 24,599 26,103 21,378
Average d raught 26 ft. 1-J- in. 25 ft. 1 in. 25 ft. 9 in.
A verage displacem ent 14,943 13,098 13,514
A verage speed 17-42 16-07 16-29
A verage slip 5-8 -  1-9 -  3 -2
A verage rpm 105-55 106-5 106-7
A verage bhp 11,440 6,698 6,688
Fuel coefficient 66,180 80,660 87,935
Fuel/day 48-46 27-9 27-89
A dm iralty  coefficient 280 336 367
Fuel, lb ./bhp /h r. (all

purposes) . . 0-396 0-389 0-389

183


