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Summ ary

D uring  the years 1951 and  1952 an  extensive series o f trials was undertaken  for the C entre 
Beige de Recherches N avales on a V ictory ship AP3 o f the C om pagnie M aritim e Beige.
T he basic purpose was the determ ination  o f the efficiency and  econom y o f  the ship and  
m achinery in different conditions o f  w eather and  fouling. By collecting reliable and  accurate 
records o f fuel and  steam  consum ption  and  engine ou tpu t, it was possible to  ascertain  
efficiency o f boiler and  engine under varying service conditions.

As p redom inant p a rt o f the p rogram m e a com parison betw een service d a ta  in sm ooth  
w ater and  tan k  results w as to  be carried  out. D uring  one o f  the voyages a  progressive 
m easured-m ile tria l was undertaken  w hich gave basic in form ation  fo r the com parison  w ith 
m odel experim ents. D r. A llan, Superintendent o f  the Ship D ivision N .P .L ., was k ind enough 
to  ru n  a m odel and  to  m ake the com parison  as p a rt o f  the investigations. C alib ra tion  o f 
the p itom eter log was achieved, too , on the m easured-m ile trial.

In  different conditions o f  d raught, fouling, and  w eather, num erous records were collected 
o f pow er, th ru st, revolutions, speed th rough  the w ater, ship m otions, w ind, and  waves. The 
service da ta  a re  analysed and  the results given in  a  series o f  tables and  diagram s.

A  sim ilar series o f  trials will shortly  be carried  o u t on  a  diesel-driven cargo ship.

Introduction

T he problem  o f  the com parison  betw een tu rb ine  and  
diesel-driven ships in  th e  m erchant service was, in  1948, pu t 
before th e  C entre Beige de R echerches N avales, the Belgian 
equivalent o f  the B .S.R.A . A t the sam e tim e, it was desired 
to  study the correlation  between the tan k  predictions based 
o n  m odel experim ents and  service perform ance. Ship
builders and  ow ners often d oub t the absolu te value o f tank  
figures w hich are calculated fo r th e  ship on  a basis o f  results 
ob ta ined  from  the m odels. Indeed, the tan k  applies to  these 
results coefficients o f correction, in  o rder to  allow  for service 
conditions. B ut th e  m ethods used in  w orking from  experi
m ental results w ith m odels to  real ships vary so m uch from  
one tan k  to  ano ther, th a t even th e  in itia ted  are  on  their guard  
w hen they desire to  in terpre t results ob tained  by a tank  w hich 
is n o t theirs. T anks possess fo r different types o f ships 
coefficients o f  correction  for relating the tria l in  the tank  to  
tria l a t sea on  a m easured m ile in dead calm  w ith an  approxi
m ation  w hich m ay appear to  be  sufficient. H owever, when 
com paring  the basic results o f the tank  tr ia l and  the trial a t 
sea it is found  th a t the actual coefficients o f  correction  often 
diverge notably  from  the approxim ate coefficients.

B ut it is particularly  fo r passing from  conditions in the 
tan k  to  service conditions th a t precise data  are no t available. 
T he increase in roughness due to  fouling o f the hull, bad
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w eather, an d  th e  different m ovem ents o f  the  ship in high 
seas a ll exercise a  considerable influence on  th e  resistance 
to  speed.

T ank  trials have taken  place to  determ ine the influence o f 
high seas on  the resistance to  speed, bu t a  corre la tion  betw een 
the results an d  th e  m easurem ents taken  on  b oard  ship was 
difficult to  obtain , particularly  in  view o f the irregularity  o f 
the waves o f the sea.

I t  is therefore desirable th a t precise trials should  take  place 
on  board , n o t only on  a m easured m ile in  the  best possible 
w eather b u t also during the diverse conditions o f  service. 
These trials should com prise accurate  records o f  speed 
th rough  the w ater, revolutions, pow er, th ru s t and , sim ul
taneously, w ind and  w eather, the sta te  o f  th e  sea an d  the 
ship’s m ovem ents.

T he m easurem ents are  extended in  such a  way as to  indi
ca te  n o t only in fo rm ation  concerning p ropulsion , b u t also on  
the therm al efficiency o f  th e  propulsive installations.

I t  is cu rren t practice in  E u rope  to  take  th e  in tem al- 
com bustion  m oto r as the m achine fo r propulsion  w hen the 
pow er required  is no t greater th an  10,000 hp. In  A m erica, 
the steam  turb ine has preference for pow er well under the 
aforem entioned limit. There is an  econom ic as m uch as a 
scientific interest in com paring these tw o propulsive m achines 
in ships o f the sam e size.

T he C entre Beige de Recherches N avales, in  the sum m er o f  
1948, institu ted  a p rogram m e o f experim ental research on  the 
propulsive equipm ent o f  two cargo ships o f  ab o u t 10,000 tons
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deadw eight, one w ith a  tu rb ine the o ther w ith a diesel m otor, 
the ir speed being from  15 to  17 knots.

T h e  efficiency had  to  be ascertained a t different pow ers for 
each p a rt o f  the installation , i.e. fo r the turbine ship the 
individual efficiency o f the steam  generating group, o f the 
tu rb ine group  and  o f  the propulsion , and  for the diesel- 
driven ship efficiency o f  the m o to r and  o f the propulsion. 
T he choice o f  ships fell on  those the m odels o f  w hich had 
been run  in th e  experim ental tank  p rio r to  their construction.

T he tw o ships belong to  th e  Com pagnie M aritim e Beige.
T he tu rbine-driven ship was the s.s. Tervaete, a  Victory 

ship, AP3, o f w hich m any examples were delivered to 
E uropean  com panies after the war.

This p rogram m e o f  research received the approval o f the 
Institu te.

P a r t  I
Instrum entation for the Trials

In  o rder to  realize this p rogram m e it was necessary to  
com pile the list o f  instrum ents required  for taking the neces
sary m easurem ents on  board  the turbine-driven s.s. Tervaete. 
T he position  o f  the  principal instrum ents concerning p ro 
pulsion is indicated in  the general arrangem ent show n in 
Fig. 1. T he general da ta  o f the ship and  the m achinery are 
given in  A ppendix  IV.

F ig .  1 .— In s t r u m e n t a t io n  in  s.s. “ T e r v a e t e ”

Ship Speed.
T he m easurem ent o f  ship speed th rough  the w ater is 

obtained by a P ito t log, fitted in the sh ip’s bottom . The log 
had  to  fulfil the follow ing requirem ents:—

I t  was necessary to  install a  rodm eter long enough to  go 
th rough  the boundary  layer in order to  reach w ater unaffected 
by the skin friction o f  the ship.

In  order to  explore the d istribution  o f  velocity in the 
boundary  layer the rod  has to  be transferred  to  any 
given position  up  to  3 ft. from  the surface o f  the hu ll for 
m easurem ent.

The log was m anufactured  by the British P itom eter C om 
pany. T he rodm eter is a hollow  bronze rod  o f  oval cross- 
section, w ith  a  pressure orifice facing forw ard, w hich measures 
the com bined static  and  dynam ic pressure, and  tw o com 
m unicating  orifices, one on  each side, to  take  th e  static 
p ressure only.

These pressures are  connected by tw o pipes to  a m ercurial 
differential m anom eter. In  th a t m anner only the dynam ic 
pressure can  be read, which is a m easure o f  the speed o f  the 
log th rough  the water.

T he m ercurial differential is com pleted by a speed trans
m itter and  a t a  distance by the speed ind ica to r w ith tim ing unit.

Thrust M easurement.
As one o f the aim s o f the experim ents is the determ ination 

o f th e  propulsive efficiency, a  th rustm eter had  to  be installed. 
T he V ictory ship has a  K ingsbury th ru s t bearing. In  a 
newly built ship it w ould have been possible to  have the 
th ru st bearing p roper in a sliding cage and  to  have an  
accurate m easurem ent by balancing the load  o f  the propeller 
by b o th  ahead  and  astern  pressures. T his arrangem ent 
w ould have been highly expensive to  build  in. A n alternative 
type was adopted  which, during berthing a t New Y ork, was

built in the th rust bearing by th e  K ingsbury M achine W orks.
T his simplified appara tus involves accurate m easurem ent 

o f  the th rust load  im posed on  one  o f  the six levelling plates 
th a t equalize th e  d istribu tion  o f  th e  to ta l load  am ong the 
six th ru st shoes.

H owever, the equalization  is n o t exact. T he e rro r resulting 
from  it, as guaranteed by K ingsbury, should  n o t exceed
1 o r  2 per cent. In  this single-cell m eter, since only th a t 
p o rtion  o f  the ahead  th ru st load  carried  by one levelling 
p late  is m easured, it is necessary to  estim ate the film reaction  
o n  th e  astern  side. T h a t film reaction  depends on  film 
thickness. T he au th o r takes account o f  it by correcting  the 
ahead-thrust m eter reading roughly by a reduction  o f  1 per 
cent. T he difference is th e  net ahead  load, i.e. th e  actual 
p ropeller th ru st corrected fo r the axial com ponent o f the 
weight o f the shafting, p ropeller, an d  pinions. Som e slight 
doub t is still left on the accuracy o f  th e  m easurem ent on 
account o f  the friction in tu rb ine  gears, as the th ru s t bearing 
and  th rustm eter are  located a t the forw ard end o f  the gear.

Power M easurement.
A ccurate m easurem ent o f  pow er was o f  vital im portance to  

this project. As m ore weight was given in  th is project to  
exact know ledge o f pow er delivered to  the propeller th an  to 
exact know ledge o f engine ou tpu t, it  w as decided to  arrange 
the m eter as near as possible to  the propeller. Because o f 
facilities fo r rem oving propeller shaft, n o t the last bu t the 
last bu t one tunnel shaft was fitted w ith the m eter.

Prim ary requirem ents were, besides accuracy, applicability 
to  a  wide range o f  pow er and  types o f  propelling engines. 
Indeed, in the near fu ture the m eter has to  be installed in a  
diesel-driven cargo ship arranged fo r a  fu rther series o f trials. 
Therefore, ease and  speed o f in stalla tion  were necessary. 
Because sea trials over long periods were to  be carried  out, 
robustness was ano ther requirem ent.

In  order to  m eet all these requirem ents, a S iem ens-Ford  
to rsionm eter was installed a t the end  o f  th e  tunnel. The 
tw ist o f  the shaft alters the gap o f  a  sm all differential tran s
form er m ounted  on  th e  shaft, an d  this a lte ra tion  is m easured 
by electrical means. T he tw ist is directly p ropo rtiona l to  the 
to rque and  inversely p ropo rtiona l to  the rigidity m odulus 
and  the fourth  pow er o f the diam eter. M easurem ent o f  the 
tw ist leads to  determ ination o f  the torque.

Propeller Revolutions.
D uring  the first an d  the second voyages, w hich were 

principally intended for determ ining the engine and  boiler 
efficiency, long dura tion  tests were carried  ou t, m ostly under 
calm  w eather conditions. I t  was found  m ost convenient 
during these voyages to  ob tain  the propeller revolutions from  
the revolution coun ter o f the shaft. D u ring  th e  th ird  voyage, 
w hich occurred under m ost varying w eather conditions and 
during w hich the ship m et very bad  w eather, it w as found  to  
be m ore accurate to  ob tain  the propeller revolutions by taking 
tim e by stop-w atch betw een zero  and  one hundred , tw o o r 
three hundred  revolutions o f  th e  shaft, these being counted.

Wind.
W ind speed, relative to  the ship, was obtained  by an  

anem om eter, held by hand  on  the upper bridge. T he anem o
m eter (Short and  M ason) was o f  th e  propeller type w ith 
counter, and  care was taken  to  keep it sufficiently high during 
three to  five m inutes in  o rder to  m easure unobstructed  wind.

W ind direction was ob tained  by estim ating. As w ind speed 
was frequently m easured, w ind direction could be roughly 
determ ined by seeking th a t d irection in w hich w ind speed 
indicated by the propeller-anem om eter was a t a  m axim um . 
M easurem ent o f  w ind speed was controlled by a  cup- 
anem om eter o f  the N atio n a l Physical L aboratory .

Waves.
The w ave-height was obtained  by com paring it w ith a 

know n height on  the ship. The wavelength, too , was a  guess,
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b o th  dim ensions being no ted  after discussion w ith the ship’s 
officers, w hose experience o f  the state o f  the sea was o f great 
value. T he sh ip’s officers were also helpful in  determ ining 
wave direction by sighting w ith their instrum ents a long the 
crests o f  the  waves. A  valuable con tro l could  be m ade by 
m easuring th e  period  o f  encounter o f  waves by m eans o f  a  
stop-w atch, assum ing th e  usual fo rm ula fo r length and  speed 
o f  trocho idal waves. A ssum ing a  trocho idal shape o f  the 
waves, the m axim um  wave slopes are  calculated from  
observed lengths and  heights. This assum ption  is only true 
fo r gravity contro lled  waves. W aves w hich are  still under 
w ind contro l differ in  shape from  pu re  trocho idal line. 
Such was the case fo r m ost days in  heavy w eather on the 
th ird  voyage, the only one w hen p itch  and  ro ll diagram s were 
taken . H ence the slope angles o f the tables are  n o t quite 
correct.

Pitching and  Rolling.
D uring  the tim e occupied in  collecting the da ta  fo r each 

■observation it was arranged  th a t pitch ing  and  rolling diagram s 
shou ld  be taken  by m eans o f  a  com bined ro ll and  pitch 
recorder w hich functions by electrically driven gyroscopes. 
T he  u n it was kindly len t fo r the last voyage by th e  N ational 
Physical L abora to ry , Ship D ivision, T eddington. N o 
diagram s w ere taken  during  the tw o first voyages.

T he roll and  pitch recorder d id  n o t give any trouble  during 
th e  voyage, a lthough  it  w as n o t possible to  ob ta in  fair roll 
diagram s.

Course.
T he course was read  from  the gyro-com pass.

Rudder Angle.
In  o rder to  keep the ship on her course the helm  was con

stan tly  used by th e  quarterm aster. D uring  the tim e a series 
o f  p ropulsion  da ta  were collected; th e  extrem e angles to  p o rt 
a n d  starboard , th rough  w hich th e  ru dder w as m oved, were 
observed. W eather tables gave fo r each series o f  p ropulsion 
different data , such as the  dry and  w et tem perature o f  air, 
tem perature  o f  sea w ater, barom etric  pressure, sta te  o f  the 
sea, any in term itten t occurrences, v ibrations, etc. T he usual 
sh ip’s instrum ents perm itted  quite satisfactory m easurem ents. 
By elem entary geom etry the tru e  w ind speed and  direction 
can  be calculated from  relative w ind speed, relative wind 
direction , and  the sh ip’s speed. T he da ta  are  given in the 
tables, together w ith th e  equivalent B eaufort num bers fo r 
w ind  force. A  separate  colum n in the tables gives the w ind 
force in  B eaufort num bers as taken  from  th e  deck log. D eck 
officers, each hour, estim ated an  average w ind force; this 
estim ation  w as usually  based upon  th e  state o f  the sea. I t  is 
n o t w ithou t in terest to  com pare the force o f  the w ind as 
m easured  by the anem om eter w ith the expressions o f  opinion 
o f  the  deck officers. O ne will rem ark  th a t there are  possible 
discordances in  the tables. N evertheless, the w riter wishes to 
express his deep appreciation  o f  a ll th e  in form ation  o f  a 
nau tica l character th a t he has been able to  gather from  the 
m aster and  officers o f  the s.s. Tervaete.

Fuel and S team  M easurement.
T he necessary appara tu s had  to  be installed for the correct 

determ ination  o f the efficiency o f  the pow er p lant. I t  w ould 
have been preferable to  determ ine feed an d  fuel by weight. 
T he  accurateness o f  m easurem ent w ould have gained. Place 
w as n o t available fo r the installation  o f the tanks w hich these 
opera tions w ould  have required, so the  m easurem ent o f  the 
quan tities o f  fuel, w ater, and  steam  h ad  to  be by m eans of 
flowm eters. T he advantage o f th is m ethod  resides in  the 
possibility o f  m aking p roper m easurem ents w ithout being 
deranged  by th e  ship’s m otion, w hich always exists on  the 
h igh seas to  a greater o r lesser degree. T he arrangem ent o f 
the piping w ould have m ade the installation  o f  separate flow
m eters fo r the tw o boilers very com plicated. A s a result, 
i t  becam e necessary to  m easure the efficiency o f  the tw o

boilers together. A  com plication  resides in  the fact th a t one 
is obliged to  tak e  the m ean tem peratures an d  steam  pressures 
a t leaving the boilers as well as the m ean  o f  the tem peratures 
o f  the sm oke an d  o f  its C O , C 0 2 an d  0 2 conten t. A s loads 
a re  n o t equalized betw een units, there  m ay be  a n  error. 
As the differences betw een the tw o readings a re  slight, the  
erro rs resulting from  th e  use o f  these m eans a re  considerably 
reduced. T he principal flowm eters a re  those  m easuring  the 
feed (A) installed between turbine-driven feed-pum p and  
boilers, th e  m eter m easuring superheated  steam  flow (B) to  
tu rb ine, and  th e  m eter m easuring superheated  steam  flow (C) 
to  tu rbo-generators. D esuperheated  steam  flow is calculated  
by the difference A  — (B +  C). B led steam  is also m easured 
by a flowm eter. M easurem ents taken  from  th e  flowm eters 
m ake it possible to  calculate the efficiency o f  the m ain  turbine 
an d  o f the group tu rbo-generators. A s it  is an  in teresting  
feature to  know  exactly the  m ake-up w ater in troduced  in to  
the feedw ater circuit, a  flowm eter gives the indication .

Because o f  the varying load  o f  the engines the flowmeters 
are  equipped w ith in tegrating  devices. I t  w ould  have been 
im practicable to  a rrange fo r the m easurem ent o f  every 
quan tity  an d  tem peratu re  th ro u g h o u t th e  en tire  w ater and  
steam  circuits. T he basic purpose  was th e  calcu lation  o f 
the efficiency o f  the bo iler-turbine unit.

U se was m ade o f  ships’ therm om eters an d  gauges. N o 
extra therm om eters o r pressure gauges w ere installed, w ith the 
exception o f  one therm om eter a t  the exit o f  the econom izer o f 
one boiler, because it w as w orth  w hile know ing th e  efficiency 
o f this p a rt o f  the boiler, an d  one m ercury vacuum -gauge in 
o rder to  have an  accurate m easurem ent o f  the vacuum  o f the 
condenser. T he flowm eters a re  head-m eters consisting o f  tw o 
units, a  prim ary  device th a t p roduces a  “ differential h ead ” o r 
pressure difference and  a  secondary device fo r m easuring  the 
differential head. Pressure difference is given by a  thin- 
p late , sharp-edged orifice. T he m easuring device is a  m an o 
m eter w ith tim ing u n it fo r in tegration  an d  gives as well 
instan taneous flow as quantity .

These flowm eters w ere m anufactured  by E ckhard t. The 
usual ships’ fuel oil m eter gives th e  fuel consum ption, 
together w ith  settling ta n k  soundings. I t  was p lanned  tha t 
accurate  m easurem ents o f  th e  fuel oil consum ed could  be 
based on  frequent settling ta n k  soundings, as these tanks are 
correctly  calibrated . H ow ever, already during th e  first 
voyage, even in the calm  trop ical seas, it was no ticed  th a t any 
sm all m otion  o f  th e  ship was a  cause o f  d istu rbance in  the 
settling tan k  soundings. As a  consequence it w as n o t possible 
to  ob ta in  high accuracy in  fuel consum ption, except on  the 
basis o f  fuel-oil m eter readings an d  settling-tank soundings. 
D uring  a  berth ing  o f  the  ship a t A ntw erp, p rio r to  the voyage 
A ntw erp -N ew  Y ork-C openhagen , a  sm all ca lib ra tion  tan k  
w ith a capacity  o f  20 cubic ft. w as placed in  the engine-room . 
T he flow o f  fuel could  be diverted from  the fuel m eter to  the 
tan k  by the re tu rn  p ip ing  o f  one o f  th e  boilers. I t  was, 
therefore, always possible to  calib rate  th e  fuel-oil m eter w hen 
th e  ship was in p o rt o r a t anchorage.

D uring  all the sea trials use w as m ade o f  the O rsa t equip
m en t o f  the ship fo r analysis o f  gas. D uring  th e  voyage 
A ntw erp -N ew  Y ork -C openhagen  records o f  C 0 2 an d  CO 
were taken  by m eans o f  an  electric m eter (H artm an n  and  
Braun).

P a r t  II

The s.s. “ Tervaete”  Sea Trials

T he installation  o f  the m easuring equ ipm ent s ta rted  a t 
A ntw erp in  1950. T he th rustm eter was installed a t  N ew  Y ork  
by K ingsbury, and  while the  ship was in  dry-dock during the 
spring o f 1951 the m easuring equipm ent was com pleted.

T he ship then  left fo r a  voyage o f  th ree m on ths to  India. 
O u tw ard  and  hom ew ard the ship called a t  G enoa, w hich 
gave M r. van  M aanen, technical d irector o f  C eberena, the 
opportun ity  to  sail to  G enoa and  back to  A ntw erp, in  order
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to  verify th a t all th e  m easuring instrum ents were in w orking 
order. In  the m on th  o f  A ugust 1951 a  com pany o f  three 
engineers, com prising the w riter, M r. van M aanen, afore
m entioned, an d  M r. L abrique, engineer a t the S.A. Cockerill 
a t Seraing, left fo r the C ongo, w here they jo ined  the ship. 
T he first tria l voyage started  a t  M atadi on A ugust 28th and  
term inated  a t B altim ore, where th e  ship arrived on  the 
m orn ing  o f  O ctober 13th. T he ship m ade tw o long calls, 
the  first from  A ugust 29th to  Septem ber 12th, a t L uanda 
(A ngola), th e  second from  Septem ber 13th to  21st, a t L obito  
(A ngola). T hen, after shipping w ood a t B om a (Congo) from  
Septem ber 24th to  26th, she left for the U .S.A ., calling for 
fuel a t T ako rad i (G old  C oast) and  a t P o rto  G rande (St. 
V incent). T he tw o trip s along the coast o f  A ngola in a  very 
calm  sea perm itted  us to  carry  ou t a  prelim inary calibration 
o f  the P ito t log, while the long consecutive days o f  calm  
w eather in  crossing the A tlantic in  trop ical w aters was 
favourable for the exam ination  o f  the efficiency o f turbine and 
boilers. T he ship was practically fully loaded. Bad w eather 
was only experienced a t the end o f the voyage. Fig. 2 gives

th e  progressive trials on  the m easured m ile o f  Polperro  took  
place. T he following also to o k  p a rt in  these trials b u t left the 
ship a t their conclusion

M r. V an Leeuw, engineer o f  the  C om pagnie M aritim e 
Beige; M r. Eves, o f  Siemens B ros., w ho supplied the  torsion- 
m eter; D r. A llan, Superin tendent o f  the Ship D ivision o f  the 
N ational Physical L abo ra to ry ; an d  D r. V an Lam m eren, 
Superintendent o f  th e  M odel Basin o f  W ageningen. The 
aforem entioned, as well as the tw o assistants w ho accom 
panied  them , kindly assisted.

T he w riter takes this opportun ity  o f  pu tting  on  record  his 
deep appreciation o f  the kindness extended to  him  by the 
superintendents o f the m odel basins, and  o f their willingness 
to  co-operate w ith him .

U nfortunately , the w eather w as n o t very calm , and  as the 
ship had  m ade a voyage to  Ind ia  since her las t tim e in  dry- 
dock, the effect o f  fouling was noticeable.

However, the w riter insists th a t the particu lar aim  o f  these 
trials was to  ascertain  the efficiency o f  ships o f  this type under 
ordinary  service conditions. Seen from  this angle, the p ro-

Fig. 2.— W e a t h e r  d i a g r a m s

w eather experienced during the sea trials. A fter calling a t 
C hester, the ship proceeded to  N ew  Y ork  to  discharge the 
largest p a rt o f  her cargo. U nloading had  only ju s t begun on 
F riday, O ctober 19th, when th e  strike b roke ou t in the po rt 
o f  N ew  Y ork  w hich im mobilized the vessel for several weeks. 
T he research team  returned  to  E urope w ith the m . v .  Houf- 
fa lize. T he Tervaete reached A ntw erp a t the end o f N ovem ber 
and  was dry-docked on D ecem ber 4th.

A  second trial o f  short du ra tion  took  place between 
A ntw erp and  G ib ra lta r a t  the end o f 1951. The w riter and  
M r. van M aanen rem ained on  board  until G ib ra lta r was 
reached. T he ship then proceeded to  India. The trials were 
carried  ou t from  D ecem ber 17th to  20th. D uring  these four 
days the w eather was fair and  no  w eather diagram  was m ade 
fo r this voyage.

W hen the vessel re turned from  her voyage to  India, 
M arch 1952, it w as decided th a t during the next voyage, 
w hich w ould be from  A ntw erp to  N ew  Y ork, during the 
passage th rough  the English C hannel the ship w ould run 
progressive trials over the m easured m ile o f  Polperro. These 
trials w ould be o f m ore than  usual interest because they could 
be carried  o u t w ith a d raught o f  near 23 ft. These trials would 
give a certain  basis fo r others to  Jake place later, a t sea. 
Consequently, the writer, M r. van  M aanen and  a finals 
student, M r. Ingelbrecht, em barked fo r the voyage A n tw erp - 
N ew  Y ork  and  return.

T he s.s. Tervaete left A ntw erp on  A pril 9th. O n the 10th

gressive m easured-m ile trials o f  this ship under conditions 
w hich are  n o t ideal could  certainly p rocure useful inform a
tion. A fter ou r collaborators, w ho h ad  com e solely fo r the 
Polperro trials, h ad  disem barked a t P lym outh , the ship con
tinued her course to  N ew  Y ork, w here she arrived on 
A pril 20th. The re tu rn  voyage, w ith a  call a t C openhagen, 
began on M ay 1st, w ith a  d raugh t o f  20 ft. T he ship arrived 
on M ay 11th. A  sm all p a rt o f  the cargo was unloaded  and  
on  M ay 12th th e  ship set course fo r A ntw erp, w here she 
arrived on M ay 14th. The trials o f  the th ird  voyage are o f 
particu lar interest from  the po in t o f  view o f  propulsion. 
O utw ard and  hom ew ard there were w eather conditions with 
a  wind force varying in  the B eaufort scale from  0-1 to  7-8 , 
and  seas varying from  calm  to  very rough.

Exceptionally, it happened  th a t th e  swell was perfectly 
regular. I t was the case along the Portuguese coast during 
the second voyage, w hen w eather was fair. H owever, during 
the th ird  voyage, w hen m ore special a tten tion  was paid  to  the 
effect o f  w eather on  ship propulsion , ship m otions were 
recorded. W aves were m ost irregu lar and  the swell frequently 
consisted o f  groups o f waves o f  different height, a  group o f  
three o r fou r o f  exceptional height periodically appearing. 
N o statem ent o f  exceptional heights is m ade in  the tables. 
D a ta  given are m ean values. D ifferent form ulae give length 
and  height o f waves corresponding to  a  know n force o f  wind. 
A ll the form ulae are  based o n  the assum ption th a t w ind had  
blow n for a long period, say eight hours, in w hich the waves
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have developed a  regular shape. T his circum stance was 
exceptional and , as seen on w eather diagram s, no  regular 
re la tion  can  be discovered between w ind force and  the 
dim ensions o f the waves. The w riter found  an  appreciated 
guide in this m atte r in  K en t’s w o rk /1)

P a r t  III

Accuracy o f M easurem ents
A large p art o f the w ork was the calib ration  o f the instru 

ments. C alib ration  o f  the P ito t log, which was carried  ou t 
during the th ird  voyage, was achieved by using the results o f 
the progressive m easured-m ile trials. As variation  o f the 
ca lib ration  fac to r k ,  defined by form ula, actual speed =  
k  x  Pitot-log speed, was no t m ore th an  one-half o f 1 per cent 
from  a m ean value 1 0 1 5  for different speed values; this 
m ean value was retained in speed calculations for fu rther sea 
trials. H ow ever, a lthough  the P ito t log was given the m ost 
forw ard position  in the engine-room , 210 ft. from  th e  forw ard 
perpendicular, the thickness o f  the boundary  layer a t th a t 
position  was som ew hat m ore th an  3 ft., w hich is the length 
o f  the rodm eter under th e  bo ttom . T his was apparen t from  
the velocity d is tribu tion  curves A in the friction belt which 
were taken  som e days la te r; the upper p a rt o f  these curves has 
n o t a  fair vertical tangen t (Fig. 3). As velocity d istribu tion  in

k  =  0-992. A lthough n o t determ ined in as good conditions 
as fo r the m easured mile trials, th is coefficient w as taken  for 
calculations o f the first and  second voyage. O ne reason was 
an  adjustm ent o f  the log m echanism , betw een the second and  
th ird  voyage. F urtherm ore , the degree o f fouling was no t 
the sam e, w hich certainly had  an  influence on  k  value.

T he only calib ration  by dead weights w hich could  be m ade 
on  the th rustm eter was th a t o f  the gauge, w hich was done 
w ith precision between voyages. M easurem ent o f  levelling 
plates th a t equalize the to ta l lo ad  am ong the six th ru st shoes 
was done by K ingsbury as the th rustm eter was being built in. 
T he w riter did no t have an  opportun ity  to  renew this m easure
m ent la te r on. As the accurateness o f to rq u e  m easurem ents 
obtained  by m eans o f  a  to rsionm eter depends upon  the 
correctness o f zero-to rque setting, th is reading was m ade 
before and  after each voyage, an d  it was also m ade with 
special a tten tion  before and  after the m easured-m ile trials.

Z ero -to rque setting was checked by tu rn ing  th e  shaft by 
m eans o f  the  tu rn ing  engine. A t least five readings were 
m ade in each direction. I t  was sta ted  th a t as th e  ship was 
berthed, even a sm all cu rren t gives a false zero setting. A fter 
each voyage the relationship  o f  shaft an d  ind ica to r trans
form ers was also checked. T he varia tion  o f this relation  
never exceeded 1 per cent. I t  was o f  prim ary  im portance to  
know  the relationship , because the to rsionm eter constan t
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th e  boundary  layer is dependent on  the  sta te  o f  fouling o f  the 
hull, th e  ca lib ra tion  constan t 1-015 was only used fo r the 
th ird  voyage.

D uring  th e  first voyage a  prelim inary ca lib ration  was carried  
ou t a long th e  coast o f A ngola. T he ship left L uanda  for 
L ob ito  on Septem ber 12th and  re tu rned  by the sam e rou te  
on  Septem ber 21st. D rau g h t w as nearly  the sam e. T he 
sea was calm  b o th  days, cu rren t was slight and  a lthough  no t 
m easured was believed to  be practically  unchanged. T he ship 
passed several lighthouses o f know n geographical co-ordinates. 
H ence th e  speed over g round  was know n in  bo th  directions, 
an d  on  th e  basis o f  a  presum ed unchanged curren t, the  P ito t 
log could  be calibrated . T he constan t was found  to  be

was found  by calculation  and  n o t by calib ration . A s it  was 
found  to  be m ost inconvenient an d  expensive to  determ ine 
the constan t by calib ration , th e  m odulus o f  rigidity o f  the 
shaft m aterial h ad  to  be assum ed. C o o k ®  gives fo r solid 
shafts over 16 in. diam eter, tested  1945-51, a  m ean  value 
o f 11,900,000 lb. per sq. in. Coffin^) states th a t th e  calib ra
tion  m odulus fo r m ore th an  50 shafts show ed a  variation  o f 
approxim ately 2 per cent from  11,600,000. I t  is understood  
th a t these 50 shafts w ere m ostly naval shafts an d  th a t som e 
o f  them  were solid for Victory ships.

Coffin’s paper was w ritten  in the  U .S .A . ju s t a t th e  tim e 
Victory ships w ere under construction . F u rtherm ore , a  value 
o f  11,700,000 appears to  be the highest w hich is possible for
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th e  m odulus, having regard  to  the steam  da ta  obtained. 
These are th e  reasons w hich lead the w riter to  assum e a  value 
o f  G  11,700,000. W ith this value, reasonable values are 
obtained  for tu rb ine  efficiency.

C alibration  o f  the integrating anem om eter (Short and 
M ason) w hich gives a  m ean value o f  the w ind speed was 
done in  the aerodynam ic tunnel a t R hode St. G enese in  
com parison w ith a  P ito t tube.

T he ro ll and  p itch  recorder was calibrated on  th e  ship in  
P lym outh  before she crossed the A tlantic w estw ard, a t 
S taten Island on  arrival in  N ew  Y ork, before crossing the 
A tlan tic  eastw ard, and  on  arrival in C openhagen. A ll these 
calibrations show ed little  variation.

As it w as im portan t to  know  th e  correct values o f  steam  
conditions in o rder to  determ ine the efficiency o f  boilers and  
turbine, pressure gauges and  therm om eters were calibrated 
between the voyages in the laboratories o f  the U niversity o f 
G hent, the pressure gauges by dead-w eight appara tus, and  
the therm om eters by com paring them  w ith standard  instru 
m ents. A n  accurate  m easurem ent was m ade o f  the sharp- 
edged orifice o f  the  prim ary  device o f the flowm eters before 
trials started  an d  w hen they cam e to  an  end. A fter trials the 
d iam eter was ju s t th e  sam e as before. T he m anom eters for 
m easurem ent o f  the pressure difference were also calibrated.

T hough analyses o f  flue gases leaving steam -generating 
un it w ere m ade by an  electric instrum ent, correct values were 
given by O rsa t analysis.

M any sam ples o f  fuel oil were taken  from  the settling tanks 
as frequent changes in  com position were to  be expected. 
E ight sam ples w ere analysed fo r determ ination o f the specific 
gravity, viscosity, percentage o f  carbon , hydrogen, water, 
im purities insoluble in  benzol and  ash.

T he displacem ent o f the ship was calculated from  the 
recorded d raugh t fore and  a ft and  the density o f  w ater when 
leaving an d  entering port. A t any tim e o f the voyage, the 
displacem ent was calculated on a  basis o f  the fuel and  w ater 
consum ption . T he precision o f  the m easurem ents is w ithin 
the follow ing lim its o f  e rro r:—

Speed th rough  w ater:
(a) By approxim ate calib ration  o f  P ito t log fo r trials 1951:

sm ooth  w ater 2 per cen t; rough  w ater 5 per cent.
(b) By correct calib ration  on m easured mile fo r trials 1952:

sm ooth  w ater 1 per cent; rough  w ater 4 per cent.

R evolu tions: sm ooth  w ater 0 -5  per cent.
T orque: sm ooth  w ater 3 per cent.
T h ru st: sm ooth  w ater 6 per cent.
Pressure gauges: 0  • 5 per cent.
T herm om eters: m ercury, 10 F . ; pressure-gauge type, 2° F . 
F low m eters: 2 per cent.
H eat value o f  fuel oil: 0 -5  per cent.

P a r t  IV 

Analysis o f M achinery D ata
B oiler and  tu rb ine testing was conducted during  sea trials 

on all three voyages. T he aim  was to  establish the econom y o f 
operation  o f  the m achinery o f  this turbine-driven vessel, 
w ithout au tom atic  com bustion  contro l, in usual service, a t 
different pow ers, and  different displacem ents. I t  is em
phasized th a t the figures obtained are  efficiencies under norm al 
operating  conditions,, n o t an  ideal perform ance. The 
p rom inent data  are given in  Tables I to  V, T able I fo r general 
da ta  o f  pow er, fuel and  steam  consum ption, and  steam  con
d itions; T able II  fo r boiler d a ta ; T able II I  for fuel analysis; 
T able IV for turbine d a ta ; and  T able V fo r auxiliaries data. 
F uel rates are  corrected  fo r a  high heat value o f  fuel o f 
18,500 B .Th.U . per lb. As pow ers o f  widely different values 
were obtained during the voyage C ongo-A m erica w hen the 
ship had, during a  long period, continuous fine w eather, the 
da ta  o f this voyage were taken  in  o rder to  calculate the 
efficiency o f  the steam  generating units. T he dura tion  o f 
boiler tests was norm ally six hours. R eadings o f  gauges,

therm om eters, vacuum -m eter, flowm eters, revolu tion  counter, 
tachom eter, to rsionm eter and  O rsa t appara tu s were m ade 
every half-hour during th e  trials. T he efficiency was cal
culated  fo r th e  boilers taken  together. T able  I gives m ean 
values o f  steam  conditions, superheated  steam  conditions 
being taken  a t  the ou tle t o f  th e  superheater. F o r  each day, 
the  m ean value was calculated from  the m ean  values over 
six hours o f  tem perature  and  pressure o f  steam  o f s tarboard  
boiler and  p o rt boiler separately. M ean  values differ bu t 
slightly for starboard  and  p o rt boilers. The largest difference 
was 6 lb. per sq. in. and  16° F . and  they d id  n o t occur on 
the sam e day. D ue to  a  disparity  in  b o th  boiler loads these 
differences have an  influence on  the steam  conditions a t  the 
th ro ttle  valve, bu t no t large enough to  produce a  noticeable 
discrepancy in  the value o f the energy o f  the to ta l steam . I t 
has been verified fo r each day th a t th e  steam  conditions a t 
th ro ttle , w hich were also read , differ b u t slightly from  the 
m ean values as calculated above.

As an  example, for the tria l o f Septem ber 27th, 1951, when 
the m ean pressures of, respectively, s ta rboard  and  p o rt boilers 
differed 6 lb. per sq. in ., pressures an d  tem peratures were, 
respectively, for the s tarboard  boiler 437 lb. p e r sq. in. and  
710° F ., an d  fo r the p o rt boiler 443 lb. per sq. in. an d  702° F .

A ssum ed pressures and  tem peratures fo r b o th  the steam  
generating units are the m eans o f  them , viz. 440 lb . per sq. in. 
and  706° F.

A t the th ro ttle  valve, pressures and  tem peratures were 
434 lb. per sq. in. and  704° F .

As these falls in pressure an d  tem peratu re canno t be 
neglected, it seems m ore correct to  take  a  m ean  value for 
s ta rboard  and  p o rt ra ther th an  take  th e  conditions a t the 
th ro ttle . C alculation o f the m ean  heat loss betw een boilers 
and  turbines, boilers a t superheater outlet, tu rb ines a t inlet 
high-pressure un it, leads to  less th an  1 per cent.

T he calculation o f  efficiency o f generating units was based 
upon  the analyses fo r fuel oils.

O rsat analysis fo r b o th  boilers show ed low  C 0 2, high 0 2 
an d  no CO. N 2 was assum ed to  be th e  balance. Sm oke was 
white, excess o f  a ir was large. F o r  full pow er 8,000 shp 
forced d raught was norm ally 3 -4  in. w ater, w ith 2 in. w ater 
in  furnace an d  —0 -2 in. w ater in  uptake. F o r  the sam e 
pow er, fuel oil pressures varied during th e  first voyage from  
130 to  160 lb. per sq. in. and  tem peratures from  185 to  195° F . 
D uring  the follow ing voyages pressures varied from  220 to  
245 lb . per sq. in ., w ith  tem peratures varying from  200 
to  205° F .

C alculations were m ade in  th e  usual w ay o f  the efficiency 
o f  the steam  generating system. Efficiency is calculated  on  a 
basis o f  high heat value o f fuel oil and  heat absorbed  by 
superheated steam  and  desuperheated  steam  in ou tle t con
ditions. T he O rsat analysis leads to  th e  determ ination  o f  the 
losses in dry flue gases, and  w ater per cent in fuel, to  the 
determ ination o f  loss due to  th e  evaporating  and  super
heating o f  this m oisture. T he w ater v apou r in  the a ir is 
obtained from  dry and  wet bulb  therm om eters. T able VI 
leads to  th e  determ ination  o f  loss due to  m oisture in  the a ir ; 
hydrogen conten t in  fuel leads to  determ ination  o f  loss due 
to  w ater from  com bustion  o f the  hydrogen. Subtracting  from  
the heat inpu t in  the fuel, the  sum  o f  the heat absorbed  by the 
steam  and  th e  calculated losses, leads to  losses due to  rad ia 
tion  and  u n bu rn t hydrocarbons, know n as unaccounted  for 
loss.

In  R . and  U . losses data  a re  fu rth er included all e rro rs o f 
m easurem ents.

I t m ay be interesting to  know  the superheater and  econo
m izer efficiencies. Before starting  fo r th e  th ird  voyage a 
therm om eter was installed a t th e  ou tle t o f  th e  econom izer o f 
th e  s ta rboard  boiler. A ssum ing the tem peratu re  to  be the 
sam e fo r b o th  econom izers, a  calculation could be m ade o f 
the ir efficiency. Such a  calculation w as m ade, in  full pow er 
condition , on  A pril 18th.

Feedw ater entering  the econom izer had  a  tem pera tu re  o f 
235° F ., leaving the econom izer a  tem peratu re  o f  290° F.
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T A B L E  I

G e n e r a l  D a t a

Date Nozzles Duration 
of test hours rpm shp Fuel cons., 

lb. per hr.

Corrected 
fuel rate, 

lb. per shp 
per hr.

Steam conditions boilers 
superheated steam

Steam conditions boilers 
desuperheated steam Steam 

cons., 
lb. per hr.

Steam rate 
total, 

lb. per shp 
per hr.

Superheated 
steam cons., 

lb. per hr.

Desuperheated 
steam cons., 

lb. per hr.
lb. per sq. in. 0 F. lb. per sq. in. ° F.

27/9 18
h
6

m.
0 i i - 1 7,526 5,150 0-680 454 706 427 487 68,170 9-05 59,310 8,860

28/9 18 6 0 77-2 7,516 5,153 0-681 457 712 428 487 68,660 9 13 59,620 9,040
30/9 18 6 0 76-9 7,466 5,005 0-684 456 714 425 487 68,270 9 1 5 59,370 8,900

1/10 15 6 0 72-9 6,205 4,366 0-718 457 711 431 485 60,580 9-76 50,890 9,690
2/10 15 6 0 72-2 6,103 4,413 0-739 456 704 428 486 60,640 9-94 51,760 8,880
3/10 13 6 0 68-4 5,315 4,048 0-777 451 687 427 482 57,830 10-02 44,830 13,000
5/10 18 6 0 7 6 0 7,387 5,102* 0-691* 459 715 428 487 65,980 8-93 57,970 8,010
6/10 18 12 0 75-8 7,317 4,957* 0-679* 458 718 430 487 67,740 9-26 57,640 10,100
8/10 18 6 0 74-6 7,193 4,807 0-669 457 721 425 487 64,430 8-96 56,350 8,080
9/10 18 6 0 75-7 7,208 4,820 0-669 458 731 427 487 64,390 8-93 56,350 8,040

10/10 18 6 0 75-3 7,167 4,788 0-669 461 725 432 487 64,200 8-96 56,170 8,030
11/10 13rf 6 0 50-5 2,143 2,388 1-116 455 678 430 480 33,870 15-80 24,530 9,340
11/10 21 6 0 78-8 8,176 5,490 0-672 459 730 427 487 70,150 8-58 64,910 5,240

21/9 13 8 45 70-5 5,480 4,167 0-755 455 680 427 487 57,870 10-06 46,285 11,585
22/9 13 7 45 70-7 5,586 4,080 0-726 454 683 427 487 58,400 10-05 46,220 12,180

* Fuel rate on 5/10 for a 3-hour and on 6/10 for a 6-hour interval only. f  13r =  13 nozzles reduced. Steam pressure figures are absolute pressure figures.

TA B L E  II 

B o i l e r  D a t a

Date Feed 
temp. 0 F.

Temp, of 
air entering 
boiler, ° F.

co 2 0 2 Fuel cons, 
lb.persq. ft.

per hr. 
heat surface

Fuel cons., 
lb. per cu. ft. 
per hr. fur

nace volume

Uptake gas temp., ° F.
Efficiency 
per cent

Losses in per cent

Port Starboard Port Starboard Port Starboard L.d.g. L.m.f. L.m.a. L.w.h. R and U

27/9 237 100 10-9 11-2 _ _ 0-450 4-26 403 403 81-90 _ 0-02 . 6-30 _
28/9 237 100 11-6 11-1 5-8 6-2 0-450 4-26 405 401 82-62 7-30 0-02 0-27 6-30 3-49
30/9 237 100 11-8 11-5 5-4 5-6 0-437 4-14 392 405 82-46 6-78 0-01 0-24 6 12 4-39

1/10 237 100 10 5 1 1 5 6-5 5-5 0-382 3-61 385 385 83-42 6-57 0-01 0-23 6-10 3-67
2/10 237 100 10-8 11-5 6-4 5-6 0-386 3-65 387 399 82-60 6-69 0-01 0-25 6 10 4-35
3/10 237 102 11-3 11-3 5-7 5-8 0-354 3-35 379 383 84-55 6-53 0-01 0-28 6-07 2-56
8/10 238 100 10-9 10-9 6-1 6-1 0-420 3-97 396 396 82-84 7-30 0-01 0-25 6-24 3-36
9/10 237 100 111 1 1 0 5-9 6-0 0-421 3-98 397 397 82-65 7-29 0-01 0-31 6-25 3-49

10/10 237 100 11-2 11-0 5-8 6 0 0-418 3-96 396 399 82-90 7-25 0 0 1 0-26 6-25 3-33
11/10 237 100 8-0 8-0 8-5 8-5 0-209 1 -97 370 352 84-76 8-69 0-01 0-35 6 16 0-03
11/10 239 99 11-6 11-7 5-4 5-3 0-480 4-54 408 415 79-74 7-30 0-01 0-23 6-29 6-43
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TABLE III
F u e l  D a ta

Date Specific gravity 
at 6 0 ° F.

Viscosity, seconds 
Redwood at 1 0 0 ° F.

Heat value high, 
B.Th.U. per lb.

Per cent 
C

Per cent 
H

Per cent 
Water

Per cent impurities 
insoluble in benzol

Per cent 
ash

27 and 28/9 0-971 3,400 18,396 85-37 10-99 0-35 0 0 8 0 0 5
30/9 till 3/10 0-953 1,320 18,900 85-20 11-00 Less than  0-10 0 0 8 0 1 3

8/10 till 11/10 0-971 3,400 18,540 85-35 11-02 0-10 0-34 0 065
10 till 14/4 0-926* 3,100 18,520 84-40 11-30 0-52 — —
15 till 17/4 0-933* 3,100 18,575 84-40 11-30 0-52 — —

18 and 19/4 0-933* 3,100 18,650 84-40 11-30 0-52 — —
2 till 7/5 0-927* 1,448 18,425 84-30 11-40 0-60 — —
8 till 10/5 0-927* 1,448 18,660 84-30 11-40 0-67

* Unlike the preceding ones, the specific gravity of the fuel oils used from 10/4 until 10/5 is determined at 200° F.

TABLE IV a 

T u r b i n e  D a t a

Date

Steam conditions

Steam cons.
turbine, 

lb. per hr.

Steam rate 
turbine, 

lb. per shp 
per hr.

Bled steam, 
lb. per hr.

Heat from steam 
in turbine, 

B.Th.U. per hr.

Heat rate, 
B.Th.U. 

per hr. per shp

Combined 
efficiency, 
per cent

Sea water 
temperature, 

° F.

Absol. cond.
pressure, 

lb. per sq. in.Inlet h.p. Inlet l.p.

lb. per sq. in. ° F. lb. per sq. in. ° F.

27/9 438 703 38-6 325 56,780 7-54 4,203 25,230,541 3,351 75-9 78 0-79
28/9 438 709 38-4 302 57,090 7-59 4,262 25,340,000 3,371 75-5 80 0-84
30/9 437 710 37-4 304 56,930 7-53 4,558 25,328,000 3,393 7 5 0 78 0-77

1/10 442 707 32-6 298 48,380 7-80 2,392 21,962,500 3,538 71-9 82 0-78
2/10 443 701 32-7 295 49,020 8-03 2,379 22,216,000 3,642 69-9 83 0-76
3/10 441 686 28-8 291 42,050 7-91 N o 19,381,000 3,644 69-8 84 0-73
5/10 439 714 37-8 306 55,235 7-47 4,223 24,320,500 3,359 75-7 80 0-75
6/10 440 715 37-4 306 54,930 7-51 3,987 24,714,000 3,378 75-3 82 0-77
8/10 438 720 37-0 306 53,690 7-46 3,877 24,238,000 3,370 75-5 82 0-78
9/10 439 719 36-6 306 53,650 7-44 3,925 24,402,000 3,384 75-2 80 0-71

10/10 444 722 37-0 306 53,820 7-51 4,035 24,873,000 3,469 73-3 79 0-65
11/10 235 674 14-8 302 22,030 10-28 N o 9,728,700 4,538 56-1 80 0-58
11/10 432 728 41-3 324 62,200 7-61 5,089 28,084,000 3,434 74-1 78 0-75

21/9 445 681 30-0 293 43,570 7-95 N o 20,781,000 3,791 67-1 72 0-53
22/9 443 682 30-0 293 43,395 7-77 N o 20,751,000 3,714 68-5 73 0-52

Steam pressure figures are absolute pressure figures.
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TA B L E  V 

A u x il ia r ies  a n d  T u r b o -g e n er a t o r  D a ta

Date
Steam cons, 
turbogener., 

lb. per hr.
Output,

kW.
Generators 
in service, 
number

Steam rate, 
lb. per kWh.

Temperature 
feed entering 

d.c., ° F.

Auxiliary pressure Auxiliary
exhaust,
10 norm, 

lb. per sq. in.

Bled steam after valve Atmospheric 
drain tank 

temperature, 
° F.

Make up feed

2 4 0  norm., 
lb. per sq. in. 1 6 0  norm. lb. per sq. in. ° F. Quantity 

lb. per hr.
Temperature 

° F.

27/9 2,531 l 112 253 169 9-9 15 0 257 214 1,191 125
28/9 2,536 108 l 23-48 112 252 164 10-0 14-9 261 212 1,290 116
30/9 2,439 107 l 22-86 112 252 166 10-0 15-3 260 212 1,279 78

1/10 2,514 109 l 23-02 112 250 164 9-5 11-1 253 212 915 82
2/10 2,740 126 l 21-74 113 251 167 9-2 11-1 249 212 1,345 84
3/10 2,785 133 l 20-94 112 251 173 9-2 N o N o 212 1,147 84
5/10 2,734 133 l 20-56 112 255 158 9-6 14-4 265 212 1,665 80
6/10 2,718 130 l 20-91 112 257 166 9-8 14-3 267 205 1,627 135
8/10 2,655 126 l 21-07 112 259 164 10-2 14-4 268 172 1,136 135
9/10 2,701 131 l 20-62 112 258 164 10-3 14-4 267 197 1,069 135

10/10 2,351 102 l 23 04 112 256 167 10-3 14-3 270 212 1,147 135
11/10 2,498 103 l 24-26 112 254 168 9-0 N o N o 212 1,692 135
11/10 2,702 127 l 21-28 112 255 171 11-3 16 9 279 212 2,095 150
21/9 2,714 — — 112 251 169 9-4 9-6 220 202 1,014 72
22/9 2,824 — — 112 251 168 9-1 9-8 220 202 1,442 72
14/4 2,159 120 l 18-00 112 243 172 9-5 10-9 260 210 — _
16/4 2,233 116 l 19-25 112 246 172 10 5 13-9 268 196 — ---
17/4 2,406 114 2 21-10 112 247 172 10-2 12-6 268 183 — _
18/4 2,344 122 2 19-21 112 247 172 11-0 15-4 270 199 — ---
19/4 2,199 114 2 19-29 112 246 172 9-2 1 1 0 253 209 — _
2/5 2,586 127 2 20-37 112 251 174 10-0 13-5 235 198 — ----
4/5 — — 2 — 112 — — — — — 209 — _
5/5 2,262 110 2 20-57 112 251 173 9-1 13-4 237 210 — _
5/5 2,191 112 2 19-56 112 251 173 12-1 18-1 268 212 — _
6/5 2,219 125 2 17-75 110 251 173 10-7 17-5 265 210 — _
7/5 2,118 108 1 19-61 112 251 170 10-4 13 1 218 212 — _
7/5 2,397 134 1 17-89 112 249 174 8-4 11-2 217 214 — _
8/5 2,149 144 1 14-93 112 248 175 12-8 16 9 266 213 — _
9/5 2,399 158 1 15-18 112 249 174 11-0 15-4 265 213 — _

10/5 2,351 142 1 16-55 112 249 174 10-0 14-8 271 213 — _
13/5 2,470 136 2 18-16 112 249 173 11-4 18-1 262 206 — --
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TA B L E  IX

P r o p u l s io n  D a t a  V o y a g e s  B o m a - B a l t im o r e  a n d  A n t w e r p - G i b r a l t a r

Observation
number

Speed,
knots rpm Apparent

slip dhp Thrust, 
100 lb.* ehp ehp

dhp

Decrease of 
propulsive 
efficiency, 
per cent

dhp
~A ~

Correc. 
dhp 

(temp, corr.)
c.

Increase of 
C s due to 

weather cond., 
per cent

Displacement
A

tonst

Loss o f 
speed, 

per cent

l 15 80 70-5 0-0086 5,319 1,122 4,347 0-818 0 0-387 5,436 1-024 0 13,750 0
2 15-85 70-7 0-0072 5,401 1,136 4,417 0-818 0 0-393 5,522 1-032 0 13,750 0
3 16-65 77-1 0-0437 7,306 1,398 5,708 0-781 3-33 0-514 7,528 1-188 6-2 14,200 1-4
4 16-58 77-2 0 0489 7,295 1,378 5,604 0-768 5-05 0-516 7,534 1-206 8-4 14,150 1-8
5 16-41 76-9 0-0560 7,254 1,399 5,630 0-776 4-18 0-507 7,470 1-225 11-8 14,300 2-6
6 15-85 72-9 0-0380 6,022 1,247 4,845 0-805 1-00 0-423 6,239 1-139 8-1 14,250 2-0
7 15-34 71-9 0-0617 5,902 1,248 4,700 0-797 2-15 0-419 6,133 1-243 18-2 14,100 5-0
8 14-47 68-4 0-0639 5,159 1,145 4,126 0-788 3-72 0-367 5,366 1-300 23-7 14,050 6-8
9 16-10 76-0 0-0622 7,170 1,443 5,696 0-795 1-87 0-494 7,411 1-275 19 6 14,500 4 -2

10 16-16 75-8 0-0566 7,099 1,443 5,720 0-806 0-53 0-491 7,361 1-256 17-3 14,450 3-7
11 15-35 74-2 0-0843 6,957 1,439 5,416 0-779 4-27 0-485 7,213 1-441 37-3 14,350 8-2
12 15-75 74-8 0-0680 6,995 1,439 5,557 0-795 2-25 0-487 7,252 1-340 27-6 14,350 5-9
13 15-65 74-6 0-0715 6,976 1,439 5,523 0-792 2-62 0-486 7,231 1-363 29-9 14,350 6-5
14 16-20 75-4 0-0490 6,992 1,428 5,674 0-812 0 0-491 7,227 1-233 14-5 14,250 3-2
15 16-30 75-7 0-0469 6,989 1,428 5,708 0-817 0 0-490 7,225 1-210 11-6 14,250 2-6
16 16-05 74-9 0-0515 6,916 1,427 5,616 0-812 0 0-487 7,135 1-257 18-4 14,200 3-9
17 16-05 75-5 0-0591 6,971 1,427 5,616 0-806 0-65 0-491 7,192 1-267 19-3 14,200 4-1
18 9-51 49-8 0-1547 2,017 672 1,566 0-777 6-64 0-143 2,084 1-772 66-9 14,130 15-1
19 9-80 50-4 0-1397 2,087 672 1,614 0-774 7-10 0-148 2,157 1-674 64-2 14,130 13-7
20 16-45 78-8 0-0762 7,933 1,477 5,957 0-751 7-16 0-561 8,174 1-342 23-2 14,130 4 -0
21 15-99 71-7 0-0132 5,808 1,170 4,588 0-790 2-58 0-411 5,748 1-035 — 14,000 —

22 16-23 75-1 0-0440 6,806 1,292 5,143 0-756 6-72 0-486 6,758 1-161 — 14,000 —

23 16-50 77-2 0-0534 7,484 1,386 5,608 0-749 7-37 0-535 7,436 1-217 — 14,000 —

24 15-10 70-1 0-0460 5,555 1,200 4,444 0-800 1-90 0-395 5,548 1-186 — 13,975 —

25 16-80 77-4 0-0388 7,505 1,404 5,785 0-771 4-20 0-540 7,565 1-179 -  - 13,895 —

26 16-89 77-3 0-0324 7,455 1,405 5,820 0-781 2-77 0-539 7,539 1-161 — 13,825

* This is propeller thrust =  thrust at thrustblock corrected for the axial component of the weight of the shafting, propeller, gear, and pinions.
t  Trim by stem: 5-33 ft. on September 21st-22nd; 1-83 ft. on September 27th-28th; varied from 5-33 ft. on September 30th to 4-58 ft. on October 3rd, from 4-75 ft. on October 5th 

to 4-33 ft. on October 11th; from 1-33 ft. on December 17th to 2 1 7  ft. on December 20th.
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T A B L E  X

Propulsion D ata Voyage P lymouth- N ew  Y ork

Observation
number

Speed,
knots rpm Apparent

slip dhp Thrust, 
100 lb.* ehp

ehp
dhp

Decrease of 
propulsive 
efficiency, 

per cent

dhp
~A

Correc. dhp 
(temp, corr.) c.

Increase of 
C4 due to 

weather cond., 
per cent

Displacement,
tonst

Loss 
o f speed, 
per cent

27 16-88 78-9 0-0535 8,009 1,539 6,372 0-796 2 35 0 654 7,887 1 319 10 3 12,245 2-2
28 16-37 75-0 0-0346 6,855 1,384 5,557 0-811 1 28 0 560 6,746 1 237 7 4 12,245 2-0
29 15-70 71-6 0-0284 5,894 1,282 4,937 0-838 0 0 481 5,803 1 206 7 1 12,245 2-3
30 11-16 49-7 0-0071 1,954 598 1,637 0-838 0 0 160 1,926 1 113 1 2 12,245 0
31 16-10 77-1 0-0757 7,748 1,468 5,797 0-748 9 42 0 643 7,785 1 517 33 6 12,044 6-6
32 13-50 70-0 0-1464 6,138 1,381 4,573 0-745 13 73 0 512 6,148 2 038 74 9 11,989 17-5
33 13-10 69-1 0-1609 5,968 1,376 4,421 0-741 10 63 0 498 5,977 2 168 90 8 11,989 19-4
34 12-30 64-3 0-1533 4,756 1,147 3,460 0-728 12 32 0 399 4,763 2 093 83 3 11,934 18-8
35 11-40 60-8 0-1701 3,883 1,003 2,805 0-722 12 98 0 325 3,889 2 146 93 5 11,934 19-3
36 15-00 73-0 0-0905 6,687 1,369 5,037 0-753 9 15 0 560 6,718 1 628 45 5 11,934 10-6
37 14-60 73-0 0-1147 6,642 1,369 4,902 0-738 10 95 0 561 6,668 1 754 56 7 11,934 12-7
38 15-70 76-5 0-0916 7,707 1,496 5,761 0-748 9 71 0 646 7,745 1 637 45 8 11,934 9-0
39 16 00 76-9 0-0791 7,626 1,491 5,851 0-767 7 11 0 642 7,639 1 531 35 7 11,874 7-0
40 15-30 75-6 0-1042 7,539 1,532 5,749 0-763 8 00 0 635 7,575 1 736 55 0 11,874 10-9
41 13-20 67-6 0-1357 5,573 1,271 4,115 0-738 11 03 0 469 5,598 1 998 75 8 11,874 17-5
42 16-10 77-5 0-0805 7,708 1,532 6,050 0-785 4 96 0 651 7,755 1 527 34 6 11,850 6-8
43 16-50 7 8 0 0-0637 7,760 1,528 6,184 0-797 2 93 0 655 7,767 1 421 22 7 11,850 4-5
44 16-70 78-0 0-0523 7,760 1,519 6,222 0-802 2 22 0 655 7,893 1 393 18 3 11,850 3-5
45 17-10 78-9 0-0407 7,766 1,496 6,270 0-807 0 45 0 660 7,738 1 278 4 6 11,760 1-0
46 17-10 78- 0-0309 7,686 1,487 6,232 0-811 0 0 654 7,635 1 261 3 2 11,760 0-8
47 16 00 71-4 0 0081 5,681 1,199 4,705 0-828 0 0 483 5,563 1 126 0 11,700 0

* This is propeller thrust =  thrust at thrustblock corrected for the axial component of the weight o f the shafting, propeller, gear, and pinions, 
t  Trim by stem: varied from 0-75 ft. on April 13th to 4-25 ft. on April 19th
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220

T A B L E  X I

Propulsion D ata Voyage N ew  Y ork-C openhagen

Observation
number

Speed,
knots rpm Apparent

slip dhp Thrust, 
100 lb.* ehp

ehp
dhp

Decrease of 
propulsive 
efficiency, 
per cent

dhp
"a "

Correc. dhp 
(temp, corr.) c.

Increase of 
C, due to 

weather cond., 
per cent

Displacement,
tonsf

Loss 
o f speed, 
per cent

48 16 65 72-7 -0 -0 1 3 3 5,739 1,152 4,704 0-820 0 0-571 5,648 1-122 0 10,050 0
49 17-07 75-8 0-0027 6,583 1,235 5,168 0-785 1-92 0-655 6,467 1-192 2-9 10,050 0-6
50 17-15 75-5 -0 -0 0 5 4 6,562 1,239 5,212 0:794 0-72 0-653 6,446 1-173 0 10,050 0
51 17-20 76-0 -0 -0 0 1 7 6,525 1,242 5,236 0-803 0 0-649 6,420 1-157 0 10,050 0
52 17-15 75-9 - 0  0001 6,537 1,239 5,212 0-797 0-37 0-650 6,432 1169 0 10,050 0
53 16-70 75-2 00169 6,543 1,265 5,180 0-792 2-26 0-656 6,386 1-264 12-4 9,975 2-5
54 17-02 76-6 0-0169 6,952 1,291 5,388 0-775 3-45 0-697 6,796 1-271 10-1 9,975 1-8
55 17-20 76-5 0-0052 6,901 1,282 5,408 0-784 1-78 0-692 6,746 1-222 2-5 9,975 0-6
56 17-07 76-7 0-0143 6,942 1,282 5,366 0-773 3-45 0-696 6,764 1-253 8-2 9,975 1 -4
57 16-50 76-4 0-0445 6,922 1,282 5,188 0-750 7-71 0-694 6,746 1-384 23-2 9,975 4-7
58 9-40 42-8 0-0279 1,272 439 1,012 0-795 4-17 0-128 1,225 1-366 5-8 9,900 5-1
59 16-30 71-5 -0 -0 0 9 0 5,632 1,165 4,657 0-827 0 0-572 5,515 1-184 7-8 9,850 1-9
60 16-10 71-4 0-0019 5,626 1,170 4,618 0-821 0 0-571 5,528 1-231 13-8 9,850 3-2
61 17-35 78-8 0-0255 7,786 1,442 6,092 0-782 1-22 0-790 7,736 1-377 13-7 9,850 2-0
62 16-50 78-4 0-0688 7,751 1,458 5,898 0-761 6-27 0-793 7,590 1-578 42-1 9,775 6-6
63 15-83 75-9 0-0771 6,656 1,362 5,287 0-794 3-13 0-681 6,517 1-535 42-5 9,775 8-2
64 16-10 75-9 0-0614 6,723 1,346 5,314 0-791 3 -12 0-688 6,606 1-448 33-8 9,775 6-9
65 5-40 39-0 0-3871 1,123 418 554 0-493 — 0-115 1,100 6-541 — 9,735 44-2
66 9-10 52-0 0-2254 2,492 715 1,596 0-640 22-85 0-256 2,441 3-034 139-1 9,735 27-7
67 14-60 71-3 0-0942 5,864 1,189 4,257 0-726 12-32 0-602 5,751 1-731 59-6 9,735 13-2
68 16-50 76-0 0-0391 6,835 1,313 5,314 0-777 4-26 0-702 6,736 1-405 26-5 9,730 5-0
69 17-00 79-5 0-0535 7,773 1,456 6,068 0-781 2-77 0-799 7,661 1-461 26-8 9,730 3-9
70 17-05 79-3 0-0483 7,806 1,437 6,008 0-770 3-87 0-807 7,707 1-463 26-4 9,670 3-8
71 17-30 79-3 0-0344 7,785 1,419 6,021 0-773 2-47 0-805 7,685 1-397 15-6 9,670 2-4
72 17-40 79-4 0-0300 7,681 1,419 6,054 0-788 0 0-794 7,583 1-354 11-2 9,670 1 ■ 6
73 17-60 79-3 0-0177 7,649 1,408 6,077 0-795 0 0-793 7,514 1-299 3-7 9,650 0-3
74 17-00 78-8 0-0451 7,552 1,408 5,905 0-782 2-55 0-785 7,443 1-406 20-5 9,620 3-7

* This is propeller thrust =  thrust at thrustblock corrected for the axial component o f the weight o f the shafting, propeller, gear, and pinions, 
t  Trim by stern: varied from 5-5 ft. on M ay 1st to 4 ft. on May 10th.
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SEA T R IA L S  O N  A  V IC T O R Y  S H IP , A P3, IN  N O R M A L  M E R C H A N T  SER V IC E

U ptake tem peratures were 387° F . fo r starboard and 394° F . 
fo r port. Separate efficiences w ere: fo r the econom izer 4 per 
cent, fo r the superheater 1 1  per cent, taken on the basis o f  high 
heat value o f  fuel oil. H igher tem peratures at outlet econo
m izer, hence higher efficiency, were obtained at reduced pow er 
conditions. C alculation o f  superheater efficiency is m ade on 
the basis o f  the fu ll quantity o f  steam leaving the superheater. 
T h e perform ance o f  the steam  generating system  is given by 
F ig . 4, which shows an efficiency o f  83 per cent at norm al load.

T ab le  IV  contains all data relative to turbine efficiency. 
T h e data are given fo r a ll the voyages. Steam  conditions are 
at the inlet o f  the high-pressure turbine, at the inlet o f  the 
low -pressure turbine, and at the inlet o f  the condenser. A s 
there w as subcooling in the m ain condenser during the third 
voyage, this figure, together with inlet and outlet tem peratures 
o f  cooling water, are given fo r this voyage.

In  order to obtain the correct com bined efficiency and the 
correct steam rate o f  the turbine, it is recom m ended operating 
non-bleeding and non-induction. H ow ever, as bled steam  is 
measured and a perform ance in usual service should be 
calculated, the figures aforem entioned were calculated under 
norm al conditions. T h e isentropic drop o f  the bled steam 
from  inlet low -pressure turbine to condenser pressure is then 
subtracted from  the isentropic drop o f  the total steam  from  
inlet high-pressure turbine to condenser pressure. The 
difference is called in T ab le  IV  “ heat from  steam in turbine.”  
Turbine shp divided by this difference leads to the com bined 
efficiency, with gears, o f  the turbine. T his value is sufficiently 
close to the com bined efficiency non-bleeding.

T he perform ance o f  the turbine is given by F ig . 5, which 
show s a com bined efficiency o f  75■5 per cent and a corrected 
fuel rate, all purposes, o f  0 -676 lb. per shp per hour at norm al 
pow er. The superheated steam fo r the turbo-generators and 
the desuperheated steam  fo r a ll the other auxiliaries are 
together in excess o f  som e 20 per cent on the steam  consum p
tion o f  the turbine at norm al load. This is clear from  the 
curves o f  the steam rate o f  the turbine and the steam rate, all 
purposes. It is som ewhat difficult to get a consistent curve 
fo r bled steam  because this figure depends to a  considerable 
degree on the routine o f  the operators. A t  norm al power, 
a usual figure is 4,000 lb. per hour. The consum ption o f  
lubricating oil fo r all purposes w as, throughout the whole 
o f  the first voyage, 2 -6  gallons U .S .A . a  day. (1  gallon 
U .S .A . =  3 -7 8 5  litres.)

T he data fo r the auxiliaries are given in  T ab le  V . T he 
figures o f  generator load  are varying  from  10 2  to 158  kW . 
T h ey are w ell beneath the 225 kW . given in the design as a  
norm al load  fo r one generator. Steam  rate is given in F ig . 6. 
1 7 - 5  lb. per kW . per hour is the low est figure fo r an output 
o f  13 0  kW . It is seen in F ig . 6 that the steam  rate o f  the 
turbo-generators depends in a large  m easure upon m ain
tenance o f  the group and routine o f  the operators. A  better 
vacuum  obtained during the third voyage undoubtedly led to 
a  low er steam  rate, but that alone does not explain the large 
difference. T he influence o f  a  better vacuum  due to low  
sea w ater tem peratures is stated in F ig . 5 where, fo r 18  open 
nozzles, a higher output could  be obtained in  cold  w ater, 
corresponding with a better steam  rate.

P a r t  V  
Analysis o f Propulsion Data

Propulsion efficiency is determ ined in a  different w ay from  
that o f  engine efficiency. W hereas fo r the latter means are 
calculated fo r usually 6-hour trials, in order to determine 
propulsion efficiency, readings o f  torque, thrust, rpm, speed, 
w ind force, ship’s course, barom etric pressure, tem perature 
o f  a ir and water, as w ell as the estim ation o f  w ave data, were 
m ade on every occasion that a  change in weather conditions 
or rpm occurred. Circum stances did not perm it o f  a ll these 
readings being taken sim ultaneously, as w ould have been 
desirable fo r a  correct calculation o f  propulsion efficiency. 
The time taken by each o f  the three observers in collecting 
a ll the data during each observation w as approxim ately h a lf

an  hour. It  w as unlikely that weather and state o f  the sea 
w ould change before that time elapsed.

Tables V I, V II , and V II I  give w eather data fo r the three 
voyages. W ind force and w ave dim ensions are plotted in 
diagram s (F ig . 2), which show  variation  o f  w eather during the 
three voyages B o m a-B altim o re , P lym outh -N ew  Y o r k  and 
N ew  Y ork-C o p en h agen . A s  readings were m ade only by 
day, it w as assum ed that w eather did not change exceptionally 
during the night. N o  diagram  w as m ade fo r the vo yage 
A n tw erp-G ib ra ltar. The weather rem ained generally fine.

Owing to squalls it w as usually difficult to read the w ind 
force by cup-anem om eter. A s  the w ind rem ained m ore or 
less steady between the squalls, an average o f  that steady 
wind w as read. The anem om eter with counter gives an 
average. The true wind speed was obtained by calculation 
and com pared with the wind force B eau fort as given by the 
deck log. G enerally , the data are close, the tendency o f  the 
ship ’s officers being rather to over-estim ate the wind force. 
Form u lae exist which show a relation between dim ensions o f  
w aves and recorded wind speed. These form ulae assum e a 
steady wind o f  m any hours. H ow ever, the w ind w as rarely 
steady, as w ell in force as in direction, therefore the length 
and the height o f  the w aves as given in the tables are often 
not in agreem ent with recorded wind force. On account o f  
this it is very difficult to give figures o f  pow er increase plotted 
on wind force. O n the other hand, though the state o f  the 
sea w as often confused, series o f  w aves o f  well-defined length 
and height could be frequently observed.

The author did not have an opportunity to m easure the 
propeller pitch, so design pitch w as introduced into calcu la
tions o f  slip. The obtained propulsion data are given in 
Tables IX , X , and X I . A s  distance records o f  the Pitot log 
were not alw ays reliable, frequent measurem ents o f  the 
instantaneous speed had to be m ade fo r each observation 
num ber, especially in  rough w ater, and a m ean value is given 
in the tables.

T he transform er o f  the torsionm eter, clam ped on the shaft 
at the end o f  the tunnel, gives a  m easured shp w hich, m ulti
plied by the factor 1 0 1 5 ,  is the engine output shp, and 
m ultiplied by the factor 0-985 is the pow er delivered to the 
propeller dhp. These figures o f  shaft losses are lo w ; how ever, 
they are in agreem ent with the figures adopted at the T an k  
Conference o f  Paris, 1935 .

E h p  is derived from  recorded thrust and speed with intro
duction o f  a thrust-deduction coefficient, which according to 
the form  o f  the hull, is assum ed to be 0 ■ 20. H ence the actual 
propulsive efficiency ehp/shp can be calculated fo r  a given 
observation.

F rictio nal resistance is a  large part o f  total resistance 
and is dependent on tem perature, so dhp has to be corrected 
to a  uniform  sea-water tem perature o f  59° F .  F o r  the first 
vo yage w hich occurred in  tropical w aters the correction is 
substantial. The correction adopted is that o f  the 19 35  Paris 
Conference.

A  diagram  o f  corrected dhp plotted on speed gives fo r three 
different displacem ents o f  the ship the m eans to obtain the 
effect o f  weather on ship ’s speed (F igs. 7 , 8, 9).

The diagram  is basic fo r a ll further calculations. A  true 
com parison requires elim ination o f  the effect o f  change in 
draught which occurs day by day during each voyage. F o r  
each observation the value o f

dhp x  4 2 7 - 1
Cs ~  A * x  V3

is w orked out from  the m easured data. F ro m  the observa
tions made, on a sm ooth sea and in fine weather, a  basic curve 
results fo r each voyage, which gives fo r a  known displacem ent 
the dhp values in calm  conditions, plotted at speed.

T he increase o f  pow er due to weather is then w orked out 
in the fo llow ing m anner. F o r  each observation and a know n 
speed the basic curve calm  conditions gives a dhp, and a 
new Q  is then w orked out but in calm  conditions. T h at C , 
is alw ays low er than the actual C , fo r the observation num ber.
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B y  dividing both Cs values an increase o f  C s is obtained, hence 
our increase in pow er which gives the effect o f  weather alone.

Instead o f  estim ating weather influence by an increase o f 
pow er required, a  loss o f  speed can be calculated. The dhp 
values o f  F igs. 7 , 8, 9 then have to be corrected fo r dis
placem ent in order to com pare them with the dhp values 
sm ooth. A  rough estim ation o f  the pow er required for 
w ind forces 4 and 7 o f  the B eaufort scale is given in F ig s. 7, 
8 , 9, assum ing that the wind has blown fo r at least 8 hours 
to assure that the state o f  the sea corresponds to the wind 
force and that the vessel is running directly into the wind. 
T h e relation between fuel consum ption per day and speed in 
ca lm  weather is also given in F igs. 7, 8, 9.

In  the sam e m anner, the loss o f  propulsive efficiency, due 
to weather effect, is calculated. F igs. 7, 8, 9 give basic 
curves ehp/dhp in calm  sea conditions fo r the three dis
placem ents. F o r  each observation, ehp/dhp is com pared with 
ehp/dhp calm  sea at the sam e speed.

D uring the trip L o b ito -B o m a o f  the first voyage and the 
vo yage A n tw erp -G ib ra ltar, weather w as generally fine. The 
observations during these days were useful in establishing the 
basic curve in  calm  weather fo r a displacement o f  13 ,75 0  tons, 
which w as nearly the displacem ent during the voyages 
C o n g o -U .S .A . and A n tw erp-G ib ra ltar (F ig . 7). In  the range 
-of ship’s speeds, 15  to 17  knots, several observations in calm  
or nearly calm  are available, but fo r low  values o f  speed only 
the observation num bers 18  and 19  can aid , which were made, 
unfortunately, in bad weather. A lthough reference can be 
m ade to observation num ber 30 o f  the voyage P lym outh- 
N ew  Y o r k  and observation num ber 59 o f  the voyage N ew  
Y o rk-C o p en h ag en , provided corrections are adduced fo r the 
draught w hich w as not the same, the low er part o f  the curve 
o f  F ig . 7  is som ewhat questionable.

The s.s. Tervaete w as dry-docked from  February 23 to 26, 
19 5 1 .  H er shell p lating was covered from  bottom  to 16-ft. 
draught with one coat o f  anti-corrosive and one coat o f  anti- 
fouling, and between waterlines 16  ft. and 24 ft., respectively, 
light and loaded, w ith one coat o f  boot-topping. She left 
A ntw erp  fo r a  vo yage o f  three months to India and E ast 
A frica , cam e back to Antw erp on Ju n e  22nd, and left fo r a 
vo yage o f  fo ur m onths, A n tw e rp -U .S .A .-C o n g o -U .S .A .-  
Antw erp. T ria ls  were carried out on the voyage westward 
C o n g o -U .S .A ., and after that long voyage the vessel w as dry- 
docked on D ecem ber 4th. A lthough the vessel cam e back 
fro m  a vo yage to India, she w as not really dirty. T he aspect 
o f  the shell plating w as as fo llo w s: the shell plating was 
covered with sm all barnacles to -jV in. in diameter, to 
-Jg: in. high, generally w ith a  density o f  10  per cent. There 
w ere a  few  patches 10  sq. ft. with barnacles i  in. in diameter, 
Tz in. high and with a  density going up to 100 per cent. 
There were m any scales o f  rust, to |  in. h igh ; at the bow 
som e scales being thicker, up to in. and com ing off. A lso , 
there were num erous indentations h a lf an inch high, excep
tionally 1 to 1 • 5 in. N o t much time was availab le fo r cleaning 
and painting the ship’ s plating and the season was not 
favourable to a  perfect cleaning. T he ship w as dry about 
4 p.m ., when darkness fell, and cleaning and painting had to 
be carried out in less than 24 hours. C leaning w as done by 
night. T h e shell p lating received one coat o f  antifouling from  
the bottom  to 16  ft. draught and from  16  ft. draught to 24 ft. 
draught one coat o f  boot-topping.

C om pared with the values o f  Cs obtained during the C ongo 
voyage the decrease o f  Q  fo r the voyage A n tw erp -G ib ra ltar 
w as not w orth mentioning. T he ship cam e back to Antw erp 
after a  three m onths’ vo yage to India and E a st A frica . The 
vessel left A ntw erp again fo r N ew  Y o rk . A  series o f  trials 
were carried out in A p ril and M ay  1952. A s  during this 
voyage the ship m ade her m easured-m ile trials at Polperro on 
A p ril 10 , 19 52 , the plating between light and loaded  water- 
lines w as exam ined after the trials at N ew  Y o rk . T h e aspect 
w as as fo llo w s: sm all barnacles to -g in. diam eter, -£g in. 
high, and serpulas 1 in. long, generally with a  density o f  
30 per cent, but 30 to 50 per cent near the stern, and m any 
scales o f  rust to -g in. high.

The ship ’s plating w as rather rough, due fo r a large part 
to the voyage to India and E ast A frica . T h e results o f  the 
measured-m ile trials are given in A ppendix I. These results, 
per group o f  four runs, are also given in the propulsion data, 
the fo ur groups having observation num bers 2 7 ,2 8 ,2 9 , and 30. 
W eather data fo r these special trials are also given in A ppen
dix I. The results are m ost valuable because they give a 
reliable value o f  speed and are an  opportunity fo r the calibra
tion o f  the Pitot log. T hough w eather w as not fine, especially 
in the m orning, they are also useful fo r the determ ination o f 
the curves dhp sm ooth w ater, plotted at speed. W eather was 
fine during a couple o f  days after the Polperro  trials on 
A p ril 18th  and 19th. Plotted under the curve o f  the Polperro 
results they lead to the dhp curve sm ooth w ater. It is stated 
that Polperro weather effect w as an increase o f  C„ hence an 
excess o f  pow er o f  som e 10  per cent.

The com parison o f  C s sm ooth fo r a  given speed during 
different voyages shows the effect o f  fouling. A t  a  speed o f  
16  knots and a displacem ent o f  14 ,000 tons, the vessel, im 
m ediately after cleaning and painting, D ecem ber 19 5 1 , had 
a  C s nearly one. D u rin g  the vo yage  C o n go -A m erica  in 
19 5 1 , ju st before docking, fo r a  displacem ent o f  13 ,7 5 0  tons 
Cs =  1,047. A fter the Ind ia voyage in the spring o f  19 52  and 
during the P lym outh-N ew  Y o r k  voyage, fo r a displacem ent 
o f  1 1 ,7 0 0  tons, C s =  1 ,12 6 , and during the N ew  Y o r k -  
Copenhagen voyage, w ith a  displacem ent o f  10 ,050  tons, 
Cs =  1-0 8 2 .

The excess o f  pow er due to fouling that occurred during 
the India voyage o f  19 52  is im portant. T his result is som e
w hat surprising com pared to the sm all gain  obtained by 
cleaning and painting after the Ind ia vo yage 19 5 1 ,  fo llow ed 
by a  vo yage to A m erica and the C ongo. Further, the ship 
was eight years old and that again requires another excess o f  
pow er as com pared with a  newly built hull.

The effect o f  weather is given by a  series o f  diagram s 
resulting from  the propulsion data. F ig . 10  shows the 
relation between increase o f  C s and w ave height, F ig . 1 1  the 
relation between loss o f  speed and w ave height, F ig . 12  the 
relation between loss o f  ship speed and w ind speed, assum ing 
that waves are within ten degrees o f  either bow , and have 
dim ensions corresponding to wind force. Separate curves 
are drawn fo r the m ean displacem ent o f  the voyage N ew  
Y ork-C o p en h agen , the ratio  dhp/A fo r the displacem ent 
being rather large com pared with other voyage conditions.
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F ig .  1 2 .— R e l a t i o n  f o r  w a v e s  a h e a d  b e tw e e n  lo s s  o f  speed
AND W1NDSPEED

T h e b lock coefficient w as 0-666 fo r  the voyages o f  19 5 1 , 
0 -6 53  fo r  the voyage P lym o uth -N ew  Y o rk , and 0 -642 fo r the 
voyage N ew  Y o rk-C o p en h ag en . It w as only possible on one 
voyage, P lym o uth -N ew  Y o r k  and N ew  Y o rk-C o p en h agen , 
to record ship m otions. D a ta  are given in T ab le  X II I .  N either 
yaw in g nor dipping were recorded. T h e m otion consists o f 
tw o separate periodic oscillations, one in the ship’ s natural 
period and one in the period o f  encounter. T he vessel m oves 
in cycles o f  long period in w hich the tw o oscillations alter
natively cancel out and augm ent each other. T he m axim um  
am plitude o f  each cycle is stated in the table, but as the 
dim ensions o f  w aves vary , som e cycles give higher am plitudes 
than others. A  m axim um  m axim orum  is noted in the table. 
T h at cyclic m otion is better shown by pitching diagram s than 
by ro ll diagram s. R o ll am plitude w as undoubtedly much 
larger than shown by the diagram s and given in the table. 
D uring heavy ro lling o f  the ship, as recorded by the ship’s 
clinom eter, the roll recorder showed rather sm all am plitudes. 
Fortunately, unless am plitudes are very large, the effect o f  
rolling on propulsion is not im portant.

U nlike ro ll diagram s, pitch diagram s were fair and som e 
o f  them have been analysed in  A ppendix  II .

T he pitch and ro ll am plitudes, noted in the table, are taken 
as out to out.

F ig . 1 3  shows the relation between loss o f  speed and pitch 
am plitude; F ig . 14  the relation between loss o f  speed and 
period o f  encounter o f  waves.

T he calculated natural pitching period o f  the ship was 
6-78 sec. on A p ril 1 4th fo r the passage w estw ard and 6 • 69 sec. 
on M ay  7th  fo r the passage eastward. W hen the period o f  
encounter approaches the ship ’s pitching period, the m axim um

F ig .  1 3 .— R e l a t i o n  b e tw e e n  lo s s  o f  speed  a n d  m axim um  p itc h
ANGLE

F ig .  14.— R e l a t i o n  b e tw e e n  lo s s  o f  speed  a n d  p e r io d  o f
ENCOUNTER

angles o f  pitch are alw ays large and loss o f  speed increases 
to a considerable extent.

It is difficult to give a  correct value fo r w hat is com m only 
called the m argin o f  pow er o f  a ship.

C alculating fo r the different voyages day by d ay the increase 
o f  Cs due to weather effect, a  m ean value o f  the increase o f  
pow er due to weather is fo u n d :—
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19  per cent fo r the voyage St. V incent-Baltim ore (end o f 
Septem ber, beginning o f  October).

32  per cent fo r the voyage P lym outh-N ew  Y o r k  (April).
24 per cent fo r the vo yage N ew  Y ork-C o p en h agen  (M ay).
28 per cent fo r the com bined voyage Plym outh-N ew  Y o r k -  

Copenhagen.
It  w ill not be fa r  from  the truth to assum e that the voyage 

C o n g o -U .S .A ., as w ell as the voyage P lym outh -N ew  Y o r k -  
Copenhagen, took  place in weather conditions which m ay 
be considered as average conditions fo r these routes. A s  the 
vessel reduced her speed o f  17  knots in w aves ahead o f  10  ft. 
in height, in order to save the hull, it is alm ost hopeless to try 
to find a correct value o f  w hat should be the increase o f  pow er 
needed to m aintain her speed on a  definite route in varying 
weather conditions.

The author is w ell aw are o f  the fact that it is extrem ely 
difficult to ascertain fouling and weather effect on the basis o f  
results obtained with one single ship and fo r that one ship 
with only three voyages. H e hopes, however, that the 
analysis o f  voyages on two typical routes o f  one typical ship 
m ay aid  in the direction o f  arriving at standard averages.

On the other hand, as stated in the Introduction, it w as o f 
prim e im portance fo r this investigation to have m easured-mile 
data com pared with results o f  m odel experim ents. D r. A llan  
m akes the com parison in A ppendix I.
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Appendix I
Report on Ship-Model Correlation Experiments made in 
connection with the Measured M ile Trials o f s.s. “ Tervaete”

The m odel hull N o . 3297, m odel screw N o . S .6, and the 
m odel rudder and stern fram e were m ade in accordance with 
drawings prepared by the builders o f  the vessel, the C aliforn ia

Shipbuilding C orporation  o f  L o s  A ngeles. T he m ain dimen
sions o f  the hull and screw are given in T ab le  A .

The m easured mile trials o f  s.s. Tervaete were carried out 
on Polperro M easured M ile  on A p ril 10 , 19 52 , in m oderate 
weather with the vessel fo ur m onths out o f  dock. A  sum m ary 
o f  the trial data, and certain additional voyage data, are 
given in Table E . W ind speeds were m easured by anem om eter 
during the trials and these data were used to reduce the trial 
results to still a ir conditions. N o  attem pt w as m ade to 
correct fo r disturbed water. The m odel tests were carried out 
subsequently so that the correct trial draught could be adopted. 
M odel tests were also carried out fo r the original designed 
draught o f  28 ■ 0 ft.

Resistance and propulsion experim ents were carried out 
with the m odel fitted with a standard trip-w ire 0 -036  in. 
in diam eter girthing the m odel at Station 9i. T h e results o f  
the resistance experiments are  given in T ab le  B  in the form  o f 
resistance coefficient (C) and o f  E ffective H orse Powers. 
These were calculated by the use o f  R . E . F ro u d e ’s skin 
friction data and corrected to 59° F .  ( 15 °  C .).

Propulsion experiments were carried out over a  range o f  
speeds covering the range o f  the trials. A t each speed a range 
o f  thrust loading w as covered. The results given in T able C  
correspond to a loading 10  per cent above the resistance o f  the 
naked hull as calculated above, the corresponding horse
power delivered to the propeller being given by

dhp =  —  x  1 ■ 
qpc

1

This loading is adopted by the Ship D ivision o f  the N ational 
Physical Lab oratory  as a standard datum  fo r the com parison 
o f  full-scale results, and is accepted as giving a reasonable 
estimate o f  the perform ance o f  a  vessel having a clean painted 
riveted shell in good m easured-m ile conditions, i.e. still air 
and sm ooth, deep salt w ater. It is based on the m ost recent 
trial data availab le. T he corresponding factor fo r a  vessel 
having a  fu lly flush welded shell is 0 • 9, i.e.

dhp =  — ?  x  0-9 
qpc

and estimates o f  the full-scale perform ance based on this 
factor are given in T ab le  D .

The results o f  the m odel experim ents and the full-scale 
results are com pared in F ig . 15  (A) and (B). T he full-scale 
data include both measured-m ile trial results and observa
tions on voyages in calm  weather.

F ig . 15 (A ) shows the estim ated perform ance o f  the vessel at 
the designed load draught o f  28-0  ft. The voyage results 
were obtained at a  date considerably earlier than the m easured- 
m ile trials and it is presum ed that the vessel was then fairly 
clean. T he full-scale delivered horsepow ers are  about 20 per 
cent higher, and the full-scale thrust about 15  per cent higher, 
than the predicted values.

F ig . 15 (B ) shows the com parison o f  the m easured mile per
form ance o f  the vessel with the predicted perform ance at the 
sam e condition. The full-scale horsepowers are o f  the order 
o f  50 per cent above the predicted values, the corresponding 
discrepancies in thrust and revolutions being about 45 per cent 
and 9 per cent, respectively. The w eather on trial w as stated 
to be m oderate and the vessel about four months out o f  dock. 
The additional voyage data shown fo r this condition were 
stated to be obtained in very calm  weather. T he delivered 
horsepowers then obtained are about 5 per cent low er than 
those on the measured m ile, and this m ay be taken as som e 
indication o f  the effect o f  the w aves during the trials.

A fter m aking any reasonable allow ance fo r w eather con
ditions there rem ain considerable differences. I f  w e accept

the predicted dhp ( i.e . dhp =  — 15 x 0 -9 >) as a datum , and 
\  Qpc /

i f  we assum e that the results obtained in D ecem ber 19 5 1 
represent a  fairly  clean ship, then the 20-per-cent m argin shown 
in F ig . 15 (A ) m ay be considered to represent the difference
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F i g . 15.—r e p o r t  o n  sh ip -m o d el  c o r r e l a t io n  t e s t s .

Draft Moulded=28 00 ft. Trim=Level. Aext.= 14,992 tons

Vessel with all-welded shell. D.H.P. --  q  p ^  x 0-9
N.B.—Full scale data shown here were obtained during voyages in very calm 

weather, September and December 1951, at mean draught of 26 ft. 2 in. 
Results have been corrected to 28 ft. 0 in.

s.s. “ t e r v a e t e .”  M o d e l  n o . 3297. M o d e l  s c r e w  n o . s .6 .

Draught Moulded =  23-562 ft. Trim =  -P ^  by stern.
436'5 Aext. =  12,245 tons.

Vess;l with all-welded shell.
C U D

D.H.P. =  ̂ ~ ' x 0 '9Q.P.C.
N.B.—Full scale data shown here were obtained during measured mile trial in 

moderate weather on April 10, 1952, and voyage in calm weather on April 18 and 
19, 1952.
-------------Estimates from model experiments.

Results from measured mile trial corrected to still air.- $ ■
+  + Voyage results at 22 ft. 9 in. mean draught corrected to 23 • 562 ft.
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SEA  T R IA L S  O N  A V IC T O R Y  S H IP , AP3, IN  N O R M A L  M E R C H A N T  SE R V IC E

T A B L E  A

N am e o f  ship s.s. Tervaete, ex Pomona Victory.
T yp e o f  vessel V ictory ship type 47 V C 2 -S -A .P .3 .
Owners Com pagnie M aritim e Beige, Antw erp.
Builders C aliforn ia S .B . C orporation , L o s  A ngeles, C aliforn ia.
M achinery Steam  turbine with double reduction gear. C om bined shp

8,500 at 85 rpm.
M odel hull number 3297.
M aterial Paraffin wax.
Scale 1/24.

D imensions and  F orm C oefficients of Vessel

Length B .P . 4 36 -5  ft. 4 36 -5  ft.
Breadth (moulded) 62-0  ft. 62 -0 ft.
D raught (m oulded) 28 -00 ft. 23 -562 ft. (as for

Polperro trials)
Trim  at rest Level 0 -25/436 -5 by stern
D isplacem ent (m oulded) ......................................................................... 14 ,832  tons 12 ,17 0  tons
D isplacem ent (plated) 14 ,922  tons 12 ,24 5  tons
B lock coefficient 0-685 0-668
M idship area coefficient 0-988 0-987
Prism atic coefficient 0-693 0-675
Longitudinal centre o f  buoyancy from  am idships B .P . at

level trim 1 - 10  ft. forw ard 2 • 59 ft. forw ard
H a lf angle o f  entrance . .  . .  . .  . .  .*. 12 deg. 12 deg.

D imensions of Screw

M odel screw num ber S.6
N um ber o f  blades 4
D iam eter 2 0 - 5 ft.
M axim um  pitch 2 2-9  ft.
M ean pitch 2 2 -5  ft.
B lad e A rea ratio 0-497

T A B L E  B

R e s u lts  o f  R esis tan ce  E xperim en ts w i th  M o d e l 3297

D raught (moulded) 
Trim
D isplacem ent (extreme)

28-00 ft.
Level 

14 ,922 tons

23-5 6 2  ft.
0 • 25/436 • 5 by stern 

12 ,245  tons

Speed (knots) (C) ehp (C) ehp

10* 0-637 1,046 0 -652 939
11 0-640 1,208 0-657 1,087
H i 0-644 1,389 0-661 1,2 50
12 0-649 1,589 0-669 1,4 37
12* 0-660 1,828 0 -681 1,654
13 0 -681 2,121 0-694 1,896
13 * 0-692 2 ,4 14 0-700 2 ,14 2
14 0-690 2,684 0-700 2,388
14 * 0-688 2,974 0 -70 2 2,661
15 0-690 3,299 0 -70 2 2,946
15 * 0-700 3,696 0 - 7 1 1 3,292
16 0 - 7 17 4 ,16 4 0-728 3,708
16 * 0-745 4,745 0-749 4 ,184
17 0 -774 5,392 0-778 4,753
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TA B LE C

R e s u l t s  o f  P r o p u l s i o n  E x p e r im e n t s  w i t h  M o d e l  3 2 9 7 : S c r e w  S . 6

SEA TRIALS ON A VICTORY SHIP, AP3, IN NORMAL MERCHANT SERVICE

(a) D esigned L oad D raugh t

D raugh t (m oulded) 
T rim  a t rest 
D isplacem ent (extreme)

28-00 ft. 
Level 

14,992 tons

Speed (knots) 11 12 13 14 15 16 17

W ake fraction (Froude) 0-495 0-498 0-489 0-479 0-465 0-433 0-391
W ake fraction (Taylor) 0-331 0-333 0-328 0-324 0-317 0-302 0-281
T hrust deduction fraction 0-228 0-230 0-230 0-233 0-235 0-244 0-256
H ull efficiency 1-154 1-145 1-146 1-134 1-122 1-082 1-035
Screw efficiency in open w ater 0-625 0-628 0-629 0-635 0-650 0-680 0-720
Screw efficiency behind hull 0-697 0-690 0-680 0-680 0-683 0-700 0-735
R elative ro ta tive  efficiency 1-115 1-100 1-082 1-071 0-051 1-030 1-022
Q uasi-propulsive coefficient 0-805 0-789 0-778 0-771 0-766 0-758 0-760

(b) T rial D raught

D raugh t (m oulded) 
T rim  a t rest 
D isplacem ent (extreme)

23 • 562 ft.
0 • 25/436 • 5 by stern 

12,245 tons

Speed (knots) 11 12 13 14 15 16 17

W ake fraction  (Froude)
W ake fraction (Taylor)
T h rust deduction  fraction 
H ull efficiency
Screw efficiency in open w ater 
Screw efficiency behind hull 
R elative ro tative efficiency 
Q uasi-propulsive coefficient

0-545
0-353
0-205
1-229 
0-630
0-692
1-099 
0-850

0-545
0-353 
0-210
1-220 
0-632
0-690
1-093 
0-842

0-537
0-349 
0-220
1-201 
0-634
0-690
1-088 
0-830

0-510
0-338 
0-220
1-178 
0-640
0-692
1-081 
0-815

0-479
0-324 
0-220
1-165 
0-650
0-695
1-069 
0-805

0-489
0-329
0-217
1-166 
0-643
0-693
1-077 
0-810

0-490
0-330 
0-220
1-160 
0-636
0-687
1-080 
0-797

TA B L E  D

E s t im a t e d  P e r f o r m a n c e  o f  S h i p  b a s e d  o n  t e s t s  w it h  M o d e l  3297: S c r e w  S . 6  

( Vessel has fully flush welded shell. C orrelation  fac to r =  0-9 , i.e. dhp  =  - ■ x  0-9

(a) D esigned L oad D raugh t

D raugh t (m oulded) 
T rim  a t rest 
D isplacem ent (extrem e)

28 -00 ft. 
Level 

14,992 tons

Speed (knots) 11 12 13 14 15 16 17

Q uasi-propulsive coefficient 
Effective horsepow er 
D elivered horsepow er 
R evolutions per m inute 
T h rust

0-80
1,208
1,360
46-0

41,700

0-79 
1,589 
1,810 
51 -0 

50,350

0-78
2,121
2,448
55-0

62,100

0-77
2,684
3,140
60-0

73,200

0-77
3,299
3,850
6 4 0

84,200

0-76
4,164
4,930
69-0

10,800

0-76
5,392
6,380
74-0

125,000
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SEA  T R IA L S  O N  A  V IC T O R Y  SH IP, AP3, IN  N O R M A L  M E R C H A N T  SE R V IC E  

TA B L E  D —continued (f>) T ria l D raugh t

D raugh t (m oulded) .............................
T rim  a t rest 
D isplacem ent (extreme)

23-562 ft. 
0-25/436-5  by stern 

12,245 tons

Speed (knots) ........................................... 11 12 13 14 15 16 17

Q uasi-propulsive coefficient 0-85 0-84 0-83 0-82 0 81 0-81 0-80
Effective horsepow er 1,087 1,437 1,896 2,388 2,946 3,708 4,753
Delivered horsepow er 1,150 1,540 2,050 2,620 3,280 4,120 5,350
R evolutions per m inute 44-0 48-5 52-5 57-5 62-5 67-5 73-0
T hrust 37,500 44,400 54,800 64,200 73,500 86,700 105,200

between the actual hu ll finish a t th a t tim e and  the assum ed 
datum  condition . T he tr ia l results obtained  four m onths later 
show a  m argin o f  abou t 45 per cent, and  it is reasonable to  
suppose th a t this difference is m ainly due to  fouling during 
th a t period , a lthough  it is p robable  th a t a  sm all p a rt m ay be 
due to  p ropulsion  scale effect arising from  the difference in 
draught. In  the light condition  adopted  fo r th e  trials the 
screw tips are  only slightly im mersed. This results, on the 
m odel scale, in a  considerable increase in  propulsive efficiency 
as can be seen by com paring Tables C(a) and  C(b), and  it is 
probable th a t this increase is n o t fully realized in full-scale 
conditions because o f  a ir penetration  to  the screw disc on  the 
full scale a t the light draught.

I t  w ould be o f  great value and  interest to  com pare these 
results w ith the original trial da ta  o f this type o f vessel if tha t 
can  be m ade available by the U .S.A .

J a m e s  F .  A l l a n , 
Superintendent, Ship Division, 
National Physical Laboratory.

Appendix II 
Pitching Diagrams

A nalysis o f pitching diagram s obtained in such confused 
seas as were seen in  bo th  passages o f the N o rth  A tlan tic  during 
the th ird  voyage is ra ther deceptive.

N o  regular oscillations were recorded. A t the best, cycles

o f  a num ber o f  oscillations n o t too  varying th e  one from  the 
other, can  be rem arked on  the diagram s. T he oscillations o f  
these cycles are  approxim ately regular in  period fo r a  record 
o f ten  m inutes, the varia tion  in  period  being generally m ore 
im portan t in  a  heavy sea than  in sm all waves. The pitching 
angles change periodically from  a m inim um  to  a m axim um  
value.

A part from  th is general shape o f  diagram s, w hich show 
appreciable p itch  angles when wave height is m ore than  5 ft., 
and  period o f  encounter does n o t differ m ore th an  2 sec. 
from  the ship’s na tu ra l period ; it m ay occur th a t the 
difference betw een period  o f  encounter and  th e  sh ip’s natu ral 
period  is no m ore than  1 sec. T he d iagram  shows m any 
consecutive regular oscillations o f  large am plitude. C o
periodicity is very rare , due to  the irregularity  o f  the sea, 
and  even if  co-periodicity exists fo r a  sho rt tim e in a  nearly 
regular sea, it will no t last because th e  heavy pitching which 
is the resulting m otion  has a decreasing effect on  the ship’s 
speed and  breaks co-periodicity. Very few diagram s show 
long cycles o f  regular oscillations o f  large am plitude. The 
num ber o f  oscillations per cycle varies betw een very d istan t 
limits, as show n in T able X III. I t  is understood  th a t the 
m axim um  angles in the table  are  those am plitudes w hich are 
seen 5 to  6 times on  a  10-minute record. The m axim um  
m axim orum  is the highest am plitude o f this record. In  no t 
too  large bu t irregular waves, the oscillations, w hich have a

T A B L E  E  

S u m m a r y  o f  F u l l - S c a l e  T r i a l  D a t a

Trial on Polperro  M easured M ile: A pril 10, 1952.
D raught before T rial: 23 ft. 6 in. fo rw ard; 23 ft. 9 in. aft.
Vessel U ndocked: D ecem ber 4, 1951.
W ind variable S.S.W . to  S.E. Force 2-3  reaching 5 on gusts by end  o f  trial.
Sea m oderate. A verage height varying from  1 to  1 - 5 metres, i.e. ab o u t 3 0 to  5 0 ft. 
W ater T em perature: 49° to  50’ F.

Group Mean speed, 
knots

Mean dhp Mean rpm Mean thrust, lb. Mean dhp Mean rpm Mean thrust, lb.

Uncorrected Corrected to still air

i 16-882 8,010 78-94 153,742 7,860 78-0 152,405
ii 16-371 6,860 75 01 138,194 6,720 74-0 136,169

h i 15-701 5,900 71-56 127,975 5,762 70-7 126,354
IV 11-163 1,955 49-72 59,652 1,894 49-7 58,501

Additional data supplied by Professor Aertssen:
Date Mean draught Speed dhp Thrust rpm

A pril 18, 1952 22 ft. 9}  in. 17-1 knots 7,686 148,700 lb. 78-1
A pril 19, 1952 22 ft. 8 i  in. 16-0 knots 5,681 119,9001b. 71-4
Septem ber 21, 1951 26 ft. 2 in. 15-8 knots 5,319 112,200 lb. 70-5
Septem ber 22, 1951 26 ft. 2 in. 15-85 knots 5,419 113,600 lb. 70-7
D ecem ber 17, 1951 26 ft. 7 i  in. 15 • 99 knots 5,808 117,000 lb. 71-7

All these additional da ta  apply to  calm  w eather conditions.
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T A B L E  X I I I

S h i p  M o t io n s  V o y a g e  P l y m o u t h - N e w  Y o r k  a n d  N e w  Y o r k - C o p e n h a g e n
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SEA TRIALS ON A VICTORY SHIP, AP3, IN NORMAL MERCHANT SERVICE

ra ther sm all am plitude, have an alm ost regular period very 
near the n a tu ra l period. By statistical m ethods the m ost 
frequent period was calculated for a large num ber o f diagrams. 
T he n a tu ra l pitching period was also calculated in the usual 
way from  the repartition  o f  weights in the ship. The evalua
tion  o f the very large quantity  o f oscillating w ater was m ade 
by augm enting the basic period by 42 per cent.

T he pitching period  obtained by calculation in this way 
had  a value o f  6-78 sec. A pril 14th fo r the voyage P lym outh - 
N ew  Y ork  and  a value o f 6 -69 sec. M ay 2nd fo r the voyage 
N ew  Y ork-C openhagen . The values obtained from  the 
diagram s are very near these calculated values.

Fig. 16 is a p a rt o f  the record taken  on A pril 14th w ith 
waves 10 deg. p o rt bow  during observation num ber 33. I t  is 
clear from  the diagram  th a t the m otion is built up  o f an 
oscillation in  the period 7 -2  sec. and  an  oscillation in  the 
period 5 • 6 sec. T he m ain oscillation is in the natu ra l period 
o f  the ship, the subsidiary oscillation o f sm aller am plitude 
is in  the period  o f  encounter.

( 3  )  S U P E R P O S I T I O N  (1)a n o (2)
(4 )  R ----------------------------R E C O R D E D  C U R V E

4  S E C O N D S

F i g . 16.—A n a l y s i s  o f  p i t c h  d i a g r a m ,  A p r i l  14, 1952

The diagram  shows an am plitude which is the m axim um 
m axim orum  o f the 10-minute record. This am plitude was 
exceptional and  m et periodically in this sea w ith predom inant 
waves from  10 deg. to  po rt, 260 ft. long, 17 ft. high, b u t w ith 
subsidiary waves meeting to  starboard . The ship periodically 
m et waves o f exceptional height when bo th  wave trains were 
in phase, and  w ater was then taken on board . Sometimes 
slamm ing occurred, too , a t th a t m om ent. T ha t maximum 
pitching angle o f m ore than  12 deg. is very near the maximum 
slope o f the wave.

Fig. 17 shows a p a rt o f a record with m ore regular oscilla-

(1 ) T = 5 -7 6  SEC .
(2 ) T - 6  S O S E C
(3 ) SUPERPOSmON(l)AND(2)
(4 )  RECO R D ED  CURVE

F i g . 17.— A n a l y s i s  o f  p i t c h  d i a g r a m ,  A p r i l  16, 1952

tions and w ithout exceptional am plitudes. T hat record was 
taken on A pril 16th during observation num ber 40, w ith 
waves meeting a t the bow, 45 deg. to  port. A lthough the 
waves were 20 ft. high, the am plitude o f the oscillations was

no t exceptionally large. The part taken ou t o f  the record is 
one with large am plitudes, where waves and ship were nearly 
in phase. The m otion was built up  o f an  oscillation in the 
period 6 • 80 sec. and  an oscillation in  the period 5 • 76 sec. 
As in the foregoing example, the m ain oscillation is in  the 
natural period o f the ship, the subsidiary oscillation is in the 
period o f encounter. D ue in the first place to  the fact tha t 
there were no  disturbing trains o f  waves, and  in the second 
place to  the fact th a t the ship was m eeting the waves under 
an  angle o f 45 deg., the pitching am plitude was n o t m ore 
than  roughly 6 deg. T he ship was also rolling and w ater was 
taken  on board.

As a last example taken ou t o f  the  num erous records, 
Fig. 18 gives a p a rt o f  the diagram  taken  on  M ay 7th during

observation num ber 67, w hen there was a  broadside sea. 
The ship m et the waves 70 deg. to  po rt. B oth rolling and 
pitching m otions had large am plitudes. The pitching record 
shows very irregular oscillations w ith m om ents o f  very large 
am plitudes, separated by baulked oscillations, o f  equal im por
tance in time. The ship to o k  w ater on  board  and  som etimes 
slamm ing occurred. T he m otion was built up  o f an  oscilla
tion in the period 6-72 sec. and  ano ther in  the period  o f
7 • 68 sec. B oth oscillations are nearly o f  the sam e im portance, 
the larger being given, however, by the oscillation in the period 
o f encounter, which is here som ew hat longer than  the natural 
period o f the ship.

Appendix III
Some Investigations of the Boundary Layer of s.s. “Tervaete”

The installation o f a log o f the type m ade by the British 
P itom eter C om pany enabled the distribution  o f velocity in 
the boundary layer to be determ ined.

The investigations were carried out during the voyage to 
New Y ork  in M ay 1952, as w eather was generally fine. The 
state o f  the sea during m easurem ents was sm ooth o r m oderate. 
In  order to  have a  clear statem ent o f  the distribution  o f 
velocity in the friction belt, no t the absolute values o f  velocity 
but their ratio  to  the velocity a t a distance o f 3 ft. is given 
in Fig. 3.

There are three reasons fo r possible dispersion in the data. 
I t  is know n th a t the state o f  the sea has an  influence on the 
velocity d istribution, in  th a t rough  w'eather m akes the friction 
belt thinner. T hough all the m easurem ents were m ade in a 
sm ooth or, in the w orst case, a  sm ooth-m oderate sea, a  
scattering o f da ta  m ay occur, as on no  occasion was there a 
very calm  sea.

T he m easurem ents were m ade a t intervals o f  2 o r 3 in. 
and in tim e spaces sufficiently long to  perm it the mercury in 
the differential to give correctly the difference between the 
im pact and  static pressures. A  fault may arise from  not 
w aiting long enough between two successive measurements.

F rom  the rise o f  the rodm eter the distance from  logholes 
to  shell plating was estim ated. These m easurem ents were
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SEA TRIALS ON A VICTORY SHIP, AP3, IN NORMAL MERCHANT SERVICE

= 6

m ade in a  cofferdam  in very difficult conditions and  some 
source o f  e rro r m ay result from  th a t fact.

T he different curves A , M ay 1952, give the am oun t o f  dis
persion which is possible.

A ll the curves are  spread a round  a  m ean curve:

- y X'

T he curve is a fair exponential curve w ith n =  0-204.
As already m entioned, the ship cam e back from  a voyage 

o f  three m onths to  Ind ia  and  E ast A frica and  was five m onths 
o u t o f dock. A fter ano ther voyage to  Ind ia  and  E ast A frica 
o f  fou r m on ths’ du ration , the vessel then  being ten  m onths 
ou t o f  dock, the m easurem ents in the friction belt were 
renewed by the ship’s engineers and  their da ta  give the curve 

in  full line on Fig. 3.
V  /  y  \ o*29F rom  the true  exponential curve (v = )V V Ymax  \  A m ax'

which is draw n by a  do tted  line on Fig. 3, it is show n th a t the 
exponent has increased from  0-204 to  0 -29  on  th a t four 
m on ths’ Ind ia  voyage. T he degree o f  roughness has a  large 
effect on  the shape o f  the velocity curve and  especially on  the 
value o f  the exponent, assum ing the curve is an exponential 
curve.

As it is ra th e r difficult to  have correct readings o f  speed in 
rough  w eather, and  as waves d isturb  the boundary  layer, it 
is recom m ended th a t the velocity d istribu tion  be determ ined 
in a calm  sea. Fig. 3 shows th a t the values o f  the speed do 
no t have any effect on  the shape o f the curve, b u t it should  be 
em phasized th a t a  great num ber o f points o f  the curve have 
to  be determ ined.

The velocity d istribution  was determ ined, too , on  O ctober 
28th in the river Scheldt, the dep th  being som e 70 ft. Fig. 3 
shows the effect o f shallow w ater w hich reduces considerably 
the thickness o f  the boundary  layer. Fou ling  was the same 
as th a t characterized in deep w ater by the curve in  full line.

Fig. 3 shows further th a t in the state o f  fouling o f  the ship 
in which she cam e from  her second voyage to  Ind ia , it is no 
longer possible to  have a correct m easurem ent o f  the speed 
w ith a  rodm eter no  longer th an  3 ft. in  the position  it had  on 
board  s.s. Tervaete.

Appendix IV  
General Data of the Ship

Ship’s nam e: s.s. Tervaete, ex Pomona Victory— ’47 VC2— S— 
AP3.

Ship’s ow ners: C om pagnie M aritim e Beige (L loyd R oyal), 
A ntw erp.

Shipbuilders: C alifornia S.B. C orp ., Los Angeles, C alifornia. 
B uilders’ hull n°V 27.
B uilt fo r U .S. M aritim e Com m ission, H ull, n° M CV  31. 

A ugust 1944.
Engine builders: W estinghouse, P ittsburgh, Pennsylvania. 
Boiler builders: B abcock & Wilcox.
D im ensions:

Length between perpendiculars 436 ft. 6 in.
Length overall 455 ft. 3 in.
Length on  28-ft. waterline 444 ft. 0 in.
Beam  m oulded 62 ft. 0 in.
Beam  over plating 62 ft. 11 in.
D ep th , m oulded to  m ain deck 38 ft. 0 in.
Sheer, m ain  deck forw ard 4 ft. 1 in.
Sheer, m ain deck a ft . . 6 ft. 2 in.
D raugh t, sum m er, m oulded 28 ft. 6J in.
D raugh t, ligh t ship displacem ent, m oulded

above keel 9 ft. 6^ in.
D isp lacem ent:

Heavy, 14,837 tons a t  27 ft. 81 in. B lock coefficient, 0-672. 
M edium , 10,077 tons a t 19 ft. 9 f  in. B lock coefficient, 

0-642.
L ight, 5,268 tons a t 11 ft. 2J- in. B lock coefficient, 0-595. 

M ain  propulsion u n its : H igh pressure turbine, cross com pound 
im pulse reaction.

Im pulse: 2 rows o f  m oving blades, 1 row  o f  sta tionary  blades. 
R eaction  blading: 1st group, 6 pairs o f  row s; 2nd group,

8 pairs o f  rows.
Slip 4,250; rpm  5,358; 440 lb. per sq. in .; 740° F .
E xtrac tion  from  inlet low -pressure turbine.
Low -pressure tu rb ine reaction : 1st group , 5 pairs o f row s;

2nd group, 5 pairs o f  rows.
Shp 4,250; rpm  4 ,422; 25 lb. per sq. in .; 320° F .;  28-5 in. 

vacuum .
R eduction  gear: D ouble reduction , double helical, rpm  85. 
Propeller and  stern arrangem en ts: D iam eter o f  screw, 20 • 5 f t . ;

pitch, 0 -6  R  to  tip : 22-9  ft.
N um ber o f  blades: 4 ; M W R  0-237; PA : D A  0-413; B T F

0 • 047; right hand.
A ppendages: C on trastern  and  contrarudder.
Steam  generating un its: Tw o boilers, double casing, sectional 

header type.
H eating  surfaces per unit (sq. ft.): boiler, 5,722; superheater, 

965; econom izer, 1,443; w aterw alls, 90.
Pressure, lb. per sq. in. gauge: Boiler d rum  (norm al load), 

482; a t  superheater ou tle t {idem), 465.
T em peratures, ° F .: a t superheater ou tle t (norm al load), 750;

feedw ater, 240.
Furnace  volum e, cubic feet: 605.
Capacity, norm al load  per boiler, lb. per h ou r: Superheated, 

34,000; desuperheated, 3,500.
Oil burners: 4 per boiler.
Steam -driven auxiliaries (operation a t sea):

A. Superheated  steam :
Two turbo-generators, geared tu rb ine  drive, rpm  1,200. 

Each 300 kW ., 120/240 V .; 440 lb. per sq. in .; 740: F .; 
28-5 in. vacuum ; one operating , norm al load  225 kW .

B. D esuperheated  steam :
Steam  440 lb. per sq. in .: 2 m ain feed pum ps, 74 gpm  

norm . 515 disch. p ress.; 1 m ain feed standby, 150 gpm  
norm . 545 disch. press.

Steam  240 lb. per sq. in .: 2 fuel oil service pum ps (1 
standby), 20 gpm  to ta l head 350 lb. per sq. in . ; 1 fuel 
oil transfer, 320 gpm , to ta l head 75 lb. pe r sq. in .; 
1 lubr. oil service standby, 325 gpm , to ta l head  48 lb. 
per sq. in .; 2 forced d raugh t fans, 11,000 cfm  a t 
4 -8  in .; m iscellaneous pum ps: bilge and  ballast, 
general service, fire, standby fire and  general service; 
heating oil, w ater, liquid  cargo, evapora to r, whistle, 
gland seals fo r m ain  tu rb ine  and  tu rbo-generators 
(after reducing stations).

Steam , 160 lb. per sq. in . : M ain and  auxiliary a ir ejector. 
E xhaust steam : forced d raugh t fans, feed pum ps, fuel oil 

service pum p, standby lubricating  oil service pum p 
(operating a t  idling speed) and  o ther engine-room  
auxiliary pum ps operating  p a rt tim e, such as the bilge 
and  the fuel transfer pum p, supply steam , together w ith 
the turbine bleeder, to  the  d.c. heater, evaporating  p lan t, 
gland leak off ejector.

Generator Loads at Sea:
Unit: Input blip D uty

H ull equipm ent:
Steering gear 

V ent fans, heaters, e tc .:
2 m achinery space supply fans, each 
1 m achinery exhaust fan 

L ubrica ting  oil system :
1 lubricating  oil purifier pum p 
1 lubricating  oil purifier 

Salt w ater p u m p s:
1 m ain circulating pum p 
1 auxiliary circulating pum p 

Feedw ater p u m p s:
1 m ain condensate pum p
1 auxiliary condensate pum p

Oil pum ps:
1 lubricating  oil service pum p

40 —

15 28,000 cfm
5 12,000 cfm

1 350gpm*
1-5 —

100 13,000 gpm
25 3,000 gpm

15 150 gpm
5-6 30 gpm

15 325 gpm
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Generator Loads a t Sea:— continued
Unit: Input bhp D uty

E vaporato r pum ps:
1 fresh w ater d istributing pum p . .  0-5
1 brine overboard  discharge and 

evapora to r feed pum p . .  . .  0 -75
Pressure sets:

2 w ashing and  drinking w ater pum ps each 0 -75
1 sanitary  pum p . .  . .  . .  7-5 

C om pressed a ir  system :
2 engine-room  a ir com pressors each 15 

M achine shop in eng ine-room :
1 la the  . .  . .  . .  . .  2 
1 d rill ........................................... 1

1 converter . .  . .  . .  . .  1 -5 j

I
* The gallons are American gallons 

Addendum
Since this p ap er was w ritten  it has becom e possible to  

gather valuable inform ation  abou t s.s. Tervaete. The ship 
had  bad  hull dam age on her recent voyage back from  New 
Y ork  w hich m ade dry-docking necessary. A n opportunity  
was taken  to  send the to rsionm eter shaft to  the shop for 
calib ration ; the propeller was m easured in horizontal position 
and  the m ain  th ru s t w ith  th rust m eter was taken off.

T able X IV  gives the percentage variation  in  the face pitch 
o f each blade. I t  is seen th a t blade I suffers the widest 
variation  from  the allowed one per cent variation.

TA BLE XIV

A v e r a g e  F a c e  P i t c h  o f  P r o p e l l e r , e x p r e s s e d  a s  
P e r c e n t a g e  V a r ia t io n  f r o m  D e s i g n  V a l u e s

Blade I Blade 11 Blade III Blade IV

0-2  R -  5-6 -  5-1 -  4 -6 -  4-3
0-3  R +  1-94 +  0-79 +  0 0 7 +  0-15
0 -4  R +  2-64 +  0-98 +  0-65 -  0-59
0-5  R +  3-3 +  0-85 +  0-79 -  1-43
0 -6  R +  6-2 +  0-73 +  0-19 - 1-46
0-711 +  5-0 +  1-5 +  1 -00 1-29
0-8  R +  6-1 +  0-92 -  0-04 -  0-63
0-9  R +  9-7 +  3-5 +  1-76 +  0-30
M ean +  3-9 +  0-64 -  0-08 -  1-12

M ean fo r propeller: +  0-84

Table XV gives the percentage variation  in average th ick 
ness from  three points a t blade centre.

A t m easured m ile trials tips o f blades w ere 1 • 92 ft. below 
w ater surface.

TA BLE XV
A v e r a g e  T h i c k n e s s  o f  P r o p e l l e r  f r o m  T h r e e  P o in t s  a t  

B l a d e  C e n t r e , e x p r e s s e d  a s  P e r c e n t a g e  V a r ia t io n  
f r o m  D e s i g n  V a l u e s

Blade I Blade II Blade IU Blade IV

0 -3  R 
0 -4  R 
0-5  R 
0 -6  R 
0 -7 R  
0-8  R 
0 -9  R

+  2-8  
- 0-22
-  1 -94

-  0-26 
-  1 -09

1 -98 
+  8-5

-  3-9
-  0-89
-  1-70

-  4-23
-  3-17 
+  0-05 
+  8-03

-  1 10
-  1-52
-  2-49
-  3-25 

3-9
+  0-67 
+  0-23

1-53 
+  0-82
-  0 -30
-  3-3
-  0-93 
+  0-12 
+  3 0

6 gpm

10 -2 gpm

10 gpm 
60 gpm

115 V,
12-4 am p; 

120 V,
6-25 am p.

T he inspection o f  the bearing surfaces o f  the levelling plates 
o f m ain th rust showed som e eccentricities; ow ing principally 
to  these eccentricities it canno t be hoped to  ob ta in  an  accuracy 
o f th ru st m easurem ents be tter th an  6 per cent in  sm ooth 
water.

The m ost im portan t inform ation, how ever, w as obtained 
from  the calibration  o f the shaft, w hich on  b o a rd  was fitted 
w ith the torsionm eter. The ca lib ra tion  was done in the 
engine w orks o f Jo h n  Cockerill (Seraing). M easurem ent o f 
deflection between pointers a t 11-22 ft. d istance on  the shaft 
w ith weights going up  to  norm al load  gave a m odulus o f 
rigidity o f 11,220,000 lb. per sq. in. T his is a  very low figure 
and  m ay be som ew hat in e rro r because o f  the bending o f  the 
shaft during calibration. SH P is 4 per cent less th an  calcu
lated w ith the assum ed G  o f 11,700,000.

T he assessm ent o f pow er loss in  the shaft, 1 • 5 per cent 
from  the turbine to the torsionm eter a t the end o f  the tunnel, 
was som ewhat low. So the 4 per cent can  be divided in 
1 • 5 fo r the shaft and  2 • 5 fo r the turbine, bringing shaft losses 
in the tunnel, w ithout loss a t tailshaft, u p  to  3 per cent.

A ll values o f tu rb ine shp are  then  to  be low ered by 2-5 per 
cent. T he com bined efficiency a t  no rm al pow er is then 
73 • 5 per cent and  the fuel consum ption  all purposes 0 • 692 lb. 
per shp.

D H P  values are 4 per cent low er an d  propulsive efficiency 
values 4 per cent higher. Effects o f  fouling and  w eather as 
calculated rem ain unchanged.

T he m easured distance o f the im pact orifice o f  the P ito t 
log to  the shell p lating  was 35 in., th e  assum ed distance being
3 ft. H ence the basis o f the velocity curves (Fig. 3) has to  
be raised 1 in ., the  low er end o f the curves, beneath  this new 
basis line, disappearing.

Renewed m easurem ent o f velocity d istribu tion  in  the friction 
belt a fter dry-docking, the vessel being then  clean, gave a 
curve, which, w ithin a  distance o f 8 in. from  shell p lating , was 
fairly exponential, w ith  n =  0 136 in  a  sm ooth  sea and  nearly
0 127 in  very rough  water.

D ISC U SSIO N
D r. J .  F . Allan (M em ber o f  Council I .N .A .): In  the first 

place I w ish to  express o u r thanks to  Professor A ertssen 
and  to  the Belgian N aval R esearch A ssociation and  also to  
the Com pagnie M aritim e Beige fo r having p u t this paper 
forw ard jo in tly  to  the Institu tion  o f  N aval A rchitects and  
Institu te  o f M arine Engineers. I  am  sure you  will all agree 
th a t it contains a  m ass o f  valuable in form ation  on  bo th  the 
hull perform ance and  m achinery perform ance sides.

H aving said that, I th ink  it is also  to  the po in t to  rem ark 
th a t the paper indicates the great difficulty o f  ob tain ing  w hat 
we m ight call ideal data  from  a ship in  her norm al service. 
In  spite o f  th a t lim itation, how ever, the team  o f  w orkers 
engaged in  this investigation have accum ulated fo r ou r 
inform ation a  very useful m ass o f  data.

T he th rustm eter, as Professor A ertssen has poin ted  ou t, 
is n o t ideal because it m easures only the th ru st on  one 
levelling plate  ou t o f  the six, and  although  the m akers claim  
a high degree o f  accuracy, Professor A ertssen has limited 
th a t to  som e 6 per cent. H e is righ t in  doing tha t, an d  we 
m ust bear the p o in t in  m ind w hen considering the whole 
p icture presented in the results o f  the observations.

The au th o r refers to  tem perature correction  on  the ship 
in  tropical w aters by the m ethod  p roposed  by the In ternational 
C onference in Paris in  1935. I th ink  th a t correction is one 
w hich should n o t be applied to  the ship, fo r it is in  erro r; 
as agreed in  1935 it w as quite reasonably correct fo r the 
average m odel range used a t th a t tim e, bu t it w as never 
intended to  be applied to  the ship condition , especially over 
wide ranges o f  tem perature up  to  80° C. W e m ust also  keep 
th a t po in t in m ind w hen considering the results.

In  Fig. 3 we have a curve fo r the voyage from  P lym outh 
to  N ew  Y ork  and  ano ther curve fo r the ship in  very m uch 
d irtier condition ; and  Professor A ertssen has to ld  m e he has 
ano ther curve, n o t p lo tted  in the paper, w hich com es even
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lower, for the ship when she was com paratively clean. This 
indicates the effect o f fouling on the boundary  layer. In  a 
recent paper to  the N orth -E ast C oast Institu tion  I pu t 
forw ard an  em pirical form ula for the velocity d istribution  
in the boundary  layer, and  it p lots slightly lower than  the 
curve fo r the clean ship. The po in t to  w hich I draw  a tten 
tion  is th a t the effect o f  fouling is n o t only to  increase the 
characteristic o f the curve, bu t to  increase the thickness o f 
the belt.

I com e to  A ppendix I, contain ing the rep o rt from  the 
N .P .L . on  the experim ents m ade there in co llaboration  w ith 
the Belgian R esearch A ssociation; we were very pleased to  
do  th a t w ork, to  m ake this w hole investigation to  some 
extent an  in ternational effort. T he experim ents were carried 
ou t in the norm al way, and  I will n o t go in to  the details. 
In  A ppendix I we have the tank  prediction  fo r the clean 
ship, in the new condition . I t  is based on w hat we call an 
0 -9  correlation  factor, w hich in its tu rn  has arisen from  a 
large am oun t o f ship-m odel correlation  w ork w ith w hich the 
N .P .L . has been concerned together w ith the B .S.R.A . during 
the last few years. I t  has n o t been published so far, bu t 
we find th a t the flush-welded ship is perform ing considerably 
better th an  the riveted ship.

Y ou will no te  in Fig. 15 (A) there is a  very considerable 
difference between the ship perform ance values and  the 
estim ate based on a  flush-welded new  hull. In  A ppendix I 
it is sta ted :—

“ Fig. 15 (A) shows the estim ated perform ance o f  the vessel a t 
the designed load draught o f 28-0 ft. The voyage results were 
obtained a t a date considerably earlier th an  the measured-mile 
trials, and it is presum ed th a t the vessel was then fairly clean. 
The full-scale delivered horsepowers are about 20 per cent higher, 
and the full-scale th rust abou t 15 per cent higher, than  the pre
dicted values.

“ Fig. 15 (B) shows the com parison o f the measured-mile per
form ance o f the vessel with the predicted perform ance a t the same 
condition. The full-scale horsepowers are o f  the order o f  50 per 
cent above the predicted values, the corresponding discrepancies 
in th rust and revolutions being ab o u t 45 per cent and  9 per cent 
respectively. The weather on  trial was stated to be m oderate and 
the vessel abou t four m onths ou t o f dock. The additional voyage 
data shown for this condition were stated to  be obtained in very 
calm  weather. The delivered horsepowers then obtained are about
5 per cent lower than  those o f the m easured mile, and this may be 
taken as some indication of the effect o f the waves during the trials.

“ A fter m aking any reasonable allowance for weather conditions 
there rem ain considerable differences. If  we accept the predicted

dhp (i.e. dhp =  x  0 -9 ^  as a  datum , and if we assum e that
V qpc )

the results obtained in D ecem ber 1951 represent a  fairly clean 
ship, then the 20 per cent m argin shown in Fig. 15 (A) may be 
considered to  represent the difference between the actual hull finish 
a t th a t time and the assum ed datum  condition. The trial results 
obtained four m onths later show a m argin o f about 45 per cent 
and it is reasonable to  suppose th a t this difference is mainly due 
to  fouling during th a t period. . . .”

These differences are very d isturbing an d  serve to  show 
that this ship when com paratively clean was no t perform ing 
anything like so well as a  com pletely new w ell-painted flush- 
welded form.

R eferring again  to  d iagram  Fig. 15 (A), the A dm iralty 
coefficient a t  16 kno ts predicted  by the tan k  results is abou t 490, 
and  a t 15 kno ts it is ab o u t 515, an d  these are figures w hich have 
been obtained during the last tw o o r  three years in som ewhat 
sim ilar ships. The A dm iralty  coefficient obtained  fo r the 
vessel in  service is o f  the o rder o f 425, still quite a reasonable 
figure.

I draw  a tten tion  also to  the propulsive coefficients shown 
in Table D . In  the region o f 15-16 knots, in the deep con
dition, the propulsive coefficient was 0 -76  an d  0 -77, an d  in 
the lighter condition  a t  those speeds it was 0-81. In  Figs. 
7, 8, an d  9 there a re  p lo tted  the results o f  the sea trials. In 
these diagram s values for ehp /dhp  have been deduced, and 
they are o f  the general o rder o f  80 per cent o r slightly above. 
They are in reasonable agreem ent w ith m odel figures, b u t 
seem to  be on the high side. H owever, the accuracy o f  the

w hole process is no t such th a t one could a ttem pt to differ
entiate o r draw  a  fine distinction  as to  scale effect in the 
results.

F inally I refer to  Figs. 10, 11, 12, 13, an d  14, w hich are 
very interesting. Therein the au th o r has a ttem pted  to  p lo t 
the effects p roduced by w eather conditions in a variety o f 
ways, and  they seem to  fall in to  som e reasonable pattern . 
I have som e doub t in my m ind as to  w hether they should 
be straight lines; I should like the au th o r to  say w hether 
these are  ju s t lines draw n th rough  the spots as a m ean or 
are  based on  certain  assum ptions w ith  regard  to  the factors 
involved. P articularly  w ith regard to  Fig. 14, w ith a base 
o f period o f  encounter, I  feel th a t it should  n o t be anything 
like a straight line; an d  probably  the sam e rem ark  applies 
to  Fig. 10, show ing the relation  betw een Cs and  wave height.

Prof. Dr. W . P. A. van Lamm eren (M em ber I .N .A .):  I  have 
read  th is valuable paper w ith particu lar interest, n o t only 
because I had  the pleasure o f  a ttending the m easured mile 
trials a t Polperro , b u t also because the W ageningen M odel 
Basin is carry ing ou t sim ilar tests on a  num ber o f  V ictory 
ships as a p a rt o f  an  extensive research program m e on the 
field o f the correlation  betw een tank  predictions based on 
ship-m odel experim ents and  trial and  service perform ance. 
This research does no t cover the determ ination  o f the efficiency 
and  econom y o f  the m achinery. M y con tribu tion  to  the 
discussion will be restricted, therefore, to  those parts  dealing 
w ith the correlation  problem .

Besides som e prelim inary tests on  one o f  the geosims a t 
full d raught and  num erous tests on  the 72-ft. m odel b o a t 
D. C. Endert Jr., we carried  o u t a series o f tests on  the
17 kno ts V ictory ship Arnedijk o f  the H olland  A m erika 
L ijn during a  trip  from  R o tterdam  to  N ew  Y ork  v.v. a fter 
an  extensive overhaul o f  the ship in d ry  dock in Septem ber 
1952 h ad  been m ade. C on trary  to  the investigations m ade 
by the au th o r we carried  ou t series o f m easurem ents covering 
a  speed range from  8 to  18 kno ts a t  various w eather con
ditions. A s it is no t possible to  give the full results o f  these 
tests in this con tribu tion  it will be enough to  say th a t the 
allowance on dhp  predicted by the tan k  for the self-propulsion 
po in t o f  ship varied from  54 per cent a t relative w ind speeds 
o f  12 to  16 m ./sec., the  w ind being slightly abaft the beam  
and  a wave height o f  0-75 m . to  14 per cent a t a  relative 
w ind speed o f 8 to  11 m ./sec., the  w ind being ab o u t 40 deg. 
o ff the bow, and  a  wave height o f 0 -25 m.

T he tan k  test results o f  the 19-ft. m odel (scale 1/23) co r
rected fo r the draughts given in  Fig. 15 are in good agreem ent 
w ith those given by D r. A llan, if  we also apply th e  correla
tion  fac to r o f  0 -9 as fa r as the dhp  are concerned. By the 
way, th is does n o t m ean th a t I  agree w ith the application  
o f  th is factor, bu t I  used it only fo r com parison. I t  is no t 
clear to  me w hat correlation  in  th ru st corresponds w ith  the 
correlation  fac to r fo r dhp. F o r  this reason I d id  n o t m ake 
an a ttem pt to  com pare the curves o f  th rust.

T he revolutions were corrected  in  such a  way th a t the 
relation  betw een dhp  and  rpm  was kep t constan t, th a t is to  
say th a t the rpm  were k ep t the sam e for the sam e dhp.

In  considering Fig. 15 (B) it  appears th a t the tria l rpm  
a t the sam e dhp  are  considerably low er th an  the estim ated 
rpm. This puzzles m e because it is true, in general, th a t 
the rpm  decrease w ith increasing loading o f  the propeller a t 
constan t pow er (decreasing speed), bu t this effect is m ore 
than  counterbalanced by the wake-scale effect even fo r a  
considerable increase o f  p ropeller loading. I t  m ay be, how 
ever, th a t this phenom enon can be explained to  som e extent 
by the discrepancy o f  the pitch o f  the actual propeller show n 
in T able X IV , bu t, on  the o ther hand , the correlation  betw een 
dhp and  rpm  is m uch better for the condition  show n in 
Fig. 15 (A). W ith  the A rnedijk  the  tria l rpm  w ere always 
som ew hat higher than  the estim ated rpm  a t the sam e pow er, 
w hich is in  accordance w ith ou r experience. 1 w ould  like 
to  ask D r. A llan w hether he could  explain this phenom enon.

I have the im pression th a t the ra ther d isappointing  p re 
cision  o f the m easurem ents is partly  due to  the fact th a t
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the various m easurem ents could no t be carried ou t simul
taneously. I t  is indeed very difficult to  m aintain  exactly the 
same speed for tim e intervals o f ha lf an  ho u r w hen running 
in bad  w eather.

A ccurate speed m easurem ent on the open sea is m ost 
difficult. F o r  sake o f security we therefore applied two 
different speed log devices on the Arnedijk. The application 
o f tw o logs has also the advantage th a t the results o f velocity 
m easurem ents in the boundary  layer carried ou t w ith one 
log can be corrected for eventual variations in the ship speed, 
m easured w ith the o ther log.

F inally I  w ould like to  take advantage o f this opportunity  
to  com plim ent the au th o r on this instructive paper and  to 
thank  him  fo r his co-operation and  willingness in  putting  
all da ta  a t my disposal. This m eans a very valuable exten
sion o f the V ictory ship perform ance data  we are  going to 
collect as a p art o f  o u r model-ship correlation  program m e.

Professor Ir. J . W. Bonebakker:
A pplying regression analysis to  the au th o r’s m easured 

values (corrected for variations in tem perature) given in 
Tables X  and  X I, the following regression equations 
(colum n 4) are found:

N o ta tio n :—
N =  rpm
Sfl =  apparen t slip in per cent.
F  =  standard  deviation.

N ote .—The standard  deviation

when n— the num ber o f observations— is large, 8 being the 
difference between “ shp com puted” and  “ shp recorded” in 
the table, an d  between the m ean value and  the actual values 
o f  Cs in the last paragraph , expressed as a  percentage o f  the 
average shp o r the average Cs value.

D r. F. H. Todd, B.Sc. {M ember I .N .A .)  [read by Secretary 
I .N .A .]: F o r a  considerable tim e we have been carrying 
ou t a t the D avid T aylor M odel B asin a  correlation  study 
betw een ship tria l results an d  m odel predictions in order 
to  determ ine suitable roughness allow ances fo r different 
types o f ship surfaces and  paints. The available da ta  on 
th is subject were presented to  the A m erican Society o f 
N aval A rchitects an d  M arine Engineers in  a paper read  
in  W ashington in Septem ber 1951.* The ship predictions 
were m ade from  the m odel tests by the use o f Schoenherr’s 
frictional line, and  the necessary roughness allowance to 
m ake these agree w ith the ship trial da ta  was represented 
by A Cf , this being the increase over and  above the frictional 
coefficient C , ( =  R / / |  p S V2) fo r a  “ sm oo th” ship as deduced 
directly from  the Schoenherr curve.

Values o f A C,- given in th a t paper ranged from  0 0001 to
0 0010, the range o f  values fo r clean, newly pain ted  m erchant

(1> (2) (3 ) (4 ) (5 )
Voyage Displacement Draught shp/(0 * 1N)> F

P lym outh-N ew  Y ork 12 245-11,700 +  23 ft. 0-154 S„ +  15-53 1 • 9 per cent
New Y ork-C openhagen 10,050- 9,620 ±  20 ft. 0• 162 Sa +  14-73 2-4 per cent

O bservations N os. 65 and  66 have been excluded, the 
w eather being too  bad.

G enerally speaking, a  decrease in draught involves a 
decrease in wake.

T he coefficient preceding Su is p roportional to  (1 — w)\ 
consequently, a t the lower draught o f the second voyage, 
th is coefficient should have— and has—the higher value.

T he equation , derived from  records taken  during the first 
voyage, is based on tw enty-one observations, and  the second 
equation  on  twenty-five observations. The F-values are 
small, w hich proves th a t the m easurem ents were taken w ith 
a  high degree o f  accuracy. In  o ther words, a  lim ited num ber 
o f accurate observations was sufficient to  get reliable equa
tions. Such equations are  the p roper instrum ent for check
ing any set o f records taken  simultaneously, and  for com 
puting  reliable figures for shp when only sh ip’s speed and 
rpm  a re  recorded. F o r it will be agreed th a t during bad 
w eather it is m uch m ore difficult to  get accurate m easure
m ents o f  to rque and  th rust th an  o f rpm  and  ship’s speed. 
In  such instances the regression equation  is a  great help.

In  the case o f  the Tervaete it m ight have been possible to  
collect quite a  num ber o f shp values com puted from  rpm  
and  speed m easurem ents only. This m ight have led to  the 
com putation  o f allowances on tank  shp for w eather con
ditions, fo r engine pow ers ranging from  (say) 5,500-8,000 shp.

This subject is treated  in R eport N o. 10 S o f the “ Studien- 
centrum  T .N .O . voor Scheepsbouw en N avigatie,” the D utch 
equivalent o f  the B .S.R .A . and  the “ C entre Beige de Re- 
cherches N avales.”

The use o f  Cs for elim inating the influence o f  variations 
in d raught proved to  be justified when applied to  tank  
records o f a C 3 vessel. These records covered the following 
ranges:

S p e e d . .  . .  . .  . .  14-17 knots
D raugh t ............................. 21 ft. 0 in .-28 ft. 6 in.

D isplacem ent . .  . .  12,411-17,446 tons
the standard  deviation o f Cs being 2-8 per cent.

ships lying in the range 0-00015 to  0  0004. The present 
standard  figure fo r ship prediction as adop ted  in 1947 by 
the A m erican Towing T ank  Conference is 0 0004, and  this is 
evidently in line w ith the above tria l analysis fo r such ships.

D uring the course o f the voyage o f the Tervaete she called 
a t N ew  Y ork, and  Professor A ertssen visited the M ode! Basin 
and  showed us som eof his results. W e were naturally  very inter
ested in  these, and  as we h a d  a  m odel o f the V ictory ship 
available we offered to  run  som e tests in the condition  corres
ponding to  the ship during the new trials. Professor Aertssen 
in  due course furnished us w ith  the Polperro  data , an d  we ran  
self-propulsion tests a t the correct d raught and  displacem ents.

Before discussing any com parison between m odel and  ship, 
it is essential to  set dow n the exact procedure adop ted  for 
the analysis.

The m odel was o f w ood, 20 ft. in length, finished w ith 
standard  grey glossy pain t. I t was ru n  in  the large m odel 
basin a t C arderock, w hich has a w idth  o f  51 ft. and  a  depth 
o f 22 ft. T urbulence w as artificially stim ulated by means 
o f  studs as proposed  by H ughes and  A llan a t the N ational 
Physical L aboratory . A  sm all effect was no ted  over the 
speed range o f the trials. T he results w ith  studs w ere used 
in the com parison. This m odel h ad  already been ru n  a t the 
tim e the V ictory ships were designed. I t  was re-finished for 
these tests and  run  a t the exact displacem ent and  draughts 
to  conform  w ith  the ship conditions on  the Polperro  mile.

The standard  practice in  running propulsion  tests a t  the 
T aylor M odel Basin is to  pre-load the resistance dynam om eter 
to  take account o f the difference in specific frictional resis
tance between m odel and  ship, so th a t the m odel propeller 
m ay be running  under correct th rust loading intensity. The 
am oun t o f  pre-loading will obviously depend upon  the A C; 
used in any given case. T his is norm ally taken  as 0 0004 
in  new designs, bu t for trial correlation  the th rusts on  model 
and  ship are com pared, after prelim inary runs, and  a value

* “Skin Friction Resistance and the Effects of Surface Rough
ness,” by Dr. F. H. Todd, p. 315 of Transactions of S.N.A.M.E., 
1951.
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o f A C,- chosen to  bring these values into agreem ent. F o r 
the Tervaete trials this was found to  be 0 0016.

T he trial da ta  supplied by Professor A ertssen refer to  two 
separate occasions—the first in  calm  seas a t tw o speeds, the 
la tte r being m easured by pitot-log, the second in  m oderate  
w eather on  the Polperro  m easured mile, w hen four runs were 
m ade a t each o f four speeds. On the first tria l the displacem ent 
was estim ated to  be 11,716 tons, on the second 12,245 tons.

Since the trials the shaft has been calibrated  and  the value 
o f  the torsional m odulus G  has been found  to  be 11,220,000 
lb ./sq. in. The earlier pow er figures supplied to  the T aylor 
M odel Basin by Professor A ertssen have been corrected in 
this respect. Since the to rsionm eter was a t the a ft end of 
the tunnel, an allowance o f  1-J per cent has been m ade for 
the friction in the stern tube to  ob tain  the delivered horse
pow er (dhp) a t the propeller. Since the calm -w ater trials 
were m ade after those a t  Polperro , it is presum ed th a t the 
p itot-log speeds have been corrected fo r the calib ration  erro r 
found on the m easured mile. T he la tter tests show ed the 
actual speed to  be from  0-8  to  2 1  per cent greater than  
show n by the p ito t log.

In  o rder to  com pare the results o f the two trials, the figures 
fo r the calm -w ater tests have been corrected to  estim ated 
figures at 12,245 tons displacem ent, as show n in the table 
below.

In order to  elim inate so fa r as possible the effect o f w eather, 
the values o f the to rque  <t> were p lo tted  against the speed V 
and  it was found th a t the <j> in the m oderate seas was som e
6 per cent higher than  in calm  w eather. This is n o t a  large 
effect, w hich m ight be expected in view o f the very short 
wave-length o f  60 ft. com pared  w ith the length o f the ship. 
A p lo t was also m ade o f the values o f (j> against N  for the 
ship in rough  and  sm ooth  w ater and  also fo r the m odel 
p ropulsion  tests. These curves were all consistent, and  
indicated th a t a  change o f 6 per cent in <j> was accom panied 
by a sim ilar change o f  1-V per cent in N . I f  we accept these 
figures, the resulting effect o f  w eather is equivalent to a 
change in dhp  o f some 1 \  per cent.

Fig. 19 shows the trial results fo r calm  w ater corrected 
to  the larger displacem ent an d  those in m oderate  w eather 
after correction to  calm  sea conditions as outlined above. 
The five sets o f  spots are  now  reasonably consistent. The 
lowest set a t 11-16 kno ts is probably  no t as accurate as the 
others due to  the difficulties o f  m easuring ship pow ers a t 
this speed, and  has been om itted.

A s sta ted  above, a  A Cf  o f 0 0016 w as used in  runn ing  
the m odel tests, based upon a com parison o f  m odel and  ship 
thrusts. A fter they were com pleted, it was found th a t this
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were found to  be h igher than  the ship figures as set ou t 
above. T he values o f N  were then  reduced a t each speed 
until they coincided w ith the trial values o f N , and  the new

Trial A tons V knots dhp rpm
N

Torque
<t, lb. fl.

Thrust 
T lb. Weather

18.4.52 12,245 17-10 7,709 79-9 506,740 155,4201
19.4.52 12,245 1 6 0 0 5,617 73-0 404,100 125,320
10.4.52 12,245 16-88 7,684 78-9 511,260 153,742 W aves 60 ft. long,

12,245 16-37 6,576 75-0 460,460 138,194 2 ft. to  5 ft. high.
12,245 15-70 5,654 71 -6 415,150 127,975 W ind Beaufort
12,245 11-16 1,874 49-7 198,000 59,652 force 2-3

allow ance was too  great fo r correlation  betw een ship and  
m odel powers. Professor A ertssen has com m ented on the 
difficulties experienced in ob tain ing  steady an d  accurate 
th rust readings, and  after careful consideration  we believe 
that the com parison should be m ade on the basis o f pow er 
ra ther th an  th rust. E xam ination  o f  the trial th ru st values 
indicates th a t they are  ra th e r high. The ship propulsive 
coefficient calculated using the m odel (/ — t) w ould become 
abou t 0 -9, w hich w hen com pared to  the m odel results appears 
too  high. Furtherm ore , the th ru st coefficient also appears 
to  be too  high. The predicted pow er and  revolutions were 
p lo tted  to  a  base o f  speed fo r the allowance o f 0 0016, and

dhp figures w orked ou t on the basis th a t dhp  varied w ith N 3. 
F rom  a  know ledge o f  the m odel ehp and  the propulsive 
coefficient, the value o f  A C f  can  be found, and  w as in this 
instance 0 • 00094. The corresponding pow er curve is show n 
in Fig. 19, w ith the app rop ria te  A Cf  label.

U sing this m ethod o f bringing the rpm  in to  agreem ent 
has led to  very consistent results in the analysis o f the trials 
o f  a  num ber o f naval ships o f all types. In  this case it will 
be observed th a t the resu ltan t pow er curve is som ew hat 
below  the ship curve, w hich m ay in p a rt be due to  w ind, 
a lthough we w ould then  no longer be justified in  bringing 
the rpm  curves together.
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We can ad o p t an  alternative m ethod to  find A Cf— to draw  
an  average curve th rough  the ship spots w hich is parallel to  
the m odel prediction fo r A Cy =  0-00094 and  w ork ou t a 
new A Cf. T his leads to  a slightly higher A Cf, i.e. 0 0010, 
which, for all practical purposes, is the sam e. In  th is case 
a new rpm  curve slightly higher than  th a t found on the ship 
also results.

Trial results fo r a V ictory ship when new  and  freshly 
pain ted  correspond to  a A Q  value o f 0 0003, w hich is w ithin 
the range o f  0-00015 to  0 0004 quoted  above. The increase 
in th is allowance on the Tervaete is to  be a ttribu ted  to  
deterioration  o f  the surface and  to  fouling. The hull surface 
is reported  to  suffer from  a  general deform ation o f side and 
bo ttom  plating  by indentations between the fram es and  
floors. T he fouling m ay be considerable, since the vessel 
was last docked in D ecem ber 1951, and  spent three m onths 
on  a voyage to  Ind ia  and  E ast A frica before the trials were 
run  in A pril 1952. I f  she spent any appreciable tim e lying 
in ports in  such tropical regions, the fouling m ay have been 
quite heavy.

It is believed th a t the value o f  A Ct is therefore a  reason
able one under the circum stances. I t  corresponds to  a  rate 
o f increase o f  to ta l resistance o f 0-15 per cent per day out 
o f dock. T his is a  convenient way o f m easuring the effects 
o f  fouling, b u t n o t a  very scientific one. I t w ould probably 
be better to  base it on the percentage tim e spent in harbou r 
since last pain ted , a lthough this w ould still n o t take account 
o f the idiosyncracies o f different harbours and  the different 
seasons o f the year.

M r. A quino  o f the M odel Basin staff has m ade m ost o f 
the analysis o f  these trials, and  we w ould bo th  like to  express 
ou r thanks to  Professor A ertssen fo r m aking the data  avail
able to  us so th a t these com parisons w ith ou r m odel results 
could be carried  out.

Professor E . V. Telfer, D .Sc., Ph.D . (M em ber o f  Council 
I .N .A .): T his is a  very useful and  practical paper and  en
courages one to  ask  for m ore. C ould the au th o r also 
include copies o f  the lines, propeller, and  rudder plans, as 
these add itional da ta  are really essential to  the p roper under
standing o f the paper?

The type o f  service analysis a ttem pted by Professor A ertssen 
can be greatly facilitated  by the use o f the so-called generalized 
pow er diagram  first described in  my 1926-27 N .E .C . In stitu 
tion  paper dealing w ith the subject. I have attem pted  to  
prepare such a  d iagram  from  th e  d a ta  given b y  Professor 
A ertssen (Fig. 20). I f  one accepts the Polperro tria l data, 
analysis o f  to rque  constan t variation  w ith apparen t slip results 
in the ship propeller evidently having a  higher absorp tion  
th an  the m odel, even after duly allowing fo r the reduced tail- 
shaft m odulus. This, o f  course, is extremely unlikely and  
w ould p o in t to  tw o explanations. E ither the hull was very 
badly fouled and  w as greatly increasing the w ake in to  the 
propeller, o r the ship propeller m ean p itch  was considerably 
greater than  the designed value. There is no  d oub t th a t the 
hull was foul du ring  the trials, b u t investigating all the 
observations given by the au thor, there is no  clear evidence 
o f  any significant change in the absorp tion  ra te  a t any tim e 
over the period  o f  the observations. The alternative explana
tion  th a t the true  m ean  p itch  o f the ship screw is greater 
than  the designed value receives full support from  the actual 
m easurem ent given by the au thor. I t  is n o t clear, however, 
how  the m ean p itch  erro rs a t each rad ius were established. 
If they represent the m ean o f  m easurem ents taken  over the 
blade leading half, a t  the blade centre, and  over the trailing 
half, they are  p robably  useless fo r their in tended purpose if 
the tw o form er tend  to  cancel o u t a greater e rro r over the 
trailing half. O nly the trailing  h a lf  p itch  should be used 
fo r such checking. F u rther, it is clear th a t a  simple sum  of 
the errors does n o t give the m ean e rro r over the whole p ro 
peller. T he erro rs m ust be a t  least weighted by the radius. 
Proceeding thus w ould give tw ice the e rro r indicated  by the 
au th o r in  A ppendix IV  and  w ould suggest th a t the m ean 
pitch was nearer 22-9 ft. th an  the designed value o f  22-5.

F i g . 20.—s.s. “ T e r v a e t e .”  G e n e r a l iz e d  po w e r  d ia g r a m

W hilst the use o f  this p itch  now  brings the ship abso rp tion  
below th a t o f  the m odel (using the designed pitch) a greater 
difference w ould norm ally have been expected. Lewis (Trans. 
S .N .A .M .E ., 1951, p. 617) has a  reference to  the ship-m odel 
correlation  o f  the V ictory ship (vessel O , h is T able I) and  
com m ents on the m odel to rque w ake being m uch low er than  
th a t o f  the ship. The very “ approx im ate” na tu re  o f the ship 
screw m ight evidently be a  sufficient exp lanation  in b o th  cases.

H ow ever, despite the discrepancy in  p itch  a generalized 
pow er diagram  has been prepared  from  the P o lperro  mile 
da ta  using a m ean p itch  o f  22-9 ft. This is show n in Fig. 20 
and  I tru st th a t the d iagram  m ay be  found  useful, p articu 
larly in view o f the curren t concerted  a ttack  on  the V ictory 
ship correlation  problem .

I am  greatly interested in  Professor A ertssen’s show ing 
th a t ship propulsive losses due to  w eather can  be expressed 
as linear functions o f such d isturbing causes as wave height, 
e tc .; and  fu rther, th a t these losses a re  relatively the greater 
the low er the relative pow er w ith  w hich the vessel faces the 
weather. 1 drew  a tten tion  to  these facts o f ship behaviour 
in the N .E .C . paper above referred to  and  also in  a  later 
paper o f  1934-35 before the sam e Ins titu tion . In  a  fu rther 
paper to  be read  in  June o f this year in  Belgium, on  Professor 
A ertssen’s hom e w icket, I  will give a  developm ent o f this 
w ork  and  show  th a t a  simple pow er-loss fac to r can  be devised 
to  m easure non-dim ensionally  the effect o f  w eather on  ship 
perform ance. T he idea o f non-dim ensional w eather is also 
in troduced; and  the da ta  now  given by Professor A ertssen 
should  prove useful in  developing the new  approach .

Professor A ertssen’s reference to the state o f  the hull 
between the light and  load  d raughts on inspection in New 
Y ork after the Polperro  trials is o f  special value. A ccepting 
the barnacle height o f 1/48 in ., this corresponds to  a  relative 
roughness o f 4 X  10“ 6, w hich in turn  corresponds to  a  fully
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sa tu ra ted  roughness specific resistance o f  2-39. A t a 
Reynolds num ber o f  109, the corresponding resistance o f a 
sm ooth  surface is 1-54; and  as the roughness density is said 
to  have been 30 per cen t, reference to  m y 1951 Institu tion  
pap er (Section 11) shows th a t \ / 2  x 0-30  o r  0-775 o f the 
difference betw een 2-39 and  1 - 54, i.e. 0-66, will be the 
add itional resistance due to  this roughness and  density. The 
frictional resistance a t  109 is thus increased 43 per cen t by 
the roughness described by Professor A ertssen. A s shell 
fouling is generally w orse on the bo ttom  than  on the sides, 
this calculated excess is no t likely to  be an  over-estim ate. 
A llow ing fo r the actual w eather on  the Polperro  mile, it 
follows th a t the very large difference betw een the m odel and  
ship is capable o f sim ple quantita tive evaluation . This ship- 
m odel co rrelation  w ork w ould be increased in  value if the 
au th o r could persuade D r. A llan to  supply a  tabu la tion  o f 
the actual da ta  m easured on the m odel. Such data  are 
always better presented in  factual ra th er than  in  w hat m ay 
now  be pardonably  term ed F ro u d e  fictional fo rm !

T urn ing  now  to  a  m ore detailed exam ination  o f  the self- 
propelled m odel results, a  study o f  T able C suggests th a t 
correlation  betw een ship and  m odel in  the elem ents o f  p ro 
pulsive efficiency is evidently n o t going to prove too  easy 
in these V ictory ship tests. W hilst on  b o th  tria l and  designed 
conditions the behaviour o f  the propulsive coefficient and  
(C) is quite ra tional, i.e. th e  form er decreases as the latter 
increases, it is curious th a t in the designed condition  both  
open and  behind efficiencies perversely show the opposite 
behaviour. Thus, despite the d rop  in  propulsive coefficient, 
b o th  propeller efficiencies im prove w ith speed increase. In  
a  ship this behaviour is extrem ely unlikely. In  the m odel 
it  is difficult to  say w hat it means. T h a t the results a re  so 
anom alous th a t one is tem pted to  dismiss them  as erroneous 
m ight be unfair to  D r. A llan, b u t if  fo r each speed one 
calculates the quantity  (C  /(I — 0  (1 — fVt)2, w hich is 
equivalent to  th rust over speed squared, an d  plots open 
efficiency against this function, the resulting behaviour 
appears to  be physically im possible. Since the very purpose 
o f the au th o r’s w ork  is to  help stra igh ten  ou t all these 
exasperations, I  w onder w hether D r. A llan w ould care to  
re-exam ine the constituent efficiency analysis fo r the designed 
condition an d  particularly  a t  speed 15 kno ts and  above. 
The behaviour o f  ro tative efficiency is quite different in  the 
two conditions. The tria l condition  behaviour appears to  
be norm al and  ra tional, b u t the designed condition  is again 
irra tional. I  suggest th a t the tim e is long overdue fo r the 
professional reassessm ent o f the real physics o f relative 
ro tative efficiency. I t is n o t the experim ental dust-b in  som e
times im agined, a lthough careless testing may evidently have 
m ade it so ; an d  I am  n o t referring here to  the present tests. 
As now  universally m easured it is erroneous in principle, 
fo r as such it is n o t an efficiency bu t a t best a  w ake distribu
tion  factor. W hen the factor is un ity  the feed in to  the 
propeller is equivalent to  uniform . W hen the factor exceeds 
unity  the w ake is greater a t the inner radii than  a t  the outer. 
T o ob ta in  real relative ro tative efficiency the th ru st horse
pow er d istribu tion  and  in tegral over the blade m ust be 
know n. This real ro tative appears to  vary inversely as the 
wake d istribution  factor, i.e. inversely as the classic rotative. 
I have previously suggested th a t this loss in  th rust horse
pow er is equivalent to  a loss in effective pitch, and  this 
provides one m ethod o f  approxim ating  the real ro tative 
w ithout experim entally determ ining the th ru st horsepow er 
d istribution . I in terpose these observations to  incite D r. 
A llan to  find som e physical exp lanation  o f the curious ro ta 
tive behaviour in  the present case. If  greater know ledge o f 
the behaviour can  lead to  im proved overall efficiency, the 
fact th a t so m any V ictory ships are  concerned could lead 
to  a com m ercial econom y fully justifying m uch further 
experim enting.

Mr. K. D . A. Shearer (.Associate-M ember I .N .A .) : In  m aking 
any com m ents on  Professor A ertssen’s very interesting paper, it

is fully appreciated th a t in  research o f this nature  the scientific 
requirem ents m ust generally be seconded to  the econom ic 
service requirem ents o f the vessel.

As is seen from  the paper the thickness o f  the boundary  
layer was generally greater than  the length o f the rodm eter 
and  therefore the value o f  the ca lib ration  fac to r k  w ould be 
expected to  vary depending on the degree o f fouling. In  
voyages I and  II, B om a-N ew  Y ork  an d  A ntw erp -G ib ra lta r, 
the  vessel was approxim ately seven to  eight m onths an d  two 
weeks respectively ou t o f  dock, bu t the sam e k  value was used 
fo r b o th  voyages, and  this w ould  appear to  be a  possible 
source o f error. A  knowledge o f th e  velocity d is tribu tion  
w ithin the boundary  layer during voyages I a n d  I I  w ould 
have assisted in indicating w hether the assum ption  o f  a  
constan t k  value on these tw o voyages was justified. The 
velocity d istributions show n in Fig. 3 appear to  relate only 
to  the hull conditions on voyage I I I  and  subsequent voyages.

The m ethod  of obtain ing the approxim ate prelim inary 
calib ration  involving the assum ption o f an  unchanged current 
on  tw o occasions nearly ten days ap a rt m ust always be open 
to  considerable doubt. A lthough  the cu rren t was probably  
weak, it does appear essential to  calibrate the log using pairs 
o f runs carried  ou t w ith the m inim um  tim e interval, as is 
the practice on standard  m easured mile trials.

Monsieur G. Dufour (M em ber I. N .A .) : I represent the owners 
o f  the Tervaete so perhaps you  are  now  looking a t the victim  
o f  all this discussion.

W hen Professor A ertssen asked m e if we w ould allow  him  
to  m ake th e  experim ents, we could  well appreciate  their 
scientific interest, b u t we also saw th a t he w anted to  do to  
the ship all sorts o f  things w hich are  n o t easy to  carry  out 
in  ord inary  service.

In  the end we agreed to  the experim ent being m ade, bu t 
we did n o t allow  a  loaded tria l trip  n o r the ca lib ration  o f  
the shaft.

Professor A ertssen, how ever, is a  very accurate, exacting, 
stubborn  an d  obstinate fellow, an d  in  the end  he go t his way 
in everything he  asked.

N ow  th a t it is all over, we are  g lad the trials took  place. 
The da ta  w hich Professor A ertssen and  his staff have collected 
are im possible fo r an  ow ner to  ob ta in  from  the analysis o f 
ordinary  logbooks.

A part from  the scientific lesson w hich you, gentlem en, 
seem to  have draw n from  those data , we have learned, I 
th ink , a  p ractical com m ercial lesson. W e knew  th a t in  the 
course o f years, even in a  well-kept ship, the hull o f th a t ship 
is never as sm ooth as it is when new. Professor A ertssen’s 
experim ents have show n us th a t perhaps the increase in 
roughness due to  years is greater than  we h ad  expected. 
F rom  this we have draw n the conclusion th a t we w ould do 
well to  be m ore careful o f  drydocking and  pain ting  th an  we 
have been in the past, especially when a  ship is com paratively 
new. F requen t drydocking, good brushing an d  first quality  
pa in t applied properly m ight save us m ore money than  many 
com plicated m echanical gadgets.

Written Contributions to the Discussion
Mr. R. E. Clements, B .Sc. (Associate-M em ber I.N .A .):  

P rofessor A ertssen is to  be congratu lated  on presenting us 
w ith w hat m ust be the m ost com prehensive set o f  voyage 
d ata  yet published.

Perhaps their best feature from  the p o in t o f view o f hull 
perform ance is the fact th a t th e  ship speeds have been 
m easured by m eans o f a  p itom eter log, thus enabling  a 
higher degree o f  accuracy to  be obtained  th an  is generally 
possible. This is particu larly  useful w hen m easuring service 
perform ance by m eans o f th e  A dm iralty  coefficient, w here any 
e rro r in  speed m easurem ent is cubed. Q uite considerable 
errors in estim ating A dm ira lty  coefficient can  be in troduced  
by th is means.

A no ther interesting feature is the good  agreem ent betw een 
the w ind speed as m easured and  as estim ated by the ship’s
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officers. I f  the agreem ent is as good in all voyage abstracts, 
here is a t least one estim ate o f external conditions which 
can be relied upon. I t  is unfortunate  th a t a  sim ilar com 
parison was n o t m ade w ith regard  to  wave height.

The estim ates o f  wave heights (which do no t o f  course 
appear in a norm al log) and  the description o f the state of 
the sea attached  to  waves o f a  given height vary so con
siderably th a t I feel it w ould be m ost useful to  have a 
standard  scale for use by all vessels supplying service data. 
1 have extended Fig. 11 to  cover all d isplacem ents and 
waves up  to  30 deg. off the bow, the resulting p lo t being 
shown in the accom panying figure (Fig. 21). The fact tha t

increase in  Cs w ith speed on  the Polperro  m easured mile 
trials is 17 per cent, o f  which, according to  T able X , 9 per 
cent can  be attribu ted  to  changes in the w eather during the 
course o f  the trials, leaving an  8 per cent increase w ith speed. 
Therefore, if speed is reduced under adverse conditions from , 
say, 16-88 to  1 1 1 6  knots, the m axim um  an d  m inim um  trial 
speeds, the effect o f the w eather conditions on  Cs will im me
diately be under-estim ated by 8 per cent.

A  better m ethod o f analysing service perform ance is to  
use the propeller as a  m easuring dynam om eter and  analyse 
in term s o f dhp/NP and  apparen t slip. T he relationship 
between d h p /N 3 and  apparen t slip can be determ ined either
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decrease in speed w ith increase in wave height is so nearly 
linear suggests th a t a scale may be used w hich increases 
linearly w ith wave height. This will have the added a ttrac
tion o f giving the m ariner a  ready m eans o f estim ating w hat 
his loss o f speed for a given day under given external con
ditions is likely to  be. Such a scale is already used by some 
D utch  owners, the direction o f encounter being given in 
intervals o f 10 deg. from  the bow while the wave heights are 
divided into a scale o f  half-m etre intervals. I t  is n o t sug
gested th a t such a closely graded scale is necessary, bu t the 
in troduction  o f  such a  scale w ould help to  elim inate hum an 
reaction to  external conditions and  a t the same tim e provide 
a  good basis on  w hich the sea-going qualities o f different 
vessels can be com pared, a basis w hich a t present is non
existent.

I am  n o t quite clear as to  w hat Professor A ertssen has 
taken as his fine w eather datum  on w hich the increases in 
pow er due to  w eather are based; w hether he has taken fine 
w eather da ta  for a given speed and  displacem ent and  related 
all the voyages to  this datum , o r w hether the increases in 
pow er relate to  the fine w eather perform ance a t the corre
sponding displacem ent fo r each voyage.

O ne o f the great difficulties in  analysing service per
form ance is to  analyse the da ta  in such a  m anner as to  give 
a true representation o f  the facts, and  I am  inclined to  th ink 
that neither C r no r A dm iralty  coefficient can  do this for us. 
The ideal coefficient to  use is, o f  course, one w hich does no t 
vary w ith either displacem ent o r speed, so th a t all service 
results can  then be related  to  the fine w eather loaded trial 
da ta  o f the new ship. N ow  neither Cs no r A dm iralty  coeffi
cient satisfy either o f these conditions. F o r  exam ple, the

statistically o r by a  simple p lo tting  o r by m odifying the 
k Q J curve to  represent the propeller w orking in fields o f 
various wake strengths and  assum ing a linear relationship  
over the norm al w orking range o f  slip. The values o f 
d h p /N 3 and  apparen t slip under various conditions can then 
be determ ined and  the pow er necessary to  m aintain  a  given 
speed under those conditions estim ated.

This estim ate o f the increase in  pow er to  m aintain  a certain 
speed may be som ewhat hypothetical, since obviously under 
certain conditions speed m ust be reduced. Nevertheless, it 
has a distinct value in com paring  the perform ance o f the 
vessel a t different seasons o f  the year, in different conditions 
o f  fouling and  a t periods th roughou t her life.

Author’s Reply
Reply to Dr. Allan

The accuracy o f  the th rustm eter indeed was n o t better 
than  6 per cent in dead calm . The probab le  e rro r was larger 
in  waves, even when their height was no t considerable, due 
to the wide oscillations o f the needle o f the gauge. D r. 
A llan says th a t the propulsive coefficients deduced from  the 
m easurem ents a t sea are in reasonable agreem ent w ith m odel 
figures. I agree w ith  his statem ent th a t the accuracy o f  ou r 
m easurem ents a t sea is n o t such th a t one could  attem pt to  
establish a scale effect from  the results. I feel th a t D r. A llan 
supposes the ehp /dhp  values o f the tables were corrected  for 
the reduced m odulus o f rigidity w hich was found  ultim ately 
to  have a  value o f  11,220,000 lb. per sq. in. Such was no t 
the case; a fter due allowance fo r the reduced m odulus the 
ehp /dhp  values are som ew hat higher than  80, say generally 
83 per cent. They are  indeed on the high side and the

238



SEA TRIALS ON A VICTORY SHIP, AP3, IN NORMAL MERCHANT SERVICE

eccentricities a t the bearing surfaces o f  the levelling plates 
o f  m ain th rust are p robably  responsible fo r it.

D r. A llan’s statem ent th a t tem perature corrections should 
n o t be applied to  the ship is true, in  so far th a t they are  no t 
usual. However, different textbooks, “ Speed and  Pow er o f 
Ships” (Taylor), “ Resistance, P ropulsion, an d  Steering of 
Ships”  (Van Lam m eren, T roost, K oning, p. 57), “ Theory of 
N aval A rchitecture” (R obb, p . 409), recom m end the tem 
perature  correction, though  these au tho rs do n o t m ake any 
difference between m odels and  ships. The Paris Conference 
in 1935 recom m ended a  skin friction correction  o f 0 • 43 per cent 
for a change o f one degree C.

Professor Telfer: I t  was agreed only as a  m odel change 
and  no t as a  ship change.

Professor Aertssen: I agree w ith  the fact th a t fo r a fouled 
ship, w hich is roughened, the correction  is questionable. But 
I th ink  tha t, as the viscosity decreases w ith increasing tem 
perature, it is n o t erroneous to  m ake the correction  fo r a  
sm ooth  hull.

Fig. 3 gives indeed the velocity d istribution  in the boundary  
layer for the voyage P lym outh -N ew  Y ork  and  fo r the ship 
in very m uch d irtier condition . The velocity d istribu tion  for 
a  clean ship w as no t m easured during previous voyages. 
However, a t  the end o f  1952, th a t was the year o f the voyages 
P lym outh-N ew  Y ork  and  N ew  Y ork-C openhagen , the ship 
having afterw ards m ade ano ther voyage to  Ind ia , she was 
dry-docked, and  a t the beginning o f 1953 the velocities in 
the boundary  layer were m easured on  the clean vessel. This 
was the velocity curve I show ed D r. A llan, and  as this curve 
com es even lower th an  the curves P lym outh-N ew  Y ork  and  
N ew  Y ork-C openhagen  I th ink  it  m ay be interesting to  give 
a  new  diagram , Fig. 22, com pleting Fig. 3 w herein the curve 
clean ship is included. A t the sam e tim e the d iagram  Fig. 3 
is corrected for the 1-in. e rro r o f the distance o f the im pact 
orifice to  the shell p lating  I m entioned in the addendum . 
In  the addendum , too , I m entioned th a t this curve clean 
ship was, w ithin a  distance o f  8 in. from  shell plating, fairly 
exponential w ith n =  0 • 136 in  sm ooth  water.

D r. A llan com m ents upon  the correlation  ship-model. 
W e m ust keep in  m ind  th a t all the dhp  m easured a t sea and  
given in the tables are  to  be low ered by 4 per cent. I f  we 
do tha t, the difference betw een the perform ance o f the clean 
Tervaete and  a new w ell-painted flush-welded form , a  differ
ence w hich was substantial, decreases: the allow ance o f 20 per 
cent fo r dhp is reduced to  15 per cent. F urtherm ore , 
referring to  diagram  Fig. 15(A ), show ing the perform ance 
o f  the clean ship, it is m entioned there th a t full-scale data  
were corrected  to  28 ft. 0 in. A s these full-scale da ta  were 
ob tained  w ith d raughts som e 2 o r H  ft. less th an  28 ft. 0 in., 
there m ay be a  slight e rro r in th is correlation , especially if 
we take in to  consideration  the large difference o f propulsive 
efficiency from  28 ft. to  23 • 562 ft. T he com parison o f  C s for 
clean ship an d  dirty  ship, fou r m onths later, gives some
12 per cent, w hich is in  con trast w ith  the m ore th an  20 per 
cent given by the tank  correlation . A  com parison o f  Cs for 
varying draughts is som ew hat questionable, an d  probably 
the fouling effect is m ore th an  12 per cent, b u t I guess a 
sim ilar error, a lthough  n o t so large, is m ade in correcting 
full-scale da ta  from  26 to  28 ft. A ltogether, the fouling effect 
will be som ew hat less th an  given by the ship-m odel correla
tion.

D r. A llan gives an  A dm iralty  coefficient o f 490 a t 16 knots 
predicted by the tan k  results. F o r  the vessel in  service, w ith 
a  clean hull, th a t coefficient is 440 after due allow ance for 
the reduced shaft m odulus.

I agree w ith D r. A llan’s statem ent tha t, strictly speaking, 
w eather effect in Figs. 10, 11, 12, 13, and  14 should be given 
by curves, n o t by stra igh t lines. M ore results in  bad  w eather 
th an  the few I ob ta ined  could  perhaps have helped to  find 
m ore correct lines. H ow ever, w ith  the results I obtained, 
no  better than  approxim ate stra igh t lines could  be draw n 
th rough  the spots. I t should  be em phasized th a t it  is no t 
possible to  ob tain  very accurate  m easurem ents in high seas. 
I t  is p robable th a t w hen the period  o f  encounter is near the

pitching period  o f the ship the relation  loss o f  speed-period  
o f  encounter is no longer linear; th a t region, how ever, w ith 
large pitching angles is very difficult to  explore and  is n o t 
covered by the re la tion  w hich does n o t extend beyond 4 to  
5 seconds period o f encounter.

Reply to Prof. van Lammeren
I am  glad to  learn som e results o f  the trials o f  the 17 kno ts 

V ictory ship Arnedijk. The allow ance on dhp  predicted  by 
the tan k  fo r the self-propulsion p o in t o f  ship is fo r this ship 
14 per cent a t  a  relative w ind speed o f  8 to  11 m ./sec., the 
w ind being ab o u t 40 deg. o ff the bow , an d  a  wave height 
o f  0-25 m . This allow ance is very close to  the allow ance on 
dhp  o f  15 per cent given in  Fig. 15 (A), a fter due allowance 
for the reduced shaft m odulus.

In  com paring  tria l rpm  and  estim ated  rpm  a t the same 
dhp, Prof. van Lam m eren found  an  increase in  Fig. 15 (A) 
and  a  decrease in Fig. 15 (B) fo r the tria l rpm  on  the estim ated 
rpm. N o  d oub t sim ultaneous readings o f  dhp, th rust, rpm  
and  speed w ould have given better results and  I adm it tha t 
it is very difficult to  m ain tain  exactly the sam e speed in  bad 
w eather during ha lf  an  hour. H ow ever, the curves Fig. 15 (A) 
are  ob tained  from  calm  w ater tests, while the curves Fig. 15 (B) 
relate to  the trials on  the m easured m ile in m oderate  w eather, 
w hen no large variation  in  rpm  was stated  from  run  to  run. 
T herefore the curves in Fig. 15 m ust give a good p ictu re  o f  
the tria l conditions. I w onder w hether Prof. van Lam m eren 
has applied to  the dhp curves the allow ance due to  the 
reduced shaft m odulus ob tained  from  calib ration  after the 
paper was p rin ted  (see addendum ). A fter due allow ance for 
the reduced shaft m odulus I  confess th a t there still rem ains 
a  difference w hich canno t be explained by the discrepancy 
o f  the actua l p itch  only. P robably  there is a  slight difference 
o f w ake scale effect betw een conditions (A) an d  (B), and  
Prof. B onebakker gives the exp lanation , I  th ink , w here he 
states in  h is con tribu tion : “ G enerally  speaking, a  decrease 
in  d raugh t involves a decrease in  w ake.” Indeed, the low er 
d raugh t in condition  B involves a low er wake.

Reply to Prof. Bonebakker
A pplying regression analysis to  our results, Prof. B one

bakker finds F  values w hich are characteristic fo r the accuracy 
o f  o u r m easurem ents. I am  glad to  see th a t the standard  
deviations we obtained  during our voyages P lym outh-N ew  
Y ork  and  N ew  Y ork-C openhagen  are very close to  the 
standard  deviations 1-97 an d  1-94 per cent P rof. B one
bakker finds in the sam ple calculations I an d  II o f his paper 
he referred to  in his contribu tion . Prof. B onebakker writes 
colum n (4) shp/(0 • 1 N )3: this is understood  to  be dhp/(0  • 1 N )3.

I certainly agree w ith  Prof. B onebakker’s rem ark  on  the 
great difficulties o f getting accurate m easurem ents o f  torque 
and  th ru st during b ad  w eather an d  th a t the regression 
equation  will be o f great help in  such circum stances for 
com puting  reliable figures o f  dhp from  rpm  and  speed values. 
I  th ink , however, tha t, though  rpm  can  be m easured w ith  a 
good  approxim ation  even in  bad  w eather, speed m easure
m ent by a  p ito t log— and  Prof. B onebakker will agree it is 
the best instrum ent to  use fo r this purpose— is very difficult, 
too , in high seas.

Reply to Dr. Todd
As the T .M .B . h ad  a m odel o f V ictory ship available I 

was very g lad to  hear th a t D r. T odd  offered to  run  som e tests.
The correlation  m odel-sh ip  was established by D r. Todd 

only for the voyage P lym outh -N ew  Y ork  during w hich the 
Polperro  trials took  place. T he result o f  th a t correlation  is 
a  roughness allow ance on the Schoenherr form ula o f 
A  C / =  0 0010.

I undertook  to  com pare the correlation  T .M .B . w ith  the 
N .P .L . correlation  an d  I a ttem pted  to  determ ine A  C / for 
the P lym outh-N ew  Y ork  voyage from  the results N .P .L . 
T he P olperro  da ta  were used as well as the d a ta  obtained  
la ter in  calm  seas. The T .M .B . om itted  the lowest set a t 
1 1 1 6  knots, so I om itted  it too . F urther, the th ird  group
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o f Polperro  giving a  th ru st w hich was extraordinarily  high 
I  om itted  it too . F inally  I h ad  to  exam ine the two first 
groups o f Polperro  and  three speeds in calm  seas correspond
ing to  observation num bers 27, 28, 45, 46, 47 o f T able X. 
F o r the Polperro groups 27, 28 the da ta  still a ir are taken 
from  Table D .

'file  calculations are  show n in Table X VI. F ro m  the 
N .P .L . resistance experim ents (Table B) the residuary resis
tance is determ ined. The propulsion experim ents (Table C) 
give the th ru st deduction coefficient, and  this is assum ed to 
be the sam e for m odel an d  ship. F ro m  th ru st T  the ship 
resistance is calculated T  (1 — t). Subtracting from  ship 
resistance the residuary resistance and  the a ir resistance 
calculated from  the B aker m ethod  (Ref. 6) I ob tain  the skin 
friction resistance. This is finally reduced by 2 per cent on 
account o f  the resistance due to  rudder deviations and  bilge 
keels. C f is then  calculated on  a  basis o f  a  w etted surface 
obtained  from  the hydrostatic  curves o f  the V ictory ship.

It is also possible to  calculate C f from  dhp  and  a quasi- 
propulsive coefficient taken  from  propulsion  experim ents 
(Table C). The dhp  values are corrected fo r the reduced

m odulus o f  the shaft and  the propulsive coefficient is reduced 
by 2 per cent on account o f  the propeller overload.

T he P olperro  trials give a  m ean A C /  value o f  0-00117 
calculated from  th ru st against 0 • 00099 calculated from  pow er, 
while the later trials in calm  seas give a  m ean A  C'<■ value 
o f 0 • 00099 from  th ru st an d  0 • 00079 from  power.

These values are in  general agreem ent w ith  the A  C f  values 
given by D r. Todd.

However, there is a considerable difference betw een the 
A  C f from  Polperro  results and  the trials later on. The 
Polperro trials were ru n  in  m oderate w eather, whereas the 
trials later o n  were ru n  in calm  seas. The Polperro  results 
were corrected to  still air, a lthough  the effect o f  waves was 
n o t elim inated. As the residuary resistance was taken  from  
tan k  resistance experim ents, the w hole w eather effect falls 
on  the frictional resistance. The A  C f difference o f 0 0002 
corresponds to  an  increase in frictional resistance o f  some
10 per cent, w hich is in agreem ent w ith the change on dhp 
o f  1 \  per cent given by D r. T odd  as w eather effect for the 
Polperro trials.

O n the o ther hand  there is a  difference o f 0 0002 between
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TA B LE XVI 
A  Cy f r o m  N .P .L . S h i p - M o d e l  C o r r e l a t i o n

SEA  T R IA L S  O N  A V IC T O R Y  S H IP, AP3, IN  N O R M A L  M E R C H A N T  SER V IC E

1 D ate 10.4.52 10.4.52 18.4.52 18.4.52 19.4.52
2 O bservation num ber 27 28 45 46 47
3 B eaufort scale 2-3 2-3 3 3-4 2
4 Speed in knots 16-88 16-37 17-1 17-1 16
5 R eynolds num ber 8-77 X 10»

oo©X<NOO 9 -6  x  10s 9-6  X  10» 7-77 x  108
6 D isplacem ent in tons 12,245 12,245 11,760 11,760 11,700
7 ehp as predicted  by N .P .L . 4,616 4,060 4,760 4,760 3,620
8 T otal resistance in kg. from  7 . . 40,350 36,620 41,050 41,050 33,420
9 Frictional resistance in kg. from  F roude 25,260 23,870 25,400 25,400 22,420

10 Residuary resistance in k g .: 8-9 15,090 12,750 15,650 15,650 11,000
11 T hrust in lb. as m easured T 152,405 136,169 149,600 148,700 119,900
12 T hrust deduction fac to r t from  N .P .L . 0-22 0-22 0-22 0-22 0-22
13 C alculated  resistance in  kg. T  (1 — t) ■ ■ 53,850 48,150 52,850 52,600 42,400
14 C alculated  a ir resistance in  kg. 1.050 988 1,610 1,610 1,800
15 C alculated  frictional resistance 13 ( 1 0 + 1 4 ) 37,710 34,412 35,590 35,340 29,600
16 C orrection  for rudder deviation and bilge keels 754 688 712 707 592
17 C orrected  frictional resistance in kg. 36,956 33,724 34,878 34,633 29,008
18 C /ca lcu la ted  from  th ru s t . .  ................ 0-00277 0 00269 0 00259 0 00258 0-00247
19 C f  from  R eynolds num ber— Schoenherr 0 00155 0-00156 0-00154 0-00154 0 0 0 1 5 8
20 A C f  from  th ru st m easurem ent 0 00122 0 0 0 1 1 3 0-00105 0-00104 0 00089
21 dhp as m easured 7,545 6,450 7,460 7,380 5,455
22 Q uasi-propulsive coefficient from  N .P .L . 0-78 0-785 0-78 0-78 0-79
23 ehp from  dhp 5,885 5,060 5,815 5,755 4,310
24 T otal resistance from  ehp 23 in kg. 51,500 45,600 50,150 49,700 39,800
25 C orrected  frictional resistance from  24 34,653 31,223 32,232 31,791 26,460
26 C f calculated  from  dhp 0-00260 0-00249 0 00240 0-00237 0 00226
27 A C /fro m  to rque m easurem ent 0 00105 0-00093 0-00086 0 00083 0-00068

the A  C f obtained  from  th rust and  the A  C f obtained  from 
power. One w ould  be inclined to  accept th a t difference as 
a  scale effect, a lthough  I feel th a t a t least a  p a r t o f  it, as I 
m entioned in my reply to  D r. A llan, should  be im puted  to  
the lack o f  accuracy o f  the thrustm eter.

W e m ay conclude tha t, if we ignore the th ird  and  the 
fourth  group o f  runs o f  P o lperro , the th rust values are 
acceptable. The propulsive efficiency never exceeds 0-85. 
I adm it th a t the th rust coefficient is som ew hat high, due to 
a low rpm. T h a t can  be explained by the discrepancy of 
the p itch  o f  the actual p ropeller shown in Table X IV  and  
T able X V II (Reply to  D r. Telfer).

I th an k  D r. T odd  an d  M r. A quino  for this con tribu tion  
to  o u r V ictory research.

Reply to Prof. Telfer
As asked by Professor Telfer, I include 'copies o f  lines 

(Fig. 23), propeller (Fig. 24), and  ru dder p lans (Fig. 25).
I f  one looks a t the ship-m odel com parison d iagram  

included in  the con tribu tion  o f D r. T odd , w hich contains 
due allow ance for the reduced m odulus o f  rigidity, the 
discrepancy in the revolutions ship-m odel is n o t large a t all, 
roughly 1 revolution for A  C f =  0 ■ 00094, som ew hat m ore, 
say 2 revolutions, fo r A  Cf  =  0 00100. N ow , from  m easure
ments, the m ean  pitch, 2 per cent m ore as com pared  w ith 
design p itch— I take th a t 2 per cent from  Prof. T elfer’s 
suggestion—m ight evidently be a  sufficient exp lana tion  for 
the discrepancy o f  nearly 2 per cen t in revolutions.

A lthough T am  no t clear th a t “ only the trailing  h a lf  pitch

DESIGNED 
WATER LINE

Fio . 23.— B o d y  p la n  a n d  f o r e  a n d  a f t e r  c o n t o u r s
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P R O P E L L E R  D A T A

Diameter 
Pitch 0-6 R to tip 
Pitch ratio
M.W.R....................
B .T .F ............................

20-5 ft. 
22 -9 ft. 

1117
0 -2 3 7
0-468

4 blades single screw right hand

p i t c h  v a r i a t i o n

)-2 R ..  18-82'
)-3 R ..  20-31'

J-4 R ..  21-75'
0-5 R .. 22-72'
0- 6 R to tip ..  22-90'

F ig . 2 4 .— P r o pe ll er
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SEA TRIALS ON A VICTORY SHIP, AP3, IN NORMAL MERCHANT SERVICE

n

should be used for the checking o f the p itch ,”  I include a 
new table giving the average face pitch o f the propeller w ith 
m ean m easurem ents, as suggested by Prof. Telfer, only over 
the blade trailing half.

I t is obvious th a t neither hull nor propeller o f  this eight 
years old ship were sm ooth , but the propeller was, as might 
be called, “ com m ercially good .”

I am  m uch indeb ted  for the generalized pow er diagram  
Prof. Telfer w orked ou t for the Tervaete on a  basis o f our 
m easurem ents, an d  I am  sure the diagram  will be found 
useful. However, a  m ean pitch o f  22-9 ft. has been used, 
say 2 per cent m ore th an  the value 22-5 w hich Prof. Telfer 
takes as the designed m ean pitch. N ow  the designed pitch 
variation  is quite the sam e as the variation  on the D utch 
propellers A4 an d  B4 (Fig. 21). H ence the m ean designed

pitch  is close to 22-7  ft., say 1 per cent less than  the m axim um  
designed p itch  (V an Lam m eren, T roost, K oning, “ Resistance, 
Propulsion, and  Steering o f Ships,”  p. 208), an d  w ith  the
2 per cent increase due to  the variation  from  designed values 
23 1 ft.

I was m uch interested in the developm ent o f Prof. Telfer's 
power-loss factor and  for the Ceberena sym posium  in Brussels 
1953. As a  con tribu tion  to  Prof. Telfer’s paper there, I 
com puted th a t power-loss factor fo r the Tervaete voyages.

A lthough  calculations m ade on a basis o f  som e m easure
m ents o f barnacles’ heights are to  a  certain  extent question
able, they are  certainly w orth  being m ade. Prof. Telfer 
finds a  frictional resistance a t  109 increased 43 per cent by 
the roughness I described, as com pared to  the resistance 
o f  a sm ooth  surface: C7 is approxim ately 0 0024 as results
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SEA TRIALS ON A VICTORY SHIP, AP3, IN NORMAL MERCHANT SERVICE

TA BLE XVJI
A v e r a g e  F a c e  P itc h  of P r o p e ll e r  o ver  th e  B la d e  T r a il in g  

H a l f , e x pr essed  as  P e r c en t a g e  V a ria tio n  fro m  D esign  
V a l u e s*

Blade 1 Blade 11 Blade III Blade IV

0 -2  R 
0-3  R  
0 -4  R  
0 -5  R  
0 -6  R  
0 -7  R  
0 -8  R  
0 -9  R

12-9 
+  1-3 
+  3-7  
+  4-8  
+  8-4  
+  8-9 
+  9-5  
+  11-1 +

+
+

+
+

+
1

1
 

o>
—‘

OO
O -  12-9 

2-2  
0 -2  

+  0-6  
+  0-9  
+  2-6  
+  2-5 
+  2-6 + 

+ 
1 

1 
1 

1 
M 

I
C 

O 
to 

 ̂
M 

M 
1—• 

—}
VO

'sO
'—

* The measurement o f the pitch was made according to the 
method number three given by Dr. van Lammeren in his paper 
to  the Association Technique Maritime et Aeronautique, 1951: 
“Standardisation des Helices.”

from  ship-m odel correlation , thus som ew hat higher than  the 
figure found  by Prof. Telfer. T hat is quite reasonable, as 
shell fouling is generally w orse on  the b o ttom  than  on  the 
sides.

A  final rem ark  on  the generalized pow er diagram . I feel 
th a t the dhp  were n o t corrected  fo r the reduced shaft m odulus; 
so, w hen used to  ob ta in  the dhp, the pow er o f the diagram  
has to  be reduced by 4 per cent, though  it gives correctly 
engine shp.

Prof. Telfer’s rem arks on  ship m odel correlation  relate 
m ore to  D r. A llan’s w ork, and  I leave it to  D r. A llan  to  
answ er here.

Reply to M r. Shearer
T he prelim inary ca lib ration  o f  the p ito t log along the coast 

o f  A ngola, a lthough  carried  o u t in  a  very calm  sea, was 
indeed fa r from  being so good  as the ca lib ra tion  on  the 
Polperro  mile, w here pairs o f  runs were carried  o u t w ith the 
m inim um  tim e interval. The precision o f  the m easurem ent 
o f  speed was therefore considered n o  better th an  2 per cent. 
F o r voyages I an d  I I  the hull was n o t so fouled as for the 
subsequent voyages: I feel th a t the rodm eter fo r these 
voyages I  an d  II  w as longer th an  the thickness o f  boundary  
layer, while fo r the voyages P lym outh-N ew  Y ork and  New 
Y ork-C openhagen  w ith a  d irty  vessel it was som ew hat short 
fo r the th icker friction  belt. The variation  o f  k  from  0 • 992 
to  1-015, oscillation a ro u n d  1, gives in  a  certain  degree a  
p icture o f  the phenom enon. T h a t is the reason why 0-992 
was adm itted .

I t  w ould have been useful indeed to  know  the velocity 
distribu tion  w ith in  the boundary  layer during voyages I and  II 
fo r a  better com prehension o f  the k  difference. U nfortu
nately those boundary  layer investigations were no t carried 
o u t during voyages I an d  II . H owever, a  velocity d istribu
tion  was m easured on  a  clean vessel la ter on, the charac
teristics being given in  the addendum . In  my reply to  D r. 
A llan  I give a  new  boundary  layer d iagram  (Fig. 22) which 
now  includes the velocity curve fo r a  clean vessel.

I t  is clear, how ever, th a t the da ta  o f  T able IX  have no t 
the accuracy o f  the da ta  o f Tables X  and  X I.

Reply to Monsieur Dufour
I highly appreciated  the full co llabora tion  o f  the ship

owners, especially o f  their D irec teu r G eneral, M onsieur 
D ufour, w ho was so helpful in  m any circum stances.

I am  glad to  hear that, ap a rt from  the scientific character 
o f  this investigation, there was an  econom ic in terest in 
carrying ou t the trials.

Reply to M r. Clements
M r. Clem ents extended the loss o f  speed-wave-height 

diagram  o f  the Tervaete to  all d isplacem ents a n d  waves up 
to  30 deg. off the bow. A lthough  fo r waves w ith in  10 deg. 
o f e ither bow  a separate line could  be draw n fo r the voyage 
N ew  Y ork-C openhagen  w ith a  larger dhp /A , dem onstrating  
th a t the speed loss in  a  given w eather is less a t h igh pow er 
than  a t low, the influence o f  the ra tio  dhp /A  is n o t so evident 
when, as M r. C lem ents has undertaken , waves are considered 
up  to  30 deg. I t  is easier, how ever, to  estim ate the direction 
o f waves facing the vessel w ithin 10 deg. o ff the bow  than  
the direction o f broadside waves.

M odern nautical books are a  very good  guide allowing 
ship’s officers to  estim ate the w ind force from  a  precise 
description o f  the state o f the sea. T he Tervaete w as well 
equipped w ith such books, an d  from  a  conscientious exam i
nation  o f the surface o f  the w ater an d  a  good  estim ation 
o f the height o f the irregularities the staff deduced a  w ind 
speed w hich is, as M r. Clem ents states, close to  the w ind 
speed calculated from  m easurem ent by a n  anem om eter.

The increases in  pow er due to  w eather relate fo r each 
long voyage to  the fine w eather pow er-speed curve (Figs. 
7, 8, 9) draw n for a displacem ent A  a t  a  given day o f  th a t 
voyage. E ach observation during th a t voyage gives a  know n 
speed V| and  a  know n pow er d h p i. W e know  the displace
m ent A i— calculated from  fuel and  w ater consum ption— of 
, , , ^  dhp] x  427 • 1 ,

the vessel a t  the m om ent, so Csi = —^ 2/3 x  y j — can be

calculated for th a t observation. O n the o ther han d , from  
the fine w eather curve fo r th a t voyage, pow er dhp2 is deduced 
for the m easured speed V t , hence the ideal Cs2 is know n

d h p , x  427-1. a a a
from  C v, =  —^ 2/3 ~x  V3— pow er increase is deduced

from  the ratio  CsilC s2. H ence o u r increase in  pow er, to  
be in troduced in the diagram s, results from  bad  w eather only, 
n o t from  speed. I  em phasize th a t the spots in  the diagram s 
relate to the observations w ith  their p roper displacem ent. 
T hat is why, w hen calculating loss o f speed re la ted  to  the 
basic fine w eather curve, the spo t—o r the dhp—has to  be 
corrected for displacem ent before draw ing the horizontal 
iso-power line.

I agree w ith Mr. Clem ents th a t Cs is greatly influenced by 
speed for high values o f speed.

O bviously it is interesting to determ ine the relation  
dhp/N 3 —  apparen t slip. T h a t has been done by Prof. 
B onebakker, w ho has calibrated  o u r p ropeller-dynam om eter 
in th a t way, thus allowing us, as Prof. B onebakker says, to  
collect quite a num ber o f values com puted  from  rpm  and  
speed m easurem ents only. B ut it  rem ains necessary to  
com pare those dhp  values w ith  the dhp  values in  fine w eather 
in  o rder to  ob tain  w eather influence on  pow er fo r a  given 
speed. This is a  different p o in t o f  view.
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INSTITUTE ACTIVITIES

South  W a le s  Section
S u m m er T our

A to u r of the L landarcy  Oil Refineries, L td ., m ade possible 
th rough  the courtesy of the general m anager, M r. R. B. 
Southall, C .B.E ., took place on  F riday , 17th Ju ly  1953. T he 
party , w hich was led by M r. J. H . Evans, M .B .E ., included 
seventeen students from  C ardiff T echnical College.

T h e  refineries, the first of their k ind  in  the B ritish Isles 
fo r the treatm ent of im ported  crude oil, com m enced opera
tions in  Ju ly  1921, and  before the w ar had  a th ro u g h p u t of
360,000 tons per annum . Since the end  of the w ar the 
refineries have been greatly enlarged by th e  installation  of 
new m achinery, and  the target now  was to  process 3,500,000 
tons of crude oil per annum  to  provide for an expanding 
U n ited  K ingdom  m arket. In  1949 a new atm ospheric distilla
tion  p lan t was installed to  provide the basis of high octane 
m oto r spirit.

A fter M r. G. M . Dailey, the chief engineer, had  wel
com ed the party , the tra in ing  superin tendent, M r. P. F . Ellis, 
gave a brief survey of the refineries and  explained the principles 
underlin ing  the refining of crude oil. T w o films were shown, 
one illu stra ting  the d istillation processes and  the o ther on the 
developm ent of the oil tanker.

A fter lunch  the p arty  was taken to  Q ueens D ock, where 
the com pany’s five w ooden jetties had  recently been replaced 
by reinforced concrete jetties of m odern  design. B oarding the 
B ritish T anker C om pany’s tanker British Yeom an, the party  
was conducted ro u n d  the various departm ents of the ship, and 
the general features o f a tanker were explained to  the students 
by M r. W . G racey (M ember).

R eturn ing  to  the refineries, a visit was made to  the new 
pow er sta tion  and  central sub-station  under the direction of 
M r. D . G . C urtis, the pow er engineer. A new boiler house 
w ith  an  installed capacity of 600,0001b. of steam per hour 
at 5501b. per sq. in. was nearing com pletion, and w ould be 
followed by the installation  of three tu rbo  alternators having 
a capacity  o f 13,000 kW . A landm ark  in  the d is tric t were 
three cooling tow ers, each capable of cooling a to tal of 15,000 
gallons of w ater per m inu te  from  120 degrees to  80 degrees.

T he  mem bers o f the party  showed great interest in  all they 
saw, and  their appreciation of the know ledge gained and the 
hospitality  show n was well expressed by M r. J. H . Evans 
(M ember). A m ong the officials w ho entertained the party  and 
d id  m uch  to  make the occasion a success were M ajor W. S. 
Bryan, w ho was in  attendance d u ring  th e  whole of the tour, 
M r. M . M organ  (M ember), boiler house superin tendent, and 
M r. R. P ritchard  (M em ber), developm ent engineer.

Election of M em be rs
Elected 21st Ju ly  1953

M EM BERS
F rank  C arter 
Frederick H enry  D eal 
Robert E lw ood Ellis 
D avid  Jo h n  Fairley 
Jam es Foulkes 
R onald G raham  G roves 
H u g h  Jam es H ouston  
D avid  K eddie L y n n  
D avid  M eikle
W ilfred A llan P lum m er, L ieut.(E ), D .S .C ., R .N.
N orm an  Reid 
T hom as Sm eaton

N orm an  T u rn e r
V ictor A lfred T o m  W ade, L ieut. C om ’r(E), R .N .

ASSOCIATE M EM BERS
K enneth  C hisholm  B arnes-M oss 
D onald  Charles C ooper 
George Charles Scott 
R ichard  N ew rick T hom pson

A SSO CIATES
John  Beck 
Joseph Bezzina 
Robert Bowie 
Frederick T hom as Brown 
Leslie Seym our B row n 
Percival K enneth  Coles 
Jo h n  B ernard  Cowan 
L aurence T hom pson  D avidson 
M ichael Jam es Ferrers G iddings 
Jack H olt
Jo h n  Francis R ichard  Ince
Jo h n  M acaskill
D onald  E rnest M cKelvey
M u rray  Robert Osborne
P atrick  M o ran  Peden
Bruce Pragnell, C om m ’d E ng’r, R .N .
H aro ld  A lfred P ugh  
G hosh Rameswar 
A ndrew  Shaw  
A nthony  Bennett Sm ith  
Charles Leslie S m ith  
M aurice H erbert Stevens 
R onald S to tt 
D ennis K eith  T ap p in  
K enneth  M ilbu rn  T hom pson  
Joe T u rn e r

GRADUATE
W illiam  Patrick  Lawler

STUDENT
H ugh  A lexander M cD ow all C ow an

PROBATIONER STUDENT
K eith  D alton  Seiler

TRAN SFER FROM ASSO CIATE M EM BER TO M EM BER
M ark  H am ilton  F reer C haytor, L ieut. C om ’r(E), R .N .

TRAN SFER FROM ASSO CIATE TO M EM BER
E ric  B urden 
Jo h n  F rancis C rane 
Jo h n  Francis F raser 
Charles N oel L am b 
John  D esm ond M cC arten  
A ndrew  M oore 
Jal Pestonjee 
R aym ond H arry  Rowe 
A ndrew  C ochrane S m ith

TRAN SFER FROM GRADUATE TO ASSO CIATE M EM BER
Jo h n  Jam es Springate

TRAN SFER FROM GRADUATE TO ASSO CIATE 
Peter B eaum ont W ishart
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E n g in e e r  C a p t a in  W i l l ia m  O n y o n ,  M.V.O., R.N.

By the death, o n  19th Ju ly  1953, of E ngineer-C aptain 
W illiam  O nyon, M .V .O ., R .N .(ret.), m arine engineering has 
lost one of its m ost colourful personalities; fo r C aptain  O nyon, 
w ho entered th e  Royal N avy a t a tim e w hen some of the 
older capital ships still carried square rig  as auxiliary to  their 
steam  reciprocating propelling  m achinery, was the first chief 
engineer of the fam ous D readnought, the  first turbine-driven 
battleship, and  was closely associated also w ith  the design and 
construction  o f H .M .S . A rgus, one o f the earliest aircraft 
carriers.

C aptain  O nyon was born  at Belvedere, K ent, on 24th June 
1862, and  so was in  his ninety-second year at the tim e of 
his death. H e was edu
cated at C h ris t’s H ospital 
and, on  jo in ing the N avy 
in  1878, in  H .M .S . M arl
borough, fo r m any years 
the engineer students’ 
tra in ing  ship at P orts
m outh . L ater, he attended 
the Royal N aval College 
at G reenw ich, leaving at 
the end  of 1884 on 
appoin tm ent to  H .M .S .
M onarch, an  ironclad 
tu rre t ship. Subsequently, 
he served in  H .M . ships 
Ajax, Alexandra, T h u n 
derer and  A gam em non  
before being transferred 
in  1891, fo r a short 
period, to  the engineering 
departm ent a t the A d
m iralty . F rom  Septem ber 
1891 to  the end of 1893, 
he was the engineer 
officer in  charge o f the 
hulls and  m achinery  of 
the flotillas of torpedo 
boats based o n  M alta.
A fter th is, he was sent 
to  the shipyard  of Yarrow  
and  C om pany a t P oplar 
as engineer overseer for 
the destroyers Dasher and 
H asty. H e served fo r a 
tim e at sea in  both  these 
vessels before being 
appointed, in  N ovem ber 
1898, m anager of the en
gineering departm ent at
H .M . D ockyard, Jam aica, 
where he was stationed 
u n til the beginning of 
1902. D u rin g  the next 
three years he was en
gaged, after sho rt periods in  H .M .S . Excellent, on gun  
m ountings, and  H .M .S . Vernon, on torpedo work, as engineer 
overseer fo r the Clyde district.

In  Ju ly  1905 he was appointed chief engineer of
H .M .S . D readnought, then  bu ild ing a t P ortsm outh , and en
gineer overseer on  the construction  of her steam turbine 
m achinery a t th e  T u rb in ia  W orks of the Parsons M arine Steam 
T urb ine  C om pany, W allsend-on-T yne. H e rem ained in  th is 
pioneer w arship  fo r three years, gaining experience in  the use 
o f steam turbines w hich m ade it  alm ost inevitable th a t his 
next appo in tm en t should be to  the Engineer-in-C hief’s depart
m en t a t th e  A dm iralty , since the decision had been taken th a t 
all new w arships should have steam turbine machinery. He 
was prom oted engineer captain in  June  1911 and  alm ost 
im m ediately was appointed  to  H .M .S . M edina, the P. and O.

liner chartered to  take K ing  George V and  Queen M ary  to  
Ind ia  for the D urbar at Delhi. F o r this service, he was made 
a M em ber of the Royal V ictorian  O rder. H e continued at 
sea as staff engineer of the F irs t B attle-C ruiser Squadron , 
his last sh ip  being H .M .S . Lion . A t th a t tim e, he was the 
senior naval engineer officer to  be serving afloat. H e retired 
from  the N avy in  January  1913.

Im m ediately after his retirem ent, C aptain  O nyon was 
appointed engineering m anager at the D alm uir sh ipyard  of 
W illiam  B eardm ore and  Co., L td ., where he rem ained for 
twelve years, d u ring  w hich tim e he was responsible fo r the 
construction  of m achinery for a large num ber of w arships

and  m erchan t vessels. 
A m ong them  were the 
Ita lian  liners C onte Rosso, 
C onte Verde and  Conte  
Biancam ano, and  also
H .M .S . A rgus, originally 
designed as a liner for 
the L loyd Sabaudo Line 
of G enoa, w hich was 
acquired by the A dm iralty  
and  converted to  an  a ir
c ra ft carrier. She was 
notable fo r having a 
com pletely flush flight- 
deck, the boiler flue gases 
being discharged astern 
th ro u g h  horizontal ducts. 
In  1926, C aptain  O nyon 
was transferred  to  the 
L ondon  office of Beard- 
m ore and  C om pany, 
where he rem ained un til 
the D alm uir shipyard 
was closed. Subsequently, 
he was retained in  a con
sultative capacity  by 
V ickers-A rm strongs, L td ., 
and  was also associated 
w ith  the Perfecta T ube 
Co., L td . Eventually, he 
retired to Plym stock, 
D evon, where he lived 
fo r th e  rest of his life 
w i t h  h i s  y o u n g e r  
daughter and  her hus
band, L ieut. C om ’r 
T . H. B. Pounds, his wife 
having died in  1938. 
C aptain  O nyon enjoyed 
excellent health un til his 
ninetieth  b irthday  in  
June  1952, as will be 
seen from  the accom - 
p a n y i n g  photograph  

graph  w hich was taken about th a t time.
C aptain  O nyon was P resident o f the In s titu te  in  1927 

and , in a memorable presidential address he expressed strong 
views on  the education and  tra in ing  of engineer officers 
in  the Royal N avy and  on their status, as exemplified by 
the fleet order of 1925 w hich had deprived them  of m ilitary 
rank.

H e had been a m em ber of the In s titu tio n  of N aval 
A rchitects since 1910 and  served on  the C ouncil from  
1926-33; he was also a m em ber of the In s titu tio n  of Civil 
Engineers. D u rin g  the period th a t he spent at D alm uir, 
he was a m em ber o f council, and  eventually a vice-president, 
of the In s titu tio n  of Engineers and  Shipbuilders in  S cotland; 
and  for a num ber of years he was a mem ber, and an active 
supporter, o f the In s titu te  o f M etals.
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Obituary

E d w a r d  F r a n k  S p a n n e r

E dw ard F rank  Spanner, R .C .N .C . (ret.), was born  at 
P ortsm outh  in  1888 and  entered H .M . D ockyard, P orts
m outh , as a sh ipw right apprentice in  1902. A t the age of 
eighteen he was aw arded a scholarship to the Royal N aval 
E ngineering College, K eyham , and  in 1907 w ent to the Royal 
N aval College, G reenwich, where he had the d istinction  of 
being first of his year in  the passing-out exam ination.

Follow ing a year’s seagoing ex
perience in  H .M .S . Temeraire, M r.
S panner served as an assistant construc
to r at the A dm iralty. A t the end of the 
1914-18 w ar he resigned from  the Royal 
C orps of N aval C onstructors to  take up 
an appointm ent as assistant general 
m anager to  R. and  H . G reen and  Silley 
W eir, L td ., the  L ondon  ship repairers.
H e left th is com pany and  started  in p r i
vate practice as a consu lting  naval arch i
tect in  1923, devoting particu lar attention  
to the developm ent of new m ethods of 
ship design and  construction . I t  was 
du ring  this period th a t he began to  a ttract 
notice as an  inventor, notably of the duct 
keel and of the “ soft” stem, constructed 
of fashioned plate instead of the forged 
bar, w hich is now in  general use. At 
th is tim e, the G overnm ent were spending 
large sum s on  the construction  of rigid 
airships; M r. Spanner vigorously opposed 
th a t policy and w rote several books to  
ridicule it. H is great in terest in  the 
Royal N ational Lifeboat In s titu tion  was 
reflected in his study  of life saving appara
tus, and in  1940 he produced the S panner 
life raft, m any thousands of w hich were m anufactured  during  
the war. A buoyant rocket head fo r use w ith  the Scherm uly 
piston rocket apparatus was ano ther of M r. S panner’s inven
tions and this equipm ent was standard  fo r certain w ar time 
Royal A ir Force and  sim ilar rescue services.

W aste heat recovery had attracted  his a tten tion  as early 
as 1924 and  in 1934 M r. S panner form ed a com pany (now 
Spanner Boilers, L td .) to  develop new ideas and im proved

designs of thim ble tube boilers fo r waste heat recovery p lan t for 
land  installations, railways and  m arine services. F o u r years 
later, he invented the helically grooved fire tube w hich he 
nam ed to “ Sw irlyflo” tube.

A t the outbreak of the 1939 w ar, he was recalled for 
A dm iralty  services w ith the D irector of N aval C onstruction  
at B ath, bu t was released after three m onths’ service to  a ttend 

to  the num erous contracts th a t his com 
pany were undertak ing  for the A dm iralty. 
T he  D epartm ent of M erchan t Sh ipbu ild 
ing later engaged his services as the con 
su ltan t responsible fo r the economical 
p roduction  of ferro-concrete craft. He 
had been a naval architect assessor to  the 
Board of T rade, and  subsequently to  the 
M in istry  of T ran sp o rt, since 1924.

M r. Spanner was a m em ber o f the 
In s titu tio n  of N aval A rchitects, the In 
stitu tion  of Engineers and Shipbuilders in 
Scotland, the N o rth -E as t Coast In s titu tion  
of Engineers and  Shipbuilders, and  the 
Society of N aval A rchitects and  M arine 
Engineers in  N ew  York, and  had co n tri
buted papers to  all of them . H e was also 
a Fellow of the Society of C onsulting  
M arine Engineers and  Ship  Surveyors, and 
a L iverym an of the W orsh ipfu l C om pany 
of Shipw rights.

M r. S panner became a M em ber of 
the In s titu te  in  1919 and  took an active 
and  generous interest in  its affairs from  
th a t tim e un til his death. H e presented 
several papers between 1919 and  1935 and 

frequently  contribu ted  to  discussions on 
the subjects in w hich he w as interested. H e served on  the 
C ouncil fo r tw o three-year periods, from  1932-34 and  from  
1936-1938. H e gave special support at all times to  m atters 
concerning the junior members and  attended their social fu n c 
tions to  the last. H e was a m em ber o f the Ju n io r Section 
Com m ittee d u ring  1933 and 1934 and  then , for the next ten 
years, un til 1945, he was convener. M r. S panner died suddenly 
on  3rd A ugust 1953.

OBITUARY

E m i l e  I s i d o r e  A l e x a n d r e  B u c h a r d  (M em ber 12912) was 
well know n in m arine engineering circles a t Le H avre, where 
he had been in  business as a consu lting  m arine engineer and 
ship surveyor since 1948. H e was born  in  1890 and, after 
fou r years at the In s titu t T echnique M aritim e du  Havre, 
he went to  sea for a year as an  engineer officer in  the F rench 
Navy. F rom  1913-45 he served as th ird  to  chief engineer 
(as chief from  1922) w ith  the Com pagnie Generale T ran s- 
atlantique, having obtained a F rench  F irs t Class Certificate of 
Com petency in 1914. F rom  1946-48, M . B uchard  was m anager 
fo r Beliard, C righ ton  and  Co., L td ., before setting u p  his 
ow n business. H e died o f heart trouble on 7 th  Ju ly  1953. 
H e had been a M em ber of the In s titu te  since 1950.

J a m e s  C a r n i e  (M em ber 9291) was born  in  1884. He 
served an engineering apprenticeship w ith  W ilson and Vass, 
O ban, from  1900-04, and  w ith  C aird and  C om pany of Greenock 
from  1904-05. F o r  the next tw o years he sailed as second 
engineer w ith  G . and  J .  B urns in  their G lasgow  and  Belfast

steamers and  then joined the B ritish Ind ia  Steam  N avigation 
C om pany, serving as fifth  to  th ird  engineer w ith  them  until 
1911. F rom  1911-13, M r. C arnie was chief engineer and 
dredging m aster of the harbour w orks, P .W .D . and  m arine 
departm ent, M adras; from  1913-34 he was chief engineer of 
the M adura  M ills Co., L td ., M adura , Southern  Ind ia , when 
he retired on  pension. M r. C arnie lived in  retirem ent until 
his death on  19th Ju ly  1953. H e was elected a M em ber of 
the In s titu te  in  1941.

P h i l i p  W a d s w o r th  C r a b tr e e  (M em ber 7172) was born 
in 1886. F ro m  1896-02 he attended C hris t’s H ospital (the 
Bluecoat School) and  th en  started  an engineering apprentice
ship w ith  the F ord ingham  Iro n  and  Steel C om pany; his 
apprenticeship was continued w hen, from  1905-07, he w as an 
indentured  pup il w ith  R ichardsons, W estgarth  and  Co., L td ., 
M iddlesbrough. F ro m  1907-11 he served as a seagoing 
engineer w ith  Furness, W ithy  and  Co., L td ., the  In ternational 
L ine S team ship C o., L td ., and  R ow land and  M arw oods Steam -
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ship Co., L td .; he also spent a short tim e in  1908 w orking 
as a m echanic on  the gun  tu rre ts of H .M .S . Invincible, then 
build ing  a t S ir W . G . A rm strong  W hitw orth  and Co., L td ., 
N ew castle-on-Tyne. F rom  1912-20 M r. Crabtree sailed 
exclusively in  vessels of the Peninsular and  O riental Steam 
N avigation Com pany. H e obtained a F irs t Class B oard of 
T rade  Certificate.

F o r the nex t tw o years he was an  engineer surveyor for 
the L ondon  G uarantee and  A ccident Co., L td ., M unicipal 
M u tua l Insurance, L td ., the M otor U n ion  Insurance Co., L td ., 
and the U n ited  B ritish Insurance Co., L td . F rom  1923-27 
he was inspecting engineer w ith  the E uropean branch of the 
Robert W . H u n t C om pany (U .S.A.). on  w ork involving the 
inspection and  tests o f railway and engineering m aterials, 
bu ild ing of locomotives, and  so on. A t the tim e of his election 
to  m em bership of the In s titu te  in  1932, M r. C rabtree had been 
engaged since 1928 as inspecting engineer w ith  Im perial 
Chem ical Industries, L td ., principally  in  the testing and super
vision of m anufacture  of large high pressure vessels for 
chemical processes. D u rin g  the second w orld war he was 
employed as a senior exam iner in  the stores division of the 
A ir M inistry .

H e died on  17th Ju ly  1953. H e had been an Associate 
M em ber o f the In s titu tio n  of M echanical Engineers and  a 
M em ber of the In s titu tio n  of Engineering Inspection.

F r a n k  S. E v a n s  (M em ber 1748) was born  in  1871. He 
served an  apprenticeship w ith  the C ity Engine W orks, Eagle 
W harf Road, L ondon , E ., and  first w ent to  sea in  1890 on a 
voyage to  the F a r E ast in the s.s. K eem un. In  1896 he joined 
M . Samuel and C om pany, then managers of the Shell Line, 
as the tanker fleet of the A nglo-Saxon Petroleum  Co., L td ., 
was then know n, as th ird  engineer; after serving the com pany 
as chief engineer for some years, M r. Evans was appointed 
superintendent engineer in 1913. Some years later he was p ro 
m oted senior superin tendent engineer, a position he held un til 
ill health and  failing eyesight obliged him  to retire in  1940. 
He died on  2nd  A pril 1953.

W hen M r. E vans joined the com pany, Shell tankers carried 
general cargo o n  alternate voyages and  steam generation was 
by means of coal; he therefore saw the beginning of oil fuel 
bu rn ing  in  ships’ boilers and was largely instrum ental in  over
com ing the difficulties of this revolutionary development. He 
had been a M em ber of the In s titu te  since 1904.

J o h n  E dward P akenham  G rant (M em ber 12231) was 
born  in  1884. H e served an apprenticeship w ith  Earles S h ip 
bu ild ing and  Engineering Co., L td ., at H ull, after attending 
H ull T echnical College for three years. In  1909 he w ent to 
America and  his subsequent experience was all gained in  that 
country. F rom  1909-17 he was a draughtsm an consecutively 
w ith  the S taten  Island Shipbuild ing  C om pany, the A tlantic 
G u lf and  Pacific D redging C om pany, the N ew  York S h ip 
build ing C om pany, the Seattle C onstruction  and  D ry  D ock 
C om pany, and  the U n io n  Iron  W orks. F o r the next six years 
he was chief designing engineer w ith  the M erchants S h ip
bu ild ing C om pany of Chester and  Bristol, Pa. F rom  1923-26 
he was factory  superin tendent w ith  the Globe T icket Com pany, 
Philadelphia, and  from  1926-29 superintendent of the N ational 
F reight and  Delivery C om pany in  the same tow n. In  1929 
he was appointed  chief d raughtsm an of the Philadelphia Electric 
Pow er E quipm ent C orporation  and  continued in  this position 
un til the  beginning of the w ar in  1939, when he was employed 
(un til 1948) by the U .S. M aritim e C om m ission; in  1948 he 
was transferred  to  the U nited  States Embassy as an attache. 
H e died on 16th June  1951.

M r. G ran t was a M em ber of the A m erican Society of 
N aval A rchitects and  M arine Engineers and was elected to 
m em bership of the  In stitu te  in  1949.

D a n i e l  T h o m a s  H o r s n e l l  (M em ber 1803) was born  in 
1880 and died suddenly at his home on  1st N ovem ber 1952. 
H e  received his early tra in ing  at the Regent Street Polytechnic, 
later serving an engineering apprenticeship w ith R. Hoe and

Co., L td ., p rin ting  m achinery and general engineers o f South  
East L ondon , and was responsible fo r supervising the erection 
of m achinery in all p a rts  of the B ritish Isles.

In  1904 he was recalled to  take u p  the m anaging director
ship of M atthew  K eenan and  Co., L td ., on  the com pany’s 
incorporation  as a lim ited com pany, under his father, and 
the late James D ore, first chairm an  of the com pany, w ho were 
old friends o f the late M atthew  K eenan, w ho first began the 
m anufacture  of non-conducting  coverings in  the year 1858. 
In  1919 he assumed the chairm anship  of the com pany on the 
death of the first chairm an, holding bo th  positions un til he 
relinquished his m anaging directorship in  1944.

M r. H orsnell was a Freem an of the C ity  of L ondon , an 
Associate M em ber of the In s titu tio n  o f M echanical Engineers 
and a M em ber of the In s titu tion  of E ngineers-in-C harge; he 
was elected a M em ber o f the In s titu te  of M arine Engineers 
in  1905.

J o s e p h  S. M a c k i e  (M em ber 1996) died early in  1953. 
H e served an  apprenticeship w ith  H u n te r and  English, Bow, 
L ondon, E., and  spent seven years at sea, m ostly in  vessels 
owned by the O rient L ine, ob tain ing  a F irs t Class B oard of 
T rade  Certificate. F o r the last fo rty  years of his w orking 
life he was chief engineer in vessels of the A m azon Telegraph 
Com pany. M r. M ackie was elected a M em ber o f the In s titu te  
in 1907.

R o b e r t  M o r a n  (Associate 3891) was bom  in  B ury, L an 
cashire, in  1890. H e served an apprenticeship w ith  John  
W hitehead and Co., L td ., of E lton , near B ury, and spent a 
short tim e a t sea before em igrating, in  1930, to  the U nited  
States. H e worked as a diem aker in U tica and  Syracuse before 
settling in  L ockport, N .Y ., in  1936, as a tool designer w ith 
the H arrison R adiator D ivision of the G eneral M otors C or
poration , a position he held at the tim e of his death on 6th 
A ugust 1953. M r. M oran  had  been an Associate of the Institu te  
since 1920.

W i l l i a m  L. P u l l e n  (M em ber 1928) was born  in  1880. 
H is career followed closely th a t of his tw in  b ro ther, George A. 
Pullen (also a M em ber of the Institu te), w ho died in  A ugust 
1951. H e attended a private school and  Birkbeck College, 
L ondon, and then  followed three years as a p u p il at the Royal 
Shipbuild ing  and Engineering Co., L td ., “D e Schelde” , 
F lushing, H olland, from  1895-98. F o r  a fu r th e r year, he 
was an im prover fitter and erector w ith  M audsley , Son and 
Field, L td ., o f Lam beth.

M r. Pullen  then entered the business o f his father, the 
late Frederick A. Pullen, a m achinery m erchant having a large 
connexion w ith  the principal shipbuilders and  engineers of 
H olland. T h e  m erchanting  side of the business d id  n o t greatly 
interest him  o r his b rother, however, and  soon afterw ards they 
form ed the firm of Frederick A. Pullen and  C om pany, w hich 
specialized in  pum ping  m achinery, w hich business they  carried 
on together u n til A pril 1950 w hen the firm  was m ade in to  a 
lim ited com pany, of w hich they were bo th  directors.

M r. Pullen was elected a M em ber of the In s titu te  in  1907.

J o h n  J a m e s  R o g e r s  (M em ber 1701), w ho was born  in 
1864, died on  28th June 1953 aged eighty-eight years. He 
served an engineering apprenticeship  w ith  A lexander Stephen 
and Son, G ovan, from  1881-86 and  then  spent the next fourteen 
years at sea, sailing as chief engineer fo r the M arbella Iron  
O re Co., L td ., and  L indsay , G racie and  W ard , bo th  of Cardiff. 
H e attended W . A itken’s School fo r M arine Engineers in 
C ardiff to  prepare fo r his B oard o f T rade  Exam inations. In  
1901 he was appointed  superin tendent engineer for W. R. 
N icholson (C orin th ian  S team ship C om pany) and fo r Joseph 
Brown and  C om pany and  shortly  afterw ards he set u p  in  busi
ness as a consulting  engineer. M r. Rogers had lived in  retire
m ent since 1921. H e was elected to m em bership of the Institu te  
in  1903.
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