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The building and  operating  o f  a  one million ton  ship has, in recent years, becom e a 
d istinct possibility and  one th a t poses in triguing problem s fo r the m any w ho will be concerned 
in such an  enterprise. T he speed, pow er and  possible p ropo rtions o f  such large vessels are  o f 
obvious interest, but w hen a  paper on  the subject was first proposed in D ecem ber 1968 the 
title  was to  be “ T he P ropulsion o f a 500 000 T on  D eadw eight T an k er” . I t  is indicative o f  
the speed o f  developm ent o f  such vessels th a t before the end o f  1969 the title  had  to  be 
altered  to  cover the 1 000 000 ton  vessel, thus preserving som e elem ent o f adven tu re  in the 
exercise. It was hoped  th a t the launching o f  the m egaton ship w ould  be delayed a t least 
un til after 8th D ecem ber, 1970, w hen th is paper was presented.

I t  was the original in tention  to  discuss prim arily  the propeller problem s involved on  such 
a ship, b u t a t the suggestion o f  the Institu te  the scope was w idened to  include som e considera­
tion  o f  the hull itself and  possible suitable propulsion  m achinery to  provide a  technically 
acceptable overall propulsion  system  giving the vessel a  reasonable service speed. The 
increased scope m eant inevitable om issions in the detailed con ten t o f the paper and  it is hoped 
therefore th a t in reducing it to  readable  p roportions it will nevertheless stim ulate discussion 
on w hat is assuredly an  exciting engineering possibility.

IN T R O D U C T IO N
W orld  oil consum ption  continues to  increase, largely because 

o f  the ever increasing dem and fo r pow er and  the developm ent o f 
world tran sp o rt o f  all types. W hen to ta l tran spo rta tion  costs are 
evaluated, it is believed th a t it  can  be show n th a t oil is carried  
m ore cheaply as ship size increases and  as a  result, tankers have 
becom e the largest vessels afloat.

T he increase in tanker size has been too  rap id  to  allow  the 
norm al design procedure w here progress is m ade in  relatively 
sm all steps em bodying a t each stage m inor advances in techno­
logy. As a result o f th is sensational ra te  o f  progress, there is now  
an  accum ulation  o f  technical problem s w hich require considera­
tion  if  the increase in  size continues a t the present rate. In  an  
endeavour to  anticipate som e o f  these problem s the propulsion  
o f  ships o f  increasing size from  500 000 to  750 000 and  1 000 000 
dw t has been exam ined from  th e  p ropulsion  po in t o f  view.

A lthough oil com panies and  o ther organizations are  con­
cerned w ith the w hole tran sp o rta tio n  problem  and  may, as a 
result, p roduce a  com pletely new  ship type o r a  com pletely new 
oil tran sp o rta tio n  system, there has been no  evidence o f  this 
available to  the au tho rs  a t this stage. In  discussing the propulsion 
problem , therefore, the first p a rt o f  the paper reviews the p ro p o r­
tions o f conventional ships and  o ther design and  operating  factors, 
while the m ain body o f  the p ap er is concerned w ith possible 
propeller arrangem ents and  the corresponding m achinery instal­
lations. The physical and  technical lim itations in  various areas 
o f  such a pro ject a re  show n, and  som e indication  is given o f the 
ways in which these can be overcom e. The short final section 
gives a  sum m ary o f  the various possibilities, a lthough  it is 
extrem ely difficult because o f the num ber o f  variables involved 
to  give any firm  recom m endations.
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P A R T  I— SH IP  D IM ENSIO NS A N D  H U L L  FORM

General Discussions E ffecting the H u ll and Propulsion
If  the 1 000 000 to n  tanker is to  be built, technical facilities 

fo r servicing, loading and discharging m ust be created to  an tic i­
pate  this developm ent. In  this connexion a vessel m ust be 
accom m odated having a  length perhaps up  to  alm ost 1700 ft, a 
beam  which m ay be a round  300 ft and a  d raugh t th a t m ay be 
well over 100 ft. These dim ensions w ould appear to  be perm is­
sible utilising off-shore loading facilities and  deep w ater routes. 
Loaded draughts over 100 ft, however, m ay be excessive fo r 
m any purposes and  the relatively narrow , deep ship m ay involve 
problem s in launching and in  docking because o f its d raught 
w hen light. I t  is therefore reasonable to  suppose th a t fo r flexibi­
lity in service during the early years o f operation , the trend  will be 
tow ards shallow er and  w ider ships.

The choice o f  1 000 000 tons as the deadw eight is, o f  course, 
an arb itra ry  one, bu t the argum ents applying to  this ship apply in 
modified form  to  bigger and  sm aller ships. F o r  sm aller vessels, 
dow n to  500 000 dwt, sm all changes in  p ropo rtions m ay be 
critical because the sm aller d raugh t m akes available a  w ider 
range o f  ports and  docks. I f  the d raugh t is restricted because o f 
routes and  facilities, the structu ral consideration  o f sm aller 
tankers suggests th a t there is likely to  be a  rapid  increase in steel 
weight and cost when the ra tio  o f breadth  to  depth exceeds about 
2:1, and  the m ost expensive dim ensional increase w ould be tha t 
o f  length. In  selecting a typical hull, the extrem e case o f a tanker 
operating  over a shallow  w ater rou te  has been avoided because 
fo r these wide, shallow form s strength  and course keeping become 
the m ajor problem s.

F o r these very large ships there are few safe refuges available, 
and  the tow ing problem s in  th e  event o f  casualty  a t sea are 
form idable. T here is therefore m ore chance th a t an  accident o r 
failure will lead to  to ta l loss o f  ship o r cargo th an  in the sm aller 
vessel, and  a  greater need fo r the ship to  be as fa r as possible 
independent o f  outside assistance when away from  term inal ports. 
T he question o f  safety, reliability and  duplication  o f  essential
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com ponents will therefore be a m atter o f prim e im portance, as 
will be the question  o f  contro l and  m anoeuvrability.

U p to  the present, despite the increasing size o f tanker, the 
ship speed has rem ained fairly constan t a t betw een 15 and  16 
knots. M anoeuvrability  and  stopping ability are, in the m ain, a 
function  o f the pow er available and  therefore, although there 
m ay be advantages arising from  a reduction  o f speed and  there­
fore pow er, it is considered p rudent th a t a  speed o f a t least 16 
knots in  service should be assum ed.

A t low  speeds widely spaced wing propellers can  provide an 
appreciable tu rn ing  m om ent and  controllable pitch propellers in 
this position  w ould produce a significant im provem ent from  this 
po in t o f  view as com pared w ith fixed pitch propellers. U nfo rtu ­
nately tw in screws, w ith the necessity fo r tw in rudders and  perhaps 
tw in skegs w ith the added hull resistance, do no t appear to  be an 
attractive propulsion  system, and  we are therefore led to  the 
consideration  o f  trip le screws which m ay offer certain advan­
tages. A  high percentage o f  the pow er could, in this case, be 
taken  on the central propeller forw ard o f  a centrally disposed 
rudder, giving velocity dependent steering a t full speed. M a­
noeuvrability  a t low er speeds could be conveniently achieved by 
the widely spaced wing propellers (preferably controllable pitch)

w ithout the added  appendage resistance o f  add itional rudders 
and  skegs.

A t low speeds there is an  im p o rtan t safety requirem ent and 
m anoeuvrability  will involve the use o f  large pow ered tug boats. 
I t  is n a tu ra l therefore to  consider w hat fu rth er m anoeuvring 
facility can be contribu ted  by la teral th ru st units. A lthough 
experience has show n th a t transverse p ropulsion  units are no t 
very effective in  the norm al way fo r speeds m uch above three 
knots, an  im portan t m anoeuvring advantage could  be achieved 
a t this and  higher speeds if the w ater is draw n from  forw ard, 
perhaps w ith a uni-directional p ropulsion m o to r disposed o n  the 
fore and  aft centre line o f the ship. T he th ru st required to  check 
o r reverse a swing o f the head o f  the vessel is large, and  therefore 
instantaneous availability o f  pow er is a necessity fo r th is purpose.

In short, safety requirem ents w ould appear to  dem and 
adequate pow er and  a shafting configuration w hich will provide 
good stopping and  steering ability preferably augm ented by a 
bow steering device a t a  low  and  zero speeds.

H ull Form
The hull form  used as a basis fo r propellers and  m achinery 

is show n as a body plan in Fig. 1. Figs. 2 and  3 show outline stern
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F ig . 1— Basic hull fo rm

arrangem ents fo r particu lar tw in and  triple screw systems co r­
responding to  specific m odel experim ents now  being carried  ou t 
a t St. A lbans.

The 1 000 000 to n  ship is 1600 ft length bp X 300 ft beam 
x 97-6 ft d raught having a 0-85 block coefficient and  a  depth o f 
abou t 140 ft. Sim ilar ships fo r 750 000 dw t and  500 000 dwt 
w ould have dim ensions 1460 ft x 274 ft x 89-4 ft and  1282 ft 
x 241 ft x 78-3 ft respectively. The sm allest ship could  use 

existing term inals and  som e o f the present facilities could be 
dredged to take ships o f 90 ft draught.

The service speed is 16 kno ts and  as the wave m aking resis­
tance is relatively u n im portan t up to  18 knots, the resistance 
penalty fo r increased fullness above 0-85 m ay be econom ically 
viable. F o r a length/breadth  ra tio  o f  5-3 course holding will 
require special study and  it  appears dangerous to  increase the 
fullness coefficient up  to  the lim it. F low  ro u n d  the stern  is rising 
slowly in way o f  the propellers and  this fits in  w ith o rthodox  
bossing design fo r the wing screws and  tends to  rule ou t the use 
o f  vertical skegs fo r the tw in screw design. The fore end m ust be 
shaped to  avoid separation  a t the fore shoulder and  a num ber o f 
alternative form s w ould satisfy the requirem ents w ith som e varia­
tion  in  resistance. F o r  instance, the partially  straigh t fram ed hull 
show n in Fig. 4 w ould ease construction  although  increasing the 
resistance by up  to  fou r per cent.

So far as the general a rrangem ent o f  the ship is concerned 
it is preferable th a t the m achinery should be concentrated  in to  a 
sho rt length leaving a  clear block o f  cargo space. The triple 
screw ship has the wing shafts raised so th a t the wing engines do 
no t need to  be placed forw ard o f the centre engine. The powers 
absorbed are  large, and  it is inadvisable to  risk increased v ibra­
tion and noise by m aking the stem  fuller o r  reducing clearance.

F ig . 2— Stern arrangement— twin screw ship

Fig. 3—Stern arrangement— triple screw ship
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F ig . 4— Basic hull fo rm  incorporating straight fram es

In  considering 500 000 to  1 000 000 dw t ships, it was felt 
th a t for confirm atory  purposes m odel tests should be carried out 
in the m iddle o f the range and  the 750 000 to n  m odel was chosen. 
F o r  this size o f  vessel a  single screw arrangem ent was designed 
fo r 50 rev/m in giving a d iam eter o f 54 ft. The tw in screw arrange­
m ent was designed fo r 70 rev/m in giving a d iam eter o f  35 ft and 
the trip le screws were designed fo r 90 rev/m in giving a  centre 
propeller 3 1 5  ft in d iam eter and  wing screws o f 26-7 ft diam eter.

I t  had  been hoped to  include these tank  results in the body 
o f  the paper b u t th is was found im possible and  they will be given 
as a  con tribu tion  to  the discussion. As a  result o f  this, instead o f 
having available the ehp values from  these tests on a  24 ft m odel, 
figures were supplied from  tests on  relatively small m odels run  
in the N ewcastle U niversity tan k  as follow s:

500 000 dw t— 47 500 ehp (naked)
750 000 dw t— 61 000 ehp (naked)

1 000 000 dw t— 72 600 ehp (naked)
There are  tw o o ther po in ts fo r discussion in  this connexion, 

the correlation  fac to r relating  m odel estim ate to  the ship perfor­
m ance and  the service allowance. R esults up  to  1965 showed th a t 
for single screw ships m odel predictions using the IT T C  skin 
friction line required  a correlation  factor (1 +  X ) varying from  
1T 6 fo r a 400 ft ship to  0-97 for an  800 ft ship to  ob tain  the ship 
pow er w ith the best hull surface and  best trial conditions. A pply­
ing th is to  tankers, if  a fo rm  fac to r o f ab o u t 20 per cent is added 
to  the IT T C  skin friction line and  the ship prediction  calculated 
on this basis, a  constan t add ition  to  the resistance coefficient will 
fit the em pirical corre la tion  fac to r a t 400 ft and  800 ft lengths. 
E xtrapo lating  on this basis to  greater lengths the correlation  
fac to r curve flattens ou t and  m ay even be rising a t 1600 ft. F o r 
the present estim ates a  (1 +  X )  1TTC o f 0-96, o r 0-80 using the 
extended F roude coefficients is reasonable.

W ith increased length the tanker will pitch and  heave less 
than  the present day ships and  the w eather allow ance could be 
reduced. B ut unless docking and cleaning arrangem ents are 
planned  in advance, provision should  be m ade for longer periods 
a t sea w ith increased average resistance due to  hull surface 
deterio ration  and  fouling.

P A R T  2 — P O W E R IN G  A N D  PRO PELLERS
T he problem  facing the propeller designer is to  select 

practical p ropeller arrangem ents th a t will give good perform ance 
consistent w ith m anufacturing  feasibility and  operating  costs. 
U nfortunately  the variables involved are  so num erous th a t a 
general so lu tion  is alm ost im possible a t th is tim e. C ertain  basic 
assum ptions m ust therefore be m ade, to  reduce the num ber o f 
variables to  m anageable p ropo rtions and  provide a  practical 
starting  po in t from  w hich the p ropulsion  o f  these large vessels 
can  be considered.

T here are  a  num ber o f propeller arrangem ents available 
which could  possibly be applied to  advantage, fo r example, 
con tra-ro ta ting , tandem , shrouded and  overlapping propellers. 
H owever, th e  m ore conventional arrangem ents o f  single, twin and 
trip le screws have m uch to  com m end them  and  before any m ajor

changes in  p ropulsion  device are  considered it w ould seem desir­
able th a t every effort should be m ade to  exam ine them  in detail. 
Also, up to  now, tankers have a lm ost invariably been propelled 
by single screws and  it is therefore na tu ra l to investigate first 
single screw propeller designs so th a t these m ay be used as com ­
parisons w ith o ther arrangem ents and  also w ith trad itional 
practice. D etailed study has therefore been concentrated  on 
single and  m ulti screws fitted to  the half, th ree-quarter and  one 
million ton  deadw eight tankers discussed in  the previous section.

Speed and Propulsion Factors
A n exam ination  o f  previous da ta  has show n th a t th roughou t 

the range o f  ship size, the operating  speed has rem ained alm ost 
constan t a t a round  16 knots. Therefore, this speed has been 
selected to  represent the average fair w eather fully loaded service 
condition  fo r these ships. This is, o f  course, a very low  speed for 
the length o f the vessels considered, bu t on the o th er hand , the 
to ta l pow er, particularly  when the m illion ton  ship is considered, 
is extrem ely high and  an  advance on 16 kno ts seems m ost unlikely. 
A  reduction  in speed is the m ore possible alternative, and  a  speed 
reduction  to  15 o r 14 knots w ould exert a  considerable influence 
on m achinery requirem ents. As previously m entioned, however,
16 kno ts was chosen fo r this exercise as being a  m ore reasonable 
speed fo r ships o f  this length and  also because o f  the need for 
adequate  m anoeuvring and  stopping power.

It is, o f  course, the speed o f  advance, ra th e r th an  the ship 
speed, th a t is the im portan t variable and  this involves an  estim ate 
o f  the m ean w ake fraction. F rom  a consideration  o f  available 
da ta  the follow ing values have been derived, and  have been 
assum ed to  apply to  a  p ropeller having a d iam eter o f  41 per cent 
o f  the loaded d raugh t aft.

T able I

D eadw eight 
500 000 750 000 1 000 000

Single screw 0-437 0-425 0-420
Twin screw 0-254 0-251 0-250

As will be seen later, a  series o f  diam eters have been calcu­
lated fo r varying revolutions per m inute, and  in  deriving these, 
the w ake fraction  was adjusted  from  the above values so th a t 
sm aller m ean wakes applied to  the propellers having larger 
diam eters and  h igher w akes fo r diam eters less th an  the standard  
referred to  above. A djustm ents were m ade to  the basic values 
assum ing p ropo rtiona te  rad ial w ake distributions sim ilar to  those 
given by V an Lam m eren (Reference 1).

T here is little data  to  assist in the selection o f  th ru s t deduc­
tion fraction  for a particu lar single, tw in o r  triple screw ship. We 
have therefore used the B .S.R. A. 0-85C b series as a guide (R efer­
ence 2), assum ing constan t th ru st deduction  factors o f  0 1 9  and
0 1 7  fo r the single and  tw in screw ships respectively, a lthough in 
practice these m ay well vary w ith different diam eters and  clear­
ances. Similarly, relative ro tative efficiencies o f  101 and  0-99 for 
the single and  tw in screw ships were selected.

Correlation Factor and Service Allowances Applied to Effective 
Horsepower

The naked  effective horsepow ers as given in  p a rt one o f  this 
paper have first been m ultiplied by the recom m ended ship/m odel 
correlation  fac to r o f 0-8. T his then  represents the effective horse­
pow er o f  a  single screw hull on  trial. A n add itional appendage 
allowance o f  five per cen t is m ade in the case o f the tw in screw 
hulls, to  account fo r the add itional resistance o f  the tw in bossings. 
Some a ttem p t has been m ade to  account fo r the increased bossing 
resistance on  the triple screw ships, when allowances between 
zero and 5 per cen t are  added, depending upon  the pow er 
absorbed  by the centre screw. In  every case, a fu rther allowance 
o f 18 per cent has been added to  represent average sea conditions.

All o f  these allow ances are  obviously debatable, b u t they 
have been show n, in the case o f  the existing single and  tw in screw 
ships, to  be reasonable in practice fo r pow er estim ation.
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Propeller Diameter and R ev/M in
M uch has been w ritten abou t the “ ap p aren t”  fall-off in 

propulsive efficiency with increasing ship size (Reference 3). This 
can  be show n to  be due to  the increasing pow er requirem ents o f 
these very big hulls w ith constan t speed and w ithout com m ensur­
a te  change in rev/m in, thus leading to  propeller diam eters small 
in relation  to  the beam  and  draught o f  the vessel.

T oday  tankers w ith deadw eights over 300 000 tons are 
operating  w ith alm ost the sam e service speed and rev/m in as a 
20 000 ton  deadw eight tanker o f the 1950s, but now  the engine 
o u tp u t has increased over four-fold. The significance o f this is 
obvious from  an exam ination o f any propeller Bp- S  diagram . 
A lthough changes in propeller efficiency are no t exactly reflected 
in the propulsive coefficient, due to  changes in wake fraction etc., 
there is still an im portan t relationship. In  order to retain the 
sam e propeller efficiency while, for example, doubling the power 
and  keeping the same speed o f  advance, it w ould be necessary 
to  reduce the rev/m in by a fac to r o f  V 2 . A t the same tim e the 
optim um  advance coefficient 8 w ould be the same and  thus the 
propeller d iam eter w ould increase by this factor. This simple

exam ple does no t account for such variables as b lade-area-ratio  
o r possible reductions in wake fraction etc., bu t the principle 
rem ains unchanged. It can therefore be said th a t the “ ideal” 
propulsion  arrangem ent is one in w hich the largest possible 
propeller d iam eter is used running a t its op tim um  revolutions.

In  the norm al case o f the dry cargo o r con ta iner ship, the 
propeller diam eter is lim ited by considerations o f d raught and 
im m ersion. It is fo rtunate  that, under such conditions, rev/m in of 
110 to  140 are appropriate  and involve conventional m arine 
engines. The tanker is, on the o th er hand , a special case w ith a 
relatively unlim ited draught where the d iam eter can , with advan­
tage, be increased substantially. This could lead to  the condition  
where the propeller d iam eter was only ju s t covered in the ballast 
condition. D iam eters in the region o f 50 ft could then be expected. 
It may well be tha t the revolutions under such conditions are so 
low that the gearing required w ould be im practicable, in which 
case a com prom ise would have to  be w orked.

This principle was dem onstrated  on a proposed series o f large 
Esso tankers some years ago when, follow ing discussions with 
the propeller m anufacturer, tests were run a t the N ational Physical

z n p / iu u u  Shp/IOOO

Fig. 5— Approxim ate particulars fo r  a one million dw t tanker

TWIN SCREW

4 -b la d ed  propellers 
Ship speed 16 knots  
Immersion varying with diameter 
H u ll efficiency varying with diameter

SINGLE SCREW
4-b laded  propellers
Ship speed 16 knots
Immersion varying with diameter
H u ll efficiency varying with d iam eter
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The Propulsion o f  a Million Ton Tanker

tion  and  blade thickness assessment. The program m e gives the 
app rop ria te  propeller weight based on  boss diam eters derived 
from  the ro o t blade w idths and Lloyds’ requirem ents concerning 
shaft d iam eter and  bearing length.

T he com puter program m e was arranged to  autom atically  
correct the wake fraction  and  propeller shaft im m ersion according 
to  the calculated  propeller diam eter. T o accom m odate varying 
propeller diam eters and  m aintain reasonable clearances from  the 
keel to  the low er tip  o f  the propeller, the im m ersion was calculated 
from  the ship d raugh t m inus the bo ttom  clearance and  propeller 
rad ius; the bo ttom  clearance varying to  com ply w ith norm al 
practice.

Triple Screws
W ith the basic single and tw in screw diagram s it is possible 

to  estim ate the pow er required  by triple screw ships having various 
com binations o f  pow er on the centre and  wing screws. The m ost 
convenient way to  do  this is to  carry  ou t an  iterative process a t a 
particu lar rev/m in, by first m aking an  estim ate a t the possible shp, 
calculate the ehp using dhp and  q .p .c .’s derived from  the curves. 
I f  the calculated value is no t the sam e, w ithin reasonable limits, 
as th a t estim ated fo r the ship, then  the process is repeated w ith a 
revised estim ate for shp. In  these calculations transm ission losses 
o f  tw o and  three per cent are incorporated  fo r the centre and 
wing screws respectively.

U sing the derived shp’s, propeller weights and  diam eters 
were obtained  from  the appropria te  curves on the diagram s. The

results o f  this w ork being presented in  Figs. 6, 7 and  8 fo r the 
half, three-quarter and  one m illion dwt ships respectively.

These diagram s show diam eters, weights, q.p.c. and  pow er 
requirem ent, over the range 60 to  120 rev/m in fo r the three ships. 
Twin, triple and  single screw in fo rm ation  is given respectively, 
on  the left, centre and  right o f  each diagram . F ro m  the po in t o f 
view o f  propulsive efficiency, trip le screws are  a ttractive as these 
extend the advantages o f tw in screws and  take  advantage o f the 
wake gain near the ship’s centre line, as in the case o f single 
screws.

Single or M ulti-Screw  Ships
In  the past it has been com m only assum ed th a t it was always 

best from  the po in t o f  view o f  propulsive efficiency to  use single 
screws because o f the high w ake gain n ear th e  centre line o f  the 
ship. O n ships such as those under consideration  here, having 
exceptionally large beam  and  draught, this is no t necessarily true 
providing the diam eters and distribu tion  o f  pow er between m ulti­
screws are correctly chosen.

F o r optim um  propulsive efficiency, th e  ideal approach  is to  
design fo r the m axim um  propeller d iam eter th a t can be accom ­
m odated and by an  iterative process calculate the optim um  rev/ 
min. This approach  has been followed using extensions o f  Fig. 5 
to  low er rev/m in and the results fo r the 1 000 000 ton  ship are 
show n in Fig. 9.

In the course o f  these investigations it was found  th a t very 
considerable gains in propulsive efficiency could  be obtained

Diameter = SOS f t
4 - b laded  
propellers

16 knots 
service Diam eter =S5S f t

Fig. 9—Approximate single, twin and triple screw particulars for a one million dwt tanker
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The Propulsion o f  a Million Ton Tanker

w ith trip le screws; the optim um  rev/m in were found  to  be abou t
30 fo r 1 000 000 tons and  40 fo r the 500 000 tons deadw eight 
ship. T he propeller diam eters are  the largest consistent w ith the 
ballast d raugh t and  it is possible th a t these low  rev/m in m ay 
eventually be practicable. O n the o ther hand  fo r practical pu r­
poses a t this stage, it was considered th a t 60 rev/m in should be

used as a  low er limit. A n exam ination  o f  the diagram s shows 
th a t a t these and  a t higher rev/m in, there are still substantial 
propulsive advantages in  using trip le screws.

T he com parative results fo r single, tw in and  triple screws for 
the three ships a re  discussed in  m ore detail in  the following 
sections.

T able 11

Prop.
Ship dwt arrange­

ment

Total Global
%

power Rev/min
Diameter

ft
Weight

tons

shp q.p.c. centre
prop.

centre wings centre wings centre wings total

Limiting Diameter on all Propellers

Single 64100 0-713 100 65-0 44-0 142 142

Twin 66670 0-728 50-0 40-0 81 162

Triple 57360 0-838 45 46-0 40-0 44-0 40-0 86 50 186 optimum power

Triple 57990 0-834 33* 35-0 43-0 44-0 40-0 72 58 188 equal power distribution

60 Rev/min

Single 65790 0-695 100 60-0 42-5 137 137

500 000 Twin 69550 0-697 60 0 36-5 71 142

Triple 61180 0-784 50 60-0 60-0 37-0 30-5 67 32 131 optimum power

Triple 62040 0-779 33* 60-0 60-0 34-5 33-0 46 43 132 equal power distribution

100 Rev/min

Single 79760 0-573 100 1 0 0 -0 31 0 91 91

Twin 79950 0-607 100-0 28-0 47 94

Triple 69660 0-690 45 1 0 0 -0 100-0 27-5 24-5 40 23 8 6 optimum power

Triple 70310 0 -6 8 8 33* 100-0 10 0 -0 26 0 25-5 29 29 87 equal power distribution

Limiting Diameter on all Propellers

Single 90800 0-647 100 53-0 50-5 214 214

Twin 82600 0-750 42-5 46-0 117 234

Triple 74000 0-830 41 34-5 34-5 50-5 46-0 116 78 272 optimum power

Triple 74200 0-830 33* 31 0 36-0 50-5 46-0 105 85 275 equal power distribution

60 Rev/min

Single 93000 0-632 100 60 0 47-0 191 191

750 000 Twin 88000 0-703 600 38-5 87 174

Triple 78400 0-778 44 60-0 600 39 0 33 0 77 44 165 optimum power

Triple 78900 0-778 33* 60-0 60 0 36-5 34-5 59 52 163 equal power distribution

100 Rev/min

Single 1 0 2 0 0 0 0-575 100 10 0 -0 33-0 116 116

Twin 99000 0-625 100-0 30-0 56 112

Triple 85600 0-716 44 100-0 1 0 0 -0 28-5 25-5 48 28 104 optimum power

Triple 86300 0-713 33* 10 0 -0 100-0 27-0 26-5 38 34 106 equal power distribution

Limiting Diameter on all Propellers

Single 109800 0-637 100 49-5 55-5 266 266

Twin 97400 0-756 39-0 50-5 151 302

Triple 86900 0-843 41 31 0 31-0 55-5 50-5 152 98 348 optimum power

Triple 87000 0-843 33* 27 0 32-5 55-5 50-5 135 108 351 equal power distribution

60 Rev/min

Single 113000 0-621 100 60-0 48-5 229 229

1 000 000 Twin 106000 0-693 60-0 40-5 104 208

Triple 95000 0-770 41 60-0 60-0 40-5 350 85 53 191 optimum power

Triple 95500 0-768 33* 60-0 60-0 38-5 36-0 68 62 192 equal power distribution

100 Rev/min

Single 122500 0-570 100 1 0 0 -0 34-0 130 130

Twin 1 2 1 0 0 0 0-609 10 0 -0 31-0 69 138

Triple 104700 0-699 41 10 0 -0 10 0 -0 30-0 26-5 55 34 123 optimum power

Triple 105100 0-698 33* 10 0 -0 1 0 0 -0 28-5 27-5 46 40 126 equal power distribution
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( a ) — 500 0 0 0  d w t  s h ip  
A ship of abou t this size is already  on o rd e r and  is th e re ­

fo re  no  longer purely speculative. F o r  60 rev/m in (probably  
pow ered by turbines), a single propeller o f optim um  diam eter 
(42-5 ft) w ould weigh 137 tons and  require  abou t 66 000 shp. 
T he largest d iam eter tha t could reasonably  be accom m odated  
on this ship is 44 ft fo r w hich the optim um  rev/m in are  abou t 
56 requiring  abou t 64 000 shp w ith a  propeller w eight of 
141-5 tons. T hese propellers are  fo r the m om ent outside m an u ­
facturing  capacity  as solid propellers, bu t if the need arises 
p rio r to the requ isite  increase in capacity , the conditions 
could be m et w ith a built-up propeller arrangem ent.

Tw in screws a t 60 rev/m in w ould be 36-5 ft diam eter, 
weigh 71 tons each and  require 69 500 shp. T he  largest reason­
able wing propellers a re  40 ft d iam eter weighing 81 tons each 
and  requiring  66 700 shp a t the optim um  rev/m in o f abou t 50.

W ith trip le screws a t 60 rev/m in the pow er required  is 
reduced to a m inim um  of 61 200 when 50 per cent is taken 
on the centre p ropeller w hich w ould be 37 ft d iam eter w eigh­
ing 67 tons, w hile the w ing propellers w ould  be 30 5 ft d iam eter 
and  32 tons weight. U sing the largest reasonable diam eters, 
the pow er is reduced to 57 400. 45 per cent o f this on the 
centre at 38 rev/m in. the propeller weighing 86 tons, the wing 
screws tu rn ing  a t 40 rev/m in w ould weigh 49-5 tons each.

A fu rth e r a lternative is to d istribute the pow er equally on 
the three shafts, enabling all pow er units to  be o f the sam e 
type and  only requiring  abou t 1 per cent m ore pow er than  
the op tim um  distribution .

A t 100 rev/m in (a reasonable  speed fo r Diesel engines) 
a single propeller o f 31 ft d iam eter w ould weigh abou t 90 
tons and  require  abou t 80 000 shp (20 per cent m ore than at 
60 rev/m in). Tw in screws w ould requ ire  abou t the sam e pow er 
but triple screws w ould only require  abou t 70 000 shp. Only 
the single screw  is outside the present capacity  fo r solid p ro ­
pellers and even 90 tons is possible w ith som e m odifications 
to  existing m anufactu ring  facilities.

(b)— 750 000 t o n ,  1 000 000 d w t  s h ip s  
Single, tw in and  triple screws were exam ined for both  these

ships a t 60 rev/m in, as a  possible speed for use w ith turbines and 
a t 100 rev/m in, fo r use w ith Diesels. T he possibility o f  using the 
largest possible propeller diam eters was also considered. F or the 
750 000 ton ship these w ould require shaft speeds o f about 
53 rev/m in for a single screw, ab o u t 42 rev/m in for tw in screws 
a n d  about 34 rev/m in for the triple screws w ith 41 per cent o f the 
absorbed  pow er taken on the centre shaft. T he corresponding 
figures fo r the 1 000 000 ton ship are 49 rev/m in fo r the single,
39 rev/m in fo r the twin and ab o u t 31 rev/m in fo r triple screws 
w ith 41 per cent o f the pow er on the centre screw.

In  the course o f  the investigations to  find the optim um  
revolutions required when using propellers o f  the m axim um  
allow able diam eter, it was found that, fo r the best d istribution  
o f pow er between the triple screws, the sam e rev/m in were 
required on centre and  wing shafts.

In  the case o f equal d istribu tion  o f  pow er betw een the shafts, 
the rev/min required on the centre shaft were low er than  on the 
wings; 31 and 36 fo r 750 000 tons; 27 and  32-5 fo r the 1 000 000 
ton  ship.

The triple screws are w ithin the present m anufacturing 
capacity for a  one piece casting, except for som e o f those w ith 
lim iting diam eters. "B u ilt” propellers w ould be o f considerably 
greater weight than  the equivalent “ solid” , and  the increase in 
pow er requirem ent w ould probably  be a t least 2 per cent.

A sum m ary o f the results obtained  from  the investigations 
carried ou t on the three ships is given in T able II.

General Remarks
As already referred to  above, there is an  appreciable advan­

tage to  be gained by reducing the rev/m in to  below the present 
lim it o f around  80 per m inute. This will, o f  course, m ean tha t 
very large propellers may be called fo r in the very big vessels now  
contem plated, involving propeller weights beyond present m anu­
facturing capacity  if  m ade as fixed pitch solid screws. However, 
the advantages are so great th a t the usual disadvantages o f built- 
up propellers are m ore than  offset by the high efficiency achieved. 
The com parative possibilities have been investigated for the 
centre propeller o f the triple screw ship o f 1 000 000 dwt when
31 600 shp is to  be transm itted  at 60 rev/m in. A conventional

F i g . 10— One million dwt tanker centre line propeller, triple screw arrangement. Solid  and built-up propellers designed fo r  31 600 shp
at 60 rev/min. M aterial—Nikalium . Scale— 1.100

0-28 4  
0-681 
0 -263  
120-78 tons

0-301
0-681
0 17 2
102-67 tons
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built-up  propeller and  an  im proved design having a sm aller 
boss/d iam eter ra tio  are show n in Fig. 10 alongside the norm al 
“ so lid” design, which in this case is still w ithin the present 
m anufacturing  capacity.

O ne o f  the advantages o f the triple screw arrangem ent is the 
im proved m anoeuvrability gained thereby. I t  was em phasised in 
P art 1 o f  this paper tha t this will be a vital consideration  in these 
m am m oth  ships. This advantage in  steering can be fu rther im ­
proved  by fitting controllable p itch  propellers on  the wing shafts. 
These n o t only give instant change in p ropeller th ru st by direct 
contro l from  the bridge, but can  also dram atically  im prove the 
stopping characteristics o f  the system  (Reference 4). C on trary  to  
w hat might have been expected, a lthough these propellers are 
very large, due to  the correct selection o f  rev/m in, the blade-area- 
ratio  is small, and the m echanical problem s concerned w ith the 
pitch change m echanism  are  by no  m eans insurm ountable. A 
typical design fo r the wing screws o f  the trip le  arrangem ent fo r 
the 1 000 000 ton tanker is show n in Fig. 11 and  an arrangem ent 
o f the m echanism  in Fig. 12. These propellers were also designed 
for 31 600 shp an d  60 rev/m in.

Transverse p ropulsion  units in the bow undoubtedly  give 
an  additional a id  to  m anoeuvrability  although  it is appreciated  
tha t the effectiveness o f t.p .u .’s is reduced as the ship speed 
increases. C onsideration  should therefore be given to  a fore and 
aft tunnel fo r the inflow, perhaps th rough  the bulbous bow, to  
transversely disposed discharge tunnels. A uni-directional im ­
peller drive could then be placed on the fore and  aft centre line 
o f  the vessel abaft the a thw art ship tunnel driving the im peller 
which w ould, o f  course, be situated in the inflow tunnel. This 
arrangem ent w ould m ake the un it effective a t m anoeuvring and 
higher speeds, the direction o f  th rust being controlled by butterfly 
valves controlled from  the bridge.

This section o f  the paper covers a wide spectrum  o f  different 
propeller arrangem ents and  could be used as guidance fo r a 
variety o f p ropulsion  m achinery. F o r the “ M egaton” vessel which 
is the subject o f th is paper, som e selection m ust be m ade for 
detailed consideration  o f  suitable m achinery and  a practical and 
attrac tive  trip le screw m achinery arrangem ent has been w orked 
ou t in the next section o f the paper. The pow er is equally divided 
between the three shafts, i.e. 31 600 shp a t 60 rev/m in th rough ­
out.

Boss ra tio  0 2 1 7  
W eight 113 tons  

(To ta l)

Fig . 11— Typical design fo r  the wing screws o f  the triple arrange­
m ent fo r  the one million ton tanker

PART 3— MACHINERY INSTALLATION
This part o f the paper considers the selection o f  the p ropu l­

sion m achinery available for a  million ton  tanker. T he increased 
size w ould take certain  features o f the installation  close to  their 
design limit and  the m ore im portan t o f  these are discussed.

Type o f  M achinery
Recent studies (R eference 5) have indicated th a t the optim um  

speed o f  a h a lf  million ton  deadw eight tanker is 16 knots, a figure 
w hich has also become established during the recent rapid

12 13 14 15 16 17 IB 19 2 0

I \  \  | \  I /

1) Vernier locking assembly 14) Valve casing 27) Oil transfer box shaft
2 ) Thrust collar 15) Valve 28) Tail shaft
3) Cylinder head 16) Valve spindle 29) Tail shaft bolt
4) Piston ring 17) Pitch feed-back rack 30) Crank pin ring
5) Circulation valve 18) Command rack 31) Sliding blocks
6 ) Sealing ring 19) Operating lever 32) Hub body
7) Bearing ring 20) Feed-back transmitter 33) Servo cylinder
8 ) Blate bolt 21) Pitch locking device 34) Piston rod
9) Piston rod bearing 22) Feed-back lever 35) Servo piston

1 0 ) Pressure tubes 23) Feed-back sliding ring assembly 36) Cone
11) Shaft coupling 24) Carrier pin 37) Driving sleeve
12) Head tank connexion 25) High pressure seals 38) Cone cap
13) Pneumatic actuator 26) Oil transfer box casing 39) Jacking screw

F ig . 12— Controllable pitch propeller
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P LA N  A T LOWER FLOOR LEVEL

G  G
T u rbo-a/tvrnato rs  M ain  tn d p u m p t

G

G  G
Compressors
r r  r  -

E H
O.F. pumping unit

□  I
O (2) O'***! a /ttrna tors

Q a /t
viifrs

I--------- 1 S tm /stm
I-----fentmtor

Longitudinatbu/khcad 9 0  f t  Oin fro m  CL.. 
P L A N  A T BOILER FLA T  6 0 t t0 m  A.B. (P <vx/S )

Fig. 13—Machinery arrangement for triple screw installation
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increase in size up to , and beyond, a  q u arte r m illion tons. A ssum ­
ing this is still valid a t a m illion tons then  a delivered horsepow er 
o f betw een 95 000 and 130 000 is required  which can only be m et 
by e ither a triple screw o r tw in screw installations. (Fig. 8).

In  this application  reliability and  safety m ust receive greater 
em phasis th an  usual so th a t equ ipm ent is chosen from  designs 
which are  already available and  proven. W hen m aking this selec­
tion  it has becom e com m on to  com pare different installations o r 
consider additional equipm ent by m aking  cost calculations. There 
are, however, factors which are n o t allowed fo r and  are particu­
larly im portan t when the value o f  the ship as a whole, is com pared 
w ith the cost o f  the m achinery installation . C ontinued availability 
o f  the vessel and  the possibility o f  influencing insurance pre­
mium s w ith designs which give safety a p roper em phasis canno t be 
calculated. The relative stability  o f  fuel prices and increasing 
capital cost o f  equipm ent has m eant th a t the con tribu tion  to  the 
running costs represented by fuel has been reduced and  become 
less im portan t. M axim um  efficiency in term s o f fuel consum ption  
w ould, therefore, n o t be attem pted  because it is no t always 
accom panied by m axim um  reliability. A n equally im portan t 
consideration  is th a t th is high pow ered p lan t should be designed 
to  be w ithin the capability  o f  th e  staff who operate and  m aintain 
it. U nless th is is achieved availability will be reduced due to  
m aloperation  and  the design perform ance will no t be obtained. 
In  recent years there has been a tendency to  ignore this and 
equipm ent has been installed w hich has given no benefit o r 
actually  reduced the standard  o f  w atchkeeping by diverting the 
a tten tion  o f the engineers from  the m ore conventional bu t 
im portan t features.

F o r a tw in screw installation  only the steam  tu rb ine p lan t 
w ould be considered because the pow er a t 100 rev/m in is above 
the service rating  o f  cu rren t slow speed Diesel designs. The saving 
in pow er and  im proved m anoeuvrability  o f  the vessel m ake a 
triple screw installation  o f  interest. R eferring to  Fig. 8 the 
reduction in the range 60-90 rev/m in is no t less than  10 000 shaft 
horsepow er. This also indicates th a t the optim um  share in pow er 
between the screws is when 35 per cent to  40 per cent is delivered 
on the centre shaft and , as the curve is flat in  th is region, three 
identical sets could be used. Steam  turbine p lan t is p redom inant 
in large tankers and has the add itional advantage o f  providing 
boilers fo r the cargo pum ping duty. It also allows a range o f  rev/ 
min to  be considered highlighting som e o f the m ore critical

design features. Slow and  m edium  speed Diesels have n o t been 
adop ted  because o f  the num ber o f  cylinders required. The drive 
for the cargo pum ps is an  add itional d isadvantage until proposals 
fo r connexions taken from  the m ain engines themselves have been 
proved in  service. The progressive im provem ent in  the fuel 
econom y o f  gas turbines suggest th a t they m ay provide an  alterna­
tive propulsion p lan t in the fu ture. T he trend  tow ards using 
better quality  oils in m ain engines as residual fuels becom e scarcer 
reduces the cost differential arising from  the different grades 
burned. A cceptability o f  these designs will be im proved when 
m ethods o f elim inating the en trained  salts from  the inlet a ir and 
treatm en t o f  the fuel oil before com bustion  have been developed.

Content and L ayou t o f  Plant
The layout o f the th ree trip le reduction  steam  turbines 

delivering 31 600 shp a t 60 rev/m in is show n in Fig. 13. This 
gives specific loads in the stern bearing slightly beyond existing 
values bu t th is is considered acceptable w ith the designs proposed. 
Below this speed propeller w eight increases m ore rapidly fo r a 
given reduction  in revolutions (Fig. 14) and  the associated shaft­
ing and  reduction gearing also becom e increasingly expensive. 
Six cargo pum ps are  arranged in line in an  area  o f  flat o f  bo ttom  
as fa r aft as the ships lines allow. The boilers are  placed forw ard 
and  the centre m ain engine located under this flat. Shaft heights 
are chosen to  give adequate  p ropeller im m ersion in  the ballast 
conditions and  the wing engines raised to  suit the lines o f  the ship. 
They are located a t the a ft end o f the boiler flat so th a t overhaul­
ing access is available bu t far enough forw ard  to  allow  shaft 
w ithdraw al inboard . E quipm ent has been arranged  to  use the 
space up  to  the m ain deck and  give the shortest engine room . A 
contro l level has been created w ith a  room  looking o u t o n  to  the 
boiler fron ts and  across an  operational p latform  carrying the 
m ore critical m achinery item s such as generators and  feed pum ps.

Steam  fo r the p lan t is provided by three equal sized fron t 
fired boilers w ith ou tlet conditions o f  900 lb /in  2g and  950°F a t 
the superheater w ith 15 per cent C O 2 a t the furnace ou tle t and  a 
final undilu ted  up take  tem perature  beyond the ro tary  gas a ir 
heaters o f 280°F. A  steam /steam  generator is used fo r con tam in­
ated  services which are  m ainly fo r heating  requirem ents, as 
hydraulic deck m achinery is considered appropriate . T he three 
m ain engines are  cross com pound  units w ith astern  elem ents in 
the L.P. casing.

Rev/m in

&O
£

Fig. 14— Stern gear characteristics
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STEAM CONDITIONS 
Superhtr. outlet 
Turbine inlet 
Main condensers vac.
Sea temperature 
N.B.S.R.
Boiler efficiency 
Percentage CO2 
Uptake temperature 
H.C.V. fuel

900 lb/in2g/950°F 
850 lb/in2g/940°F 
28* in Hg 
75°F
5-41 Ib/shp h 
89-75 per cent 
15
280°F
18 500 btu/lb

ELECTRICAL LOAD
Hull 466 kW
E.R. 2034 kW
Total 2500 kW
No. altrs. 1

EVAPORATION LOAD
Make up main system 
Make up L.P. system 
Total storage 
Total

4500 lb/h 
1800 lb/h 
1170 lb/h 
7470 Ib/h 
80 ton/day

LB FUEL/LB STEAM 
Sup. steam 0 0658
Desup. steam 0 0590

FUEL RATES 45 080 lb/h
484 ton/day

SPEC. FUEL CONSUMPTION
0-47 Ib/shp h

Fig. 15— H eat flow  diagram
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E ach has its own condenser circulated by a steam  driven 
pum p draw ing from  a  sea tube w ith a faired entry  w hich is n o t 
dependent upon  scoop action  because the characteristics o f  the 
boundary  layer a t this position on such a long ship w ould be 
unpredictable. The case fo r scoop circu lation  appears to  be based 
prim arily  on the standby facility it provides as it is doubtful 
w hether the econom y in circulating pow er w ithin the m achinery 
space is greater than  the increased propulsive pow er required for 
the scoop action. The feed cycle is show n in Fig. 15, consisting o f 
a ir ejectors, gland steam  condenser, one L.P. feed heater, a  high 
level de-aerator and a  single stage o f  H .P. feed heating. A fter the 
tw o extraction pum ps and  single steam  air ejectors serving each 
condenser the systems becom e com m on a t the L.P. heater. Three 
feed pum ps are arranged so th a t tw o are  running  w ith the th ird  
standby. There are  tw o condensing tu rb o  alternato rs each capable 
o f  carrying the norm al service sea load  and  together covering the 
m anoeuvring and  cargo pum ping conditions. S tandby capacity 
is provided by tw o Diesel generators w ith a  fu rther emergency 
generator capable o f  supplying em ergency lighting, lubricating 
oil pum ps fo r steering gear and  tu rn ing  gear. B oth tu rb o  genera­
to rs will be ru n  a t sea, efficiency being m aintained w ith an  inlet 
nozzle contro l. In the event o f one generator failing the o ther 
w ould accept the system load  to  avoid a b lackout condition  and  
a  D iesel generato r ru n  up  autom atically  as standby. A  full size 
m o to r driven tw o speed F .D . fan is provided fo r each boiler and  
fuel oil is supplied from  a com m on pum ping and  heating  p lan t 
consisting o f  three heaters to  give full capacity  and  three pum ps 
w hich are arranged  to  have tw o w orking w ith the o th er standby.

Six steam  driven cargo pum ps o f  5500 tons capacity are 
driven by m ulti-stage turb ines receiving de-superheated steam  
from  sprayers external to  the boilers and  exhausting to  an 
atm ospheric condenser. The discharge tim e is 48 hours and  the 
steam  requirem ents w ithin the capability  o f  the boilers, w hich are 
sized fo r norm al service pow er plus cold tank  cleaning. Inlet 
steam  conditions o f  800 lb /in  2g and  750°F are chosen to  give an  
exhaust tem peratu re  which is acceptable to  the m aterials in the 
condenser. The cycle is arranged  so th a t condensate is returned 
to  the m ain system th rough  an  atm ospheric d rains tank .

A  fuel ra te  o f  0-47-lbs per shaft hp  ho u r a t norm al service 
has been ob tained  by using static  elem ents such as heat exchangers 
and  avoiding high initial steam  conditions o r very low uptake 
tem peratures from  the boiler. A dvantage has been taken  o f  these 
features up  to  the lim it considered satisfactory from  a reliability 
po in t o f view. Engine driven auxiliaries have n o t been considered 
because o f  the increased m echanical and  operational complexity. 
Salt w ater circulated evapora to rs are  used to  avoid the additional 
connexions required  by condensate circulated units. The perfor­
m ance o f the m ain  engines and end conditions determ ine the 
efficiency o f the cycle and  sm all changes in the details o f  the 
system only m ake m arginal im provem ents in  the oil fuel rate. 
Realistic m argins have been used in the calculations to  ob tain  
rates which could  be m aintained in service and  n o t briefly 
achieved in a consum ption trial.

M achinery units are chosen so th a t failure leads to  either a 
reduction  in pow er o r a  closing dow n o f  one o f the main engines. 
F o r larger units such as F .D . fans and  m ain circulating pum ps 
w here the provision o f  standby  capability  is expensive, one full 
sized un it is being provided on  the basis th a t there are  standby 
engines. O n o ther occasions fo r feed pum ps o r fuel oil pum ps 
where the duties tend  to  lead to  a low er reliability, com m on 
services w ith standbys have been provided. In  certain  cases such 
as lubricating  oil pum ps o r extraction  pum ps w here the cost o f 
failure is high o r  the provision o r  cross connexion standby a rrange­
m ents com parable in cost to  the un it, standbys have been 
provided fo r each w orking unit. Systems w ould be as sim ple as 
possible avoiding unnecessary cross connexions and  o ther com ­
plications w ith a view to  reducing the num ber o f  pipes from  the 
unacceptably high levels found  in cu rren t installations.

A centralized contro l room  contain ing  a console, the m ain 
sw itchboard  and  a group  sta rte r board  is required  to  operate  this 
large installation. The room  is located in the centre o f  the instal­
la tion  so th a t it is possible to  view the boiler front, the m ain 
engines and  vital auxiliaries such as generators and  feed pum ps 
during m anned operation . F o r the initial service o f  the vessel it is

in tended  th a t there should be tw o w atchkeepers, one senior and  
a ju n io r bu t th a t the con tro ls an d  instrum entation  com plex be 
designed so th a t a t a  fu ture date  periods o f  unm anned operation  
could be considered. D uring  this tim e a duty  engineer w ould be 
nom inated  to  to u r the installation  once per w atch reporting  to  
the bridge before and  after the inspection. R em ote con tro l o f  the 
m ain engines from  the bridge w ould be provided to  m ake this 
possible and  to  im prove the response o f  the ship to  bridge orders 
during m anoeuvring. T he exhaust steam  from  feed pum ps, and  
the m ain circulating pum p give a  high enough standby load so 
th a t the tu rn-dow n during m anoeuvring w ould be achieved w ithin 
the range o f  the burners. T he num ber o f  burners w ould be chosen 
to  avoid flame im pingem ent and  tu rndow ns beyond the standby 
requirem ent achieved by the rem ote rem oval o f  burners. A uto  
synchronizing w ould no t be required  and  instrum entation  lim ited 
to  th a t required  fo r m anoeuvring and  s ta rt up o f  the p lan t except 
for a num ber o f chart recorders and  an a larm  panel display. The 
log taken  once per w atch w ould be lim ited to  param eters which 
have a significant effect on safety, m aintenance and  perform ance 
and  these w ould be used to  review the opera tion  o f  the plant.

Structure in Engine Room  and Shafting  System
The m achinery installation  is unlikely to  be successful unless 

the structure a t the aft end is carefully considered and  exciting 
forces from  the propeller m inim ised. The flow o f  w ater in to  the 
p ropeller disc should be studied to  see if it can  be im proved by 
m aking local changes in the lines. A  review should also be m ade 
o f  the general arrangem ent o f  stern  gear to  ensure th a t clearances 
are  as large as possible to  reduce in ter-action  between the propeller 
and  adjacent parts o f  the ship. The propeller itself should have 
an  even num ber o f  blades because the larger varia tions in 
to rsional and  axial excitation they cause are  m ore readily accom ­
m odated  than  vertical forces transm itted  th rough  the stern gear. 
S tructure in the space has to  be arranged  to  avoid local v ibration  
and  provide a satisfactory p latfo rm  fo r the propulsion  m achinery 
by d istributing  the loads. The principles are  illustrated  in Fig. 16, 
which shows arrangem ents suitable fo r a single screw vessel.

A  m ajo r consideration  is the continu ity  o f  longitudinal 
strength th rough  from  the m ain body o f  the vessel by bringing 
the longitudinal bu lkheads from  cargo tanks in to  the m achinery 
space to  form  side tanks. L ongitudinal sections on  the upper deck 
and  the side shell are also continued and  tied together by heavy 
vertical web fram es form ing a ring  structure in the side tanks and  
w ithin the space itself. These fram es carry  the double bo ttom  
structure and  the flats, including one flat w hich has been taken 
in to  the aft end to  carry  the steering gear. The double b o ttom  is 
a  box structure carrying heavy longitudinals near the centre line 
as well as the no rm al transverse floors. These ru n  aft until they 
m eet the shell and provide a  p latform  fo r the shaft bearings 
m eeting a sim ilar box structure  in the low er peak. The p latform  
in w ay o f the m ain m achinery itself is m ade very stiff w ith tran s­
verse m em bers tying in to  the web fram es and  longitudinals m eet­
ing double bo ttom  m em bers. T he th ru st block which is centre 
line m ounted  is located n ear the gearbox seat. T here are no 
jo u rn a l bearings in the block and  the stiffness o f  th is together 
w ith associated structure is checked to  ensure th a t the first m ode 
axial resonance is a t least 25 per cent aw ay from  the m axim um  
speed. T orsionals fo r the com plete system are also checked to  
ensure acceptable stress and  to o th  load variations.

A t the aft end the longitudinals on the shell ru n  horizontally  
in to  brackets on  the forw ard bulkhead o f the after peak. D ouble 
spaced longitudinal wash bu lkheads are  cantilevered from  this to  
carry  the steering gear flat. T he direction o f  the sections is also 
changed on the a ft side o f  the peak bulkhead  so th a t they run  
parallel to  the stern outline until they m eet the shell. This type of 
structure is used until the w idth  is too  narrow  and  the low er parts  
o f the after body revert to  the box structu re  found  in the double 
bo ttom . Lines in th is area need to  be a  com prom ise between 
hydrodynam ic and  practical considerations to  ensure th a t the 
stern  fram e is tied in to  the structure  so th a t loads from  the aft 
bearing can be properly  transm itted . Access to  shaft couplings 
and  oil seals m ust also be provided. In the case o f a m ultip le 
screw installa tion  the tunnels in to  the bossing are in the form  o f 
a  cylindrical pod  to satisfy these requirem ents.
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In  the trip le  screw installation  the m achinery occupies only 
p a rt o f  the space available in  the length o f  the ship in which it is 
located . C argo tanks can be b rough t a round  the sides o f the pum p 
room  in to  the side tanks in the engine room  and  across the aft 
end  above the shafting tunnels. Fuel oil can be located in the 
double bo ttom  tanks. T here are  tw o funnels sited forw ard o f the 
accom m odation  block w hich contains an  emergency service 
centre. A  raised contro l tow er fo r the navigation o f the ship is 
located near midships.

Spacing in  the shafting system  is arranged to  give the m axi­
m um  flexibility consistent w ith bearing loads and  shaft whirl. A 
check is m ade to  ensure th a t the fundam ental w hirling frequency 
is a t least 50 per cent above the m axim um  running  speed. A  single 
w hite m etal bush located in the stern fram e and  well spaced 
jo u rn a l bearings form  the basis o f  the system. T his ensures tha t 
any deflexions in the hu ll can  be accom m odated  except in the 
im m ediate area o f the gearbox. The high influence num bers are 
a t the m ain wheel bearings w hich are  m ounted on the stiffest part 
o f  the p ropulsion p latfo rm  to  isolate it from  changes. H ardened 
gears are preferred because they provide a m argin  on to o th  load ­
ing to  accom m odate any m isalignm ent there m ay be in the second­
ary  reduction . The calculated alignm ent is achieved using gap and 
sag m ethods and  a final check m ade on the bearing loads using a 
hydraulic jack . (R eference 6). A n  allow ance is m ade in the cold 
alignm ent fo r therm al rise in way o f  the gearbox up to  the ru n ­
ning condition . A correction  is also m ade in the attitude  o f  the 
th ru s t collar face to  ensure an  even distribu tion  o f  load under 
pow er. R esults taken  a t m ain wheel bearings indicate th a t calcu­
lated influence num bers a re  only valid fo r one condition  and 
jack ing  the shaft changes the effective centre o f  support, altering 
the local characteristics o f  the system. C areful positioning o f the 
gearbox is, therefore, vital as no final check on loads can be 
made.

could also be used consisting o f  fo u r separate blades attached to  
the centre boss.

A m ore detailed investigation is required  on an  actual instal­
la tion  because o f  the varia tion  o f  a ttitude  o f the shaft in the 
bearing caused by the change in the centre o f th rust o f  the propel­
ler during operation . This is illustrated  in Fig. 17, which is a 
calculated alignm ent fo r an  average service condition  (A) on  a 
typical q uarte r m illion ton  tanker. V ariations ab o u t this m ean 
take place in the loaded and ballast conditions show n in (B) and 
(C) respectively w hich are  caused by eccentric th ru st th a t is 
alw ays above the centre line o f  the shaft bu t its position  and  value 
change. E ach case shows the calculated  variation  o f  oil film 
thickness fo r an oil inlet tem perature o f  110°F. The first step in 
this analysis is to  establish the line o f  th e  ta il shaft th rough  the 
bearing and  then to  calculate the height it will be above the 
whitem etal in the runn ing  condition . T o do this the length o f  the 
bearing is split up  in to  sections, each treated  as a jo u rn a l bearing 
w ith an  oil film equal to  the m ean gap. f t  is assum ed th a t 85 per 
cent o f  the length is load carry ing to  allow  fo r the end leakage. 
T he load carry ing capacities fo r various heights above the w hite­
m etal are calculated (using R eference 7) to  m eet the requirem ents 
o f the load carried. T his analysis is carried  o u t fo r a num ber o f 
oil tem peratures and  the m inim um  oil film thickness a t the ends 
o f the bearing obtained. A graph o f m inim um  oil film thickness 
against tem perature can be p lo tted  and  after allowing a 50 per 
cent m argin between the degree o f  filtration  and  the m inim um  oil 
thickness, the m axim um  perm issible oil tem perature a t the bearing 
in let can be established. F o r  the quarte r million ton  tanker being 
considered th is indicated 50 m icron filtration  a t a  m axim um  inlet 
tem perature  o f 110°F. F u rth e r calculations a t h a lf speed gave a 
figure o f  25 m icrons. A forced lubrication  system is necessary to  
ob ta in  these conditions and  includes filters, coolers and  pum ps 
as shown in Fig. 18. The m ethod used in m aking this calculation

Stern Bearings
O ne com ponent near its cu rren t classification design limit is 

the stern bearing w hich can  be dem onstrated  by considering a 
series o f solid shaft designs based on  Lloyds Rules. Fig. 14, shows 
the varia tion  o f  specific load  w ith revolutions on  an  L /D  ratio  o f 
2:1, fo r the fo u r bladed fix p itch  propellers on a trip le screw 
16 kno t m illion ton  tanker. Pow ers are  based on an  equal share 
between the shafts an d  a series o f  alignm ents calculated to 
establish the loads. Bearings o f this type are  a t present lim ited to 
a design specific load  o f 90 lb /in 2g, a  figure reached at 105 rev/m in, 
but, as the increase with reduction  in rev/m in is gradual, the 60 
rev/m in chosen is considered reasonable. P ropeller weights for 
this installation  are  80 tons w ith a  d iam eter o f  40 ft. These 
characteristics are  w ithin projected m anufacturing  facilities fo r a 
pit capable o f  over 80 tons and  35 ft d iam eter when the periphery 
is cut to  accom m odate the tips o f  the blades. A build  up propeller

High header^ 
ta n k

F ig . 17—  Variation in shaft attitude in sternbearing at service pow er

is approxim ate bu t iilustrates the factors involved, including the 
significant effect o f  change in a ttitude  o f the shaft during  opera­
tion. I t  highlights the need fo r research in to  design m ethods fo r 
this type o f jo u rn a l bearing so th a t a m ore accurate assessm ent 
can be m ade o f  existing bearings and  fuller investigations m ade 
in to  alternative approaches.

The previous discussion has been confined to  norm al service 
speed b u t m anoeuvring and  tu rn ing  gear operation  w here 
boundary  lubrication  conditions m ay exist a re  also im portan t. An
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F ig . 18— Sternbearing forced  lubrication system
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oil w ith viscosity o f 0-6 poise a t 140°F is used to  increase the oil 
film thickness so th a t variations in load d istribution  can be 
accom m odated . W hen higher specific loads are used oil could be 
injected in to  the bearing to  float the shaft a t low  revolutions and 
avoid wear. T he to ta l system  w ould, o f  course, be chemically 
treated  and  cleaned in  the sam e way as the m ain engine supply to  
m inim ize the d irt entering  the bearing.

T he arrangem ent in Fig. 18 shows a  solid ta il shaft w ith  the 
propeller attached  by interference fit to  avoid stress concentration  
a t a  keyway. A  single steel bush is located in  the fram e w ith a 
design interference o f  the o rder o f 0 003 in. F itting  loads o f  100 
tons are com m on on  sm aller ships bu t this allows a  m axim um  in 
interference o f  under 0 002 in  fo r the proposed installation  which 
is too  near the lim it o f existing m achining techniques. A stepped 
stern fram e bore w ith five fitting bands is used and  a  th in  copper 
coating  applied before installation.

Shaft seals require  fu rther developm ent although the designs 
discussed in  the paper do n o t exceed the rubbing speeds quoted 
by suppliers fo r cooled assemblies. A  lim it o f 16-4 ft/s o r  a m axi­
m um  diam eter o f  29-5 in is som etim es recom m ended w hen the 
seal is uncooled w hich goes up to  a m axim um  o f 32-8 ft/s when 
cooling is applied. New m aterials and  im provem ents in  surface 
trea tm en t o f  the sealing elem ent should raise the present limits 
and  im prove reliability. The forced lubrication system is arranged 
so th a t it does n o t pressurize the seals and  as a fu rther p recaution  
tw o header tanks are  used to  allow  fo r the differences in d raught 
betw een the loaded and  ballast conditions. C hangeover is covered 
by an  alarm  in  the con tro l room  console to  ensure th a t the 
pressure difference across the seal is kep t a t an  acceptable value.

T he stern bearing design is based on  the best features o f 
existing installations including the in troduction  o f  forced lubrica­
tion. This area requires fu rther developm ent and  new  designs p u t 
to  sea in  sm aller tonnage to  establish perform ance. T he first step 
is to  consider shorter bearings approaching the optim um  L /D  
ra tio  o f  1 :1 w ith a  design specific load nearing 150 Ib /inzg. This 
w ould reduce the varia tion  o f oil film thickness in the length o f 
the bearing and  im prove its operating  condition . T ilting pads 
m ight a ls o b e  considered to  distribute the load  along the bearing 
face. Shell type bearings split a t the h a lf jo in t could be used and 
ways o f  ob tain ing  access so th a t the bo ttom  h a lf can  be tu rned  or 
d raw n o u t fo r inspection investigated. This w ould avoid som e o f 
the com plex proposals available a t present fo r the inspection o f 
stern bearings w ithout drydocking the vessel. A  m ethod o f reduc­
ing bearing specific load  is to  use a  hollow  shaft which on  the 
present installation  gives a  new po in t in Fig. 14 when the wall 
thickness is 6 in and  the ou ter d iam eter 42 in. A  flanged connexion 
is p roposed  and  the p ropeller arranged in such a way tha t 
overhang is m inim ized and  a m uff coupling adopted a t the forw ard 
end  to  allow tail shaft w ithdraw al aft.

CONCLUSION
To keep the paper to  m anageable p rop o rtio n s the  problem  

has been tackled as though a design based on  sound  practice was 
required  im m ediately. T his m eans th a t th e  solu tion  for the 
1 000 000 tons vessel is a  triple screw system  pow ered by steam 
turbines w ith the sam e pow er on  each shaft. I f  the bearing load 
on the wing shaft can  be allow ed to  rise  to  120 lb /in 2g, then the 
use o f contro llable p itch  propellers on these shafts w ould be an 
attractive a id  to  the overall safety an d  econom y o f  the  ship.

I f  there is to  be a  long period before th e  m illion to n  ship is 
built, o ther systems m ay be developed to  the  stage w here they 
m ay be used safely in such a vessel. F o r  exam ple, the  steam  raising  
p lan t m ay be atom ic pow ered o r the efficiency o f  tw in screw 
systems m ay be im proved by the use o f  ducted  propellers. I f  the 
o rthodox  systems had  encountered  serious difficulties, these and  
o ther untried m ethods w ould have required  closer study.

F o r sm aller giants it is hoped th a t the in fo rm ation  given in 
the paper will be useful in considering tw in screw as well as triple 
screw propulsion, and  the possible use o f  Diesels, gas tu rb ines o r 
a m ixture o f  pow er units instead o f  steam  turb ines. W hen the 
m any variations in  size, speed and  ship type are  taken  in to  account, 
it w ould be unrealistic to  expect a  un ique solu tion  to  the  problem  
o f  propelling such very large tankers.

REFERENCES
Part 2
1) V a n  L a m m e r e n , D r. I r . W . P. A ., “ R esistance, P ropulsion 

and  Steering o f  Ships” .
2) B .S.R.A . Report N S  123 (N aval A rchitecture R ep o rt N o. 46). 

1966. “ M ethodical Series P ropulsion  E xperim ents, w ith 
M odels o f  0-85 Block Coefficient, on  O cean-going M erchan t 
Ship F o rm s” .

3) S i n c l a i r , L. and E m e r s o n , A. January  1968. “ T he D esign and  
D evelopm ent o f Propellers fo r H igh Pow ered M erchant 
Vessels” . Institute o f  M arine Engineers.

4) C l a r k e , D . and  W e l l m a n , F. 1970. “ T he S topping o f  Large 
T ankers and  the Feasibility o f  U sing A uxiliary B raking 
Devices” . Proe. R .I.N .A . R ead  22nd A pril, 1970.

Part 3
5) L a m b e r t  B r o t h e r s  (S h i p p i n g )  L t d . ,  R esearch and D evelop­

m ent D epartm ent 1970. “ A  N o te  on the O ptim al Speed o f a 
T anker o f  500 000 deadw eight” .

6) A n d e r s e n , H. C. and  Z r o d o w s k i , J. J. 1960. “ C o-ord inated  
A lignm ent o f  L ine Shaft P ropulsions G ear and  T urb ines” . 
Trans. I.M ar.E ., Vol. 72, p. 132.

7) B u r k e , A. E. and  N e a l e , M . J. 1957. “ A  M ethod  o f  D esigning 
Plain Jou rna l Bearings fo r Steady L oads” . Proc. l.M ech .E . 
Conference o f  L ubrica tion  and  W ear. P aper 71, p. 118.

Discussion
M r. R. C o a t s , M .I.M ar.E ., confined his rem arks to  the 

p ropulsion  m achinery aspect o f the paper. H e had  no  quarrel 
w ith the au thors on  the choice o f  steam  turbine machinery, 
which was em inently suitable for the purpose, and  w ith w hich no 
ex trapo lation  beyond present know ledge and  experience was 
required. H e did, however, draw  a tten tion  to  ano ther alternative 
which offered the sam e reliability together w ith a  significant 
im provem ent in fuel consum ption, which was the use o f  steam  
and  gas turbines in a com bined cycle arrangem ent. This scheme 
had  been w orked ou t for a triple screw installation  o f  90 000 shp, 
bu t th is was n o t the lim it o f  possibility w ith the arrangem ent.

T he wing shafts w ould be driven by heavy duty gas turbines 
o f  the sim ple cycle, non-regenerative type, as described by W hite*, 
producing 26 000 shp each at an  am bient tem perature  o f  80°F. 
T he centre shaft w ould be driven by com pound steam  turbine

* “Design and Development of a M arine Gas Turbine ", A. O.
White, IMAS proceedings.

m achinery o f  38 000 shp, tak ing  steam  from  two w aste heat 
boilers accepting the gas from  the gas turb ines a t ab o u t 950°F, 
plus add itional steam  from  an  oil-fired boiler ra ted  at 100 000 lb/h, 
bu t operating  a t a  low er ra ting  a t full gas tu rb ine  ou tpu t. The 
arrangem ent was illustrated in Fig. 19.

T his offered a  fuel ra te  o f  0-4 Ib /shp/h  w hen burning 
residual fuel in bo th  gas turb ines and  fired boiler, a t the m axim um  
ou tpu t o f  90 000 shp. W hen operating  w ithout supplem entary 
firing, at an  ou tp u t o f 81 000 shp, the fuel ra te  im proved to  
0-38 lb /shp/h , and  in fact the fuel ra te  curve was com paratively 
flat dow n to  55 000 shp (Fig. 20) and  reached a m inim um  o f 
0-378 a t 70 000 shp.

The steam  turb ine w ould have astern  elem ents in the L.P. 
tu rb ine  only. T he gas turbines could either be in association with 
c.p. propeller as suggested in the paper for the steam  turbine 
proposal, o r could use hydraulic reversing transm ission within 
the gearbox.
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In le i
d uc t

tu rb ine

A lte rn a to r

Feed pump

Cross compound 
steam  turb ine

M M  5272 gas tu rb ine

5 0 0

Feed pump 
d rive

A lte rn a to r  
drive  

5 9 0  kW  
Waste h ea t a n d  o il f ire d  b o ile r  
cond itions,555 lb/in2g  — 850  °F  
Am bient te m pera tu re , 8 0 °F  
L.C.V. o f  fuel, 17450 b tu / lb  
Steam turb ine  N.B.S.R., 6 lb/shp h 
E le c tr ic a l load, 590  kW  
E va p o ra to r load\ 3 0  tons/day

Gas turb ine power, 2 x 2 5 7 9 0  shp 
Steam turb ine power, 38  4 2 0  shp 
Tota l power, 90  0 0 0  shp 
Fue l b u rn t in gas turbines, 31376 lb /h  
Fuel b u rn t in boiler, 4 6 2 4  lb /h  
Tota l fu e l bu rn t, 36 0 0 0  /b/h  
Fue l ra te ,  0 -4  Ib /shp h

F ig . 19— Arrangem ent o f  machinery and heat balance fo r  90 000 shp combined steam  and gas turbine cycle

F ig . 20- -Variation o f  fu e l rate against pow er fo r  combined steam  
and gas turbine cycle

T he advantages were, firstly, th a t it was an efficient and 
sim ple system. The steam  conditions for the steam  tu rb ine were 
m oderate a t 555 lb /in2g/850°F, and  the feed cycle parts  were kept 
to  a m inim um .

Secondly, continuing w ith the em phasis given to  the safety 
aspects and  availability  o f  the m ain m achinery in the body o f the 
paper, the system proposed gave a  very substan tia l back up of 
m ain body propulsion  item s against breakdow n o f  any item, 
particularly  if  a  supplem entary  firing facility were incorporated  
in the exhaust gas boiler design.

F o r instance, if one gas tu rb ine  were ou t o f action  the to tal 
pow er available w ith supplem entary  firing on one boiler to  
m ain tain  the steam  flow to  the steam  turb ine w ould be 64 000 shp.
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I f  both  gas turbines were ou t o f action  and  bo th  exhaust 
gas boilers w ere supplem entarily fired, the full steam  turbine 
ou tp u t o f  38 000 shp w ould be available.

I f  the com plete steam  turbine set were ou t o f action  the 
pow er available w ould be 52 000 shp.

Thirdly, the arrangem ent gave adequate availability o f 
steam  fo r cargo pum ping and  cargo heating from  the fired 
boilers.

Fourth ly , e ither gas turbine could be used for cargo pum ping 
by disconnecting from  the propulsion  gearing and  connecting to 
a lay shaft arrangem ent giving m echanical drive to  these pum ps.

Fifthly, and  m ost im portan t, such an arrangem ent would 
be expected to  be cheaper in the first cost and  considerably 
cheaper in  installation  cost.

F inally, considering the saving in yearly fuel consum ption 
tha t w ould accrue by using this com bination  instead o f  the 
installation  described by the authors, it w ould be found  to 
am oun t to  no  less th an  £170 000 per year; or, pu tting  it in 
ano ther way, in the first six years the savings w ould pay fo r both  
gas turbines.

M r . A . N o r r is , M .I.M ar.E ., was sure th a t several ship­
building firms w ould welcome the challenge o f building these 
enorm ous ships and  it w as know n th a t the Japanese were already 
willing to  build  the 500 000 tonners. There were constraints 
o ther th an  technical ability, however, and  there were form idable 
natu ral lim itations on  draught even for som e o f  the quarter 
m illion ton  ships w hich were already in  service. F o r the lowest 
tran spo rta tion  cost it  w as im portan t to  get the largest ship 
possible to  term inals w hich were close to  large centres o f popu la­
tio n ; R o tterdam  was an  exam ple o f a desirable term inal since it 
served so m any E uropean  countries. W hen the ship was dis­
charging there were o ther m ajor problem s o f pipelines and 
storage tanks asho ie  w hich m ust be provided for and  which 
could be costly.

W ith  those and  o ther restrictions it was p robable th a t the 
enorm ous ships w ould be obliged to  discharge a t off-shore 
term inals o r a  few specially selected land  term inals which might 
well have to  be connected by pipeline to  a com plex o f rem ote 
refineries.

T he sheer num ber o f  ships which w ould be required to 
m eet the ever-growing need for oil m ight force use o f these 
enorm ous ships to  ease congestion at approaches to  large centres 
o f population , o r com pel legislation to  keep them rem ote from  
such places. In  com m itting a large capital sum  to the building 
o f  such units for trad ing  between specified deep w ater po rts care 
w ould have to  be taken  th a t in a few years tim e the trade did 
no t d isappear; for exam ple, massive oil finds in conveniently 
located positions for transport to  N orthern  E urope m ight change 
the optim um  ship size required. This might increase the invest­
m ent risk in building large ships.

Table II in the paper listed propeller weights and  desirable 
shaft speeds for the large ships. D espite the technical desirability 
o f  advancing the a rt to  the stage where the heavy weights and 
low speeds were proven, it was necessary to  be realistic and 
accept th a t it w ould no t be p roper to  take the inherent financial 
risks involved in doing the w ork on  these valuable ships, also to 
accept th a t fo r a long tim e to  com e the factors m entioned w ould 
enforce the use o f p lan t in the 80 to  100 rev/m in range. The 
paper properly took  the view th a t steam  turbine propulsion 
w ould probably  be used fo r these large ships, a lthough it m en­
tioned th a t D iesel was a  possibility. A lthough it was probable 
th a t M r. N o rris ’s em ployer w ould take tha t view for use in ships 
o f  abou t 500 000 tons; use o f  the trip le screw w ould, w ith some 
unorthodoxy, m ake a  D iesel installa tion  feasible. M r. N o rris ’s 
first app roach  to  this w ould be to  p u t a  super large bore Diesel 
on the centre screw. E ach wing screw w ould be driven by a 
m edium  speed engine o f  ab o u t 1000 hp  for each cylinder w ith 
the  engine arranged a t a  low  level and  the gearing train  arranged 
for a  vertical displacem ent to  su it the w ing propellers located at 
the k ind  o f  level show n in Fig. 3. The m edium  speed engines 
w ould be geared to  drive cargo pum ps, either th rough  the gearing 
o r electrically, and  th is w ould avoid  the use o f massive boilers 
in the ship and  m ake available a  greatly increased pow er for

cargo pum ping and  im provem ent in  discharge tim e, given in the 
paper as 48 hours. This could give a  b lend o f  the slow speed 
Diesel to  suit the truly conservative an d  the m edium  speed 
engines for those w ho were slightly m ore daring . The installation 
w ould in som e ways resem ble the D iesel p lan t in  a sm all ship 
since there w ould be one large and  tw o higher speed Diesels 
corresponding to  the m ain  engine an d  Diesel generators 
com m only used. Such a configuration w ould  allow  overhauling 
and  repair to  be carried ou t a t sea and  there  w ould  be excellent 
prospects o f ob tain ing  a high effectiveness from  the ship because 
o f this provision.

A  possible steam  p lan t was show n in Figs 13 an d  15 o f  the 
au tho rs’ paper. This could n o t be considered in  detail a t present 
as so m any variables were involved and  so m any  design studies 
had  been publicized on p lan t o f  the sam e un it pow er level th a t 
there was a  very wide choice o f detail w hich w ould require  a  
fu rther paper to  identify the optim um .

L ooking a t Fig. 13 o f the au tho rs’ paper, the m achinery 
arrangem ent fo r the triple screw installation , a  cargo tan k  space 
is show n aft o f the engine room . T his w ould  n o t be desirable 
from  the safety aspect even if  accepted fo r classification, since it 
w ould be a  partia l reversion to  the ou tm oded  centre castle in 
which living accom m odation was surrounded  by poten tia lly  
dangerous cargo tanks.

W hatever type o f m achinery installa tion  was adop ted  fo r 
these very large ships it m ight well be necessary to  build  in a 
substantial pow er and  speed m argin  in to  the p lants in o rder to 
allow  the ships to  be operated  to  a  schedule sim ilar to  th a t 
w hich was applicable to  passenger ships. T he thought o f having 
two tankers each o f  one m illion tons arriving on th e  sam e day 
a t a  term inal was ra ther d isturbing in view o f  the tankage 
involved and  the ships w ould have to  be p rogram m ed to  avoid 
such an  occurience— o r even worse, the situa tion  o f  neither 
arriving.

M r . G. C r o m b ie  felt th a t in  a  p ap er o f  such scope it was 
im possible to  discuss every im provem ent w hich had  been m ade 
in recent years.

Over the last five years a  great deal o f  tim e h ad  been spent 
by T urnbull M arine D esign C om pany in research and  develop­
m ent o f a range o f split stern bearings. M r. C rom bie’s com pany 
felt som e years ago tha t the rem oval o f tailshafts and  propellers 
from  their w orking positions fo r m aintenance o r exam ination  
was w asted effort, tim e and  m oney. I t was felt th a t it should be 
possible to  carry ou t an  exam ination  o f  the stern  bearing and 
tailshaft while the ship was a t  loaded draught.

The suggestion o f the au thors was th a t new designs should 
be proved in  service in  sm aller vessels before being considered 
for these large ships. Three bearings o f  M r. C rom bie’s com pany’s 
design h ad  now  com pleted six years’ service and  a  fu rther five 
bearings were on order. These bearings were fitted in  16 000 shp 
controllable pitch propeller-driven installations classified by 
Lloyds fo r Class I* Ice C onditions. The use o f  these bearings 
enabled tailshaft and  bearing m aintenance to  be carried  o u t while 
the vessel was afloat w ithout m oving the propeller o r shafting 
from  their w orking position. In  the M ark  I and  II designs the 
vessel m ust be drydocked to  rem ove the bo ttom  h a lf  bearing and  
ou tboard  seal but, again, this w ork could be done w ithout 
rem oving either the propeller o r shafting. H owever, the accessi­
bility o f  these bearings enabled w eardow n m easurem ents to  be 
taken  regularly and  this, together w ith a shaft and  bearing top 
h a lf exam ination, m ight indicate th a t it was no t necessary to  
rem ove the bo ttom  half bearing.

W ith  the latest design, the M ark  IV, the com plete bearing 
assembly, including oil seals, could be m oved in to  the vessel 
w hile it was a t loaded draught. T he M ark  IV  bearing could be 
angled to  get the best alignm ent, again w ith the ship a t loaded 
d raught. Tw o bearings o f  this design were currently  being 
m anufactured  fo r installa tion  in tw o 225 000 ton  single screw 
tankers w ith 36* in  d iam eter tailshafts transm itting  50 000 shp.

T he splitting o f  the stern bearing enabled the tailshaft to  be 
flanged a t each end, thus elim inating the expensive m uff coupling 
used w ith c.p. propellers. I t  also allowed propeller m anufacturers 
to  produce flange m ounted  propellers w hich were bolted to  the
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tailshaft. This no t only p roduced  a  cheaper propeller— for 
exam ple, a  45 ton  taper m ounted  propeller w ould be reduced to 
ab o u t 38 tons if  constructed as a flange m ounted  propeller— but 
also reduced bearing loads and  shaft bending m om ents and 
m eant tha t there was no  need to  disconnect the propeller from  
the tailshaft a t the tim e o f survey.

In  Fig. 17 o f the au tho rs’ paper reference was m ade to  the 
m ovem ent o f  the shaft w ithin the bearing for different pow ers 
and  draughts. Tests carried  ou t during trials on tw o container 
ships fitted w ith the M ark  I bearing indicated sim ilar results to 
those given by the au thors. As the shaft cam e up to  speed at 
zero pitch it moved from  the bo ttom  o f the bearing  and  ran  at 
abou t 4 o ’clock. A s the full pitch condition  was approached the 
shaft m oved round  the bearing and  finished up running  a t about 
1 o ’clock.

M r. C rom bie w ondered why the  au thors considered tha t 
these split bearings were o f  com plex design since he w ould 
consider th a t drydocking a  ship to  rem ove large propellers and 
shafts in to  and  ou t o f  w hite m etal bearings for the mere inspection 
o f  shafts an d  bearings, particularly  w ith c.p. propellers, was a 
m ore com plex problem  than  the rem oval o f  a top  h a lf  bearing 
w hilst the ship w as a t loaded  draught.

M r. C rom bie w ould be pleased if  the au thors would 
com m ent on  these points.

M r . P. J. A d o l p h , A . M .I.M ar.E .. offered som e com m ents 
on  the section headed “ Type o f  M achinery” , w hich was prim arily  
on page 175 o f  the au tho rs’ paper. In  particu lar the au thors had  
m ade one statem ent, as follow s: “ T he relative stability  o f  fuel 
prices and  increasing capital cost o f equipm ent has m eant th a t 
the contribu tion  to  the running  costs represented by fuel has 
been reduced and  becom e less im p o rtan t” . I t  was o f  course 
appreciated  th a t th is sta tem ent m ight have been w ritten  som e 
tim e ago and  a t th a t tim e m ay therefore have been substantially  
correct. H ow ever, a  considerable escalation in fuel prices had 
taken place, particu larly  in  the last nine m onths, which had 
resulted in  fuel playing an  im portan t p art in the cost o f running 
a  vessel.

The present high price situa tion  had  been b rough t abou t by 
a  com bination  o f  factors and while one school o f thought tended 
tow ards a  possible d rop-off in the present price levels once these 
factors re tu rned  to  norm al, ano ther school o f  thought considered 
tha t the recent considerable upsurge in dom estic oil consum ption 
— well in  excess o f  industry’s ow n forecasted volum es—w ould 
tend to  m aintain  the present price levels indefinitely.

C onsequently  it m ust be considered th a t the cost o f fuel 
was likely to  play an im portan t ro le in the overall cost o f  running 
the projected vessel and  it was therefore p rudent to  give close 
a tten tion  to  the type o f  fuel to  be used in the projected m illion ton 
tanker. The au thors had  com e ou t in favour o f  steam  turbine 
propulsion and  in th a t event no  doub t crude oil w ould be 
burned  in such a  vessel. Several turbine-pow ered m am m oth 
tankers were operating  successfully already on crude oil and  the 
cost o f installing the additional equipm ent to  burn  crude oil in a 
new vessel was relatively low.

H owever, it m ust be adm itted  th a t there was one econom ic 
argum ent against the use o f  crude oil and  th a t was th a t when 
burning B unker C  only the heavy end o f  the barrel o f  crude 
was being used and  the w hole o f  the light end o f  the barrel was 
available to  the refinery to  produce the m ore expensive p ro d u c ts ; 
fo r instance: distillate D iesels, petro l, paraffin, etc. W hen 
burning crude oil the entire barrel was being burned  in the 
boiler and  it was considered by  som e th a t the burning under 
those circum stances o f the light end  o f  the barrel th a t could 
otherw ise be used to  produce the m ore sophisticated and  higher 
priced p roduct was a  ra ther appalling  waste.

T he question o f  bunkering  very large tankers had  been 
given a lo t o f  consideration  by the m ajo r oil com panies in  recent 
years. T o take a typical case o f  a  tanker running  from  the 
Persian G u lf to  N orth-W est E urope, and  burn ing  B unker C, if 
the vessel bunkered  in the Persian G u lf and  in N orth-W est 
E urope then  the bunkers taken  at the E uropean  end o f  the run 
w ould have h ad  to  have been hau led  as crude from  the Persian 
G u lf in  the first place. Conversely, if  the vessel bunkered in the

Persian G u lf for the round  trip  then  you  w ould be shutting  ou t 
cargo on  the voyage from  the Persian G u lf to  Europe, because 
o f  the loading restrictions. B oth  o f  these types o f bunkering 
were used depending on a  num ber o f  conditions which could 
vary according to  the season and  the size o f  the vessel involved. 
H ow ever, in the case o f  crude oil burning no  refined bunkers 
were required  and  the bunkers could  be taken , in effect, from  the 
cargo. On the re tu rn  voyage from  E urope to  the Persian G u lf 
when the vessel was in ballast it should  be borne in m ind th a t a 
quan tity  o f  crude oil was recovered during  the tank  cleaning 
process, and  after a  m inim um  o f  treatm ent, this crude oil could 
then contribu te  tow ards the re tu rn  trip  reserve bunkers.

M r. A dolph  also com m ented on the au th o rs’ statem ent 
regarding the possible use o f  gas turbines. U p to  the present tim e 
one o f the things tha t had  held back  gas turbines in  the m arine 
propulsion  field h ad  been the requirem ent to  use a  distillate 
quality  fuel. T he first speaker in the discussion (M r. R . C oats) 
had proposed  the use o f gas turb ines w ith residual fuel. M r. 
A dolph  was no t aw are th a t m arine gas turb ines were available 
fo r this use w ith proven reliability  on residual fuels. Only now  
were we beginning to  see the use o f  a blended fuel for m arine 
gas turbines and  it w ould appear th a t the day w hen gas turbines 
could successfully burn  B unker C  was still som e w ay off. 
H owever, w hen th a t day cam e it was safe to  assum e th a t the 
gas tu rb ine w ould be able to  bu rn  crude oil w ith equal facility, 
and  this m ay  well m ake th is form  o f  p ropulsion  m ore attractive 
to  tanker operators. H ow ever, fo r the tim e being it seem ed 
inevitable th a t the use o f gas turb ines fo r the m ain propulsion 
o f  m am m oth tankers was still a  long way off.

M r . K . B r o w n l i e , A .M .I.M ar.E ., said th a t it was always 
difficult in a  technical paper on a subject th a t covered a w ide field 
o f engineering to  strike a  balance in  con ten t th a t d id  justice to  
each critical area. The au tho rs  were to  be congratu lated  in 
m aintain ing  a  discipline tha t d id  n o t detract in any way from  the 
interest o f  the paper.

In  the au th o rs’ precis they had  ta lked  o f  the “elem ent o f 
adventure” and  “ an  exciting engineering possibility” and 
certainly the m agnitude o f  this project evoked those sentim ents. 
There were exciting possibilities in the design and  layou t o f  the 
m achinery installation . The au tho rs h ad  quite rightly advocated  
a com bination  o f  m achinery elem ents th a t were well proved, 
arranged as sim ply as possible and  gave a h igh degree o f 
m achinery stand-by facility. This, coupled w ith sensible cross­
connexions, gave an  arrangem ent w ith m axim um  availability 
potential.

T he advantages in p ropeller design and  propulsion  efficiency 
given by the trip le screw concept allowed trem endous scope for 
exploitation o f  the inherent reliability  th a t this arrangem ent 
could give to  the m achinery selection and  layout. T he m achinery 
com plex outlined  in the paper provided w hat was possibly the 
present day u ltim ate  in  reliability  p rovided th a t the basic 
engineering was carried  ou t w ith diligence and  th a t standard - 
fram e m achinery was used w hich had  been proved by service in 
the present generation o f  large tankers.

N evertheless, a  study o f  possible alternative m achinery was 
appropria te  to  the spirit o f  the paper and  studies carried  ou t in 
recent years by M r. B row nlie’s com pany had  resulted in a 
triple screw, reheat p lan t giving a simplified tu rb ine arrangem ent 
illustrated in Fig. 21.

ft w ould be seen th a t the num ber o f  tu rb ine ro to rs was 
reduced from  six to  three and  the to ta l num ber o f ahead stages 
was reduced by ab o u t 50 per cent. T his m achinery  probably  had  
the lowest num ber o f m oving parts  o f  any triple screw proposal.

T he basic feature was the centre screw drive provided by a 
com bined H .P ./I.P . cylinder o f only seven stages, an d  a  triple 
reduction  gearbox. The wing drives w eie conventional single flow 
L.P. turbines w ith double reduction  gearboxes. A stern  pow er 
was provided by conventional elem ents w ith in  the L .P. casing, 
plus a  separate  H .P . elem ent a t the fo rw ard  end o f the H .P ./I.P . 
cylinder. The wing screws could be driven independently  o f  the 
centre screw and  it was proposed  to  m anoeuvre w ith the H .P ./I.P . 
ahead turbine isolated and  at condenser vacuum , w hile the wing 
turbines were provided w ith steam  th ro ttled  from  full boiler
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F g . 21— Reheat turbine power plant proposal fo r  100 000 shp, 
triple screw tanker machinery with astern elements

superheat and  pressure conditions. The thro ttled  steam  gave a 
tem perature  a t inlet to  the L.P. turbines only 45°F (25°C) higher 
than  the norm al design condition  and  elim inated the need for 
com plex boiler contro l. U sing this characteristic the wing 
turbines could  utilize conventional standard  fram e elements. 
The high tem perature  p rim ary , reheat and  astern steam  was 
contained in the centre screw drive. D etail design o f the H .P ./I.P . 
cylinder had  the benefit o f  twelve years o f actual com pany 
operating  experience w ith reheat turbines using elevated steam 
pressures and  tem peratures.

Steam  conditions for this study were selected a t 1400 lb /in2 g/ 
950°F/950°F and  were m oderate  com pared w ith accepted and 
well proven land-based reheat tu rb ine  plant. F o r this arrangem ent 
the optim um  pow er split between the screws was approaching 
40 per cent pow er on the centre shaft and  30 per cent pow er on 
each wing shaft, each propeller speed had  been taken as 60 rev/m in. 
T he feed heating  train  need n o t be com plex o r a  detrim ent to  
reliability, bearing in  m ind th a t we were dealing w ith con­
servatively rated , non-ro tating  m achinery, to  produce a  fuel ra te  
o f  0-4 lb/shp h. Taking current fuel oil prices the above im prove­
ment over a fuel ra te  o f 0-47 lb/shp h, w ould reduce the annual 
fuel cost by approxim ately £140 000. Furtherm ore, the capital 
cost o f  the com plete m achinery installation  fo r the ship when 
com pared w ith  the three cross-com pound turbine non-reheat 
p lant was reduced by approxim ately  £250 000.

T he auxiliary drives had  no t been fully optim ized bu t w ork 
to  date  indicated prom ising retu rns on the use o f  com bined units 
having a self-condensing tu rb ine driving bo th  a  generator and  a 
feed pum p. To utilize the L .P . tu rb ine facility o f  th ro ttling  full 
boiler steam  conditions, the cargo pum ps were shown driven 
th rough  the forw ard end o f  the L.P. cylinder via sim ple m anually 
operated  clutches, tw o o r three pum ps could be driven from  each 
L.P. cylinder. The drive to  the pum ps could be th rough  right 
angle bevel gearing o f  the type described by F aber in a recent 
paper to  this Institu te  as having been used in hydrofoil trans­
missions.* The ability  to  m ake such gears for the pow er involved 
did no t a t present exist in this country , bu t they represented the 
ideal drive fo r th is application.

I f  c.p. propellers were considered the turbine could be 
simplified and  Fig. 22 show ed the arrangem ent using a fixed

* “Hydrofoil C raft and their M arine Engineering Aspects”, E. 
Faber, Transactions I.Mar.E., Vol. 82, No. 10, October 1970.

F i g . 22— Reheat turbine power p lan t proposal fo r  100 000 shp, 
triple screw tanker machinery— with c.p. propellers

pitch centre propeller and  c.p. wing propellers. In  tha t case all 
the turbines were unidirectional and  astern  pow er was no t 
provided on the centre shaft. I f  it was considered desirable to  
provide c.p. propellers on all three shafts to  give im proved 
m anoeuvrability  a  com m ent from  the au tho rs regarding the 
feasibility o f a centre propeller designed to absorb  40 000 shp 
w ould be appreciated.

A  feasible boiler arrangem ent for th is schem e w ould be 
the adop tion  o f a  two boiler concept. A  com m ent on the 
reliability, m aintenance and  cost aspects o f  a  one-and-a-half, two 
or three boiler arrangem ent w ould be useful.

M r. A. N . S. B u r n e t t , M .I.M ar.E ., quo ted  page 175 o f  the 
au tho rs’ paper: “ A n equally im portan t consideration  is th a t this 
high pow ered plan t should be designed to be w ithin the capability  
o f the staff w ho operate and  m ain tain  it.”

O n page 172, Section B, the au thors sta ted  th a t all o f  the 
single screws and  m ost o f the twin screw propeller designs were 
beyond the present m anufacturing  capacity  for a  one-piece 
casting bu t all trip le screw propeller designs, except for som e of 
those w ith lim iting diam eters, could  still be produced in 
one piece.

O n page 171 the au thors recom m ended th a t the weight o f 
propellers fo r the triple screw designs w ould be 62 tons each for 
the 60 rev/m in condition , falling to  40 tons fo r the 100 rev/m in 
condition.

W hen such ships were m aintained or surveyed in service, 
then the propellers w ould have to  be exam ined an d /o r replaced 
from  tim e to  time. Sixty-two tons was a  great weight to  m anage 
either in  w ater or in  a  dock and  certainly p resented  a problem  
so far as underw ater m aintenance was concerned.

The 1970s had  been forecast as being a decade in w hich 
new m aterials w ould m ake a trem endous im pact on the 
engineering scene. W e should pay heed to  the developm ent o f 
explosively bonded  m aterials such as, say, titan ium  on to 
alum inium ; processes w ere also available for the developm ent 
and  m anufacture  o f  hollow  blades.

W ould the au thors like to  com m ent on the feasibility o f the 
reduction o f  p ropeller weights by  advance m anufacturing  
processes using new m ateria ls?  The quoted  figures could be 
altered  considerably and  so the m aintenance load eased. Ease of 
m aintenance w as becom ing o f  increasing im portance w ith these
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vast ships, as tim e ou t o f service could  cost an ow ner anything 
betw een 100 000 U.S. dollars to  250 000 U .S. dollars per day. 
I t was though t th a t the use o f  lightw eight m aterials and  hollow 
individual blades for propellers for such ships had trem endous 
potential.

M r . J. H . M i l t o n , M .I.M ar.E ., understood  from  the 
au th o rs’ paper th a t the weight o f  the single screw capacity  for 
these ships was in the neighbourhood  o f 100 tons. The use o f such 
propellers introduced a  num ber o f practical and  operational 
difficulties particularly  as such weights were no t easy to  m anipu­
late over a  ship’s counter. Fairly  recently  it was suggested that 
the propeller should revolve as a separate entity  on an  extension 
o f the stern fram e and be driven by a  quill shaft which, passing 
through it, thus relieved the propeller shaft o f  all bending stresses 
and provided the propeller w ith a fairly uniform ly loaded bearing 
within itself.

T his arrangem ent had  the follow ing advantages:
1) Leaving the propeller in situ  a t tailshaft survey times.
2) It had  m ore flexibility from  the shafting alignm ent aspect.
3) A ny heat generated in  the bearing w ould be m ore easily 

dissipated.
4) I f  the propeller was driven by a cone attachm en t this 

could  be a  steel-to-steel connexion, thus avoiding 
differential expansion effects a t the cone jo in t (see Fig. 23).

5) In  the case o f m ultiple screws w here shaft w ithdraw ing 
ou tb o ard  w as an  advantage, the tailshaft could  be flange 
coupled to  the after face o f  the p ropeller (Fig. 23).

In  conclusion, talks w ith ro ller bearing m anufacturers had  
prom pted them  to  sta te  tha t they could, fo r a  45 ton  propeller, 
supply tw o ro ller bearings, one to  be p u t in  a t e ither end, which, 
provided they were efficiently lubricated, w ould last for the life 
o f  the vessel.

M r. M ilton thought the foregoing points w orthy o f considera­
tion , w hen contem plating  such large vessels, and  the au tho rs’ 
com m ents w ould be m uch appreciated.

M r . T. I s h e r w o o d , M .I.M ar.E ., said th a t h is com pany 
operated  th ree 210 000 ton  tankers fitted w ith  30 000 shp re-heat 
in stalla tions; the tu rb ine  inlet conditions being 1200 lb /in2 950°F 
from  one boiler. T he em phasis, therefore, was on reliability  and 
the use o f proven designs fo r the m achinery installations, which 
really endeared  h im  to  the au tho rs in th is respect.

A  trem endous am oun t seem ed to  go w rong w ith  the  layout 
o f  engine installations. M r. Isherw ood agreed th a t m axim um  
efficiency in term s o f  fuel consum ption  should  no t be striven for,

and  he was in agreem ent w ith the rest o f  the very pertinent 
rem arks in th a t particu lar p arag rap h  o f the paper (second 
paragraph , page 175).

M ost o f  us were aw are o f  the difficulty o f finding good 
steam  engineers who, when found, m ust be given good acquain t­
ance tim e w ith these com plex high pow ered installations.

Mr. Isherw ood’s com pany’s tankers h ad  been in  service 
since M arch 1969 an d  m echanical failures in all three, still 
w aiting to  be pu t right, had  m ade a  m ockery o f trial fuel con­
sum ption figures. O ther failures were restricting the pow er to  be 
used in tw o ships and  it was am azing th a t so m any failures could 
occur in equipm ent from  b o th  hom e and  abroad.

f t  was interesting to  no te  th a t the contro ls and  instrum enta­
tion were designed so th a t unm anned  operation  could be 
considered a t a  fu ture  date for the one m illion ton tanker. 
H is com pany did no t have rem ote contro l o f  the m ain engines 
from  the bridge bu t generally operated  from  the contro l room  
w ith one engineer on w atch and  back-up provided in shallow 
o r confined w aters. Perhaps the unm anned  situation  w ould be 
reached when all had  a  little  m ore faith  and  we had  got to  the 
flat part o f  the bath  tub  curve for the failure o f  electronic units 
and  o ther items.

N oting  the statem ent th a t there was a need fo r m ore 
research in to  design m ethods for stern tube bearings, it m ight be 
w orth  recalling tha t in 1963 at the tim e o f  the Pam etrada-B SR A  
m erger, tw o colleagues o f  M r. Isherw ood a t th a t tim e proposed 
and  designed a large test rig to  investigate the m any param eters 
su rrounding  the stern tube requirem ents, and  o ther problem s in 
th is area, bu t it was tu rned  down.

H e w ould like to  ask  the au tho rs tw o questions w hich had  
featured  in the ir paper. W hich particu lar type o f  prim e m over 
they m ight have considered for the bow thrust propulsion  unit, 
w hether electric m o to r o r D iesel? A nd  a t w hat voltage could 
generation o f  the a lternators be envisaged, at a load o f 2500 kW  ? 
C ould 440 be used, o r was 3-3 k called fo r?

M r. L. H a w d o n , M .L M ar.E ., said th a t one o f the m ore 
im portan t considerations in  the operation  o f high pow ered ships 
w as the avoidance o f v ibration , from  the view points o f the 
com fort o f the crew, the possibility  o f structural dam age taking 
place, and  the satisfactory operation  o f  instrum ents and 
machinery. Such v ib ration  was alm ost inevitably propeller 
excited, and  this was often very difficult to  avoid w ith a  con­
ventional hull form , due to  the widely varying w ake field in 
which the p ropeller m ust operate. Extrem e wake variations were 
also the m ain cause o f  propeller cavitation , to  con tro l w hich it
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was som etim es necessary to  increase blade w idths and  so reduce 
propeller efficiency. W ith  the high pow ers envisaged by the 
investigations in  the au tho rs’ paper, particularly  those on the 
centre shaft, it was fairly certain that the problem s o f v ibration  
and  cavitation  presented on ships o f the size presently in service 
w ould be increased considerably.

It was disappointing , therefore, th a t these subjects were no t 
given m ore consideration  by the authors, and  tha t no apparent 
efforts were m ade in the hull design to  m ove away from  the 
conventional stern configuration in order to  im prove the wake 
d istribu tion , particularly  on the centre propeller.

The choice o f  16 knots service speed followed general 
practice w ith large tankers building a t present, bu t it m ay be 
w orth  considering som e o f the effects o f adopting  a low er service 
speed. F o r  exam ple: if  14 kno ts was to  be considered, the tonnage 
required  to  m ain tain  the sam e supply to  refineries w ould need 
to  be increased by abou t 12i per cent, o r two additional ships in 
fifteen. T he capital outlay  on these extra ships w ould obviously 
be considerable, bu t there were a  num ber o f advantages to  be 
obtained in  return .

T he tangible gains lay firstly in the size o f the m achinery 
to  be provided. T he reduction o f two kno ts in speed m eant tha t 
the to tal pow er requirem ent w ould be reduced by about 33 per 
cent. F o r  a m illion ton tanker the resultant power ou tpu t would 
still be too  great to  be accom m odated on a  single shaft, bu t for

a tw in screw ship the necessary to ta l pow er o f  about 73 000 shp 
could com fortably be carried on  tw o shafts, while a very simple 
arrangem ent could  be achieved w ith a  trip le screw  installation 
w ith a  required to tal pow er o f abou t 65 000 shp.

The cost and  size o f turbines and  steam  generators would 
be reduced, and  the triple screw alternative w ould  be well w ithin 
the range o f presently available D iesel engines. I t  follow ed that 
the fuel consum ption  w ould be reduced by 33 per cent, and  the 
gains in space m ade possible by the need fo r less bunkers, and 
sm aller m achinery, could be used to  add  to  the cargo carrying 
capacity.

The intangible gains w ould lie in the sim plification o f  the 
v ibration  and  cavitation problem s because o f  the reduction  in 
pow er and  thus in th rust and  to rque  forces.

I t  m ay thus be interesting to  see the results o f  a  detailed 
econom ic study in to  the effects o f  a tw o k n o t reduction  in 
service speed. The initial capital outlay  fo r a  given annual fleet 
delivery capacity w ould alm ost undoubted ly  be increased, bu t 
w ould certainly be less than  the 12{  per cent represented  by 
the necessary deadw eight increase. O n the o ther hand  the saving 
in fuel and  m aintenance costs over the life o f  the ship should be 
offset against this additional outlay, and  the easier m aintenance 
and  possible reduction in  v ibration  should  allow  ow ner, builder, 
superintendent, insurer, classification surveyor, p ropeller designer 
and  no t least the crew to  sleep m ore soundly  in their beds.

Correspondence

Mr . E. W. Bell, A .M .I.M ar.E ., w rote th a t w ith the high 
capital investm ent incurred  in the cargo pum ping equipm ent, 
especially on the vessel described, equipm ent w ith a  low  usage 
factor (less th an  5 per cent o f the operating  tim e o f a  vessel 
regularly plying the A rabian  G ulf—U .K . route), he wondered 
w hether we had arrived a t a  situation  when serious consideration 
should be given to  pum ping at the discharge term inals with 
“ off sh ip” pum ping equipm ent?

M r. Bell envisaged a  m ultiplicity o f  self-propelled barges 
a t the selected term inals used by such huge vessels. These barges 
w ould carry  high capacity  pum ps, perhaps gas turbine driven, 
placed alongside the vessel, they in  tu rn  discharging to  the 
refinery system. Such an arrangem ent w ould involve lower 
suction head  over th e  “ on barge” pum ps, com pared w ith tha t 
currently  dealt with on ship board . Perhaps the pum p designers 
w ould give som e thought to  this.

The design d raugh t o f  the barge and consequently the 
position  o f  its pum ps suction had  to  satisfy a  condition  of 
acceptable suction head  w hen th e  tanker was alm ost fully 
discharged.

R ecent events have indicated tha t there is no t necessarily an 
advantage in having full, self-discharging facilities on a vessel in 
a hazardous situation . In  any event, pum ps were always required 
on board  fo r ballast and  stripping purposes. Such pum ps w ould 
possibly satisfy an em ergency pum ping condition.

Professor G . H . C hambers, M .I.M ar.E ., in a  w ritten 
con tribu tion , said th a t the trip le screw arrangem ent b rought back 
m em ories o f the three shaft aircraft carriers o f which the N avy 
has had  a good deal o f  experience.

R eliability  was em phasised to  have been o f  quite exceptional 
importance in this very large tanker. T hree truly indeDendent 
m achinery  installations w ould have m ade the chances o f loss o f 
all m otive pow er very small. T he proposed feed and  steam  
circuit show ed the three units cross-connected after the a ir 
ejectors to  a single set o f  feed heaters and  de-aerator, w ith a 
com m on steam  system. T hus con tam ination  in any o f the three 
engines could im m obilize the ship. W ould the au thors have 
considered it sound  to  have fitted com pletely separate feed and  
steam  systems for each boiler-turbine unit, w ith  no  m ajor steam  
o r feed cross-connexions, so th a t they could have obtained  the 
full benefits o f  three separate boiler-turbine un its?  In  addition

steam  piping w ould probably  have been reduced and  contro l 
simplified.

A  further reliability  aspect was the possibility, w ith one 
large m achinery space, th a t a  fire o r explosion in one o f the 
boilers w ould have again im m obilized the ship. This could have 
been countered by fireproof divisions, preferably w atertight 
bulkheads, between the sets o f  m achinery. In  these days o f 
unm anned engine room s this w ould n o t increase the num ber 
o f w atchkeepers required. The single contro l room  could 
still have a  view o f  each set o f  m achinery th rough  the 
respective windows. W ould  the au thors have expected such a 
m easure to  be practicable and  econom ically justified bearing in 
m ind the possibly extrem ely serious consequences o f  a  m ajor fire 
in the engine room  w ith the ship im m obile?

M r . E. P. Crowdy, M .I.M ar.E ., in  a w ritten  con tribu tion , 
noted  th a t each o f the three sections o f  the paper com m ented on 
the optim um  speed o f a  m egaton tanker. In  the first section, at 
the s ta rt o f  page 166, was a  statem ent “  . . .  it is considered prudent 
th a t a  speed o f a t least 16 kno ts in service should be assum ed” . 
In  the second section, second parag raph  in the right colum n of 
page 167, was a statem ent contain ing “  . . . and  an  advance on 
16 knots seems m ost unlikely. A  reduction  in speed is the m ore 
possible alternative, and  a  speed reduction  to  15 o r 14 knots 
would exert a  considerable influence on m achinery requirem ents” . 
In  the th ird  section, a t the end  o f  page 173, was a statem ent 
“ . . . recent studies have indicated th a t the optim um  speed o f a 
ha lf m illion ton  deadw eight tanker is 16 knots, a  figure which has 
also becom e established during the recent rap id  increase in size 
o f  up to , and  beyond a quarter m illion tons” .

M r. C row dy though t th a t fu rther exp lanation  was w arranted  
on w hat was the m ost fundam ental o f  all the  param eters effecting 
the p ropulsion o f a million ton  tanker.

T he graph show n in Fig. 24 and  the in form ation  given in 
Table II I  has been prepared  from  the follow ing da ta :
16 k n o t tanker overall purchase cost . .  £30 per dwt 
D iesel p ropulsion  m achinery cost, in ­

stalled ........................................................ £40 per hp
A m ortization  charges taken as 15 per cent o f  capital costs, which 
was equivalent to  raising the capital by m ortgage at 8 per cent 
w ith repaym ent over 8 years o r alternatively 12 per cent w ith 
repaym ent spread over 15 years.
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ton Diesel

A. Fuel costs

B. Machinery amortization, 
re p a ir and maintenance 
costs

C. Crew costs
D. H ull am ortization , 

docking, re p a ir and  
maintenance costs

Revenue a t  £0-9fton  

Revenue a t £ 0 -8 /ton

tanker. M iddle East— U.K. (Cape route)

10 12 
Knots

0  2  4  6 8

F io . 24— Operating costs and revenue return v speed fo r  million

Fuel c o s t ........................................................ £8 per ton
Overall fuel ra te  fo r Diesel propulsion  . .  0-36 Ib/shp h 
A  basic crew o f 30 plus l per 10 000 hp

a t a  charge o f ...........................................£4000 per cap ita  p.a.
M achinery repairs and  m aintenance . .  £2 per hp 
H ull repairs and  m aintenance . .  . .  £175 000 p.a.
Ten days off hire per annum .
N ineteen thousand  m ile ro u n d  trip.
F ou r days in  p o rt pe r ro u n d  trip.

In  Fig. 24, w hich was p lo tted  on a basis o f sh ip’s speed, the 
ordinates in area A  indicate fuel costs, in area B m achinery 
am ortization  and  m aintenance costs, in area C  crew costs and  in 
area D  hull am ortiza tion  and  m aintenance costs. The chain and 
do tted  lines going through the origin represent the revenue arising 
from  different freight rates per ton  M iddle E ast-U .K . and  show 
how the “ break-even” po in t w ith the lowest econom ical freight

ra te  o f  £0-9/ton corresponds w ith a  speed o f  ab o u t 16^ knots. 
Since freight rates w ould  probably  substantially  exceed £ l/ to n  
(approxim ately ld /gallon) the optim um  speed w ould lise  and  it 
w ould appear desirable to  design a m egaton tanker fo r at least 
1 6 | kno ts thus requiring  appioxim ately  10 per cent m ore pow er 
th an  the figures given in the au th o rs’ T able II.

M r. C row dy was in terested to  no te  th a t the stand ing  charges 
app rop ria te  to  a 16^ kno t m egaton tanker, including full internal 
finance and  crew costs approxim ated  to  £4-9 X 106 p .a. o r som e 
£13 500 per day. D em urrage a t a  higher figure than  th is w ould 
no t have seem ed to  be financially justifiable.

I t was suggested on page 175 th a t slow and  m edium  speed 
Diesel engines were no t suitable for a  propulsive pow er o f  tha t 
m agnitude because o f  the num ber o f  cylinders required. The 
trip le screwed proposal w ith  the propellers tu rn ing  a t 100 rev/min 
and  pow er equally divided between all shafts required  a  service

T a b l e  III— 1 000 000 t o n  t a n k e r

T anker speed knots 10 14 15 16 17 18 22
Propulsive power bhp 24 414 66 992 82 397 100 000 119916 142 383 259 961
Propulsion unit — Diesel Diesel Diesel Diesel Diesel Diesel Diesel
Length o f round  trip miles 19 000 19 000 19 000 19 000 19 000 19 000 19 000
D u ra tio n  o f round  trip days 83 60 57 53 51 48 40
Tim e in po rt/ro u n d  trip days 4 0 4-0 4-0 4-0 4-0 4-0 4-0
N o. o f  round  trips p.a. 4-3 5-9 6-3 6-6 7-0 7-4 8-9
C apital cost o f  hull (am ortization) £10® 3-9 3-9 3-9 3-9 3-9 3-9 3-9
R epairs and  m aintenance o f hull £10« 0 1 5 0 1 5 0 15 0 15 0-15 0 15 0-15
C apital cost o f  m achinery (am ortization) £106 0 1 5 0-40 0-49 0-60 0-72 0-85 1-6
R epairs and  m aintenance o f m achinery £10« 0 007 0-020 0-025 0 030 0-036 0-043 0-078
Fuel consum ption/day tons 91 -3 250-0 307-9 374-5 449-7 534-7 975-4
Fuel consum ption /round  trip tons 7248 14 206 16 308 18 555 20 947 23 483 35 080
Fuel consum ption/p .a. tons 30 949 83 247 101 923 123 203 147 044 173 776 311 159
Fuel cost/p .a. @ £8/ton £106 0-248 0-666 0-815 0-986 1-176 1-390 2-489
N um ber o f  crew — 32 37 38 40 42 44 56
C ost o f  crew /p.a. £106 0 1 3 0-14 0 15 0 16 0 17 0 18 0-22
T otal operating  cost 
R evenue @ £x /ton /round  trip  

M . E ast/U .K .

£106 4-585 5-276 5-53 5-826 6-152 6-513 8-437

i) x =  £0-8 £106 3-39 4-65 4-92 5-21 5-5 5-78 6-85
ii) x =  £0-9 £106 3-82 5-23 5-53 5-87 6-19 6-5 7-7

iii) x =  £1 0 £106 4-24 5-82 6-15 6-52 6-87 7-23 8-56
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pow er o f 35 000 bhp per engine. W ith the super large bore slow 
speed D iesels now  available this could be obtained from a ten 
cylinder engine resulting in 30 cylinders in to tal, a  num ber 
substantially  less th an  had  been fitted in m any sm aller ships with 
m edium  speed engines. I t could  no t be conceded tha t the num ber 
o f cylinders per se was an  absolute im pedim ent against the 
adop tion  o f D iesel m achinery bu t m erely one o f  the lesser o f 
m any factors to  have been considered in balancing the advantages 
o f different types o f prim e mover.

A  direct drive Diesel did, however, incur a  substantial 
propulsive efficiency penalty and  a  m ore attractive and  flexible 
p lan t could have been achieved by adopting  geared Diesels. The 
D oxford Seahorse engine m ight have been alm ost tailor-m ade 
for this application. Six seven-cylinder engines could have been 
geared in pairs to  each o f the three shafts w ith each o f  the four 
ou ter engines incorporating  a  ten m egaw att a lte rnato r in the 
drive. A ny three a lternators w ould have provided, w ith a 
considerable m argin, all the pow er required  for cargo pum ping, 
the app rop ria te  engines having been disconnected from  the main 
reduction  gearing. I f  c.p. propellers had  been adopted  on the 
wing shafts, fining o f  the pitch w ould have provided a  convenient 
source o f pow er for a bow thrust un it o f appropriate  size. All 
auxiliary pow er w ould have been provided, bo th  w hilst cargo 
pum ping and  at sea, by a  w aste heat recovery scheme. A lthough 
such a  schem e required  operating  expertise in Diesel, steam  and 
electric p lant, it was contended that the super abundance of 
exhaust gas w ould have allowed the steam  plan t to be extremely

sim ple an d  trouble free. Electrical engineering com petence was 
required for any m arine installation. The overall fuel ra te  at sea 
on  H V F fuel w ould thus have been 0-36 lb /shp  h  giving a fuel 
cost saving over the tu rb ine m achinery in excess o f £300 000 p.a. 
and  over £100 000 p.a. b e 'te r than  d irect drive Diesels. P ro ­
tagonists o f turbine m achinery were ap t to  claim  that the 
availability o f steam  p lan t was substantially  superior to  tha t o f 
Diesel m achinery. Even if  their claim  could  be substan tia ted , the 
Diesel p lan t w ould have to  be off h ire fo r an  add itional three 
weeks to  absorb  the fuel cost differential. Such m achinery  could 
have readily been accom m odated w ithin the space allocated  by 
the au thors for turb ine m achinery as could  be seen from  Figs 2,
3 and  4. The weight o f such m achinery w ould  no t have caused 
any em barrassm ent since the m ain engines an d  gearboxes 
com plete w ould in to ta l have been under 2000 tons, a  mere
0-2 per cent o f the cargo deadweight.

A lthough  it w as frequently contended  th a t fuel costs were 
o f  decreasing relative im portance, it was still an  inescapable fact 
th a t this param eter alone had  by far the greatest influence on  the 
final profitability o f a  venture—alw ays prov ided  th a t the enhanced 
fuel econom y was n o t offset by any loss o f reliability  o r an  
excessive increase in m aintenance costs. W ith the geared Diesel 
m achinery suggested the flexibility and  availability o f  the 
propulsion  m achinery w ould  have been o f  an  exceptionally high 
order and  the chance o f  a  to ta l loss o f propulsive pow er was 
m inim al. It was appreciated tha t the au thors were n o t in a 
position  to  put forw ard geared Diesels o f  the type now  suggested
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since a t th a t m om ent the D oxfo rd  Seahorse engine was no t 
com m ercially available, bu t their reaction  to  this alternative 
p roposal w ould be o f great interest.

D r . J. W. E n g l is h  though t th a t this paper was a very 
interesting extension o f  the au th o rs’ earlier paper on the sam e 
subject. H e suggested tha t there was scope for at least one m ore 
pap er on  the subject in w hich the au tho rs  m ight perform  
econom ic calculations in an  a ttem pt to  ob ta in  a true  com parison 
o f  costs fo r the various p roposals. H ow  the advantage of 
im proved m anoeuvrability  and  safety accruing from  the use o f 
a  tw in or trip le screw ship m ight be quantified was difficult to  see. 
Sim ilarly the developm ent costs th a t m ight be involved w ith 
supporting  and  lubricating  the bearings o f  such large propellers 
an d  producing reliable c/s o f  the size p roposed by the au tho rs  
m ight be im portan t factors. N o  doub t these calculations m ust be 
perform ed in detail before an ow ner w ould com m it him self to 
using a  triple screw arrangem ent w ith c.p. wing screws. H ad  the 
au thors m ade any such com parative calculations?

H e believed th a t the rem arks in the paper on the advantages 
o f  using a  bow th ru ste r w ith an opening in the bow and  side 
outlets for discharge could be m isleading. F irsfly they gave no 
indication  o f the size o f  th ru st unit likely to  be necessary to 
produce a  w orthw hile effect, even if it was possible to  define the 
effect required. A nd secondly the advantages o f  the th rust unit 
configuration  described by the au tho rs  w ould be m ainly in the 
provision  o f a uni-directional p ropulsion m oto r, a lthough  this

w ould tend to  be counteracted  by the need to  provide flow 
divertors, and  n o t so m uch from  the in take o f higher energy fluid 
w hen the ship was m oving ahead. F o r exam ple, at a  ship speed of 
five kno ts the dynam ic head o f  the free steam  w ould only be 
ab o u t one fifth o f the je t dynam ic head while a t ten k n o ts  it 
w ould be ab o u t 70 per cent. H ow ever, the effectiveness o f  a 
la teral th rust unit being used a t forw ard  ship speed was influenced 
m ainly by the flow conditions a t the je t outlets and  the advantage 
o f having a higher energy in take flow tended to  be coun ter­
balanced by an  increased adverse suction  effect in the lee o f je t 
efflux.

W ould the au tho rs please explain the pu rpose o f the knuckle 
line in the bow plating  show n in Fig. 4 o f  the paper?  D r. English 
w ould have expected this to  be a p o o r feature due to  the flow 
crossing it a t large angles and  flow separation  occurring in its lee. 
C ould  it be tha t a  sm all separation  here m odified the flow in such 
a m anner th a t the larger adverse pressure g radient encountered  
a round  the bilge could  be w ithstood m ore easily? The com m ents 
o f the au tho rs  regarding the very sm all scale m odel results used 
in  the paper w ere noted , particularly  in  view o f  one o f the 
au th o r’s insistence on running  tests a t high R eynolds num bers. 
The au tho rs were m aking the tacit assum ption  in em ploying 
these small scale m odel results in the paper th a t the results from  
the large m odels com pared closely with them , ft w ould be in terest­
ing to  see if th is was the case.

D id  the au thors see the possibility o f  steel blades being used 
for large built up propellers?

Exhaust gas  
OF. boilers

1 0 1  2 3 4 5 6 7  8  metre*

2 x 5 0 0  kW  
Diesel alternators

2  x 2 5 0 0  kW  
turbo -  a/terna tors

'3 5 ft  Pin A.B.

10 MW a lternators.

SECTION LOOKING FORWARD
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D r. English w ould support the au thors in their proposals for 
twin o r trip le screw propulsion o f these large tankers, but did not 
believe th a t con tra-ro tating , tandem  or overlapping propellers, 
as options m entioned by the authors, w ould have any place in 
the propulsion  o f such large ships although ducted  propellers o f 
one form  o r ano ther could have a very bright future.

M r. W. J. L. F o r e m a n , M .I.M ar.E ., w rote th a t in the last 
few paragraphs o f the paper the au thors concerned themselves 
w ith stem  bearing design and  lubrication  and , on  the la tte r poin t 
in particu lar, he w ould like to  com m ent.

H e though t th a t there was no doubt that the present per­
m itted  specific load  o f 90 lb/ir.2 at 105 rev/m in w ould have to  be 
exceeded bu t, as the au thors said, the increase w ould no t be 
unreasonable.

W hat was o f m ore concern, was the certain ty  tha t boundary  
lubricating conditions w ould occur in  the bearing during lengthy 
operation  o f  the tu rn ing  gear.

T he au thors m ade a suggestion to  use an “ oil w ith viscosity 
o f 0-6 poise a t 140°F” to  increase the oil film thickness. M r. 
Forem an was com pelled to  m ake two observations here. In  the 
first place, under “ boundary  conditions” viscosity was relatively 
un im portan t. T he oil film w ould be only a few molecules thick 
and  likely to  be broken by the larger surface asperities. W hen 
this happened dam age to  the shaft liner o r bearing could result. 
To cater for this one had  to  look a t those properties in the oil 
w hich m ight be term ed “ m ild extrem e pressure” o r “ p o la r” . 
These determ ined the strength o f adhesion between lubricant and  
bearing surface and  in the sim plest cases a  suitable lubricant 
could be obtained  by blending fatty  m aterial w ith m ineral oil.

Secondly, the viscosity quoted  by the authors, in units ra ther 
academ ic, suggested, in com m on or garden term s, an  oil o f about 
280° secs R edw ood 1 at 140°F or som ething between an SAE 40 
and an  SAE 50 grade. This oil w ould, at a  tem perature o f 50°F, 
have a viscosity o f over 3000 secs. R edw ood 1 and  this was 
m aking the m ost favourable assum ptions on density and  viscosity 
index.

It was n o t unreasonable to  expect this tem perature in the aft 
end o f the ship where the forced lubricating system was situated. 
So, under these conditions, one w ould expect to  see an  oil heater 
as well as an oil cooler being employed.

This was all on  the basis th a t hydrostatic  assistance was no t 
provided to  lift the shaft as was done w ith som e land  based 
turbine ro tors. N aturally , in this case boundary  conditions were 
avoided and  viscosity considerations applied.

M r. F orem an  recalled th a t the first suggestion o f a 
1 000 000 ton  tanker had come in a public statem ent by a 
N orth -E ast coast shipbuilder som e tim e ago and there was no 
reason to  th ink the suggestion outrageous, at any ra te  from  a 
technical po in t o f  view.

This was all th a t was being considered a t the m om ent 
because the m ore delicate aspects o f oil supply and  transportation  
m ust be left to  those able o r willing to  predict political and 
geographical situations.

Some twelve years ago, the first 100 000 ton  plus tanker had  
been projected— a big step a t th a t tim e bu t later, when it came 
into being, it did no t m eet w ith the success anticipated. Perhaps 
political m otives had  influenced design and  com m ercial con­
siderations, m aybe it was ju s t no t econom ically viable in the 
m arket conditions then existing, perhaps there were lessons to 
be learned here.

But all those interested in the success o f a  1 000 000 ton 
proposal w ould surely have in m ind tha t such a ship could not be 
available for, at least, six years, w ould cost upw ards o f 
£30 000 000, carry  a  cargo w orth  £5 000 000 and  have an 
earning capacity under m oderate  m arket conditions o f  up to 
£1 000 000 per m onth.

W hat was now  being considered was som e m eans with which 
to  tu rn  the propellers o f a  m onstrous steel barge containing 
1 000 000 tons o f oil from  one po in t to  ano ther w ith som e degree 
o f financial advantage to the operator. P resum ably the naval 
architect w ould be satisfied th a t his part o f the jo b  could be 
effectively dealt w ith and from  the paper one could be confident 
tha t M r. Sinclair and  his colleagues w ould be able to  design and

m ake available suitable propellers. I t  was then  postu lated  tha t 
horsepow er o f the order o f 90/110 000 w ould be le q u ir td  to  give 
the ship a service speed o f sixteen knots.

A  single screw m ust surely be ruled ou t fo r m any reasons, 
som e o f w hich were apparen t in the paper. O f all the com binations 
o f prim e m over suggested by the au thors, there  should be strong 
support for a  reasonably conventional, three boiler/tw o shaft 
arrangem ent. This should present no difficulty w hatsoever to  the 
turbine designer.

The success o f the venture was m ost likely to depend on  the 
a ttitude o f those responsible for final selection and  installation  
o f all m achinery.

These considerations had  obviously been in the au th o rs’ 
m inds, because in the first paragraph , page 175 o f the paper, they 
gave very sound reasons for the adop tion  o f  robust, sim ple and 
well tried  m ain and  ancillary equipm ent, free o f  fanciful ad ap ta ­
tions and  appendages w hich m ight appear a ttrac tive  on  pap er and  
even successful in o ther fields o f tran sp o rt an d  pow er generation, 
bu t w hich had  proved so costly and  em barrassing in m arine 
practice.

M r. F orem an did  n o t advocate a  tem porary  stand-still in 
technical developm ent, bu t m erely suggested th a t in  the last 
decade too  m any ex tiavagan t ideas had  found  their way too  
quickly in to  m arine m achinery design and  application .

M ore thought should be given to  evolution  n o t revolution.

M r . D . J. G ib b o n s , M .I.M ar.E ., w rote th a t the au thors had  
rightly draw n atten tion  to  the need for reliable and  m ain tainab le  
m achinery in this type o f vessel but had failed w ithin their paper 
to  have stated the reasons for this requirem ent and  the factors 
which w ould influence the degree o f reliability  w hich was called 
for. The investm ent and  rou tine operating  costs represented  a 
high daily value even a t norm al rates bu t under th e  present 
inflated dem and in the tanker charter m arket, the  requirem ent 
for reliability became even m ore im portan t. It w ould no t have 
been unrealistic to  have considered the cost o f  chartering  in 
replacem ent tonnage, in the event o f failure o f  a  vessel o f this 
size, at som ething over £100 000 per day. This high cost ou tpu t 
for w hatever reason, m ust have been considered a t every phase 
o f the ship’s design and  each fac to r m ust have been carefully 
considered against this cost, o r an alternative figure specified by 
the prospective owner. To this end, it w ould  have seem ed 
essential, for the developm ent o f  a  successful design, tha t the 
ow ner, operators, designers and  constructors m ust have co llabor­
a ted  from  an  early stage w ith realistic specifications and  
operational requirem ents.

In  developing these specifications consideration  should have 
been given to  the m anning which was to  be adopted , both with 
regard to num bers, duties and  the trade skills possessed by the 
crew, to the requirem ent for separate seagoing m aintenance staff 
and  to  the range o f repair and  m aintenance tasks th a t could 
reasonably be undertaken a t sea w ithout the need fo r shore 
support, o r in terrup tion  o f  the vessel’s trad ing  routine. This 
should have been considered over the lifetim e o f  the vessel, and 
consideration have been given to changes in m anning level and 
m aintenance procedures as the vessel aged. In all circum stances, 
consideration should have been given to  the m an hours required 
for each task, and  the m ethods by w hich they w ould be available 
when required.

C onsiderations o f this na tu re  w ould lead to  a  ra tional 
choice in the num ber o f units to  be installed together w ith the 
degree o f redundancy, and also to  the excess capacity  o f  individual 
units which might be installed to  cover breakdow n o f ano ther 
m achine. An analysis o f breakdow n causes over a  large num ber 
o f vessels w ould also provide useful inform ation on system 
reliability, and  m ight well draw  a tten tion  to  the need for 
im proved design o f systems in order to  take full advantage o f the 
reliability  which could be expected from  th e  basic units o f the 
system.

M r . J. P. G r a h a m , M .I.M ar.E . in a w ritten con tribu tion  
said that, when attending the delivery o f this paper in the Picton 
L ibrary, L iverpool, he had  observed th a t m any references had 
been m ade to propeller size during the discussions and  felt th a t
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it was w orth  pu tting  on record a few facts surrounding  the two 
m ajor dim ensions o f propellers— diam eter and  weight. A t tim e 
o f w riting the largest propellers m anufactured  in one casting 
were the series for the 254 000 dw t single screw tankers for Esso. 
The propellers had  a finished weight o f 57 tons (cast weight 
83 tons) and  a  diam eter o f ju s t under 30 ft.

T he capacity o f the Stone M anganese M arine Ltd. factory 
a t B irkenhead would enable a  propeller o f 40 ft d iam eter to  be 
m anufactured  w ith a finished weight o f  85 to  90 tons.

The rapid  grow th o f tanker sizes and the possibility o f large 
slow revving propellers had  encouraged exam ination  o f  m anu­
facturing facilities for propellers o f  50 ft d iam eter and  heavy 
finished weights o f 150 tons (190 tons cast weight). A lready on 
the draw ing board  were plans for 200 ton foundries and  finishing 
shops to  accom m odate these large propellers, and  designers m ust 
no t restrict their thinking, no r reduce the efficiency o f a propulsion 
system, on the basis o f present propeller m anufacturing 
availability.

T he problem  o f transporting  these large propellers would 
be a m ajor one were it n o t for the facilities m ade available by the 
Mersey D ocks and  H arbou r Board. R oad  transport to  any part 
o f the U .K . was entirely ruled out, bu t E sparto  Q uay on the 
W allasey side o f the W allasey Pool, only a quarter o f a  mile from 
the com pany’s B irkenhead factory, was available, and  floating 
cranes and  coasters could deliver propellers to  any p art o f the 
U .K ., o r overseas, if  required.

The repair o f large propellers was a m ajor problem  should 
dam age occur rem ote from  a dry-dock. Designers w ould, in the 
future, have to  consider the provision o f platform s (perhaps 
portable) and  to  tilt the vessel to  perm it repairs to be carried out 
on the shaft if  the dam age was no t too  severe. M ore severe 
dam age m ight have to  be repaired w ith the propeller rem oved 
from  the shaft while in  dry-dock and  even this on site, since, 
again, road  tran sp o rt was ru led  ou t and  the prospect o f  returning 
the propeller to  the factory was econom ically not on. Steps were 
being taken to  ensure tha t any repair carried ou t on the propeller 
outside o f the factory  w ould be o f a high quality  and, again, 
w ould no t prove to  be  an obstacle in the fu ture  p lanning o f large 
propellers.

M r . J. B. H a d l e r  w rote th a t there was little th a t he could 
add  to  th e  au th o rs’ analysis o f  the propulsive perform ance o f 
the single-, tw in- and  triple-screw configurations, but suggested 
tha t they should add  to  the twin-screw configuration the over­
lapping propeller arrangem ent. T his configuration w ould have 
m ade the tw in-screw arrangem ent m ore com petitive by raising 
the propulsive efficiency. The sm aller appendages associated with 
th e  propeller system tended to  reduce the drag and  the location 
o f the propellers in the higher w ake region resulted in a  larger 
energy recovery.

T he au thors discussed the problem  o f propeller-induced 
v ibration , but had not discussed the propeller blade v ibration 
problem  which becam e progressively m ore severe with increases 
in propeller size. Since the propeller blades were cantilevered 
beam s the frequency o f  blade v ib ra tion  decreased as blade length 
increased, thus, a t the large diam eters considered in this paper, 
the frequency was quite low. The exciting force arose from  the 
harm onic com ponents in the wake pattern  in w hich the propeller 
operated. A lthough the rev/m in were also reduced this change 
was no t as great as the reduction  in frequency due to  increase in 
diam eter. Hence, resonance frequency occurred a t the lower 
wake harm onics which were significantly stronger. It was 
expected th a t greater roo t thickness (and greater propeller 
weight) m ight have been required  to  bo th  raise the frequency 
and  ensure low enough fatigue stresses so tha t propeller blade 
failure did no t occur.

M r . T .  T .  H u d s o n , G .I.M ar.E ., in a w ritten contribu tion  
said tha t in D r. M ilne’s section o f the paper fuel prices were 
quoted  as being “ relatively stab le” and  he w ould like to  point out 
tha t, until the Suez crisis o f 1967, this had  been the case, but 
since then  there had  been a steady increase in the price o f  both  
residual and  distillate fuel oils.

Prices given by Shipbuilding and Shipping Record  were as 
fo llow s:

D istillate Residual
Septem ber 1965 £ 9 - l l \  per ton  £5-621 per ton
N ovem ber 1970 £10-40 per ton  £7-35 per ton
Thus in 1965 when prices had  been very stable the cost o f 

distillate fuel was 1 -74 tim es th a t o f residual fuel. A t the end o f 
1970 the cost o f distillate fuel was only 1 -42 times that o f residual 
fuel. If  this price differential continued to  change a t its present 
ia te , the tim e could no t be far away when the cost, o f both types 
o f fuel, w ould be practically the sam e.

Therefore, considering a  fuel ra te  o f  0-47 lb /shp /h , as quoted  
by D r. M ilne for his steam  turb ine installation , and  a fuel rate 
o f 0-48 Ib/shp/h fo r the O lym pus m arine gas turbine type TM 3B, 
as quoted  by C aptain  R. D. T atton  Brown, R .N ., in a paper 
entitled  “ Propulsion G as Turbines in the R oyal N avy” , read 
before the N o rth  East C oast Institu tion  o f  Engineers and  
Shipbuilders on 9 N ovem ber 1969, it would have appeared  tha t 
the econom ics o f  running a gas turbine p lan t might approach  
th a t o f a  steam  turbine plant.

C onsidering also th a t the m ain cargo pum ps could be 
propelled and  contro lled  quite easily by electric m otors, Mr. 
H udson subm itted  tha t this type o f m ain propulsion, gas turbine, 
ought to  have been given a  little m ore thought.

T he au tho rs d id  n o t seem to  be aw are o f m any o f  the recent 
innovations o f  the m arine engineering industry, as they did no t 
even consider generating electrical pow er a t voltages above 
440 V a.c. It w ould appear that D r. M ilne had chosen a steam 
turbine installation  and  then  proceeded to  justify  this choice by 
giving one or tw o disadvantages inherent in o ther types o f 
propulsion units.

M r. M. J o u r d a i n , M .I.M ar.E ., w rote th a t there were m any 
concepts o f interest in this com prehensive paper, the m ost 
strik ing  o f  w hich was the appreciation  o f the triple-screw 
arrangem ent. The au tho rs were very convincing in their statem ent 
o f the various advantages o f  th is so lu tion , w hich has been rather 
neglected for years. In  add ition , they could have m entioned tha t 
when it was com bined w ith contro llable-p itch  propellers on 
the wing shafts, the astern  tu rb ines could have been dispensed 
with, as a  ra tio  o f tw o-thirds for the astern pow er to  the ahead 
pow er looked largely sufficient. It w ould have been an appreciable 
sim plification com pensating for the inherent com plication o f 
a triple pow er plant.

In Figs 6 to  9 both solutions using single or tw in screw 
appeared as th e  lim its for the triple screw solution  when the 
percentage pow er on the centre screw becam e 100 or 0. In fact, 
w hatever this percentage m ight have been, the stern lines were 
different for each o f the three arrangem ents and  it was unlikely 
tha t the particu lar poin ts pertaining to  single and  twin screw lay 
on the curve w hich was draw n for the triple screw.

The au thors also m entioned tha t a  built propeller was 
heavier and less efficient than  the equivalent solid one. This was 
obvious if the blade lines were the sam e. The w riter w ondered 
w hether the separate casting o f the blades did no t favour an 
im provem ent in the quality  o f the piece and  perhaps also a  
reduction  o f the locked in stresses which allowed for a  sm aller 
thickness, m ore o r less com pensating for the boss overweight 
and increasing the efficiency.

M r . J. M. L a n g h a m , M .I.M ar.E ., in a  w ritten contribu tion , 
said tha t it had been his in tention  to  include in this contribu tion  
the results o f the m odel tests o f single, tw in and  triple screw 
propulsive arrangem ents which were being run on behalf o f 
Stone M anganese M arine by the Vickers T ank , at a  cost o f over 
£8000. U nfortunately  these results were not yet available but it 
was hoped tha t the au thors m ight be able to  include them  in 
their reply to  the discussion.

This w ork, and  in fact the w hole o f the very considerable 
am oun t o f  research and design effort th a t had gone in to  the 
p reparation  o f this paper, had  been undertaken to  assist sh ip­
owners in the forw ard planning tha t was essential if ships o f this 
size were to  be built. It already appeared  th a t this w ork was 
proving o f  use in th is connexion.
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V arious references were m ade to  the fact tha t m anufacturing 
capacity lim ited  the size o f solid propellers w hich could be 
produced, and  the au thors then proceeded to  develop proposals 
for built up propellers as an alternative although m arkedly less 
efficient solution.

This was all perfectly true  as things were a t the m om ent, 
but if the dem and arose for such propellers in the future, however 
large they m ight be, the propeller m anufacturers w ould increase 
their capacity accordingly. M r. Langham  said th a t his own 
com pany certainly w ould be prepared to  do so as it had  and 
always w ould be their policy to  provide shipow ners w ith the 
m ost efficient and  econom ic propellers which could be designed. 
In this case there was no question that the very large single 
p ropeller was the best solution. There were no great technical o r 
m etallurgical problem s to  be solved in order to m anufacture 
these enorm ous propellers. I t was simply a  m atter o f  justifying 
the very substantial investm ent w hich w ould be involved.

Over the last decade the com pany had  consistently im ­
plem ented this policy. In I960 the largest propellers then required 
had  been ab o u t 24 ft in d iam eter and  weighed 30 tons finished. 
Since then the capacity o f their B irkenhead W orks had been 
repeatedly increased and  only a few m onths ago the largest 
coreless induction  furnace for non-ferrous m etals in the w orld 
had  been com m issioned. As a  result, it was possible fo r them  to 
m anufacture propellers weighing up to  90 tons when finished, 
and  w ith diam eters o f 40 ft.

M r . J. A . H . P a f f e t t , R .C .N .C ., in a  w ritten contribu tion , 
said  tha t the au tho rs’ approach  to  the hull and  propeller design 
fo r a  very large tanker had  been studied w ith interest. A  useful 
com parison could be m ade w ith som e o f the data  from  another 
sim ilar bu t unrelated  investigation in to  a m illion-ton design.

It was fairly generally know n th a t the then M inistry o f 
Technology had  in itiated  design studies in to  tw o tankers o f 
400 000 and  1 000 000 tons respectively som e two years ago. 
Tw o shipbuilders, together w ith L loyd 's Register, N C R E , BSRA 
and  N P L  had  collaborated  in these studies. The contribu tion  
from  N P L  h ad  included the running o f a  fair num ber o f hull 
m odels o f  various form s and  scales.

F rom  the hydrodynam ic point o f view the sheer size o f  the 
m illion-tonner, considered alone, presented no problem . The 
novelty arose from  the low service speed; a ship speed o f 16 knots 
a t tha t size represented a F roude num ber o f  0 1 2 . This low speed 
m eant that w avem aking contributed  only a  very small p roportion  
o f  the hull resistance, and  allowed the block coefficient to  be 
pushed up tow ards unity. The M intech m illion-ton study had 
dim ensions 1650 ft by 250 ft by 105 ft loaded draught, w ith a 
block coefficient o f 0-90. The block o f 0-85 quoted  in the paper 
was probably  unnecessarily conservative a t this low F roude 
num ber, as indeed the au thors had  suggested.

Resistance experim ents had  been carried  ou t a t N P L  for 
several versions o f the hull form . T hat which had  been selected 
fo r detailed study had  an effective pow er, scaled to  full size, o f 
76 500 hp. T he figure o f 72 600 hp quoted  in the paper was 
reasonably close, bu t since this was for a  som ew hat wider, 
shallow er form  it was perhaps ju s t a  little on the optim istic side.

It m ight have been as well to  have sounded a  w arning about 
the in terpre tation  o f  m odel results for those very full slow forms. 
A lthough only a  sm all fraction o f the resistance was due to  
wavem aking, the rem ainder cannot be described as skin friction. 
V iscous resistance becam e m ore com plicated the m ore it was 
investigated, and  there was little doub t th a t som e form s w ith 
blocks above 0-8 suffered considerable drag  due to  trailing 
vortices and  detached eddies. These phenom ena were Reynolds 
num ber sensitive, and  the largest possible m odel scale should 
have been used to  m ake them  as representative as possible.

There was ano ther leason  for using the largest possible 
scale; this was the need to  avoid lam inar-flow  errors in the 
propellers when running  self-propulsion tests for the interaction 
factors. A m odel o f  the proposed ship on a  scale o f 1/100 would 
have had  a  hull length o f 16 ft, bu t a  propeller w hich was 30 ft 
in d iam eter on the full scale w ould have been only 3^ in on the 
m odel, w hich was far too  sm all for accuracy. Som ething like 
twice th is d iam eter was desirable, and  for this reason N P L  had

been running tanker m odels up to  nearly  30 ft long, some 
displacing m ore th an  6 tons in the tank . Ten such m odels had 
been run  in the last tw o years in N o. 3 tan k  a t Feltham .

From  m odel experim ents N P L  had  carried  ou t w ith form s 
o f  sim ilar fullness and  stern arrangem ent to  those in  the paper, 
they obtained  wake fractions w hich were a  little  higher than  
those given; their values were ab o u t 0 1  higher than  those 
quoted  for single screw and  0 05 higher fo r tw in shafts. They 
agreed generally w ith the R .R .E . and  th ru st deduction  for 
single screw, but fo r tw in screws go t th ru s t deductions abou t
0 1 higher.

The au tho rs’ choice o f  correlation  factors was reasonable 
and N P L  w ould have used sim ilar figures in the present state o f 
knowledge. The au th o rs’ reasoning w hich led to  the suggestion 
th a t the “ correlation curve” had  flattened ou t and  m ight even 
have risen beyond 1600 ft was, however, far from  clear. I t should 
have been no ted  th a t the IT T C  line was in fact a  “ correlation  
line” and no t a skin friction line; if the H ughes’ m ethod  had 
been used em ploying “ form  factors” the basic skin friction line 
w ould have been well below the IT T C  line, indeed the latter 
could have been considered to  have represented H ughes’ basic 
line with a constan t form  factor a lready applied. A n addition  
o f  20 per cent to  the IT T C  line, did no t am oun t to  having added 
a  “ form  factor”  in the correct sense o f  the term . In any case, 
the com plexity o f  the viscous drag on a bluff form  was such tha t 
one could no t have strictly assum ed th a t the viscous pressure 
d rag  was a constant p ropo rtion  o f  the viscous tangential drag. 
The natu re  and  scaling o f  the viscous pressure resistance was the 
subject o f current research a t N PL .

M r. Paffett echoed the au th o rs’ w arning on page 166 ab o u t 
the dangers o f separation o f  flow a t the fore shoulder. N PL  
had  observed separation  o f  several kinds in the forebody, 
notably  over hem ispherical bulbs and  a t the tu rn  o f  the bilge. 
A fter-body separation  was well know n, and  very com m on; it 
m ight no t have been so generally appreciated  th a t the sam e 
danger lurked a t the forw ard  end. N P L  found  th a t flow 
visualization studies were very valuable fo r spo tting  separation 
while developing novel hull form s, particularly  bluff ones. H ere 
again  it was im portan t to  have kep t the scale up. Flow  studies 
led them  to expect that the flow lines in the fore body w ould be 
ra th e r m ore steeply inclined than  those show n in the au tho rs’ 
Fig. 1. The flow at the fore end o f  a  typical full tanker plunged 
a t an angle o f as m uch as 45 degrees in places when viewed 
from  the side, and  they w ould have expected the knuckle show n 
in Fig. 4 to  be distinctly “ draggy” .

The real m eat o f the paper was in its treatm en t o f  the 
propellers and  m achinery, which was as tho rough  as one would 
have expected. In their paper “ The D esign and D evelopm ent o f 
Propellers for H igh Powered M erchant Vessels” , w hich was 
given before the Institu te  in January  1968, tw o o f  the present 
au thors stated  tha t when a  lim it o f 60 tons had  been pu t on the 
propeller weight, there was a  small advantage in favour o f  the 
tw in screw installation as com pared to  a  single screw stern for 
ships o f greater than  245 000 dwt. F rom  Fig. 5 it w ould  in fact 
be seen that the single screw stem  was giving a better perform ance 
than the tw in screw stern for the tan k e r o f 500 000 dwt. This 
seemed to  suggest tha t twin screws only gave a better perform ance, 
a t least for ships up to  500 000 tons, if there w as a lim itation  on 
the propeller weight and  size. W as th is the case?

T he prospect o f a single propeller 55 ft in d iam eter weighing 
266 tons driving the m illion ton  ship was an intriguing one. 
H owever, it seemed to the w riter unlikely th a t single-shaft 
propulsion  w ould ever be accepted fo r a ship o f  this size for 
safety reasons, quite ap a rt from  considerations o f  propulsive 
efficiency.

R egarding triple-shaft arrangem ents, N P L  had  no t tried  this 
com bination  in the 0-9 block m illion-tonner, but have m ade 
som e tw in- and  triple-shaft com parisons in a  slightly less full 
form  o f  around  h a lf a  m illion dwt. This w ork had  suggested tha t 
the gain in propulsive efficiency in going from  tw in to  trip le was 
o f the o rder o f  five per cen t; th is looked m uch less attractive 
than  the 20-30 per cent suggested by the curves in  Fig. 5.

M r . A. R o l l a n d ,  S.f.M ar.E., wrote that the problems of
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m anoeuvring  m am m oth  tankers were large, and  in the paper 
consideration  was given to  the several screw arrangem ents 
possible. The triple screw arrangem ent w ith contro llable pitch 
propellers on the wing shafts w ould, as was poin ted  ou t, provide 
the vessel w ith its best m anoeuvring capabilities, using open 
w ater propellers.

H ad the authors considered the possibilities o f  fitting 
shrouds to  the two wing propellers, thus bringing abou t gains in 
both  the propulsive efficiency and  the m anoeuvring capabilities 
o f the sh ip?

viscosity and  consequent reduction in film thickness. The graph 
o f  load  carried against film thickness w ith this change o f viscosity 
taken  in to  account was show n in Fig. 28.

Fig. 29 had  been prepared to  show the relationship  between 
m inim um  film thickness and  load carried  for various L /D  ratios 
o f  a  large d iam eter stern bearing. I t had been assum ed tha t the 
shaft had deflected in a parabolic  shape over the length o f  the 
L /D  =  2 bearing; the deflexion from  the centre po in t o f  the 
bearing to  the end o f the bearing had  been assum ed to  be
0 0002 L.

M r. A. Rose, A .M .I.M ar.E ., w rote th a t the proposal to 
reduce the present L /D  ra tio  fo r oil lubricated stern bearings 
from  2:1 was to  be welcomed in tha t the sho rte r bearing could 
no t only accom m odate a greater degree o f angular misalignm ent 
than the longer bearing bu t also w ould no t suffer as great an 
absolute m isalignm ent (end to  end) relative to  the shaft as a 
longer bearing on the sam e shaft.

However, because o f the low speed, larger d iam eter shafting 
involving too  high a unit loading could no t be used. T he reason 
lay in the relationship  between oil tem perature rise and  bearing 
duty param eter: (C /D )2 (jaN /P). A  plot o f  AT/P v. duty param eter 
(Fig. 27) show ed a d istinct m inim um  point fairly close to  the 
usual large stern  gear operating  conditions.

Any great increase in pressure w ould result in a m ovem ent 
o f  the operating  po in t tow ards the left and should this go past 
the m inim um  poin t on the graph there w ould be an  increase in 
operating  tem perature  resulting  in a decrease in operating

F ig . 27— Temperature rise 
and duty param eter

-ISO -  viscous o il film

Minimum film thickness

F ig . 28— E ffect o f  temperature 
rise on film  thickness

F ig . 29— Load and oil fi lm  thickness 
fo r  a deflected, large diameter, tail-shaft

The m ethod  used had been to  set the shaft to  a given 
m inim um  film (i.e. a t the ends o f  the bearing) and  to  sum m ate 
the loads th a t w ould be carried by a  series o f strips o f finite 
length along the bearing; side leakage had  been taken into 
account bu t the assessm ent o f  side leakage was one o f  the least 
accurate factors in the calculation. In this particu lar case it 
would seem that L /D  =  1 -3 bearing w ould be a suitable choice; 
to  go dow n to  L /D  1 could lead to  m etal to  m etal con tac t at 
m anoeuvring speeds. A bearing L /D  ra tio  o f 0-7 suitable for 
high speed operation  was show n to  be incapable o f  supporting  
the design load.

The tilting  pad  jou rnal-bearing  suffered from  the fact tha t 
under the loads and speeds encountered  in stern bearings it w ould 
have a  sm aller m inim um  oil film than  a plain bush.

T o  som e extent this could be overcom e by m achining the 
pivot strips to allow  a  fair degree o f self-alignm ent o f individual 
pads.

The m ain advantages o f  the tilting pads, however, seem ed to  
be the relative ease w ith w hich they could be w ithdraw n inboard  
and  their dynam ic properties. Because o f the stiffer oil film the 
use o f  tilting  pad  bearings w ould result in higher transverse 
resonant frequencies and  w ould also allow  greater w ear dow n 
before resonance becam e a  problem . Also, seal dam age ought to  
be reduced because o f the reduced shaft m ovem ent.

Fig. 30 had  been p repared  to  show  the effect o f  w ear-dow n 
upon  resonant frequency for b o th  a plain bush and  a  tilting 
pad  unit.

T he cures given had been based upon  existing design 
m ethods which, a lthough  very satisfactory fo r sm aller bearings, 
were no t too  reliable for larger ones. O ne reason for this might 
be the effect o f  tolerances upon the larger bearings invalidating 
som e o f  the basic assum ptions m ade in laying dow n the m ethod. 
N o t only was there a  requirem ent fo r research  in to  the overall 
design o f the stern bearing bu t a requirem ent existed fo r a  study 
o f  the operation  o f large d iam eter slow  speed bearings.
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Pads

Bush

O f 0 2  O S
^  Wear down length/bearing length

F ig . 30— E ffect o f  wear down on resonant frequency

2) F irst and  second reduction  epicyclic gears w ith two pinions 
on the m ain w heel:

a) 126 in d iam eter wheel, n itrided, 250K, 2dp, ^  =  500

b) 192 in  d iam eter wheel, th rough-hardened , 170K, 2-idp,

T T - 570

3) F inal reduction  epicyclic gear w ith parallel shaft second 
reduction gear:
a) 100 in d iam eter annulus, 2 x  12} in face, double helical,

5 planets, 250K, 2dp, =  540

b) 160 in d iam eter annulus, 1 X 20 in face, spur, 4 planets, 

250K, 1 -5dp, ^  660

hp
The corresponding values o f  -j-j- fo r the m illion to n  tanker 

were from  Table II.

Single Twin Triple Triple
2220 1250 1150 1070 fo r the very low  rev/m in 
1880 885 650 532 fo r 60 rev/m in

AT 
P . 
C . 
R . 

•
N .

NOMENCLATURE
oil tem perature rise
pressure on bearing projected area
radial clearance
shaft radius
absolute viscosity
shaft speed

D r . J. F. Shannon , in a  w ritten contribu tion , thought tha t 
the pow er required for a  million ton tanker could easily be met 
by the steam  turbine and  th a t in fact there was no  lim it to  the 
pow er from  this prim e m over, for ships.

The practical lim its o f  propellers were reached a t the high 
pow er and  low rev/m in they required, and  as the au thors pointed 
out, the gearing m ight be im practicable under these conditions, 
in w hich case a  com prom ise w ould have to  be worked.

Since the au thors had  no t dealt specifically w ith gearing it 
might have been useful to  have given the lim its so tha t proper 
adjustm ents to the overall arrangem ents could be m ade in this 
and  in further surveys. The background to  the gear lim its was 
reviewed in the w riter’s jo in t paper, “ M arine T urbine Propulsion 
G earing” , l.M ech .E . G earing  Conference, Septem ber 1970.

Extending this to  suit the au tho rs’ paper, it was clear tha t 
w ith such low propeller rev/m in, triple reduction from  the 
turb ine speed was required. W ith such large pow eis, the final 
[eduction was where the lim its m ight be reached with load 
factors allowed by the Classification Societies.

The lim iting to rque factor could be expressed as h p /N  
where N  was the propeller rev/m in.

Three d istinct m odern gear systems were possible w ith 
cross-com pound turbines, viz:

1) D ual tandem  parallel shaft gears w ith four pinions on the 
m ain wheel and  w ith the first reductions either parallel shaft 
or epicyclic gears. M aking adjustm ents in the gear ratios to  
suit the first and  second reductions, the to rque factor for 
the final reductions w ere :

hp 
N

b) 180 in d iam eter wheel, th rough-hardened, 170K, 2] dp, 

£ - ' 0 0 0

c) 192 in d iam eter wheel, through-hardened , 170K, 2Jdp, 

f r - l M O

T hus all the schemes except (2a) could  m eet the trip le  screw 
equal pow er arrangem ent a t 60 rev/m in. The dual tandem  
arrangem ents in group (1) w ith four pinions on the final reduction  
wheel had about double the capacity  o f  the o th e r schem es. They 
could be designed to  give their m axim um  to rque ra tio  o r  a 
reduced value giving an even greater m argin  o f  safety. The 
overall w idths o f the gearboxes were well w ithin the centre 
distance between the shafts.

M r . A. Steel, in a w ritten con tribu tion , said  th a t it was 
indeed strange to  hear a t least one o f  the au tho rs advocating 
the use o f built propellers when his recollections were o f a one 
tim e zeal in hunting  dow n the possessors o f  such devices.

The au thors had, however, readily acknow ledged the usual 
d isadvantages o f built propellers and  suggested th a t the 
advantages o f their use in the circum stances considered have 
tipped the scales in their favour. A nd indeed when one had  
included in the range considered, propellers o f  up to  50-5 ft 
in d iam eter and  weights o f  150 tons, w hat else could be done?

M r. Steel adm itted  to  having been very im pressed w ith the 
alleged achievement o f  the design o f  a built p ropeller w ith a 
boss/diam eter ra tio  o f only 0-172 as com pared  w ith the m ore 
usual 0-26 or thereabouts (Fig. 10). W ere the au thors sure tha t 
the design was w orkable on these sm all p ro p o rtio n s?  I f  it was, 
it was surprising th a t no one had  a t least approached  these 
sm aller p roportions in the past.

H e was struck by the peculiarly squat b lade ro o t section 
show n on the proposed new built boss. W as this a feature o f  the 
design? H e appreciated tha t the t in  the w t2 function was the 
im portan t feature for blade strength  bu t w ould have thought 
th a t an adequate w was desirable to  ensure against any possible 
torsional flexure o f the blade abou t its own axis.

On the broader aspects o f the paper, M r. Steel was surprised 
a t the concept o f 97-6 ft d raught and  300 ft beam  ships. The 
form er w ould surely increase the hazards o f  navigating and 
increase the chances o f  a Torrey Canyon type o f  disaster, w ith 
even m ore dreadful results.

W ithout know ing if the econom ies o f scale continued above 
the present size o f ship being built he had  had  the im pression 
th a t the “ oil m en” considered th a t a  p lateau had  been reached 
in ship size. C ertainly while the operator enjoyed such econom ies 
arising from  the large ships, it w ould have appeared from  recent 
announcem ents tha t the shipbuilder did not share these 
advantages and  th a t the sheer physical size o f  the structures had 
had  an  unpleasant and  unforeseen effect on construction  costs.

The m anoeuvring o f  such large ships no  doub t presented 
equally large problem s as did the question o f  stopping  them . He
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w ould have liked to  have seen a  d iagram  o f the proposed fore 
an d  aft tunnel for inflow leading to  transversely disposed 
discharge tunnels for the purpose o f producing a transverse 
th rust at speeds above tha t a t w hich a  norm al bow thruster 
becam e ineffective. T hat, w ithout the im peller and  w ith un ­
restricted discharge port and  starboard , was a  prom ising steady 
course stopping device. I f  the discharge could have been selected 
port o r starboard  with butterfly valves as suggested, then w ith 
the sh ip 's forw ard m otion w ould no t an im peller in the system 
have been an  im pedim ent ?

M r. J. S t e f e n s o n  w rote th a t the au tho rs had  given a  very 
valuable background for those shipbuilders w ho were designing, 
projecting o r developing ships requiring  high pow ers. The paper 
w ould probably  be referred to  several tim es in connexion w ith 
large tankers and  bulk carriers and  fast and  large container 
ships.

The au thors had  presented their p roposals based on steam  
tu rb ine  m achinery a n d  had  only briefly taken  in to  consideration  
o ther types o f  prim e m over. Figures were, how ever, given in 
T able If  fo r the pow er requirem ents a t 100 rev/m in— these being 
fo r large bore  o r super bore D iesel engines. M r. Stefenson 
therefore hoped th a t it w ould be o f general interest to  describe 
som e features o f  a  trip le screw m achinery for a  large container 
ship w hich was being built a t O resundsvarvet; sim ilar ships were 
under construction  a t Burm eister and  W ain and M itsui Shipyards. 
The m achinery consisted o f three G otaverken  large bore Diesel 
engines, type D M  850/1700, one 12 cylinder engine for the m iddle 
propeller and  tw o 10 cylinder engines at the wings. The to tal 
con tinuous service pow er was 75 000 shp.

W hen these ships were being discussed, different types o f 
prim e m over and  m achinery arrangem ents were discussed. The 
reason for choosing three large bore engines had been, according 
to  the shipow ners’ statem ent, tha t they had w anted a proven type 
o f engine from  w hich the ow ners had  had considerable experience 
since there were special requirem ents on the vessel tha t it should 
operate  in a system o f several ships on a  tim etable  basis. The 
ow ners had  insisted on Diesel engines for personnel reasons. The 
increasing costs o f  bunker oil were taken into consideration.

The operating  system  for the three engines had  been 
described as follow s:
T he m iddle engine driving a  K aM eW a variable pitch propeller 
w ould be operated  in and  ou t o f  harbour. In the open sea all 
three engines w ould be operated  at full speed. G enerally the 
three engines were provided w ith their own auxiliary systems 
so tha t they could operate  independently  o f each other.

T he m aintenance o f the to tal o f 32 cylinders was p lanned 
as follows:
The m iddle engine w ould always be overhauled and  m aintained 
in harbour. F o r the tw o wing engines the m aintenance and  
overhaul o f cylinders could either be done at sea or in harbour. 
W hen one o f the wing engines was stopped at sea, the propeller 
w ould be disconnected from  the engine by a R enk too th  type 
coupling. T his coupling was arranged  betw een tw o thrust blocks, 
one fo r the propeller side and  one for the engine side. The ship 
w ould continue the voyage on tw o engines w ith the th ird  
propeller free-wheeling. The propeller shafts on the wings were 
also provided w ith a  break and  locking device, capable of 
keeping the propeller locked when the clutch was operated for 
engagem ent o r disengagem ent. A considerable am oun t o f design 
w ork had  been done for the wing shafting  systems to provide the 
possibility  o f  overhauling wing engines in the open sea.

T he m axim um  continuous pow er available for a sim ilar 
system  as the one described above, but consisting o f three
12 cylinder engines, w ould today be 95 400 shp which w ould 
alm ost cover the requirem ents set up by the au tho rs for “  T he 
P ropulsion  o f a  M illion T on  T a n k e r” .

M r. E. A. S t o k o e , M .I.M ar.E ., w rote tha t the m anoeuvring 
and  stopping o f such large units w ould indeed pose trem endous 
problem s and  he w ondered w hether the proposal o f a  ducted 
bow th rust unit w ould solve the problem  o f turning the ship. 
W ould the au tho rs  care to  speculate on the relative efficiencies

o f a  bow thrust unit, an activated rudder and  a bow rudder fitted 
above the ram  bow ?

There was considerable controversy  regarding the stopping 
o f ships in an emergency and  it appeared  tha t the ship’s officers 
were given little conclusive da ta  which w ould be upheld in a 
C ourt o f E nquiry. The fitting o f contro llable pitch propellers 
provided an  excellent opportun ity  to  carry  ou t research into the 
stopping o f  ships. W ith a fixed pitch propeller it was necessary 
to  stop the engine and  then build up to  full speed astern, a  tim e 
interval o f  between tw o m inutes and  five m inutes depending 
upon the type o f  m achinery and  the circum stances. It had  long 
been assum ed tha t this tim e lag was an advantage in taking the 
way off the ship before running  astern and  giving reduced 
cavitation. The optim um  tim e interval, if any, w ould be obtained  
by m eans o f a c.p. propeller. The stopping  distance o f a trip le­
screw vessel m ight, perhaps, be reduced by the use o f the rudder 
in addition  to  the propellers, the tu rn ing  effect o f  the rudder 
being com pensated by one o f  the wing screws.

The proposed propeller speed appeared  low  and  M r. S tokoe 
w ondered w hether sufficient contro l o f  ship speed m ight be 
ob tained  a t low revs when m anoeuvring.

Fig. 3 indicated the proposed d isposition  o f the propellers. 
I t was estim ated th a t the d raught to  the w ing propeller tips was 
in the order o f 60 ft for a 1600 ft vessel. W ould the ballast draught 
be sufficient to  im merse the blade tips?

The proposed structural arrangem ents a t the after end were 
excellent, providing com plete continuity  o f  longitudinal strength 
together w ith im proved w atertight subdivision. T his was in line 
w ith recom m endations m ade som e 20 years ago and  carried out 
to  a sm aller extent in a  vessel built by S. H . & W. R. Ltd. at 
about tha t time. The subdivision could be further im proved by 
sepaiating  the three engines by w atertight bulkheads.

The support o f the massive propellers caused som e concern. 
I f  the optim um  pow er arrangem ent was used fo r the one m illion 
ton  vessel the resulting propeller weighed 85 tons. M r. Stokoe 
suggested tha t this could well be supported  on a shaft which 
passed th rough  the propeller, w ith a bearing aft o f  the boss. 
This bearing could be integral with the rudder post.

This paper w ould no doub t be used as a  basis for discussion 
for m any years. It seem ed a pity therefore, th a t the data  were 
no t expressed in S.I. units.

M r . D. G . Y o k u m  w rote tha t the au thors o f  this paper had 
provided an  in tim ation th a t som e significant departu res from  
the current trend  o f ship design were required  to  m ake their 
proposed m illion ton  tanker a  practicable reality. T he em phasis 
on triple-screw propulsion, tw in rudders, and  contro llab le  pitch 
propellers as essential or, a t least, highly desirable factors in 
m aking this concept a  reality constitu ted  a ra ther radical change 
in th inking from  current ideas in large m arine propulsion  plants. 
T heir decisions on propulsion  p lan t configuration seem ed to 
involve only a  cursory evaluation and  a ra th er curt dismissal o f 
the type o f p lant which pow ered m ost larger vessels today ; that 
is, the high pressure-low  pressure tu rb ine com bination  driving a 
single fixed-pitch propeller through a  reduction  gear.

T he au thors predicated  their equipm ent selection on  such 
factors as take-hom e ability , m anoeuvrability , propulsion 
efficiency, and  technological incapability  to  produce a single unit 
p ropulsion p lant o f sufficient size to  pow er such a vessel. The 
in tention  o f  this con tribu tion  was to  po in t ou t th a t such a vessel 
could, and  practically  speaking should, be a direct ou tgrow th  of 
current technological trends in m erchant ship propulsion.

The triple-screw  concept provided a  v irtually  negligible 
contribu tion  to  m anoeuvrability , and  the m axim um  available 
m anoeuvring th rust was th a t provided by the propeller wash 
acting against the rudder surface. T his m eant tha t a  single screw 
design actually  provided greater m anoeuvring th rust than  the 
triple screw, single rudder design due to  the fact th a t a greater 
percentage o f  the to tal p ropeller w ash acted upon  the rudder 
surface. The wing screws o f the triple-screw  design con tribu ted  
little tow ards m anoeuvring pow er o ther than  stopping  capability , 
which was ju s t as well provided by a single screw.

Propulsion efficiency was one o f  the m ajor crite ria  used by 
the au tho rs in p ropound ing  the need fo r the triple-screw
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arrangem ent. T hough this was adm irable from  a technical 
s tandpo in t, it m ust be considered that even a reduction  of 
20 per cent in installed horsepow er did no t fully com pensate for 
the added cost o f  the m ore com plex triple screw arrangem ent, 
w ith the necessary auxiliaries, support, and  contro l equipm ent. 
A reduced fuel ra te  due to  greater propulsion efficiency was 
attractive, bu t could be offset by higher costs for m aintenance 
o f the extra equipm ent and  the possible need for added operating 
personnel.

T ake-hom e ability  was increased by u tilization o f  triple 
screws, but how much was needed? C ross-com pound turbines 
used fo r m arine propulsion did, o f  course, provide emergency 
arrangem ents for supplying about 40 per cent o f norm al shp 
w ith either tu rb ine disabled. If this was considered adequate for 
o ther m ajor vessels, there should be no good reason to  change 
the rules for this size o f ship.

Propeller size was cited as a problem  in a single screw 
arrangem ent, because facilities did not exist for m anufacturing 
such a large wheel in one piece, the m ethod the au thors preferred. 
It was adm itted , though, tha t the size posed no problem  in a 
built-up  design. The built-up propeller w ould seem to  be 
particularly  advantageous in a  propeller o f this size from  a 
standpo in t o f repair cost reduction. D am age o f  a single blade 
on a one-piece propeller required considerably m ore tim e and 
effort to  repair than  on a built-up screw; one blade could 
be replaced w ith a spare, ra ther than  replacing the entire 
propeller.

R eduction  gearing posed perhaps the m ost significant 
problem . L im itations in available facilities did restrict gear size 
to  the point tha t a  conventional articulated  double-reduction 
gear design could no t presently be built to  provide the low 
ou tp u t rev/m in required. C urren t designs were handling
32 500 shp with an  o u tp u t speed o f abou t 85 rev/m in. It was 
difficult to  envisage this type o f gearing grow ing to  accom m odate

over 100 000 shp w ith a 60 rev/m in o u tp u t w ithin the few years 
allo tted  before being faced w ith the practical problem . It was 
possible, however, to envisage th is prob lem  as resolved by a 
departure  from  current com m ercial m arine gear tra in  designs. 
F o r exam ple, locked-train gearing offered obvious advantages in 
its ability to  handle greater to rques w ithout resorting  to  extremes 
in face w idth. These units, w hich offered m axim um  space and 
weight savings, had found wide app lication  ab o a rd  naval vessels, 
and  their technology was well established. A practical approach  
to  the gearing problem  m ight have been to  have utilized locked- 
train  gearing w ith an ou tpu t speed of, say, 150 rev/m in to  reduce 
gear size; the ou tpu t shaft could then  have been coupled to  a 
p lanetary type, in-line gear to  give the final speed reduction . This 
triple-reduction arrangem ent provided the m ost feasible approach  
to obtain ing  the required  single-shaft speed and  to rque  while 
presenting the gear industry w ith the m inim um  im pact on its 
facilities and  technology.

A 100 000 hp cross-com pound m arine tu rb ine an d  condensing 
unit was som ething new. M r. Y okum  could  no t im agine for a 
second, however, any m ajor suppliers o f  steam  turb ines tu rn ing  
dow n a request to  quote on such a p lan t. T urb ine m anufacturers 
regularly produced even larger, in-line units for pow er generation, 
and  w ould find few hurdles to  jum p  in producing a m arine 
propulsion un it o f this power.

C urren t large vessel p ropulsion systems were configured the 
way they were fo r a num ber o f good reasons, am ong them  
econom y, reliability, m aintainability , and  simplicity o f operation . 
On page 175 o f the paper, the au tho rs  sta ted  th a t the pow er 
requirem ents “ . . . can only be m et by either a trip le screw or 
tw in screw installations . . . ” . M r Y okum  did no t believe th is to  
be the case; he thought it m ore probab le  th a t the super-size 
tanker o f the fu ture w ould be the result o f  an orderly , logical 
grow th pattern , w ith few deviations from  w hat had  been found 
to  be reliable and  econom ically effective.

Authors’ Reply
T o reduce repetition the reply has been based on subjects 

dealt w ith in the o rder in which they appeared in the paper. It is 
hoped th a t con tribu tors w ho have m ade com m ents on different 
sections will tolerate the rather disjointed replies to  their separate 
points.

A t the end o f his discussion Mr. N orris outlined a  system 
under which the very large crude oil carriers m ight w ork. This 
w ould m ean a  fleet o f sim ilar ships operating  a scheduled liner 
service between term inals able to  load or discharge the cargo in 
the interval between successive ships. W hen considering the risk 
involved with very big ships it was a t least possible th a t a few 
ships on a  scheduled service might be safer, as well as cheaper, 
than  m any sm aller ships. The recent legislation on  tank  size 
might well cause the cost per ton  to  flatten ou t before reaching 
the million ton  size.

M r. H aw don drew  atten tion  to the lack o f discussion on 
propeller induced vibration. The hull used had been kept down 
to  0.85 block coefficient, care had been taken to provide adequate 
clearance and the pow er was divided between three propellers. 
These were the m ain precautions taken to  contro l the problem . 
T here could be little doubt tha t for a  particu lar ship the ordinary 
resistance and  propulsion tests would have been quite inadequate 
and  th a t the hull shape should have been modified in special 
experim ents w ith m easurem ent o f surface pressures and trans­
m itted forces. The paper had been intended to  explore the 
problem s o f large pow er requirem ents and  the use o f low speeds 
avoided the difficulties. F o r  any particu lar service and  set o f 
costs there w ould be an optim um  speed because the earning 
capacity decreased with speed whereas the hull capital charges 
were unaffected.

This point was brought ou t by M r. C row dy w ho filled a 
gap in the paper by m aking an  econom ic analysis. W hen the

paper was w ritten it had  been felt th a t there was insufficient 
da ta  to  determ ine the best speed fo r a ship operating  in five 
years time. As tanker size increased the low resistance/speed2 
range extended to higher speeds but this had  no t been reflected 
in any change in average speed, w hich had rem ained a t abou t
15 knots. F o r the reasons given in the paper a ra ther higher 
speed had been used.

The restriction in tank  size and  consequent increases in 
capital cost brought dow n the optim um  size. A n increased 
insurance prem ium  w ould have rem oved very big ships from 
consideration. The answ er to  the first question asked by Dr. 
English was tha t adequate m anoeuvrability  and  contro l might 
prevent the application  o f  excess prem ium s. The transverse th rust 
units w ould be discussed later. The tw o basic questions which 
could no t have been resolved were:

a) W as it w orth while installing a  15 000 hp transverse unit 
which w ould only be used when the ship was alm ost at 
rest a t the term inal ports?

b) W as it feasible to have a unit available at short notice to 
help in an emergency, w hich w ould w ork when the ship 
had appreciable ahead speed?

The chosen hull form  was no t o f prim ary  im portance to  the 
purpose o f the paper; it represented a resistance to  be overcom e 
and  provided real physical lim itations to  the siting o f m achinery 
and propellers. Nevertheless, D r. English’s intuitions were quite 
irrelevant. The stream lines show n on the norm al hull draw ing 
had been m easured on the m odel. The knuckle lines followed 
these m easured stream lines. The m easured resistance w ith the 
straigh t fram e model had show n that there was not a big increase 
due to  crossflow. If, in spite o f the published evidence, the eight 
foot model resistance results were not accepted, it was easy to
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check them  against the 0.85 block coefficient results from  a well 
know n series, believed to  be tested a t N .P .L .

M r. Jou rda in  was correct in his suggestion th a t the use of 
the sam e form  was an over-sim plification. F o r the large slow 
running  single screw, cutting  back the after end lines w ould have 
incurred  an  appreciable increase in resistance.

As M r. L angham  was aw are, the original in tention had  been 
to  m ake m odel experim ents first and  to  use the results as the 
basis for the paper. The decision to  s ta rt th e  m odel program m e 
had  been delayed and  the tw o departures from  orthodoxy -  the 
use o f a b road  shallow  hull o r  the raising o f  the wing screws 
w ould each have required  extensive m odel testing to  obtain  
optim um  results. I t w ould have been unreasonable to  have 
expected the propeller com pany to  pay fo r such a large scale 
investigation. I t was expected th a t the sam ple results w ould give 
sufficient indication to  allow  ideas to  develop and  it was regretted 
th a t they were no t yet available. A fter the last paper to  the 
Institute by tw o o f the au tho rs , experim ents had been carried out 
on  the triple screw alternative to  a single screw tanker and  had 
verified the 10 per cen t reduction  in pow er predicted in tha t 
paper fo r the particu lar conditions and  revolutions. In  long 
term  propulsion  investigations it was n o t easy to  tim e an up to  
da te  progress rep o rt fo r publication  w ith full supporting  infor­
m ation. It was hoped  th a t the virtue o f  freshness outw eighed 
the d isadvantage o f  incom pleteness in a paper o f this type.

It was very useful to  have had com parative inform ation , 
particularly  on propulsion, from  the M inistry o f T echnology’s 
study. As M r. Palfett said, the block coefficient could have been 
increased to  0.90 w ithout very heavy penalties in power. The 
real question was how m uch allow ance should have been m ade 
for o ther considerations; the reduction  in fullness to  ensure 
directional stability ; the reduction  in fullness so th a t the ship 
could  be controlled w ith very little w ater below the keel; the 
possible fining o f the after body to  reduce propeller induced 
vibration. F o r the present ship w ith a leng th /bread th  ratio  o f 
5.3, 0.85 was no t regarded as a conservative choice o f coefficient.

It w ould be interesting to  see the evidence o f idiosyncracies 
in the m odel results w ith full ships. O ne w ould have im agined 
th a t the nearer one approached  a  box shape, the less variation 
there could have been o f  separation  position w ith Reynolds 
N um ber; m odel scale was hardly  an  answ er. But in the present 
context there was sufficient evidence o f consistent model results 
up to  CB =  0.85 and  M r. Paffett’s own value o f 76 500 hp for a 
0.90 form  against 72 600 hp for a 0.85 form  was a very norm al 
effect o f  increased fullness.

Mr. Paffett was, o f  course, correct in saying th a t: 

r  =  0.075
(Log io Rn —2 )“

had  been defined as a correlation  line, bu t in fact, it did not 
correlate m odel results with anything. If a  com parison o f  m odel 
prediction  with ship trials was required, the B .T.T.P. com parison 
in the range o f 400 ft to  1000 ft ships, supplied an  em pirical 
correlation  factor (1 + x )  w hich decreased in th a t range. In  the 
m odel range, correlation , th a t is, consistent results, were obtained 
by using a m uch higher p ropo rtion  o f the resistance as Reynolds 
N um ber dependent. F o r tankers m odels a num erato r o f 0.090 
instead o f 0.075 had  this effect. A pplying this form  fac to r cor­
rection to  the ship size left a  fairly consistent percentage differ­
ence betw een a m odel pred iction  and  ship trial result and  this 
provided a basis fo r extrapolation  to  greater lengths. It w ould 
be o f  interest to  have suitable form  factors applied to  the B.T.T.P 
da ta  to  see if this could be used as m ore th an  a rough  guide.

There was a  m istake in the published diagram  for the 
500 000 ton  ship (Fig. 6) and this had  exaggerated the apparen t 
gain with triple screws. A corrected d iagram  has been produced 
fo r this final publication. As m entioned in the reply to  M r. 
Langham , experim ents with a  sm aller and  ra ther finer tanker 
substantiated  the previous trip le  screw prediction  and  it was 
believed th a t the potential advantages in efficiency from  lighter 
propeller loading, from  frictional wake gain, and  from  the 
absence o f tw in rudders was m uch greater than  the five per cent 
M r. Paffett had  so far achieved.

M r. B urnett raised the question o f  m anufacturing  capacity

for propellers. P ropellers o f  nearly 60 tons had  already been in 
service fo r som e tim e and  were now  frequently  required for large 
tankers. Problem s associated w ith handling them  had, therefore, 
been faced and  overcom e. I f  these m uch larger ships were to  be 
built, it w ould no t only be propellers th a t m ight need to  be larger 
bu t nearly everything w ould be on a  g rander scale and  it was 
reasonable to  suppose th a t handling problem s would continue 
to  be soluble. N evertheless, new m aterials and  new m anu­
fac tu rer’s processes m ust alw ays be sought and  considered in 
o rder to  im prove and  progress. The cost o f  tim e ou t o f service 
due to  m aintenance was a vital consideration  and  any m ethods 
o f  reducing this deserved exam ination.

N ew  processes such as fabricated  (hollow) propellers and 
new m aterials such as carbon fibre reinforcem ent have already 
been considered in som e detail. W hile these m ight be technically 
possible, they were no t econom ically viable, bu t it was possible 
th a t this might change. T here were also technical disadvantages 
such as increased thickness in the case o f  hollow  propellers and 
serious cavitation  erosion problem s in the case o f carbon  fibre 
reinforcem ent.

Flange m ounted  propellers advocated  by M r. C rom bie 
were used in the case o f contro llab le  pitch propellers and  there 
was no  serious practical difficulty involved. I t w ould appear, 
however, th a t the average m arine engineer had  been so far 
disinclined to  change from  the practice o f  the fitting o f a  bored 
propeller to  a  shaft tap e r which, a fter all, had  been a ttended  by 
considerable success over the years.

If the flanged principle was used, the necessary p.c.d. o f  the 
fitted bolts in the flange fo r adequate  strength w ould be high and 
therefore w ould give rise to  higher boss d iam eters th an  used 
h itherto  on  norm al fixed pitch propellers. The reduction  in 
propeller weight and  bearing loads referred to  was, therefore, a 
little optim istic, bu t none-the-less w orthy o f investigation. The 
consideration  o f these relatively m inor details in such an  in­
stallation  could no t have been effectively dealt w ith w ithin the 
text o f the paper, and  therefore M r. C rom bie’s rem arks provided 
an extrem ely useful contribu tion .

D r. English asked ab o u t the supporting  o f large slow- 
turn ing propellers and  the lubrication  problem s bu t these did 
n o t seem to present insurm ountab le  difficulties. It should not 
have been to o  difficult to persuade an ow ner to  accept con tro ll­
able pitch propellers which were now  well established in the 
m erchant ship field and  which, from  the exercise referred to  in 
the paper, did no t in this special case in troduce new problem s.

W ith regard to  the rem arks regarding bow thrusters, experi­
ence had  show n th a t the conventional arrangem ent becam e 
increasingly inefficient as the speed o f the vessel increased and  
this was largely related to  the difficulty o f ensuring an  adequate  
flow o f w ater to  the tunnel when the ship had  forw ard m ovem ent, 
even w ith the use o f  scoops o r special tunnel endings. The fore 
and  aft tunnel with the apertu re  in the fore end  o f the bulbous 
bow w ould have ensured adequate  w ater flow w hatever the 
ships speed and  has the added  advantages th a t result from  the use 
o f  uni-directional engine and  propeller. This could  have simplified 
and  cheapened the installation  and  w ould have also m ade it 
easier to  have provided a prim e m over. The m agnitude o f th rust 
required to  provide adequate m ovem ent o f the vessel’s head was 
difficult to  assess and  there w ould have appeared to  be scope 
here fo r experim ental w ork no t only in the case o f  the million 
ton  ship but for ships dow n to the m ore norm al size (if a  quarter 
o f  a  m illion tons could be considered norm al).

There w ould have seem ed to  be no v irtue in using steel for 
the large built-up o r contro llable  pitch propeller blades as the 
well developed non-ferrous alloys w ould prove very adequate 
fo r this purpose. Blades o f  a  weight as high as 20 tons each might 
be called fo r and  the well developed foundry  techniques and the 
high corrosion /erosion  resistance o f the conventional propeller 
bronzes, together w ith their relatively high fatigue limits m ade 
them  extrem ely useful for this purpose. The cast steels were no t 
as good from  this point o f  view and  the stainless steels which 
m ight be available giving com parable perform ance were difficult 
to  obtain  in castings o f the required size.

F inally, the au tho rs  agreed w ith the rem arks o f D r. English 
regarding the use o f tw in, triple, con tra-ro ta ting , tandem  and
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ducted propellers, bu t w ould reserve their judgem ent o f over­
lapping screw propulsion. They said th a t they had insufficient 
know ledge o r experience o f this innovation  bu t could see th a t 
there m ight be advantages under certain  conditions.

It was satisfying to  be re-assured by M r. Langham  and  Mr. 
G raham  th a t w hatever ship designers m ight require, the p ro ­
peller m anufacturer in  this country  w ould be able to  fill the 
dem and, and  also arrange tran spo rt facilities fo r the largest 
propellers forseeable. The possibility o f propellers being m ade 
weighing 200 tons m ight a t this stage seem unlikely, bu t ten 
years ago the sam e could have been said o f the propellers cur­
rently  being m ade weighing a round  60 tons. There was no doubt 
th a t from  the point o f view o f efficiency and  loading the trend 
tow ards low er rev/m in and  higher propeller diam eters could 
usefully continue in the special case o f  the tanker where the 
d raugh t was continuously increasing with ship size. The com ­
m ents m ade regarding the repair and servicing o f propellers 
were appropria te , particularly  bearing in m ind the enorm ous 
cost involved if such vessels were delayed or immobilized.

M r. H adler’s rem arks regarding single, tw in and  triple screw 
configurations were appreciated and  it was agreed tha t the 
possibility o f  overlapping tw in screws m ight be investigated in 
any final consideration o f the propulsion o f such a vessel. This 
should  im prove the com petitive position  o f  the tw in screw 
arrangem ent, but it w ould be appreciated by M r. H adler tha t 
in  an  exercise o f this k ind  the num ber o f  variables had  to  be 
lim ited to  som e extent and  it had  therefore been decided to  
restrict the investigation to  relatively conventional shafting 
arrangem ents.

It was agreed th a t the possibility o f blade v ibration  was a 
fu rther factor to  be taken  into account on  large propellers and 
experim ental verification o f the fundam ental blade frequency 
had  been carried ou t in the U .K . on a num ber o f propellers 
which gave close agreem ent with an  acceptable m ethod o f 
calculation. There was no doub t th a t if reasonable account was 
taken  o f the depression o f the fundam ental frequency on im m er­
sion in sea w ater th a t the blades o f  som e large propellers had a 
fundam ental frequency significantly close to  rev/m in x 10.

H ydrodynam ic excitation might therefore be an im portant 
con tribu to ry  factor in the prem ature failure o f  certain  five bladed 
propellers. Full scale experim ents were called for to  investigate 
vessels where the possibility existed o f  the fundam ental blade 
frequency being excited a t resonance.

The rem arks o f M r. Jou rdain  regarding the application  o f 
triple screw propulsion  to  such a vessel were appreciated, as well 
as his rem inder o f  the econom ies to be achieved by the omission 
o f a  reversing gear on the wing shafts.

It was agreed th a t in the case o f  triple screws, as the pow er 
on the centre propeller reached the lim iting values o f 0 per cent 
and  100 per cent, there should have strictly been a discontinuity 
in the curves. In  each case there was a  change in the hull geo­
m etry due to  the disappearance o f the centre shaft in one case 
and  the wing shafts in the other. It had been, however, desirable 
to  m ake use o f  the relatively simple single screw and  tw in screw 
cases as end points on  the curves in o rder to  reduce the com ­
plexity o f  the diagram s. A com prom ise had therefore been m ade 
whereby the resistance w ith triple screws was assum ed to  be the 
sam e as tha t w ith tw in screws while the pow er on the centre 
screws was small and  then  assum ed to  reduce gradually to  that 
o f  the single screw as the pow er on the wing screws approached 
zero.

Provided satisfactory m anufacturing techniques were 
em ployed there was no great difference between the soundness 
o f  separately cast blades and  tha t o f  the face roo t fillets o f  solid 
propellers. Because o f the faster ra te  o f  solidification the 
m echanical properties a t the roots o f  the separately cast blades 
would be slightly better than  those o f  the solid propeller, but in 
the case o f  very large propellers the difference was probably 
very small.

There was not, as yet, a  great deal o f inform ation  abou t 
residual stresses in propeller castings and, particularly  in separ­
ately cast blades, it w ould have probably  been unwise to  m ake 
any assum ptions in this respect until som e m ore reliable da ta  
was ob tained. C hanges o f thickness o r stress w ould not therefore

have been desirable and  any th a t m ight have been justifiable 
w ould have only had  a minim al effect on  efficiency. Built-up 
propellers were relatively inefficient com pared  w ith  solid p ro ­
pellers, prim arily because o f  their large boss-diam eter and 
restricted blade ro o t design, and  slight changes o f blade thickness 
w ould n o t have significantly effected this situation .

It seemed likely that, as M r. R o lland  suggested, benefit 
could have been derived under certain  circum stances from  the 
fitting o f shrouds to  the ou ter m ost screws o f  the triple screw 
arrangem ent. U nfortunately  it had  been im possible, w ith in  the 
scope o f  the paper, to  cover such a  wide field, and  although  
ducts and  shrouds w ould have an  increasing p a rt to  p lay in the 
years ahead, it had  been agreed to  leave o u t as far as possible, 
relatively untried  devices in the  consideration  o f  the p ropulsion  
o f  such a  vessel at this stage.

M r. Steel, w ith tongue in cheek, referred to the day when 
this com pany had  influenced a num ber o f  ship opera to rs to  
replace built-up propellers with fixed pitch solid propellers on the 
basis o f  substantial savings in fuel consum ption. Ships such as 
the Shaw Savill Bays and the C unard  Franconia class had been 
dealt w ith in this way shortly  after the w ar and  had  show n a 
clear nine to  ten per cent im provem ent in fuel consum ption  w ith 
a  considerable reduction  in to ta l propeller weight. These ships 
had  had  propellers weighing between 10 and  15 tons, each 
absorbing 4000 to  6000 shp, and  it could no t be conceded tha t 
there had been any change in a ttitude  to  this type o f propeller.

In  the paper, however, the investigations had  included a 
m illion ton  tanker with a single screw, and  if such a vessel were 
to  have a  service speed o f 16 knots, the op tim um  propeller w ould 
have been 55 ft in d iam eter and  255 tons in weight. Such an 
installation might no t be beyond the bounds o f  possibility, but 
all w ould agree th a t a  single piece casting o f this size was not a  
solution th a t w ould have found favour am ong ship ow ners and 
builders. A lternatives m ust therefore have been considered in 
such a paper and  the loose bladed propeller had therefore been 
introduced, it having been understood  th a t the m otives for this 
had  been very different to  the earlier cases to  w hich M r. Steel 
referred.

U sing these low rev/m in and  high propeller diam eters, it 
was found th a t blade-area-ratios were surprisingly small, which 
was the reason why bo th  contro llable pitch propellers and  loose 
bladed screws were no t necessarily a  difficult engineering 
possibility. The boss d iam eter in bo th  cases was related to  flange 
size, which in tu rn  was related to  blade ro o t w idth, and  Mr. 
Steel could be re-assured tha t for 32 000 shp a t 62 rev/m in the 
boss-diam eter-ratio  show n was a  practical one. The high th ick­
ness/chord ratio  show n in the draw ing in the paper was neither 
desirable no r necessary for such a p ropeller and  the au thors 
apologized fo r an apparen t m istake in the draw ing.

In  the case o f such an  enorm ous vessel the problem s o f 
m anoeuvrability  which had  been raised by M r. S tokoe, could 
no t be over-em phasized, and  one w ould im m ediately agree tha t 
any discussion on  the relative m erits o f  active and  passive 
steering aids w ould be purely speculative. E xperim ental w ork, 
and  the consideration o f the full scale perform ance o f  large ships 
currently  in service was needed to provide back-up inform ation. 
Nevertheless, it appeared  to  the au tho rs  th a t the pushing over 
o f  the head o f the vessel by a  suitably pow ered and  located bow 
th rust unit w ould have been the m ost effective way o f assisting 
steering, and if this was situated in the ram  bow as proposed, 
certain  practical difficulties w ould be overcom e. T here was little 
inform ation  available on bow o r activated rudders in vessels 
approach ing  this size.

Mr. S tokoe’s rem arks regarding the stopping  and  reversal 
o f the m ain m achinery were useful, as were those regarding the 
use o f rudder to  assist braking. It was no t obvious to  the au thors 
why the relatively low  rev/m in favoured in the paper should have 
in any way reduced contro l a t low er ship speeds. N o deleterious 
effects from  this po in t o f view had been reported  in the case o f 
the latest vessels, where the rev/m in had been successfully 
reduced from  100 to  110 rev/m in dow n to  abou t 80 rev/m in for 
shaft horsepow ers exceeding 30 000.

In  m aking  a general reply to  M r. Y okum , it should be 
pointed ou t th a t the choice o f triple screws was no t based purely
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on propulsive efficiency and  if it was accepted th a t a  speed o f 
16 kno ts was to  be achieved on a  vessel o f one million dwt, a 
pow er in the region o f 100 000 shp w ould be required. In  these 
circum stances in the view o f the au tho rs it w ould have been 
hazardous and  unrealistic to  have assum ed th a t one propeller 
w ould  have been adequate.

Safety, reliability, propeller size and  im m ersion as well as 
m anoeuvrability  m ust be taken  into account and  this had  com e 
ou t very strongly in the discussion on  the paper. I f  one propeller 
was no t favoured, all the au tho rs were saying was tha t three 
ra th er than  two shafts were perhaps the better alternative, giving 
the best solution while still using engines o f  a size com m only 
used a t tha t m om ent. I t w ould have been expected th a t m anoeuvr­
ing in term s o f  tu rn ing  w ould have been im proved by the m om ent 
o f  th rust from  the wing shafts ab o u t the centre line o f the 
vessel.

The m achinery installation  had  been chosen in the context o f 
the vessel it had  been designed to  propel and equipm ent con­
sidered only if it had  already been proved in service. Statistics for 
ships over 175 000 dw t under construction  and  on order during 
the three years up to  1970, had  show n tha t abou t 90 per cent o f 
these vessels were p ropelled  by steam  turbines. A  single main 
engine o f high pow er as had  been suggested by M r. Y okum  was 
unrealistic and  no t part o f  a logical grow th pattern . The decision 
on  the num ber o f  boilers and m ain engines to  be used had been 
influenced by the fact th a t units o f  this size were already in ser­
vice, because advances in unit ou tp u t o r the in troduction  o f new 
equipm ent had  usually led to  a t least a  tem porary  loss in 
reliability. This trend was confirm ed by statistics contained in a 
survey published by Fearnley and  E ger’s C hartering  Co. L td., 
show ing a rise in the off hire periods for large tankers, the figures 
increasing with size o f  ship. S team  turbine propelled ships had 
show n an  advantage in this respect o f som e tw o to  three days, 
figures had been confirm ed by a recent study carried ou t by the 
N orw egian Ship Research Institu te using inform ation from  their 
shipow ner and  shipbuilding m em bers. The report showed a  
steady financial gain for a tu rb ine propelled vessel com pared 
w ith the slow speed Diesel as the horsepow er o f the installation 
increased before any allow ance was m ade fo r the im provem ent in 
availability. W hen it was considered th a t the cost o f  chartering  
replacem ent tonnage could be £100 000 per day fo r a  m illion ton  
tanker the operational advantages o f a steam  turb ine were 
fu rther em phasised, it  was significant th a t the con tribu tions from  
Mr. G ibbons and  M r. Isherw ood who were both  concerned with 
the operation  o f large tankers gave m ost em phasis to  the question 
o f  reliability. This and  the associated problem  o f  m aintenance 
m ust now be given m ore consideration  a t the design stage, follow ­
ing the approach  already com m on in the process industry. In  addi­
tion  to  defining planned m aintenance schedules for equipm ent and  
ensuring th a t rem oval routes were available the m ajor tasks were 
studied to  establish their content. The model for the installation 
was used to  m ake this study and  to  determ ine the m aintenance 
policy on bo th  equipm ent and  m anning. A reference was also 
m ade to  reliability engineering as an a id  to the rational choice o f 
equipm ent in systems. The m athem atics o f this technique were 
understood  but it w ould be som e tim e before inform ation  
collected during the service o f vessels w ould be sufficiently com ­
prehensive to  m ake this possible. The approach  adopted  in 
designing the installation  was sum m arized by M r. F orem an’s 
com m ents asking th a t there be “evolution no t revolu tion” . In 
recent years installations had  contained too  m uch equipm ent 
unproved in the m arine application  and , in the case o f controls 
and  instrum entation , fashion had  often been a greater consider­
a tion  than  function.

Professor C ham bers and  M r. S tokoe suggested th a t the 
m achinery be located in separate com partm ents so th a t an  
accident in the engine room  w ould no t im m obilize the ship. A 
com m on m achinery space which was a feature o f  m any passenger 
ships had  been adop ted  because it h ad  no t been considered to  be a 
high risk. Subdivision o f this type was m ore com m on on  M .O .D . 
(N ) ships where dam age resulting from  action  was a factor. It was 
no t intended th a t the m achinery spaces be unm anned  and  com ­
prehensive fire detection and  fire fighting equipm ent w ould be 
provided. A developm ent o f this approach  had  been to  m ake the

feed system com m on after the a ir ejectors because an  L.P. steam  
generator had  been provided to  supply the contam inated  services 
to  m ain tain  the required level o f purity  in  the m ain system. M r. 
N orris had been anxious th a t the space aft o f  the m achinery 
com partm ents nom inated  fo r the carriage o f cargo be elim inated. 
This w ould have been possible if the lines could have been 
changed so th a t the flat o f  b o tto m  region cam e fu rther into the 
aft end. The cargo pum ps had  been arranged  athw artships a t the 
first sta tion  wide enough to  accom m odate them . Providing this 
change could be m ade w ithout affecting the flow into the p ro ­
pellers and  increasing aft end excitation, the pum p room  and  the 
m achinery spaces could be m oved aft. In  the present location, 
however, the volum e aft o f the engine room  was too  large to 
ignore and  this had  led to  the proposal o f tanks aft o f these 
spaces isolated by a cofferdam.

M r. A dolph  and  M r. H udson  drew  atten tion  to  the fact tha t 
fuel prices had risen rapidly during the last year. T his was true o f 
all operating  costs so th a t the relative im portance o f fuel fo r any 
particu lar size and  type o f  ship had  no t changed significantly. 
The p ropo rtion  o f  the to tal operating  cost represented by fuel for 
a  given type o f  ship decreased w ith size so th a t reductions in fuel 
consum ption becam e less significant, in  addition  to  this, m achi­
nery w ith low er fuel consum ption’s were generally less reliable, 
thus reducing the availability and  incom e o f  the ship. The reduc­
tion  in the differential between distillate and  residual fuel was 
still significant a lthough  it had been reported  th a t certain  owners 
had  operated  slow speed Diesels on  higher grade fuel to  reduce 
m aintenance. Mr. A dolph’s com m ents on  the burning o f crude 
oil were very interesting bu t this had  no t been considered in the 
paper because o f the safety aspects.

A twin-screw installation, as suggested by M r. Forem an, had  
no t been adop ted  because the triple-screw installation , w hich 
gave a  saving o f 10 000 hp, kep t the tu rb ine  fram e sizes w ithin 
existing ranges, im proved the safety o f  the vessel by having three 
shafts and gave a  m arginal im provem ent in  the stern-bearing load. 
The revolutions had  been reduced to  60 rev/m in. because the 
resulting propeller characteristics were w ithin the capability  o f 
projected m anufacturing  facilities. The resulting stern  bearing 
loads and propeller weight had  been considered to  be w ithin 
acceptable limits. D ucted propellers, as suggested by M r. R olland, 
o r an overlapping arrangem ent p roposed by M r. H adler, had  no t 
been adopted because o f  the increased com plexity o f  the installa­
tion. The overlapping arrangem ent w ould have certainly led to  
difficulties in arrang ing  and  aligning the propeller drives. It should  
be no ted  tha t the triple screw arrangem ent p roposed in the paper 
was based on a  fixed centre propeller and  contro llab le  pitch on 
the wing shafts was only suggested as a possibility. Mr. S tokoe 
asked if the im m ersion o f  the propeller w ould be adequate  in the 
ballast condition . A m ean ballast d raugh t o f 56 ft had  been 
considered reasonable with a trim  o f  15 ft by the stern giving a 
d raught aft o f  ab o u t 64 ft. This w ould have left a  tip  im m ersion 
o f 7 ft w hich was equivalent to  the figure fo r the cu rren t quarter 
million ton  tankers.

M r. H udson advocated  th a t the aero-engines used as gas 
generators by M .O .D .(N ) fo r the propulsion  o f w arships be 
considered. It should be noted, how ever, th a t the use o f the 
O lym pus gas turbine had  n o t been proved and  th a t shore tests 
up to  10 000 running hours were still in progress to  assess its 
reliability. Previous experience indicated th a t salt in the a ir and 
fuel led to  deposits on the com pressor blades and  corrosion  in 
the turb ine. T his had  been partly  overcom e by developm ent in 
m aterials an d  w ater-w ashing techniques in troduced to  rem ove 
the salt, oil and  d irt deposits from  the com pressor. These diffi­
culties had, however, been experienced in installations using 
Diesel oil and  had  occurred together w ith o ther problem s such as 
noise and  failure o f  ro ta ting  com ponents due to  v ibration. Mr. 
C oats suggested th a t the heavy duty industrial gas tu rb ine  already 
widely used in land base applications be used in a com bined 
cycle w ith a  steam  turbine. This led to  com plications in operating  
two types o f  m achinery and  a need to  in troduce supplem entary 
firing in the w aste heat units to  achieve a  standby  capability  and 
also to  provide cargo pum ping capacity. O ne o f the principal 
advantages o f the gas tu rb ine was its simplicity and  the possibility 
th a t this m ight ultim ately lead to  significant reductions in m ain­
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tenance. A  com bined cycle with the steam  conditions suggested 
sacrificed these features and  it was possible tha t an  arrangem ent 
w ould low er steam  conditions w ith a helper turb ine driving the 
com pressors o f three separate gas turbines, one on each shaft 
w ould be a  m ore attractive installation. There was no doub t that 
the gas turbine once it had been m arinized w ould have consider­
able advantages, being easy to  rem otely contro l and  basically a 
simple machine. The contract placed by the M aritim e A dm ini­
stra tion  in the U nited  States for an  £8-million, five year research 
effort gave som e m easure o f  the developm ent still required. This 
program m e was aim ed a t adapting  the industrial heavy duty gas 
tu rb ine fo r ship use. A m ong the subjects studied w ould be the 
large exhaust gas regenerators needed to  im prove the econom y of 
the cycle, the unidirectional features o f the turbine and  the ques­
tion  o f fuel treatm en t when using low cost bunkers.

M r. Brownlie suggested th a t a  re-heat steam  cycle be used 
w ith the tw o L.P. turbines driving the ou tboard  shafts, the 
rem aining cylinders being coupled to the centre propeller. This 
m ade the three m ain m achinery units inter-dependent, a  situation  
w hich had  been avoided in  the proposed installation. It was 
noted  th a t the num ber o f  ro to rs had  been reduced bu t usually 
these were reliable elem ents whereas couplings for power take­
offs and  the operational difficulties they introduced led to  a  
reduction  in availability. The contribu tion  from  M r. Isherw ood 
supported  the au th o rs’ view th a t design perform ance and the 
desired availability were seldom  achieved in such advanced cycles. 
O ne o f  the m ain difficulties was in the operation  o f the plant, not 
only in a  m arine environm ent but w ith staff w ho generally had 
no t got the specialized experience o f the personnel w orking in land 
pow er stations. The num ber o f boilers had  been chosen so tha t 
the units were in the size range currently in operation  at sea so 
th a t som e operational experience existed. The inform ation 
supplied by D r. S hannon  was very useful because it was always 
difficult to  ob tain  data  on  the limits o f perform ance o f the various 
gearing proposals available. The dual tandem  arrangem ent w ith 
four pinions on the final reduction wheel had been preferred and 
it had been noted tha t this gave double the capacity o f the o ther 
schemes. A th rough  hardened m ain wheel had been preferred and  
this w ould have been arranged  to  give a m argin on too th  loadings 
to  accom m odate any misalignm ent th a t m ight occur.

The reference m ade in the paper to  the num ber o f cylinders 
in either a slow-speed o r  m edium -speed Diesel installation was 
concerned w ith the m aintenance load and  reliability aspects. It 
was reasonable to  assum e tha t the reliability w ould in som e way 
be related to  the num ber o f  m oving parts and  in the case o f the 
slow speed Diesel, the  load  referred no t only to  the m anpow er 
content but to  the difficulties o f w orking with the large com ponent 
weights. It was difficult to  believe tha t the large ro tating  masses 
and  their associated unbalance were the correct engineering 
solution to  providing the powers being considered. Mr. Stefenson 
described the use o f large low-speed Diesel engines in  a triple 
screw installation using both contro llable and fixed pitch 
propellers. The revolutions o f these engines were ideally suited to 
the container ship which had  a restricted draught. In the case o f 
larger tankers with a continuously increasing draught, the best 
results from  the propeller po in t o f view were achieved by taking 
m axim um  advantage o f  the greater im m ersion available by using 
the largest perm issible propeller d iam eter running a t the optim um  
revolutions per minute. This would lead to  propellers running 
well below 100 rev/m in on a  one million ton  vessel. The m ain­
tenance program m e proposed for the container ships took 
advantage o f the num ber o f units available by proposing tha t 
the wing shaft engines be overhauled either at sea o r in harbour. 
T he provision o f  three separate units could have reduced the 
off hire tim e o f the Diesel installation because failure w ould have 
a t least initially resulted only in a reduction in ships speed. In 
general, however, with the tendency tow ards reduced m anning 
and  an  em phasis on m inim izing overhauling, this w ould not have 
been acceptable to  every operator. Mr. C row dy and  Mr. N orris 
bo th  proposed the use o f m edium  speed Diesel engines in the 
installation; in the la tter case these were confined to  the wing 
shafts. Mr. C row dy 's con tribu tion  was particularly  interesting as 
it gave m ore inform ation  abou t a n  engine th a t was currently  
being developed. This installation was preferable to  the slow-

speed alternative an d  had  the add itional advantage o f  being 
geared dow n to  low er propeller revolutions. The analysis o f 
operating  costs suggested tha t the ships speed should  have been 
16^ knots but this was dependant upon the assum ptions used in 
the calculations. F o r exam ple, it was doubtful w hether the 
m achinery w ould have given a  fuel consum ption  o f  better than
0-38 lb /shp /h  based on net calorific value and  som e allowance 
should have been m ade for the consum ption  o f the m ore ex­
pensive lubricating oil. The overall purchase cost assum ed was 
probably  a t least 30 per cent to o  low  an d  the off h ire figures 
quoted  were less th an  those currently  established for quarter 
m illion ton  tankers. A  claim  th a t the installation  could have 
rem ained unavailable fo r an  additional three weeks to  abso rb  
the fuel cost differentials was therefore w rong by a  factor 
approaching 10. C urren t experience on  slow speed Diesel 
m aintenance costs for pow ers in the region o f  30 000 indicated 
th a t they were three times those o f  a  tu rb ine installation. The 
differential increased w ith hp in a  way th a t suggested th a t the 
large bore Diesels were proving expensive to  m aintain  and  a  
m edium  speed installation  could  have had  advantages in this 
pow er range.

A num ber o f  con tribu tors m entioned the problem  o f  cargo 
pum p drives which, in this case, w ould require approxim ately 
30 000 hp em ploying two o f the main boilers a t their full output. 
F o r the inlet conditions o f 800 lb /in 2g and  750°F exhausting to  
an atm ospheric condenser, the cargo pum ping load was o f the 
order o f 530 000 lb/h. This gave som e indication o f the additional 
firing required in the waste heat boilers proposed by M r. C oats 
fo r the com bined steam  and  gas tu rb ine  cycle. Electrically driven 
units have also been suggested bu t as the high voltage systems 
required to keep equipm ent and  fault levels dow n to acceptable 
values have no t proved reliable in service, they have no t been 
adopted. The voltage o f  440 w ould have probably  been reasonable 
fo r the rem aining equipm ent on the ship. A  fu rther alternative was 
to  arrange the ou tpu t from  the m ain  engines so th a t it was 
available fo r driving cargo pum ps bu t as such arrangem ents 
required design and  developm ent they had no t been considered. 
There w ould need to  be a t least a  cold tan k  cleaning system  and 
as reductions in speed were unlikely to  be accepted for such 
vessels som e m eans o f driving tw o cargo pum ps had  to  be p ro ­
vided. In  the steam  installation additional capacity  had been 
added to  the boilers so th a t an  o u tp u t beyond norm al service 
evaporation  was possible.

A discharge tim e o f  48 hours had  been selected because it had 
appeared to be a reasonable developm ent from  approxim ately  24 
hours used on existing q uarte r m illion ton  tankers. The discharge 
rates a tta inab le  tow ards the end o f the opera tion  w ould have 
been limited by the piping arrangem ents w ithin the tanks and  the 
flow around  structural mem bers. It m ight also have been unecon­
om ic to  provide shore facilities capable o f  accepting higher 
transfer rates. M r. Bell suggested th a t an  independent barge 
carrying cargo pum ps be considered as an  alternative to  providing 
units on  the ship. There were, how ever, occasions during the 
voyage such as ballasting, for the ou tw ard  jou rney  and  de­
ballasting which required such large quantities o f w ater tha t 
additional pum ps w ould have had to have been fitted if cargo 
pum ps had  no t been available. The quantities required fo r tank  
cleaning also involved using the cargo oil pum ps and  the strip ­
ping lines on existing tonnage. Pipework for the cargo oil ballast 
systems w ould have still been necessary fo r w orking cargo 
and for trim m ing the ship, so tha t the reduction  in first cost 
by saving equipm ent installed in the vessel m ight n o t be as 
significant as expected. Suction lift and  flow around  structure to  
the pipew ork was already a  difficulty and  was unlikely to  be 
assisted by providing portable connextions from  a barge to the 
tanker a t, o r around , the w ater line. In add ition  to  this, control 
o f the pum ps was norm ally carried o u t from  the tanker a t a central 
position to  ensure that optim um  pum ping conditions and 
acceptable load pattern  were m aintained. A  barge itself could have 
presented additional problem s w hen unloading in poo r w eather 
conditions and w ould have probably required its own propulsive 
pow er fo r m anoeuvring into position. The question o f prim e 
m over for the bow  th rust unit had  been m entioned by a num ber 
o f con tribu tors and  although this had no t been considered in any
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detail cargo pum ps could have been used to  provide th rust by 
discharging th rough  one side o f the ship.

M r. C rom bie and  Mr. M ilton offered designs which m ade in 
the first proposal the bearing surfaces m ore accessible and  in both  
cases enabled the tail shaft to  be inspected fo r survey purposes 
w ithout drydocking the vessel. A pproaches o f  this type had 
particu lar relevance to  very large tankers w ith their special 
docking problem s. B oth w ould have reduced o r m ade unnecessary 
the drydocking o f vessels purely fo r the survey o f  stern  gear and 
helped to  have elim inated tim e ou t o f  service. Both approaches 
introduced a degree o f com plexity and  it could  be expected th a t 
sim pler solutions w ould become available after som e experience 
o f  these designs a t  low er powers. M r. M ilton’s arrangem ent 
had  the advantage o f  placing the propeller bearing vertically 
below the load, elim inating the bending m om ent from  overhang 
and  in add ition  to  this, separated  th e  to rque  from  the 
bending m om ent effects on  the drive shaft. The advantage o f 
being able to  w ithdraw  the tail shaft fo r survey was partly  lost 
because it was no t possible to  inspect the bearing surfaces w ithout 
rem oving the propeller. It was true  th a t the flexibility o f  the 
shafting was im proved by rem oving the propeller load  from  the 
tail shaft, bu t the drive w ould have had to  be have been arranged 
to  give sufficient load  in the first plum ber block to  avoid whirling. 
Mr. S tokoe 's suggestion tha t outrigger bearings should  have been 
used located in the rudder post, could have only been applied to 
tw o o f  the shafts if they had been aligned w ith the tw in rudders 
installed. The problem  o f sealing and  providing lubrication  to  the 
outrigger bearing and  the flexibility o f  the shafting system with 
particu lar reference to  the d istribu tu ion  o f  load between the 
bearings w ould have to  be considered carefully. The bearing 
loads encountered in the installation were only marginally 
above those already in  service in existing designs avoiding the 
need for special arrangem ents. The inform ation given by Mr. Rose 
had  illustrated the lack o f  an  established design m ethod for stern 
bearings. The plot o f  tem perature  rise against duty  param eter 
showed a m inim um  value beyond which increase in load and  the 
resulting increase in tem perature rise caused a rapid  decrease in 
the film thickness. If a bearing was designed to  carry  a given load 
and a  series o f length d iam eter ra tios considered, it was found 
th a t for a given d iam eter the shorter length bearings were 
incapable o f m eeting the requirem ents, fn addition  to  reviewing 
the theoretical basis for designing such bearings, results from  a 
test rig o r m easurem ents taken  during service were required  to  
provide data  so th a t design procedures could be developed. Mr. 
Forem an  poin ted  o u t th a t the viscosity o f  the oil used in the 
system  was high a t the sea w ater tem peratures encountered 
during operation . This characteristic was necessary to  sustain 
hydrodynam ic lubrication o f the bearing in the greatest possible 
range o f revolutions during m anoeuvring. I t was p robab le  th a t 
on the turning gear and at sim ilar low revolutions for the m ain 
engine boundary  lubrication conditions existed. W hen the ship 
was started  from  ‘co ld ’ o r was m anoeuvring for a  po rt a t the end 
o f a  voyage, the coolers were kep t in circuit to  keep the oil 
tem peratures dow n during low speed conditions.

T he  results o f the m odel self-propulsion tests fo r the 
750 000 ton  ship have only  ju s t com e to  h an d  and  therefo re  
only  a  sim ple analysis has been possible in th e  tim e available.

F o r  ease o f com parison , the results fo r the single screw, 
designed fo r  50 rev /m in , and  those fo r the trip le  screws, de­
signed fo r 90 rev/m in, have been ad justed  to  give equivalent

pow ers a t 70 rev/m in, the speed fo r  w hich the tw in screws 
w ere designed. T hese are  presen ted  in Fig. 31.

F ig . 31

T h e  pow ers did n o t correspond  exactly  w ith  those 
estim ated in th e  paper b u t this w as largely  a  m a tte r  o f 
estim ating co rrelation  facto rs, w ake fractions, th ru s t deduc­
tions and relative ro tative efficiencies, all o f w hich w ere largely 
unknow n fo r ships of this size, particu la rly  fo r tw in and  trip le 
screws. O ne o f th e  objects o f these tests w as to  ob ta in  
gu idance on these param eters. T h e  o th e r ob jec t w as to  ascer­
ta in  if th e  advantages o f trip le  screws, estim ated  from  
theoretical considerations, w ould  also be ind icated  by m odel 
testing. A t 16 knots, the pow er p red iction  fo r  th e  trip le  screw 
arrangem en t w as 20 p e r cent less th an  w ith tw in screws and
6 per cent less th an  w ith a single screw. H ow ever, the single 
screw  w as hard ly  a  v iable p roposition  from  considera tion  of 
ship safety ; it w ould  necessita te nearly  100 000 shp being 
carried  on one shaft, also th e  p ropeller w ould need to be 
ab o u t 43 ft d iam eter w eighing ab o u t 165 tons. T h e  practicab le  
com parison  was there fo re  betw een tw in and  trip le  screws. T he 
m odel results w ere considered  to  give reasonab ly  sa tisfactory  
confirm ation  of the propulsive advan tage  th a t m ay be ob tained  
by adopting  a  triple screw  arrangem ent.

Related Abstracts
Advanced Steam Turbine Power Plant Designs

A sym posium  on m arine  steam  pow er plants w as held 
in  L ondon  during  la te  Septem ber by the G enera l E lectric 
C om pany  (U.S.) and  Babcock and  W ilcox. T he  artic le  con ­
sists o f abstrac ts  from  som e of the papers presented.

M r. P rohl, T u rb in e  E ngineering M anager o f the M arine 
T u rb in e  and  G ear D ep artm en t, G enera l E lectric C o. (U.S.),

sta ted  in the opening paper, entitled  "M arine  S team  P lan ts" , 
th a t due to  the rap id ly  expanding  requirem ents o f the m arine  
industry , it becam e ap p aren t th a t the previous m ax im um  of 
45 000 bhp from  a steam  tu rb ine  w ould  no t be sufficient and 
a new  range, the M ST-16, w as designed. T w o basic sizes of 
H P  turb ines cover the pow er range, the sm aller un it from  
45 000 bhp to 70 000 bhp  and  the larger un it from  70 000 to 
120 000 bhp. As reheat o r non-reheat versions can  be speci­
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fied, fo u r basic H P  turb ines are  available as show n in Fig. 1.
T h e  topm ost com bination  in  F ig . 1 represen ts the design 

as supplied to  the  21 000 dw t, 33 k no t S ealand con ta iner 
vessels a t p resen t building in G erm any . S team  a t the in itial 
condition  o f 850 lb / in 1 and  950°F  is adm itted  th rough  
sequentially-opening, hydrau lically -operated  valves located  in 
the upper h a lf  o f th e  casing a t the fo rw ard  end, and  flows 
stra igh t to  th e  cross-over. Steam  from  the H P  tu rb ine  enters 
sym m etrically  from  the top  in let and  flows in th e  fo rw ard

F ig . 1— T he M ST -16  range

direction  to the dow nw ard  exhaust and  condenser. A t this 
higher pow er level, the  use o f a top  exhaust and  cross-over 
fo r the en trance  to  th e  L P  tu rb ine  in place o f th e  conven­
tional cross-under, provides the optim um  arrangem ent. I n ­
cluded in the exhaust end o f the L P  tu rb ine  is the in tegral, 
stan d ard  tw o stage astern  tu rb ine. T h is is arranged  w ith a 
tw o-row  first stage and  a single-row  second stage. Since the 
astern  tu rb ine  spins in a space w here the full condenser 
vacuum  prevails, the  ro ta tio n a l losses are  extrem ely  low, 
approxim ately  0'33 per cen t o f the full ahead pow er. An 
axial flow exhaust a rrangem ent is available fo r this particu lar 
LP tu rb ine  fram e size fo r applications w here space requ ire ­
m ents and  considerations d ictate  the use of this type of 
exhaust.

E stim ates indicate th a t 50 000 bhp per shaft is the next 
step fo r propulsion  requirem ents and several high-pow ered 
p lants a re  already  in service. F ig. 2 show s a trip le  reduction ,

the too th  loadings due to the very  high to rque . T his type of 
design w ould  be su itab le  fo r large ice-breaking vessels where 
the requ irem ents d ic ta te  th a t th e  cap ab ility  to  transm it the 
ra ted  pow er a t very low  p ropeller speeds m eans th a t the 
m achinery  m ust continuously  tran sm it very high to rque  levels.

A num ber o f recent serious enquiries have considered 
pow er ou tpu ts o f up  to 200 000 b h p  fo r very high speed 
con ta iner ships and  ice breaking ships o f various types. D esign 
w ork has proceeded to the level o f 120 000 bhp  on  a single 
shaft w ith 200 000 bhp being considered  fo r tw o o r three 
shafts. A 120 000 bhp single shaft steam  p lan t w ould  have 
tw o boilers generating  steam  at 1450 lb / in 2 and  950°F . A t 
these high pow er levels, m o to r-d riven  fo rced  d rau g h t fans 
a re  im practicab le  fo r econom ic reasons, so turb ine-driven 
units a re  used. T h e  steam  pressure of 1450 lb / in ' was chosen 
as the tu rb in e  sizes a re  sm aller than  a  850 lb /in" p lan t, p er­
m itting  better therm al m atch ing  and  good m anoeuvrab ility .—  
Shipping W orld  and  Shipbuilder, D ecem ber 1970, V o l. 163, 
pp. 1673-1674; 1677.

Experience with Controllable Pitch Propellers

R esults from  six cargo liners o f the a u th o r’s com pany, 
the first one built in 1964, have  been evalua ted  in o rder to 
c larify  the pros and  cons fo r the c.p. propeller. I t seem s to  
be difficult to p rove th a t the use of c.p. p ropellers is econom ic­
ally justified as such advantages as im proved m anoeuvring  
capability  and  reliability  can n o t be estim ated in exact am ounts. 
T h e  effect on the service speed o f the ships by using c.p. 
propellers instead o f fixed propellers seems to  be sm all and 
the cylinder liner w ear is show ing no m arked  difference. T he 
tim e and cost in connexion w ith general overhaul and  classifi­
ca tion  is h igher fo r the c.p. propeller. T aken  as a w hole it is 
the au th o r’s opinion th a t the c.p. propeller is generally  to be 
p referred  in this type o f ship.— Bille, T ., T ransactions o f  the  
Institu te  o f  M arine Engineers, A u g u st 1970, V ol. 82, pp . 289- 
302.

Optimum Propellers w ith  a Duct of Finite Length

N um erical results a re  given fo r the quality  coefficient of 
op tim um  ducted  propellers. T he  influence of the num ber of 
b lades, the advance ratio , th e  c learance betw een ' b lade tips 
and  shroud , and the hub  d iam eter on this coefficient is 
show n.— Slijper, C . A . and  Sparenberg, J. A .. Journal o f Ship  
Research, D ecem ber 1970, V o l. 14, pp . 296-299.

Japanese Multi-D iesel 288 000 HP Proposal

T he Japanese M inistry  o f T ran sp o rt is repo rted  to  be 
supporting  a design project fo r a rem arkab le  vessel w hich 
w ould be able to  ca rry  som e 3000 20 ft con ta iners a t a speed 
of 35 knots. T he  triple-screw  288 000 hp  m achinery  proposed 
w ould consist o f eight 24-cylinder m edium -speed engines, 
each o f 36 000 bhp, fo u r o f them  coupled  to  the cen tre  shaft 
— at 144 000 shp and  tw o to  each o f the wing shafts. T his 
infers engines o f 1500 bhp  per cylinder, an o u tp u t 50 per cent 
higher than  any th ing  dem onstra ted  and  offered today  by any 
established builder.

M itsui has ben chosen to  develop this engine w hich is to 
be o f four-cycle type.— M arine E ngineer and N a va l A rch itect, 
N o vem b er 1970, V ol. 93, pp . 493-494.

F ig . 2.— 100 000 bhp  gearing arrangem ent Marine Propulsion Turbines

parallel to rque  path gear driven by a  cross-com pounded  tu r ­
bine. T h is un it is ra ted  a t 100 000 bhp at 80 re v /m in  and  the 
too th  loadings are  w ithin cu rren t m arine practice. T h e  eight 
pinions driving th e  m ain  gear w heel a re  needed to  contro l

T h e  rap id ly  increasing size and  consequent pow er dem and 
of tankers and  high speed con tainersh ips have resulted  in 
significant changes in p ropu lsion  m achinery . T he  propulsion 
pow er requirem ent fo r these large ships has increased from
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a ro u n d  30 000 shp to  the 60 000 shp range on one shaft.
M itsubishi a re  now  m an u fac tu rin g  fo u r un its  o f 80 000 

shp  tw in-screw  m arine  steam  p lan ts fo r high speed co n ta in er­
ships o rdered  by Japanese  ow ners.

T h e  special features o f th e  M S and  M R  plants, developed 
on th e  basis o f service experience ob ta ined  from  the M T P  and 
M W L  accom panied by the extensive investigation  m ad e  to 
im prove th e  perfo rm ance and  econom y are  as fo llo w s:

M R  p lan t is designed fo r steam  cond itions of 89'5 k g / 
cn rg , 515°C /515°C  (1270 lb /in " , 9 6 0 °F /9 6 0 °F ) or 
103-5 k g /c n rg , 543°C /5 4 3 °C  (1470 lb / in 1, 1010°F / 
1010°F) a t superheater and  rehea te r ou tle t. T h e  MS 
p lan t uses stan d ard  steam  conditions of 61'5 k g /c n rg , 
515°C (875 lb / in 2, 960°F).
A  particu la rly  in teresting  recen t in stalla tion  is th a t of 

the M S p lan t fo r th e  128 000 dw t o re /o il  ca rrie r, built at 
M itsub ish i’s Y okoham a Shipyard  fo r San Ju an  C arrie r Co. 
T h is ship, San Juan V enturer, is the first steam  turbine- 
pow ered  vessel o f th is size to  have a  con tro llab le-p itch  p ro ­
peller driven by a non-reversib le  tu rb ine . T h e  c.p. p ropeller 
is used con tinuously  a t the m axim um  ra ting  and  bridge con ­
tro l is p rov ided . A  single boiler w ith w elded w all construction  
is in stalled  and  the m ain  a lte rn a to r and  feed pum p are  directly 
driven by th e  high pressure tu rb ine.

T h e  principal particu la rs  o f this p lan t a re :
M ain  turbine

T ype 1— M itsubishi m arine  steam
turb ine , T ype M S32

M axim um
continuous ra ting  23 500 shp at 85 re v /m in  
H P  tu rb in e  speed 6615 re v /m in  
L P  tu rb ine  speed 4046 re v /m in

M ain  boiler
T ype 1— M itsubishi C E  V 2M -8W

Boiler
E v ap o ra tio n  110 t / h
S team  cond ition  61-2 k g /c n rg , 515'6°C  

A u xilia ry  boiler
T ype 1— M itsubishi C E  V2M -8

Boiler
E vapo ra tion  35 t / h
Steam  cond ition  22 k g /c n rg , 218°C  

Propeller
T ype 1— M itsubishi K aM eW a

fou r-b laded  c.p. propeller. 
T ype 2 2 0 S /r 

D iam eter 8 2 m
M ain  alternator

T ype 1— direct driven
1— independen t steam  tu r ­
b ine driven

R ating  1250 kW  a t 1800 re v /m in
M ain  fe ed  pum p

T ype 1— direct driven
1— independen t steam  tu r ­
b ine driven 

C apacity  145 m 3/h  x 87 k g /c n rg
B ack-up  turbine

T ype 1— single stage steam  tu rb ine
R ating  2440 bhp  a t 6615 re v /m in

w ith steam  conditions of 56 
k g /c n rg , 320°C

-—M atsuoka , H ., M arine  E ngineer and  N a va l A rch itect, 
N o vem b er  1970, V ol. 93, pp. 559-565.

Steam  Turbine Tanker of 255 374 dw t

T he  first in  a  series o f 17 steam  tu rb in e  pow ered tankers 
building at K ockum s M ekaniska V erkstads AB, Sw eden, has 
now  been delivered  to  her ow ners, C ie F ranca is des P etro les. 
T h is  vessel. Jade, 255 374 dw t, is the largest ship built in

Sweden so fa r , and  is also the largest in the F rench  m erchan t 
m arine.

T he longitud inally  fram ed  hull has been the subject o f 
w eight and  cost saving exercises in  several areas. T h e  deep 
longitud inal bo ttom  and  deck stringers fo r exam ple have been 
elim inated , w ith the exception o f  a so-called docking stringer 
on the centreline. T hese  om issions have been com pensated  fo r 
by strengthened  transverse fram es and  also by the adop tion  of 
high streng th , yield po in t 36 k p /m m 2, steel in  th e  centre tank  
bo ttom  transverses. Previously such steel w as used principally  
fo r the longitudinal strength  m em bers o f the deck and  bo ttom . 
F o r  add itional strength , and  to preven t hu ll v ib ra tion , all 
transverse tank  bu lkheads a re  stiffened by h o rizon ta l stringers 
and  secondary  webs.

T his p a rticu la r hull design has been exam ined  by 
K ockum s on  a com pu ter using several u p -to -da te  strength  p ro ­
g ram m es and  it has also been checked and  app roved  by fou r 
m ajo r classification societies, nam ely  B ureau V eritas, L loyd 's 
R egister o f Shipping, D e t norske V eritas and  the A m erican 
B ureau of Shipping. E xperts from  T exaco  and  C hevron , two 
A m erican oil com panies w ho have ships o f this type  on order, 
have satisfied them selves regard ing  the soundness o f the 
design.

T o  ensure th a t the findings o f these theore tica l investiga­
tions w ere confirm ed in  practice , during  her sea tria ls Jade 
was fitted  w ith 150 stra in  gauges w hich w ere com bined  into 
360 circuits to  m easure  static stra in  conditions on th e  ship.

P rincipal particu lars a re :
L ength , o .a.
L ength , b.p.

340-51 m 
329-18 m 

51-82 m 
25-60 m 
20-06 m 

255 374 tons 
126 370-21 
110 098-26 
338 750 m 3 

33 676 tons 
16-24 knots 
15-70 knots

B readth, m oulded 
D ep th , m oulded  ...
D raugh t, sum m er 
D eadw eigh t 
G ross tonnage 
N et tonnage 
C argo  capacity  
L igh tsh ip  ...
Speed on tria l, fu lly  loaded 
Service speed
Jade’s propelling  m achinery  com prises a cross-com pound, 

trip le-reduction  geared  type AP32 S tal L aval steam  tu rb ine  set 
w hich develops 32 000 shp (m etric) a t 85 re v /m in .

T he  five-bladed propeller, in  nickel a lum in ium  bronze, 
has a d iam eter o f 8600 m m , pitch of 6510 m m  and  blade area 
o f 36 m 3. S uppled by K o b e  S teel, it  w eighs 48 -4 tons.

T he  m ain  m achinery  can be con tro lled  from  th e  bridge 
th rough  a  K o ck u m s/A S E A  au to m atio n  system . In  th e  con tro l 
room , w hich is situa ted  on th e  fo rw ard  p a r t o f th e  boiler 
p la tfo rm , is a  large console w hich carries m ost o f th e  con tro l 
and m onito ring  instrum ents.

S team  is supplied by tw o top-fired  K o ck u m /C o m b u stio n  
E ngineering type V2 M 8 boilers, each norm ally  generating  
46-6 tons o f superheated  steam  per h o u r a t a  p ressure of 60‘8 
lc p /c n r  and  tem p era tu re  o f 510°C . M axim um  o u tp u t is 71 
to n /h . T h e  boilers a re  prov ided  w ith L jungstrom  type ro ta ry  
air p reheaters o f Svenska M ask inverken’s m an u fac tu re .—  
Shipping  W o rld  and  Shipbuilder, A p ril 1971, V ol. 164, pp. 
445-448.

W orld 's  Largest Tankers

T h e  construction  o f w hat will fo r a  w hile be the w o rld ’s 
largest ship, the 372 400 dw t N issek i M aru  fo r the T okyo  
T an k er C o. L td .. a m em ber o f the N isseki G ro u p , com m enced 
recently  a t th e  400 000 dw t bu ild ing dock of the K u re  S h ip ­
yard  o f IH I, Jap an . She will be pow ered by a  40 000 shp IH I- 
tu rb ine  an d  have  a service speed o f 14-5 knots.

C om pletion  is scheduled fo r N ovem ber, 1971.
T h e  w orld ’s largest ships now  in service are  six 326 000 

dw t tankers o f the U niverse  Ire lan d  class, w hich w ere de­
livered to  N a tio n a l Bulk C arriers Inc. by IH I ’s Y okoham a
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N isseki U niverse Idem itsu T o k y o 477 000
M aru Ireland M aru M aru tonner

m etres m etres m etres m etres m etres
Length , o .a. ... ................. 347-0 3460 342-0 306-5 3790
Breadth, m o u l d e d ................. 54-5 53-3 49-8 47-5 62-0
D epth , m oulded 35-0 3 2 0 23-2 24-0 36-0
D raugh t 27-0 24-78 17-65 16-03 28-0
G ross tonnage 186 500 149 608 107 957 94 630 235 000
D eadw eight tons 372 400 326 585 206 005 153 685 477 000
Pow er (shp) ... 40 000 2 x 18 700 33 000 30 000 45 000
Service speed, knots 14-5 14-6 16-5 160 1 5 0
C argo capacity 470 000 m 3 399 600 m 3 245 058 m 3 192 000 m 3 581 000 m 3
C om plem ent — 51 32 29 35
C om pletion ... N ov. 1971 Sep. 1968 Dec. 1966 Jan . 1966 Feb . 1973
Builder, IH I ... K ure Y okoham a Y okoham a Y okoham a K ure

S hipyard  and M itsubishi’s N agasaki shipyard  betw een Sep­
tem ber 1968 and July  1969.

1HI also has tw o 477 000 dw t tankers, considerably 
larger than  any yet built on order for G lob tik  T ankers L td., 
L ondon. These vessels will each be pow ered by a 45 000-shp 
IH I tu rb ine and have a service speed of 15 knots. Com pletion 
is scheduled fo r F eb ru ary  1973, and  early  1974.
— T he M o to r  Ship, M arch 1971, V o l. 51, p. 550.

Computer Controlled System on the 138 000 dwt Oil Tanker 
"Seiko M am "

T h e  purpose of equipping vessels w ith a com puter, 
though  it differs w ith types o f vessel, their routes, etc., is 
com m only  th reefold , 1) to overcom e the shortage of labour.
2) to  im prove the safety  of navigation, and 3) to con tribu te  
to  econom y in operation . T o  achieve this purpose it is neces­
sary no t only to  au tom ate  highly each function  of a vessel, 
but also to organize individual au tom ation  systems into a

NNSS Minn*

to ta l system, as though a vessel w ere a system in itself. Based 
on this idea is the highly centralized  vessel con tro l system, 
term ed Super-A utom ation  System.

T he 138 000 dw t tanker Seiko  M aru  built at the Aioi

Shipyard of IH I for the Sanko Steam ship Co., is the first 
vessel to be equipped w ith this system. It was installed on an 
experim ental basis to gather opera tional da ta . Its im portance 
with respect to the scope of com puter con tro l deserves w orld ­
wide atten tion .

T he structure  of the w hole system can be divided func­
tionally  into fou r systems for, respectively : i) navigation;
ii) hull; iii) engine; iv) com puter.

F o r this vessel, the centralized  com puter system  was 
adopted  to realize the aim  of highly centralized  con tro l. T he 
system is provided with a so-called on-line processing function 
which enables one com puter to  process d a ta  o f differing 
contents and n a tu re  alm ost sim ultaneously  in the o rder from  
higher priority  to low er priority .

T he arrangem ent on board  o f this system is shown in 
the diagram . W ith this layou t the operation  of various ca l­
culations and contro ls by the  com puter can be perform ed in 
the wheelhouse as regards navigation , and in the general 
contro l room  (G C R ) located a t the fo rw ard  end of the boat 
deck as regards the  m achinery  and  hull. T h e  con tro l room  in 
the engine room , as seen in conventional vessels, has been 
abolished. Both m ain  engine and  cargo handling  are operated  
from  the G C R .—Sakano, N ., H olland  Shipbuilding, January  
1971, V ol. 19, pp. 48-51.

212 350 dw t Tanker

T he 212 350 dw t tanker Eugenie S. N iarchos, built by 
K ockum s M ekaniska V erkstad. M alm o. Sw eden, was delivered 
recently to the Bethel Shipping C om pany, a subsid iary  of the 
N iarchos group. It was built under special survey of the 
A m erican Bureau of Shipping, and safety arrangem ents 
com ply with the SO LA S 60 recom m endations.

Eugenie S. N iarchos has an overall length o f 1037 ft, a 
beam  of 160 ft, a depth of 80 f t  4 j  in and a d raugh t o f 62 ft 4 |  
in. She has a cargo capacity  of 9 161 775 ft3 and a ballast cap a ­
city o f 34 092 tons. T he hull is long itudinally  fram ed and is 
provided with a cylindrical bow raked at the upper end. High- 
tensile steel was used in the  longitudinal strength  m em bers in 
the deck and bottom .

T h e  m ain propulsion m achinery  consists of a trip le-reduc­
tion geared K ockum -Stal-Laval advanced propulsion type 
tu rb ine ra ted  at 32 000 shp a t 85 re v /m in . Steam  is supplied 
by tw o K ockum -C om bustion  Engineering type boilers, each 
having a m axim um  capacity  o f 66 tons of steam  per hour at 
865 lb / in =g and  950°F . T he boilers are regulated  by a K ockum  
C om bustion  C ontro l M k 3 T . T he tu rb ine  drives a 28 ft 
propeller. This m achinery  provides a service speed of 16 
knots.

T he engine room  alarm  system is based on continuous 
one-m an operation  from  an open contro l s ta tio n — M aritim e  
R eporter I Engineering N ew s, 1 O ctober 1970, V ol. 32, p. 43.
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