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The Papers Committee of tEe In s titu te  of M arine Engineers 
selected the title  for th is paper and asked the au tho r to w rite 
it. A t first s igh t the title  appeared to he an  attractive  one, 
and it  was for this reason, a lthough perhaps in  a somewhat 
rash  m oment, th a t the au thor agreed to comply w ith  the 
request. None the less, the subject is a difficult one about 
which to w rite, and there are m any pitfalls .

I t  m ay a t once be said th a t the advantages of co-operation 
are obvious, and it is almost impossible to w rite about the 
obvious w ithout being verbose and redundant. C ertain ly  the 
ti t le  m igh t we'll have been “ The necessity to the Shipow ner
of closer co-operation...............” However, even to discuss the
advantages of such co-operation, it  is essential to exam ine the 
procedure apperta in ing  to the design, bu ild ing  and runn ing  of 
a ship.
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i n  speaking of tlie design of a skip, i t  should be understood 
th a t th is includes not only the hu ll of the vessel, bu t also the 
m ain m achinery and all items of hu ll equipm ent and aux iliary  
m achinery. The shipowner, a t any ra te  in  the first instance, 
gives very little  inform ation to the designer. This generally  
consists of the trade route, an approxim ate length  which m ust 
not be exceeded, a m axim um  draft, the cargo deadweight, 
cubic capacity for cargo, the num bers of each class of pas­
senger, the service speed and the length  of run  for which fuel 
m ust be provided, and almost certainly the probable cost of 
the completed vessel.

In  these days there are a very large num ber of diverse types 
of m ain  m achinery, m any of which m ust be fu lly  considered, 
and this consideration forms an essential part of the design 
work. The designer m ust be cognisant of the possibilities of 
the different types of m achinery, and these possibilities in ­
clude first cost, fuel and lubrica ting  oil consumption, size of 
m achinery spaces, weight and revolutions, personnel required, 
re liab ility  and at least a good general knowledge of th e ir 
operation. The design process in the first instance m ust be 
one of tria l and error, because the type of m achinery will 
affect the length  of the engine a n d /o r boiler rooms, and the 
length of these spaces, taken in conjunction w ith the load 
d ra ft, very often settles the depth to be given to the ship, in  
view of the requirem ents for the spacing of bulkheads under 
the rules of the In terna tional Convention.

The height of the m achinery is also an im portan t considera­
tion in  so fa r as it affects the casings on the passenger decks, 
and w ith the in terna l combustion engine this m ay be a draw ­
back, in th a t it cuts out a certain  am ount of deck space th a t 
would otherwise be available for passengers. The height of 
boilers in steam m achinery m ay also affect the depth in  so 
fa r as it  is desirable to keep the boilers completely under a 
certain  deck, which m ay not be possible unless the depth  of 
the ship is made greater than  was perhaps orig inally  intended. 
The fore and aft space occupied by the m achinery will also 
have an effect on the length  of the vessel in  so fa r as the cubic 
space for cargo is modified, the available cargo space being 
generally  greater for in ternal combustion engines th an  for 
steam m achinery. In  th is connection also, the size of the 
m achinery space is im portant, in  order to make sure th a t the 
m axim um  tonnage deduction is procured. The w eight of 
m achinery, coupled w ith the w eight of fuel necessary for the
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voyage in question, also lias its effect on tlie deadw eight left 
available for cargo, and this again m ay modify the dimensions 
of the ship.

In  some cases au x ilia ry  m achinery will have quite a pre­
dom inating influence upon the design, particu la rly  if it is 
desired to fit electric generators driven by in tern a l combustion 
engines, as these occupy a good deal of leng th  and consider­
able height as compared w ith steam  turb ine driven electric 
generators. There is also the effect of the w eight and relative 
d istribu tion  in  the ship of the m ain m achinery in  so fa r as it 
affects the stab ility  of the vessel, which generally  results in  
some modification to the beam. A knowledge of propellers is 
necessary, and the effect upon them  and upon the  m ain 
m achinery of revolutions.

A ccessibility and general ease of overhaul of m ain and 
aux ilia ry  m achinery should be fu lly  considered, and th is in ­
volves also the question of the removal of m achinery parts 
e ith e r about the ship or from  the ship w ith the m axim um  
facility . The design of the bossing in  twin-screw ships, m ust 
be considered from  this point of view, as well as from  th a t  of 
m axim um  efficiency of propulsion.

E lectrical equipm ent is becoming, and even has become, of 
the first im portance in  ship design, and knowledge of this 
branch m ust be included in  the equipm ent of the designer.

M echanical ven tilation  is frequently  an im portan t feature of a 
m odern vessel. This includes not only ven tila tion  of the 
liv in g  spaces, bu t also of the m achinery spaces, and the use 
•of cooled a ir for refrigeration  purposes. tJn d er th is heading 
also is the question of heating , which m ay be done by warmed 
■air or by other methods, such as steam  and electrical heating , 
an d  these m ust be considered so as to gauge the relative 
m erits of the different systems in  first cost, economy of runn ing  
:and convenience of installa tion . P ipe work has not by any 
means always received the atten tion  i t  deserves in  ships, and in 
m any instances the pipe arrangem ent can be simplified in  lay ­
out and made more easily accessible by a tten tion  to the a r­
rangem ent in  the early  stages of the design. I t  is not neces­
sary for th is purpose to comment in  detail on all the various 
branches, bu t there still rem ain m any others, such as .joiner 
work, carpenter work, decoration of public rooms and special 
•cabins, size and convenient arrangem ent of all cabins, together
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with th e ir equipm ent, w hilst the arrangem ents of the kitchens 
and th e ir dependencies, as well as the very im portan t question 
of cargo gear, call for special a ttention.

I t  m ay be said w ith justice th a t most of these various 
branches are dealt w ith by specialists. This is true and m ust 
rem ain true, but to give a specialist a free hand is frau g h t w ith 
danger, for the simple reason th a t the specialist has a tendency, 
not unnatu ra lly , to consider his p art of the work the most 
im portant of all, w ith consequent loss to other parts.

In  the u ltim ate , for the best results, the complete design 
m ust be in  the hands of one ind ividual, or a t the most two 
persons, and they m ust be able to work together in  complete 
harm ony. I f  the person finally responsible is to get the best 
result, he should have a more extended knowledge th an  is 
generally understood to be covered by the separate terms 
Naval A rchitect and M arine E ngineer, bu t certain ly  whatever 
m ay be m eant by these term s, the necessity for co-operation 
between the naval architect and m arine engineer m ust be 
apparen t in view of all th a t has been said w ith regard to th e  
ramifications involved in the design of the complete vessel.

I t  should be assumed th a t the design stage has resulted in 
the production of general arrangem ent plans showing all ac­
commodation, m achinery and cargo spaces, general layout of 
m achinery, in fact a conqdete picture of the spaces in the ship, 
and th e ir contents, as well as the equipm ent on the decks. 
I t  would also include the steel scantlings of the hull, a general 
design and layout of the machinery, and, what is very im ­
portant. a completely detailed hull and machinery specification.

W ith  th is m aterial in  hand, the owner would be in  a posi­
tion to issue enquiries to the shipbuilders. D uring  th is  design 
stage, however, it m ust have been the business of the designer 
to discuss w ith the owner and his various officials the special 
requirem ents of the owner’s trade and ships, and to ascertain 
particu larly  w hether these requirem ents are m erely a survival 
of custom and can be improved upon, or whether, as in  some 
cases, they are essential for the service.

D uring  the construction of the ship  a thousand-and-one 
things will arise, some of m ajor, and n a tu ra lly  m any of 
minor, im portance, but every one of them  m ust be considered 
fu lly . The more attention th a t is given to the construction 
and the more supervision there is, w ith in  lim its, the g reater 
will be the num ber of points th a t will arise, and be settled to-
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the advantage of the ship. H erein the value of close co-opera­
tion  between the various departm ents is again emphasised.

D uring  the early  stages of the construction, working plans 
will be considered not only by the designer, bu t also by the 
officials of the various departm ents in  the owner’s organisation, 
and la te r, representatives from  these various departm ents will 
be sent to the shipyard, and the necessity of co-ordination of 
th e ir various views and requirem ents is obvious if the balance 
of affairs is to be obtained in  the  final production.

In  the ru n n in g  of the ship each of the owner’s departm ents 
obtains its experience which is, in  the m ain, recorded and 
made available for the design of the next vessel, and here 
ag a in  collection and co-ordination of the various points th a t  
arise is of the utm ost necessity, especially when it is remem ­
bered th a t there are very m any departm ents concerned in  the 
ru n n in g  of a ship.

I t  is of the greatest value to the owner if a system is devised 
whereby all experience gained in  service, and suggestions for 
im provem ent, are docketed and centralised for fu tu re reference 
in  the designing and build ing  of new tonnage. Even a lowly 
m em ber of a crew m ay be responsible for a good suggestion. 
W hile , of course, co-operation is in  existence to-day, it should 
be apparent from  w hat has been said th a t, to obtain the most 
successful results, those technically  responsible should have 
had the widest possible tra in in g  and experience in  order th a t 
they  m ay co-ordinate the m ultifarious factors which all play 
th e ir  p a r t in  the very m any diverse branches of trades and 
departm ents concerned in the production of the completed 
ship.

M ention has already been made of the probable m eaning of 
the term s Naval A rchitect and M arine E ngineer, b u t very 
little  tho u g h t will lead one to despair as to how, in  fact, they 
should be defined. I t  is doubtful if it  is possible to produce 
a t  the moment a correct definition of a naval arch itect, bu t 
if  i t  be said th a t he is a m an who designs ships, then  m any 
m en to whom the term  “  naval arch itect ”  is applied, fall 
short of th is definition. This is equally true of the term  
“  m arine engineer.”  Some people speak loosely of a naval 
arch itect as a man who prepares the p relim inary  calculations 
and plans for a ship design, and in  so doing makes certain  
•calculations, w ith regard to displacem ent, deadw eight, horse­
power and speed, s tab ility  and trim , and he also prepares a



very outline plan of tlie arrangem ent of the ship on a sm all 
scale.

This work, of first im portance as it is, is not by any m eans 
the to ta l, there are very m any other th ings to be though t of 
in  connection w ith  the hull alone, to say nothing of the 
m achinery. There is also the fu rth e r development of th e  
design and the outline arrangem ent p lan is probably altered  
very considerably. Such an ind ividual hard ly  ever sees th e  
shipowner’s staff and generally  takes no p art in  the very im ­
portan t constructional and equipm ent details which arise when 
the working plans are developed and the construction proceeds.

The term  “ naval architect ”  is undoubtedly used very 
loosely, and this is in  d irect contrast to the use of the  term s 
“ doctor,”  “ solicitor,”  “  b arris te r,”  “ dentist ”  and ‘‘ char­
tered accountant.”  In  short, an ind ividual who is not a 
naval architect in  any  accepted sense of the word is quite free 
to s ta rt in practice as a consulting naval architect. W hether 
lie obtains business or not is not a m atter of concern here, and 
is only m entioned to illustra te  how the term  naval arch itect 
may be used and abused.

E qually , the term  “ m arine engineer ”  covers m any various 
degrees of tra in in g  and experience, and it  m ay well be a 
question for consideration as to whether any definition can or 
should be devised.

These remarks are not made in any carping sp irit of c r iti­
cism, bu t ra th e r to lead up to the point th a t  i t  would be ad­
vantageous if some effort were made to define more clearly 
w hat these terms m ean and to lim it th e ir use to those who 
comply w ith the definition. Incidentally , the production of a 
definition would inevitably result in  broadening the basis of 
tra in in g  and experience for those who would become entitled  
to call themselves naval architects or m arine engineers or some 
other name or names which m ay be adopted.

From  what has already been said, the necessity for th is 
broadening of the basis m ust be apparent. I t  would result 
in  raising  the status of the profession, and in  g iving be tte r 
service to the shipowner. I t  m ust surely always be th a t those 
people who become em inent in  the profession do so because of 
personal qualities which fit them  for such eminence, bu t, how­
ever good m ay be a m an’s personal qualities, he is bound to 
be a better man if his tra in in g  and experience has been guided 
and arranged on a broad basis.
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M any men now occupying responsible and even prom inent 
positions adm it th a t they  would be more valuable to th e ir  
employers, and to the country, if th e ir tra in in g  had been on 
a broader basis. A m an can accomplish a very g reat deal by 
energy and personality, bu t, if tra in in g  and knowledge be 
added, then  he can accomplish m uch more, and th a t  more 
efficiently.

The m atter of tra in in g  raises a very im portan t question and 
one th a t has already given rise to endless discussions, and no 
doubt w ill in the  fu tu re give rise to m any more. There does, 
however, seem to be in  this country, as compared w ith the 
C ontinents of Europe and Am erica, m uch too strong a tendency 
to tra in  boys and young men in  stric tly  w atertigh t com part­
ments of the divisions em braced under sh ipbuild ing  and 
m arine engineering. There are, of course, exceptional cases 
where men have been trained  both on the hu ll and the 
m achinery sides, bu t there is no concerted action in  th is  
country to provide dual tra in in g , so fa r as the  au thor is aware.

The division between the hu ll and m achinery sides is also 
carried on a fte r the prelim inary  tra in in g  has finished, and 
it  is not a t a ll uncommon to find hull and m achinery depart­
m ents working in  absolutely w atertigh t com partm ents, the one 
e ither refusing or fa ilin g  to appreciate the difficulties of the  
o ther, w ith  the resu lt th a t, when a compromise is the only 
solution, on m any occasions one departm ent gains its point a t 
the expense of the other, which, afte r a ll, is bad business.

Almost any em ployer to-day will say th a t he can get p lenty  
of men w ith a lim ited outlook who are suitable only for spec­
ialised jobs, bu t th a t he finds g reat difficulty in ob tain ing  men 
of in itia tive  and all-round experience, for w hat a fte r all are 
the im portan t positions, taken from  the point of view of the 
commercial benefit to the firm and the country in  general.

M uch has been said for and against un iversity  tra in in g  for 
those engaged in  sh ipbuild ing and m arine engineering, and, 
in spite of its unpleasantness, the fact m ust be faced th a t em­
ployers do not particu la rly  favour those who have had such a 
university  education, unless it  be to place them  in some small 
corner of the draw ing office where they  can work out calcula­
tions th a t m ay sometimes be a little  in tricate . M any years 
ago the au thor said facetiously, th a t in  sh ipbu ild ing  and 
m arine engineering, a m an m ay be valuable in  spite of a 
University tra in in g . This, of course, was a deliberate exag­
geration. None the less, there is som ething about a university
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tra in in g  which seems to take away the in itia tive of m any men, 
and the au thor believes th a t this is recognised. In  any case, 
indications are th a t a un iversity  tra in in g  is not sought after 
so m uch as it was say tw enty to twenty-five years ago.

There are, as is well known, quite a num ber of scholarships 
offered by different bodies to apprentices from  shipbuild ing 
and m arine engineering works, and these scholarships are ten ­
able a t various universities where there are courses in m arine 
engineering and naval architecture.

The position has become so acute to-day th a t it is hard ly  
possible to obtain candidates for these scholarships. This is 
probably due to more th an  one reasou, but undoubtedly due 
to the fact th a t apprentices find th a t a fte r com pleting th e ir 
university  course it  is difficult for them  to obtain positions, 
particu la rly  against the com petition of th e ir fellow appren­
tices who, during the three or four years university  life, have 
been doing' practical work, w ith the result th a t they are looked 
upon by the employers as being more value to them  th an  those 
who have been cut off from practical work during  th e ir u n i­
versity courses. This m ay be an unpleasant tru th , bu t it  has 
to be examined and faced. There probably is another reason 
in  th a t young men in these days will not bother to study in  
order to compete for scholarships.

The universities also have made the m atter more difficult 
in  m aking the courses four years instead of three as form erly, 
and the au thor is of the opinion th a t most young men look 
upon four years as too g reat a tim e for them  to be absent from 
the practical side of th e ir business, because, although the 
u ltim ate  gain of a university  tra in in g  should go w ithout 
saying, it  certain ly  does not show any im m ediate reward after 
the university  course is finished, especially as compared w ith 
th e ir colleagues who have remained in  the works during  th a t 
tim e. There is also the added difficulty th a t although u n i­
versity  courses are now for four years, the scholarships are 
only for three years.

A university  tra in in g  is undoubtedly valuable, but, none the 
less, the au thor thinks th a t this tra in in g  could be made more 
valuable and less open to criticism , by the omission of some 
of the h igher technical parts and atten tion  to more practical 
points. M any practical m atters could be acquired more readily  
a t a university  th an  at a works, where the young m an has not 
the advantage of being able to see and appreciate and have
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explained to him  the various processes th a t are in  common 
use. This is particu la rly  true  in  these days of mass produc­
tion, repetition  work and piecework. Necessary as are these 
procedures for industry , they are had for apprentices who are 
in  a works to learn  as m uch as possible of th e ir  trade . 
E qually , large works by th e ir very m agnitude make i t  more 
difficult for the apprentice to learn  all branches of his business.

T rade practices can be tau g h t a t the university  ju s t as the 
calculations for a displacem ent sheet and the geom etry of a 
valve diagram . In  other words such m atters as detailed steel 
work, m achinery work, p ip ing, ventila tion , cargo gear details 
and  m any others can be tau g h t a t a university . Such teach­
ing  would also be good m ind tra in in g . I f  .the universities 
would include such subjects in  th e ir  curriculum , i t  would 
surely  follow th a t employers would look upon university  
g raduates w ith more favour, and th a t apprentices themselves 
would be more eager to obtain a university degree. This 
would all be of the greatest value to the shipowner, because 
a ll his employees would then  have, more or less as the case 
may be depending on the ind iv idual, a broader basis of tra in ­
ing which m ust inevitably  produce greater co-operation be­
tween them .

A sound technical tra in in g  to be useful, m ust have a prac­
tical application, or i t  camiot be of real value to industry . 
The question is raised here, w ith  all due respect for past 
customs and present methods, as to w hether the education of 
men for industry  is not too m uch in  the hands of education­
alists. Is  i t  not tim e th a t the industria lists themselves took 
a more in tim ate  concern in th is m atte r?  Not a general con­
cern, which is already existent, bu t a detailed one, w ith  a view 
to obtain ing  the closest collaboration between the universities 
and  industry , for the production of men w ith the most efficient 
com bination of technical and practical tra in in g .

I t  has been somewhat difficult to w rite th is paper for the 
reason already m entioned, th a t  i t  seems to be stressing the 
obvious, in so fa r as there m ust be advantages to the ship­
owner of co-operation between the naval arch itect and 
m arine engineer. I f  any good can come out of this disserta­
tion it m ust be the conclusion th a t the tra in in g  of young men, 
both in the works and at the universities, should be broadened, 
and th a t in the universities it should be made more p ractical.
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D ISC U SSIO N .

The C h a i r m a n  said th a t the lecturer was probably well 
known to everyone present, both by reason of his professional 
reputation and his prom inent association w ith several of th e  
leading institu tions. He was peculiarly  qualified to deal w ith 
the subject of his lecture, and it  was very good of him  to have 
spared the tim e necessary to prepare bis paper and to have 
hastened his re tu rn  from I ta ly  in  order to deliver i t  personally 
and rep ly  to the discussion. Mr. H am ilton Gibson had k indly  
consented to open the discussion from the point of view of the 
M arine E ngineer, and M r. E . E. Spanner would then give his 
views as a Naval A rchitect. The subject would then be open 
to general discussion.

M r. J .  H a m i l t o n  G i b s o n  (Member of Council), in opening 
the discussion, rem arked th a t  the Chairm an had indicated  th a t 
he was going to speak for the engineers. He had no idea th a t 
it  was to be quite so m uch in  the nature of a debate, and the 
notes he had prepared were not made with th a t object in view. 
He had treated the subject generally, and he would have some­
th in g  to say from various angles. Proceeding, M r. Gibson 
said : “  I  know of no one who could have handled this subject 
better than  Mr. W all. He has had ju s t the experience th a t is 
req u ired ; first as naval architect for a firm of shipowners, 
then  for a firm of shipbuilders, and now as a link  between 
shipowner, shipbuilder and engineer. Mr. W all and I  were 
colleagues for some years, he on the ship side and I  on the 
engine side, and it  m ay be taken for gran ted  th a t  we are in  
entire agreem ent as to the advantage to the shipowner of close 
co-operation between the naval arch itect and the m arine 
engineer.

I t  is notorious, however, th a t th is desirable co-operation 
does not always e x is t. . There are shipbuild ing establishm ents 
where one side or the other predom inates unduly , to the 
detrim ent of the product. I  was lucky enough to be brought 
up in a privately-owned sh ipbuild ing and engineering firm, 
where the proprietors took the utm ost pride in  tu rn in g  out a 
perfectly balanced job, and where complete co-operation 
prevailed.

I  can recall the in teresting  early  stages of several im portan t 
vessels— now historic—where, the m achinery spaces being 
allotted, the engineers made th e ir first rough shot a t the 
weights and centres of g rav ity  of the boilers, engines, shafting
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and propellers. I f  these did not suit the ship, we had to try  
again , and the best compromise was effected by friend ly  give- 
and-take. T hat, of course, is the ideal method by w hich the 
shipowner gets the best of w hat shipbuilder and engineer can 
produce in  collaboration.

Mr. W all refers to pipe-work not always receiving the 
atten tion  i t  deserves. I  take it  th a t  he m eans the pipe-work 
all over the ship, not in  the engine-room only. There was a 
tim e when I  acted as a sort of liaison officer between the ship 
and engine side, and one of the. jobs I  had to do was to arrange 
the run  of pipes outside the engine and boiler rooms. I  p a r­
ticu la rly  rem em ber those w hich had to be led along the 
am m unition  passages of the older battlesh ips— hydraulic  
m ains, ven tilation  trunks, voice pipes, electric cables, steering 
controls, te legraph  shafting , etc. I t  was a terrib le  job to make’ 
those leads fit in neatly , particu la rly  where they had to go 
th rough the w ate rtigh t door bulkheads. I  certain ly  th ink  
th a t, as regards such pipe-work, M r. W all has instanced a case 
where the engineer and the naval arch itect could collaborate 
w ith advantage.

Sometimes the shipowner puts forward a requirem ent th a t 
affects both ship and engines. Take, for instance, the disposi­
tion, size and height of funnels. For appearance sake he m ay 
w ant oversize, squat affairs, pitched so as to bear 110 relation 
to the position of the boilers. The shipbuilder find th a t his 
’tween deck accommodation is upset. The engineer wants 
funnels much higher to ensure a good draught. AVho is to 
settle the question? C learly it is a m atter where the naval 
arch itect and the engineer m ust get together and advise the 
shipowner for his own good.

B ut who is the shipowner in these days? The au thor finds 
some difficulty in  defining the term s naval arch itect and 
m arine engineer; and 110 wonder, in  view of the people who 
claim  the names— and get away w ith i t ! I  suggest th a t a 
sim ilar difficulty occurs w ith the term  “  shipow ner.” Tim e 
was, in the days of Cunard, Guion and Inm an , when 110 doubt 
existed. Now, in m any cases, the personal contact is lost, and 
we have to deal witli a departm ent th a t m erely carries out the- 
term s of a specification approved by the board of directors, 
w ith little  or 110 ship-sense, its m ain concern being the cheapest 
possible transport of cargo and, maybe, passengers.

As the au thor observes, there are m any p itfalls  in  a fu ll 
consideration of th is very in trig u in g  subject, and there are-
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m any points of view th a t can only he composed and settled by 
a sym pathetic appreciation of the problems affecting- every 
in terest concerned in the bu ild ing  and runn ing  of a ship. In  
the composing of such differences as m ay arise, thus perm itting  
the work to be carried on, such men as M r. W all in their 
professional capacity perform  a most valuable service.

In  my opinion, the so-called tra in in g  ” of apprentices in 
nearly  all our big establishm ents is a national disgrace. 
D epartm ental, or w ater-tigh t com partm ent, systems are often 
■carried to ridiculous extremes, and the wonder is th a t a boy 
■can pick up as m uch as he does in his course through the shop. 
W hen I  had a free hand as m anager I  always had engineer 
appren tices in  pairs passing through the pattern-shop, the 
sm ithy, the foundry, the boiler-shop, the copper-pipe shop, 
and  the power station, besides the norm al fitting  shop, and 
work afloat. I t  was not difficult to arrange, and I  m ay say 
th a t these lads, almost w ithout exception, now occupy 
im portan t positions.

How can we expect sh ipbuild ing and engineering to prosper 
under the present narrow conditions of tra in in g ?  Technicians 
and  educationalists have done th e ir best to b ring  about a better 
state of affairs. I  myself was chairm an of a committee formed 
some years ago to investigate and report, and, beyond register­
ing  our conclusions and opinions, nothing h ap p en ed ! A 
sim ilar enquiry had been held in Liverpool some years pre­
viously, with a sim ilar result. Both reports were based on 
data supplied by leading au thorities on the practical and 
academic sides, but our investigations proved fruitless. I t  m ay 
perhaps be too m uch to hope th a t H .M . Dockyard system of 
sim ultaneous practical and theoretical tra in in g  will ever be 
adopted by p riv a te  firms, but in ,my opinion the best hope for 
the fu tu re lies in th a t direction, and the sooner the industry  
realises this, and acts upon it, the better.

Mr. E . F . S p a n n e r : Co-operation, of course, is absolutely 
essential if naval arch itect and m arine engineer are to produce 
to  the shipowner a vessel representing the best possible value 
for the money he has expended. The two m ust not only be 
partners in the enterprise of bu ild ing a new ship, they m ust be 
close friends. I  have known cases in which the final resu lt 
was not the best possible because, while there was sound know­
ledge 011 both sides, there was lack of complete sym pathy 
betw een the naval arch itect and m arine engineer. A very little  
selfishness will spoil a design. W ith  the ex traord inary  num ber
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of' different m achinery propositions now on the m arket, th e  
naval arch itect is faced w ith a trem endous task, for he m ust 
spend a g reat deal of tim e continually  in  following the pro­
gress of m arine m achinery development. N aval arch itec ts 
would welcome w ith  open arm s the advent of some form of 
m arine engine w hich— definitely and w ith absolute finality— 
could be adopted to the exclusion of all the others. To be 
perfectly  candid, the position often occurs a t present th a t  th e  
naval arch itec t is called upon to act as the  final arb ite r—to  
decide between the claim s of a dozen or more different types 
of m achinery  installa tions. I  am sure th a t, among engineers 
here to -n ight, I could awaken discussion of the m erits of rival 
m achinery arrangem ents which would wax decidedly w arm . 
W  e naval architects are, fo rtunate ly  or otherwise, m uch more 
single-m inded in  our outlook. W e rare ly  argue am ongst our­
selves—unless i t  be about m atters on the borderline between 
our own dom ain and th a t of the engineer— or m atters about 
which we know nothing a t all— airships, for instance.

There are m any sound reasons why naval architects and 
m arine engineers should find i t  easy to work in  close harm ony, 
the one w ith  the other. T ra in ing  in  m athem atics, n a tu ra l 
science, applied mechanics, m etallurgy , and other funda­
m entally  im portan t subjects is shared by  both branches. T he 
two follow diverging lines only when they come close to the 
practical application of th e ir early  theoretical tra in in g . The 
naval arch itec t has then  to concentrate on hydrodynam ic 
problems and the m arine engineer on therm o-dynam ic 
problems. The naval arch itect has to learn how to build  a 
th in-shelled  vessel of considerable size w'hich can be pushed 
th rough  the water safely and economically while ca rry ing  
heavy loads. The m arine engineer has to learn how to develop 
large horse-powers on a m inim um  consum ption of fuel, and 
at the lowest term s of w eight, space and cost. I  th in k  th a t ,  
shortly , describes the two diverging branches.

W ell, the m arine engineer’s task appears to show no signs 
of having  come to any end. W h a t about the naval a rch itec t?  
I  feel, personally, th a t  fa r from having  reached the end of our 
own p articu la r road, there is good reason to hold th a t we are  
very fa r from having discovered the rig h t solutions to m any 
of the problems peculiar to the science of naval architecture. 
Naval arch itect and m arine engineer, therefore, can share a 
common feeling th a t they are still very busy on development 
work. N either has re tired  from active and aggressive research 
work.
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I  am greatly  interested in  the subject of the education of 
young fellows for these two great professions. I  th ink  most 
here w ill agree w ith me th a t w hat are commonly reckoned the 
prizes of life are not often d istributed am ong technical men. 
Naval architects and m arine engineers do not often die rich  
m en in the financial sense. Ju g g lin g  w ith money seems to 
produce greater financial gain th an  does ju g g lin g  w ith strains 
and stresses, or pressures and tem peratures. Yet I  am certain 
th a t  there is no satisfaction greater th an  is experienced by the 
designers of a successful ship, w hatever her size. Inc iden tally , 
naval architects and m arine engineers in  th is  country— 
the whole body of each profession—w ill feel a g reat th r ill  when 
new-s reaches them  th a t some B ritish  vessel, as vet on paper, 
■or in  the a ir, has succeeded in lowering the Brem en's record.

These two professions are finding i t  difficult to obtain 
recru its. I t  is a g reat p ity , but it  is a state of affairs th a t 
can only be rem edied by continued effort on the p art of those 
of us who are in  these professions, to encourage the younger 
generation to take pride in and to develop fu lly  th e ir inventive 
instincts. F u rth er, if the youngsters see th a t there is 
optimism and enthusiasm  and hearty  good fellowship am ongst 
naval architects and m arine engineers, there is likelihood th a t 
they will decide th a t m ay be they m igh t do worse than  set out 
to follow the same road. C ertainly, as I  have already in d i­
cated, there is little  enough financial incentive to b ring  them  
along.

F ina lly , I  should like to say th a t, in my opinion, discussions 
on m atters of general character such as are covered by Mr. 
W a ll’s paper are very stim ulating  and helpful to those who 
are satisfied to follow these two im portan t branches of applied 
science. They help to establish the feeling th a t m arine engi­
neers and naval architects are contribu ting  som ething of very 
great worth to the cause of civilisation, and not themselves 
becoming mere m achines in the process.

Mr. J .  C a l d e r w o o d , M.Sc. : I  was very pleased when I  saw 
the announcem ent of Mr. W a ll’s paper, because the subject is 
one in which I  have alwavs been deeply interested, but I  
wondered very much how Mr. W all would approach it, because 
it m ust have been a most difficult subject on which to w rite a 
paper. I f  he had tried  to deal with various points on which 
closer co-operation was desirable I am  afraid  he would never 
have finished, as there are so m any; he has, however, avoided 
this difficulty and has treated  the subject in a most in teresting
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m atte r. I  th in k  the parag raph  on page 211 strikes a t  the 
root of the m atter, where he say s : “  it  is not a t a ll uncommon 
to find h u ll and m achinery departm ents working in  absolutely 
w atertigh t com partm ents. . . .” He m igh t have gone f\irther 
and said th a t i t  is extrem ely common. Even where both ship 
and  engines are b u ilt by the same firm we find th a t  the two 
departm ents do not work closely together, and however fa r the 
m anagem ent goes in  try in g  to arrange co-operation they  very 
rarely  succeed, because the heads of the departm ents have 
generally  such a narrow  outlook. Possibly the naval arch itect 
has been tra in ed  at a college or in  a draw ing office and n ig h t 
schools, b u t the whole of th a t tra in in g  has been in  the theory 
and practice of naval arch itecture . The am ount he has been 
tau g h t about the engineer’s problem  is negligible. The same 
applies to the engineer, and the resu lt is th a t  when there is a 
discussion, neither w ill give way. T hat is bad business, not 
only for the shipbuilder bu t for the shipowner also, because it 
inev itab ly  increases the cost of the ship. This lack of co-opera­
tion is found not only in the draw ing office b u t in the shipyard, 
am ongst the workmen and foremen. A shipyard forem an will 
very often hold up a job if he th inks it is going to save his 
departm ent a little  money, although i t  m ay cost the engineer­
ing  departm ent ten to tw enty tim es w hat he is saving. Such 
difficulties would be g reatly  reduced if the responsible officials 
in each departm ent had to acquire before th e ir appointm ent a 
knowledge of the other departm ent and its work.

W h ils t I  agree generally  w ith M r. W all, there is one point 
where my ideas differ from his. T hat is the m ethod by which 
he suggests th a t  the universities could be made more useful. 
I t  seems to me th a t the trouble a t present is th a t the un iversi­
ties, generally , in  th e ir course of tra in in g  try  to be too prac­
tica l instead of keeping to th e ir job, i.e ., th a t of giv ing a 
sound grounding in  the elem ents of physics, m athem atics and 
o ther subjects which it  is necessary for engineers and naval 
arch itects to know. They try  to tackle practical problem s 
which can never be tackled in  a university . The resu lt is th a t 
m any students go through a university  and then  go into a 
works th in k in g  th a t because they  have learned som ething 
about these p ractical problems a t the university , they  already 
know all there is to know about practical sh ipbuild ing  or 
eng ineering ; th is  is probably why m any employers do not like 
un iversity-tra ined  men. In  m y opinion, the university  
should be kept to the purely theoretical side and the university  
course should run  in conjunction w ith works tra in in g . The
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sandwich system is already fa irly  common and is spreading. 
I f  practical tra in in g  is to be carried out in  school it  should 
be the works school, not a university  school. The elem entary 
practical work m ight be carried out in  a works school, as is 
done in a very few cases both here and on the Continent.

T urn ing  to w hat I  im agine was more in  the m inds of th e  
Papers Committee when they chose th is subject, i.e ., various 
problems where co-operation would be an advantage to th e  
shipowner, I  would like to m ention two particu la r problem s 
where we are very far from getting  the best results a t present. 
One is in  relation to propellers. I  do not th ink  i t  is an 
exaggeration to say th a t propeller design has been a t a stand­
still possibly for forty  years. The staffs of various tanks have 
carried out series of system atic tests on the same type of pro­
peller. None of them  has m ade anv extended efforts to design 
a propeller which would give its  best efficiency a t  a h igher 
revolution speed. In  the case of reciprocating engines i t  
would be a d istinct advantage to the engineer to be able to use 
h igher revolution speeds. I t  is a point to which naval arch i­
tects m ight give more consideration. A t present in  some 
cases the engineer puts forward a liigher-speed engine, and i t  
is pu t in w ith an inefficient propeller. In  other cases th e  
naval arch itect has his way, and an engine ru n n in g  at a low 
speed is put in ; the ship costs more and is inefficient.

The other point is in  relation to engine seatings. T here 
the engine bu ilder subm its his engine drawings to the navalo o. e
architect, who in m anv cases designs the seatings w ithout1/ p  O
sufficient consultation w ith the engineer. In  one case th e  
engine fram ing  m ay be such th a t a com paratively lig h t seating 
would lie suitable; in another a very heavy seating is required, 
but these points are given no consideration. I  have seen cases 
where an absurdly heavy seating has been pu t forward, and 
others where an absurdly lig h t seating was provided.

The Papers Committee are to be congratulated on having 
asked Mr. W all to give us this paper, as I  feel sure th a t no- 
one could have tackled the subject in  a more in teresting  
m anner than  th a t which he has adopted.

Mr. E. G. W a r n e  : I th ink  th a t the paper Mr. W all has 
read to us, taken in  conjunction w ith its elaboration by the 
foregoing speakers, has scarcely followed the lines one 
thought i t  would take. I t  has dealt w ith tra in in g  and univer­
sity systems. I  should like to add a trib u te  to Mr. H am ilton
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Gibson’s rem arks on the question of tra in in g  of apprentices. 
He m entioned the system of p u ttin g  apprentices through  the 
various shops in  pairs, which is not a common practice. I  
th in k  it  is one which should be more generally  adopted. The 
naval arch itect, during  his early  tra in in g , should have more 
opportun ity  of acquiring  engineering knowledge. On the 
o th er hand , the young engineer finds th a t a veil of secrecy 
seems to be drawn over the ship side of the question which 
prevents him  readily  acquiring  any satisfactory knowledge of 
ship construction.

M r. W all says th a t :  “  The heigh t of the m achinery is also 
an  im portan t consideration in so fa r as it  affects the casings 
on the passenger decks, and w ith the internal-com bustion 
engine th is m ay be a drawback, in  th a t it cuts out a certain  
am ount of deck space th a t  would otherw ise be available for 
passengers.” E ngine designers have been to a good deal of 
trouble to show th a t Diesel engines offer an advantage as 
regards space occupied when com pared w ith  steam engines 
p lus boilers; Diesel engines do not necessarily cut into the 
passenger space so m uch as steam engines. Perhaps M r. W all 
would state w hat he had in  m ind when he suggested th a t 
internal-com bustion engines m igh t be a disadvantage. 
Possibly he had actual cases in view. L ate r on, again  on the 
same subject, he says: “  In  some cases au x ilia ry  m achinery 
w ill have quite a predom inating influence upon the design, 
particu la rly  if i t  is desired to fit electric generators driven by 
internal-com bustion engines, as these occupy a good deal of 
leng th  and considerable height as compared w ith steam- 
turb ine-driven  electric generators.” T hat m ay be so, but why 
does the shipowner adopt D iesel-driven auxiliaries on the 
largest steam liners as well as on m otor vessels? I  suggest i t  is 
because of th e ir superior fuel economy and the consequent 
effect on the ship’s perform ance. M r. Spanner suggested th a t 
naval architects would like to discover a type of machinery 
which would exclude all o ther types. This seems to point 
more clearly  to the suprem acy of internal-com bustion engines. 
Possibly Mr. Spanner w ill find his work rendered easier in 
fu tu re  th an  in the p a s t !

M r. H . E . J. C a m p s  (V isito r): I t  occurred to me on reading 
the  title  of th is paper th a t  it  was a subject which com pletely 
spoke for itself and upon w hich, to those who know the subject, 
very little  could be said. Then i t  occurred to me th a t possibly 
there were two aspects of the m atter. One of these is th a t 
upon which Mr. W all has concentrated, and which Mr.
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H am ilton Gibson and other speakers have emphasised, nam ely , 
the co-operation between the naval architect in  the shipyard 
and the engineer in  the engine works. There are, of course, 
several firms in the country who not only build  ships bu t also 
build  and fit the m achinery. In  these cases I  cannot conceive 
th a t there would be any lack o f  co-operation between the naval 
arch itect and the engineer. I f  the efficiency of a ship fo r 
which the shipbuilder is bu ild ing  his own engines is to be any 
criterion of the commercial success of the ship la te r on, i t  
m ust necessary follow th a t  there m ust be complete co-opera­
tion between the naval arch itect and the engineeer in  th e ir 
departm ents. I  cannot conceive th a t the Brem en, Berengaria, 
or the W hite  S tar liners would have been efficiently tu rn ed  
out or would have achieved the fame they  have if there had 
not been complete co-operation between the naval arch itec t 
and the  engineer. B ut th a t is not en tire ly  the case where th e  
ship and the m achinery are not b u ilt by the same firm. In 
these circum stances there is frequently  a lack of co-operation 
between the naval arch itect in  the shipyard and engineer in 
the engine works, and sometimes it has been costly to both 
engineers and shipbuilders, and has led to somewhat difficult 
circum stances for the shipowner. There is one other depart­
m ent where co-operation could be very g reatly  extended, and 
i t  is between the engineer who is responsible to the shipbuilder, 
and the engineer who is responsible for the m aintenance and 
runn ing  of the ship, and the naval architect who is responsible 
for the build ing  of the ship and of fu tu re  ships. P erhaps one- 
illu stra tion  will show w hat I  mean. Most steamers have a t 
some tim e during their life-tim e fires in their bunkers. There 
is no subject which is more open to discussion th an  bun k er 
fires, but a g reat deal of im provem ent could be m ade in the 
design and equipm ent of steamers if' the superin tendent engi­
neers, who know all the circum stances, would discuss these- 
circum stances w ith the naval arch itect and give him an oppor­
tu n ity  to try  to eradicate the danger of such conditions in  
ships in  fu tu re . O ther examples have been m entioned by 
previous speakers, for instance the advantages which would 
accrue from co-operation between the naval arch itect and the 
engineer in the design of propellers. W hether there has been 
sufficient investigation of the effect of propellers on the run  
of ships’ lines is open to question. I t  is to the experim ental 
tanks th a t we look for im provem ent in th a t direction.

There is one particu la r feature of the paper about which I  
should like to say a few words, because Mr. W all knows I  have-
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a g reat deal of personal in terest in  it. I t  has heen emphasised 
by M r. H am ilton Gibson; I  refer to the question of tra in in g . 
I  m ay be old-fashioned, bu t I  am one of those who believe 
th a t  technical tra in in g  is the  most im portan t in  the first 
instance. You can tra in  a boy’s hands and fingers to do a 
great deal more in  his younger days th an  you can in  la ter 
life, when his bra in  is more capable of absorbing theoretical 
work th an  a t 14-15 years of age, so th a t I  suggest th a t  the 
most suitable tra in in g  you can give to a bov is to le t him  serve 
two or three years afte r he has left school a t the practical work, 
and leave h is concentrated theoretical tra in in g  u n til two or 
th ree j^ears afte r he has started  to serve his apprenticeship . 
A university  tra in in g  m ay be considered a very desirable 
th in g , and so it  is, b u t there is one th in g  which a university  
tra in in g  cannot do, i.e ., to im p lan t into a boy’s m ind and 
habits those th ings w hich can only be imbibed by daily  associa­
tion w ith  the m en in  the works. The hum an elem ent cannot 
be instilled  into a university  s tuden t’s m ind ; i t  m ust be 
acquired by actual experience. T hat b rings me to m y final 
proposition on the question of tra in in g , th a t  the system which 
has been adopted on the N orth -E ast Coast, the  Clyde, and 
Liverpool is the best to ensure th a t  fu tu re  engineers and naval 
arch itects w ill know th e ir work from a scientific, p ractical, 
and com m ercial point of view; th a t is, to spend th e ir holidays 
from the universities in the works, bu t th a t th a t  should not be 
s ta rted  u n til they  have had two y ea rs’ continuous w ork in the 
shops. A boy w ill m ain ta in  a con tinu ity  of school tra in in g  by 
a tten d in g  n ig h t classes afte r his day’s work. In  m y apprentice­
ship days university  degrees were not known so fa r as naval 
arch itectu re and m arine engineering- were concerned. As ano  o
apprentice I  worked from 6 a.m . to 5 p .m ., b u t five n igh ts a 
week I  spent a t the College of Science in  Belfast. You cannot 
altogether d ictate to a boy w hat his tra in in g  and education are 
to be unless you have some idea as to w hat he is going to do 
eventually . I f  he is going to cu ltivate a commercial career i t  
is desirable th a t he should have some know ledge of both  depart­
m ents; if as a naval arch itect to a shipowner, he requires not 
only a sound knowledge of naval arch itectu re bu t engineering 
as well. I f  shipbuilders and m arine engineers are going to 
supply them selves in  the fu tu re  w ith the class of men who w ill 
be serviceable to them  and give them  the best results, they  m ust 
be prepared, I  th ink , to tra in  these boys for th e ir own service 
and le t them  serve an apprenticeship in  both departm ents— 
shipbu ild ing  and engineering, and not lim it them  to studying
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for themselves the theoretical side of both these branches of the 
industry .

I  am  m uch obliged to the In s titu te  for giv ing me on oppor­
tu n ity  to support Mr. W all. I  consider th a t his paper w ill do 
a  great deal of good, and th a t the discussion w ill be of ad- 
vantage both to him  and to th is In stitu te .

M r . C. F .  G r a n t : There is one point which M r. W all has 
no t m entioned. Superin tendent Engineers all know th a t  in  
years gone by they had to learn  th e ir business and carry  it  
th rough, which did not leave m uch tim e for studying naval 
arch itectu re . I t  has been my pleasure to be associated w ith  Mr. 
W all in  connection w ith  stab ility  of certain  ships. The Com­
pany for whom I  was engaged as Superin tendent E ngineer were 
very  m uch concerned about stab ility , and they took advantage 
of Mr. W a ll’s knowledge of naval arch itecture and approached 
him  with regard to draw ing up tables of stab ility  of the 
different ships, w ith  which most of you are possibly fam iliar. 
They proved very successful and were a great help to the com­
pany, the m asters of the ships, and myself. I  th ink  M r. W all 
m igh t have m entioned th is in his paper, as i t  is a very good 
exam ple of the advantages of the close co-operation between 
the  naval architect and the m arine engineer. I f  any question 
arose in  the office whether a certain  ship abroad could take 
certain  cargoes w ith safety, these tables proved invaluable.

M r . F .  0 .  B e c k e t t : I t  is my opinion th a t a m an m ay be 
by na tu re  a successful naval arch itect or a successful engineer, 
bu t not both. R eferring  to the tra in in g  of apprentices in  pairs, 
I  th in k  i t  would be m uch better if  the last year of apprentice­
ship, six m onths was served in the draw ing office under an 
efficient designer. I t  would give them  a broader outlook la te r 
on. W ith  regard  to shipowners, I  should th in k  th a t the ship­
owners of the present day who m ain ta in  close personal contact 
■with the naval arch itect and the engineer could be counted on 
th e  fingers of one hand. The adm inistrative m ethods of the 
m odern liab ility  company prohibit the exercise of ind i­
v iduality  on the p art of the principals in  re la tion  to the members 
of the staff. The leading naval architects of form er days were 
m uch more in  the public eye than are those of to-day, who, 
though th e ir work in  connection w ith large cargo and passenger 
vessels is of m uch wider range and in tricacy , are mere \m its 
in  large commercial organisations. As regards repa ir work I  
have known several instances of weakness of construction 
causing trouble w ith  steering engines, etc., which had to be
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rectified by some local stiffening carried out by tbe engineer on 
board. These weaknesses of construction were due to pressure 
being applied  by the shipowner on the naval arch itect to keep 
down the cost.

Mr. T . R .  T h o m a s , B .S c .: Before proceeding to  the dis­
cussion of one or two points of Mr. W a ll’s paper, I  should like 
to explain on behalf of the Papers Com mittee th a t  they  con­
sidered th a t the subject was one which would be of in terest to 
the In s titu te , and  th a t if M r. W all consented to contribute a 
paper 011 the subject, as he has done, i t  would be an  in teresting  
one. In  adding my thanks to those of the previous speakers, 
I  would suggest th a t the a ttitu d e  of the Papers Committee has 
been fu lly  justified, and th e ir request to M r. W all has resulted 
in  a most in teresting  paper.

Mr. W all adm its th a t the term  “ naval arch itec t” is a difficult 
one to define. I  th ink  th a t the fau lt is th a t the term  has been 
loosely applied  and th a t, a lthough there are naval architects 
unw orthy  of the  nam e, Mr. W all and those in  a sim ilar 
position are more than  naval arch itects, they are in reality  
technical advisers to  the shipowner. I f  we assum e th a t this 
is the  proper function of the naval a rc h ite c t; then  we m ust 
agree th a t his present education is too restric ted  and does no t 
en tire ly  fit him  to act as a liaison officer between the ship­
builder and the m arine engineer. M r. W all said there is no 
concerted action in  th is country to provide dual tra in in g , bu t 
in  th is  connection 1 would point out th a t there is a degree in  
m arine engineering a t D urham  U niversity , the  tra in in g  for 
which combines m arine engineering w ith  a course of naval 
arch itecture . As regards the value of a university  tra in in g , it 
is sometimes forgotten th a t  the knowledge obtained a t a 
un iversity  m eans very little , and the fact th a t  an ind iv idual 
has attended a university  course cannot add to his ab ility . One 
of the d isadvantages of such a  tra in in g  is, in  fact, the tendency 
for a young m an who has ju s t completed it  to th ink  th a t he 
knows ra th e r more about his business th an  he ac tua lly  does. 
This, however, should not b lind the young m an’s prospective 
em ployer to the fact th a t the tra in in g  as such has been of 
considerable value, in  th a t if the m an has the ab ility  to take 
advantage of it, he w ill in the course of tim e be a very m uch 
better m an th an  one who has not had a university  tra in in g . H e 
is likely to have a broader outlook and be better able to tackle 
new problems. M r. W all r ig h tly  deplores the  fact th a t  a 
un iversity  tra in in g  is not sought a fte r so m uch as it was. I t  is 
a very unfortunate fact th a t  the num ber of students of



N a v a l  A r c h i t e c t  a n d  t h e  M a r i n e  E n g i n e e r .

naval architecture at our universities and the num ber of 
students applying for mem bership of the In stitu tio n  of N aval 
A rchitects are fa lling  year by year. This, I  th ink , has been 
due to the fact th a t the shipowner leaves his in terests more and 
more in  the hands of the shipbuilder and does not now, as he did 
in  the past, employ a naval arch itect to look afte r them . I  
th ink , however, in  course of tim e the shipowner w ill realise 
th a t his present a ttitu d e  is unsound.

I t  has been suggested th a t, so fa r as repairs to ships are con­
cerned, there is a t present a lack of co-operation between the 
designer of the ship and the repairer. This has been tru e r in 
the past th an  i t  is now. In  recent years the design of the 
s tructu re has been p ractically  left to the classification societies, 
and I  can assure Mr. Spanner, who I  th ink  raised th is point, 
th a t  the B ritish  Corporation gives it full consideration. N ever­
theless, 1 am sure th a t the classification societies would welcome 
the  assistance of a com petent naval arch itect employed by the 
shipowner to solve some of the m any problems which arise when 
the ship is being designed.

T h e  C h a ir m a n  : I  suppose we can all th ink  of some points 
w ith  which M r. W all has not dealt. Speaking as an engineer 
I  m igh t say th a t when the naval arch itect designs the ship he 
ru les off a piece and says to the  engineer, “ Here you m ust pu t 
your engines.” I f  I  m ight quote one of our recent papers I  
could state  th a t a lthough an engineer can design as perfect an 
engine as possible, yet in spite of th a t we find trouble when the 
ship gets to sea, due to vibration. Professor D alby gives an 
easy solution to th is difficulty. He says it  is quite easy to pro­
duce a ship w ithout v ibration ; all you have to do is to find one 
of the nodal points of the ship, pu t your engines rig h t on top 
of th a t point, and there will be no vibration. The naval arch i­
tect indicates th a t point, bu t he alm ost invariably  fails to pu t 
i t  a t the rig h t sp o t! T hat is one of the difficulties in which the 
naval arch itect m ight help the engineer. W e all know th a t co­
operation is a good th in g ; we find instances of it every day. I  
often have designs come before me in which perhaps I  see a 
note “ The shipyard to join up here ,” or in a ship plan “ E n ­
gineers to join up here,” (particu larly  as regards pipe line). A 
little  la ter one goes on board the ship and finds the complete 
engine room installa tion  of pipe lines. L ater still, the ship 
comes along and the engineer has to take away a num ber of his 
pipes because of the lack of co-operation between the ship and 
engine men.



N a v a l  A r c h i t e c t  a n d  t h e  M a r i n e  E n g i n e e r .  227

H aving  throw n out a challenge to the ship side, now I  would 
lik e  to say a good word for the naval arch itect. Some few years 
ago I  was looking a t a ship w hich went across the A tlan tic , and 
in  her upper structure one of her m ain  strakes of p la ting  was 
cracked rig h t through am idships. T hat was because the cal­
culations had been so fine. I  was in terested  to find out how 
m atters progressed from th a t  point, and how the naval arch itect 
go t over th a t  difficulty. In  a ship 1 saw la te r on he b u ilt the 
ship w ith  a crack a lready  in  it, and joined i t  up w ith  some 
leather or rubber substance.

W ith  reference to university  education, I  do not know any 
m an who has made a success of engineering who would not have 
been a b etter m an w ith a un iversity  tra in in g .

M r . W . H a m ilt o n  M a r t i n  (by C orrespondence): The 
A uthor spoke about the qualities w hich a naval arch itect should 
possess. The ideal naval arch itect would no doubt need 
to be a m an who has wide experience and vision, can be 
decisive, and yet accom m odating when required. H e  m ust be 
able to pre-conceive a design and then  carry it in to  effect w ith 
the least waste of m aterials in  obtain ing  the required  strength , 
and supervise its bu ild ing , giv ing his valuable guidance to 
the  shipbuilders and working it! complete harm ony w ith  the 
la tte r, th is  co-operation resu lting  in  a serviceable job tu rned  
out a t the estim ated cost or less. The finished job m ust be 
one w hich no t only does all th a t  is required  of it w ith  a reason­
able m arg in , b u t is an im provem ent on his previous job, and 
one which satisfies the owners, makes a good nam e for itself 
am ong passengers and crew, pleases the eye of the m ariner, 
and  meets w ith the deserved, k indly  constructive criticism  of 
his fellow naval architects. W e are fo rtunate indeed in  having 
had  m any outstanding  men in  B rita in  who have closely 
approxim ated to th is  ideal.

In  the shipbuild ing  works where the general m anager has 
been sufficiently well inform ed to decide personally on both 
the engineer’s and naval a rch itec t’s problems w ith  regard  to 
vessels, the best results have generally  been obtained. Instances 
of th is  kind, howrever, have been all too few and fa r between. 
Men in  h igh  positions in  industry , w hether engineer m anagers 
o r naval architects, should all have had a very thorough prac­
tic a l tra in in g  to which has been added the required  theoretical 
schooling. They m ust be able to appreciate the  o ther m an’s 
point of view and his difficulties, w hether he be an equal, an 
engineer, a shipowner, a fireman or a trim m er, a ll of whom
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can contribute advantageously towards im provem ent in  design 
and operation, if the naval architect knows how to co-ordinate 
and  dissem inate their views Only men w ith  inborn personality  
and power, who can command respect and a tten tion , w ill prove 
able to induce the m any trades and departm ents involved in  
ship construction to co-operate harm oniously and thereby 
obtain the best results in  a vessel. He m ust needs be a worker 
w ith great foresight, and one who is prepared to give up p a r t  
of his spare tim e to technical lite ra tu re , so as to keep abreast 
of im provem ents in  these fast moving times.

The practical tra in in g  should be started  very early, so as to 
acquire th a t in tu ition , self-reliance, knowledge of m ateria ls, 
tools and constructional methods so v ita l to him  in his la te r  
work. Theoretical tra in in g  will not give him  the same oppor­
tu n ity  to do th is, and the few m onths he m ay be able to spend 
in practical work between his college sessions are all too short, 
while he has then  already atta ined  an age when it  w ill often 
prove difficult for him  to step down to the level of, and be 
on equal and sufficiently in tim ate  term s w ith, the artisans in  
the shipyards, from whom he is supposed to pick up his 
elem entary and so h igh ly  necessary first practical knowledge 
of the methods of construction and other practices m et w ith  
in shipbuild ing. The U niversity  atm osphere is often con­
sidered to be quite unsuited  to young men who are to lead in 
h igher positions in industry  la te r on, a tru th  which probably 
also holds in  th is case.

The naval arch itect of a necessity acquires a large p art of 
his knowdedge by theoretical tra in in g , which is one more reason 
why he should be first moulded to accommodate him self to th e  
rough and tum ble practical tra in in g  which gives him  th e  
h igh ly  necessary experience w hich will b ring  out the m an in 
him  and prove whether he is fit for the h igh  position he la te r  
in tends to acquire.

The knowledge acquired in  the works or in  the sh ipbuild ing  
berths can never be forgotten, and the younger a boy is set 
to i t  the more lasting  w ill be the impressions and the more 
receptive and accom m odating w ill become his m ind. A ny la ter 
theoretical tra in in g  will certain ly  prove a valuable addition 
to this practical experience, and the two will then more readily 
un ite  and give him th a t combined knowledge so necessary in 
his profession.

I t  would seem th a t instead of tak ing  th is  tra in in g  in  spasms, 
alternatively  w ith his college career—or worse still, a fte r i t—
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th is p ractical tra in in g  ought to take precedence, bu t should 
be closely followed by the theoretical tra in in g , w hich, as the 
A uthor r ig h tly  pointed out, should consist more of trade  prac­
tices and less of educationalism s. A student who has had. 
such a p ractica l tra in in g  of th ree to four years, w hich could 
possibly be ru n  p artly  in  conjunction w ith his h igh  school 
period, w ill be able to digest the theoretical tra in in g , and 
n a tu ra lly  the trade practices, very m uch sooner and more 
thoroughly , w hich would lead to the so m uch desired shortening 
of the theoretical tra in in g  period referred to, or leave some 
tim e to be given to the commercial side of engineering and 
sh ipbuild ing  and the question of economics.

These are m atters which lie outside our control, b u t the 
education authorities m igh t be well advised to consider the 
question in  conjunction w ith  the engineering in stitu tions con­
cerned, and possibly some representatives from  works who have 
had th e ir own tra in in g  schools for apprentices.

I  would like to add my appreciation to the A uthor for his- 
most in teresting  paper, a valuable addition to our Transactions^

M ajor J . M. E l l is o n  (by Correspondence) : I t  is to be hoped 
th a t the title  of M r. W a ll’s paper will be a contributory  asset in  
b ridg ing  over th is gap w hich has rem ained open so long, 
as i t  has proved detrim ental in m any ways to all concerned.

H aving  served fo r five years in  m arine engine works, also a 
fu rth e r five years in  sh ipbuild ing, and afterw ards 011 various 
classes of land  engineering, I  feel th a t th is paper is p articu la rly  
welcome. In  m y case th is dual tra in in g  and accum ulated 
knowledge have been of the greatest value personally, espe­
cially  when I  have been left to work out problem s on m y own 
resources, bu t there m ust always be a decided leaning to e ither 
the a rch itectu ra l or m echanical side. The purely  defined 
members of e ither group are of little  use in  them selves, and 
can only be classed as the “  slaves of specialisation .”

I t  is reg rettab le  still to find the naval arch itect and m arine 
engineer displaying th e ir specialised arts  in  such deep and 
narrow  channels, w hich undoubtedly leads to non-co-operation, 
selfishness, and confusion to the shipowner. The m arine 
engineer appears to be possessed of the g reater specialisation 
of the two, the following case being an  example. The ship­
owner asks his specialists to ascertain  the reason for his la test 
b u ilt ship a tta in in g  in ferio r speed, and the procedure of the 
two gentlem en concerned is in teresting . I  th ink  it w ill be 
found th a t  the m arine engineer w ill a t once exam ine the horse­



230 IN'a v a l  A r c h it e c t  a n d  t h e  M a r i n e  E n g i n e e r .

power development and propeller design, and not having  had 
any h u ll experience he w ill go no fu rth e r; 011 the other hand, 
the naval architect w ill try  to find out by some means w hat is 
the  actual horse-power developed, examine propeller design, 
and will then  branch off into his own sphere, by checking 
the co-efficient of fineness, displacem ent, resistance, etc. I 11 a 
case like th is, unless there is co-operation, the resu ltan t in fo r­
m ation required to be placed before the shipowner is liable to 
be unsatisfactory. W ith  the dual tra in ing , one m an should 
be able to diagnose cases of th is kind, and report satisfactorily .

I  regret th a t I  cannot quite agree w ith the A uthor th a t the 
employer prefers m en w ith a good all-round tra in in g  and 
experience, as in  m any cases where I  have applied for appo in t­
m ents, I  have been inform ed th a t it  is the specialist they 
require, and who really  m atters. "Shipowners are, I  find, p a r­
ticu la rly  biased in  th is way.

U niversity  tra in in g , or preferably the “  sandwich system ,” 
should be encouraged more, and my experience of the la tte r 
is th a t i t  has been abused by the employer, because when 
apprentices left the grim e and cold w inter m ornings behind to 
work in  a more comfortable environm ent, g reat dissatisfaction 
was caused among the others who were unable to afford the 
fees, also the em ployer’s in terest in  these “  p art tim ers ” 
ceased, and when they re turned  to the works for the sum m er 
they  were given superficial jobs. As our lives become more 
dem ocratic, I feel th a t the chances of the academ ical tra in in g  
leading to a desired success, and being well recognised, w ill 
not m ature quickly.

I t  is thought th a t the sooner naval architects “  cement over ” 
th e ir  “  sharp edges ” of specialisation, and the m arine 
engineer “  files down ” his, the better will be th e ir co-opera­
tion, to the benefit of all engaged in the bu ild ing  and runn ing  
of ships.

M r .  W . M c L a r e n  (by Correspondence): One can appreciate 
the A uthor’s difficulties in preparing a paper 011 th is subject, 
knowing w'hat a naval architect has to contend w ith in  the 
passenger and cargo carry ing  production of a first-class ship, 
which m ay be of 18,000 tons displacem ent or more.

To m y m ind, even if  the co-operation desired between the 
naval architect and the m arine engineer is taken for granted , 
there are still other persons connected w ith the runn ing  of a 
ship whose co-operation is necessary to protect the in terests of 
shipowners and to give the best results.
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The shipowner m ay be, and generally  is, a very keen business 
m an, and has on his staff a m arine superin tendent and a m arine 
■engineer superin tendent, and these two officers relieve the 
ow ner of all technical work p erta in ing  to the ru n n in g  of his 
ships.

Supposing the owner desires to increase the scope of his 
trad in g , and to take advantage of the advances th a t have been 
made in providing comfort for the passengers, he consults his 
technical staff and they  decide to call in  the assistance of a 
naval arch itect, th a t  is a m an fu lly  qualified in  his profession 
an d  presum ably a m ember of the In s titu tio n  of N aval 
A rchitects. W e m ay sim ilarly  presume th a t  the superin­
tenden t engineer is a Member of the In s titu te  of M arine 
E ngineers and th a t the  m arine superin tendent possesses a 
Board of T rade M aster’s certificate.

The naval arch itect should be able to obtain from these two 
officers particu la rs  of all the requirem ents th a t the owner has 
in  m ind, such as the cargo space (and if for general cargo from 
a locomotive to a tea kettle, th a t  would determ ine the hatchw ay 
opening), the ports of discharge w hether open roadsteads, 
harbour wharves or docks, num ber and classes of passengers, 
num ber of executive and petty  officers, including wireless opera­
tors, crew for decks, and the ship’s doctor and his surgery  staff, 
engineer’s staff (varying according to class of propelling 
m achinery , w hether steam or in te rn a l combustion), solid or 
liqu id  fuel space, speed and radius to which the ship is expected 
to travel, electrician and refrigeration  staff, bu tcher and his 
assistants, chief steward and his staff w ith the cuisine depart­
m ent and the utensils, such as baking and roasting  ovens, 
stockpots, ham  cooking cases or containers, boiling pans, g rills , 
hot cupboards or closets, scullery w ith am ple supply of hot 
and cold w ater for washing1 up and teak w ashing and rinsingO  1 o  o
tanks, wine and cigar store, and last, bu t not least, the barber 
and his corner, I  m ention as some of the persons whose co­
operation is necessary during  the fitting  out stage.

The decorations m ay present one of the most difficult of the 
naval arch itec t’s problems, necessitating the assistance of an 
a rtis t.

Now the naval arch itect cannot gain th is experience necessary 
for the specification for such a ship a t a U niversity , bu t only 
by practical experience, and to enable him  to be responsible 
for the acceptance of the ship from  the builders requires all 
the co-operation available. The technical education of those
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in tend ing  to follow the profession of naval arch itecture or- 
m arine engineering should s ta rt not la ter than  16 years of 
age, and if  shipbuilders and engineers could bring  the U n i­
versities to the works and not the works to the U niversities, 
some headway could and would result.

W hy not a g ran t to the employer from  the S tate, per capita 
for apprentices a tta in in g  a certain  standard  of proficiency at 
his works, thereby inducing employers to encourage boys to  
in terest themselves more in  th e ir craft?

M r. G. J .  W e l l s  (V ice-President) (by Correspondence): The 
A u thor’s plea for the closest co-operation between the  engineer 
and the naval architect m ust be cordially supported by 
everyone concerned in shipbuild ing. W hat is the undertak ing  
th a t can succeed under divided m anagem ent? I do not know 
of any. U n ity  of purpose between all concerned in any under­
tak ing  is absolutely essential to obtain the best results.

The A uthor’s views, however, upon university  education are 
not a t all likely to pass w ithout comment and, I  should expect, 
will be seriously challenged by m any who have paid serious 
atten tion  to the problems involved. To deal w ith the A u thor’s, 
rem arks adequately is impossible in  the space available in  a 
discussion, particu la rly  as the m atter involved hard ly  arises 
out of the A uthor’s m ain subject.

The A uthor says “  th a t employers do not particu larly  favour 
those who have had such a university  education, e tc .” I f  th a t  
is so, why is it  th a t a ll the leading institu tions impose an 
educational test upon all candidates seeking m em bership ? I t  
is to be noted th a t in lieu of the In s titu te ’s exam ination, the 
degree of certain  univerisities will be accepted !

W hen it is remembered th a t of these institu tions, the Civil 
E ngineers, M echanical Engineers, and Naval A rchitects include 
in th e ir m em bership list almost everyone th a t counts in  the- 
professions concerned in the A uthor’s criticism s and statem ents, 
one wonders if  the A uthor is “  ploughing a lonely furrow .”

The statem ents made by the A uthor inevitably  lead one to- 
the conclusion th a t his angle of view is very narrow and in ­
consistent. How does he reconcile the statem ents (a) th a t “ a 
un iversity  tra in in g  is undoubtedly valuable, e tc ., . . . ”  w ith  
(b) “ the fact th a t apprentices find th a t afte r com pleting th e ir  
university  course it  is difficult for them  to find positions, p a r­
ticu larly  against the com petition of th e ir fellow apprentices 
who during  the three or four years un iversity  life have been
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■doing practical work, w ith  the resu lt th a t  they  are looked upon 
hy the employers as being of more value to them , etc. ? ”

Now the un iversity  tra in in g  is either w orth having  or i t  is 
useless, b u t the A uthor im m ediately adds w hat is apparen tly  
a contradiction ! and in  the back-ground both the in stitu tions 
of which he is a m ember insist upon th e ir members having  
qualifications equal to the university  standard  for a first degree ' 
How is all th is  to be reconciled?

A nother difficulty th a t the A uthor m ust face is w rapped up 
in  the la tte r  p a r t of the quotation above and also made in other 
places either directly  or by im plication. The em ployer who, to 
fill a vacancy from a group of young m en, including  graduates 
and non-graduates, selects one th a t possesses the g reater prac­
tica l experience, obviously does not require a g raduate, and 
one infers th a t  the position to be filled demands the ab ility  
of a craftsm an, one capable of using tools, or supervising th e ir 
use, and th is em ployer is wise in  preferring  a m an w ith  the 
w ider shop experience. B u t th is  is only another illu stra tion  
of the tru th  of the old saw concerning the m utual fit of pegs 
and holes. The A uthor says th a t his hypothetical employer, 
when asked to accept a g raduate as a pupil apprentice, often 
makes the objection th a t he has had 110  p ractical t r a in in g ! My 
rep ly  to th a t position is th a t it is not the reply made to a 110 11- 
g raduate , why then  to a g rad u ate?  Both of them  require 
shop-train ing , the g raduate  having the advantage at the s ta rt 
of the better m ental equipm ent. The schoolmaster does not 
refuse admission to the young child because he cannot read, 
b u t places h im  am ongst the beginners. Both the g raduate and 
the  non-graduate have to learn  shop and / or field work a lik e ; 
w hy do m any employers make so m uch noise about an ex- 
apprentice being w orth more in  the  shops th an  one who has not 
had  any such tra in in g , and realising  the value of such 
knowledge, offers him self ju s t as the apprentice did once?

Ju s t one other question. The A uthor w rites “  In  any case 
ind ications are th a t  a university  tra in in g  is not sought afte r 
so m uch as i t  was tw enty  to twenty-five years ago.” Now I  
venture to say th a t th is statem ent is un true , and should be 
g lad  to know how the A uthor can support it . M ay I  venture 
"to rem ind him  th a t Glasgow, E d inburgh , Newcastle-on-Tyne, 
Leeds, M anchester, Liverpool, B irm ingham , N ottingham , 
C am bridge, London, Sheffield, etc., a ll have schools of 
•engineering attached, whereas 25 years ago, how m any of these 
places gran ted  an engineering degree? I  th ink  th a t  the A uthor
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will liave to m odify th is  statem ent when he has looked into the- 
statistics a little  more closely. There are m any more points to- 
which grave exception m ay be taken in  this part of the paper, 
for instance, the statem ent th a t “ Trade practices can be tau g h t 
a t the university , e tc .,” is one of several th a t illu stra te  the 
A uthor’s complete fa ilu re  to realise w hat is m eant by a 
universit}^ education; i t  seems clear th a t  for “  university  ” in  
the paper one should read “  techn ical,” and then some of the 
statem ents made m ight pass. W ith  a long and varied ex­
perience in  engineering work, first, followed by some years 
experience as exam iner in  the F acu lty  of E ngineering , as well 
as a member of the teaching staff of possibly the largest 
university  g ran tin g  degrees in  engineering, I  feel confident 
th a t the A uthor would do well to re-cast m any of the statements- 
made in  the la tte r p a rt of his paper.

The A u t h o r ’s  rep ly : I  fe lt a g reat deal of trep idation  on 
coming- here to-n ight, and I  had some worries also when writing-O o ' O
the paper. I  am  stire th a t whatever the paper lacks, the dis­
cussion has added a great deal on the subject. Mr. H am ilton 
Gibson struck the rig h t note when he said it was not a debate.

I  do not agree w ith Mr. Spanner th a t we w ant only one type 
of engine to pu t into a ship. A fter a ll, we m ust make the 
best use of the various available types of m achinery.

As regards the question of education, one cannot generalise 
easily. You have to m eet all sorts of people in  business, and 
they do not carry  a placard on them  to say how they were 
educated, and w ith regard  to un iversity  education I  th ink  th a t, 
probably due to m y own fau lt, a little  too m uch stress has been 
laid  upon it  here to-night. If  I  had used the term  theoretical 
tra in in g  instead of university  education, perhaps it  would have 
avoided some m isunderstanding. I  used the term  to signify 
theoretical tra in in g . To me it  is m atter of pure indifference 
whether the tra in in g  is acquired a t n ig h t or day schools or 
by d in t of hard  work and perhaps personal tu ition . I  was 
try in g  to emphasise th a t we ought seriously to consider our 
views as to how th a t tra in in g  should be accomplished and of 
w hat it  should consist.

Mr. H am ilton Gibson instanced a shipyard with which he 
was connected tu rn in g  out a perfectly balanced job as a result 
of a system atic “ give and take ” principle operating between 
the two sides; Mr. Camps seemed to th ink  th a t the necessity 
for closer co-operation in such a yard  could not exist. I  have, 
however, found it  actually  in existence, and I  th ink the reason
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is th a t the departm ental m anager is n a tu ra lly  fu ll of his p a r­
ticu la r troubles, and he has got to get over those w ith  the least 
difficulty possible. W hen the o ther departm ent comes up 
against him  he sees only, and very hum anly , ju s t the ex tra  
am ount of trouble he w ill get on th a t p articu la r p a rt of the 
work, and if  he can squash i t  he is going to do so. The general 
m anager of such a yard  should be the type of m an we are 
ta lk ing  about, in  th a t he should be able to listen to the depart­
m ental m anagers, and of his own knowledge decide on the 
m erits of the  case, because a fte r a ll one has to compromise 
frequently . M r. Camps spoke of th is  m atter, and I  m igh t give 
an  illu stra tion  of it. In  a very high-powered job a question 
arose in  connection w ith  providing the necessary accommoda­
tion for the passengers, and there was a triv ia l m atter to the 
ship side of ge tting  sufficient a ir down to the boiler rooms for 
the forced d rau g h t fans. The ship people said i t  was “  a 
dam ned nuisance, as i t  was going to upset the cabins of th ree 
decks, port and starboard .” I  looked upon the m atter from 
the im portan t point of view of g e ttin g  the a ir down to the- 
boiler rooms. W e eventually  got those ventilators down 
w ithout loss of space for the passengers sim ply by co-operation 
between the  two sides. The o ther alternative would have been 
fa ta l.

M r. Gibson and Mr. Beckett questioned who is the shipowner 
of to-day. I  th in k  we all agree th a t ind iv idual shipowners 
are few and fa r between, and th a t we are controlled more by 
financiers th an  by industria lists, which I  th in k  is also reg re t­
table. I  do not th in k  we could do m uch to a lte r th a t, b u t I  
do say th a t  i t  is a reason why we should take more unto our­
selves. W e have to advise the people concerned, and the m ore 
we can get r ig h t up to th e ir job and tell them  not onlv the 
technical point itself b u t how i t  affects the first cost and th e  
ru n n in g  cost we are thereby going to do a lo t of good to our 
own profession, as well as assisting progress.

As regards the  question of sim ultaneous tra in in g  as m en­
tioned by M r. H am ilton Gibson and Mr. Camps, I  am entirely' 
in  agreem ent w ith them . I  do not believe it  is possible to 
keep any young m an at school ti l l  he is 17 or 18 years of age, 
p u t him  through  a university  course for four years, and then 
p u t him  in  to run  the p ractical side of the business; i t  is not 
hum anly  possible. M r. Spanner said th a t  sym pathy was 
necessary, bu t I  th ink  th a t a knowledge of the o ther m an’s 
side is most likely  to create th a t sym pathy. I  m igh t illu s­
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tra te  th is hy referring  to a society w ith  which M r. Camps is 
associated—the Society of Consulting M arine Engineers and 
Ship Surveyors. I  th ink  i t  is safe to say th a t before th a t  
society was formed engineers and ship surveyors looked upon 
each other as n a tu ra l enemies, bu t as soon as the society was 
formed these men got to know each other, talked together about 
th e ir jobs, and m et th e ir m utual difficulties in  such a fine sp irit 
th a t the whole of the work was forwarded.

There is another point in  connection w ith  the difficulty of 
-the m arine engineer getting  to know som ething about ship 
design. W hen one talks about ship design one probably m eans 
the more abstract parts such as strength , propulsion, s tab ility , 
and trim . There, of course, a little  tra in in g  in  these 
p articu la r branches is absolutely essential, because they  are 
bound to be of an in tricate  natu re  involving calculations, and 
i t  only strengthens the argum ent for closer co-operation.

M r. Calderwood said th a t the separation of the two sides 
into w ater-tigh t com partm ents was extrem ely common. I  
agree w ith him , also th a t  th a t is a reason for advocating the 
broader tra in ing . The point th a t Mr. Calderwood touched 
upon p rincipally  was the fact th a t the naval arch itect, as he 
described him , had a draw ing office and school tra in in g  and 
knew nothing of engineering. I t  emphasises the point th a t if 
we get rid  of th a t ignorance, the one of the other, we shall 
get closer co-operation. He does not agree w ith me th a t the 
universities are too theoretical. I  th ink  perhaps the real 
difference between us is as to the definition of practice and 
the definition of theory. The point of view depends on how one 
defines the two. I  agree w ith him  th a t the works school would 
be most valuable. There again the tra in in g  should include all 
sorts of subjects. Mr. Calderwood also referred to the pro­
peller question. I t  is in teresting  and very satisfactory to see 
th a t we are to have a new experim ental tank  a t Teddington. 
I t  is unfortunate  th a t there has not been tim e in  the past for 
the necessary research w ork; we m ay advance on these lines in 
fu ture . I t  m ust be a special branch which m ust look into 
these m atters. One cannot expect the ord inary  shipbuilder, 
naval architect, or m arine engineer to deal w ith them . As 
regards engine seatings, I  am absolutely in  agreem ent w ith 
Mr. Calderwood. I  th ink  th a t in recent years collaboration 
between those concerned in  th is m atter has been g reatly  im ­
proved, bu t even to-day there is m uch room for im provem ent 
in th a t direction.
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The Chairm an said th a t  the engineer could produce a per­
fectly  designed engine, bu t th a t the naval arch itect could not 
find the nodal point. My only comment on that is that the 
ship does not v ibrate when the engine is not ru n n in g !

M r. W arne agreed th a t each should have tra in in g  in the 
o th e r’s science. He seemed to ask me to explain  why the 
height of in te rn a l combustion m achinery cuts out deck space 
more th an  th a t of steam m achinery. I t  is not a question of 
ac tua l length  of casings. I t  is sim ply due to the fact th a t 
in te rn a l combustion m achinery is so high th a t the casings have 
to  be well up in the ship, whereas in the steam job you can 
get them  down to a reasonable w idth. These disadvantages 
are sm all in  themselves, b u t they  do m ount up. I  remem ber 
one case— a 24,000 ton liner. W e exam ined the complete 
designs, and found th a t  w ith  Diesel m achinery we not only lost 
passenger cabins b u t the arrangem ent was very awkward com­
pared w ith the steam job. One difficulty was th a t we could 
not get a passage through  the ship th a t was absolutely s tra ig h t 
and  wide, which was a most im portan t feature. Nevertheless 
these ships were finally b u ilt w ith  Diesel m achinery. T hat 
arose out of other m ajor considerations outw eighing th is  m inor 
one. Mr. W arne also m entioned the question of aux ilia ry  
m achinery. He asked “  W hy does the shipowner adopt 
au x ilia ry  m achinery of the Diesel ty p e?” T hat hard ly  bears
oil the point I  was m aking. I  m eant th a t  if you are going 
to adopt it  you m ust bear in  m ind th is feature of Diesel 
m achinery and arrange accordingly. There are some ships in 
which it  is p ractically  impossible to adopt Diesel generators 
o r auxiliaries because they  are so h ig h ; you have not always 
th e  length  and heigh t to spare.

W ith  regard  to Mr. Camps’ observations concerning bunker 
fires, it all comes to th is ; th a t you m ust co-ordinate r ig h t 
th ro u g h  the piece. I t  is of no use having  one m an in a ship­
yard  designing ships which he never sees afterw ards and never 
hears w hat happens to his w ork. I f  you ask a bu ilder to do a 
ce rta in  th in g  in a certain  way, he m ay have good reasons for 
doing it in some other way. He says, “  W e did it in this way 
fo r certain  o ther com panies.”  Then you ask, “  W ell, how did 
it work ou t?  ”  and he does not know and cannot tell you. You 
can  probably tell him  th a t i t  has not been a success. There is 
room for im provem ent in co-operation in  m atters of th a t  kind.

Mr. Camps talked about the sandwich system s of tra in in g  on 
th e  N orth-E ast Coast and a t Liverpool, and m entioned the com-
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m ercial point of view. T hat is a criticism  th a t can be and is  
levelled against technical people, th a t they  do not always study  
th e  commercial side as fu lly  as they m ight, and it  is up to us in 
these days to do s o ; I  feel th a t we can be of g rea t assistance to 
the shipow ner in so fa r as our technical work m ust have a bear­
ing  on it.

M r. Camps also said th a t the shipowner should tra in  his boys 
in both  sides. As far as I  can see, the shipowner is not tra in ­
ing anyone these days. T hat is up to ourselves. One hears of 
a dearth  of m arine engineers to-day. There again  tra in in g  is 
necessary to produce men who can do the job. Things are so 
complicated th a t we have got to take th is question of tra in in g  
and grapple w ith  it.

Mr. G rant was very kind  in his reference to s tab ility  tables.. 
Even to-day stab ility  is such a vexed subject th a t I  th o u g h t I  
would steer clear of i t !

Mr. B eckett said th a t an engineer was born, not made. I  
recently  read an account of an interview  w ith L indrum , the- 
billiards champion, in the S trand  M agazine. He said th a t 
champion billiard  players are made, not born, w hilst good ones 
are born, not made. A m an m ay be born w ith  the poten tialities 
of a good engineer, b u t if he does not work it up by tra in in g  
he will not be a champion engineer, anyway.

M r. Thomas contributed som ething to w hat should be the- 
definition of a naval arch itect. I  th ink  th a t is too big  a subject 
to go into here, bu t he said  th a t it  is not possible to tra in  in 
both  sides fully. I  hardly  th ink  th a t is the point we have in 
fron t of us. I t  is a question of g e ttin g  a w orking knowledge- 
of each, so th a t we can appreciate the im portant points in both. 
I  was very pleased to hear about the dual tra in in g  a t D urham . 
I t  is not only a dual tra in ing  a t the university  which is neces­
sary, bu t dual tra in ing  more generally. I do not quite ag ree  
w ith Mr. Thomas about the older m en not lik ing  to see the- 
younger men w ith  degrees. I  th ink  i t  is m uch deeper than  
th a t. If  the employer tho u g h t he could get the advantage in 
em ploying the university  men i t  would not count a t all. I f  
any one of us here was asked to choose between a m an who had 
had no technical tra in ing  and only practical experience, and a 
man who had had little  practical experience and technical tra in ­
ing, I  do not th ink  there is much doubt th a t we should choose 
the la tte r, provided he was a m an who had established him self 
a t a ll in the engineering world.

I  th ink  this question of the lack of students a t universities 
is a very serious one, and whether we are to be able to do any
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tiling about it  or not depends on ourselves, bu t I  th in k  th a t 
some concerted action ought to be taken  for a b e tte r  tra in in g  
of th e  young men com ing along to-day. W h eth er th a t  is 
w ith in  the scope of your In s titu te  or some o ther I  m ust leave 
w ith  you.

Mr. Thomas suggested  th a t more shipowners ough t to employ 
naval arch itects th an  do so a t present. N a tu rally , I  agree. 
H e says th a t the  s tru c tu ra l design is le ft to the classification 
societies. I  quite agree. I* th ink  th a t the owner leaves too 
m uch to the classification society, and seems to th in k  th a t if he 
has got the hall-m ark of th a t society every th ing  m ust be quite 
r ig h t about th a t ship. I  th ink  the classification societies would 
be the first to te ll you th a t th a t  cannot possibly be the case !

The C hairm an m entioned pipe lines and co-operation. R eally  
pipe work in a ship is such a big m atter th a t you cannot pay 
too m uch a tten tio n  to th a t subject.

I  w ill conclude by than k in g  you very much for com ing to  
hear th is paper, and also for the vigorous discussion which has 
taken  place on it. I  am going away feeling very satisfied in 
th a t I  had som ething to do w ith  in itia tin g  th is  m eeting and 
g e ttin g  such a good discussion out of the paper . (A pplause.)

A hearty  vote of thanks was unanim ously accorded to Mr. 
W all, on the m otion of the Chairm an. A vote of thanks to the 
Chairm an, proposed by M r. W . M cLaren, was also carried w ith 
enthusiasm , and the m eeting then  term inated.

T h e  A u t h o r ’s R e p l y  t o  D is c u s s io n  b y  C o r r e s p o n d e n c e .

M r. H am ilton M artin ’s contribution does not call for any 
com m ent. I  find myself in agreem ent w ith  him  and th in k  he 
has expressed his views exceedingly well.

M ajor Ellison instances cases of the specialist branching  off 
in  his own line to the neglect of o ther possibilities, thereby 
em phasising the need for co-operation. I t  does seem to be tru e  
th a t the em ployer loses a certain  am ount of in terest in appren­
tices who break up the continuous service in the works by 
tak in g  up technical tra in ing .

M r. M cLaren emphasises some of the points in the paper as to 
the necessity for the co-relation of all the various officials con­
nected w ith  runn ing  and m aintenance of a ship.

I  certain ly  th ink  th a t some co-ordinated effort should be 
made to tra in  boys and youths, along lines sim ilar to th a t sug­
gested by Mr. M cLaren.



Mr. W ells has, to use a popular phrase, “  missed the b u s.”  
I t  was only a short time ago, since the reading of this paper, 
th a t  Sir Josiah  Stam p, P resident of the L .M .S. Railw ays, ex ­
pressed the same views on U niversity  tra in ing  as I  expressed 
in the paper.

In  one respect only do I  concede to Mr. W ells’ expression of 
opinion, in so far as I  said at the m eeting in my reply to the 
discussion, th a t “ if I  had used the term  theoretical tra in in g  
instead of university  education perhaps it would have avoided 
some m isunderstand ing .”

The full discussion on the paper and various expressions of 
opinion I have received since the appearance of the paper, con­
firm me in the belief th a t it is not I  who am “  ploughing a 
lonely furrow .”

I  am not aware of having said th a t I  do not favour education, 
and agree th a t institu tions are rig h t in  im posing an educa­
tional test on candidates. None the less the In s titu tio n  of 
N aval A rchitects does not impose such a test. I  have yet to 
hear of any technical in stitu tion  th a t adm its candidates to fu l l  
mem bership on an educational test. They ask for very solid 
proof of prim ary responsibility and practical knowledge. 
W here, therefore, is Mr. W ells’ point about educational tests  
alone ?

The whole point, which Mr. W ells seems to have missed, is 
th a t  the purely educational side is only a part of the m ain ques­
tion. S tatem ents (a) and (b) which Mr. W ells takes from my 
paper are not contradictory. The answ er is in (b), in th a t  the  
em ployer is looking for a m an w ith practical experience; if 
the un iversity  tra ined  m an had th a t in  addition, he would get 
the  job.

I have been forced to the conclusion th a t Mr. W ells is 
deliberately m isunderstanding my paper and is not sufficiently 
in touch w ith  facts as they ex ist to-day. H e seems to th ink  
th a t if an employer is looking for someone superior to a crafts­
man, he will of necessity look only am ongst graduates. How 
very  far from the tru th . Does Mr. W ells th in k  th a t graduates 
are filling all or even a large proportion of the superior and 
subordinate positions in works to-day ?

On the question of acceptance of pupil apprentices, Mr. W ells 
has again gone astray . The m atte r under discussion is not 
apprentices, but persons for responsible positions.

Mr. W ells m entions th e  various universities th a t give 
eng ineering  degrees. He does not m ention th a t the students
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are now fewer than form erly. He does not say w hat happens 
to  the graduates afte r leav ing . H e m ust be obsessed by his 
connection w ith  “ possibly the largest university  g ran tin g  
degrees in  eng ineering .”  H e has also failed to  realise th a t 
I  am anxious to improve the value of un iversity  degrees, 
but I  will not, ostrich  like, p u t  my head in the sand. 
I  am m yself a g raduate of London U niversity  and the Royal 
Naval College, Greenwich, and w ithal, I  say, do not let us rest 
on our oars in  the belief th a t un iversity  education to-day is all 
th a t  it could or should be.

A  h ea rty  vote of thanks was unanim ously accorded to Mr. 
W all, on the m otion of the Chairm an. A vote of thanks to the 
C hairm an, proposed by Mr. W . M cLaren, was also carried w ith 
enthusiasm , and the m eeting then  term inated .

---------- o ---------- -

ABSTRACTS.

T h e  G r o w in g  S c a r c it y  o f  S t u d e n t s  o f  N a v a l  A r c h i t e c t u r e , 
“ E n g in ee rin g ,”  11th April, 19-30.

In  view of the long and continuous endeavours which have 
been jo in tly  made in edxicational and professional circles to 
m eet tra in in g  requirem ents for the various branches of the 
engineering profession, and in view of the generous financial 
support and encouragem ent given by industry  towards educa­
tional opportunities, the present m arked dim inution in num ­
bers of young m en studying  shipbuild ing  and m arine engineer­
ing  a t our technical schools, and U niversities, is to be reg re tted  
no t only from the industrial, bu t from the national, point of 
view.

A tten tion  was directed to this m atte r by Mr. A. T. W all in 
his recent paper read before the In s titu te  of M arine E ngineers 
on “  The A dvantages to the Shipow ners of Closer Co-operation 
betw een the Naval A rchitect and the M arine E n g in ee r.” 
F rom  the sta tis tics  of attendance, it is evident th a t  there has 
been in  recent years a serious depletion in enrolm ents in the 
p articu la r courses of study  m entioned. This is in con trast to 
the  general increase w hich has taken place in the courses of 
s tudy  in  o ther eng ineering  branches, civil, m echanical and elec­
trica l, and more especially  in  con trast w ith  the very  m arked 
increase in  o ther faculties. I t  is clear th a t  the ac tiv ity  of any 
industry  m ust be reflected in some m easure in the recru itm ent 
of apprentices, and in  consequence there is to be expected a
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fluctuation in the num bers of student enrolm ents in some 
correspondence w ith  the periods of varia tion  in industria l 
ac tiv ity . So fa r as the shipbuilding- industry  is concerned, 
however, the correspondence of this fluctuation w ith  trade is 
n o t clearly evidenced in any short period of survey and from 
the pre-w ar tim e records of one of our prom inent shipbuilding 
centres, the num bers of students a tten d in g  the h igher technical 
courses were actually  above norm al in the dull times of trade . 
This relation  was by no means paradoxical, as the reason m ay 
be advanced th a t in the dull periods of trad e  a g rea ter num ber 
of students are free to avail them selves of educational oppor­
tun ities. The abnorm ally high influx of technical students 
im m ediately a fte r the w ar tended to level up the alm ost to ta l 
absence of students in the sessions during  the war. The drop 
w hich we are now considering has been very ra p id ; it began in 
1923 and has been so severe th a t there has been created a con­
siderable outstanding  balance or leeway in  num bers of trained  
men.

Before going fu rth e r into the m atte r we would refer to the 
paper delivered a t the opening of the 1926 session to the N orth- 
E ast Coast In s titu tio n  of Engineers and Shipbuilders by S ir 
Theodore Morison, on the subject, “  How Should an E ngineer 
be T rained? ”  In  th is paper the suggestion was made, and 
acted on, to form a special education com m ittee to exam ine and 
report generally  on the tra in in g  of engineers, tak ing  account of 
industria l practice and requirem ents for tra in ing , and to advise 
on the best means of em bodying and correlating  these requ ire­
m ents in the prescribed courses of study. The pam phlet, 
en titled  “  E ng ineering  T rain ing  for Officers’ R an k ,”  has been 
published by the  Com mittee. W e draw atten tion  to it on the 
present occasion as being of the g rea tes t use in fo rm ulating  
any views on the present crisis, and we earnestly  recommend 
its  perusal to all young men in tending  to en ter the profession 
of engineering.

On our present subject of the lack of en tran ts  for naval arch i­
tectu re  and m arine engineering, the following rem arks from 
M r. W a ll’s paper well s ta te  the present p o s itio n :— “ In  any 
case, indications are th a t a U niversity  tra in in g  is not sought 
a fte r so m uch as i t  was, say, tw enty  to  twenty-five years ago. 
There are, as is well known, quite a num ber of scholarships 
offered by different bodies to apprentices from shipbuilding and 
m arine engineering works, and these scholarships are tenable 
a t  various U niversities where there are courses in m arine 
engineering  and naval arch itectu re . The position has become
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so acute to-day th a t it is hard ly  possible to obtain  candidates 
for these scholarships. This is probably due to  more th an  one 
reason, bu t undoubtedly due to the fac t th a t apprentices find 
th a t  a fte r com pleting th e ir U niversity  course it  is difficult for 
them  to obtain positions, particu la rly  ag a in st the  com petition 
of th e ir fellow apprentices who, during  th e  th ree or four y ea rs’ 
U niversity  life, have been doing p ractical work, w ith  the re su lt 
th a t th ey  are looked upon by the  em ployers as being of m ore 
value to them  th an  those who have been cu t off from  practical 
w ork during  th e ir  U niversity  courses. This m ay be an u n ­
pleasant tru th , b u t i t  has to be exam ined and faced. There 
probably is another reason in  th a t  young m en in  these days will 
no t bo ther to study in order to compete for scholarships. The 
U niversities also have m ade the m a tte r more difficult in m ak­
ing  the courses four years instead  of th ree , as form erly, and 
the  au tho r is of the opinion th a t m ost young men look upon 
four years as too g rea t a tim e for them  to be absent from  the 
practical side of th e ir business, because, although  the u ltim ate  
gain  of a U n iversity  tra in in g  should go w ithou t saying, it cer­
ta in ly  does not show any im m ediate rew ard a fte r the un iversity  
course is finished, especially as compared w ith  th e ir colleagues 
who have rem ained in the works during  th a t tim e. There is 
also the added difficulty th a t a lthough  U niversity  courses are 
now for four years, the scholarships are only for th ree y ea rs .”

W hile these rem arks give some p articu la r reasons in ex­
p lanation  of the s ta te  o'f affairs, there are probably o ther 
factors also at work. As already suggested  the m a tte r  is 
clearly  p artly  a ttrib u tab le  to the present severe conditions p re­
vailing  in the shipbuild ing and allied trades. This simple 
explanation, however, illu stra tes  an erroneous assum ption 
which studen ts are likely to m ake, and is ap t to lead to a policy 
of laissez faire. The severe com petition in shipbuild ing has 
b ro u g h t to public notice the processes of reconstruction which 
are being m ade w ith in  several com m ercial groups of the 
industry , and it is probable th a t to some possible students 
ra tiona lisa tion  m ethods m ay seem to be connected w ith a lim i­
ta tio n  in the num ber of en tran ts  to the profession and indus­
tries concerned. Such an idea is, however, a short-sigh ted  
one. C ertainly, the conditions of the industry  to-day m ay not 
offer im m ediate and lucra tive  prospects, b u t this should no t 
have such a serious effect on the a ttitu d e  of youth  as to tu rn  
m any away from en tering  the profession. To the  eager and 
en thusiastic , the view should be taken th a t b e tte r  prospects 
w ill necessarily follow and will reveal them selves in due tim e.
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The severity  of the com petition in the im portan t industry  of 
shipbuilding will resu lt in efficiency of m ethod and in tense 
application from all those engaged in it. The industry  m ust, 
however, have the necessary recru itm ent of young men, and 
the prospects of the h igh ly-trained  m an should improve w ith  
more intensive methods. From  the em ployer's side, no dis­
couragem ent is or will ever be made to young men to come for­
w ard. W e, therefore, advance the plea to all likely e n tra n ts  
to regard  the present difficulties as tem porary.

The grow ing and m ultip ly ing  fields of research in shipbuild­
ing, engineering, and the  allied trades, and the num erous and 
various positions for experts, inspectors, and supervisors, not 
to m ention the possibilities of careers in m any new branches 
no t so directly  connected w ith the trades, b u t of scientific im ­
portance, will always cause a demand for men of h igh  technical 
a tta inm en ts and expert knowledge. I f  the true  cause of th e  
scarcity  of students lies, as we fear it does, in the a ttitu d e  of 
the young men them selves, then we are sure th a t the best 
rem edy will be the s tirrin g  of youthfu l am bition, and w ith this- 
in ten t we would fu rth e r point to the h igher positions in 
adm inistrative control and responsibility  w hich m ay be 
reached. These positions are best filled by men who have 
dem onstrated their value, not necessarily in any specialised 
channel, b u t by th e ir general ap titude, personal qualifications, 
and, as the most necessary ad junct to m eet m odern conditions, 
th e ir high standard  of knowledge based on a thorough technical 
tra in in g .

T h e  N e w c o m e n  S o c ie t y . “ E ng ineering ,”  28th Feb., 1930,
At a m eeting of the Newcomen Society, held at the In s titu te  

of M arine Engineers, on F ebruary  19th, E ngr. Capt. E . C. 
Sm ith read a paper on “  Pioneer Ships of the A tlan tic  F e rry .”  
T ransatlan tic  steam  navigation was established in the years 
1838-1840 by four separate companies. The A tlan tic , however, 
had been crossed by steam  vessels long before then. In  1819, 
the Savannah, an A m erican  sailing ship, fitted w ith a 90 h .p . 
engine, crossed from  Am erica to E ngland, bu t she  took 27 
days, out of w hich she used her engine very little . In  1827 the 
Dutch-owned S.S. Curacao went from  R otterdam  to Surinam  
in D utch G uiana, bu t her tonnage was small, and it was quite 
out of the question for her to steam  the whole distance. Six 
years la ter, H .M .S . Rhadam anthus  crossed from P lym outh to 
Barbadoes, via M adeira, and, la te r in the same year, the 
C anadian steam ship Royal W illia m , crossed from Nova Scotia
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to Cowes, bu t her voyage also was a long one. N either of these- 
passages was connected w ith any considered plan for establish­
ing regu lar steam ship com m unication. The real pioneer of th e  
A tlan tic  F erry  was an A m erican lawyer and business m an , 
■Junius Sm ith, who lived in London. In  1832 Sm ith went ta  
New York and back by sailing packets, which took 54 days, and 
32 days, respectively, for the outw ard and homeward voyages. 
The following year Sm ith pu t forw ard a project for p lacing  
steam vessels on the route, and, in 1836, he formed the B ritish  
and N orth  A m erican Steam N avigation Company, w ith offices 
in London, and placed a contract w ith  C urling and Y oung, of 
Limehouse, for the B ritish  Queen.

About th is tim e, the G reat W estern Steam Ship Company 
was building the Great W estern  a t B ristol, and the T ransat­
lantic Steam Ship Company, of Liverpool, had been formed 
for purchasing the Liverpool, a hue vessel then in hand for S ir 
J .  Tobin. The Great W estern  was the first vessel com pleted, 
bu t, in  1838, the London Company chartered the Sirius  and 
the Liverpool Company chartered the R oyal W illiam —not to 
be confused w ith the R oyal W illia m  which crossed from 
Canada in 1833, and in 1838 the Sirius, the Great W estern, 
the R oyal W illiam  and the Liverpool all made passages to and 
from New York. The Sirius  and the R oyal W illiam  were, 
however, found too sm all for the work and were quickly w ith­
drawn, and, during  .1839, the service was m aintained by the  
Great W estern, the Liverpool and the B ritish  Queen.

To these were added in 1840, the ill-fated  President of the 
London Company and the B ritannia , A cadia  and Caledonia of 
the Cunard Company, the last three ru n n in g  from Liverpool 
to H alifax  and Boston, instead of to New York. Of the three 
pioneer companies, th a t in  Liverpool soon sold th e ir vessel to- 
the P en insu lar and O riential Steam  N avigation Company. In  
M arch, 1841, the London Company lost the President, and then  
sold the British Queen to B elgian owners, but the Great 
W estern  continued to run  most successfully u n til 1846, 
m aking, in  all, some 74 double passages. The B ritish  Queen 
and  President, bu ilt in London, were engined, respectively, by 
N apier, of Glasgow, and Faw cett, P reston and Company, o f 
Liverpool. The engines of the Liverpool were made by 
Forrester, of Liverpool, and those of the Great W estern, by 
M audslay, Sons and F ield . From  some m anuscripts which at 
one tim e belonged to Joshua F ie ld , E ngr.-C apt. Sm ith was 
able to give dimensions of the ships and th e ir engines and
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p articu la rs  of tlie ir voyages. All the ships had low-pressure 
flue boilers, working a t about 5 lb. per sq. in ., and side-lever 
engines driv ing  paddle wheels, but the Sirius  and B ritish  
Queen were both fitted w ith H a ll’s surface condensers and 
evaporators. From  a table included in  the paper it was seen 
th a t the average time for the outward voyage by sail was 34 
days and for the homeward voyage 22 days, whereas the aver­
ages for the three steam  ships were 17 days and 15 days, 
respectively.

A N e w  E x p e r im e n t a l  T a n k  a t  T e d d i n g t o n . “ The E n g i­
neer,”  28th February , 1930.

In  the recent report of the Advisory Council for Scientific 
and  In d u stria l Research, reference was made to the offer of the 
D epartm ent to subscribe a sum not exceeding £10,000 towards 
the cost of an additional experim ental tank  at the N ational 
Physical L aboratory at Teddington. The new tank is required 
to  give increased facilities for the experim ental and research 
work on ship resistance and propulsion, and the testing  of ship 
form s and propellers, which i.s now being carried out a t the 
“  W illiam  F roude ”  N ational Tank. A t the annual d inner of 
the Chamber of Shipping, which took place on Thursday, 
February  20th, Mr. J .  h .  Thomas, the Lord P rivy  Seal, stated 
th a t as a result of representations made to h im  by the shipping 
and sh ipbuild ing industries, the Government had decided to 
build  a second tank  for the testing  of ship designs at Ted­
dington, the cost of which would be £40,000. Mr. Thomas 
expressed the hope th a t the provision of additional testing  
facilities would result in  the design of more efficient ships, and 
fu rth e r stated his belief th a t the Blue R ibbon of the A tlan tic  
was held by Germ any only tem porarily. W e understand th a t the 
detailed designs of the new tank  are now being considered by 
Mr. G. S. Baker, the superin tendent of the F roude Tank, and 
his staff. The new tank  will be specially designed for m ercan­
tile  m arine work, and will not, therefore, necessarily be so 
large as the ‘ W illiam  Froude ”  N ational Tank, presented by 
S ir A lfred Yarrow, or the Rome tank , recently completed 
which, in  addition to testing  ship designs and propellers, will 
also be employed for naval and high-speed hydroplane work. 
Mr. Baker and his staff have for long laboured under great 
difficulties, and it  is satisfacto ry  to  learn th a t additional 
facilities are now to be provided which should enable a la rger 
am ount of experim ental work to be undertaken and to be 
dealt w ith expeditiously.
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N e w  S h i p b u i l d i n g  O r d e r s . “  The E n g in ee r,”  14th M arch,
1930.

D uring  the last few days the Anglo-Saxon Petroleum  Co., 
L td ., the shipping company of the Royal D utch Shell Group, 
has placed orders w ith shipyards in  G reat B rita in  and on the 
C ontinent for no less than  tw enty new m otor tankers. The 
■total value of the orders is estim ated a t about £3,600,000. 
Each of the vessels will have a dead-w eight capacity of about 
11,500 tons, and will be propelled by twin-screw W erkspoor 
supercharged engines, the designed speed being about 1 2 | 
knots. In  th is  country two ships will be bu ilt by H arland  
and Wolff, L td ., a t the firm ’s Govan yard , and two by Swan, 
H u n te r and W igham  R ichardson, L td ., a t W allsend-on-Tyne. 
Two fu rth e r ships are to be b u ilt at Belfast by W orkm an Clark 
(1928), L td ., and two by H aw thorn , L eslie and Co., a t Heb- 
burn-on-Tyne. I t  m ay be recalled th a t the last-nam ed firm 
has already under construction three vessels for the Anglo- 
iSaxon Petroleum  Co., L td . The continental orders are divided 
between shipyards in  H olland, Germ any and Ita ly . Both the 
hulls and propelling m achinery will be b u ilt to the owners’ 
own specification, and by adopting supercharging the m axi­
m um  output in  relation  both to space occupied and w eight will 
be obtained. An order has also been received by Vickers-Arm- 
strongs, L td ., for a large electrically  propelled passenger liner 
for Furness, W ith y  and Co., L td ., of London. The lin er will 
be b u ilt a t the firm ’s Naval Y ard at W alker-on-Tyne, which 
has now been closed for some eighteen m onths. The electrical 
p ropelling equipm ent will be constructed a t the engineering 
works of the General E lectric  Company a t W itton , B irm ing­
ham , in collaboration w ith the B arrow -in-Furness engineering 
departm ent of Vickers-Armstrongs, L td ., a t which la tte r  
works the boilers and the aux ilia ry  m achinery will be con­
structed. These orders will g'ive considerable satisfaction in  
sh ipbuild ing  yards and the allied industries. The announce­
m ent is also made th a t  the Cunard Steam ship Co., L td ., has 
sent out p re lim inary  inquiries and specifications for a new fast 
A tlan tic  lin e r to replace the M auretania.

A N e w  D u p l e x  T h i m b l e - T u b e  B o il e r  f o r  M o t o r  S h i p s .
“  The E n g in eer,”  21st M arch, 1930.

In  the accom panying draw ing we ilh istra te  a new type of 
duplex  thim ble-tube boiler which has been specially designed 
by the Clarkson Thim ble-Tube B oiler Co., L td ., to fulfil the
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duties of a combined exhaust gas silencer boiler and an oil- 
fired un it. The boiler is the first of its type, and it was re­
cently installed and tested on the motor traw ler Sa in t M artin  
Legasse, the first of four traw lers now under construction fo r  
La Morue Fram jaise a t the shipyard of Cox and Co. (E n g i­
neers), L td ., F alm outh . The p articu la r traw ler referred to is 
propelled by a seven cylinder Polar ”  two-stroke airless in ­
jection engine supplied by the Atlas Diesel Co., L td ., of 
London. I t  has a continuous output of TOO S .H .P . at 214 
r.p .m ., and the cylinder bore is 340 mm. w ith a stroke of 
570 mm. As our illustra tion  indicates, there are two separate 
thim ble-tube boiler un its which are enclosed in  a common 
ooiler shell. The overall height of the boiler over the exhaust 
boxes is 12ft. 2 |in .  with a diam eter of 4ft. 3in.

The top un it is arranged to receive the exhaust gases from 
the engine. They pass down through the nest of water-filled 
thim ble tubes and re tu rn  through a central outlet pipe. The 
designed heating  surface is 108 square feet, and w ith an as­
sumed exhaust gas tem perature of 480° F ah ., an output o f 
300 lb. of steam per hour at a working pressure of 75 lb. per. 
sq. in. is estim ated to be obtained.

The bottom u n it is arranged for sim ultaneous, or inde­
pendent, oil firing on the W allsend Howden low-pressure a i r  
system, the burner being sxipplied by the W allsend Slipway 
and E ngineering Co., L td. I t  is arranged to fire vertically  
upwards w ithin a combustion cham ber formed of refractory  
m aterial and so arranged th a t the hot gases pass down through 
the nest of water-filled thim ble tubes. The heating  surface is 
180 square feet w ith a designed output on oil firing alone of' 
800 lb. of steam  per hour. The capacity of the thim ble tubes 
to r removing the heat from the gases may be gauged from  the 
outlet tem perature of the gases measured near to the boiler 
shell ju s t  before the bend, which was only 446° F ah . A good 
feature of the design is the well-submerged crown of the- 
lower un it, which is half-way down the boiler as measured 
from the working w ater level. I f  desired the top boiler u n it 
can be run  dry as a silencer should no steam be required. The- 
estim ated output of both units in  operation when working at a 
pressure of 75 lb. p e rsq . in. is 1,100 lb. of steam from and a t  
212° F ah .

All the usual boiler fittings, such as safety valve, w ater 
gauge, feed connections, blow-down connection and a stop 
valve, are provided, along w ith an an ti-p rim ing  pipe fitted at
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tlie top of the boiler. Oil W ednesday, F eb ruary  19th, pre­
lim inary  tria ls  were ru n  off Falm outh , and it was found th a t 
the steam generated from  the exhaust gases alone was quite 
sufficient for the operation of all the aux iliary  m achinery re ­
quired at sea, w ithout m aking use of the oil burner, and the 
silencing effect was, we understand, particu la rly  good. D uring  
the tria ls, which extended over five hours, the tem perature of 
the exhaust gases measured at the in le t of the boiler rose 
steadily  from 318° F ah . to 568° a t the end of the tria l. The 
exhaust gas outlet tem peratures corresponding to the above 
figures were 258° F ah . and 400° F ah . respectively. As the 
lagging  of the boiler had only ju st been completed and a cer­
ta in  amount of drying out had to take place the tr ia l perform ­
ance was regarded as most satisfactory.

Two boilers of the same type are being supplied for a new 
motor yacht which is being- bu ilt by W illiam  Beardmore and 
Co., L td ., a t D alm uir, for M ajor Courtauld. Each boiler will 
work in conjunction w ith a TOO S .H .P ., two-stroke Sulzer oil 
engine, and w ith an exhaust gas tem perature of not less th an  
550° F ah ., it is designed to produce 400 lb. to 500 lb. of 
steam per hour. W ith  oil firing, each boiler will have a de­
signed output of 600 lb. of steam per hour, the working pres­
sure being 50 lb. per sq. in. Boilers of the type we have 
described are supplied not only as complete boilers, bu t also- 
as standardised thim ble-tube boiler units, which are hydraulic- 
a lly  tested to L loyd’s and the Board of Trade survey regu la­
tions, and are ready for fitting  into boiler shells constructed 
by the shipbuilders in  th e ir own boiler shops.

H .M .S . “ A c h e r o n . ”  “  The E ng ineer,”  21st M arch, 1930.
On Tuesday, M arch 18th, there was launched from th e  

W oolston yard  of John  I. Thornycroft and Co., L td ., a B ritish  
destroyer, H .M .S. Acheron, which in  some respects marks an 
im portant development in the construction of naval ve&sels. 
The feature of interest in her design is the fact th a t she is the 
first war vessel to be fitted for the use of high-pressure super­
heated steam , combined w ith a ir preheaters. H er m achinery 
consists of Parsons turbines driv ing tw in screws through re­
duction gearing, and supplied w ith steam from three T horny- 
croft boilers. According to Sir Charles Parsons, her con­
sum ption of fuel oil should be about lb. per horse-power 
hour, or almost the same as th a t of a heavy oil engine o f 
equivalent output. S ir Charles has also stated th a t w ith
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this consum ption she should be from 10 to 15% more econo­
m ical th an  her sister ships fitted w ith turbines using half her 
boiler pressure. The Acheron  is the 101st B ritish  destroyer 
built by Messrs. Thornycroft. She belongs to the 1927-28 
program m e. H er length  is 312ft. between perpendiculars, 
and designed displacem ent about 1330 tons. I t  is anticipated  
th a t her speed will be about 35 knots. H er arm am ent con­
sists of four 4-7in. guns, two 2-pounder pom-poms, five 
m achine guns, and eight 21in. torpedo tubes. The fuel oil 
capacity  is 380 tons.

P r o p e l l i n g  M a c h i n e r y  C o m p a r i s o n s . “  Shipbuild ing  and 
Shipping  R ecord,”  20th M arch, 1930.

A few years ago, when the economic possibilities of the  
m otorship first began seriously to a ttra c t shipowners in  this 
country and abroad, it was not uncommon to find, in  the tech­
nical press and in papers before learned societies, carefully  
drawn up comparisons of steam ships and motorships for d if­
ferent trades, speeds, and other conditions. To-day, when the  
economic value of the different systems of propulsion are fa irly  
established for a varie ty  of conditions, such comparisons are 
not so com m on; they can tru ly  be said to have served th e ir  
purpose. A ll compilers and students of these in teresting  
tab u la r data m ust have often wished, we th ink , th a t  some 
broad-m inded shipowner would build  a series of sim ilar ships 
w ith different types of m achinery and give to the technical 
world an accurate sum m ary of th e ir operation, preferably on 
the  same route a t the same tim e of year, over an  extended 
period. This hope has now been realised, for M r. W . H inch- 
cliffe, superin tendent engineer of the E llerm an  Lines, L td ., 
has recently  given a sum m ary of two sim ilar vessels, one a 
steam er and the o ther a m otorship, in  a paper he presented 
before the Liverpool Engineering  Society.

The two single-screw vessels considered by M r. H inchcliffe 
are the C ity of Rouhaix  and the C ity of L ille , and both have 
been described in  our pages. The form er is propelled by 
single-reduction geared turb ine m achinery supplied w ith  super­
heated steam , a t a pressure of 300 lb. per sq. in . from  four 
single-ended Scotch boilers, which are read ily  convertible from 
coal to o il-burning or vice versa as m arket conditions dictate. 
The C ity  of L ille  is propelled by a four-cylinder Doxford type
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airless-in jection heavy-oil engine of 4,500 B .H .P . a t 87 r.p .m . 
The m ain characteristics of the two shii>s are as fo llow s: —

le n g th  overall
Length, between perpendiculars
Breadth moulded ................
Depth moulded
JBlock and midship area coefficients
Draught moulded .............................
Erections, per cent, of total length... 
Displacement, tons ...
Total D .W ., tons
L /B ............................................................
L /D .............................................................
B/D........................................................
Capacity, gross cub. ft. ................
Capacity, bale cub. ft.
Net to n n a g e ..........................................
Main propelling m ach in ery ................

Propeller shaft r.p .m .
Total designed shaft horse-power ...
Propeller—

Diameter 
Pitch ...
Surface, sq. ft.

Speed in knots at 95 per cent, draught

From  the table i t  will be seen th a t the vessels are sufficiently 
alike in general characteristics as to make a careful comparison 
of th e ir service results really  useful. So far as the lines of the 
two vessels are concerned, the C ity of lioubaix, which has a 
cruiser stein , is fu ller aft th an  the m otorship. A model of the 
turbine-driven vessel was tested in the N ational tank , while no 
experim ents were carried out w ith the C ity of L ille . I t  is 
ra th e r  unfortunate th a t the lines of the two vessels were not 
more nearly  sim ilar, for th is im portant factor renders com­
parison more difficult than  would otherwise be the case. A t 
th e  tim e the orders were placed, however, the owners had no 
in ten tion  of m aking this in teresting  m achinery comparison. 
A  th ird  vessel was b u ilt and fitted with quadruple-expansion 
engines, i t  should be mentioned, bu t as her lines were very 
m uch fu ller than  those of the two ships mentioned, her service 
results were not included by M r. H inchcliffe in  his paper.

C arefully conducted tria ls  were made w ith the m achinery 
of both ships, under approxim ately sim ilar conditions, and the 
results of these are given in the paper. The results of the 
second voyage of the C ity of Ilovhaix  and the first voyage of 
the C ity of L ille  are also given, as these were made over

City of Boubaix. City of Lille.
475 ft. 9 in. 465 ft. 8 in.

455 ft. 445 ft.
58 ft. 2 in. 57 ft. 9 in.
34 ft. 7 in. 33 ft. 11 in.

0'745 0'987 0 732 0 9854
27 ft. I l f  in. 28 ft. l i  in.

79 85-77
15,940 15,290
10,860 10,290

7 ’82 7'7
1315 1312
1-651 1 '703

684,720 632,990
618,640 568,260

4,555 4,054
Three-stage Four-cylinder

single-reduction heavy-oil
geared turbine engine

85 87
4,500 4,500

19 ft. 3in. 18 ft. 9 in.
17 ft. 17 ft. 6 in.
120 110

13-25 133
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almost identically  tlie same track to A ustra lia, tlie vessels 
leaving th is country w ith in  36 days of each other. Both 
vessels left A ustra lia for the U nited  K ingdom  alm ost sim ul­
taneously. The steam er used coal on the outw ard tr ip  and oil 
fuel on the re tu rn  passage. The voyage abstracts are most 
in teresting, the average A dm iralty  coefficients for the two 
voyages revealing th a t there is little  to choose between the two 
vessels 011 th is score, the voyage mean coefficients for both 
being about 283, obtained 011 a S .H .P . basis. The value of 
Diesel generators and electrical winches is clearly brought out 
in the paper, for the port consum ption of the m otorship, 
w hich is so equipped, was appreciably less th an  th a t of the 
steam er, being 109 tons of oil as against 535 tons of coal plus 
25 tons of oil in the case of the ship  w ith steam  auxiliaries. 
The relative costs of deck fuel per ton of cargo handled is 
approxim ately 3-5d. and 11-ld., resu lting  in a saving of about 
£'1,100 per annum  in favour of the electrically-equipped ship 
on a basis of 35,000 tons of cargo handled per year. W hile 
these are most impressive figures, it  should be remembered 
th a t in a g reat num ber of ports the cargo is handled by dock- 
side cranes, thus tend ing  to discount the superior efficiency of 
electric winches and Diesel generators in such cases.

The voyage figures are sum m arised in  the paper as 
follows : —

Steam ship. M otorship. 
£  s. d. £  s. d. 

F u el and lubrica ting  oils... 6,060 9 10 5,493 5 9 
W ages, expenses, provisions

and fuel for cooking ... 4,174 12 11 4,911 1 0

Total ................ £10,235 2 9 £10,404 6 9

The wages of the whole crew, in each case, is included. 
A lthough the m otorship has an engine-room staff of 24, as 
against 47 in  the engine and boiler rooms of the  C ity of 
R oubaix, the h igher rate of pay of the engineers on the m otor­
ship helps to tu rn  the scale in  favour of the steam ship, for, 
although the engineering personnel is sm aller, more watcli- 
keeping engineers are carried on the Diesel ship. The re­
sults m ay perhaps disappoint m otorship enthusiasts, inasm uch 
as they  were collected on a long passage, where the motorship 
is a t its best. The C ity of L ille  un fortunate ly  lost tim e in 
A ustra lia, due to a strike of dock workers, and it  is conceiv­
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able th a t on another voyage of the same character the results- 
would be reversed. W e should like to see M r. H inchcliffe 
give us a second paper afte r the vessels have been in  service 
for, say, three years. Results collected over such a period 
would serve to give a fa irer comparison th an  the figures for a 
single voyage. Over such an extended period the effect of 
weather is to a great extent elim inated from the comparison.

P e r s o n a l . “ Shipbuilding and Shipping R ecord ,”  20th 
M arch, 19-30.

M r. B. C. Curling, u n til recently  assistan t secretary, has 
been appointed secretary of the In s titu te  of M arine Engineers. 
Mr. Jam es Adamson, the venerable honorary secretary, and 
num ber one on the m em bership roll, will continue to act in th is

Mr. B. C. C U R L IN G ,
Recently appointed Secretary of the Institute of Marine Engineers.

capacity. Mr. Curling was educated a t the M athem atical 
School, Rochester, and served an A dm iralty  apprenticeship in 
the engineering- departm ent of H .M . Dockyard, Chatham . 
A fter several years at Chatham  as an estim ator and d raugh ts­
man, he joined, in June, 1911, George K ent Lim ited, the
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hydraulic engineers of' L uton, as estim ator, becom ing succes­
sively chief draughtsm an and technical business m anager. In  
Ju ly , 1919, he was appointed commercial m anager and secre­
tary of The K itchen  R eversing R udder Co. L td ., Liverpool, and 
was subsequently , in Ju ly , 1921, appointed by the council to 
the assistan t secretaryship  of the In s titu te  of M arine 
E ngineers.

T h e r m a l  E f f ic i e n c y  i n  S t e a m s h i p  P r a c t ic e . T h e  I m p o r t a n c e  
o f  t h e  “  B a c k - p r e s s u r e  ”  a n d  “  P a s s - o u t  ”  P r in c ip le s .  
“  T h e  S h ip b u i ld e r ,”  A p r i l ,  1930.

I t  is now beginning  to be more and more realised th a t sub­
stan tia l economies, both afloat and ashore, are w aiting  to be 
effected in  connection w ith  power production by m eans of steam  
engines or tu rbines. The essen tial fac t is th a t, in the  case of 
ordinary condensing un its, even of the la rg est size and the  
la tes t design, w ith  h ig h  steam  pressures and tem peratures of 
superheated steam , about 60 per cent, of the  to ta l heat of the 
coal is lo st during  the process of condensation.

In  order to obtain  th e  necessary degree of vacuum , a vast 
volume of cold w ater has to  be pum ped th rough  the condenser, 
am ounting under norm al conditions to 450 or 500 tons of w ater 
per ton of coal b u rn t in  the boilers. Consequently, fo r th is  
reason alone, the  theoretical m axim um  therm al efficiency from 
the  raw coal to the jAace of use is only 40 per cen t., and in  actual 
practice the figure is very  m uch less. Thus the average large 
m arine in sta lla tion  w ith  triple-expansion engine or tu rb ine  
under the best conditions can only show a therm al efficiency 
of about 12 to 14 per cent., while m ost electric-power stations 
have an efficiency of from  15 to  18 per cent. C ertain ly  in a 
few cases, by using  abnorm ally h igh  steam  pressures and  tem ­
peratures, such as 500 to 1,800 lb. per sq. in. and 700 deg. to  
850 deg. F ., figures of 20 to 25 per cent, are being obtained for 
p lan ts of say 100,000 to 350,000 H .P ., b u t about 12 per cent, 
therm al efficiency can be taken  as the average for all condens­
ing un its, irrespective of size.

In  steam ship practice, therefore, the b e tte r  m ethod from 
the therm al po in t of view is to develop to  the  u tm ost the use 
of back-pressure high-speed engines, or sm all tu rb ines, for 
electric lig h tin g  and sim ilar auxiliary-pow er uses, these un its 
being allowed to exhaust a t any desired low pressure, say, 5 to 
25 lb . per sq. in ., to provide hea ting  steam  for rad ia to rs, baths, 
lavatories, cooking, laundry  work, and o ther uses. On these
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lines, the overall therm al efficiency is 50 to 65 per cent., which, 
is fa r ahead of any condensing engine or tu rb ine, because tbe 
60 per cent, hea t loss in  the condenser is avoided. The r ig h t 
installa tion  for the conditions m ust be used, how ever; and in

D iag ram  show ing H e a t L osses in  C ondensing  S team -eng ine o r T u rb in e  P lan t. 
(The do tted  lines  show  th e  sav ing  by using  back -p ressu re  o r  pass-ou t units.)
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this connection it  may be m entioned th a t M essrs. Beiliss and 
Morcom, L td ., of B irm ingham , have supplied over 1,450 in ­
stalla tions of back-pressure or pass-out engines and tu rb ines, 
which include m any for well-known steam ship companies, the  
B ritish  A dm iralty , and also the navies of F oreign  Powers.

The value of the principle, and the reason for ob tain ing  
only 12 per cent, therm al efficiency w ith  condensing’ un its, w ill 
be obvious on considering the diagram  accom panying this note. 
Thus, under the very best conditions, the therm al efficiency of 
steam  generation— th a t  is, up to the point where the steam  
leaves for the  engine or tu rb ine— is 83 per cent., including 
11 per cent, funnel-gas loss, as well as rad ia tion , sensible h ea t 
in  ash and clinker, and other item s. On the average, however, 
the  ordinary  industria l and m arine steam  boiler p lan t does no t 
exceed 60 per cent, efficiency, and m uch im provem ent in th is 
connection can be effected. Added to th is are the losses due 
to  rad ia tion  from steam  pipes and engine, as well as stand-by 
losses. The n e t resu lt is th a t, as shown on the diagram , 63 per 
cent, of the  to ta l heat passes to the condenser, because of th e  
la ten t heat of steam , and only 10 per cent, is available for ac tual 
power production, 3 per cent, being re tu rned  in the boiler feed. 
I f  the steam  pressure is increased, the overall therm al efficiency 
r is e s ; b u t th is is re la tively  a m inor m atte r compared w ith  the 
prevention of the 60 per cent, condenser loss, w hich occurs 
irrespective of pressure and superheat, so th a t the value of a 
combined power and h ea tin g  system  w ill be obvious.

T h e  S w a n ,  H u n t e r  L u b r i c a t i n g  O i l  “  S w e e t e n e r . ”  
“  M otorship ,”  M arch, 1930.

Due to th e  fact th a t  corrosion had been observed in  the 
crankshafts of two oil-engined ships, M essrs. Swan, H u n te r 
and W ighain  R ichardson undertook the design of a lub rica ting  
oil sweetener, as it was discovered th a t the corrosion was 
caused by th e  particu la r oil used in the  forced lub rica ting  
system . The necessary experim ents were conducted under the 
d irection of Mr. H . J .  Y oung, F .I .C ., who ascertained th a t if 
the  oil were b rough t in  contact w ith  zinc cu ttings no corrosion 
occurred, the acidic compounds in the oil form ing salts w ith  
the zinc. These salts  were proved to have no corrosive pro­
perties w ith respect to steel and w hite m etal.

A  lub rica ting  oil sw eetener evolved on the principle ind i­
cated was fitted in four vessels, and the device in its  la te s t 
form is shown in the accom panying illu stra tions. T he zinc 
plate unit consists of 110 plates spaced with 981 steel washers
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O'Ol in. thick. There is a to ta l active surface of 13,000 
square ins., the designed velocity between the plates being 
1*5 ins. per second and th a t a t the in let slots 27 ins. per

T h e  Sw an, H u n te r  zinc p la te  
“ sw ee ten e r” for lu b rica tin g  oil.

second. The maxim um  w orking pressure is 50 lb. per square 
inch, while the p late  u n it weighs 220 lb. As the capacity  is 
75 gallons per m inute, the apparatus is extrem ely compact. 
I t  is only 26 ins. long, m easured from face to face of the pipe 
flanges, less than  20 ins. wide, and the he igh t is below 16 ins. 
The bore of the inlet and outlet orifices is 5 ins.

T here are two m ild-steel end plates secured by nine i- in . 
bolts, the u n it being enclosed in a cast-iron chest and cover. 
L iftin g  holes are provided for w ithdraw ing the plate un it and 
a drain plug is fitted.

S t e a m  a n d  M o t o e  S h i p  F u e l  B i l l s . 
1930.

M otorship ,”  M arch,

Some figures were published last month giving details of the 
first perform ance of the steam er C ity of Hongkong  a f te r she 
had  been fitted w ith  the new aux iliary  turbo-electric p lan t to
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increase efficiency and raise the speed. The im provem ent was 
undoubted, and it is in te resting  to compare the fuel consump­
tion of th is vessel, now represen ting  one of the m ost economical 
of coal-fired steam ers, w ith  th a t of a corresponding m otor ship.

An excellent opportunity  occurs as the m otor ship A m erika  
is of practically  the same size. The C ity of Hongkong  is 470 ft. 
long b .p ., w ith  a beam of 61'5 ft. and a gross tonnage of 9,178.

The A m erika  is 465 ft. long b .p ., w ith  a moulded beam  of 
62 ft. and a gross tonnage of 10,100.

The coal consum ption of the C ity of Hongkong  is 59 tons 
daily  for all purposes, w ith  an  average speed of 12'26 knots. 
I t  is no t so stated , b u t we will assum e th a t the vessel is fully 
laden when these figures are atta ined .

The oil consum ption of the Am erika  (when fully  laden) for 
all purposes is 24 tons per day at a speed of 14 kno ts. This is 
equivalen t to, approxim ately, 16 tons per day a t a  speed of 
12'26 knots, and is l i tt le  more than  one q u arte r of the am ount 
of coal used under corresponding conditions in the C ity of 
Hongkong.

T h e  D e s ig n  o f  A i r l e s s - I n j e c t io n  E n g i n e s . “  M otorship,”  
M arch, 1930.

The rap id  reversion from the air-in jection D iesel engine, 
w hich has been param ount for so m any years, to the compres- 
sorless type, is one of the most fa r-reaching  changes th a t have 
occurred in D iesel-engine design generally  for the past five or 
six years. Commercially, i t  has the effect of reducing th e  
average fuel consum ption from 0'4 lb. per b .h .p . hour to any ­
th in g  betw een 0’36 and 0'38 lb. per b .h .p . hour and of allow ing 
the  m anufacture of a lig h te r  and sm aller engine of given power 
th a n  before, w hilst lead ing  to considerable sim plification both  
in construction and operation. I t  is n a tu ra l, therefore, th a t 
shipow ners should demand and engine builders should wish to 
supply such engines, and the figure of 60 per cent, represen ting  
the compressorless engines compared w ith the to ta l num ber of 
m arine D iesel m otors on order w hich we gave a short tim e ago, 
w ill probably be increased.

Such a change does not come w ithou t in troducing  difficulties. 
The shipowner will not accept the new design w ith  reserva­
tions. He will no t, for instance, agree th a t if he purchases 
airless-in jection  m otors they  will e ither have to  run  on more 
expensive fuel, or th a t  the grades of oil on which they  will
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operate satisfactorily  are more lim ited in th e ir range than  those 
which m ay be utilized, w ith  success, in air-in jection m otors.

I t  is, therefore, for the builders to ensure th a t by their design 
the compressorless engine has the same flexibility in fuel u tili­
zation as the air-in jection model. No standard  system  can be 
fitted which will prove the most efficient for every type of 
engine. The opposed-piston m otor, for instance, w ith  its 
through scavenge and the m oderate degree of turbulence im ­
parted  to the scavenging air, also its relatively h igh  pum p 
pressure, offers different problems to the  designer of the fuel 
system  than  does a double-acting engine w ith  the scavenging 
and exhaust ports in the centre. The four-stroke single-acting 
m otor w ith the fuel valve and exhaust valve in the top of th e  
cylinder rings yet another change.

N either can it be said th a t very  effective atom ization a t high 
pressure solves the problem, irrespective of turbulence, any 
more than  it is true  to s ta te  th a t everything depends on tu r­
bulence and th a t the efficiency of atom ization is unim portant. 
The problem is thus all the  more difficult since it  is not capable 
of a common solution.

I t  is essential th a t shipowners should not be disappointed 
w ith  the results of airless-injection m achinery because they 
find th a t in th e ir necessity of purchasing fuels all over the  
world the  combustion and runn ing  generally  of the engines 
have no t proved up to  expectation. All engine builders jwhor 
are rapidly developing airless-injection m achinery should 
therefore experim ent continuously w ith every possible grade 
of fuel th a t is likely to be supplied to ships, and should im prove 
th e ir  fuel-injection system  un til it  is proof aga inst any dis­
ab ility  dependent on the variations in the grades of fuel avail­
able a t the num erous bunkering  stations th roughout the  world.

A N o r t h - E a s t e r n  P r e s s u r e -C h a r g e d  E n g i n e . Prof. 
Hawkes’s R eport of T rials on the F irs t of Two 2,750 
B .H .P . U nits for the H olt Cargo L iner Maron. “ The 
M otor S h ip ,”  M arch, 1930.

The following is a report of tria ls  carried out by Prof. 
Hawkes a t the request of the builders— the N orth-Eastern 
M arine E ngineering  Co., L td .— on a new engine designed and 
built by them  in accordance w ith the specification of Messrs. 
Alfred H olt and Co., the owners of the M.S. Maron, in which 
the engine, together w ith a sim ilar motor, w'ill be installed. 
A description of the engine was given in  “  The M otor Ship ”  
of Jan u a ry , 1930.
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The principal object of these tria ls  was to ascertain the heat- 
fiow to liners, heads and pistons, as determ ined by the m easure­
m ent of the heat carried away by the cooling media, when the 
engine was runn ing  a t various powers a t constant speed.

The nom inal speed of the engine is 138 r.p .m ., g iv ing a 
piston speed of 1,177ft. per m in., but for the tria ls  which I  
supervised it  was decided th a t the revolutions should be 115 
r .p .m ., so th a t data obtained a t a lower piston speed would be 
available for comparison w ith o ther engines.

The engine, which is of the four-stroke single-acting type 
fitted w ith  the Biichi system of exhaust turbo-charging, has 
s is  cylinders of 620 mm. (24-4ins.) bore and 1,300 mm. 
(5T2ins.) stroke. Eigs. 2 and 3 give, respectively, an  end view 
and a longitud inal elevation of the engine.

The nom inal power of the engine is 2,750 B .H .P . a t 138 
r.p .m ., and the engine has been specially designed to work on 
the Biichi system at th is power. The flywheel, which is secured 
to the after-end of the crankshaft, is 3-9ft. in  diam eter and 
weighs 2-58 tons.

B last a ir  is supplied by a three-stage compressor, of the 
steeple type, driven by an additional crank a t the forward end 
of the crankshaft. The compressor is fitted w ith a piston-rod 
and cross head, and the H .P . cylinder is en tirely  separate 
from the L .P . cylinder, the H .P . piston being attached to the 
L .P . by a rod passing through a g land in the L .P . cylinder 
cover.

One fuel pum p is fitted for each cylinder. The fuel-pum p 
block, w hich is clearly  shown in the photograph, is situated  at 
the fron t of the engine, between Nos. 3 and 4 cylinders. The 
fuel pum ps are actuated  from the crankshaft th rough  gearing.

The blower un it, which was m anufactured by Messrs. Brown 
Boveri, of Baden, consists of a single-wheel exhaust-gas tu r ­
bine d irectly  coupled to a two-stage blower. F ig . 4 shows a 
photograph and E ig. 5 a sectional elevation of the tu rbo­
blower.

The m ain engine has two exhaust m anifolds. Nos. 1, 2 and 
3 cylinders are connected to one m anifold and Nos. 4, 5 and 6 
cylinders to the second m anifold. These m anifolds are led to 
two separate in let branches on the exhaust-gas tu rb ine casing. 
There is a common outlet branch from the tu rb ine leading to 
the atm osphere. The blower discharges the a ir under pressure 
into a common m ain from which branches are taken into the



' 2 6 2  N o r t i i - E a s t e r x  P r e s s u r e - C h a r g e d  E n g i n e .

inlet valve in  each cylinder head. Follow ing the usual Biichi 
practice, the tim ings of the in let and exhaust valves are such 
th a t  there is an appreciable overlap, which results in  the 
scavenging of the cylinder clearance spaces of exhaust gases.

D uring  the shop tria ls  the turbo-blower was supported on a 
tem porary structure, arranged so th a t the distance of the



N o r t h - E a s t e r n  P r e s s u r e - C h a r g e d  E n g i n e . 2 6 3

blower below the a ir  and exhaust m ains was about the same 
as it w ill be above these m ains when it  is fitted in the s h ip ; 
an d , so fa r as practicable, the sh ip ’s a ir and exhaust pipes

10
.Sf£
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-were used. This arrangem ent was made w ith the object of 
im ita tin g , as closely as possible, the a ir  and exhaust-m ain 
conditions, which will obtain in  the ship.
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.Forced lubrication  is employed for the m ain engine and for 
the turbo-blower. D uring the shop tria ls  an electrically-driven 
forced-lubrication pum p took its suction from a storage tank  
and discharged into the oil system through a strainer. A fter 
passing through the bearings the lubrica ting  oil drained from 
the crankcase to the storage tank. A lubricating-oil cooler 
was not in use during  the shop tria ls. A cooler w ill be fitted 
in the ship.

Sight-feed lubricators were employed for cylinder lubrica­
tion.

The general design of the liners and heads follows the usual 
N .E .M . practice. In  this instance, however, the liner and 
head of each cylinder are separate castings, the liner being 
secured to the head by stainless-steel studs and nuts, and the 
whole viz., the head, jo in t and liner—surrounded by the 
cooling water, which is supplied by an electrically-driven 
pum p. L ubrica ting  oil was used for cooling the pistons. 
The methods employed for m easuring the quantities of cool­
ing media passing through the engine are given later.

Power Measurements.
D uring the tria ls  the E .H .P . developed by the engine was 

absorbed by a H eenan and Froude dynam om eter of the com- 
pound-lever type supplied w ith w ater from an overhead tank, 
in  which the level was m aintained constant. A t the con­
clusion of the tria ls  the dynam om eter was disconnected from 
the engine and balanced, and the necessary dimensions were 
taken for checking the constant— which is 300. A ll weights 
were checked and found correct.

Ind ica to r diagram s were taken from the power cylinders 
and from the a ir  compressor every 30 m inutes. The ind icator 
springs were calibrated before the tria ls , bu t there was no 
opportunity  for checking the indicator drives.

Fuel M easurement.

The quan tity  of fuel passing to the engine was measured 
by direct w eighing. Two tanks were employed, each fitted 
w ith a shut-off cock and flexibly connected to a three-w ay cock 
in  the common suction pipe leading to the fuel pumps. Each 
tank, of about 17 cubic feet capacity, was placed on the p la t­
form of an Avery self-recording w eighing m achine. A t the 
commencement of a tria l one of the tanks was p u t into com­
m unication w ith the fuel pumps, and the other tank was shut
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off and filled w ith oil from the storage tank. The change over 
from one tank  to the o ther tank  was made as necessary during  
the tria l. No heaters were fitted in  the fuel system.

The to tal leakage of fuel oil from the pum p glands during  
the four tria ls  was 6 lb.

Samples of fuel oil, which were taken during  each tria l, 
were forwarded for analysis and for the determ ination of the 
calorific value, viscosity, etc. The analysis is as follows: —

ANALYSIS OF FUEL.
Carbon
Hydrogen
Oxygen
Nitrogen
Sulphur
Ash
W ater ...

Specific gravity a t 15'5°C. 
F lash point, close test 
Soft asphalt ...
Hard asphalt 
Setting point

Viscosity.
At 70°F 
At 100°F. ...

Calories
B .T h .U ........................................
Lb. of water, evaporated from 

100°C. by 1 lb. of the oil

86'77
1257
0-14
0-03
0-49

None
Trace

lOO'OO

................  0-8725
.............................  90C'C = 194CF.

... 0 '03 per cent.
.....................  011 ,, ,,
Quite liquid a t —24°C. =  —11°F.

Time of flow of 50 c.c. from 
Redwood’s viscometer in seconds.
.............................  47

38
Gross. Net.

................  10,740 10,060

................  19,330 18,110

20-0 18-73

The revolutions of the m ain engine were recorded by a 
H ard in g  counter. Readings were taken by me every 15 
m inutes, a t the instan t the fuel consum ption was recorded.

M easurement of Cooling W ater.

The jacket-cooling w ater on its passage to the engine passed 
th rough  a w ater m eter. The w ater was then  led, in  series, 
first to the a ir  compressor cylinder jackets and coolers, then  
to  the piston-oil cooler and finally to the m ain engine cylinder 
jackets. The discharges, from the jackets and exhaust-valve 
housings were led to a common collecting pipe and passed to 
waste.

The w ater m eter was checked a t  the works of the W ate r Co. 
before it  was installed and found to be, for all practical p u r­
poses, correct.
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The therm om eter used for registering the tem perature of the 
cooling w ater afte r i t  had passed through, the a ir compressor 
and piston-oil cooler, and before it  entered the engine jackets,, 
was placed in the common supply pipe as near as possible to 
the engine. The outlet tem perature was registered by a th e r­
m ometer placed in  the common collecting pipe.

Readings of the m eter and of the therm om eters were taken 
every 15 m inutes.

Measurement of P iston Cooling Oil.

The piston-cooling oil was supplied by a separate electric­
ally  driven pum p arranged so th a t it  could take its suction, 
th rough a stra iner, either from two calibrated m easuring 
tanks or from the oil storage tank. The oil discharged from 
the pum p, afte r passing th rough a filter and cooler, was led by 
telescopic pipes to the hollow piston rods, which were fitted 
w ith in terna l pipes. The oil passed up the rods, 011 the ou t­
side of the in terna l pipes, to the pistons, re tu rn ing  through  
the in ternal pipes to collectors attached to the engine columns. 
The oil from the collector of each cylinder was led to an in ­
spection trough, which communicated w ith the common d ra in ­
pipe leading back to the lubrica ting  oil tanks.

M easurement of A ir.

The blower section pipe term inated in an enlarged vertical 
pipe, about 4ft. diam eter and 10ft. in length , in the top end 
of which was fitted a shaped nozzle, of wood, having a m ean d ia­
m eter of 19'75 ins. The nozzle coefficient was taken a t 0 ’965. 
The pressure drop through the nozzle was measured by an in - 
clined-tube m anom eter, filled w ith paraffin, which was cali­
brated before the trials. The tem perature of the a ir entering 
the nozzle was recorded by a therm om eter placed near the top 
of the enlarged vertical pipe. The pressure in the blower-dis- 
charge pipe was measured by means of a U-tube filled w ith 
m ercury.

A large tank, in which was fitted a th ro ttle-p late  contain­
ing an orifice 4-503ins. diam eter, was employed for m easuring 
the a ir passing to the blast compressor. The coefficient as­
sumed for the orifice was 0-59. The pressure drop across th e  
orifice was measured by means of a manom eter filled with 
paraffin. A therm om eter was placed near the orifice for 
m easuring the tem perature of the in-going air. Records were 
taken every ten m inutes.
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Exliaust-Gas Turbine.

The pressure of the exhaust gases en tering  the tu rb ine was 
recorded by a E -tube filled w ith  m ercury. W ith  the object 
of recording directly  the means of the pressures in  the two 
exhaust pipes leading to the tu rb ine a connection was taken  
from each pipe to a Y-piece, and the common leg of the  Y 
was connected to one lim b of the E -tube.

The tem peratures of the gases en tering  the tu rb ine  were 
recorded by two iron-constantan thermocouples and one 
nitrogen-filled therm om eter in  each in let pipe. The couples, 
the leads from which were connected to a m ultipo in t in d i­
cator, were calibrated before the tria ls . The glass therm o­
meters were calibrated afte r the tria ls  and any necessary cor­
rections have been made in  the tabulated  results. The means 
of the readings of the four thermocouples and the two glass 
therm om eters have been taken as the exhaust tem peratures 
for the purpose of estim ating the adiabatic-heat drops 
in  the turb ine.

The pressure in the exhaust-outlet pipe from the turbine- 
was recorded by a U-tube filled w ith w ater. The pressure was 
found to be approxim ately  atm ospheric for all tria ls . The 
tem peratu res of the gases leaving the tu rb ine were also reg is­
tered by two thermocouples and one nitrogen-filled glass th e r­
mometer.

The revolutions were recorded by a tachom eter driven from  
the turb ine shaft.

Exliaust-Gas Analysis.

Samples of exhaust gas were taken continuously from  the 
exhaust pipe leading from  the tu rb ine. Two samples were- 
taken sim ultaneously, the to tal volume w ithdraw n during  each 
tria l being about 10 litres. Each sample was analysed in  the 
works laboratory im m ediately a fte r each tr ia l, and the m ean 
results are given in Table Y for T rials 2, 3 and 4.

Trial Results.

F our one-hour tria ls  were carried out a t brake mean pres­
sures of 69-9 lb ., 88-2 lb ., 110-3 lb. and 125 lb. per sq. in. 
The engine was run  a t the tr ia l load for a sufficiently long  
period before each tr ia l was commenced to ensure th a t stable- 
conditions had been reached.
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The principal records and deductions are given in Tables 
I  to V I, and in the following cu rves: —

F ig . 6 : I .H .P .  fuel per h .p . and m echanical efficiency on 
a b .h .p . base.

4 M P
4-000

2000 0-0

*2 ooo o 8

IOOO 07

•2 d ?

IS oo 'fipOO l» o o  -2000 *2100 -2*200 *2500 "Zaoo n s o o  afaoo *2700 "2000 
b r a k e : h o « 5 e  P o w e r

P ig . c

F ig . 7 : Fuel per hour, mean indicated pressures, compres­
sion pressures and gas tem peratures a t the tu rb ine in le t on a 
b.m .e.p. base.

F ig . 8 : H eat to liners, heads and exhaust-valve housings, 
heat to pistons, blower-air discharge pressure and exhaust- 
tu rb ine  in le t pressures on a b .m .e.p . base.

In  Table I I I  the “  B .T h .IJ.s  per sq. ft. of siirface per hour ” 
to the liners and heads have been obtained by dividing the 
to ta l heat to the cooling water by the to tal surface of the liners 
and heads, assum ing th a t the heads are plane surfaces and th a t 
the exposed liner surfaces are cylindrical, of length  equal to 
the stroke plus the clearance volume divided by the piston 
area. As already m entioned, the head and liner of each 
cy linder are surrounded by a continuous w ater jacket, and it 
was not possible, therefore, to separate the heat to the heads
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from  the heat to the liners. Moreover, the to ta l heat to the 
cooling water includes the heat transm itted  through the ex- 
haust-valve housings—which could not be separately measured 
-—consequently, the average heat transm issions per sq. ft. of 
liner and head surface, given in  the table, are slightly  h ig h er 
than the actual figures.

CYLINDER N9. 5

If. P. M ...............- — 115-6

BF7AKE M.E.P.......KS-0 IBSiFW58= M

M.I P .......................154-0 LBS:PER SQ:I*

B H .P ............ ..........2620

F ig . 9.

In  calcu lating  the average “  B .T h .U .s per sq. ft. per 
hour ”  to the pistons it has been assumed th a t the pistons are 
plane surfaces. The average specific heats of the lub rica ting  
oil used for piston cooling, over the ranges of tem perature 
given in Table I I I ,  vary  from 0-4 for tria l 1 to 0-412 for tria l 4.

M ercury-in-steel therm om eters were placed in the exhaust 
branch from  each cylinder, and the mean readings are given 
in  Table V for record purposes— as these therm om eters will 
be in use when the engine is in the ship. The readings of 
these therm om eters are not the true mean tem peratures of the 
gases in the exhaust pipes and m ust be regarded of value for 
com parative purposes only. A t the tu rb ine inlets the g-ases 
would approach a uniform  m ixture, although the m ixture 
would probably not be complete. I t  was for this reason th a t 
two thermocouples and one glass therm om eter were placed in 
each exhaust pipe, adjacent to the tu rb ine-in let branches, and 
the means of the readings of the couples and therm om eters 
were taken, as already mentioned, as the m ean exhaust tem ­
peratures for calculating the adiabatic-lieat drops in  the 
tu rbine.

Any error in the mean gas-inlet tem perature would affect 
the  adiabatic-heat drop in  the tu rb ine, but if the m axim um
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reading obtained in tr ia l 4 be taken as the gas tem perature 
instead of the mean of the readings of all the therm om eters 
which is given in  Table V, the isotherm al work and the ad ia­
batic work of the blower expressed as percentages of the adia- 
batic-heat drop in the turb ine would only be reduced from 47‘5 
and 49-3 to 46-6 and 48'4 respectively. I t  should be m en­
tioned th a t the variations in the readings of the therm ocouples 
and  the therm om eters were less in Trials 1 to 3 than  in T ria l 4.

A heat balance, based on the h igher calorific value of the 
fuel, is given in  Table Y I. Owing to the large qu an tity  of 
w ater w hich was passed through the jackets and coolers of 
the b last-a ir compressor, and the consequent sm all rise in 
tem perature and the possible large errors in estim ating  the 
heat rejected to the water, the ‘‘ heat to compressor ” has not 
been included as a separate item .

TABLE I.

P o w e r s  and  F u e l  Co n su m pt io n .

Trial Number.
Duration (m inutes)...
Brake load (lb.) ... ................
B .M .E.P. (lb. per sq. i n . ) ................
Average r.p .m . ... ... ................
B .H .P ..................................................................
I . H P ..................................................................
Mechanical efficiency (per c e n t .) ................
Total fuel per hour (lb.) ...
Fuel per i.h .p . per hour (lb.)
Fuel per b .h .p . per hour (lb.)
Thermal efficiency on b.h.p. basis taking

H.C. value of fuel (per cent.)

1 2 3 4
60 60 60 60

3800 4800 6000 6800
69'9 88'2 110-3 125

117'2 1153 1157 115-6
1485 1845 2314 2620
2145 2465 2935 3230
69'2 74-8 78-8 81-1
612 740-5 926-5 1066

0-29 0 ’3 0-32 0 3 3
0'412 ■ 0-401 0-4 0-407

32-0 32-8 32-9 32-3

Conclusions.

As will be seen from Table I  and F ig . 6, the fu ll constimp- 
tion per b .h .p . did not vary  to any appreciable extent th ro u g h ­
out the tria ls . In  th is connection i t  should be m entioned 
th a t the engine had been runn ing  at 138 r.p .m . during  the

TABLE II.

Av er a g e  Cy l in d e r  P r e s s u r e s .

Trial Number.
B .M .E .P (lb. per sq. i n . ) ................
M .I.P . (lb. per sq. in.) ................
Compression pressure (lb. per sq. in 
M aximum pressure (lb. per. sq. in.)

1 2 3 4
69-9 88-2 110-3 125
101 118 140 154

.) 496 521 562 595
_ 588 623 665 694
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75200 86000 86100 98000
52 51'8 52'8 5 2 1
78 80‘2 85'7 86'5

l'955x l06 2 '44xl06 2 '83xl06 3 '37xl06
13'16‘xlO2 13'2xl02 12’2xl02 12'86xl02

9-89x10* 12'3xl08 14'3xl08 17 '05x10 s

17580 20650 24050 23280
62 64 63 67

116 120 126 132
380x10s 463x10s 607x10s 623x10s

2’56xl02 2*51xl02 2’62xl02 2*38xl02
19 '5x10s 23’8xlOs 31’2xl0s 32 '0xl03

TA BLE III. (Co o l in g  C ir c u it s .)
T ria l Number. 1 2

L in e r s , H ea d s and E x h a u s t -y a i.v e  H o u sin g s  :—
Cooling water (lb. per hour)
Inlet temperature (°F.)
Outlet temperature (°F.)
B .T h.U .s per hour, total 
B .T h .U .sper b .h.p. hour 
B .T h.U .s per sq. ft.-hour 

P is t o n s  :
Cooling oil (lb. per hour)
Inlet temperature (°F.)
Outlet temperature (°F.)
B .Th.U .s per hour, total 
B .Th.U .s per b .h .p .-hour 
B .Th.U .s per sq. ft.-hour

official acceptance tria ls  on Jan u a ry  2nd, 1930. Tlie tria ls  
referred to in this report, which took place on the following 
day, were run  a t 115 r.p .m . w ith the fuel-cam settings a r­
ranged for a speed of 138 r.p .m ., as there was no opportunity  
to ad just the fuel cams to suit the lower speed.

The exhaust gases during  Trials 1, 2 and 3 were colourless. 
Owing to darkness it was not possible to see the end of the  
exhaust pipe during  T rial 4, but from test-cock observations 
the gases appeared to be clear.

The difference between the a ir  pressure in the blower dis­
charge pipe and the mean pressures in the exhaust pipes in ­
creased from 0-45 lb. per sq. in. in T rial 1 to 1-2 lb. per sq. 
in. in T rial 4. One would expect, therefore, th a t the “ nega­
tive w ork,”  or “  pum ping loss,”  would be sligh tly  g reater in

TABLE IV.

T u r b o -b l o w e r  and  Bl a s t -a ir  Co m p r e sso r .
Trial Number. 1 2 3 4

B l o w e r  :—-
Air inlet temperature (°F.) ................ 59 58 56 57
Air discharge temperature (°F.) ... 85 93 107 121
Barometer (lb. per sq. in.) 14'45 14-48 14-48 14-48
Discharge pressure 'lb. per sq. in. absolute) 16-21 17-07 18-37 19-4
Capacity of blower (lb. per sec.) ... 7-32 8-16 9 ’10 9-85
Blower air per lb. of fuel (lb.) 43-0 39'6 35'325 33 225
Isothermal work per lb. of air (B.Th.U.) 4 1 1 5-85 8’45 10-4
Adiabatic work per lb. of air (B .Th.U .) ... 4-18 6 0 8-68 10-8

B l a s t -a ir  Co m pr e sso r  :—
Air inlet temperature (°F.) 54'5 5 3 5 54 3 53-7
Air per second (lb.;... 0-457 0'5 0-51 0-51
Air per lb. of fuel (lb.) 2-7 2’4 1-975 1 7 2 5
Blast pressure (lb. per sq. in.) ................ 900 950 1000 1000
Total blower and blast air passing through

engine per lb. of fuel (lb.)... 45-7 42'0 373 34-95
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T ria l .1 th an  in T rial 4. L igh t-sp ring  diagram s, which were 
taken du ring  the tria ls, showed th a t the negative work did 
decrease w ith  an increase in  the brake mean pressure, b u t the 
change was not very m arked. The negative work during  
each tr ia l,  however, was less th an  th a t usual w ith non-super- 
charged four-stroke engines.

The ra ted  power of the engine of the Maron is based on a 
b .m .e.p . of 110 lb. per sq. in. corresponding to T rial 3. F o r 
the purpose of com paring the hea t transm itted  th rough  the 
liners, heads and pistons of th is engine w ith  o ther four-stroke 
engines, not supercharged, for which au tho rita tive  data are 
available, Table V II has been prepared from the published 
resu lts of the tria ls  of the six-cylinder engines of th e  Sycamore 
and  Cape York, which were tested  by the M arine Oil E ngine 
Trials Com mittee of the In s titu tio n  of M echanical E ngineers 
and  the In s titu tio n  of N aval A rchitects.

I t  w ill be seen th a t the heat to the liners, heads and exhaust- 
valve housings and the heat to the pistons per sq. ft. of surface 
per hour, are about the same in the engine of the M aron  as in 
the  engine of the Cape York. In  the engine of the Sycamore 
the heat to the liners, heads and exhaust-valve housings (per 
sq. f t. of surface per hour) is slig h tly  g reater, and the  hea t to 
the pistons (per sq. f t. of surface per hour) is appreciably less 
than  in the engine of the M aron. The heat to the jacket-cool­
ing  w ater, however, includes a certain  am ount of hea t w hich 
has been transm itted  from the pistons to the liners, and th is 
m ay be g rea ter in one design th an  in another. In  the  circum ­
stances, therefore, I  am of opinion th a t  a b e tte r  com parison is 
ob tained  by dividing the to ta l h ea t to the liners, heads and 
pistons by the to ta l area of the surfaces exposed to the  w orking 
fluid. These figures are shown on the las t line in Table V II. 
I t  w ill be noted, also, th a t the heat to liners and heads and to 
p istons, per b .h .p . per hour and per lb. of fuel per hour, are 
low er in  the turbo-charged engine th an  in  the engines of the 
Sycamore and the Cape York. These resu lts indicate th a t the 
h ea t tran sm itted  to the cooling surfaces— and, o ther th ings 
being equal, the h ea t stresses in the m ateria l—are no g reater 
in  the turbo-charged engine th an  in  the  engines w hich are not 
tu rbo-charged, w hen the form er is developing a brake m ean 
effective pressure about 50 per cent, g rea ter th an  the la tte r .

The engine of the M aron, w hich was under my constan t 
supervision, ran  sm oothly and steadily  th roughou t the  tria ls , 
w ithout an incident of any kind.
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TABLE V.

E x h a u st  G a se s  and  E x h a u st T u r b in e .

Trial Number. 1 2 3 4
T h er m o m et er  R ea d in g s  :—
Turbine inlet (°F) ... ............................. 635 705 803 867
Turbine outlet (°F) ............................. 590 662 738 803
Cylinder exhaust branches ( ° F .) ................ 608 621 694 757

P r e s s u r e s  :—
Turbine inlet (lb. per sq. in.) 16-16 16'7 17-49 18-21
Turbine outlet (lb. per sq. in.) Atmospheric.
R .P .M . of turbine and blower ................ 2530 3000 3-565 4000
Percentage composition of dry exhaust

gases, by volume
(C02) ....................................................... — 4"45 5-15 5-95
(CO) ........................................ — 0-75 0-6 0-6
(0 2) ........................................ — 1345 12-6 11-7
(N2) ....................................................... — 81-35 81-65 81-75

Mean specific heat of gases (B.Th.U.) ... 0 252 0-252 0-254 0-256
Mean value of adiabatic exponent 1-377 1-375 1-371 1-367
Adiabatic temperature drop (“F.) 33 44’4 63 79
Adiabatic heat drop in turbine per lb. of

gas (B.Th.U.s) ............................. 8 3 11-2 160 20-23
Exhaust gases per lb. of fuel (lb.) 46-7 43-0 38-3 35*95

I so th er m a l  W ork  in  Bl o w e r  :—
Adiabatic drop in turbine (per cent.) 45-6 48'1 48-7 4 7 5

Ad ia ba tic  W o r k  in  Bl o w e r  :—■
Adiabatic drop in turbine (per cent.) 46-4 49-4 50'0 4 9 3

TABLE VI.

H ea t  Ba l a n c e—in  u n it s  of 100 B .T h .U .s pe r  m in u t e .

Trial Number.
Heat in fuel, higher calorific value

Thermal equivalent of b.h.p.

Heat to liners, heads and exhaust-valve 
housing ...

Heat to pistons

Heat to compressor, exhaust gases, etc. 
(by d if f c e .) ................

1 2 3 4
1970
(100)

630
(32-0)

2385
(100)
783

(32-8)

2985
(100)
981

(32-9)

3435
(100)
1111

(32-3)

326
(16-6)

63
(3-2)

407
(17-1)

77
(3-2)

472
(15-8)

101
(3-4)

562
(16-4)

104
(3-0)

951
(48-2)

1118
(46-9)

1431
(47-9)

1658
(48-3)

Note.—Numbers in brackets are percentages, to the nearest first place 
of decimals.
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TABLE VII.

E n gin e . M aron. Sycam ore
Cape
York.

Trial N um ber . . ................... 3 5 10
Bore (ins.) . . .  . .. 24'4 24 41 22-05
Stroke (in s.) ................................................ 5 1 2 38-39 39-37
C om pression  ratio 12'28 1 3 0 1 14'39
Mean ind icated  pressure (lb. sq. in .) 140 94 108
Brake m ean  pressure (lb. sq . in .) 110'3 73-5 71-7
R .P .M ....................................................................................... 115-7 118-8 125'1
Brake horse power 2314 1188 1018
F u el per hou r lb .) . . .  ................................. 926-5 537’3 427

H ea t  to  L in e e s , H ea d s  and  E x h a u s t -v a lv e H o u sin g s .

B .T h .U .s  per sq. f t . per h o u r ................... 14300 15600 14100
B .T h .U .s  per b .h  p . per hou r . . .
B .T h .U .s  per lb . o f fu el per hou r ...................

1220 1994 1910
3060 4410 4550

H eat  to P ist o n s .

B .T h .U .s  per sq. ft . per h r ........................................... 31200 19500 33000
B .T h .U .s  per b .li.p  per hr. 262 318 519
B .T h .U .s  per lb. o f fu el per hr. 655 703 1236

H eat to L in e r s , B e a ds  and  E xhatjst-valve H o u sin g s  and  Pis t o n s .

B .T h .U .s  per sq. f t . of area o f liners, head and
p iston  per hr. 15800 16000 16800

B o i l e r  E x p l o s i o n  I n q u i r i e s . “  E n g in ee rin g ,”  11th A pril, 
1930.

F ailu res of Steam  Pipes and Stop Yalves in Ships.— Three 
recent inquiries, Nos. 3026, 3024, 3029 deal w ith  failures in 
steam  pipe fittings in the S.S. Carnarvonshire, R im utaka , and 
Pensilva  respectively. One of the operations on board ship 
which has to be done w ith  the g rea test possible care is th a t  of 
connecting up boilers under steam . T hat the necessary p re­
cautions are usually  taken  is shown by the infrequency w ith  
w hich accidents occur. The danger th rough  the presence of 
w ater in the  steam  pipes is well know n and designers pay p a r­
ticu lar a tten tio n  to  the dra in ing  arrangem ents. The likeli­
hood of w ater collecting is som etimes increased by the a lte ra ­
tion  in the trim  and lis t of a ship while lying a t  anchor, bu t th is  
should only lead to s till g rea te r care being taken . An instance 
of th e  disastrous effects of w ater in the pipes is given in  the 
report on the  accident in S.S. Carnarvonshire, w hich occurred 
while the ship was ly ing off Shanghai on May 9th , 1929. The 
ship was being  prepared for sea, and the four boilers were being  
connected by the  fou rth  engineer. H e had already connected 
th e  two a fte r boilers, and apparently  was about, to  open the  
m ain stop valve of the port forw ard boiler when w ith  a dull
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report the valve chest burst, allowing steam  to escape violently  
from the th ree boilers. The fourth  engineer un fo rtunate ly  lost 
his life. Exam ination  led to the discovery th a t the drain cock 
under th e  stop valve was still closed while no evidence was 
forthcom ing th a t  the drains on the pipes had been opened e ither 
while the ship was ly ing  a t anchor or while the boilers were 
being connected. The only conclusion therefore, was th a t the 
explosion was en tirely  due to w ater ham m er. In  the th ird  
case, th a t of the S.S. Pensilva, i t  was also a. stop valve which 
fractu red . W hen discovered, the fractu re had already ex­
tended  about tw o-thirds of the circum ference of the branch to  
which the m ain steam  pipe was connected, bu t it was possible 
to  effect repairs, and 'thus enable the vessel to leave D akar for 
E ngland . A t Cardiff the whole steam  pipe arrangem ent was 
d ism antled for inspection, when it was found th a t the sleeve 
of one of the expansion jo in ts on the steam  pipe was seized in 
position and was then useless so far as acting  as an expansion 
jo in t. The sleeve, of steel, was indeed found to be p itted  to a 
depth of ^ i n . ,  while the gland was seized on the sleeve by an 
accum ulation of ru st. In  both  Carnarvonshire, and Pensilva, 
the stop valves were of cast iron and were of good design and 
m aterial. R eport No. 3024 refers to the fractu re  of the copper 
steam  pipe nex t to the stop  valve of the port engine in S.S. 
R im utaka  while the vessel was on voyage from M onte Video to 
Las Palm as. “  T rouble had been experienced on several occa­
sions w ith  th is steam  p ip e ,”  says the report, “  apparently  from 
concentration of stress due to v ibration  and expansion, and 
w here such is the case a  modification of the arrangem ent is -the 
only sure method of preventing  fa ilu re .”

T r i a l s  o f  H.M . T o r p e d o - B o a t  D e s t r o y e r  “  A r r o w . ”  
“ E n g in eerin g ,”  11th A pril, 1930.

The sea. tria ls  of H .M . Torpedo-boat D estroyer Arrow  were 
com pleted recently . The vessel, which is one of e ig h t of the 
A casta class, has been bu ilt by Messrs. Y ickers-A rm strongs 
L im ited, B arrow -in-Furness. W e understand th a t a num ber 
of these destroyers have undergone th e ir  tria ls  and th a t the 
resu lts obtained are so uniform  th a t those recorded on H .M .S. 
Arrow  may be taken  as representative of the class. The speed 
obtained, a t the designed displacem ent, was 36'7 knots, w ith  a 
shaft horse-power of' 34,119. No a ttem p t was made to exceed 
the designed shaft horse-power of 34,000 as the A dm iralty  
tria ls  are required  to  represen t service conditions, and forcing 
is not perm itted . The design of the m achinery in all the
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vessels which Lave completed th e ir tria ls  is identical, and the 
w eigh t of th a t  in  H .M .S. Arrow  is 465 tons. In  considering 
the  figures quoted above, i t  should be borne in jn ind  th a t the 
speed and powers given are those which were m ain tained  dur­
ing  a 6-hour t r ia l ;  furtherm ore, we are inform ed th a t these 
could be m ain tained  for a period which is lim ited only by the 
bunker capacity . The fact th a t  the fuel-oil consum ption dur­
ing  the tr ia l  stood a t  th e  low figure of 0'81 lb. per shaf't-horse- 
power per hour is of add itional in te rest, and when the endur­
ance fac to r is taken  in to  account it  w ill be seen th a t  the figures 
quoted  are h ighly  satisfactory .

An E x h i b i t i o n  o f  W e i g h t s  a n d  M e a s u r e s . “ The E n g in ee r,” 
25th A pril, 19:10.

A t the Science M useum, South K ensington, a perm anent 
ex h ib ition  has been opened illu s tra tin g  the h isto ry  of w eights 
and m easures. The exhibits cover a wide range in tim e. The 
ea rliest is an  equal arm ed balance of 1350 B .C . from  E gyp t. I ts  
beam is of' wood and it is .suspended by a cord. One of the 
o rig in a l stone w eights used in conjunction w ith  it is shown. 
M r. W . A. B enton, of M essrs. Avery, B irm ingham , has sup­
plied a num ber of models illu s tra tin g  the im provem ents made 
w ith in  m odern tim es in  the m eans of m easuring large w eights 
w ith  accuracy and speed. Am ong Mr. B en ton’s models one of 
th e  m ost in te re stin g  is a reconstruction  of' a, design for a. self- 
ind ica ting  balance contained in a m anuscrip t by Leonardo da 
V inci. This balance consists of a m etal sem i-circle m ounted to 
tu rn  in  a vertical p lane about a pivot passing th rough  its 
c ircu lar cen tre and carry ing  a fixed w eight a t one end  and a 
pan a t the  other. The w eight placed in  the pan is m easured by 
a scale on 1he circu lar edge of the disc ag a in st a po in ter han g ­
ing from  its c ircu lar centre. An a lternative  design involving 
th e  use of an equilateral trian g le  instead of a sem i-circle was 
also suggested  by Leonardo and is illu s tra ted  by  another of Mr. 
B en ton ’s models. Am ong the balances and steelyards is a 
sm all Chinese in strum ent of ivory, w hich folds up in to  a case 
only half an inch th ick , and a huge bullion balance made in 
1819 by Vandonie for the Royal M int and capable of read ing  
accurate ly  to a fifth of an ounce. In stru m en ts  for the m easure­
m ent of length  are included in the exhibition . Am ong them  
a re  W a tt’s m icrom eter, W h itw o rth ’s m illionth m achine of 
1855, and recently  developed N ational P hysical L aborato ry  
com parators m aking use of an optical principle. Three s tan ­
dards of leng th  have been len t by the Royal Society, nam ely,
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G raham ’s standard  yard of 1742, B ird ’s standard  90 in. of 1750, 
and Shuckburgh’s standard  60 in. of 1796. I t  was w ith the 
aid of these standards th a t the S tandards Commission of 1843- 
55 was enabled to correlate the E lizabethan yard w ith the s tan ­
dard yard now in use a fte r the destruction of the Im peria l 
standard  in  the fire at the Houses of P arliam ent in  1834.

E l e c t r i c  a n d  G e a r e d  D r i v e s  C o m p a r e d . E x trac t from dis­
cussion on P aper read a t the In s titu tio n  of Naval A rchi­
tects. “ The E n g in ee r,”  18th A pril, 1930.

P e r f o r m a n c e s  o f  V e s s e l s .

Mr. J . Johnson, afte r com m enting th a t Mr. Belsev’s paper 
was opportune in view of the fact th a t in te rest in the electric 
drive had quickened appreciably in recent years, said th a t as 
the  commercial advantages of high-pressure steam  were more 
widely recognised, expert d iscrim ination was becom ing neces­
sary to determ ine its  m ost su itable application. The high 
efficiency m aintained by the w ater-tube boilers in the Viceroy 
of In d ia  and o ther vessels, however, should allay  any doubts 
h ith e rto  en tertained  on th a t score. The use of high-pressure 
h igh-tem perature steam  again  raised questions as to the re lia­
b ility  of astern  tu rbines and the adequacy of th e ir power for 
manoeuvring purposes. The conditions, undoubtedly, appeared 
som ew hat more onerous th an  those which obtained in earlier 
steam  practice, bu t, given su itab le  design, there seemed to be 
no grounds for apprehension. Nevertheless, the conditions 
a tten d in g  the manoeuvring and reversal of large steam ers were, 
on occasion, very exacting , and there was no room for special 
tenderness when handling  engines under u rg en t te legraph  
orders. The graph  showed th a t, w ith  the vessel trave lling  
ahead at full speed, reversal of the propellers was effected in 30 
seconds, th a t they were moving astern  a t 20 revolutions per 
m inute 35 seconds a fte r ahead steam  was shut off, and th a t, in 
order to  secure th a t, seven operations were involved. I t  was 
also shown th a t the ship was stopped in  2 m inutes 10 seconds. 
As compared w ith  th is perform ance, a sim ilar steam ship fitted  
w ith  astern turbines was brough t to rest in 5 m inutes, the 
operations required being the sh u ttin g  of the ahead steam  valve 
and the opening of the astern  valve. T hat, however, could be 
improved upon in em ergency by quicker operation of the valves, 
which would involve no risk  to the m achinery. The shipowner, 
natu ra lly , was in terested  in the possibilities of turbo-electric 
drive, and m ust, perforce, closely examine its claims. Absence 
of noise and v ibration , as Mr. Belsey had observed, was an im ­
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p o rtan t consideration in passenger sliips. Passengers would 
travel on any vessel in  which there was no observable discom­
fo rt aris ing  from  the mode of propulsion, and th a t was cer­
ta in ly  tru e  of a  m odern geared drive. Several ships had  been 
commissioned during the la s t two or th ree  years closely resem b­
ling  in general proportion  the Viceroy of In d ia ,  and for pu r­
poses of com parison he gave the following figures illu s tra tin g  
the perform ance of several ships on the “  m easured m ile ”  :—

“  Viceroy 
of 

In d ia .”

“ Empress 
of

A ustralia.”

“  Empress 
of

Canada.”

‘ ‘ Duchess, 
of 

York.

Length (B.P.) ................ 585 580 625 580
Breadth 78 75 77 '5 75-25
Draught 23ft. 9Jin 26ft. 5Jin. 24ft. 9in 23ft. 8 fin .
Displacement
Block coefficient (at trial

19,050 22,350 •22,220 20,590

draught)... •63 •681 •649 •70
Speed on mile 19’35 19 50 21-85 18-50
S.H .P . on mile 17,000 20,000 26,000 15,450
D3 V3
S.H .P . .............................

3oa 293 316 307

These figures disposed of the suggestion  th a t there was any 
substan tia l inaccuracy in the recording of power, for it would 
be seen th a t the A dm iralty  coefficient of the three vessels 
quoted compared very favourably w ith the Viceroy of In d ia , 
although she has a block coefficient of '63— a m uch finer form 
than  the o ther vessels.

The Viceroy of In d ia 's  log abstract showed wide varia tions 
of perform ance, which made a close analysis of individual runs 
ra th e r difficult. In  these circum stances, the only basis prac­
ticable for m aking a comparison w ith  o ther vessels was the 
complete voyage. The following table is of in te re s t :—
AVERAGES FOR COMPLETE VOYAGE—OUTWARD AND HOMEWARD.

Ship. Speed. Displace­
ment.

DS Vs 
S.H .P.

Dl Vs 
Tons per 

day 
(propn.)

Fuel per 
S .H .P ./hr. 
(propn.)

“  Viceroy of India ”  ... 16'33 20,170 296 39,325 •702
“ Empress of Australia 19'25 22,500 285 40,850 ■65
“ Duchess of York ”  ... 18'20 21,030 984 44,300 •60



• 2 8 0 E l e c t r ic  a n d  G e a r e d  D r i v e s  C o m p a r e d .

The A dm iralty  coefficient recorded for the Viceroy of In d ia  
-against a speed of 16'33 knots was 296. The corresponding 
coefficient on tria l was 350, so th a t there appeared to be an 
increase in resistance of the order of 15 per cent, as compared 
w ith  the “  m easured mile ”  conditions. T hat, of course, was 
a very high figure for a voyage from London to Bombay and 
back again , b u t if it  was quite dependable, then the correspond­
ing  fuel ra te  per horse-power was '702 lb. of oil for propelling 
purposes. H e scarcely had  the tem erity  to suggest th a t  the 
horse-power m igh t be inaccurate , but it was really not of v ita l 
im portance, as comparisons could be restric ted  to the fuel co­
efficients. A lthough the Empress of A ustralia , which had a 
low -pressure steam  insta lla tion , had reg istered  a coefficient 
sligh tly  in  excess of 4 per cent, b e tte r  on a 3 | per cent, lower 
A dm iralty  coefficient, the Duchess of York showed a fuel co­
efficient 11 per cent, h igher, no tw ithstand ing  her A dm iralty  
coefficient being 4 per cent. less. The m arked differences in 
speed and th e ir effect upon coefficients would, of course, be 
realised. W hether the m atte r was looked a t from the angle 
of fuel coefficients or the cost of producing power, the conclu­
sion reached was the same. On a conservative estim ate, there 
would appear to be a t least 12 per cent, in favour of the geared 
drive a t full pow er; th a t figure was confirmed by tria ls  and ser­
vice results alike. H e added, however, th a t over a period of 
n ine voyages, including the tem pestuous w eather during the 
w in ter ju s t ended, the Duchess of York  had reg istered  « fuel 
coefficient of 42,000 at a speed of IT"82 knots, the A dm iralty  
coefficient being 269, i.e ., 17 per cent, reduction on the 
“  m easured mile ” perform ance; also, she had m ade individual 
A tlan tic  passages in  fa ir  w eather on a fuel coefficient of 48,000, 
a lthough  she was driven at a speed of \  knot in excess of the 
designed figure. I t  would be evident th a t, when considering 
the  behaviour of the geared drive and turbo-electric drive a t 
reduced powers, the m argin  of 12 per cent, had to be elim inated 
before p arity  was reached.

In  view of the claims m ade for electric transm ission at 
reduced powers, the perform ance of the Viceroy of Ind ia  seemed 
disappoin ting , as, if the condition was exam ined in which one 
tu rb ine  was operating  two motors w ith one set of auxiliaries 
shu t down, the fuel ra te  was 0'775 (propelling). The result 
obtained w ith geared turbines, on the o ther hand, a t 50 per 
cent, of the designed power was 0'065 (propelling). The 
turbo-electric system , as exemplified in the Viceroy of In d ia ,  
using  high-pressure steam  and higli-efficiency w ater-tube
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boilers, ac tua lly  fell short of the perform ance of a low -pressure 
in sta lla tion , such as the Empress of A ustra lia . One m ust, 
therefore, conclude th a t the therm al advantages of h ig h er pres­
sure and tem perature, feed hea ting , e tc ., had been swallowed 
up by the electrical transm ission losses. W ith  reg ard  to con­
sum ption, he observed th a t in a ship of th is class 10 per cent, 
of the steam ing  fuel m igh t am ount to 2000 tons on 200 days’ 
steam ing, or, say, in  round figures, £5,000 per annum . Fuel 
consum ption m ight be regarded by some as subord inate to o th er 
considerations. I t  should be noted, however, th a t the h igher 
fuel ra te  necessita ted  la rg e r boilers, the h ea tin g  surface of the 
Viceroy of In d ia  boilers being 32,500 square feet for 17,000 
S .H .P ., as aga inst 30,690 square feet for the Duchess of B edford  
a t  18,000 S .H .P . ; th a t was 12 per cent, g rea te r surface for 
equal power. Sim ilarly, g rea te r w eight of bunkers was re­
quired for a given steam ing  radius. An increase in  the w eight 
of m achinery and bunkers necessita ted  an increase in  displace­
m ent and gross horse-power, or a reduction in deadw eight. In  
large  high-speed vessels those were im portan t considerations 
and had substan tia l repercussions on first cost and runn ing  
expenses. In  the face of com petition such factors comprised 
the data upon which the choice of propelling m achinery had to 
be made.

W ith  regard  to re liab ility , speaking  w ith a fu ll realisa tion  
of the ac tua l faults which experience had shown m ight occur in 
astem  turbines and m echanical gearing , Mr. Johnson said th a t 
he could not find any th ing  inheren tly  objectionable or unsound 
in them , or any degree of unfitness for the very severe condi­
tions liable to be imposed upon them . H is own view was th a t 
most m ishaps or depreciation incidental to the com paratively 
slow-speed tu rb ine as used w ith  the geared drive could be over­
taken  on board ship. I t  was doubtful w hether th a t  could be 
said of the high-speed tu rb ines used in  association w ith  electric 
drive, a m ishap to which would put out of action half the to ta l 
power. A m ishap to  one of the three tu rb ines in a  geared 
drive could, of course, be ad justed  tem porarily  w ithout serious 
loss of power by the rem oval of a pinion. Turbo-electric p ro ­
pulsion would have to exh ib it an overw helm ing superiority  in 
term s of re liab ility  and m aintenance expenses to  w arran t the- 
prem ium  which m ust be faced on account of its  inheren t dis­
ab ility , as expressed in first cost and fuel consum ption, before 
its  adoption could be justified, bu t there appeared to be no  
evidence of th a t superiority .
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M o t o r  L i f e - B o a t  P r o g r e s s . “  The E n g in ee r,”  11th A pril, 
1930.

A t the annual meeting- of the R oyal N ational L ife-B oat 
In s titu tio n , which took place on Monday, A pril 7th, S ir 
Godfrey B aring, th e  Chairm an of the  In s titu tio n , referred  to  
the advance made in recen t years in the construction of m otor 
lifeboats. In  1910 the In s titu tio n  had, he said, only ten  m otor 
lifeboats, whereas to-day there were no less than  eighty-seven 
w ith  a hundred slipways and up-to-date equipm ent for launch­
ing  and m aintenance. The In s titu tio n  -fras g ra tefu l to the 
large  shipping companies which had so m unificently presented  
new m otor boats, and he pu t forw ard the suggestion th a t 
owners of traw lers m ight support the funds of the In s titu tio n . 
M r. W illiam  G raham , the P residen t of th e  B oard of T rade, 
moved a resolution acknow ledging on behalf of the Govern­
m ent and the public the adm irable work in which the In s ti tu ­
tion was engaged  and the thanks which were deserved by all 
its  officials. An in teresting  service was th a t perform ed on 
M arch 30th, when the Strom ness m otor lifeboat m ade a trip  of 
about 134 m iles to the Skerries off the coast of Shetland, where 
th e  traw ler B en Doran was wrecked w ith, unfortunate ly , loss 
of life, owing to the break ing  up of the ship before the lifeboat 
could arrive. The re tu rn  voyage was m ade in  the tee th  of a 
south-w esterly  gale and throughout the whole run  of over 270 
miles the boat and her engines behaved perfectly . T he engines 
are of the In s titu tio n ’s new 60 B .H .P . subm ersible type. The 
In s titu tio n  is now developing a sm all high-speed type of engine, 
which has been prim arily  designed to provide power for the  
35 ft. boats which are furnished w ith  carriages for launching  
from beaches. The new engine is also fully  subm ersible and is 
designed to give an output of 35 to 40 B .H .P . at 3300 r.p .m ., 
the geared propeller runn ing  a t about 900 r.p .m . The few 
engines of th is type which have already been p u t to work have 
proved so successful th a t the In s titu tio n  has decided to p u t into 
production a considerable num ber of engines for fu rth e r boats.

M a r i n e  O il  E n g i n e  I n s t a l l a t io n s . “  The E n g in ee r,”  4th  
A pril, 1930.

A paper on m arine oil engines was read before the M an­
chester Association of E ngineers on F riday , 28th M arch, by 
Mr. J . Calderwood, M .Sc. The au tho r said th a t a t the present 
tim e, for the slower classes of cargo vessels, the shipowner 
frequently  considered the first cost before any th ing  else, and 
as a result resorted  to  steam  engines on routes on which the
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in terna l com bustion engine could be adopted w ith  considerable 
advan tage in  service economy. T he h igh  first cost of the  oil 
engine ship of th a t type was largely  due to the  auxiliary  
m achinery, and unless the cost of th a t p lan t could be consider­
ably reduced the  steam  engine was likely  to re ta in  its p re­
dom inance. A fau lt of m any aux iliary  in sta lla tions was the 
over-elaboration of the arrangem ent of th e  pumps, separate 
un its being provided for services th a t could be ru n  in  conjunc­
tion and every pum p being  duplicated, one u n it being capable 
of the fu ll norm al duty, while the second was available as a 
standby. In  addition, cross-connections were provided so th a t 
th e  pum ps for one service m igh t be used as additional standby 
for some o th e r duty. Such elaboration  g rea tly  increased the  
cost of the m achinery and gave little , if any, extra re liab ility  
to the insta lla tion  as a whole. W ith  care in  design the 
aux iliary  pum ping in sta lla tion  m igh t be g rea tly  simplified, one 
pump being used for more th an  one service, while, by suitable 
cross-connection, a. single standby  u n it m igh t serve tw o or 
more auxiliary  system s. W ith  steam  auxiliaries, for instance, 
the  engine-cooling system  m igh t be arranged  so th a t a p art of 
the w ate r going to  the engine could be used in the oil coolers, 
while the  overboard discharge from  either piston or jack e t cool­
ing m ight serve the auxiliary  condenser. A single pump 
could, in such an insta lla tion , serve as standby fo r the com­
bined cooling system , for the b a llast system  and for the bilge 
service. A nother direction in  which there were possibilities of 
saving in  the cost of m arine in sta lla tions was by the s tan ­
dard isa tion  of p a r ts  of the engine-room  equipm ent, such, for 
instance, as fuel tanks, filters, a ir bo ttles and silencers. 
P lum bers’ and fitte rs ’ work could be economised by s tan ­
dard ising  oil and w ater connections and p ip ing, while the  cost 
of pum ps could be reduced by adopting standard  positions for 
the  branches on the pumps.

------------ o------ ------

IN S T IT U T E  NOTES.

J u n i o r  S e c t i o n .— Film  D isplay, Thursday, A pril 10th, 1930.
On the occasion of the April m eeting the evening was devoted 

to a film display, the principal item  being  a four-reel pictorial 
description of “  The M anufacture and O peration of the 
Babcock and W ilcox W ater-T ube B oiler.”  M essrs. Babcock 
and W ilcox L td . very k ind ly  len t not only the above film, bu t 
the pro jector for .showing it, and provided the services of an 
operator. The Chair was occupied by E ngineer R ear-A dm iral
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W . M. W haym an, C.B., C .B .E ., V ice-President, whose pre­
vious experience w ith  “  Babcock ”  boilers in the Royal Navy 
and presen t association w ith  the m akers gave special au th o rity  
and point to his in teresting  com m entary as the various sections 
of the film w ere shown, depicting the m anufacture of th e  
boilers from the earliest .stages, their subsequent testing , 
despatch, in sta lla tion  and operation.

The second half of the program m e included “  The II.A .C. 
In te rn a tio n a l Tourists Trophy Race, Belfast, A ugust, 1929,”  
which was most en terta in ing ly  described by Mr. S. C. H . Davis, 
the world-renowned racing m otorist, and “  A H oliday Cruise 
to Norway by R .M .S .P . A raguaya .”

D uring the in terva l Adm iral W haym an presented prizes 
aw arded by Mr. J .  R . Douglas to the following five juniors, 
who had entered the com petitions recently  prom oted by Mr. 
Douglas for the best sketch of an auxiliary  engine and the best 
report of a repair carried out to such an e n g in e : Messrs. W . L. 
Evans, S. G rant, -I. II. Taylor, A. J . Driscoll, and W . D. 
Rhoades.

The audience on this occasion num bered 105. On the p ro ­
posal of Mr. G. R. H utchinson, seconded by Mr. E. R. H all, 
hearty  votes of thanks were accorded to Adm iral W haym an and 
Mr. Davis for the parts they had played in affording a m ost 
instructive  and en terta in in g  evening.

V isit to the W orks of M essrs. -I. & E. H all, L td ., Dartf'ord, 
Saturday, May 10th, 19-30.

By the kindness of Messrs. -T. & E . H all, L td ., the well- 
known R efrigera ting  E ngineers, a p arty  of 50 Juniors visited 
the firm ’s works a t Dartf'ord on the afternoon of May 10th. 
U nder the direction of Captain G. M elville Bell, the firm ’s 
Superin tendent of Education, assisted by four members of the 
staff, the party  divided into three sections and were conducted 
m ethodically th rough the works, to  the accom panim ent of a 
most in te resting  description by the guides, of' the various 
departm ents and their special features and functions. Ques­
tions and answers were freely exchanged and the very thorough 
inspection of the various types of re frig era tin g  p lan t in course 
of m anufacture will certainly prove immensely beneficial to- 
m any members of the party  in th e ir subsequent sea-going- 
careers. The tour of the works occupied nearly  three hours, 
a fte r which the party  was en tertained  to an excellent tea.
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Before dispersing, a hearty  vote of thanks was accorded to 
Messrs. J .  & E. H all, and p articu la rly  to Captain Bell and his 
assistan ts for having so generously devoted their time and 
atten tio n  for the benefit of the v isito rs. In  responding 011 
behalf of the firm, Captain Bell offered to receive sim ilar parties 
of our Jun io rs on fu tu re  occasions on the request of the Com­
m ittee, and fu rth er, to consider annually  applications from  two 
or th ree U niversity  eng ineering  students who m ay be desirous 
of ob tain ing  four or five weeks w orks’ experience during th e ir 
sum m er vacation . Any stu d en ts  to whom th is offer appeals 
should com m unicate w ith  the Secretary at the In s titu te  in the 
first instance.

E l e c t io n  o f  M e m b e r s .

L ist of those elected at Council M eeting held on A pril 14th,
1930: —

Members.

P eter B lair A llan , L aru t Tin F ields, T aiping, Perak, F .M .S .
D avid Seton B irrell, 21, Thornwood Avenue, Glasgow, W .l .
John  H enry  A rnold Cairns, 54, Cotswold Gardens, E ast H am ,

E.G.
Thomas R ichard  Cullen, cjo  M arine Office, B utisba, U ganda.
George R ichard  R eginald  Cushing, Southfield Hou.se, Joyce 

Green, D artford , K ent.
R . Linwood Ingledew, Roseway, W est E nd, Nailsea, Somerset.
H erbert W illiam  Jackson, 10, K ensington G ardens, N orth 

Shields.
E rnest Jones, St. A lbans, P riestlands P ark  Road, Sidcup, 

K ent.
Janies Crawford M cGuire, v jo  The P rince L ine, Furness 

House, L eadenhall S treet, E .C .3.
St. C lair M illar, 385, E ast In d ia  Dock Road, E.14.
Joseph P ren tice, 88, W andsw orth Road, Belfast.
Rowland H enry  P rocter, Insurance Engineers, L td ., 20/22, 

L incoln’s In n  F ields, W .C .2.
John A lfred Reader, A rm dale, H a lifax , N .S.
Llewellyn Thomas Gordon Soulsby, H illtop , F ie ldspart Road, 

Newport, Mon.
George Thompson, 23, M eredale Road, Mossley H ill, Liverpool.
Charles A lfred Norton W illiam s, D .S.O ., The R .M .S .P . Co., 

Southam pton.



Associate Members.

B rian M urray Aitken-Quack, 113, Clive Court, M aida Yale, 
W .9.

Joseph Charles Beaucham p, 13, V ictoria S treet, W estm inster, 
S .W .l.

Archibald Taylor Cameron, St. Jam es Power S tation, S inga­
pore, S.S.

Gabriel M ajcen, 41, Sevington Road, Hendon, N .W .4 .
Thomas Frederick Palm er, 9, Archers Mansions, Archers Road, 

Southam pton.
Associate

W illiam  Frederick  H . Shields, 8, Forbes Road, Faversham , 
R ent.

Graduate.

H arry  W ilcox, 58, Sidney Road, H ackney, E .9.

Transferred from  Associate M ember to Member.

Edw in George Cleveland, 26, Lyon P ark  Avenue, W embley.
W illiam  S. H olness, 29, D eptford Green, S.E .8.

Transferred, from  Graduate to Associate M ember.

Edw ard Shaw, 88, Inverness Place, Cardiff.

2 8 6  E l e c t i o n  o f  M e m b e r s .

List of those elected at Council m eeting held on May 5th, 
1930: —

Members.

Aubrey E rnest Auton, Canton, Holloway Lane, Chesham Bois, 
Bucks.

Rowland M arshall Boreham, Carltonville, South S treet, 
Cottingham , Yorks.

Jam es R ennie Connelly, Avondale, 7, G lenburn P ark , Belfast. 
Thom as H ilton  F inn , cjo P ost M aster, Fao, Iraq .
Jo h n  M alcolm Henderson, 2, Queens Crescent, L incoln. 
Laurence Rhodes, 25, Rue A rth u r R ow latt, Bulkeley, 

A lexandria, E gypt.
Edw ard Keniish W ilkins, Redcliffe, 25, S trathallen  Avenue, 

iVorthbridge, Sydney, N .S .W .
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Associate Members.

A rthur A llanson, 4, W heatlands Grove, Poppleton, York. 
A rchibald K eith  Macnab, 86, St. George’s Crescent, Drum- 

moyne, Sydney, N .S .W .

Associate.

Edw in Cottingham , 36, W ilson S treet, L incoln.

Graduates.

•John M agnus P la tt, 20, Grove Road, W anstead, E . l l .  
W illiam  Geoffrey W haym an, M idshipm an (E .), R .N ., Royal 

iVaval E ngineering College, Devonport.

T i t a n i c  ”  E n g i n e e r i n g  S t a f f  M e m o r ia l  B e n e v o l e n t  
F u n d .— The following donations are acknowledged w ith 
th a n k s :— R . C arruthers, Shanghai, 8s. 6 d . ; H . T. Lawson, 
Bombay, 8s. 9d.

B o o k s  A d d e d  t o  L i b r a r y .

“  On the B ottom ,”  reviewed on p. 101 F ebruary  issue, was 
presented by M r. F ran k  Cooper (Member-).

Presented by the Publishers : —
Definitions and Form ula; for Students— M arine E ngineer­

in g .”  By E . Wood, B .Sc. London: S ir Isaac P itm an  and 
Sons, L td ., P arker S treet, K ingsway, W .C .2. 5§in. x 4 jin . 
28 pages. P rice 6d. net.

This booklet is the latest addition to the excellent series of 
useful little  works on definitions and formulae of various kinds 
which S ir Isaac P itm an  and Sons, L td ., have recently placed 
on the m arket. Each is of about 30 pages, and the cost is 6d. 
The present little  book is clearly the work of a practical m an, 
for it contains a great deal of da ta  for the m arine engineering 
student, which are not found in any of the companion booklets. 
I t  is a really  useful, accurate desk companion for the student.

Presented by the A uthor : —
Questions and Answers on the Construction and Operation 

of Diesel, Semi-Diesel and O ther In te rn a l Combustion Engines, 
A ir Compressors, e tc .”  By John  Lam b. Third  E dition . 
Published by Charles Griffin and Co., L td .
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Presented by Mr. L. B. Lewis (Member).
“ The Public Schools Year Book, 1929.” Published by H.

F . W . Deane and Sons. Price 10/6 net.
Presented by the P ub lishers: —
“  P ractical Geometry and E ngineering  G raphics.”  By W . 

A bbott, B .Sc., A .M .I.M ech.E . Published by Blackie and Son, 
L td . P rice 10/-.

This book has been w ritten to provide a course of P rac tical 
Geometry for engineering students, and as such it more than  
fulfils its purpose. I t  is doubtful whether the average student 
would find tim e to digest the whole of this book, for the 
tendency in the m ajority  of technical institu tions is to push on 
w ith machine drawing as soon as possible, and as the au thor 
states, the tim e allocated to practical geometry is too lim ited. 
Hence the book will be more likely to be used for reference 
purposes than  as a text book. The arrangem ent of the tex t 
w ith the diagram s on the opposite page is excellent, for there 
is nothing more annoying when reading any book than  to con­
tinually  tu rn  back and search for the appropriate diagram . 
The p art on graphical differentiation and in tegration  has 
been well treated  and the examples well chosen. The au thor 
makes the common mistake w ith regard to cams in  Problem  86. 
How can a follower reciprocate w ith uniform  velocity when 
there m ust be a period of acceleration and retardation  at the 
ends of the stroke?

The statem ent on page 76 th a t the second moment of area is 
called “ the Moment of In e rtia  ”  calls for comment. The 
la tte r term  in connection w ith beam sections is only used by 
teachers of the old school. A nother relic is the use of stress 
d iagram  instead of force diagram .

The graphical treatm ent of H arm onic Analysis will make 
th is difficult part of the subject more understandable, but 
arithm etical methods will always be preferred owing to th e ir 
g reater accuracy. For the determ ination of piston accelera­
tion, the au thor only gives K lein ’s construction, although 
there are several easier constructions.

Despite these m inor criticism s this book should be included 
in  the lib rary  of every engineering student, and the au thor and 
publishers are to be congratulated on placing such an excellent 
book on the m arket at a reasonable price.

J .W .
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P u rch ased : —

“ The Design of M erchant Ships and Cost E s tim a tin g .”  By 
A lexander K ari. Second edition enlarged. Published  by 
Crosby, Lockwood and Son. P rice 3 6 /- net.

The Yearbook of the U niversities of the E m pire, 1930. 
E dited  by S ir H . F rank  H eath , G .B .E ., K .C .B . Published for 
the U niversities B ureau of the B ritish  E m pire by Messrs. G. 
Bell and Sons, L td . P rice 15 /- net.

The Analysis of Commercial L ubrica ting  Oils by Physical 
Methods. Published by H..M. S tationery Office for the De­
partm ent of Scientific and In d u stria l Research. P rice 1 /9  net.

A nnual Reports of the Society of Chemical In d u stry  on the 
Progress of Applied Chem istry. 1929. Vol. X IV . Published 
by the Society of Chemical Industry . P rice 7 /6 .

The D eterioration of S tructures in Sea-W ater— 10th (in ­
terim ) Report of the Committee of the In s titu tio n  of Civil 
E ngineers. Published by the D epartm ent of Scientific and 
In d u stria l Research. P rice 2 /- .

------------ o------------ -

BOARD OF TRA D E EX A M IN A TIO N S.

List of Candidates who are reported as having passed examina­
tion for certificates of competency as Sea-Going Engineers under 
the provisions of the Merchant Shipping Acts.

F o r  w e e k  e n d e d  1 5 th  M a r c h ,  1 9 3 0 :—

N A M E. G R A D E. P O R T  O F  E X A M IN A TIO N .
B ryan , E rn es t V. A. l'.C.M.E Cardiff
M orris, T hom as H . I.C.M.E.
G riggs, Edw in .............. i.e.
M iram s, T hom as F. P . ... i.e.
W illiam s, Jo h n  P . E .................. i.e.
Llew ellyn, H en ry  D. P . ... 2.C.
Shaw , E dw ard  .............. 2.C.
T aylor, H um p h rey  H. 
M cIntyre, W illiam  P. E.

2.C.
Glasgowl.C.M.

S harp , F ra n k  
U rq u h a rt .  Jo h n  ..............

2.C.M.F.
l.C .M .E. London

C larke, Percy  .............. 2.C.
Pearce , Stanley  C. 2.C.

N o rth  ShieldsR ossiter, F red e rick  II. ... i.e.
W estlake, H en ry  A. i.e. »>
B ates, F red e rick  A. 2.C. if
Jackson , W illiam  A. P . l.C .M .E. »»
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F o r w e ek  ended  15th M arch , 1930—co n tin u e d .

N A M E .

R ea, Gordon 
W alker, Jam es R. 
H am ill, R obert 
Jackson . C larence 
Yarwood, A lfred  W . 
P a r ry ,  Joseph. P . ... 
R igby, V ictor 
R othery , E dw ard  R. 
D ott, John  McL. ... 
S tephen, A lexander 
Fleetwood. Gordon E. 
H a rr is , A llan  D. ... 
L is te r, C yril G. W. 
S hearm an , A r th u r  F .

GRADE.
l.C.M .E.
l.C .M .E.

l . C .
i . e .
1.C.
2.C. 

‘l.C.
l.C.M .

1.C.
2.C. 
l.C. 
l.C.
1.C.
2.C.

F o r  w e e k  e n d e d  2 2 n d  M a r c h ,  1 9 3 0 :

Fox, W illiam  A.
G air, George 
P o rte r , Sydney 
Sm ith , H e rb e rt  D. 
M ainprize, Kennetih G. 
F ie lder, E ric  S.
S m ith , Joseph 
Flood, F red erick  C. 
M cLean, Pelter 
Young, W illiam  
Cam pbell, W illiam  M. 
S inc la ir, Donald 
C a rr , George C.
Lyon, A lexander 
Jam ieson , R obert ... 
A rtlhur, Jolhn R. ... 
Cham pion, F ra n k  E. 
Davison, A lb e rt H. 
Douglas, H ugh
G all, Jo h n  ..............
M cAuslan. H enry  B. 
O 'B rien , George R. 
R ossiter, Percy  A. 
Selk irk , Isaac  
Sm ith , R obert H . ... 
W illiam s, Jam es A. 
W o rra ll, R obert S. 
G eary, Jam es A. G. 
Jdhnson, Leslie 
Sims, George 
S tra ley , C harles W . G. 
W h ittak e r, H a rry  
W ynne, Leslie R. ... 
Godfrey, V alen tine  T. B 
K inghorn , Sam uel 
A llinson, George F. 
E luhinstone. Jam es A. 
F reem an, Jo h n  R. ... 
M ajor, Sam uel A. ... 
P a lm er, Guy M. ... 
Sanderson, George 
W h iting ton , S tirlin g  C.

l.C .
l.C .
l.C.
1.C.
2.C. 
l.C . 
l.C .o p

l.C .M .E.
1.C.M.E. 

l.C.
1.C.
2.C . 
2.C.

2.C.M.
l.C.
l.C.
l.C .
l.C.
l.C.
l.C.
l.C.
l.C.
I . e .
i .e .
l.C.
1.C.
2.C.  
2.C . 
2.C. 
2.C. 
2 .C .
9 C

2.C.M.E.
1.C.
2.C. 
2 .C . 
2 .C . 
2.C. 
2.C. 
2.C . 
2.C.

OF e x a m i n a t i o n .
Liverpool

»»
it

»»
L eith

Southam pton

Newcastle

»»

London

Glasgow

»»

Liverpool

)>
S»

»»
»»
»»

»»

Sunderland

y»

»»
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F o r  w e e k  e n d e d  2 9 t h  M a r c h ,  1930 ;

NAME, 
Donaldson, Jam es C. 
Kem p, A lexander ... 
M itchell, Jam es M. 
P lay le , Tlhomas St. J . 
S m ith , F red  C. 
Stevenson, Jd h n  C. 
S tew art, A rch ibald  W  
Sum m ers, W illiam
Dean, P e r c y ..............
C orkill, H a rry  
Dobbin, Jo h n  
H a lp in , Leo F .
K idd, H aro ld  
M ellw aine, H enry  
M u rray , Jo h n  A. ... 
R a itt, W illiam  A. 
K enton, E ric  
H a ll, Joseph 
M itchell, W illiam  R. 
IvolihweJl, L eonard  B. 
Guy, Thom as G. 
Leister, A lb e rt F .
Cole, R eginald  L. 
M acKenzie, Jam es B. 
McQuade, Jam es 
Swanson, Douglas 
Y ounger, D avid  H . 
B ram ley, Percy  
A uty , George W. 
M cDougall, Donald 
C rossan , A rch ibald  G 
Davis, L eonard  H . ... 
M arsh a ll, H a rry  ... 
Spence, E dgar A. ... 
P e tit ,  F rederick  C. 
R iley, E dw ard  H . ... 
W ilson, Jam es 
Greg". A lexander ... 
R ussell, Iv o r E . 
Cleverdon, H aro ld  J .  
H alik iopulo , N icholas 
M errick , S tanley F. 
M itchell, H en ry  
T ip p e tt, K eith  F.
Vila, W a lte r  B. 
H ayes, Tom E.
M usgrove, Clifford 
W ilson, Jo h n  F.
K ing, T hom as J . 
T o rrie , Jo h n  P . 
M cIntyre, Jo h n  
M cLadhlan, W illiam  
P aterson , D avid J

GRADE.
l.C .
l.C .
l.C.
l .C .
l.C.
l.C .
l.C.
i . e .

l.C.E.
l.C
l.C .
i.e.
i.e.
i . e .
l.C.
l.C.
1.C.
2.C. 
2.C. 
2.C .

1.C.M.
2.C.M. 

l.C .M .15. 
l.C .M .E. 
l.C .M .E. 
l.C.M .E. 
l.C.M .E. 
l.C .M .E.

l.C.
l.C.M .

l.C.
l.C.
l.C.
1.C.
2.C. 
2.C.
1.C.
2 .C .
1.C.
2.C. 
2.C. 
2.C. 
2.C. 
2.C.
9 P

l.C .M .E.
l.C.M .E
l.C.M .E.

l.C.
1.C.
2.C. 
2.C. 
2.C.

PORT

F o r  w e e k  e n d e d  5 t h  Apri l ,  1 9 3 0 :—

Place, George 
M i t c'hel:. John 
Longstaff, Jo h n  
M cFarlane, W illiam

1.C.M.E.
2.C.M.E. 

2.C. 
2.C.

OF EXAM INATIO N. 
L eith

ft

Liverpool

>1
ft
it

Southam pton
>»

»>
»
»»

Newcastle

London
»>
•»
»»

B elfast

Cardiff

»»
»»
»»

Glasgow

»»

Newcastle

»t




