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* Cargo Ships and Propelling Machinery adapted to W ar Conditions—Discussion.
Mr. H. J. W headon (Chairman of Council), opening the dis

cussion, said : T he author’s novel proposals demanded very careful 
consideration. Although he understood that the author claimed his 
proposed “cargo warship” would be suited to post-war commercial 
cargo liner services, in the national interest our forem ost considera
tion a t this time should be to focus attention upon the urgent need 
fo r ways and means to overcome the submarine menace.

The beam of the author’s proposed ship was in the region of 
80ft. H ad he considered the question of drydocking and labour 
facilities? The situation in the form er connection was already acute, 
and only with difficulty could accommodation be provided for vessels 
with beams exceeding 70ft., while abroad of course it was still more 
difficult. The effect of a  fleet of vessels of 80ft. beam m ust be 
considered in these respects.

Speed of cargo handling was second in importance only to sea 
speed. The ship the author proposed had six holds, and as fre
quently cargo was discharged from one side only, there would there
fore under such conditions of working be less ihan one crane per 
hatch, from  which it seemed that the cargo-handling machinery was 
very inadequate fo r a vessel of 12,000-14,000 tons w ith six hatches.

Finally, could not the author make his design even less vulner
able by the following means : I f  Diesel-electric or turbo-electric 
propulsion w ere adopted, could not the engines be superimposed 
upon a w ater-tight deck above the propulsion m otor? It was possible 
the propulsion m otor could be of the submersible type, in which 
case the flooding of the m otor room would not render the propelling 
machinery inoperative. W ith  a rem ote-control system the engine- 
room personnel would be above the w ater line and consequently 
subject to considerably reduced risk than at present. Mr. Saunders, 
who was present, would be able to say w hether a submersible m otor 
was a proposition, even if air pressure had to be imposed within 
the casing and glands not relied on for sealing purposes.

Mr. J. Caldcrwood, M.Sc. (Vice-Chairman of Council), said : 
T he author seemed to suggest—and he (the speaker) thought there 
was perhaps something in the suggestion—that the problem had 
been wrongly tackled at the beginning of the w ar and since, in that 
we had tried with the existing marine engineering and shipbuilding 
facilities to  get a maximum tonnage on the ocean and not by 
adopting and increasing these facilities to get the maximum carrying 
capacity of ships. I f  the proposals in the paper had not been con
sidered before, they should be n o w ; and even if  they had already 
been considered, they were w orthy of reconsideration.

The elimination of the bedplate to save weight and man-hours 
of labour he agreed was, in general, a very sound idea, but there 
appeared to be difficulties. Boring out and the bedding of the 
shaft would be much more difficult, and it would have to be done 
a fte r the ship was launched with a resulting considerable increase 
in the time required in fitting out the ship.

In discussing the question of engine noise the author did not 
stress sufficiently the importance of the type of noise, and in this 
connection he was very surprised that the author proposed turbo 
blowers. These gave a type of noise which was most penetrating. 
Generally on Diesel-engined ships with turbo b'owers, it was very 
difficult to  confine the noise to  the engine-room, and if it could 
get out o f the engine-room it could be assumed that it would get 
out o f the hull and would be picked up by the detecting gear in 
submarines.

* This paper, by I V .  S. Burn, M .Sc. (M em ber o f Council), was 
published, in  the November, 1942 issue o f  T r a n s a c t i o n s , Vol. L IV , 
Part 10, pp. 129-146.

In an engine-room fitted with a single-acting tw o-stroke engine, 
the noise generally was not greatly different from  that of a four- 
stroke engine, but from  outside the engine-room it sounded more 
quiet. The take up of the bearing clearances in double-acting or in 
four-stroke types seemed to produce a noise which travelled through 
the ship’s hull, and that was an im portant advantage fo r the single- 
acting two-stroke type engine in which bearing loads w ere always 
in one direction.

The au thor referred to really high-speed engines and electric 
drive, and the ultilization of the aircraft-engine industry. He 
thought tha t was going too fa r  to-day and, he was afraid, fo r some 
time ahead. There was no existing design of high-power high-speed 
engine which could be relied upon to run to  A ustralia and back 
without breakdown. As a w ar-tim e proposal the use of really 
high-speed engines did not seem practicable, but he would like to 
hear the author’s fu rther ideas on that point.

The au thor then referred to the subject of high speeds and 
propeller efficiency. H e agreed that engine speeds had been tied 
down too much by propeller designers. He had always believed that 
it was possible to design propellers alm ost as efficient a t 250 r.p.m. 
as at 100 r.p.m. Some years ago he had dealt with an enquiry from  
Canada in connection with a Lake boat. The engine speed was 
specified a t 300 r.p.m. and that sounded so revolutionary that he 
had requested that the cable be repeated. The reply was 300 r.p.m. 
again, and when the enquirer subsequently visited this country he 
(the speaker) had suggested that this was a terribly high speed for 
a  boat with a block coefficient of 0-88 and a speed of 8 knots. He 
had been assured that the Company concerned had ships w ith engines 
running at that speed, the slight difference in efficiency due to the 
high speed being more than offset by the reduction in cost, weight 
and size of machinery.

Speed was limited rather by engine design, and fo r single engines 
of the powers which the author had in mind, a  speed of 175 r.p.m. 
was about the highest fo r which an engine could safely be built 
to-day. In that connection he rathei felt th a t the author’s original 
idea fo r propulsion machinery was better than the present proposal, 
i.e. that there should be some propulsion machinery forw ard and 
some aft. W ith this scheme the power o f individual units would 
be halved, o r w ith twin screws at each end the separate engines 
would be only a quarter of the output o f the engines discussed in 
the paper. Engines to give the power wanted fo r this arrangement 
could be designed to-day w ith a speed of about 350 r.p.m., and the 
engine weight would be down to 40 to 601b. per h.p. This could 
be done from  established designs w ithout any risks in the nature 
of experiments. W hatever was done on the engine side, funda
mentally new or revolutionary designs must not be adopted a t the 
present time.

The author mentioned the vee double-acting engine, but there 
were a num ber of fundam ental problems to  be solved in getting 
that to  the stage where it could be safely fitted in a ship.

Mr. C. Wallace Saunders (Member) sa id : The author had men
tioned that the fore and a ft parts of his proposed ship were o f 
tanker construction, a rem ark which was made in connection with 
the safety of the ship. In the past year o r so there had been three 
o r fou r tankers some o f which had received as many as three 
torpedoes but by a very ingenious use o f compressed a ir  they had 
safely reached port. One of them had steamed 900 miles and kent 
herself trimmed by means of this compressed air, and had actually 
discharged most of her cargo by the same means through salvage 
pumps put aboard fo r fire purposes; the ship’s pumps w ere out of 
action. The author showed water- and air-tight hatches, and this
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being so perhaps this same compressed air safety equipment might 
be used on a vessel of this type. This compressed air system had 
been instrum ental in helping the tanker “Ohio” to Malta, and this 
together with other episodes seemed to point to the fact that it 
should be investigated further.

Mr. W headon mentioned the question of the 80ft. beam of the 
suggested ship in relation to dry-docking. Surely even before dry- 
docking came into the picture, there was a shortage of actual berths 
in the shipbuilding yards where ships of this beam could be built 
because of commitments in other directions.

He noted the accommodation for the engineers was almost the 
length of the ship away from  the engine room, and he considered 
the engineers should be nearer to their jobs.

The two lifeboats stowed away as they were, away from 
machine-gun fire, looked very attractive, but he did not see how 
the gravity davits mentioned by the author had head-room to func
tion without encroaching upon the accommodation above.

W ith the oil fuel in the side bunkers right aft, the proposed 
vessel looked like a tanker but w ithout the facilities of a tanker 
for trim ming the ship if she were in ballast.

It was proposed that the 12,500 s.h.p. machinery should be 
accommodated in a length of 68ft. He thought turbo-electric 
machinery complete with boilers would save fram e spaces, if there 
was room to put the motor at the th rust block, with the turbo
alternator forw ard of that, and the boilers on either side of the 
turbine. H e believed the two water-tube boilers cou'd be accom
modated in that side space now allowed for cargo—here the speaker 
indicated this point on the illustration.

The weight of the actual propelling machinery complete with 
the condenser, closed-feed heat system and boilers, would be about 
450 tons, which would probably show a saving in weight over the 
suggested Diesel engine.

A Diesel engine of 12.500 s.h.p. of whatever type would appear 
to be quite experimental in these times.

Mr. Calderwood had given some very good reasons against the 
proposal to eliminate the bedplate of the Diesel engine. The align
ment of the crankshaft and the boring for the bearing housings, etc., 
would have to be done after the shin was launched, i.e. water-borne, 
which would probably be very difficult.

In  connection with noise and the submarine menace, aero engines 
of fairly high speed (such as 1,600 r.p.m.) fo r ship work as proposed, 
would probably emit a fairly high note, and if driving electric 
generators there would be an additional high note which might be 
picked up readily by a submarine. I f  the use of these aero engines 
was with electric transmission, here again were experimental pro
blems for this power. W ith the slower-speed straight Diesel engine 
as shown, the blowers would be high speed with the same dis
advantage.

The separate pump rooms, forw ard and aft, again raised the 
question of personnel and also piping, in the form er case putting 
a big strain on the personnel and in the la tter case a complicated 
system.

As regards the future, he held the view that all valuable cargo, 
which was generally in small packages, together with most passen
gers would be transported in the air by the big bombers used to-day 
fo r w ar purposes. F or those who wanted to travel more slowly 
there would probably be a few passenger liners of about 24 knots. 
The bulky general cargo of the world would be carried in a great 
number nf sailing ships giving a continuous flow, the ships being 
fitted with 600 or 800 s.h.p. auxiliary engines to see them through 
the Doldrums, and a small crew. This would have the effect of 
solving a great num ber o f engineer’s problems, would give a good 
life for those who wanted to go to sea, and would carry the world’s 
merchandise in the. cheapest possible way.

Finally, he thought it would require a great deal of experi
mental w ork over a long period before the value of the proposals 
made by the author could be established, and he considered that we 
must keep to the engines which had been tried out and were at our 
disposal now. In short, he thought the w ar period was not the time 
to embark on such highly experimental projects as suggested in 
the paper.

Mr. E. C. W arne  (Member) said : The author mentioned the 
double-acting V-type engine as being a desirable means of propul
sion. Undoubtedly tha t would be so, provided its overhaul by the 
personnel found in the averasre ship could be arranged. But there 
was going to be no technical improvement in personnel in the near 
future, and for that reason he would prefer the vertical double- 
acting two-stroke engine with its comparative ease o f handling and • 
repair.

There was a large amount of pining in the author’s proposed

ship owing to the distribution of the machinery forw ard and aft 
and fo r other reasons. H e wondered whether the author had con
sidered a duct keel o r a fore and a ft tunnel.

In considering the elimination o f the bedplate, it was quite 
easy to see that with strong welded construction there would be 
little vibration and a minimum of stress concentrated in a fore-and- 
a ft direction, and therefore one might visualize the absence of the 
bedplate without any great horror. But athw artships there was a 
lateral strain which might have an effect on the bottom of the ship 
and this stress would be transm itted to certain parts o f the ship’s 
structure and framework, perhaps giving an unknown factor of 
weakness. H ad this point been taken into consideration?

It would be of interest to learn what induced the author, who 
had very properly made out a case fo r the strictest fuel economy, 
to install Diesel-electric propulsion at the forw ard end of the ship. 
Such a plan was open to the objection of, say, a 10 per cent, loss 
due to transmission, added to the complication of the general lay-out 
and did nothing to help the standardization of the ship’s machinery. 
The operating conditions laid down by the author, 1,500 b.h.p. at 
250 r.p.m., were so clearly suitable for a direct Diesel engine drive 
that a fuller explanation of the au thor’s object in fitting an electric 
motor to the forw ard screw would be appreciated.

Mr. W . A. Christianson (M ember) said : The whole basis of 
the author’s proposals mainly related to oil engines, and though he 
mentioned steam turbines, oil would be the source of power in this 
case too. W ere we quite sure that oil would win us the war? 
We had lost the Burm a and E ast Indies oilfields and we nearly lost 
the Iranian source of supply. I f  we had lost the latter, where were 
we going to get oil? Secondly, w hat about interruption of our 
oil supplies by submarine attack? W ith luck on the enemy’s side, 
m atters might have gone downhill, and we ought to consider care
fully whether oil engines were the solution of our difficulties or 
possible difficulties.

The speaker suggested that the safest solution would be to use 
both coal and oil burning vessels, the latter including both steam 
and Diesel vessels.

The author’s proposals showed a single-screw job. W hat about 
twin-screws with machinery a f t?  This arrangem ent would lend 
itself to higher propeller speeds, and the engines and parts would 
become lighter on account of these two factors, added to  which 
there would be greater security by the twin-screw arrangement.

The speaker considered that a great deal might be said for 
the single-acting trunk-piston engine especially in w ar time, where 
production and maintenance were most im portant considerations.

The author referred to the vee-type double-actin'1' engine. W hat 
about the vee-type single-acting trunk  piston engine in twin-screw 
arrangement? W ith the higher propeller revolutions previously 
mentioned, this arrangement would result in fu rther considerable 
saving in space and weight.

If  these 16- or 18-knot ships could be built, would they sail 
alone or would thev have to accompany convoys? OVvionsly the 
speed of the convoy was the speed of the slowest ship, and there 
would be no advantage in these fast ships unless they sailed alone 
or in fast convoys. Also, was it necessary to keep at high speed 
all the time or only in submarine zones?

Noise in Diesel engines came from  various sources, including 
the exhaust. H e did not know how serious the exhaust noise was 
from  the w ar point o f view, but a great reduction in the volume 
of this could be effected by w ater injection silencers, and perhaps 
sound-proofing the engine-room would assist a  solution.

The author mentioned nothing about supercharging, which would 
give an increase of power and speed. T here was also the possibility 
of getting extra power from  the auxiliary units, some of which 
might be standby units not fully utilized. W hy not use this avail
able machinery to transm it electric power to motors on the pro
peller shaft, and thereby augment the pow er when it was necessary 
to get extra sneed? The extra power thus obtainable was not just 
the added auxiliary power, but the extra main engine power due to 
the increased revolutions.

Mr. H. O. Farmer, M.C., B.Sc. (M ember) advocated the applica
tion of the small high-speed Diesel engine to  ship propulsion. The 
proposition w’as by no means a new one, and no one in the marine- 
engine world had taken it seriously. In the au thor’s design of the 
proposed ship, the hull was divided up into small sections by decks 
and bulkheads in order to isolate damage from  a torpedo. It 
seemed to be the obvious thing to divide up the engine, if possible, 
so that a direct h it in the engine room would not put the ship out 
o f action. Instead of that, decks and bulkheads had to be cut 
away to accommodate the very bulky boilers in the case of steam
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drive, o r engines in the case of direct-Diesel drive.
H ad anyone ever considered dividing up the boiler into a 

number of small units which could be isolated by w atertight bulk
heads? Possibly this was not practicable, but in the case of the 
Diesel-electric drive it certainly was feasible to divide up the power 
unit into a number of small independent generators.

There was in operation in this country to-day an installation 
of this type, which was used to supply power to a factory running 
24 hours a day. There were some 100 engines runn:ng a t speeds 
in the region of 900 to 1,200 r.p.m., the power output of each unit 
being about 100 h.p. The engines ran day and night fo r thousands 
of hours, and any failure of the power supply was unknown.

In the early days of the w ar a scheme was put forw ard in 
America for propelling a ship by means of a number of small petrol 
engines. On arrival in this country, the ship was to be broken up 
for steel plate, and the engines used fo r tanks, trucks, etc. U nfo r
tunately, the engines chosen were not suitable, ancT were never de
signed for a steady output at constant speed; they were rather the 
road-vehicle o r m otor-boat type. Though giving excellent service 
fo r such work, they were a failure when applied to ship propulsion 
where a constant output over long periods was called for. I t  must 
be emphasized that the motor-vehicle type of engine was not suitable 
fo r marine propulsion work. It was, however, quite feasible to use 
small engines giving some 200 or 300 h.p. each and running at 
speeds in the region of 1,000 r.p.m., to give the same reliability as 
the large marine propelling engine. The very fact that a large 
num ber of small and independent units were used increased the 
reliability and gave freedom from  complete failure.

The geared-Diesel drive was an interesting omission from Mr. 
B um ’s paper. The German pocket-hattleships appeared to have 
given a satisfactory performance and were an instance of the use 
of a number o f high-speed engines geared to one shaft.

Mr. H. D. Adam (Member) sa id : The author asks “W hy not 
evolve a basic national marine oil-engine?” The speaker would 
suggest that we might fu rther develop a well-tried type o f engine 
which was of vital importance to us at the present time, namely, the 
submarine-type oil engine.

Considering the amount of work being done with these engines, 
and the care which had been taken in their development, he had no 
doubt they had proved very reliable and could be adapted fo r use 
in cargo boats. The two-cycle type of engine—rated at 2,400 b.h.p. 
—could be reduced in speed to 350 r.p.m., giving a weight o f some
thing in the region of 451b. per b.h.p.

According to the size o f the cargo ship, fo r the smaller ship 
four engines could be used coupled direct to the propeller. A 
considerable num ber of engines might be preferable in big ships 
coupled to standard type generators, so tha t the propellers (one 
or more) could be driven by motors, thus allowing fo r engines to 
be installed in the most convenient position. The advantages of 
electric propulsion would also be obtained and these are considerable.

If  all available resources were combined in the design and m anu
facture of this type of engine, present needs fo r service purposes 
could be met and surplus supplies could be put to immediate use 
at a fu rther date. This type o f engine could be supercharged by 
auxiliary engines in case of necessity fo r high speeds fo r short 
periods. A ir supply from supercharging sets could be used to put 
up pressure in the hold to keep out water. These auxiliary engines 
could also be used for quick discharge of cargo in port.

A system of repair and overhaul by complete removal would 
prevent delay of ships by extensive overhauls of plant on board.

Personnel with good knowledge of this plant would be available 
in large numbers and they could serve in any sh ip ; sea-going 
engineers would be interchangeable with the repair staff, making it 
possible fo r the ship’s staff to take a spell ashore, and shore staff to 
have running experience at sea on the engines they overhauled.

On the proposal of Mr. A. F. C. Timpson (M ember of Council), 
seconded by Mr. C. Wallace Saunders (Member), a very cordial vote 
o f thanks was accorded to the author with acclamation.

BY CORRESPONDENCE.
Mr. E. F. Spanner, R.C.N.C., re t’d. (Member) wrote : The follow

ing comments must be regarded merely as first thoughts. Obviously 
such an im portant paper requires full digestion.

(1) The ratio  steel w eight/ton  deadweight will tend to be high 
in a vessel with so large a breadth/depth  ratio, especially one with 
a heavy horizontal deck a t neutral axis level.

(2) Unless special pumping arrangements are made, or the vessel 
is divided into short sections with individual pumping systems, there 
will be difficulty in localizing the effect of damage to pumping

systems should side o r bottom damage be sustained.
(3) The low w idth/length  ratio will tend to make the vessel 

more rather than less vulnerable to direct hits from  air attack 
by bomb, although she will be less vulnerable to the effect of 
torpedoes or near bomb misses by reason of the proposed underw ater 
internal side protection. The author is on the right lines in his 
suggestions in this connection, but the w riter prefers the sort of 
arrangem ent shown in the accompanying illustration (Fig. 6), taken 
from a paper “Ship S tructural Design” which the w riter contributed 
to the Society of Naval Architects and M arine Engineers, New York, 
in 1934.

(4) The proposed subdivision of the propelling and steering 
effort between bow and stern is decidedly interesting, but the use of 
ordinary rudders appears to be needlessly inefficient. Time and 
again it has been dem onstrated that ability to swerve w ithout loss 
of speed is of vital importance in dodging bombs, and also torpedoes. 
T he rudder is a most inefficient means to use for such movements. 
W e badly need a new method of steering which will not impose 
a “drag” on the vessel. The w riter would like to see a modification 
of the author’s machinery layout providing two screws abreast of 
Nos. 3 and 4 holds, and two screws abreast of Nos. 9 and 10 holds, 
with either (a) small propellers in rotatable K ort nozzles, o r (b) Gill 
propeller pumps, at bow and stern, to give the required steering 
effort clear of the main propellers. All propellers would be 
electrically driven, and the main generating plant could be of 
light weight type.

(5) Naturally, perhaps, the w riter is reluctant to  see waste-heat 
boilers dismissed as being too heavy, although the author has some 
reason for using this adjective in connection with old-fashioned 
designs. The w riter hopes that we shall all have opportunity to 
discuss requirements and put forw ard proposals before any drastic 
changeover is made which will eliminate the use of steam for 
heating, cooking, auxiliary and fire extinguishing services.

(6) The w riter considers tha t the author is making a mistake 
in attempting to subdivide his vessel by means of a stout horizontal 
deck a t neutral axis level. I f  the w idth of the vessel is to be as 
much as 80ft. at upper deck level, it would be preferable to reduce 
the length between transverse bulkheads, and stick to the old- 
fashioned deep hold w ith the largest dimension of the upper-deck 
hatch arranged athwartships. The w orth of the proposed explosion- 
resisting hatches to the low er hold is extremely doubtful, and it 
would surely be wiser to plump fo r shorter holds of full depth, but 
restricted length, with strong bulkheads, but upper-deck hatch covers 
of no more than norm al strength. Better to let a torpedo—or such 
part of the effect of a torpedo as got past the underw ater side com
partment—vent itself by blowing off upper deck hatches, and flooding 
a restricted length of the vessel, than place faith upon the explosion- 
resisting capabilities of an interm ediate deck and the airtightness 
of large upper deck hatches. Frankly, the w riter thinks this upper 
and lower hold idea is a great mistake. The author refers, very 
understandably, to the rem arkable ability of an oil tanker to stand 
up to  underw ater attack, but has he made allowance fo r the fact 
that subdivision alone does not account for this “toughness” ? A 
very great deal of it is due to the fact that torpedo explosions take 
place up against plating which is supported from  the inside by the 
oil contained in the compartment. There will always be a trem en
dous difference in the effect of an explosion against the side of a 
hold filled with ordinary cargo, and against the side of a  hold, or 
tank, filled with oil, petrol or even molasses.

(7) The author’s reference to the “Bismarck” in connection with 
his rem arks upon submarine and torpedo attack is very interesting, 
but it is doubtful whether the difficulty experienced in sinking the 
“Bismarck” arose simply from  the extent of her subdivision. Various 
relatively simple schemes have been put forw ard from time to time 
for increasing the non-sinkability of warships, but for one reason 
or another our warship designers have preferred  not to make use 
of them. One scheme involves the almost complete filling of wing 
compartments with expanded rubber. A nother, the storing of 
deflated balloons in both small and large compartments, these 
balloons to be inflated a fte r the com partm ent has been bilged. W ith 
judicious selection of size and shape it would be possible to expel 
a very large proportion of the w ater entering a compartm ent so 
equipped, w ithout exposing the envelopes of the balloons to any 
undue amount of stress. The secret of success with such a scheme 
would be to arrange m atters so that the balloons were so large in 
volume that the skin would never be fully distended. A further 
scheme is to provide that entrance to all underw ater compartments 
is through downwardly directed trunks, open-ended at the bottom. 
This downward trunking of all access trunks or hatches results in 
providing a permanent air-pocket at the tops of such underw ater 
spaces as torpedo rooms, magazines, steering engine rooms and so on. 
O f these ideas the use of deflated balloons and of downwardly
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trunked access o r escape hatches might be worth a second thought 
in cargo warships. They are mentioned to indicate some of the 
many lines along which suggestions have been put forward. Judging

from  hearsay, foreign warships do incorporate ideas not included 
in British vessels. Incidentally, the refusal of certain foreign w ar
ships to capsize may be put down to a combination of causes, e.g. 
better schemes fo r restricting inflow on one side, better provision 
for balancing inflow on both sides, greater initial stability, and 
greater range of stability. The provision of twin 'bulkheads, 
separately constructed and stiffened does not appeal to the w riter 
as sound. I t would be preferable to provide fo r “venting” an 
explosion through the hatch so as to  save the bulkheads. Any 
explosion close enough to the pair of bulkheads to damage one of 
them would alm ost certainly damage both sufficiently to destroy 
the watertightness of the subdivision. For wartime service, the 
w riter feels that the closely corrugated bulkhead recently put 
forw ard by Isherwood has something to commend it. I t seems 
probable that it could absorb an explosive “punch” w ithout doing 
more than “open out” in the corrugations. This type of bulkhead 
deserves close study by the designers of ordinary warships as well as 
cargo warships.

(8) The idea of carrying an aeroplane on the proposed cargo 
warships is very sound—the amazing thing only that the powers 
that be did not awake to the need until a fte r many months of the 
war had been wasted. W ay back in 1927 the w riter w rote a book 
“Armaments and the Non-Combatant”, urging among other things 
that “the Admiralty should investigate the problems of defensively 
arming merchant ships with aeroplanes”. The w riter even devised 
and read a paper about a type of gravity davit gear to enable the 
top decks of large passenger liners to be kept clear as flying decks. 
I t is a source of satisfaction to see ideas of the same sort in 
Mr. Burn’s paper.

I t would be easy to  write much more—there is so much to be 
discussed that it is difficulty to  stop. The w riter is personally very 
grateful to the author for all the trouble he has taken, and hopes 
that something of practical w orth will result from his efforts.

Dr. C. S. Baker, O.B.E., wrote : This paper is one of those in
which one has to be careful about the assumptions made, before 
accepting the author’s conclusions. U nfortunately, these are rather 
scattered about the paper. The au thor starts w ith a statem ent that 
present bulkheads and subdivision “can be im proved upon . . . and 
horizontal w atertight subdivision is as necessary as vertical bulk
heads”. Admitting the former, the adoption o f some other system 
of subdivision has to be considered from  several standpoints. In 
particular horizontal subdivision such as that shown by the author 
is open to serious objection on stability grounds when damaged. 
Also the use of double bulkheads each w ith its own separate con
struction, and the doubled vertical plating at the sides adds to the 
hull steel weight as also does the relatively great breadth to depth 
and breadth to  length ratio. Even the conclusion that oil tank con
struction is good because of the sm aller loss of tankers relative 
to cargo boats (taking this statement to be true) is open to question. 
The differentiation may be due to the nature and density of the cargo 
carried and not to  the construction as such. All this part of the 
paper requires detailed examination before it can be accepted.

On the question of the speed obtainable by such a ship, taking 
a vessel 525ft. by 75ft. (not the 80 suggested by the author) by 
26ft. draught, prismatic coefficient 0-64, the C would be about 0-68, 
the quasi-propulsive coefficient about 0-7 and the 12,500 s.h.p. pro
posed would then be absorbed at 17 knots, not 18 knots as in the 
paper. This is fo r a vessel of 19,500 tons displacement, allowing 
the usual 15 per cent, for average fine w eather a t sea—in the N orth 
Atlantic this allowance would have to go up and the speed come 
down. The author suggests a prismatic coefficient lower than the 
w riter has taken, which would increase this speed a little, but he is 
then getting into difficulties with the smallness of the cargo which 
can be carried.

I t  is when the au thor comes to deal w ith engine design that 
he is on much surer ground, and his comments and suggestions are 
clearly justified. One cannot evade the facts he produces—the 
contentment of British firms to pay licence fees and royalties to 
foreign firms, the reluctance of British firms to engage on large 
research on engine design, the consequent effect on the orientation of 
the shipbuilding industry—are all too evident.

H is suggestion that engine designers and makers should get 
together to form  a committee on design is most timely and the 
w riter hopes the Institute will take this up seriously, and that as a 
result a  development effort proportional to the problem and its 
urgency will be made.

Mr. R. S. Blackledge w rote : R eferring to one or two of the 
subordinate issues raised by this paper, there is more than sufficient 
precedent to justify  the author’s advocacy of polyphase alternating 
current motors fo r the driving of auxiliaries, and in specifying the 
motor horse power care must be taken to  avoid the American 
development era mistake of over-motoring, w ith its consequent low 
total power factor. The polyphase induction m otor has sufficient 
overload capacity—in general at least 100 per cent, in torque for 
15 seconds, o r more depending on the enclosure—to render the 
over-motoring of drives not only unnecessary but uneconomical; 
furtherm ore, it would result in burdening the tare weight of the 
vessel with inactive material.

I t will not be possible in general to take these marine motors 
from the “industrial stock shelves”, because many are skirt mounted, 
and require to be provided with means fo r taking a considerable 
thrust load. It should be the object w herever possible to  use single
speed squirrel-cage machines, although in some cases—notably the 
driving of ventilating fans—pole change m otors will be necessary.

A usual figure for the speed range on ventilating units is 1 to 
1-4 or 1-5, and in order to  avoid undue complication in change-over 
switching arrangements it most probably will be desirable to utilize 
machines with two separate stator windings (as distinct from those 
in which a  single stator winding is reconnected when changing from 
one number o f poles to the other).

As the a rt of alternating-current electrification of ships’ 
auxiliaries progresses in this country, doubtless it will be possible 
to offer a scheme for ventilating fan speed control alternative to that 
employing separate stator windings. Again, there is the possibility 
of requiring an even lower speed than the norm al m inim um ; thus 
three speeds of ratio 0-7/1/1-4 o r 1-5 might be required. This could 
be arranged quite conveniently by providing the combination in the 
one stator of a true pole—change winding and a single-speed winding 
—the form er dealing with the two-to-one range 0-7/1-4 and the latter 
with unit speed. The switching arrangem ents are quite simple.

W ith regard to  the axial flow ventilating fan in which it is 
usual to cool the m otor by forced convection in the air stream 
itself, the induction m otor will be at an advantage as compared with 
the direct-current machine, fo r the m ajor portion of its losses are
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in conduction contact with the dissipative area, whereas in the 
direct-current machine by fa r the highest part of the losses is on 
the arm ature and this must be transferred  by natural and forced 
convection in the motor interior to the inside of the shell, thence by 
conduction to the air-swept surface. The dynamical characteristic 
o f the induction m otor does not perm it it to be so self-adjusting 
as the series-wound machine, but this would not appear to be a 
serious m atter in connection with the axial flow fan p /v  charac
teristic; in fact in some ways it may be regarded as a good feature.

In a recent *paper Lieutenant Commander H. G. Rickover, 
U.S. Navy, analysed the alternating-current auxiliaries necessary 
for battleship use; he stated that 85 per cent, of the installed
a.c. horse power would consist of single speed, and 9-6 per cent, of 
multi-speed squirrel-cage machines. H e stated also that wound ro tor 
machines are used fo r winches, capstans, cranes and similar equip
ment.

The au thor is a t pains to justify  his higher propeller shaft 
speeds, and in this connection one recollects that the now moderately- 
aged U.S. battleships “Tennessee” and “Colorado” had four motors 
each developing 7,300 s.h.p. at a  maximum speed of 170 r.p.m.

Rickover gave comparative figures of weight, space, efficiency 
and cost fo r alternating and direct current Diesel-elecftric propul
sion equipment fo r a 12 ,000-s.h.p. twin-screw vessel having a propeller 
speed of 140 r.p.m.—particulars which have close correspondence 
w ith the case postulated by the author.

M any engineers are agreed that the electrical transmission and 
control of the propulsion power has definite advantages, and, whilst 
it would be most undesirable to resuscitate fo r the present field the 
“battle of the systems” which characterized electric traction develop
ment in this country, it m ight perhaps be stated that the synchronous, 
asynchronous, and direct-current systems have their merits, and 
that m arriage to one or another without a full investigation of all 
factors would be an evil no less than was the “battle of the systems”.

The w riter finds no mention of the shock loads on machinery 
incident with torpedo or other explosion, and the risk, degree of 
importance of duty, and weight increment would require to be 
balanced carefully, otherwise the kernel of the au thor’s proposals 
would be somewhat modified.

There is a deal of experience which has been accumulated over 
20 years or more and relating to the behaviour on duty cycles 
amounting almost to fatigue tests of Class B insulation. Reduction 
in weight would result if such insulation and the higher tem pera
ture rises associated w ith it were adopted.

The difficult and variable ambient conditions would of course 
be taken account of in  the fixing of the permissible tem perature 
rise; Class B insulation would not be necessarily desirable in all 
cases, but in the larger machines it would be an advantage to give 
it consideration.

Many valuable data of alternating-current operation as it relates 
to ships are given in Rickover’s paper referred  to above.

Mr. A. E. L. Chorlton, M.P. (Member) wrote : The w riter will 
not follow the author in his proposals fo r the ship design, inner 
blister, etc., but will confine his rem arks to the oil-engine drive.

The author has recommended, somewhat violently, engines 
modelled on the aero engine. The engine he really proposes, how
ever, is actually fa r from  the low weights of the very high-speed 
real aero engine.

_____________________________ F ig . 7._____________________________
* Paper presented at the Annual M eeting o f the Society o f 

Naval Architects and Marine Engineers, N ew  York, November 
13/14, 1941, vide “Electrical Engineering”, June, 1942, p. 1942 etseq.

W hat he appears to indicate is somewhat the size of the engine 
the w riter was concerned in building fo r the Canadian N ational 
Railways. T his was of the vee type, the box fram e being illustrated 
in the accompanying illustrations. I t will be seen how near this

F ig . 8.

type of casing is to one suitable for welding, but at tha t time one 
could not depend upon this method of construction as being 
sufficiently developed to try  out on an engine that had to go into 
service.

F ig. 9.

T he vee engine shown has cylinders of 12in. X 12in. stroke, run
ning at 750 r.p.m. W hen of the 16-cylinder type it gives 1,600 b.h.p. 
The pistons of this engine were of forged aluminium alloy, and have 
proved quite satisfactory in service. The engine used was for elec
tric driving, but it occurs to the w riter to suggest that gear driving 
might be used. This with a multi-cylindered engine, o r a pair of 
them, allows of any reasonable reduction and a pretty  big unit in 
power.

Eng. Lt.-Com’r. A. J. Elderton, R.N., re t’d. (Member) w rote . 
The author emphasizes that his proposals are essentially to meet 
w ar conditions. W hile endorsing his views in this respect the 
w riter is of the opinion tha t a vessel such as contemplated has a 
definite advantage fo r the post-w ar period.

A t the present time we are building large numbers of slow, 
inefficient merchantmen which, a fte r  the war, will be a  d rug  on 
the market. N o m atter w hat the outcome of the war, sooner or 
later there is bound to be again keen international competition with, 
for a  time, restricted markets.

In tha t the prosperity of individual countries is w rapt up with 
the well-being of all, it is essential that our enemies should enter into 
trade, and in so doing, add to our competitors, so that as a  nation, 
if we are  to regain m arkets and trade at a profit, we m ust be 
efficient. O ur present mass-produced inefficient tonnage cannot help 
in this respect. M ost of our competitors will start off from  
scratch, with no such burden.

As a nation we are agreed that a better post-war social condi
tion is called for, but the cost of this can only be defrayed by our 
own efforts in developing past—and obtaining new—markets. 
Present wealth, if socialised, could only last fo r a limited period, 
so that ultimately our social well-being m ust depend on our 
successful trading in world markets.

W hilst fo r our present salvation it is essential to keep our 
present tonnage afloat, it would appear that w ith the termination 
of hostilities it would be in the national interest to sink or scrap it, 
unless in the meantime the inefficient tonnage had been replaced by 
vessels tha t could meet post-war competition.

In regard to the author’s proposal to  arrange fo r the cargo 
warship to carry  aircraft, the w riter would question w hether the 
provision required fo r this is w orth while, having regard  to the
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protection provided by the speed of the vessel. A part from  the 
difficulty of taking off and landing in moderately bad weather, 
it occurs to the w riter that in submarine infested waters the less 
the vessel loiters the better. Dispensing with the a ircraft would 
give more freedom in design with regard to deck fittings and upper 
structure. In  a vessel having high speed and low freeboard, the 
hangar door would appear to present difficulties, in order fo r it to 
have sufficient strength and yet be readily movable.

Eliminating the a ircraft would also give freedom in the design 
of the fan inlets, which present difficulties because of the humidity 
of the intake air when the vessel is travelling at speed, and its 
possible effect on the controls of the electrical equipment. The 
position of the engine exhaust at upper-deck level m ust also affect 
the arrangem ent of the fan inlets. The position of the engine 
exhaust exit, too, is liable to impede the working of the ship when 
wind is a ft o r on the beam, particularly when manoeuvring the 
vessel or going alongside. Possibly the author has in mind a 
hinged funnel fo r such occasions as may be required.

The author’s rem arks in regard to a basic national marine oil 
engine have much to commend them, and it is a pleasure to pay 
tribute to his past accomplishments in this direction. No doubt 
aero-engine technique will play its part in post-war oil engine design, 
and facilitate a national type which should have government assis
tance, either directly or indirectly. But it is too much to expect 
that basic national types of engines can be evolved fo r universal 
application; a fu rther point is that it is questionable if it is to our 
advantage to become too insular, as if “Buy B ritish” is pushed to its 
logical conclusion, ultimately, as a nation, we should do no more 
than take in our own washing.

The author’s proposals to eliminate the engine bed-plate is 
revolutionary, but appears to be justified in view of the big advantage 
to be obtained. The machining of the crank bearings fo r w ater
borne alignment presents difficulties, but these are overcome if 
the hull and crankshaft bearing assembly is constructed of a 
strength that no distortion takes place, particularly when the vessel 
is wave borne. A deep box cellular hull construction adjacent to 
the structure superseding the crankcase may assist. Leakage from 
outside into the oil sump due to defective welding, damage after 
grounding, and near under-water explosions could be obviated, should 
it occur, by arranging the crank compartment to receive air pressure.

In regard to heating services fo r the vessel, and the possible 
elimination of oil firing, this must largely depend on the surplus 
heat available and the rate of heating requ ired ; fo r heating oil 
cargoes the length of time on passage between loading and unloading 
ports is an im portant factor.

The author’s proposal to employ a forced-circulation closed 
hot-w'ater system utilizing surplus heat in the exhaust gases and 
jacket w ater would give maximum economy, and is frequently 
carried out in land practice. Draw-off domestic services are easily 
arranged for by calorifiers of simple construction, which, in addition, 
could be electrically heated and fitted with thermostatic control, 
should it be required.

Using a closed hot-w ater system facilitates the use of a simple 
lightweight type of exhaust-gas w ater-tube heater, which could be 
fitted in both main and auxiliary engine exhaust lines. A possible 
refinement would be the substitution of a coiled-tube type of heater, 
which could form part of the exhaust line, and in that it would 
have no w ater joints in contact with the hot gases it could, if 
required, be run in the dry condition. The small quantity of 
water contained in the heater enables this to be easily carried out.

Mr. F. McAlister (Member) w ro te : The author’s paper covers 
an enormous field, and will no doubt receive considerable discussion 
as the many views expressed on naval architecture, engineering and 
vital state policy may be warmly disputed.

Although the essence of the paper is the adaptation of the 
cargo ship to w ar conditions, it is a pity that the paper had to be 
read during w artim e when so many individuals, who would no 
doubt have much interesting criticism to make, are prohibited, either 
by office or by lack of time, from  giving as much thought and 
attention to the paper as it so rightly demands.

As the cargo warship is not designed from  a commercial point 
of view the arrangem ent of the ship must be therefore dictated by 
w ar considerations. I t follows, of course, that the high degree of 
subdivision, w.t. decks, carriage of mixed cargo, heavy lift crane 
system, provision of landing deck, etc., are each and all definite 
advantages over and above the existing cargo ships for meeting 
w ar conditions. T o all these m atters the author appears to have 
given due consideration, and the design seems to be effective com
promise fo r the design of a cargo warship.

O ur trusted friend, the w ater-ballast double-bottom has dis
appeared and this will call for a considerable redistribution of

material in the midship section to preserve adequate strength. 
Longitudinal bending stresses in the light condition may also require 
investigation.

So fa r as the propulsion angle is concerned it would be better 
if the bow propeller was norm ally designed to run and add its 
quota of thrust, as this propeller fixed in position at the bow would 
develop a fa ir amount of resistance.

The a ft propeller is straightforw ard and to absorb 12,500 b.h.p. 
at 100 r.p.m. should be about 21ft. diameter. If the revolutions 
are higher than this the overall propulsive efficiency would be 
lowered in about the following manner.

R.p.m. Relative Efficiency.
100 Basis 100
125 96
150 92i
175 89i

A t 175 r.p.m. the propeller would be about 16ft. diameter, and 
should have a larger disc area ratio than 'the 100 r.p.m. propeller, 
so that adequate area is given to the blades for manoeuvring and 
heavy-weather conditions.

W hilst a certain amount of sympathy will be given to the 
author’s views on state control, the w riter still believes that the 
fu ture of British shipbuilding and engineering will lie in encouraging 
the engineer to design what he wants to design, the builder to 
make w hat he wants to make, and the owner to  choose w hat he 
wants to choose, all of course, with w hat sound advice the state 
can offer. I f  the state demands fo r w ar contingencies a higher 
average speed than the commercially prudent speed fo r the Merchant 
Navy as a whole, the state must also offer financial assistance in 
addition to advice.

Further, if in pre-war days there had been state assistance 
for each ship capable of 15 knots loaded on trial in fine weather— 
the total annual cost of which would probably not have equalled a 
few hours of our wartime expenditure—we would not have heard 
to-day of 5 and 6 knot convoys ‘with all th a t that implies.

Mr. C. T. Adams (Member) w rote : The au thor assumes that 
the fast cargo warship would not be convoyed, whereas Admiralty 
policy is to convoy all ships, regardless of their speed, whilst 
carrying valuable cargoes. The A dm iralty alone being in possession 
of all the facts about sinkings, convoyed or otherwise, are in a 
position to build the most suitable type of ship, and the answer was 
given in the British merchant shipbuilding programme in North 
America, where considerations of existing building berth limitations 
did not arise. There are few, if any, berths available in this 
country to-day fo r cargo warships, and it is doubtful whether the 
first of such ships could be put in service in less than three years, 
during which time the berth might have launched six or more 
“Ocean” class ships—the first of which would have been usefully 
employed for two years or more.

Should a cargo warship, in spite of all the author’s precautions, 
happen to be sunk, we lose at one blow the equivalent of six or more 
“Ocean” class ships. In view of naval experience with modern 
torpedoes, the author’s ships would not be immune, although their 
chances of limping home would be greater provided the enemy did 
not use a second or third torpedo.

Increased subdivision on a tanker basis and w atertight and 
explosion-tight hatches are sound, but the provision of only ten 
cranes for twelve holds will not facilitate the desired rapid handling 
of cargo.

The cubic capacity of the cargo warship fo r bale cargo is 
apparently about 450,000 cubic feet—i.e. some 15,000 cubic feet less 
than that of a single “Ocean” ship, and w ar cargoes are by no means 
all deadweight cargoes.

It is doubtful w hether the crew of this ship would appreciate 
being housed below deck right forw ard  and right aft, and those 
on watch in the control room would have to  face some dirty 
weather and the exhaust from the forw ard engine room when in use.

The author would have strengthened his case if he had pro
posed the well-tried steam turbine and w ater-tube boiler powering, 
instead of an experimental type o f highly-rated oil engine, as he 
must be aware of the time required to bring a marine engine design 
to the production stage. The argum ent in favour o f the lower oil
engine fuel consumption must, in wartime, be subordinated to those 
of reliability and rapidity of production. One wonders what propor
tion of vessels sunk a fte r falling out of convoy by breakdown were 
oil-engined ships.

Messrs. W illiam D oxford & Son will no doubt study with 
interest the proposal to increase the output of one of their three- 
cylinder engines to 7,000 i.h.p. which might transform  a relatively 
inexpensive reliable engine into a costly and complicated installation. 
Even so, 7,000 i.h.p. is a long way short o f the desired 12,500 b.h.p.
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unless the author hopes to persuade the A dm iralty to let him use 
twin screws.

The failure of British designs of oil engine, apart from the 
D oxford engine, is easily explained. D uring the prolonged era of 
the reciprocating steam engine, British builders sank into an abyss 
of “marked up” designs, out of which they are having great difficulty 
in climbing. Many marine drawing offices have, until recently, 
preferred  to make use of a design dating from  say 1900, rather 
than modernise in the light of up-to-date knowledge of science 
and materials. Consequently, when buying a new ship, the shipowner 
frequently purchased a new but out of date engine with it. Under 
the stress of competition design offices have been reduced to the 
function of determining the size of engine necessary to  drive a 
certain ship at a  certain speed, and real machinery designers, 
suitably paid as such, have been compelled to look elsewhere for 
employment. The w riter well remembers the consternation when it 
was discovered that fo r one reciprocating engine contract there was 
no drawing in existence for the specified cylinder sizes, despite a 
thorough search of the dusty archives dating back to the beginning 
of the triple-expansion era. U nder such conditions, it is apparent 
why the introduction of a new principle of marine propulsion found 
British builders sadly lacking in fru itfu l enterprise and initiative, 
compelling them to pay heavy royalties to their foreign competitor 
builders of successful designs. Again, shop practice suitable for 
building steam reciprocating engines is useless for building successful 
oil engines, and it is of interest to note that when Messrs. D oxford 
commenced building oil engines, they stopped building steam 
reciprocating engines.

Building under licence discourages enterprise, fo r when a defect 
in service arises the trouble is referred  to the licensors and they 
may or may not be particularly interested in the troubles of the 
client of another firm. The w riter knows of a series of oil
engine piston head failures which threatened to become very serious 
indeed some years ago. Consultations with both builders and 
designers led to no improvement, and finally the shipowner’s 
superintendent produced a design which is proving successful in 
service to-day. Such a state of affairs does the British marine 
oil engine industry no credit.

A plea for the standardization of ships’ auxiliary machinery is 
welcomed, if only on the grounds of spare gear simplification. 
W ould it not be possible to reduce to, say, three standard sizes, 
the many sizes and types of electric m otor found in a ship’s engine 
room, and the same principle might be applied to pumps in many 
cases.

Surely the proposed national oil engine development station 
must wait until a fter the war, as those best fitted to undertake 
this work are fully engaged on production and maintenance problems.

There are, perhaps, three factors which influence the shipowners 
choice of machinery b u ild e r:—

(1) Superior competitive design and hence lower running costs.
(2) Superior shop methods and hence lower first cost.
(3) A fter sale service reputation.

Building under licence, British o r Continental, rules out No. 1 and 
possibly influences No. 3.

The proposed elimination of the double bottom in way of the 
cargo warship’s main engine recalls to mind not a few ships which 
suffered bottom damage here, and yet managed to get home with a 
dry engine room, thanks to the double bottom.

The method proposed for engine overhauling has the drawback 
of exposing machinery parts to the weather.

The au thor’s picture of the future oil engine is stimulating, 
but it is as well to remember that fo r powers o f 8,000 s.h.p. upwards, 
a modern turbine installation is closely rivalling the oil engine in 
fuel costs, it is more reliable, requires less maintenance, and can 
be fitted in a smaller space, if comparisons are made between de
signs actually in production.

Mr. W . Muckle,  B.Sc. (Department of Naval Architecture, 
K ing’s College) wrote : The w riter is in agreem ent with the author’s 
ideas covering the subdivision of such vessels. In a  paper which the 
w riter read recently before the N orth-E ast Coast Institution of 
Engineers and Shipbuilders the increased safety to be obtained by 
means of a watertight deck has been fully investigated. One 
criticism which may be made with regard to the subdivision in the 
au thor’s design is the fitting of the lower w atertight deck below 
water. A lthough this is protected to some extent by the internal 
bulges, one cannot neglect the fact that in the event of damage 
by torpedo attack there is a great possibility o f the deck being 
damaged by being placed in such a vulnerable position. Another 
point is that in the event of damage of the side above the lower 
deck only there will be loss of stability, although looking at the 
author’s design it would appear that the vessel will have considerable

initial stability. In arranging w atertight decks in cargo vessels the 
m ajor difficulty is undoubtedly the question of hatch openings. 
There seems to be some difference of opinion as to whether it is 
possible to maintain a w atertight hatch cover of sufficient size to be 
useful. The w riter is of the opinion that it is possible and there 
is some practical evidence to support this opinion. In certain cases 
where vessels have been damaged, steel w atertight hatch covers 
have kept them afloat for considerable periods. The au thor’s sug
gestion to prevent the rise of w ater in the holds by compressed 
air is not considered altogether desirable. A free surface effect is 
bound to be present in that case, resulting in loss of initial stability.

The longitudinal strength of the vessel is certainly going to be 
a difficult problem. It is noted that the length/depth ratio is 15-5, 
considerably above Lloyd’s limit. The concentration of the cargo 
amidships will tend to large bending moments in the sagging condi
tion, which will be very considerably increased in the event of 
damage. The necessary strengthening had to be got into a very 
shallow section and, further, the second deck will contribute little 
o r nothing to the 1 /  of the midship section. Heavy scantlings for 
the upper deck will therefore be necessary and the whole question 
of the strength of the vessel would have to be very carefully con
sidered. There is another reason why a heavy upper deck would 
be necessary. Due to the low freeboard, lack of sheer and fore
castle and the fact that there are no erections to prevent seas 
sweeping the w eather deck from  end to end, the deck would be 
subjected to continual battering from  the waves.

There is little doubt that the w eather deck of a vessel of this 
type will almost he completely awash in rough weather due to the low 
freeboard, and on that account the vessel is likely to be a bad 
sea boat. In this connection it should be pointed out that the 
stability of the vessel would be practically that of a totally sub
merged body. Again, the range of transverse stability is not likely 
to be large due to the low freeboard. It is significant that certain 
vessels of apparently sim ilar design to the author’s (the so-called 
“Sea O tters”) have been built during the present w ar but have since 
been discontinued, fo r w hat reason the w riter is unable to say.

W ith regard to the method of propulsion of this type of vessel, 
that proposed by the author seems to be the most suitable. The 
saving in weight by the use of a high-speed engine more than 
offsets the loss of propulsive efficiency of the high-speed propeller.

Mr. ). E. Church (Member) w rote : The subject m atter of the 
paper is undoubtedly one of param ount importance to-day and had 
such a scheme been adopted in the early stages of the war, there is 
little doubt that many fine seamen and valuable cargo would be with 
us still and not resting on the ocean beds o f our trade routes.

The fundamental idea of a cargo vessel specially designed and 
built, not simply to suit the needs of war, but to survive them, is 
very sound, and w orthy of the closest attention of all concerned. 
T hat such a vessel’s chance of survival would be immeasurably en
hanced by equipping it with superior speed, manoeuvrability, ability 
to resist all forms of attack and resistance to explosion, giving 
a fair chance of making port if hit, cannot be doubted, and probably 
the greatest of these is speed. The author is to be complimented 
on his method of attacking the problem, having with courage swept 
away practically all that has gone before. W hat are the possibilities 
of going still fu rther and developing a cargo submarine?

In the present proposal it is noted that provision is made for 
a ircraft to return to the ship a fter being catapulted off, a land:ng 
deck of some 400ft. being arranged fo r this purpose. W ould this 
be sufficiently long fo r the faster types of fighter machines to land 
in safety, since the w riter understands that to do so on the twisting 
and heaving deck of a ircraft carriers is a feat of considerable skill 
on the part of the pilot, who, occasionally, a fter first touching down, 
finds things not just right, compelling him quickly to fly off again 
over the fore deck in order to circle fo r another attempt. I f  this 
is so, the flight deck would have to be continuous fore and a ft the 
vessel w ithout obstruction as in the case of all a ircraft carriers.

The arrangement of accommodation as shown has evidently 
been laid out on the assumption that the vessel would be classed as 
a warship and in consequence existing rules applicable to merchant 
ships could be swept away. Is this likely to be permitted, however, 
in view of the fact that such vessels would presumably have to be 
manned by m erchant seamen and their living quarters in consequence 
arranged in accordance with present rules governing crew spaces in 
merchant vessels, which will not perm it of any living quarters at 
the fore end of the ship and which stipulate that all spaces appro
priated to the use of the crew must be adequately lighted by natural 
light? In a vessel such as the cargo warship, skylights to deck 
could not be fitted if this is required fo r a irc ra ft landings, and the 
only alternative would be fo r accommodation to  be arranged
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adjacent to the shipside with side scuttles in the usual way in order 
to give the cabins access to  light and air, and the side alleyways— 
in themselves an admirable feature—discontinued in way of accom
modation, the whole of which would then be arranged either a ft or 
amidships. This would mean that the crew were given space which, 
as the au thor points out, is the best part of the ship for cargo 
purposes. It is also the best space fo r accommodation and as it is 
cargo which is being sacrificed, not safety, it is felt th a t the men 
who sail the seas in wartime, o r at any time fo r that matter, should 
be given the benefit of it, their com fort being of first importance 
and having been neglected fo r too long already. I f  this were done, 
there is no reason why all should not be housed between decks in 
view of the additional protection afforded by so doing, providing 
an adequate system of controllable forced ventilation were installed 
and a  system of ejector tanks fitted for disposal of sewage, etc., 
made necessary by the low level of the accommodation relative to 
the load w ater line.

The use of such vessels a fte r the cessation of hostilities may not 
be so attractive as might a t first appear, due to the increased weight 
of such a vessel brought about by numerous additional bulkheads, 
explosion blisters and increased thickness of steel employed for 
defensive purposes, which would result in loss of cargo lifting 
capacity compared with sim ilar purely commercial designs, whilst 
the carriage both of oil and general cargo in the same ship, though 
useful in time of war, would present operational difficulties in normal 
times to owners who desired only to trade in one o r the other. 
The solution would appear to be for such vessels to be subsidized 
as cargo warships and maintained in peace time as other defensive 
vessels must be, as a precaution against future wars, in order that 
they could run in fair competition with commercial tonnage.

One point which is considered w orthy of notice is the fact that 
the silhouette of the au thor’s design is such that when first picked 
up in the distance at sea, it will closely resemble that of a sub
marine. Since in time of w ar all such vessels are attacked by friend 
and foe alike immediately sighted, it being the duty of all submarine 
commanders to expect this and keep out of sight, such vessels might 
attract trouble to  themselves from  friendly warships. Therefore, on 
the face of it, some distinctive alteration in outline such as a further 
deck erection at the side a f t may be deemed advisable.

In conclusion it is felt that the policy of producing large numbers 
of ordinary cargo vessels in a feverish attempt to keep pace with 
sinkings is not the best method of maintaining our supplies—surely 
the correct procedure m ust be to  produce fewer numbers of a type 
such as the author visualizes, his principal objective being to ensure 
that the ship when built must have a real chance of making port, 
voyage a fter voyage, and not merely to  replace another unfortunate 
vessel, the loss of which has thereby been accepted as inevitable.

Mr. E. A. Beavin (Associate) w ro te : In the proposed vessel 
it seems that much protection has been afforded against side and 
under-water explosion, and less against aerial attack. W hilst admit
ting that the form er is more deadly in effect, on average, than the 
latter, the w riter feels that a  disproportionate amount of protection 
has been afforded to the sides of the vessel.

No doubt the Admiralty have figures fo r comparative losses 
by U -boat and aerial attack, but fo r a vessel as proposed by the 
author, not sailing in convoy, and with a fairly high speed, the 
w riter imagines bombing by aeroplane to be a greater hazard than 
U-boat attack. Speed would undoubtedly help in the avoidance of 
bombs, but in an attack on four destroyers in the eastern 
M editerranean in May, 1942, three vessels—H.M.S. “Lively”, 
“Jackal", and “Kipling” were sunk by aerial bombing. These ships 
must have put up a heavy A.A. barrage (each had six 4-8-in. guns) 
and in view of their speed—36 knots—the suggested cargo-warship 
would not bear favourable comparison. The two guns indicated on 
the proposed ship would not provide a sufficient deterrent and one 
fighter aeroplane against a well-armed flying boat is not to be re
garded as offering greatly superior protection.

H eavy deck plating o r better still light arm oured deck over 
each end of the vessel should be provided, o f sufficient thickness to 
resist any of the smaller type o f demolition bombs. This heavy 
weight would mean considerable risk of breaking the vessel’s back 
on hogging o r sagging especially as the vessel is fine at the ends, 
and additional longitudinal stiffening might be needed.

A  point not mentioned by the author is that the vessel would 
stand a much better chance of evasion of surface raiders, and a 
smoke-screen apparatus might be a useful accessory.

The w riter has enjoyed reading and considering the author’s 
thought-provoking proposals and they have much to  commend them, 
more especially as they might be a considerable factor towards 
victory.

Mr. J. L. Kent- (Superintendent, The W illiam Froude Laboratory) 
w ro te : The author considers that the altered tactics in modem 
sea w arfare, caused bv the extended use of the submarine and 
aeroplane, call for the re-introduction of cargo-warships which 
were so successfully employed by the English in Elizabethan times. 
To be completely successful such vessels m ust be capable of eluding 
or beating off the attacks of either submarine or warplane without 
assistance from  other surface warships, and then convoys become 
unnecessary. I f  such vessels can be designed their w artim e advan
tages are obvious.

One essential of the cargo w arship emphasized by the au thor is 
speed, which is particularly desired in foiling submarine attack. 
The speed suggested by the au thor is 18 knots, which the vessel 
should a t least be capable of attaining in moderate w eather a t sea. 
To do this a  vessel o f 525ft. length and 18,700 tons displacement 
proposed by the author would probably need at least 14,500 brake 
horse power, and then only if driven by an efficient screw of large 
diam eter turning at, say, 110 revolutions per minute. But such a 
screw would inevitably leave a well-marked race which was one 
of the m ajor things the author particularly wished to avoid in his 
effort to elude reconnaisance planes. W ell buried screws of smaller 
diameter offer the best chance of undetectable race, so that a twin- 
screw design would seem to be needed. T o obtain the advantage 
of less vulnerability to complete loss of speed which would result 
from a torpedo hitting the stern in the usual twin-screw design, the 
author suggests a single bow propeller and a single stern propeller 
arrangement. F o r maximum efficiency w ith invisible race, a  more 
equal distribution of total power between these two screws than that 
proposed by the author would be necessary. Sm aller diam eter pro
pellers would result in somewhat less screw efficiency and probably 
the brake horse power would rise to 15,000 before a completely 
satisfactory solution was found.

A nother point raised by the author is tha t the type of bow 
wave created by the vessel should be one which would not adver
tise itself to reconnaisance aircraft. T o  obtain this is not so much 
a m atter of flaring the bow lines above water, but of keeping the 
bow wave low in height and broad, so that its breaking length is 
small. F o r the required speed a fine angle bow line is required and 
this will result in a  high, narrow  breaking bow wave unless the 
stem is heavily raked and the underw ater portion of the ship fo r
ward very much cut away. To place one of the two screws forw ard 
as proposed by the author rather tends to defeat the reduction in 
the size of the bow wave.

C a n v a s  p a r t i t i o n  i n  b u l g e

I n  c e r t a i n  c i r c u m s t a n c e s ,  i e ,  t o  c o r r e c t  h e e l ,  a r r a n g e m e n t s  

c a n  b e  m a d e  t o  f l o o d  u p p e r  p o r t i o n  w i t h  w a t e r

to occur over the full 
width of the ship, fitting 
more transverse bulk
heads, the vessel being 
given sufficient meta- 
centric height initially to 
allow of, say, two or 
three main transverse 
compartments b e i n g  
flooded right across, and 
a small positive meta- 
centric height resulting

p la te  to  p r o te c t  
fo rce  o f  w a v e s  

r e s is ta n c e

F ig . 10.

Mr. W . F. Spanner, R.C.N.C. (Graduate) wrote : In attempting
to design the vessel to  resist torpedo and bomb attack the author 
has proposed the incorporation of blisters in the design together 
with a lower w atertight deck and an upper w atertight and airtight 
deck. This results in considerable complication and to a  certain 
extent waste of space due to  the b lis te rs ; it would also increase the 
amount of time and labour spent in production. The effectiveness 
of this construction would also appear doubtful since splinters 
would almost certainly destroy the w atertightness and airtightness 
of the lower and upper decks.

I t  might be preferable to omit the blisters and allow flooding

C a n v a s  B u l q e  
d e f l a t e d  a ,  
s t o w e d  f l a t
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in this connection. 
N o doubt this 
would make a very 
stiff ship, but this 
defect could be 
overcome by arrang
ing large valves in 
the longitudinal cen
tre-line bulkheads in 
oil fuel tanks at the 
ends of the vessel. 
N orm ally the valves 
would be kept open 
and there would be 
a  large free surface 
correction fo r the 
oil fuel, giving a 
normal GM. In the 
event of damage 
occurring, the valves 
in the centre-line 
bulkheads would be 
shut, thus reducing 
the free surface 
correction fo r the 
oil fuel to a small 
value.

By allowing the 
vessel to flood right 
across, heel would 
be avoided ; with the 
low freeboard it 
would be highly de
sirable to restrict 
heel to  a  minimum. 
By the above means 
it is suggested GM  
could be preserved.

This is of course only one half of the problem, the second 
half being how to preserve buoyancy. To do this oil fuel could 
be pumped overboard. There is, however, a preferable alternative 
to this which w ould also partially assist in solving problem one, 
namely the provision of canvas bulges attached a t suitable positions 
on the sides of the vessel which could be inflated by an L.P. blower 
to provide additional buoyancy. So fa r as the w riter’s knowledge 
goes, no attempt has ever been made to develop such bulges, but 
provided technical difficulties could be overcome they would appear 
to offer very considerable advantages and could be used in con
junction with existing tonnage.

The problem of how to save a torpedoed merchantman is a 
difficult one, but this idea is put forw ard in the hope that it might 
suggest to abler and more m ature minds the lines upon which this 
problem could be solved. Fig. 10 shows a proposed canvas bulge. 
In a simple case if four canvas bulges were fitted to the sides of a 
vessel (Fig. 11) various kinds of damage could be controlled as 
indicated. (See also Figs. 12, 13 and 14).

W ith regard to the author's proposals fo r propulsion it is 
suggested that the following might be w orthy of consideration. To 
fit a large num ber of high-speed Diesel-electric generators in units 
(say 24 at 600 h.p.) well distributed about the ship to ensure a greater 
degree of invulnerability in the event of dam age; the generators 
would supply current to the main m otors which it is suggested 
could be made of a submersible type so that there would be a good 
probability o f the main m otor continuing to  function even if the 
engine room was completely flooded. The provision of a  generating 
plant made up of a  large number of separate units would ensure, 
as fa r  as is possible, a supply of power to all auxiliaries in the 
event o f an emergency, and would enable the auxiliary means of 
propulsion a t the fore end to be driven.

Mr. D. W . Celling (M ember) w rote : The extreme breadth at 
80ft. would restrict this pattern of cargo vessel to certain ports, 
which would be ambushed by U -boa ts ; total w ar requires ships to 
follow armies to small harbours and enemy action at arrival and 
departure does not allow small margins in beam, besides which it 
has to be proved that a vessel o f these proportions would zig-zag 
easily if attacked from  the air.

Tw o lifeboats do not allow risks to be spread and if the 
vessel was hit in the deep-tanks below, the resulting explosion and 
fire would destroy the crew’s chances.

W ith 12 per cent, of the propelling power at the bow, the

au thor m ust be optimistic if he expects “over half the normal 
speed” with only the forw ard propeller and, again, abnormal care 
would be needed manoeuvring in narrow  waters, among tugs, small 
craft, barges and escort-vessels, during black-out and w ith pilots 
accustomed only to stern screws; any damage forw ard would mean 
excessive helm fo r the rest of the voyage, increased consumption 
and loss of speed.

W here ship-side valves are fitted, it is suggested tha t the 
larger injections and discharges should in fu ture be replaced by 
smaller ones, spaced two or three fram es apart, w ith the chests 
connected by corrugated bends, the weight being taken by strong- 
backs to the deck, £th the ship’s breadth from  the side. F o r instance, 
a 14-in. main discharge would be replaced by eight S-in. welded 
chests. They would probably fail by tearing and could be clipped 
around the necks, while the present casting would fail instantly and 
fill the engine room ; besides, to  follow the author’s reasoning, these 
small fittings could be produced up and down the country and the 
massive casting requires an already overworked foundry to produce 
it. The ship-side valves should be in compartments, w ith only the 
valve spindles and glands protruding through the bolted covers, 
rendering the valves and seats accessible in dry-dock for overhaul. 
The sides of the compartments would be corrugated, to give to a 
“near miss”, and if the boats are to be so fa r from  all discharges, 
as suggested, the latter could be carried high enough to  miss all the 
sudden force transm itted from  under-w ater explosion, thus ruling 
out one chance of flooding.

In place of the “light hatch relief valves”, why not revert to 
the old system in the days of cold-air machines and use white-metal- 
lined nuts on the cofferdam hatch covers? On a  deck which the 
author expects to see awash, the small springs of relief valves 
would soon be salted-up and unreliable. I t is not proved tha t a 
gyro compass would be any aid on the tortuous courses set in w ar
time, although it is an aid on the long, straight tracks of peace.

Evidently the two bow rudders would be independent, as the 
author suggests them closing the aperture, but this envisages com
plications not to be lightly added to the deck officer’s other worries 
just now. If  the crane posts are down to present a small target, 
how can they act as inlets and outlets?

W ill the lifeboat compartment doors not be jammed in the 
event of enemy action? T he idea of replacing worn-out engines, as 
in car practice, was put forw ard by Mr. Ricardo some years ago, 
and would be the logical outcome of the author’s proposals. Once 
fitters at outports became accustomed to the routine of this, the 
ships could be off at sea again, with their standard but defective 
engines en route to any large garage away from  the congested ports.

A ltogether the author has given the shipping community food 
fo r serious, constructive thought, which will be certainly accorded 
across the A tlantic !

Mr. W . J. Middleton (M ember) w ro te : A lthough many of the 
author’s suggestions may appear revolutionary to  the naval architect 
and marine engineer, there is not one suggestion in the paper that 
can be regarded as impracticable from  the technical point of view.

Published a  few years ago the value of the paper would have 
been inestimable, but now it would, mean starting from  scratch with 
unproved designs in the middle of a conflict when speed of produc
tion is of prim ary importance.

The author himself agrees that most B ritish shipyards are 
fundamentally unsuited for the immediate adaptation of economic 
welding construction and welding is one of the least revolutionary 
of his suggestions, so that were the design agreed upon forthw ith 
the chances are that hostilities will have ceased before production 
on a large scale could commence.

The paper will no doubt provoke considerable discussion over 
certain technical considerations. The w riter would suggest that 
Loeffler or La Mont boilers o r high-pressure natural-circulation 
boilers with geared turbines would give better and more reliable 
service than the Diesel engine's proposed by the author. The 
w riter would also be strongly against a vessel with cast-steel crank
shaft pins and journals, having recently had the unhappy experience 
of replacing two such shafts tha t fractured a fte r only a very short 
period in service. Reliability m ust be the first consideration in w ar 
time, and experience with built-up cast-steel shafts does not justify  
the use of cast steel fo r marine-engine shafts o f the horse power 
required fo r the propulsion of a vessel o f 12,000 tons at 18 knots. 
However, except for the use of cast-steel crankshaft components, 
the w riter would be prepared to accept the au thor’s design in its 
entirety, because it is as a whole a rem arkable advance in the science 
o f cargo-carrying construction fo r w ar requirements. A  vessel 
designed in accordance with the au thor’s recommendations is 
literally a warship, constructed to carry  w ar cargoes and if  necessary

F ig . 11.—Bulges normally stoived flat.

F E. s-----7&A,r

Bomb
F ig . 12.— Flooding at fo re  end.

Vessel heelinq to port

F ig . 13.— Flooding abreast bulge.

F ig. 14.— Flooding amidships ( large hold).
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take considerable punishment w ithout sinking. It provides a reason
able chance of a vessel remaining afloat and under control a fter 
receiving a torpedo or heavy bomb hit, and it has as an im portant 
feature the provision of protection for the ship’s crew from  enemy 
action—a consideration that up till now has been almost non
existent.

The w riter would say that all naval architects are agreed that 
underw ater damage should cause deeper immersion and not affect 
the trim, and a practical attem pt has been made to secure these 
conditions in the design proposed.

The vessel proposed by the author has one serious draw -back; 
this is not technical, but economical. A part from  the possibility 
of whether or not production could be secured in time to influence 
the present conflict, there is the view of the shipowner to be con
sidered. The proposed new design must represent a considerable 
increase in initial cost and whilst the w riter agrees with the author 
that so fa r  as possible repairs and upkeep should be done ashore 
and the automobile and aero practice followed of replacing defective 
parts rather than repair o r overhaul as at present, this will add to 
the maintenance costs as compared with existing designs. The 
w riter doubts if such a ship could compete successfully in peace 
time with a ship designed fo r peace-time conditions and that, the 
w riter is afraid, is how the shipowner would receive the author’s 
proposal, for it is only reasonable that even when designing a ship 
fo r cargo-carrying in w ar time, the shipowner has an eye to condi
tions that he anticipates will be in operation a fter the war. In w ar 
time, however, one does w hat is expedient to bring about the desired 
result and commercial returns are not the prim ary consideration. 
Nobody expects the battleship, cruiser, mine-sweeper or any other 
vessel attached to the Royal Navy to yield returns other than what 
can be measured in terms of national security. Then, since successful 
and safe cargo-carrying is vital to our security, post-war commer
cial considerations should not be permitted. The job of cargo- 
carrying in w ar time is mainly that of munitions and the absolute 
necessities of the arm ed forces and the civil population, a large 
m ajority of whom are engaged in activities closely associated with 
the w ar effort, and so the w riter suggests that the Navy should 
enlarge its outlook and embark on its own construction programme 
of cargo warships.

The author’s paper might well be regarded as the basis of the 
specification fo r the A dm iralty’s cargo fleet, where the prim ary 
considerations would be suitable protection against enemy action 
so that cargoes could be delivered as safely and quickly as possible 
and affording that m easure of protection from  enemy action that 
the ship’s company might reasonably expect to receive.

The use of existing pre-war tonnage cannot, of course, be dis
pensed with, and the Royal Navy has adopted the convoy system as 
offering the best protection to peace-time designed cargo vessels 
engaged on war-time pursuits, and despite the obvious disadvantages, 
the results have been better than might reasonably have been ex
pected. Therefore, so fa r as this present conflict is concerned, it 
looks as though construction will continue on normal lines with only 
those modifications to w ar requirements that can be expeditiously car
ried out, bearing in mind that a convoy organization has already 
been built up and the Admiralty’s claim to have figures indicating 
that the losses with ships of 15 knots and over out of convoy are 
just as high as for 8-knot ships in convoy.

Mr. H. J. Fountain w ro te : As might be expected, the w riter 
is particularly interested in the suggestions for utilizing the heat 

in the exhaust gases by means of a waste-heat boiler.
The w riter endorses the author’s proposal to install a light

weight water-tube waste-heat recovery unit close to the main Diesel 
engine, instead of the normal heavy exhaust boiler, but would go 
further by suggesting that similar units should be fitted to each 
auxiliary Diesel engine, and the circulating pump to which the author 
refers should circulate the w ater at high pressure, through these 
three water-tube heaters, and a steam and water cylinder fitted at 
any convenient place in the engine room, at any level.

This steam and w ater cylinder would have its own normal 
water level, and make-up would only be required to replace water 
lost at the safety valve. Steam would not be used as such, and 
the steam pressure would not rise because the heart would be dissi
pated at the rate generated, by circulating the w ater fo r heating 
the cargo and accommodation space, as suggested. The steam 
merely provides a cushion fo r the hot-water system, which would 
circulate at the tem perature of steam at 501b. pressure.

In a ship of this design, with a 12,500-h.p. main engine and two 
500-h.p. auxiliary engines with a good load factor, the problem 
would rather be to use profitably the heat which can so easily be 
recovered. Experience has shown that cargo and accommodation

heating do not need to absorb the full quantity of heat available, 
consistently throughout the 24 hours, particularly  in w arm er 
weather. The w riter suggests therefore that the surplus heat should 
be used to operate distilling plant, by circulating the high-pressure 
hot w ater at about 300° F., through evaporators.

The high-pressure hot-water circulating system referred  to above 
has several advantages, such as :—

(1) Positive circulation.
(2) No steam traps and drains required.
(3) Clean w ater surfaces in the waste-heat recovery units.
(4) No air troubles, as the system is closed to atmosphere.
(5) Small radiators or unit heaters may be used.
I f  the author considers that a t times he could use even more 

heat than is obtained from  the exhaust gases, this could very simply 
be provided by installing electric immersion heaters into the w ater 
space of the steam and w ater drum, and controlling these autom atic
ally by a pressure switch fitted into the steam space. The large 
sea generators would be thus easily capable of providing more heat 
when required. This suggestion might be very useful fo r port use, 
when the main engine is not running—and incidentally would im
prove the load factor on the auxiliaries, which in turn, would pro
duce more waste heat in the exhaust gases to be turned to  good 
account through the medium of the waste-heat boiler.

The w riter could suggest several other methods of utilizing 
the available heat which is. so often wasted a t present, but trusts 
enough has been said to  set superintendent engineers thinking on 
how they might further improve the therm al efficiency of Diesel- 
engined ships.

Mr. F. A. Hunter (Member) w ro te : The au thor’s design of ship 
would undoubtedly be a great improvement on peace-time types, 
to suit conditions of the present war, and it would certainly seem 
to be a step in the right direction to avoid many delays in building 
ships and their machinery under the conditions which now prevail.

On the face of it it seems ridiculous to continue building large 
reciprocating steam engines of around 2,200 h.p. fo r driving 10-knot 
ships, and is an uneconomic use of material. However, it should be 
borne in mind that most of this m aterial is no t o f a special nature 
and can easily be produced from  the raw  products available in this 
country. Furtherm ore, with such engines it is comparatively easy 
to repair them and make spare parts in the remote ports o f the 
world, whereas with specialized oil engines, there is considerable 
difficulty in repairing them and replacing parts in many foreign 
ports.

W ith regard to  the main propulsion engines, the author appears 
to have made out a good case fo r special production of single
screw machinery of around 12,500 h.p. direct drive, and special de
signs and production methods would be essential to turn this out 
in considerable quantities.

W ith reference to the auxiliary engines, surely the same condi
tions do not apply, as there are a number o f experienced oil-engine 
makers in this country, who can offer proved designs of auxiliary
oil engines of around 600 b.h.p. at 450/500 r.p.m. Presum ably four 
such units will be sufficient to supply current fo r the forw ard pro
pulsion m otor and leave an adequate m argin fo r supplying other 
auxiliary and ship services.

By utilizing standard designs of auxiliary oil engines for this 
purpose a considerable saving in m an-hours would be achieved, as 
drawings, patterns, jigs, etc., are already in existence, and a great 
deal of additional work is avoided. Probably some small changes 
would be required.

From  the outline drawings of the vessel shown it would appear 
that three of these 600-h.p. sets could be installed in the forward 
engine room, and one set in the a fte r engine room. In the event of 
torpedo or mine damage to the latter, the three sets forw ard would 
be almost sufficient to supply the 1,500-b.h.p. emergency propelling 
motor, and conversely, if the forw ard engine room were damaged 
there would be a large set a f t to supply current fo r the ship’s 
services.

In addition to these four auxiliary units, presumably it would 
be necessary to have two small hand-starting high-speed oil-engine- 
driven air compressors of about 50 h.p. fo r use in the event of all 
compressed air being lost, one set forw ard and one aft.

The accommodation fo r the engineers has all been allocated 
to one part of the ship, but it is suggested that their cabins should 
be equally distributed between the forw ard and a fte r accommoda
tion, so that in the event of damage by enemy action there would 
be a greater chance of survivors.

The design of ship suggested would not only have many advan
tages in w ar time, but it also lends itself to easy conversion for 
peace-time trading, by removal of every other bulkhead, enlarging
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the hatches, fitting ordinary-type cargo derricks if required, con
structing a deck house aft, and enlarging the forw ard decjc house.

By making such comparatively small alterations, this country 
would acquire, soon after the end of the war, a  fleet of 18-knot 
cargo vessels to compete with foreign ships and so reap the benefit 
of the good freights which we assume will be offering to and from 
all parts of the world.

Eng. Com’r. H. F. Harold (Member) w ro te : I t is to be hoped 
the author’s proposals will not be looked at askance by the orthodox 
naval architect, and that every effort will be made to assist in 
providing vessels of a speed greater than 9 knots which plays into 
the hands of enemy submarines.

Four o f the essentials are there :—
(1)) Speed.
(2) Low freeboard, small target.
(3) Loading and discharging in the minimum of time.
(4) Absence of heavy list when ship is damaged and holds 

flooded, a heavy list having been responsible fo r the loss 
of so many lives when it has been necessary to abandon 
ship.

W e have to spend on w hat is considered best to win the war, 
and in regard to the question raised as to the use of such vessels 
when hostilities cease, it has been shown that a  Diesel-engined ship 
of 12,500 h.p. will use no more fuel than a lower-powered steam 
turbine ship of lower speed. The comparison should be made with 
a lower-powered Diesel-engined ship of about 12 knots, which would 
carry more cargo and be a serious competitor of the 18-knot ship. 
T here seems only one way out, and that is tha t we as a  nation look 
upon the expense of these ships as the cost o f victory and that they 
be sold to shipowners at a low price in order that their low capital 
cost may help to outbalance the higher operational costs and enable 
them to compete in the world’s trade.

The w riter is glad to see that the author refers to the reliability 
and minimum of technical skill necessary to operate the old re 
ciprocating engine and marine return-tube boiler and to its lower 
fuel efficiency. The w riter inclines to the view that reliability is 
one of the main essentials and is worth paying for. The author may 
be referred to as a "crank” by some—it is a rem ark often used 
when one introduces something outstandingly novel As a boy on 
holiday at Ramsgate about 50 years ago the w riter bought a book 
by Jules Verne, the title o f which, as fa r  as he can remember, was 
“Underwater and O verw ater Ships”. On the paper cover were 
pictures of a submarine and an aeroplane, and it has always been 
of interest to the w riter to observe, as time went on, how the appear
ance of a ircraft more nearly approached the picture on the cover 
of this book, until at the present time the big passenger planes seem 
to be identical with Jules Verne’s prophesy.

Bearing this in mind, the w riter feels that the author has made 
a great leap in an endeavour to solve the war-time sea transport 
problem, and sincerely hopes that the response will be favourable 
and that the vast amount of work that Mr. Burn has done will not 
be in vain.

Mr. John H. Narbeth, C.B., C.B.E., M.V.O., R.C.N.C., M.I.N.A.,
late Assistant D irector of Naval Construction, w rote :—The Govern
ment reminds us that “Shipping is the key to  V ictory”, “The L ife
line of the Em pire”, etc. The w riter wishes to acknowledge the 
brave and splendid services of members o f the Institute of Marine 
Engineers who are taking such a splendid part in the production 
and operation of our shipping, and to pay a tribute to the memory 
of that long list of members whose heroic and devoted services 
have ended on the sea in the faithful perform ance of duty.

It is very fitting that a distinguished member of the Institute 
should devote so much time, thought and skill to means fo r increas
ing the efficiency of shipping, and to the preparation of practical, 
detailed proposals fo r the production of “Cargo Ships and P ro 
pelling Machinery adapted to W ar Conditions”.

I t  will certainly be a fine achievement if cargo ships can by 
any means be produced which can perform  lone ocean voyages with 
risks which are no greater than those of ships in convoy. The 
author makes proposals which may well form  a basis for the 
evolution of such ships. Any rem arks made hereafter will it is 
hoped be accepted as practical and helpful, even if variations are 
suggested in some portions of the scheme.

Ships are liable in w'ar to  greater risks due to weather, ground
ing and collision than they are in peace time, and it is very gratify
ing tha t the w ar losses from these three causes have not actually 
become noticeably aggravated. The w ar losses calling fo r special 
consideration are those due to the explosion of torpedoes, mines, 
bombs and shells. The au thor calls attention to the lack of inform a

tion as to the results of such explosions on ships’ structures. 
Members of the Institute who are now serving afloat and keeping 
diaries and photographic records will be able to  provide much 
useful information, and presently they will perhaps be able to supply 
a symposium of inform ation of great national value..

Meanwhile designers have to depend very much on “the process 
of thought” and “common knowledge”, even though they are be
wildered by paradoxes in the effects of explosions. W hen a charge 
is detonated (exploded) immense pressures and high velocities of 
materials are alm ost instantly produced. These may have a general 
shock effect on the whole structure at the same time as a terrible 
local pulverizing, destructive effect in which the energy of explosion 
is expended. The problem is how to dispose of all this energy 
with a minimum of damage to the ship. Let us make a little 
inquiry.

Suppose that when a charge explodes it form s a globe of gas at 
high tem perature one foot in diam eter at, say, a pressure of 1,000 
atmospheres. W hen tha t suddenly expands to a diam eter of 10ft. 
the volume has increased to 1,000 cubic feet, and during the process 
great damage may be caused. In expanding a great deal of work 
has been done against atmospheric p ressu re ; this results in rapid 
cooling, and sudden contraction of volume, giving negative 
pressure. This changes the character of the explosion to  that of a 
violent wave action. Hence doors and windows are pulled out of 
their seats by distant bomb explosions.

W hile the gas is expanding the path of least resistance is fol
lowed, and the explosion often becomes a directive force. I f  there 
is no path of diminished resistance and the explosion is restricted, 
as in a shell o r in a  bore hole in a stone quarry, the violence of the 
explosion is gravely intensified and local destruction exaggerated. 
In H.M.S. “Veronica”, a torpedo struck the stern. .T he explosions 
wrenched off 50 feet of the stem , but the main engine room bulk
head remained intact, and deck fittings ju s t forw ard of it were very 
little disturbed. In H.M .S. “Begonia”, the torpedo explosion 
expended itself in crushing coal in the starboard bunker. The hole 
made in the side was so big that the coal fell out and the ship took 
a list of 30° to port, but the fore and a ft coal bunker bulkhead re
mained effective. In H.M .S. “H unter” great areas of plating were 
destroyed by a mine explosion and masses of flaming oil were 
hurled all over the ship. W hen shells exploded on the arm ed m er
chant cruiser “Rawalpindi” it was reported that every shell that hit 
the ship caused a fire. Men were actually rewarded fo r extinguish
ing fires of wooden ammunition boxes which had readily burst into 
flame. W hen bombs were dropped from  stern to bow on the armed 
merchant cruiser “Jervis Bay”, it was reported that “every bomb 
was a bull’s eye”, and almost instantaneously the ship was a mass 
of flames. Such things as these conflagrations of wood m ust be 
made impossible in fu tu re  by the general use of timber fireproofed 
by the process used by the Admiralty with great success for the 
last 20 years, and which proved of immense value in restricting 
fire and salving of H.M.S. “H unter”.

Referring now to the practical proposals in the paper, it would 
be well to carry the side bulkhead in a curve to the w eather deck and

provide venting plates 
as indicated in Fig. 
15.

It will be necessary 
to w ork out carefully 
the stability of the ship, 
and results of loading 
and of flooding due to 
varying degrees of 
damage. Such calcula
tions will probably indi- 

p IG 15  cate the need fo r more
f r e e b o a r d .  W h e n  

H.M.S. “D readnought” was steaming at 19 knots, in waves 
of about the same length as the ship, the crest of the 
seas rose to 2 or 3ft. above the head of the stem, which was 
28ft. above still water, and as the waves passed a ft more than 100ft. 
of the upper deck aft, about 18ft. above water, was submerged. 
Thus the proposed engine vents will need consideration. A greater 
freeboard will also be necessary to perm it a ircraft to alight at sea 
and to take off even w ith the aid of a catapult. The catapult should 
also be mounted on a turntable. The airmen will also require the 
cranes to be stored below the w eather deck level. T he whole of 
the conning arrangements, etc., should be transferred  to  the 
starboard side of the ship, and moved to  a greater distance from 
the bow.

The round over of the sheer strake, the complete separation 
of the navigating party  (forw ard) and the engine room staff (aft)

a  = Heavy P la tin g  

b = Weak r iv e t te d  
v e n t p a tc h e s

c  -  S t o u t  c h a n n e l  

b a r s  w i t h  c r o s s  s t r i p s  
t o  b r e a k  d o w n  e x p l d s i i n
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are concurred in. A ll w ere very satisfactorily done in H.M.S. 
“A ttendant’'. Low visibility was secured in the P-B oats of the last 
war, but even then the freeboard was substantial compared with the 
draught.

The proposal to fit two w atertight steel decks is concurred in 
but the lower deck should be Sft. above w ater instead of Sft. below 
it. W hen H .M .S. “Camperdown” rammed H.M.S. "V ictoria” the 
bow compartment o f the form er gradually filled, the ship trimmed 
by the head, and w ater crept along the main deck causing very 
serious, almost fatal, loss of metacentric height. I t  is considered 
to be very doubtful w hether the upper deck and the ship’s sides 
above w ater could be expected to be airtight. Some of the gain 
due to  decreased visibility m ust be sacrificed fo r more freeboard.

The au thor’s rem arks as to the failure of torpedo nets, etc., 
to give protection without loss of mobility are concurred in. They 
proved a dangerous encumbrance.

The proposed bow propeller and rudders might be of great 
value in some circumstances, but the fitting of such rudders together 
w ith an efficient propeller appears to involve some practical diffi
culties.

The general proposal to give increased safety by increased 
transverse sub-division is fully concurred in. Tankers have another 
advantage beyond this if they go to  sea with their main compart
ments already flooded with oil.

The proposal to use internal-combustion engines is justfied by 
their low fuel consumption. I t has been reported tha t whereas 
Germany obtained 1,000,000 tons of light fuel oil from  coal before 
the war, 6,000,000 tons were produced in 1940. H ere is a great 
lesson fo r British coal owners, who seem hitherto to have failed 
to realize the importance of a national effort in that direction. The 
use of Diesel engines with electric drive gives much greater oppor
tunity fo r good sub-division. The almost romantic suggestion to 
use aero-type engines is well within the range of practical politics. 
Eight or ten such groups of engines and dynamos could be widely 
spaced in the ship, and would give increased facilities for maintain
ing pumping, lighting, etc., in emergencies. Three propellers might 
well be fitted a ft w ith well separated m otor engine rooms.

The author’s rem arks on opposed-piston engines are fully con
curred in, but more evidence seems needed as to the advisability 
of adopting doubt-acting engines. In those engines heat problems 
are intensified, and oil-fuel valves and scavenging arrangements must 
be duplicated, making such engines fa r more complicated than the 
opposed-piston engine. The duplication of connecting rods and 
cranks in opposed-piston engines is by comparison a very simple 
alternative.

The author refers to the difficulties in Diesel engine production 
in this country. This was very early recognized by the Admiralty 
and orders were placed fo r three 1,000-ton tankers, Carol type, two
2,000-ton tankers. T refoil type, and one 8,000-ton tanker (H.M.S. 
“Olympia”) fo r the express purpose of providing British engineers 
with the opportunity o f obtaining experience in the m anufacture of 
Diesel engines. O rders were also placed for small tankers with 
Bolinder engines.

The w riter sincerely trusts, that the outcome of this paper and 
the discussion thereon will be the appointment of a small committee, 
including official representatives, to consider the m atter fu rther and 
make definite proposals fo r building, say, six experimental vessels 
at an early date.

Mr. A. M. Riddell (Member) wrote : The author’s proposals, by 
breaking away from  convention, offer the possibility of minimizing 
the serious losses o f merchant vessels. The scheme deserves the 
most earnest consideration of those responsible fo r the policy of 
merchant-ship design.

All the very bitter experience of the last w ar and of the 
present w ar up to  date, has utterly failed to evolve any radical 
changes in anti-submarine measures of merchant-ship design. This, 
despite the enormous increase in deadliness, cruising range, speed and 
number of enemy submarines now operating, including those of 
Italy and Japan.

Little o r nothing has been done to minimize the effect of under
water explosions in merchant ships. So fa r as evasive action is 
concerned any increase in speed since the last war, has been dictated 
by commercial policy and is not sufficient to render escorts un
necessary. No radical changes have been made in manoeuvring 
ability. Merchant ships are now being built alm ost similar to those 
in which the w riter served during the last war.

The author states that building in this country cannot keep 
pace with losses. A long-term policy before, or at least at, the 
outbreak of war, with revolutionary changes in design, might by 
now have resulted in such immunity as to have corrected this deficit

with the additional benefit that if ships of such higher speed not 
calling for escort had been built, a w orthwhile proportion of our 
building capacity could have been diverted to the building of offen
sive capital ships.

The author has overstressed the importance of m an/hours. 
Assuming, say IS per cent, increase in m an /hours to result in such 
immunity as to save a vessel which would otherwise have been 
lost, then the saving of the vessel both actually and potentially as 
well as the saving of the crew and the m an /hours and m aterial re
presented in the cargo, would return an altogether disproportionate 
dividend on the additional, say. 15 per cent, m an /hours required. 
Furtherm ore, the safe arrival of the cargo o r cargoes might make 
the difference between losing o r winning a campaign.

In the scheme as put forward, the propeller loading and tip 
speed of the a fter propeller would, the w riter thinks, be unsatis
factory and the w riter questions the ability of the forw ard propeller 
to  obtain a speed of 10 k n o ts; 8-5 knots would be nearer the mark.

In view of the revolutionary suggestions embodied in the paper, 
the w riter is surprised that the au thor has not “gone th e  whole 
hog” and made a double-ended ship, that is, with both ends similar, 
preferably with electric propulsion.

A  summary is appended showing the assessed reduction in 
horsepower with a double-ended ship as compared to  the scheme 
put forward, although this is a  m inor point in relation to  the 
o ther advantages available. The “eggs would be equally divided 
between the baskets” as rem ote from  each o ther as possible. If  
the electric complications are not too great, cross connections would 
permit of one propeller being worked by either of the engines, a 
speed of nearly 15 knots being obtained. Furtherm ore, one propeller, 
in case of emergency, could absorb the pow er o f both engines. This 
would call for motors capable of about 60 per cent, more toraue, 
the revolutions would be increased by about 25 per cent, with a 
tem porary loss in efficiency.

The “fifty-fifty” double-ended arrangem ent would give manoeuvr
ing ability fo r evasive action vastly superior to that obtainable in 
the proposed scheme, since the lateral force of the equal size rudders 
would be equal and opposite to  each o ther; therefore, fo r a given 
angle of heel much more rapid steering circles would be possible. 
A fu rther advantage would be that if the vessel had to  use a 
harbour where tugs were not available, greater manoeuvring ability 
would be possible under all conditions, including the ability to obtain 
evasive action if  the harbour were under air attack.

Visible wake is, in part, due to the kinetic energy of the race. 
The summary shows the reduction possible by fitting larger pro
pellers. This aspect could be studied in tank trials.

The race from  the forw ard propeller would increase skin fric
tion and wave-making resistance and w ould affect the wake factor 
of the after propeller. In the summary it has been assumed that 
the author’s stated 6 per cent, loss o f efficiency fo r forw ard pro
pellers covers these points.

I f  Diesel-electric were to be considered, high-speed engines of 
any suitable existing type of from, say, 500 to  2,000 s.h.p. direct 
coupled to a.c. generators, would launch the scheme pending the 
evolution of a special type of engine o r modification of such existing 
type, if necessary. Multiplicity of engines would perm it of just

F ig . 16.
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Discussion.

sufficient o f them being used to ensure the highest thermal efficiency 
when full speed was not required. A  service of replacement by 
reconditioned engines could be evolved.

A point which the author might consider is tha t if the draught 
were increased to, say, 30ft. the cargo capacity would be increased 
by about 30 per cent, fo r an increase in power of about only 10 
per cent.

I f  the scheme or a modification of it is considered, the w riter 
presumes the tank trials would be carried out, in which case, it is

Fig. 17.—Controlled and more' effective wake from  the K o rl nozzle 
on the right compared to the wasted energy in the turbulent wake 

o f the ordinary propeller on the left.

suggested that the K o rt nozzle be tested.
There is a current misapprehension that nozzles are useful only 

fo r tugs. P rio r to  the w ar the H am burg Tank A uthorities carried 
out trials w ith models of free-running vessels where the overall 
efficiency with the open propeller was 73-5 per cent., which was 
increased to  85 per cent, by the fitting of a  nozzle. Particu lar atten
tion is draw n to the high efficiency in the case of the open propeller. 
T ank trials and results in practice prove a greater gain w ith nozzle 
under bad-weather conditions than under fine weather.

The m ost serious objection to the fo rw ard  propeller is its 
vulnerability, especially to damage from  the anchor and cable and 
from  paravane gear. Nozzles would overcome this objection and 
give ample protection to  the a fte r  propeller, s;ternfram e and rudder, 
which from  the drawing appear to be vulnerable. Fig. 16 shows 
nozzles fitted to forw ard propellers.

The inherent directional stability of nozzles would perm it of 
less deadwood than as shown and the elimination of fo re foo t; the 
la tter would help to give a “green bow”.

The nozzles could be deflected- downwards to give better im
mersion to the propeller races, and since the kinetic energy with 
nozzle is less than with open propeller these two factors would 
both reduce visible wake. Fig. 17 illustrates this.

I t  is possible tha t if nozzles are filled w ith sound-deadening 
m aterial, this would minimize the risk from  acoustic mines and 
detection by under-water listening-in devices.

It can be proved that nozzles tend to reduce not only pitching, 
but what is more important, vertical lift. This would make the 
launching and recovery of the envisaged aircraft very much safer 
in bad w eather .

Mr. E. W . Blocksidge wrote : I t is obvious to the technician that 
there is very little in the design of modern cargo ships to suggest 
that considered forethought has been exercised to meet the condi
tions at sea created by the present war. W e have been concerned, 
mainly, with the general question of the safety of life should a 
vessel become a casualty, in preference to bold initiative or daring 
innovation, with a  view to  devising means which can be incor
porated in the hulls of vessels to limit the damage from  torpedo 
or aerial attack.

Some of the suggestions in respect to hull construction made by 
the author are not entirely new, but the paper does show how dilatory 
we have been to utilize the accumulation of suggestions and evidence 
from many available sources.

The time has alm ost gone fo r the Government to initiate a 
research departm ent fo r the purpose o f reporting quickly on the 
whole subject; a department that will be free from  the tram m els of 
tradition, owner’s pet theories, and M erchant Shipping Acts.

The characteristics of the design suggested by the au thor make
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S peed ,
k no ts .
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* A ssum es fo rw ard  p ro p e lle r  6%  le s s  efficient th a n  s im ila r p ro p e lle r  if f itted  a f t .
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power. 
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direct Diesel.
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N o te : torque 
increased 14%.
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it essential to consider specially the facilities which must be pro
vided for the last line of defence should the vessel become a 
casualty. The objective in the mind of the author appears to be as 
follows :—

(1) To provide adequate protection to the lifeboats from the 
weather and sea, and in particular to afford a measure of safety 
from  the effects of machine gun attack, bomb explosions, burning 
oil, etc.

(2) W ith this measure of protection, to install a system of 
launching apparatus which can operate and launch successfully large 
steel motor-driven lifeboats which are stowed reasonably near the 
load-water line, with proper facilities fo r the embarkation of the 
crew.

The necessity for steel lifeboats on cargo and passenger ships, 
as a w ar measure, and the installation of such boats in oil tankers, 
have been recognized by the M inistry of W ar T ransport and 
measures taken fo r their supply.

It is not a good policy to provide “all your eggs in one basket” 
by limiting the accommodation to one lifeboat on each side of the 
ship. If  the only superstructure on the proposed ship is damaged 
the available resources are nullified. Compensation can be made, 
however, by the provision of suitable buoyant apparatus along the 
ship's upper deck, w ithout interfering with the available space for 
operating the derricks or the movement of aircraft.

Large lifeboats are desirable when efficient launching apparatus 
can be fitted and the crew are available, but the w riter suggests to 
the author that, in the case of a cargo ship, it would be preferable 
to duplicate the boatage by erecting an installation in way of the 
a fter accommodation, in addition to that already provided in way 
of the control tow ers forward.

A scheme was adopted some twenty-five years ago in a German 
passenger liner, if  memory serves correctly, whereby the lifeboats 
were stowed on the low er deck under the protection of an upper 
deck and, consequently, w ere nearer the load-water line than in 
normal circumstances. The lifeboats were launched overboard by 
means of swing davits, hand operated by mechanical gearing 
supplied by the Welin Davit Company. This arrangement did not, 
apparently, become popular and wras not repeated in later passenger 
ships.

W ith an efficient arrangement of gravity davits, o r rails operated 
by gravity and controlled by autom atic blocks, the inherent diffi
culties would disappear.

The proposals suggested by the author in respect of the life- 
saving equipment are w orthy of helpful consideration, fo r the w riter 
feels that a- satisfactory arrangement can be developed which will 
prove of effective value.

Mr. J. MacGregor, M.B.E., wrote : The author’s general idea is 
excellent but with regard to the proposed internal blisters, these 
would be of little use at the depth at which a torpedo strikes, as 
both shells being so close would be perforated at once, and the 
effect of the extra beam in ordinary passage conditions would be 
to give excessive GM  with all its evils. W ould it not be better 
to retain the inner shell only and reduce the weather-deck breadth 
somewhat, as by making the change suggested later fo r derrick 
posts as good a plane deck breadth can be retained, and then one 
can still rely on two W .T. decks and close-spaced transverse bulk
heads to keep ship afloat in case of damage?

From  the w riter’s experience, which mainly embraces war 
damage with air- and water-tight steel hatch covers supplied by his 
firm fo r a fa r  more vulnerable type of craft than the one proposed, 
viz. screw colliers, there is no need to fit relief hatches. Oil tankers 
are misleading as a guide to what actually takes place in the ordinary 
cargo carrier. The tank lid of very small area and closely bolted 
down gives sufficient resistance to an internal explosion to do con
siderable damage before blowing off, but with the much larger area 
of the ordinary cargo hatch, combined with the wide-spaced 
fasteners, sufficient to hold the cover against air pressure of a few 
feet only, the covers are blown open quite easily and no more 
damage occurs than without the steel covers, and this is quite 
localized. The hatches might be better longer and not so broad, 
say 35ft. longx 20ft. broad, which would allow of double hinging 
in two halves up to transverse bulkheads in tween decks and allow 
the covers to rise and drop back in case of explosion. Those on the 
weather deck would be of same size in four pieces in length rolling 
fore and a ft to one end only. These could be kept both air and 
w atertight and absolutely flush on this deck.

W ith the short compartments proposed, the double bulkheads 
do not seem necessary, as the cargo will hold them in loaded condi
tion and little danger exists in light condition.

Is the outfit of 10 cranes of 25 tons each with their projecting

posts necessary, o r would not shore discharge take care of heavy 
weights and the ordinary 5-ton lift suffice fo r the ship? and if these 
are on one side only instead of both, it would allow fo r shore dis
charge on one side and barge discharge on the other, which is all 
that is needful in war-time.

It would be quite feasible to fit telescoping derrick posts in 
vertical trunks with derricks triced up to  vertical when stowed and 
ordinary electric winches where the crane m otor gear is shown. 
This would give a flush deck with plenty of breadth fo r the planes, 
etc., without obstruction. The w riter considers no good purpose 
would be served in specially trying to resist the effects of explosion 
in second deck, as the covers would be unnecessarily heavy. The 
lighter covers being intact elsewhere will preserve the ship through 
W.T. second deck and transverse division.

W ould the tween deck height shown not be excessive? I f  this 
were reduced to 10 ft. a t most, it w’ould greatly reduce the loading 
on beams, etc., w hilst at the same time affording a sufficient blanket 
against upward pressure in loaded condition.

The air and w atertight ventilator question has already got a 
satisfactory solution which has worked well in practice, that is a 
steel cover fitted up in same way as hatches, replacing the usual 
wooden plug.

Mr. H. Mackegg (Member) w ro te : The w riter desires to submit 
fo r consideration a few points relating to  the application of centri
fugal oil purifiers in both Diesel- and turbine-propelled vessels.

It is an accepted fact that the centrifugal oil purifier is an 
essential auxiliary, and considerable economies can be effected if 
more careful consideration be given to the capacity of the equip
ments fitted. I t  does not seem to be generally appreciated that the 
initial cost, power consumption and weight of the largest capacity 
centrifuge which is m anufactured under present conditions is very 
little greater than the medium capacity equipments which are usually 
called for. For instance, the comparison between a lubricating or 
fuel oil purifying equipment having a capacity o f 2 tons per hour 
and that of a similar equipment having a capacity of 5 tons per 
hour shows that the power consumption increase is only 1 } h.p., 
the weight increase 20 per cent., and the price increase 22 per cent., 
but the capacity increase is 250 per cent, and of course the separating 
efficiency at full capacity and below is relatively higher.

The space taken up by the larger equipment is only slightly 
greater, and the ancillary equipment, such as the pumps which are 
incorporated in the equipment, are o f greater value because, due to 
their higher capacity, they can be used as fuel o r lubricating oil 
tran sfe r pumps, thus eliminating separate m otor-driven pump sets. 
A t the same time, these larger equipments are adequate also to deal 
with the Diesel or turbine auxiliaries w ithout any additional plant.

From  the m anufacturing point o f view, the production of the
5-tons-per-hour equipment does not present any difficulty, and the 
m an-hours involved in production are not much greater than those 
needed in the production of the medium and smaller equipment, and 
the installation time is much the same in each instance.

The man-hours involved in the actual operation of the equip
ments is less than that with the medium and smaller capacity equip
ments, because considerably longer running periods without stoppages 
are obtained.

The facts stated herein are amply proved by certain owners who 
have carefully investigated these points, and by fitting these larger 
equipments they have obtained rem arkably good results, both as 
regards purifying efficiency and reduction in engine w ear and 
overhaul.

There are a very large num ber of people who do not realize 
that the installation of these large units on the lubricating and 
fuel oil systems in m otor ships, and on the lubricating-oil systems 
of turbine ships will go a very long way tow ards solving lubrication, 
bearing, liner, and gear w ear problems, plus injection equipment 
troubles which have been w orrying them fo r many years.

In the higher-powered vessels with which the author deals in 
his paper the w riter would very strongly advocate that the adoption 
of the highest capacity centrifuges should receive serious considera
tion ; also in the case of the lowered-powered ships, centrifuges 
comparable with the size of the power unit with which they have 
to w ork should always be fitted.

Mr. Robert Welch w ro te : It will be agreed that the prime 
function of the ship under consideration is not to seek out and fight 
the enemy, but if possible to evade h im ; it follows therefore that 
all m atters dealing w ith the ability to evade the enemy should take 
precedence. Chief among these are speed and manoeuvring power. 
The speed of 18 to 19 knots mentioned in the paper seems to be a 
wise one, as it would enable the ship to outdistance the submarine,
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while as regards the other two methods of attack—by surface raider 
o r by a ir bomber—the form er will be rarely met with, and the speed 
of the airplane is such that in no circumstances could the ship evade 
attack by means of her own power alone.

It is desired to draw attention to the proposal to fit a propulsive 
unit and rudder forward as well as aft. In  this respect the w riter 
would suggest that it might be advisable to go even further than 
the author proposes. No doubt a certain reduction in efficiency must 
be expected in the forw ard unit, but in a ship of this size with 
the coefficient mentioned, viz. about 0-6, this should not be pro
hibitive, and a reliable guide could be obtained from the model tests 
which would necessarily be carried out. W ould it not be advisable 
to try out a model of a “double-sterned” ship with a full-sized 
engine and a full-sized rudder and steering gear at each end? The 
propelling units could be of equal power, independent of one another, 
and together give the designed speed. Should one be put out of 
action the remaining one would still be capable of giving a speed 
of 13/14 knots alone. The two steering engines should be separate 
units, capable of both combined and individual control. In service 
the combined control should be used, but if  one end is put out of 
action the ship could still be controlled from  the other ena

The advantages of this arrangement are obvious. W mle both 
sets are intact a degree of manoeuvrability can be obtained which may 
mean the preservation of the ship under frequent or constant air 
attack. The w riter has knowledge of a case where a 16-knot ship 
survived almost continuous a ir bombing fo r three days, and although 
the ship was finally lost not one o f the crew was even hurt. The 
ship also might have been saved had she been fitted out as described 
above.

Very important also are the advantages which such an arrange
ment affords in port in wartime, when it would be possible by 
manipulating the engines and rudders to get the ship away from the 
quay, or turn her in a confined space w ithout the assistance of tugs. 
If  caught in an air raid in port the ability to manoeuvre as described 
may mean the preservation of the ship, cargo and all on board. 
This scheme also gets rid of one of the ship m aster’s principal bug
bears in a single-screw ship—the difficulty of steering astern.

The second point to which it is desired to draw  attention is with 
regard to the manoeuvring qualities of the rudder o r rudders, which 
represents the last chance the ship has of escaping by her own 
efforts, especially when attacked at close quarters. M ore considera
tion should be given to this in the design of all ships fo r wartime 
service than has hitherto been the case. I t is essential that the 
rudder adopted should be capable of giving quick and even violent 
avoiding action with the least possible diminution of speed, and 
should also have the maximum possible turning moment per unit 
of area. The partially balanced rudder mentioned in the paper 
fulfils neither of these desiderata. Even when streamlined the flow 
of w ater round the back of a balanced rudder breaks down at a 
very moderate angle, and the diminution of the ship’s speed is 
excessive without any extra compensatory turning effect. The “two- 
part” streamlined type of rudder, with the forw ard part fixed and 
the a fter part rotative, gives not only a better turning moment per 
unit of area at large angles, but also causes much less loss of speed 
when turning. This type has become general during the past twenty 
years. Recently however another rudder, known as the Hydrogap 
rudder has been developed which has proved to be much more 
efficient than any of its predecessors. Exhaustive comparative tests 
carried out at the N.P.L. in 1937/1938 on rudder models “in open”, 
and also behind actual ship models showed that the Hydrogap 
develops about 68 per cent, more turning moment than the Oertz 
type per unit o f area, with practically the same torque. T rials with 
ships fitted with the Hvdrogap rudder have since confirmed the 
results of the tank tests. These ship trials also showed that the 
ship responds immediately to the rudder without any perceptible 
delay whatever. The cost and weight involved are no greater than 
is the case for the ordinary type of double-plate rudder of equal 
area, and are less than those of the Oertz rudder.

Mr. E. Sutton, B.Sc., wrote : In passing comment on the paper, 
while not agreeing with all the suggestions put forw ard by the 
author, one is very conscious that one’s rem arks might be consider
ably different if all the relative facts of w ar experience were avail
able to the general observer.

The author’s main thesis appears to be that a vessel of 12,000- 
tons deadweight and of 18 knots speed, specially designed, closely 
subdivided, provided with suitable arm ament and a protective aero
plane which could take off or return again a t will, would have little 
to fear from  submarine or a ir attack, that such a vessel could 
therefore sail unconvoyed and would be able to carry, in a given 
period, three times the weight of cargo carried by an ordinary

vessel of the same deadweight proceeding in convoy.
Im munity from  submarine attack, it is claimed, would be given 

by the speed, reduced visibility and silent running m achinery; from 
a ir attack, by some measure of reduced visibility from  the air and 
the protecting aeroplane carried. If the vessel were unfortunately 
attacked, she could actively d e fen d h e rse lf , while the chance of 
survival from  torpedo hits or near bomb misses would be consider
able by virtue of the special subdivision, o r from  bomb hits by 
virtue o f the thickness of the deck provided.

Does experience justify  the assumption that 18 knots speed 
would be the principal factor in giving immunity? Many fine vessels 
of about this speed on “lone” voyages have been intercepted and 
sunk. The au thor’s own rem arks in the section “Speed as a Measure 
of Defence”, paragraph S. supply the answer. H e makes out a case 
for running convoys at higher speeds, but not a convincing one for 
taking the risk generally of “lone” voyages by 18-knot vessels. The 
chances of a fast vessel getting through a submarine pack alone are 
more than those of a slow vessel alone, but whether more than 
those o f the slow vessel in slow convoy is doubtful. They are much 
less than those of the fast vessel in a fast convoy.

Again, speed is a useful factor in taking avoiding action during 
air attack, but w hether 18 knots is likely to be of much more use 
than, say, 15 knots is a moot point. In the proposed design, the 
target represented by a deck of about 40 per cent, to 45 per cent, 
g reater area than the normal vessel of the same deadweight would 
appear considerably to increase the chances of being hit in spite 
of extra speed.

The au thor’s statem ent that the proposed vessel would carry 
three times that of an ordinary convoyed vessel needs more justifica
tion than is supplied in the paper. It appears to leave out of account 
the time spent in loading and unloading which is not a factor of the 
ship’s speed.

An ordinary 12,000-tons d.w. vessel having an average convoy 
speed of 8 knots from  U.S.A. would take about 17 days. Routing 
and delays might increase this to say 22 days. The time spent in 
loading and unloading would be about 14 days fo r each, i.e. 50 days 
in all from beginning of loading to completion of discharge. At 
18 knots the voyage would take 7J days. Routing and diversions 
might increase this to say 9 days which with 28 days in port gives 
37 days total. This would mean that over a given period the 18-knot 
vessel would carry 35 per cent, more total deadweight instead of 
three times. This would be reduced to about 33 per cent, more 
useful cargo when differences of fuel consumption were accounted 
for. To carry three times the deadweight the 18-knot vessel must 
reduce time in port to a week at each end and then cross the 
Atlantic in 2} days, o r conversely the convoyed vessel must take
12 weeks to cross from  U.S.A.

If  in the preceding figures, the time in port could be reduced 
to a week at each end for both vessels the 18-knot vessel would 
carry  about 56 per cent, more total deadweight.

A nother way of putting it would be tha t two convoyed vessels 
each of about 8,000-tons deadweight would carry the same cargo as 
the 18-knot unconvoyed vessel in a given period and might even 
do better by a quicker turn round a t the ports. These considera
tions would make the 18-knot project considerably less attractive.

A part from  the question of speed and working with o r w ithout 
convoy, the au thor’s design and suggestions afford many interesting 
points, some of which might be touched upon.

Reduced visibility is general!}' desirable, but does not appear 
of such importance as to render necessary the acceptance of un
desirable proportions. The low freeboard proposed is presumably 
to reduce visibility and there is very little sheer and no forecastle. 
The wide beam and shallow depth will result in an abnormally large 
metacentric height and produce heavy rolling. A roll of 11° would 
put the gunwale awash and the fore end would be very w e t; the 
bridge appears relatively too near the stem for weatherly qualities 
and the hangar door would probably get a  lot of heavy punishment.

The length-riepth ratio of 15-4 and the 40ft. wide deck openings 
would require heavy scantlings of upper deck and bottom, rather 
wasteful of steel, but going part of the way to meet the author’s 
idea of deck protection from bombs. The defensive arm am ent pro
vided appears much below present standards and additional arm a
ment positions would have to be found.

Regarding stowage of cargo, the author suggests a series of 
short holds in the midship body and a series of tanks tow ards each 
end fo r the carriage of oil, grain or bale cargoes of weight one 
th ird  of the total deadweight. There is no provision, however, for 
getting grain or bale cargo into these spaces, and as arranged they 
could only be used for liquids. The general policy of carrying a 
mixed general and oil cargo under war conditions is very questionable. 
These vessels would doubtless be used mainly to and from America.
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Munitions of w ar would not be shipped at oil ports so tha t oil 
brought in this vessel must be transhipped. It is surely better to 
carry oil direct in tankers from  the oil-producing regions. The 
general cargo spaces amidships are of limited capacity, barely large 
enough to carry the balance of deadweight a fter allowing for oil 
cargo, fuel oil, w ater, stores, etc. The stowage rate would be 
somewhere about 65 cubic feet per ton, which it is suggested is too 
low. F or two reasons oil cargo is economically essential in this 
design, fo r the tanks must be full to get the deadweight into the 
vessel and also should be full of liquid to avoid the possibility of 
heavy list resulting from  damage in the region of empty tanks on 
one side of the ship.

In addition to the short holds amidships with double transverse 
bulkheads, the author proposes narrow  side compartments and hori
zontal subdivision by a w atertight deck, although the latter appears 
to be discarded in a later section of the paper in favour of explosion- 
resisting decks and hatches. The side compartments are indicated 
about 8ft. maximum width, returning to  the ship’s side at the bilge 
and at about a foot below the waterline.

H aving seen on certain vessels the extent of damage resulting 
from torpedo hits one feels these narrow  side compartments would 
be of little use. The author does not say what thickness he con
templates fo r the inner skin though he does visualize something 
“immensely strong”, but even if very thick plating were provided 
the connections at the shell w'ould probably fail. Extensive and 
deeply penetrating damage with consequent flooding of lower and 
upper holds and of the fore and a ft passage would be a very pro
bable result of a torpedo hit o r hits. The probability of damage 
of fore and a ft extent sufficient to  flood three holds could not be 
ruled out.

W ith two midship holds flooded the freeboard would be re
duced to about 4 f t . ; w ith three holds flooded to about 2ft. I f  the 
holds were the forw ard o r a fte r ones there would be also con
siderable trim putting one end of the w eather deck under water. 
W hether trim ming o r not, the almost certain flooding of the fore 
and a ft passage would afford a convenient channel fo r w ater to 
flow along and flood the lower deck accommodation and probably 
find its way into the engine rooms a t one end or the other, still 
further imperilling the ship. These things would happen quickly and 
give little time fo r pumping out the end oil tanks even if the pump 
rooms themselves were still accessible. These possibilities should 
not be accepted fo r the sake of reduced visibility.

One agrees with the author about the desirability of providing 
better transverse subdivision than was normal in cargo vessels but 
one would prefer to effect this by suitably proportioning the vessel, 
giving ample freeboard and making the most o f it by carrying the 
bulkheads up to the w eather deck, and spacing them further apart.

There is some confusion in the paper about decks, e.g. whether 
the lower deck is to be w atertight or not, as mentioned above. The 
upper deck and hatches are to be a ir and w atertight but pressure 
relief valves o r hatches are to be fitted between the double bulk
heads. Hence when a bulkhead fails the adjacent hold would be 
open to atmosphere and the contemplated air cushion could not be 
maintained. Also the hold ventilators would require closing by 
someone when explosion occurs, but is this likely to be done quickly 
enough in the resulting confusion? The value of immediate gas 
pressure release is stressed and venting arrangements are to be 
fitted fo r this purpose to the low er deck in each oil tank, but the 
lower deck amidships is to be pressure-resisting.

Among o ther features which would demand considerable atten
tion are :—

The strength of the shallow bottom fram ing which is indicated.
The details o f the 20ft. x 40ft. explosion-resisting lower-deck 

hatches.
The details o f the 20ft. x  40ft. flush air and w atertight upper- 

deck hatches.
The method of working heavy lifts from holds and overside 

by cranes of the type indicated.
The practicability o f reassembled planes taking off a ft from 

the short available run in a vessel of some 10-14 knots 
astern speed.

The particular virtue o f a trapezoidal form of midship section 
and whether this type of section carried fore and a ft would 
give a  suitable form  for 18 knots.

Access to and lighting and ventilation of accommodation, etc.
Regarding propulsion, the author proposes a  small engine fo r

ward to lessen the chances of complete disablement. A part from the 
general question of the propulsive efficiency to be expected from  a 
bow “pulling” propeller, it does seem from  the illustration that the 
propeller would be badly handicapped in this case. I t  is apparently 
to be placed in a  tunnel with something like a blank wall imme

diately behind it. W hat sternw ard flow may result is to  be deflected 
downwards to emerge at the keel w here only what is left, in the 
horizontal direction, of the initial energy w ould be usefully em
ployed.

F or the main propelling machinery, the au thor is wholeheartedly 
in favour of Diesel engines and suggests that a  body of selected 
Diesel-engine designers should produce a design of a new, light type 
of high-speed engine fo r direct drive and also of a lighter, faster 
type for Diesel-electric drive. These are to be brought into mass 
production for w ar use and for fu ture  post-w ar purposes.

There is much to be said fo r a real concerted attem pt to make 
the best o f the Diesel engine by draw ing on the widely accumulated 
experience available and to  get away from  the huge machines hitherto 
necessary for large power production. W hatever might be produced 
in this way would, however, be a new untried type, and how many 
responsible engineers will support the proposition to pin the national 
faith to it?

I f  such an effort could be developed and tried out in time to be 
of use in this war, well and good, but it could not be allowed to 
interfere with established programmes of w ar effort, though the 
ground might well be prepared fo r post-w ar development.

Mr. W . F. McDermid w rote : One deplores what appears to be 
a state of mental inertia, which stunts and retards the development 
of cargo vessels along lines comparable w ith the progressive im
provement of the submarines which menace the ir usefulness on 
the sea.

Broadly speaking, present-day cargo vessels are just as slow and 
conspicuous as those conceived at about the same time as the A rm y’s 
“thin red line”, and, in w ar time, they present to  the personnel much 
the same chance of survival.

I t may be that the commercial economy standards of the pre
submarine period did indicate 10  knots o r less as the optimum speed 
in the m atter of fuel consumption, and, o f course, hulls and cargoes 
in transit could be fully insured; meanwhile, the safety of crews 
could go-hang—but no such ruling is acceptable to-day, it would 
not scan as sound national economics.

A fte r three years experience of the second w ar in one genera
tion, and when during each w ar the submarine has taken such toll 
of our shipping, the simple fact that the lack of some protective 
improvement in ship construction m ust be reviewed, is in itself a 
scathing indictment of any and all coteries in control of such 
matters.

Apparently the 1914-1918 experience was well over the heads 
of the powers controlling mercantile shipping and taught them next 
to nothing; however, the experience of the man in the street is that 
aggressive w ars are and will be recurrent and epidemic as a national 
disease, so long as perfidious rulers are tolerated.

I f  an improvised and expensive palRative was the only “remedy” 
which the official doctors could visualize during the first epidemic 
of some dread disease, and later, a fte r three years stress of another 
outbreak in a more virulent form  (which followed about twenty 
years immunity), these doctors, fo r want o f initiative, could suggest 
and would accept nothing but the same old palliative, it may be 
assumed that the wish to appoint fresh “medicine-men” would be 
pretty general; particularly if possible remedies suggested by other 
qualified doctors had been pidgeon-holed by the delinquents as un
interesting criticism.

W hile expounding w hat appears to be a well-reasoned and sound 
practicable proposition, the author mentions that convoy work 
absorbs “a very high proportion of Allied N aval Forces”. He might 
also have cited as a fa ir addition to that N aval “on-cost”, the extra 
cost of shore-staffs working at high pressure loading an d /o r un
loading the convoy. This w ork has to be done in gusts, followed 
by idle hours waiting fo r the next arrivals, also there is the ship
time wasted waiting fo r a berth, etc. T he aggregate cost of these 
conditions must be colossal, and should be assessed and allowed for 
when estimating the relative costs of conveyance by present methods 
as against the more expeditious and regular delivery to be expected 
if fast self-protecting vessels such as the au thor proposes are to 
be used.

The author’s opinion on “over-engining” his proposed vessel 
would be interesting. The idea which the w riter wishes to convey 
is, in place of the proposed allocations of 12  and 88 per cent, at the 
respective ends, put engines of power equivalent to  88 per cent, at 
both ends. This arrangement would in effect mean, in peace time, 
that the vessel carried a complete set of “engine spares” disposed 
fo r instant use if necessary, and, in war-time, if  the extra power 
available avoided disaster only once, the additional capital cost would 
be amply justified.

The au thor should be duly thanked fo r having made his com
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prehensive survey of the possibilities o f improving mercantile ship
ping, not only in the m atter of rendering it less vulnerable to attack, 
but, as offering a better commercial proposition fo r transporting 
goods, etc., than the old slow boats. W hat might be called "the 
engineering part’' of his general scheme appears to be very sound 
and unlikely to be challenged except, perhaps, in minor matters. 
Personally, the w riter would not venture criticism of hull construc
tion one way or the other.

As a pioneer, the author is certain to have ruffled orthodoxy 
perhaps to the same extent as did Plimsoll, who had to wait years 
for universal acclamation. In the present case, however, consider
ing the urgent need fo r some constructive result, it is to be hoped 
that the author and the team of experts he has asked to help him 
will have an early success.

Mr. Victor Dover, F.C.I.I., wrote : Many things advocated in this 
paper appeal to one’s common sense. I f  it is im portant to mobilize 
technical and scientific knowledge fo r the successful prosecution of 
the war, so it would seem wise to  pool such knowledge to meet the 
problems of post-w ar reconstruction. British shipbuilding technique 
has always been in the fo re fro n t; it is to be hoped it will maintain 
itself in this position in the future.

The question is often raised as to the attitude of the marine 
insurance m arket towards new developments in shipping design and 
construction. In the past it has been the practice fo r marine insur
ance rates to follow experience, not to anticipate it. T hat is to say, that 
the marine underw riter rates each risk on his estimate of the hazard 
and he makes this estitpate on the basis of recorded statistics of 
past experience. I f  new developments in ship design and construc
tion are to be fostered, where these give additional safety it would 
appear to be reasonable for marine insurance premiums to be 
adjusted accordingly. A discount from  normal premiums has in 
fire insurance proved the most efficacious method of encouraging 
the installation of safety devices.

T his them e could be developed in relation to marine w ar risks 
insurance. Should it be demonstrated that vessels constructed on 
the lines propounded by Mr. B um  were a better risk than vessels 
built on more orthodox lines, there would be a clear case fo r differ
ential rating fo r w ar risks insurance purposes. I t is to be hoped 
that this aspect o f the subject has not been overlooked, especially 
as in this w ar it is advisable to take a long term  view.

Captain T. S. Morgan w ro te : From  experience at sea in two 
wars, the w riter would say that the au thor has designed the ideal 
ship for w ar transport. The w riter has always advocated faster 
ships even in peace time, and learned with astonishment that the 
Government were building small and slow ships again in this w ar 
a fter what was experienced in the last war.

The w riter feels sure that had the author’s ship been put on 
mass production a t the beginning of this war, using as much pre
fabricated material as possible in the hulls and more welded joints, 
the extra building time (if any) would have been offset by fewer 
ships being sunk.

The w riter realizes that the engines necessary to drive this large 
vessel at 18-19 knots would be a big job, but by mass production 
(and assuming for argum ent’s sake, that the fast individual ship has, 
say, a five-to-one chance against being torpedoed compared with 
the slow convoyed ship) the man power needed to build the fast 
engine would be offset by the man power needed to build five slow 
engines. Besides, if the engine were standardized, more unskilled 
labour could be absorbed than at present, when various types of 
engines are put into standard hulls.

T he multiple compartments with airtight hatch covers as de
signed are, in the w riter’s opinion, the best method to prevent sink
ing a fter a vessel has been torpedoed, and the extra longitudinal 
strength provided by the internal blister practically nullifies the 
danger o f a vessel breaking her back when torpedoed amidships.

In a recent convoy the w riter saw three torpedoes explode on 
striking the sh ips; in each case the top deck plates were blown off 
to within two or three feet of the hatch combing. In each instance 
the vessel when struck listed heavily to the side struck, and the 
w riter imagines the inrush of w ater would flow along the upper 
deck and into other holds. This would not happen where the 
vertical bulkheads were continued to the upper deck.

T he elimination of the cellular double bottom, if practicable, 
will certainly reduce weight, but the w riter is conservative in feeling 
that a vessel needs something in her bottom when she is empty 
of cargo.

In the design there are three cargo oil tanks forw ard and one 
aft. In loading or discharging, these tanks would have to  be worked 
at the same port as the dry cargo, also these tanks being at extreme

ends of the vessel would not be suitable fo r ballast on a sea voyage.
In the w riter’s opinion the overside door to the lifeboat com

partment could be eliminated, fo r the door would surely be jammed 
if the vessel was torpedoed in that part of the hull.

From  what the w riter has seen of vessels torpedoed he feels 
sure that a vessel of this design could receive two torpedoes and still 
make port, and no reason is seen why this vessel could not easily 
be converted fo r express cargo service in peace time.

Mr. S. H. Dunlop (Member) w rote : The au thor has expressed 
in argum entative terms the propositions for war-time ship produc
tion. W ar-tim e conditions create national problems and the sugges
tion to compile from experience and ingenuity a national type of 
Diesel engine, suitable for a fast cargo vessel, would be to the 
advantage of the marine Diesel engine m anufacturers and 
supply them with a national research unit. The many 
suggestions made by the author are theoretically sound but, in order 
to produce a reliable engine, the practical problems would be 
numerous, and a long period might elapse before a thoroughly re
liable unit could be produced. Reliability is most essential when 
operating under w ar conditions, and in order to reap the full benefit 
from  fast voyages, upkeep and overhaul would have to be a 
minimum. M oderate repairs and reliability appear to be the chief 
argum ents fo r or against certain propulsion types, and would exert 
influence for the extensive development of the high-speed Diesel 
multiple units with electric propulsion. W ith this type of installa
tion, engine failure would seldom cause a complete shut down, and 
when m ajor overhauls were necessary, the complete engine could 
be removed fo r overhaul and a new unit installed, thereby avoiding 
delaying the vessel.

R ather than commence to design and erect a new type of direct- 
drive two-stroke double-acting Diesel engine of required horse 
power and weight ratio, the reverse cycle seems as practical, i.e. 
that of acknowledging an existing well-tried and reliable two-stroke 
engine, of which there are several, although the m ajority  are of 
foreign origin. The hull could be designed to accommodate this 
engine and to give the required speed for non-convoying voyages, 
also attem pts could be made to incorporate the sub-division as sug
gested by the author.

The standardisation of a hull suitable for various types of 
Diesel engines and the standardisation o f the engine types would 
result in the obtaining of a very favourable production figure. By 
accepting the production of existing plant, present needs could be 
catered fo r and the research department perm itted to d e v n tp  all 
their energies to the perfecting of a reliable high-speed Diesel unit 
fo r incorporating in the electric propulsion or geared propulsion 
systems, although the adoption of high-speed units would greatly 
increase the number of engines to be m anufactured and delivery 
difficulties may be encountered. However, the number o f manufac
turers of this type of engine would not be as limited as those of 
the large direct-drive Diesel engine. The au thor’s proposal for the 
building of such a high-speed Diesel engine supplies a basis for 
fu rther research in the field of high-speed Diesels, and provided 
every source is tapped, an engine with the characteristics, efficiency, 
simplicity and easy production, could be developed to compare 
favourably with a similar engine of Continental design and prove 
that British marine engineering was alive to the possibilities of high
speed Diesel units.

It would be interesting to have the author’s opinion of the 
prospects o f developing the internal-combustion turbine. Research 
in this direction would probably produce a propulsion unit to  satisfy 
war-time requirements fo r speed in production, efficiency, reliability 
and low maintenance.

Captain F. C. Spriddell, C.B.E., R.D., R.N.R., wrote : The w riter 
agrees that the tanker design of cargo ship is desirable to minimize 
damage by bomb, torpedo or mine, and to minimize broadside 
damage, and that the internal “blister” o r skin gives great protection 
coupled with the proposed sub-division; the use of the fine ends 
o r below-tunnel spaces fo r oil o r bulk cargo such as grain, which 
can be pumped out, has already been adopted in some new vessels, 
both general cargo and meat cargo ships. Generalising on stowage 
such as steel plates and bars near bottoms and sides with a yielding 
and compressible, and thus presumably light, cargo at top or centres 
is wishful dreaming, and may in practice make the ship unseaworthv 
due to heavy rolling. The provision of so much cubic at fore enc 
of ship fo r oil cargo limits the trade to which the ship can be 
allotted, and as there are no access hatches to  allow these six tanks 
to be used fo r bulk grains, it would follow that occasions would 
arise when ballast w ater would be needed fo r trim  purposes.
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The w riter does not like the description of cargo-warship, as 
the two types are not interchangeable. Is the vessel to be a cargo 
carrier or an a ircraft carrier? Presumably the form er is considered 
the prime reason for building the type; then after provision has 
been made to launch and possibly recover her scouting plane plus 
one or two planes in reserve, the design could be, the w riter con
siders, vastly cheapened by building the usual type of hatchway 
closed by steel hatch covers. The proposal to make the upper deck 
air- and w ater-tight with a considerable number of 20ft. x 40ft. 
hatches is, the w riter thinks, Utopian. Most superintendents have 
experienced the difficulties in maintaining w atertight joints on bulk
head doors which are used frequently fo r cargo purposes, and some 
have had experience with steel hatch covers depending on rubber 
and realize how such covers, even when treated ever so gently, 
usually get distorted and fail to make a w atertight join without 
frequent and continual repairs and adjusting. The provision of a 
fore and a ft below-deck alleyway should be unnecessary, the top of 
the internal blisters being brought above the load line to give torpedo 
protection; the upper deck should have usual camber with guard rails 
and, as in tankers, a raised fore and a ft gangway from  navigating 
bridge to a ft end.

The w riter does not agree that there is no fundamental reason 
why all accommodation should be berthed at the ends of the ship. 
In the sketch, all officers might be destroyed by one mine in the 
fore end, excepting any on watch. The captain should certainly not 
be berthed below decks off the galley and pantry alleyways, no r the 
chief engineer off the saloon; also the assumption that the position 
of accommodation as being well away from likely torpedo effects 
is not justified by experience.

There appears to be no reason why one ordinary control plat
form  should not be built; the idea may be that if one is knocked 
out the other can be taken into service.

Unless the vessel is to be wholeheartedly a naval or military 
auxiliary and to carry tanks and similar heavy material, the large 
number of 25-ton cranes (incidentally one hatch according to sketch 
will have no cranes if all hatches are working) is excessive waste 
of heavy plant. One 25-ton crane per pair of hatches, i.e. three in 
all, the w riter suggests, is sufficient; such cranes with their hoisting 
and slewing machinery would be very heavy and bulky and would 
take far more space than that allotted on p lan ; three 3-ton cranes 
to be of 10 tons, with the remainder fast-working 3-ton cranes.

Armam ent on upper deck would be considerably larger than that 
shown, also the launching gear fo r a 35- to 40-feet steel Diesel 
lifeboat from such a compartment as depicted would need much 
elaboration, and the w riter would suspect more height than has been 
a llo tted ; the doors to same would not be approved by the M inistry 
of W ar Transport, and quite rightly as they might be jammed in 
closed position after an explosion; also the position in ship is not 
good due to the fining away of the hull to the bow and centre line.

The author is not asking too much in the way of speed fo r such 
valuable ships as proposed, but whether machinery is available in 
such quantities is another matter. The proposal to have a 12 per 
cent, propelling or puller engine forw ard has a lot to be said for 
it as a stand-by should main engines be destroyed, but an unmitigated

passengers. Open, windswept, unsheltered spaces are mostly 
anathema to all travellers.

Dr. S. F. Dorey (Vice-President), w rote : The author has pre
sented such a mass of rather novel and, indeed, ingenious sugges
tions, that it is difficult to contribute except a t great length. The 
writer, however, proposes to confine his rem arks to one specific 
aspect, namely, engine balance.

In the fast-running steam reciprocating jobs of the past, engine 
balance presented a real problem to engineers and naval architects 
alike. On the other hand, whilst the advent of the oil engine brought 
many troubles in its trail, the possibilities fo r perfect balance in
herent in the oil engine brought many advantages. Although this 
appears a small point, it is in fact one of m ajor importance because 
a great deal of damage to the hull can be caused by relatively small 
forces and couples under resonant conditions with the natural fre
quencies of the hull. The au thor rightly points out in his concluding 
remarks on page 141 of the November, 1942 T r a n s a c t io n s  that the 
10-cylinder Vee double-acting engine will give an almost completely 
smooth torque. On the other hand, this engine gives both primary 
and secondary unbalanced couples in both vertical and horizontal 
planes. I t  is commonly considered tha t only unbalanced forces need 
be taken into consideration; such conclusions, however, are dan
gerous and emanated from experience where engines are fitted amid
ships and have primary unbalanced couples. In such circumstances, 
undoubtedly, unbalanced couples have not created undue vibration.

However, with the faster running engines listed under proposal
(4) on page 141 of the paper, and fu rth er considering the position 
of these engines in the vessel as shown by P late 1, unbalanced 
couples would require to be eliminated as well as forces. For the 
engine proposed by the author in proposal (4), both prim ary and 
secondary forces would be completely balanced, but the following 
unbalanced couples would remain, v iz :—

Prim ary couple.
Vertical plane ...............  295-5 tons-feet.
Horizontal plane ... ... 112-8 „ „

Secondary couple.
Vertical plane ‘ ............... 452 „ „
Horizontal plane ...............  317 „ „

Furtherm ore, w ith the banks at 90° instead of 54°, the forces 
would again be balanced, but there would be present the following 
unbalanced couples, viz.:—

Prim ary couple.
Vertical plane ............... 204-2 tons-feet.
Horizontal plane ...............  204-2 „ „

Secondary couple.
Vertical plane ............... 0 „ „
Horizontal plane ...............  610 „ „

F o r the purpose of comparison between "in-line’’ and Vee type 
engines having the same number of cranks, the accompanying table 
is o f interest and shows generally an increase in the magnitude of 
the out-of-balance couples with the Vee arrangement. In some 
cases, the increase in the unbalanced couple is very marked.

The w riter is, therefore, of the opinion that if the Vee type

P R I M A R Y . SEC O N D A R Y .
T y p e R e c ip r o c a t in g . R o t a t in g . R e c i p r o c a t i n g - | - R o t a t i n g . R e c i p r o c a t i n g .

o f F o rc e  (T o n s ) . C ouple (T -F t.) F o rc e  (T o n s ) . C ouple (T -F t.) F o rc e  (T o n s). C ouple (T -F t.) F o rc e  (T o n s ) . C oup le  (T -F t.)
E n g i n e .  V ertica l. H o riz ’l. V ertica l. H o riz ’l. V ertica l. H o riz ’l. V ertica l. H o riz ’l. V e rtica l. H o riz ’l. V ertica l. H o riz ’l. V e rtic a l. H o riz ’l. V ertica l. H o riz ’l.

5-cyl. “In-line”... 0 0 120-3 0 0 0 -15-5 15-5 0 0 104-8 15-5 0 0 334 0
10-cyl. “Vee” 54° 0 0 246-8 64-1 0 0 48-7 48-7 0 0 295-5 112-8 0 0 452 317
10-cyl. "Vee” 90° 0 0 155-5 155-5 0 0 48-7 48-7 0 0 204-2 204-2 0 0 0 610
3-cyl. “In-line”... 0 0 464 0 0 0 -59-7 59-7 0 0 404-3 59-7 0 0 116 0
6-cyl. “Vee” 30° 0 0 1,118 80-4 0 0 188 188 0 0 1198-4 268-4 0 0 251 38-9
6-cyl. “Vee” 90° 0 0 599 599 0 0 188 188 0 0 787 787 0 0 0 212

nuisance in conjunction with paravane gear, and the naval authorities 
would probably p refer the ship to be fitted with the minesweeping 
gear.

The beam of 80ft. should be seriously reconsidered, as there are 
very few docks in this country able to take such a ship, and there is 
already a severe demand for such drydocks fo r large troopships as 
well as heavy warships, due to certain mercantile and naval ports 
which have such beamy docks not being available.

The w riter is of the opinion that such a design is not likely 
to be authorized for any large numbers, but there are, he ventures 
to say, many interesting and useful hints which could be adopted 
with considerable advantage to war-time construction.

W ith regard to the derogatory rem arks on "greenhouse” con
traptions, these are preferred generally both by officers, crew and

of engine were to be adopted, at least six cranks should be used 
so as to obtain perfect prim ary and secondary balance.

Mr. H. A. J. Silley (Member), w ro te : T hat Mr. B um ’s paper 
deals with one of the most im portant aspects o f the w ar is in no 
doubt whatever, fo r the continued sinking o f our ships is still the 
gravest m atter with which we have to contend, and whereas it may 
well be said “we must win the w ar on land by an assault on 
Germany” that we can lose at sea is undoubted truth. The paper, 
therefore, and all papers dealing with this grave danger to our 
country, demand both respect and careful study.

T hat the author is advocating an increase in speed of merchant 
ships to 18 knots will find support in many quarters, and in fact 
since the paper was written, this has already been the subject of a
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Discussion.

newspaper article by Admiral S ir H ugh J. Tweedie.
I t  is, however, in the details of construction and lay-out that 

this proposed w'ar cargo-ship will be the subject of much contro
versy in technical quarters. I t seems to the w riter that the pro
posal is based on a great number o f assumptions, fo r which the 
au thor produces little proof that they are right in fact. The con
tention that the proposed ship will be more immune from attack 
when travelling singly in comparison with the present slow-speed 
convoys, is surely an assumption that can only be proved right by 
those who have access to the details of actual damage and sinkings.

There are also many factors in the ship construction which may 
be novel in a m erchant ship, but which could be picked to pieces 
by those competent to do so. One wonders whether the proposal 
for anti-torpedo blisters is sound, when one considers the sacrifice 
in cargo space which this would involve. T hat there is a great 
increase in the explosive power of the modern torpedo compared 
with that used in the last war is common knowledge, and the sink
ing of the Prince o f Wales and the Repulse was an event which 
surely casts some doubt on the efficacy of w hat would be much 
lighter construction on a merchant ship.

The proposals for additional subdivision in the form of oil 
cargo tanks and numerous short holds would not necessarily afford 
additional protection against attack, and the argum ent that some
thing in the nature of a tanker’s subdivision is required will only 
carry  weight if oil tankers have been relatively luckier than ordinary 
cargo vessels after torpedo or a ir attack. W hether or not this is a 
fact, it is certainly not common knowledge, and it would be a 
dangerous assumption unless supported by fact.

The proposal, too, that a w atertight deck will provide further 
protection, is another m atter which is open to debate. The w riter 
believes that experience has shown that the deck is no more immune 
from danger, and probably less so, than the tranverse bulkheads, 
and it might well be that the proposed gastight hatchcovers would 
tend to aggravate rather than lessen deck damage.

W ith regard to the propulsion side of the proposed w ar cargo- 
ship, there are many points which will undoubtedly give rise to con
troversy.' One point which definitely invites criticism is the author's 
suggestion of three different speeds of engine. This will involve 
rather special personnel and necessitate considerable specialized 
training, particularly of ship’s engineers, before full efficiency can be 
assured.

Regarding the type of engine itself, it should, the w riter thinks, 
he conceded that the author is working on the right lines when he 
advocates the opposed-piston engine, which is borne out by the latest 
H arland & Wolff design and also Sulzer’s development, mentioned 
on page 138. The idea, too, of a basis national marine oil engine 
undoubtedly calls for careful consideration, but here again the time 
factor at this stage of the w ar is surely the most im portant one. 
The unavoidable delay of changing over existing marine engine 
plant and the necessary alteration in tooling, would inevitably cause 
delay which might be most serious at a time when a constant un 
interrupted flow of new ships is so urgently required, but there is 
no doubt that this m atter should be looked into by a committee of 
experts to see just what would be involved, and w hat would be the 
cost in term s of delay or dislocation. Taking a long view, again, 
might well be worth while.

I f  such a committee were set up, they should concern themselves 
with questions such as an engine design giving a compact and simple 
lay-out and all im portant features involving mean effective pressures, 
stresses in the mechanical parts—such as crankshafts, connecting rods 
—piston speeds and the revolutionary speed; all should conform to 
the proven design of the existing engine. The adoption of the 
Diesel-electric drive would, to a considerable degree, remove the 
necessity for too much variation in size of engine and wotdd enable 
a greater degree of standardization to be put into practice. This 
type o f drive, too, would leave room fo r any stepping up of speed 
in vessels specially built for w ar service if the changing conditions 
of the w ar call fo r a greater speed. Cargo sp?.ce could, if necessary, 
be  ̂utilized and this point could be taken into consideration in the 
original fram ing of the ship’s bottom to carry additional weight.

Speaking as a ship-repairer, the w riter cm  see difficulties arising 
with regard to the availability o f suitable drydocks and other ship- 
repair facilities to deal with vessels of these dimensions. The 
au thor’s proposal would inevitably restrict the repair of such vessels 
to certain ports and would mean that a large number o f private 
firms having drydocks up to 400ft. in length would be unable to play 
their part in the repair of these ships, and this would he bound to 
bring with it complications with labour, involving transfer, and 
would tend to  bring about more congestion at certain terminal 
ports.

In conclusion, the author is to  be congratulated fo r a paper

which has obviously required a great deal of careful work and 
investigation to produce, but he must realize that to  advocate the 
scrapping of our present building program m e in favour of his pro
posal would involve enormous delay and dislocation in marine engine 
works and shipyards, and this at a  time when a steady stream of 
vessels from  the stocks is essential fo r the successful prosecution of 
the war. I f  it could be proved that the faster ship will in fact 
lessen the danger of attack, and so save precious lives of our seamen, 
in this fact alone the author will have justified his paper; but it is 
with regard to the detailed proposals o f his ship that he will find 
support lacking in many quarters.

Mr. A. E. Crighton (V ice-President) w rote : The proposed de
sign o f cargo warship appears to give a decided lead in the opposite 
direction to standard practice and is an im portant contribution 
towards a practical solution of making ships less vulnerable to 
attack. There are, however, several features in the design on which 
the w riter would like the author’s comment. These may be sum
marized as follows :—
General Arrangement.

The small amount o f freeboard appears to indicate that a fore 
and a ft flight deck is required over existing w eather deck in order 
to give greater security to hangar house and airplane on rails by rais
ing these a deck higher. This extra deck would also enable the crew 
to be berthed on deck higher and clear of the crown of oil tanks. 
I t  would also improve the mooring arrangem ents a t bow and stern 
and avoid the crane post recesses in cargo tween deck or upper holds. 
Stability.

The author does not state the estimated GM  in light or loaded 
conditions. The excessive ratio of beam to length and depth indi
cates that an additional deck is necessary to low er the metacentric 
height to com fortable conditions.
Lifeboats.

The two large m otor lifeboats are placed in a vulnerable posi
tion, i.e. around the bridge. The w riter would suggest that the life
boats be raised a deck higher and so be fu rther removed from  head 
seas. For lifesaving, it may be considered a mistake to place "all 
the eggs in only two baskets’' and a larger number of lifeboat posi
tions would therefore be desirable.
Construction.— Girdering and Pillaring.

This is not indicated on design and it appears that the cantilever 
system of girdering would lend itself w êll in conjunction with wide 
hatchways. From  the design or description of the cargo warship 
is is not clear as to w hether o r not a  double^bottom is intended. 
Double bottoms have proved to be invaluable in reducing the amount 
of damage resulting from  magnetic o r acoustic mines. 
Prefabrication.

The shape of the internal blisters is not conducive to rapid 
construction o r prefabrication. A simpler design appears essential. 
H as the author considered the norm al inner skin in conjunction with 
a ir escapes to reduce explosive effects? The au thor states that 
external blisters proved highly successful in the last war. Can he 
state if the w ater space between blisters and the inside hull contri
buted to the success he mentions?
Crew Accommodation, etc.

Naval architects to-day endeavour to arrange the accommoda
tion away from  the forw ard end. W ith the proposed flight deck, 
this would appear to be feasible. The crew space seems inadequate, 
understanding the increase of personnel in wartime. The store
rooms also appear to be insufficient and too close to the galley, par
ticularly the refrigerated store.
Compartmentation.

The introduction of double bulkheads introduces additional bilge 
piping, sounding, ventilation, etc. In view of the short length of 
holds, it would appear that the addition'll bulkheads could be 
eliminated and still maintain a “safe m argin” of stability in the 
event of damage to single bulkhead. W ill the author indicate his 
proposals for pumping, draining, sounding, etc. for the upper holds 
and will he also give his ideas fo r a suitable run of bilge pipes.

So fa r as the machinery section of the paper is concerned, the 
w riter considers any remarks can be safely left to engine designers, 
whose criticisms, or otherwise, would naturally be of more value 
at this stage.

In conclusion, the w riter hopes that the au thor will in no way 
consider that this criticism is destructive, because the reverse is 
intended. In other words, it is w ith enthusiasm that the w riter gives 
support to such advanced ideas, which are conspicuous by their 
absence in these days. Every effort at this time to improve upon 
the last w ar in ship design and subdivision is obviously refreshing 
and essential.
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The Author’s Reply to the Discussion.
CENERAL REMARKS.

One of the advantages an author has in replying to the discussion 
is that it gives him an opportunity of expressing his "second 
thoughts”, extricating himself from difficulties and, above all, 
benefiting from  the advice of his critics. The author proposes to 
avail himself of all these opportunities.

The discussion has been very helpful and, in the main, in 
favour of the broad scheme. It is regretted that actual shipbuilders 
and marine-engine builders have remained completely silent, although 
a number have w ritten helpful letters. Bearing in mind contribu
tions the author has had to previous papers—not nearly so impor
tant in subject m atter—this is disappointing, but doubtless builders 
are all so busy replacing lost vessels that the author can well believe 
that every minute is only too fully occupied.

Indirect questioning reveals that the subject m atter of this paper 
has not been received as one would have hoped by many ship and 
engine builders, therefore one can assume that a reason for the 
lack of co-operation is the lack of full appreciation of what happens 
to our ships and men at sea in w ar conditions. One suggestion is that 
all designers, craftsm en, managers and directors should spend in turn 
a voyage at sea in war-time, subject to the full rigours o f enemy 
activity so as to  get first hand information. Certainly direct practical 
experience must be obtained by those dictating policy, and this sug
gests that the responsibility for even merchant ships should be more 
shared by professional Naval circles who are more w ar conscious.

It will be found that the fundamentals of ship construction in 
relation to known enemy action with torpedo or bomb has not been 
seriously considered by shipbuilding interests. For example the most 
important aspect of welding for war purposes is its merit relative to 
explosion resistance, but it will be found that shipbuilding interests 
have been more concerned with justifying British adherence to 
riveting from a m an-hours point of view and have not considered 
the w ar utility point o f view.

In addition to the absence of explosion-mindedness, British w ar
time shipbuilding appears to have been concerned more with economy 
of man-hours by simplification than by solution of the problem to 
remove the need for feverish building; in other words the intellec
tual aspect has been left fa r  too much in the background.

Nevertheless, the author trusts that in the future it may be 
possible to persuade the “powers that be” to ensure that full in
formation on the technical side of sinkings will be available to 
responsible designers all over the country, to ensure the fullest use 
is made of the designing genius and inventive capacity lying at 
present dorm ant, one might say under steel hatch covers well 
battened down.

Contact with a wide cross-section of persons interested in ships 
has revealed a keen desire for better ships, and if the spirit of the 
democracy is allowed free play in technical as in political affairs 
one cannot but have faith that the U-boat menace will be got under 
full control chiefly by the actual cargo-carrying vessels.

I t  is proposed to deal with each contribution seriatum and end 
with a general summing up, including a modified design of ship 
evolved as a result of the impact of other minds which have been 
brought to bear on this vital matter.

Mr. H. J. W headon. The author is glad the question of the 
beam and drydock facilities has been raised. A survey of the 
docks available was made at the outset and the author recently had 
an opportunity of a visit to most of the principal docks. Greatly im
proved dry dock and repair facilities are desirable in this country, 
and it is only because such a small proportion of torpedoed vessels 
get the opportunity of ever reaching port again that a crisis in the 
repair facilities has not already arisen. Simultaneously with a build
ing programme of cargo warships a programme of new or enlarged 
drydocks and repair establishments would require to be embarked 
upon—if only to  bring our facilities in line with the modern con
tinental repair establishments which have for some years been 
taking more and more w ork from British establishments because of 
superior equipment and facilities.

The repair establishments should m ’ke use of the proposed 
regional prefabrication w orks so that damaged portions may be cut 
away and new standard prefabrication parts in large portions welded 
in place.

As new cargo liners and oil tankers are as much as 72ft. wide, 
even these are debarred from  a large number of docks and more 
docks of up to 100ft. wide must be considered.

The inadequacy of the cargo-handling gear is realized and the 
number of holds and cranes has been since increased. The author

is now proposing twenty holds instead of twelve, and twenty derricks 
instead of ten cranes.

The suggestion that the electric propulsion m otor should be 
submersible seems to be a practical possibility, especially if the 
m otor is suspended from  the lower deck and the air-cooling equip
ment arranged above on the lower deck. A t any rate the covers 
of the motors should be designed by a mechanical engineer and not 
the usual flimsy type, so that a measure of explosive effect can be 
withstood. A single screw m otor could be placed in a small w ater
tight compartment well away from  the ship’s sides and bottom.

Mr. J. Calderwood. The author is glad to have Mr. Calder- 
wood’s general approbation of the possible elimination of the bed
plate. W ith regard to the boring out, etc., it was intended to 
consider the engine room portion of the ship’s bottom as the bed
plate and bore out and fit up as in norm al practice, afterw ards 
welding in this “engine room bottom ” to the ship. ’The intention 
was to have a flexible coupling to ensure alignm ent; incidentall} 
such a device would cause an appreciable ultim ate saving in fitting- 
on-board time.

The whole question of the connection between the engine and 
the propeller to suit w ar conditions needs investigation, much more 
lateral and axial flexibility is required to perm it even considerable 
ship distortion without causing the shafting to be immovable. Many 
fine ships have been lost by being rendered helpless by “ frozen” 
shafting.

The author agrees on the general noise problem of the turbo 
blowers, but it was intended to have a relatively low-speed (4,000 
r.p.m.) two-stage blower, the first stage delivery at about 1-Slb. per 
sq. in. and the second a t about 3-01b. per sq. in. The author is 
assured by blower experts that a silent job can be made. For the 
large power contemplated, turbo blowers and distributed air are an 
attractive proposition in size and weight.

The author agrees completely with all Mr. Calderwood’s re
m arks on silence and engine type; that is why a single acting two- 
stroke engine is shown on P late 1.

The author notes that Mr. Calderwood prefers the full double- 
ended ship; the author did not put this in the Paper as it seemed 
too revolutionary, but he is gratified to note the surprising accept
ance of a greater o r lesser measure of bow propulsion, as a  w ar 
measure.

W hen it comes to weight the double actor has advantages at 
a given speed, but on the score of simplicity, fewness of different 
parts, fundamental silence and freedom from  vibration, the author 
believes the single-acting two stroke has it. The best type of two 
stroke for crank silence is the opposed piston of the side rod type 
which is the only type with an alm ost self-supporting crankshaft. 
Three cylinders with this type are all that is required, especially if 
associated with a three-bladed propeller and twin screws to co- 
relate screw and engine variations in torque. The author is not sure 
that one cannot work in the main elements of the identical type of 
D oxford engine used in the present shipping program m e in a multi
screw scheme, if his rem arks on page 138 are applied to the smaller 
engine and the specific power increased.

If a very high powered engine is required he thinks there is no 
doubt that the Vee double actor is the best economic type and that 
he was right to investigate this type fully. Once one comes to, say, 
four screws the engine problem becomes much easier and many more 
engine types become available. W hilst the author believes it is 
desirable to use the large direct drive engine industry to the full, 
in the National interests the indirect drive with virtually aero 
engines appears to  have overwhelm ing advantages for such vessels 
as cargo warships. W e should not consider Federation demarkations 
in wartime, and any possible m anufacturers should be brought in.

Regarding submarine engines the Navy have experience of 
Sulzer submarine engines and should be in a position to give valuable 
experience. Such a type could be immediately used in the multi
screw scheme at 200-300 r.p.m. and allotted to auxiliary oil engine 
makers fo r production.

W hilst the author agrees that no new or revolutionary designs 
should be put into mass production without the fullest tests, he 
believes most definitely that wartime, as no other time, demands 
experiment and development of new instrum ents o f war. and that 
includes ships and engines as well as guns and tanks. He submits 
that our merchant shipbuilding policy requires complete revision in 
this respect. The object of this paper is to sow the seeds of such a 
technical revolution and stimulate the vitality.
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Mr. C. Wallace Saunders. Mr. Saunders suggests that a turbo 
electric installation “will save frame spaces”. Compared with Plate 
2 this is possible. The engine room on P late 2 was evolved over 
a year ago—not without much thought, to give the minimum volume 
of engine room on more or less conventional engine lines. An in
line engine of the type available demanded a long engine room, but 
every endeavour was made to keep it narrow  to give the greatest 
side protection; the author considers it now out of date.

The engine room with Vee single acting engines shown in P late 
1 is preferable w ith the auxiliary engines and equipment a ft and 
here  the engine room length is only 40ft. against the 68ft. of 
P late 2.

By using the six cylinder Vee double actor, and limiting the 
power to 7,500 b.h.p. in a single engine it is possible to reduce the 
main engine room to the astounding figure of 24ft.—no more than 
the bow engine room of P late 1 or the new hold width.

To the au thor’s knowledge this represents the smallest, lightest, 
and most economical engine room possible for direct drive cargo 
warship machinery to-day, and is well worth considering in any 
National development. The control platform  can be between 
the cylinders on the top platform  and all possible auxiliaries can be 
on the same level, but a f t  in a central flat which will even include 
the steering gear and will be all exceptionally well protected from 
possible enemy underw ater action. This is a new conception of 
engine room but the author maintains it is a correct one. The total 
weight of machinery of each engine room (of 7,500 b.h.p.) need not 
exceed 250 tons and the “marine engineer” man hours could be 
made not to exceed that of a 2,500 i.h.p. steam installation by careful 
utilisation of available external contractors fo r auxiliary machinery, 
fuel injection, scavenging and air starting equipment. As an im
mediate aid to production, reconditioned and derated Merlin aero 
engines, using petrol of an available octave number, could be used 
fo r generating purposes and looked a fte r by the mechanics attend
ing the a irc ra ft maintenance.

The balance of a three cylinder double actor is not perfect but 
with balance weights can be made adequate—the first double action 
engine the author designed (cyls. 214in. x 38in.)—for m.v. "Irania”— 
ran very smoothly, but the Vee arrangement will be worse than an 
equivalent powered in line three cylinder. Given great care to re
duce the weight of the reciprocating parts, the author sees no reason 
why the reciprocating parts o f a new 24in. engine should not be 
less than half the weight of an old type 27iin. bore engine.

I f  four screws are used the experimental nature of the direct 
drive disappears and the stage is set fo r a battle royal of the types.

The criticisms of the integral bedplate have been dealt with in 
replies to other speakers.

Separate pump rooms are, the author believes, essential to 
security, but there is no need fo r the piping to be excessive; inter
connecting piping should be an absolute minimum. Many a good 
ship has been lost through w ater leaking into a sound hold through 
pump lines.

W hilst the freedom of cyclic variation is a strong feature of the 
electric motor, the great developments in non-metallic flexible 
couplings must be kept in mind, not to mention the common or 
garden flywheel.

The chief problem is to prevent cylinder knocks being trans
mitted to the bedplate, and in that respect certain opposed single- 
acting cylinders or opposed pistons with side rods are necessary, 
but it is possible to use certain horizontal double-acting types. To 
what extent knock and noise could be reduced compared with pro
peller noises is a m atter for investigation and experim ent; usually 
the propeller noise is the greater.

To suggest that we should not experiment in war-time is to 
suggest that our technique before the w ar was good enough to win 
the w ar—the author does not believe it was.

Turbo-electric propulsion has all the virtues except low fu e l 
consumption, and as powers increase this becomes increasingly im
portant.

As other than marine engineers will see this discussion, it is 
thought fitting to point out that the Diesel electric proposals are not 
greatly beyond that recently proposed by H err Bleicken, the super
intendent engineer of the H am burg American Line, who, together 
with other German shipping firms, already have several fine 
Diesel electric ships; we have none. H r. Bleicken also suggests 
machinery at the extreme stern with generating engines above in the 
tween deck above the motor. British developments in this section 
of m arine engineering are urgently required.

Mr. E. C. W arne.  The author’s excursion into the realms o f 
Vee engines was not only to save man-hours but to ease certain pro
duction difficulties. In single acting engines this type can have

definite advantages ; for instance the Rolls aero engine, the General 
M otors locomotive two-stroke oil engines and the latest Deutz sub
marine engines, have eliminated any novelty; in fact we are well 
into the E ra  of Vee opposed or radial engines. In the case of the 
double acting engine the main difficulty is that one has not a straight 
l i f t ; fundamentally the author believes the advantages could be 
made to fa r outweigh the disadvantages. I t  can be adm itted that 
a  small engine of advanced aero engine size, say 7iin dia. x  9in. stroke, 
would not have these straight lift disadvantages.

A 16 cyl. Vee o r horizontally opposed engine (with perfect 
balance) a t 1,000 r.p.m. and 100 b.m.e.p. would develop about 3,000 
b.h.p.; six such engines would be required fo r power purposes and 
with two spare engines, say four in each engine room, the total 
weight could not exceed 30 tons. Such engines cannot be deemed 
impractical until they are built and tried ; the manufacture, develop
ment and maintenance could be simply arranged, only the designing 
would require a courageous outlook and a wide net.

The real point a t issue regarding large engines is as to whether 
there is a large simple double flow double acting engine sufficiently 
developed and reliable to which to apply the Vee principle. The 
author does not think there is.

In the author’s incursions into the Vee type of engine it may 
be thought that he stresses the importance of a short engine-room, 
but he has a very good reason fo r this. In  fact the present 13°/ 
volume ruling is a complete menace in war-time, and the figure 
should be altered to not exceeding half this figure forthw ith.

T here is a good case however—which the author had not 
initially contemplated— for using four simple three cylinder double- 
acting tw o-stroke engines if four screws can be used. But the 
indirect drive with the smallest practical high speed double-acting 
engine made in aero engine factories offers a much greater potential 
reliability with vast economy in weight and space if this type is to 
be considered, and time will be saved by short circuiting the large 
engines fo r the present.

The intention is not to have a large amount of pip ing; on the 
contrary the forw ard and a ft engine rooms are intended to be com
pletely independent. In the modified scheme a protected duct keel 
is provided to deal with the bottom  oil tank piping.

Regarding the built-in bed plate, the au thor believes it is possible 
to accommodate all engine stresses as in a normal ship’s bottom. 
The forw ard engine in Plate 1 was made Diesel electric to give 
perfect manoeuvrability, as the intention was not to use the direct 
drive main engine fo r astern running. M arine oil engines at 250 
r.p.m. are not so easy to obtain.

A defect of the turbine, both geared and electric, is the inability 
to change speed rapidly; the presence of a bow propeller opens up 
great possibilities in avoidance action if  the engines can be made 
to respond immediately to bridge requirements.

E ither the direct drive double-acting two-stroke or Diesel 
electric machinery would respond perfectly in this respect.

Mr. W . A. Christianson. I t is hardly correct to say, as Mr. 
Christianson suggests, that the whole basis of the proposals relates 
to  oil engines; it is ra ther that no technical problem exists in the case 
o f the steam turbine and oil fired boilers except the fundamental 
one of excessive consumption of fuel compared to that of oil 
engines. As the chief objection to high powers is high fuel con
sumption in times of fuel shortage, it is desirable to use that type 
of engine which uses least fuel. F o r high powers there are however 
great technical problems associated with oil engines; in normal types 
the weight and man-hours are excessive and some better solution 
m ust be found. The man-hours to build a normal 14,000 b.h.p. oil 
engine installation are not much less than the stated man hours to 
build a standard 10,000 tons d.w. sh ip ; the man hours for a geared 
turbine are, however, nearly half this figure. W hatever propelling 
proposals are immediately adopted, the layout should be such as to 
permit switching over to oil engines when they can be developed 
w ithout necessitating change to the hull.

Vee single-acting engines and multiple screws suggest one means 
o f reaching the high power required w ithout undue novelty. Any 
suitable engine proposals would have so many exhaust impulses as 
not to create problems of exhaust silence. Regarding the use of 
auxiliary engines to supplement the propulsive power, the author 
thinks the complication would make it hardly worth while, especially 
in a large installation with a relatively small spare auxiliary power.

Mr. H. O. Farmer. W hilst the author is in full agreement with 
Mr. Farm er regarding the use of relatively small high-speed engines, 
he thinks the use of engines of not less than 1,000 b.h.p. each should 
be considered; this implies an engine of aeronautical rather than of
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The Author’s Reply to the Discussion.

autom obile characteristics. Geared oil engines were not proposed 
because of the very limited gear cutting equipment in this country; 
in the future it may be possible to im port gears from  the new 
A merican gear factories, in which case the position may change. 
A fundamental objection is the gearing noise—a well defined 
characteristic on hydrophones; it  also entails having the engines 
below instead of in the tween decks.

Mr. H. D. Adam. Mr. Adam asks why we should not develop 
the submarine engine with genera to rs; why not indeed. Sulzer single- 
acting two-stroke submarine engines have been built under licence 
in this country which would form  an excellent basis type, so would 
the German M.A.N., especially as 16-cyl. vee engines and fitted with 
standard fuel injection equipment and turbo blowers. Such engines 
could be built in most of the auxiliary oil-engine works throughout 
the country in an efficient manner, with the minimum of novelty and 
experiment. Sm aller engines with similar cylinders could serve as 
auxiliaries.

Mr. E. F. Spanner. One realizes onlv too well with Mr. Spanner 
that the breadth-depth ratio is large, but here the author would 
appeal to  shipbuilding technicians to try  and solve this problem, 
as it is a main feature of the design. The author did not give details 
of the type of fram ing but originally envisaged the use of longi
tudinal box frames—either pressed or fabricated and then welded 
—and transverse frames of inverted tee bars. The general idea was 
to depend more on fram ing and less on a stressed skin, so that large 
sections o f plating could be blown away without serious effect. The 
use of welded joints and box sections opens up a completely new 
field and the author would recommend naval architects and ship 
draughtsmen to study a ir fram e technique to make the best use of 
material.

Just as welding has made the German submarine a much more 
difficult proposition to sink, so should w e use the same weapon 
against the submarine.

The idea of having oil of an inflammable nature adjacent to 
the side plating appears to me as a barbarous expedient of the first 
order, a m ixture of viscous oil and sand may have possibilities, but 
the whole m atter could be simply tested out in specially constructed 
test ships and torpedoes experimentally fired at sides with various 
internal constructions.

One advantage of the trapezoidal ship section is that explosion 
blast effects will tend to be kept off the deck.

T here does seem to be evidence that oil gives support to  shell 
plating in the case of tankers, and one would like to know how 
much better viscous oils (say, boiler oil) are than petrol o r w ater 
o r molasses or solids o f fluid character like sand or grain. Centre 
division tanks appear better than wing tank construction indicating 
how the forces are transmitted.

Then the construction of the outer plating is im portant. It 
would appear that tranverse fram ing o r transverse bulkheads tend 
to restrict or localize the longitudinal dam age; certainly welding 
gives improved resistance. The author questioned the captain of a 
torpedoed F ort (Canadian) type of vessel recently which had butt 
welds, riveted seams and riveted fram es; the amount of tearing was 
in the reverse order given, but the resistance of the welds was 
particularly commented upon. Im portant also is the evenness o f the 
supporting frames and a sort o f chequerboard secondary fram ing 
perhaps w orth consideration is that shown in Fig. 18. This, of 
course, is only suitable to welded construction. This box fram ing 
will give a locking effect to the side chamber filling material or 
liquid, which should aid the supporting and damping effect and 
transm it a less violent pressure to the inner plating design to w ith
stand high pressures. Personally the author believes that in the 
long run it will pay not to  try  to use the side protection spaces 
fo r bunkers o r cargo purposes, but to concentrate on the most 
efficient permanent side protection even at the cost o f space and 
deadweight.

In case of developments in this direction and to give an 
immediate protected place for either oil cargo or ballast, as well 
as giving greater bottom protection, strength of ship and vastly 
superior longitudinal distribution of cargo, the author proposes to 
revert to an earlier scheme which he evolved of using deep bottom 
tanks, not a double bottom but actual tanks some 8ft. deep with a 
central division. The expansion trunks are embodied in the vertical 
side bulkheads and the hatches are readily accommodated on the 
amidships side decks, reminiscent of tanker construction. A  central 
upward supported duct keel will be advantageous to give protection

to pipes. This construction is only made possible by the use of 
welded joints.

All practical experience seems to show that riveted joints are 
vastly in ferior to welded joints, and on this count alone a cargo 
warship should be all-welded. Comparative experience of explosion 
effects on American-built welded vessels and British-built riveted 
vessels with similar hold sizes and cargoes is urgently needed. 
Generally speaking the author feels sure that down welding will 
show superior results to side o r overhead welding, and machine 
welding will be best of all. A ll o f which supports the American  
policy o f the m axim um  possible prefabrication and welding under 
the correct conditions. The au thor’s own engine experience of 
welded fatigue and impact tests fully confirms this.

The author hopes that Mr. Spanner’s rem arks on the need for 
improved steering will be noted. T he author believes there are 
certain practical difficulties regarding K ort rotatable nozzles but 
this design does seem w orthy of close investigation and drawing- 
board development.

The author has no knowledge of the K ort propulsion nozzle, 
other than that gleaned from  the technical press and a paper on 
this subject in the current Transactions of the Institution of Naval 

'A rchitects. On approaching the K ort organisation in London, they 
stated that the swivelling type of nozzle has, so far, only been 
used on vessels of small horse power and that they would not be 
prepared to put forw ard this type fo r the large powers proposed. 
Apparently, the fixed type of nozzle is much superior because of 
its strong attachment to the hull, thus affording an excellent guard 
to the forw ard propellers in particular.

The au thor is taking much of Mr. Spanner’s advice regarding 
increased hold subdivision, the length of the holds is being reduced 
and means provided fo r pressure relief against anything but residual 
explosion effects.

The problem of the suggested deflated balloons doubtless will 
be the rubber shortage and the difficulty o f preventing puncture fol
lowing explosion effects. The author still prefers the a irtigh t upper 
hatch and the use of compressed a ir to make good minor air leaks. 
The experience with certain tankers has been definitely promising 
in this respect. Regarding waste-heat utilization, as indicated else
where, lightweight schemes with forced circulation are required, 
whether steam or hot w ater is used.

The author expresses his thanks fo r Mr. Spanner’s very helpful 
contribution to some of which the reply to Mr. N arbeth also 
applies.

Dr. C. S. Baker. W hilst there is no need fo r Dr. Baker to 
accept the author’s assumptions or conclusions on details, there is 
a great need, a pressing need, fo r a practical scientist of Dr. Baker’s 
renown to make his own investigations, unofficial o r official, of the 
suitability of the design of the present cargo ships and constructions 
to withstand enemy action. The author’s opinion, based on a fair 
knowledge of the facts, is that it is lamentable, however suitable the 
ships may be naval architecturally, to carry a given weight of cargo 
with a given weight of steel and quantity of propelling power in 
peace time.

The author wonders if Dr. Baker is aw are that whilst a U-boat 
will be content to deliver a single torpedo at a cargo vessel it 
will invariably deliver three torpedoes practically simultaneously at 
an oil tanker.

The author is afraid  a lot of naval architectural habits will 
have to be d iscarded; some of the vessels a t this very moment being 
sunk doubtless representing the acme of tank tests and inherent 
stability, are sinking due to inherent capacity to sink when holed. 
All the author is suggesting is tha t more attention should be given 
to the prevention of ships sinking in war-time, and that the peace
time design considerations be put completely to one side fo r the 
present.

A Canadian minister was quoted in the press as having stated 
that tv.’ice as many ships have been sunk as have been replaced 
since the w ar started. The author suggests that that is a good enough 
reason to design cargo ships specifically to suit w ar conditions, just 
as one would design a gun or a tank fo r  war, not peace. W ith 
regard to the unusual dimensions of the ship, a wide ship is to 
allow fo r the fitting of internal “blisters”, the real “strength w idth” 
is nearer 6 5 ft.; a wide ship is necessary to provide a suitable flying 
deck. The fine coefficient seems essential to reduce visible wake or 
bow-waves, but at present the author is more concerned with the 
capacity of the ship to survive than to agree with a peace-time ruling 
of ship proportions. On investigation a slightly bluffer ship may 
conceivably be possible, but it is doubtful. Certainly there are 
large differences in the visibility o f the w ater disturbances of
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different ships from  the air—this from my own air observation. 
As a m atter of interest Fig. 19 is included; this shows w ater dis
turbance in smooth clear M editerranean w ater; in disturbed 
N orthern w aters the “white” w ater is much more distinctive.

The author is very glad to have Dr. Baker’s confirmation of the 
British engine position and is hopeful that something will be done 
to ensure—to use Dr. Baker’s own excellent words—a development 
effort proportional to the problem and its urgency.

Mr. R. S. Blackledge. In  view of the common marine practice 
of playing fo r safety in this country regarding marine auxiliaries, 
Mr. Blackledge’s warning on over-motoring is timely for the high- 
duty war-time vessels.

Although it may not be possible to take marine motors from 
industrial stock shelves it is suggested that efficient industrial motor 
production should be utilized to avoid disturbing the customary 
“marine electrical firms" and in any case the form er are frequently 
more used to standardized mass production methods.

For w ar purposes it would appear that a uniform  voltage of 
230-250 should be used as in land practice fo r lighting and auxiliary 
power purposes, and, as indicated, wherever possible single-speed 
squirrel and cage motors should be used.

W ith regard to ventilation fans the advantage of axial-flow 
fans with induction motors should be noted.

Although no mention was made of shock loads, the intention 
was to have the greatest amount of electrical equipment above the 
lower deck. In the case of many auxiliaries there is no need to 
adhere to the conventional system o f locating most of the auxiliaries 
on the bottom platform  level; some auxiliaries, starting air, jacket 
wrater, fuel separators and all generators are better situated above 
the w ater level.

If  electric mean drive is used, the motors should be suspended 
from a deck and not supported from the ship’s bottom.

The presence of the two longitudinal ship’s alleyways fo r power 
wiring and piping should be attractive from an electrical point of 
view and this may facilitate the use of a cheaper form of insulation.

Two completely separated generating sets should make the 
all-electric ship attractive from  a war reliability point of view.

Mr. A. E. L. Chorlton. The type of engine Mr. Chorlton de
veloped for railway purposes is in fact a type which would be of 
great service. This engine was before its time and it is tragic that 
it was not continuously developed.

The author’s reason fo r proposing an engine of aero-engine 
dimensions is quite definite and clear cut. The author wants to 
make use of the greatest intemal-combustion engine producing in
dustry with immeasurably the greatest capacity for technical research 
and development as well as having a mass production mental outlook.

F or the power in question six o f Mr. Chorlton’s engines would 
be required in each engine room. By allowing for a mild super
charge there would be ample power even if one or two engines were 
continuously under overhaul. This is a type which should receive 
full consideration in view of the large amount of development work 
already put into it.

Eng. Lt.-Comdr. A. J. Eldcrton. The author agrees with Com’r. 
Elderton’s rem arks on the need fo r high-speed ships after the war 
to make good the deficiencies created by the war. The proposed 
ships could be designed with a view to rapid adaptation to carry 
say 50 passengers and by preparing a deck structure, prefabricated 
on American lines, the ship passenger service will be capable of 
rapid augmentation. W hether air transport will make this com
mercially w orth while is another matter.

The author does not agree that because of detail technical 
difficulties the proposal to  carry one or more a ircraft should be 
dropped, and is confident a full solution can be found by using the 
available technical skill and knowledge. N ot only is great experi
ence available from  aircraft carrier design but a ircraft themselves 
are being rapidly adapted to meet specific marine requirements. 
Special bilge keels will require development to prevent rolling, and 
it seems that the addition of forward propulsion will reduce pitching 
to an appreciable extent. The control of pitching in particular sug
gests a new line for the application of fins and all existing knowledge 
should be garnered. Every care is needed in hull form design to 
ensure a steady platform .

The author agrees with Com’r. Elderton that the “Buy British” 
policy can be carried too far, but that generally speaking we want 
a minimum of tra d e ; provided we get the article, trade and trans
portation are not in themselves productive. British workmen are 
better employed on articles requiring great skill with a large number 
of m an-hours per ton than hewing vast quantities of say coal o f a

low rate per ton, and in that respect the development of the internal- 
combustion engine provides great utility, high-grade employment and 
the minimum use of raw materials. N ational encouragement is 
therefore needed.

The author is glad to have Com’r. E lderton’s specialist remarks 
on economic exhaust utilization.

Mr. F. McAlister. In view of the param ount importance of 
finding a solution to the U-boat menace the au thor considers that 
all who feel they can contribute constructively to the development 
of a cargo warship should do so even though b usy ; now is not the 
time to stand on ceremony and better late than never. The author 
is glad to have Mr. M cAlister’s authoritative figures relating to 
propeller efficiencies at different speeds on record.

The author is sorry tha t Mr. M cAlister should consider he 
favours state control. God fo rb id ! W e are suffering to-day from  
excess of semi-technical dictatorship in the subject under considera
tion; we shall have to progress a long way fu rther in the mechanism 
of selectivity to positions of technical control before one would con
sider such a thing.

National assistance is suggested. The author uses the terms 
support, fo ster  and encourage, to aid a wide variety of designers 
of ship and engine types. W hilst the Government can well limit 
easily earned w ar profits, it should simultaneously foster “the geese 
that lay the golden eggs”, whoever may consume them.

The author also mentions regional establishments and develop
ment stations. Technicians as well as politicians can be dictators 
and competition should be encouraged. One would like to see far 
more “vertical” and less horizontal control of establishments. The 
fact that a man may excel at amassing “bawbees” or be particularly 
skilled at one branch of the art, industrial politics or science 
of engineering is no reason why he should be allow'ed to  control 
more than the branches in which he is most knowledgable.

Mr. C. T. Adams. T he fact that the A dm iralty is in full 
possession of the facts about sinkings does not imply that a fair 
idea of the situation is not known to others, nor does it imply that 
the best use is made of such knowledge and records, or even that 
all necessary records are kept. There are such things as depart
ments ; moreover recording staffs are seldom designing staffs. The 
author has attended many ship casualty meetings, but confesses that 
he has never known a ship designer to be present or for that m atter 
a marine-engine designer.

The suggestion that six ocean-class vessels could be built instead 
of one cargo warship is surely wide of the mark, especially when no 
such welded ship has yet been built in a B ritish yard.

W ith regard to the use of steam turbines and water-tube boilers, 
the author certainly suggests they should be used but would like 
simultaneously attention to be given to oil engine designs. More 
than eighteen months ago the author got out a design of steam 
turbine installation with a well-known firm and established that on 
weight, man-hours and space it was superior to normal oil-engine 
types—hence the suggestions to encourage new oil-engine develop
ments so as not to lose the great fuel savings possible. Since that 
time the fuel situation makes fuel economy an even more important 
consideration, but certainly not more important than having a special 
war-time ship. Mr. Adams’s explanation of the failure of British 
marine-engine builders to adapt or better still to innovate is not 
fa r from the truth. The fact must be admitted that technologically 
—however good our craftsm an—the British merchant shipbuilding 
and marine-engine industry is backward and lacks vigour, initiative 
and imagination.

Mr. Muckle.  A fter attending innumerable enquiries on vessels 
sunk by torpedo action the author is convinced, as is Mr. Muckle, 
that the problem of making the weather-deck hatches airtight is not 
serious, as the explosion force is frequently largely spent. The deck 
is usually completely undamaged and often only some of the wooden 
hatch covers are blown in to the air. This depends on the draught 
and cargo. The author feels confident that given proper side pro
tection and with protective explosion breaking lower decks, the air
tight main deck problem is not insurmountable. The author postu
lates simultaneously side as well as deck protection.

The degree of subdivision by strong transverse bulkheads would 
appear to make serious loss of stability due to the flooding of the 
lower decks extremely improbable, especially when the presence of 
ample oil tankage makes adjustm ent of trim  a relatively simple 
matter.

As indicated elsewhere, further thought has caused the author 
to abandon bolted-down lower-deck hatches and to consider only 
simple lightly-bolted flying deck hatches which can lift to give

178



The Author’s Reply to the Discussion.

pressure relief to serious explosions and yet be made adequately 
w atertight and airtight in most cases.

The problem of the longitudinal strength is eased by the new 
arrangem ent of the decks, but the intention was and is to use 
welded longitudinal box girders both for hatch coamings and along 
the ship’s bottom.

T here is now ample evidence that the present design of raised 
hatch coaming is quite unsuitable to w ar conditions as it form s a 
stress raiser of the first m agnitude; a ship torpedoed in say No. 2 
hold will often crack immediately abaft No. 2 hatch coaming and so 
on. Therefore the flush flying deck proposed is not so odd as may 
be supposed. As for the gunwale the normal construction con
stitutes a shocking stress raiser which simply is not suited to w ar 
conditions and the common German warship practice of a rounded 
gunwale must be followed. The modern engine or a ircraft designer’s 
attitude to stress concentrations must be applied to ship construc
tio n ; this eliminates anything but a stream-lined construction; the 
rivet hole and the patchy construction riveting necessitates have no 
place in cargo warship construction.

A war-time cargo boat must be able to stand a volley o f three 
torpedoes and survive. The author believes this can be done by the 
application of dynamic lessons to ship constructions.

By the fullest use of welding,*with careful design the light 
weight of the vessel will be little more than that of a present day 
riveted tanker as the use of welding itself contributes a saving of 
15 per cent, to w ork on.

The modifications to the orginal design will meet most of 
Mr. Muckle’s criticisms, but any fu rther co-operation will be greatly 
welcomed. One of the very first things to do is to take the out of 
date Tonnage Rules, bury them, forget them, and start with a clean 
sheet o f paper.

Mr. J. E. Church. Mr. Church suggests a cargo subm arine; 
undoubtedly fo r special purposes, fo r example supplies to Malta, 
or similar difficult ports, th e  use of cargo submarines is an obvious 
solution and in various form s are no doubt used by the Germans, 
but for the bulk of traffic the author feels a thoroughly adapted 
but much larger surface vessel will suffice. The technical difficulties 
of a submarine increase with size.

Is the 400ft. enough for landing aircraft?  It is believed so 
provided the a ircraft is adapted with extra flaps and a retarding 
wire p ickup; there is, however, a type becoming available which 
has unique advantages fo r this special duty.

Mr. Church suggests the flying deck should be continuous and 
as a result of further investigation the author now suggests a rather 
important change to the method of airplane take-off. Instead of 
using a catapult forw ard the latest proposal is to fit a turntable in 
the hangar to enable the aircraft to be turned round 180° to take-off 
towards aft. In  view of the long run available (425ft.) and recent 
developments in sea fighters, this is considered practical for take-off. 
The ship will preferably turn  out o f the wind and may reduce 
speed somewhat or it may even reverse into the wind. The bow 
propeller and rudder giving full control astern.

Instead of the two control tow ers a single low “U ” shaped 
streamlined bridge structure is proposed, the centre serving as the 
hangar. The A.A. and A.S. guns are now placed at each end of the 
side decks well out of the way.

The structure is low enough fo r a ircraft to fly over if a false 
landing is made and the silhouette of the bridge is curved and sloped 
to reduce the visibility, all sharp perpendicular outlines being 
eliminated. In spite of the increased freeboard of the flying deck 
the surface visibility is reduced rather than increased. This con
struction gives a perfect central control room and makes the fore 
part o f the vessel much more ship-shape.

A central telescopic periscope will give range of vision-—to the 
man in control. D uring landing the periscope would be lowered.

It is believed that the a ir stream can be controlled by proper 
shape of the bridge structure and if necessary, any degree of synthetic 
wind from electric fans or scoops in the bridge structure can be 
made to concentrate and stabilize the air stream  over the flying deck.

This construction eliminates the mechanical objections to the 
form er hangar door and nozzle, and will, it is believed, make a 
greater appeal to seamen in view of the spacious bridge with reason
able vision. The influence of a ircraft design will lie apparent.

The author is indebted to Mr. Church fo r constructive sugges
tions regarding the crew accommodation. This has been moved fu r
ther away from  the ends of the ship as he suggests. The author has 
also moved it towards the centre of the ship and the alleyways are 
now less likely to be flooded and are better protected. F o r w ar 
conditions side scuttles would appear to be unsuitable and the 
author suggests should be completely dispensed with for the present. 
A fter the war, deck skylights can easily be fitted to give ample

natural light. Tw o accommodation decks will be an improvement, 
officers above and men below, deck and engine-room crew being 
mixed for'd  and aft. The author agrees completely on the need 
for radical improvement of sailors “sea homes”. The American 
C-class o f ship gives a precedent for first-class crew accommodation 
which is also fireproof to a unique extent. The men’s accommoda
tion on new Swedish ships should be a  guide.

Mr. E. A. Beavin. The protection against air attack has been 
considered and in fact that is the m ajor reason for carrying fighter 
protection. This is considered far more effective than the provision 
of a heavy A.A. barrage, as Mr. Beavin’s instance of the four 
destroyers fully substantiates.

If  these vessels sailed in small convoys of, say, six vessels, a 
protective escort of six fighter a ircraft would not be taken lightly. 
The object of the flying deck is to perm it these fighters to re-alight 
and refuel at will. The author believes great improvements have 
been made in the capacity of certain new Allied types to take off 
and land and that fu rther improvements in fu ture  will be made in 
this direction. If, however, increased lengths or widths are needed 
fo r a cargo warship they must be provided.

Certainly the deck should be lightly arm oured forw ard and aft, 
especially in way of the accommodation and the machinery.

The author is glad M r. Beavin emphasized the improved surface- 
raider immunity of the cargo warship. The aircraft would be able 
to deal with all smaller surface vessels and daylight trailing sub
marines would have a “thin” time. The essence of the scheme is 
to  provide such a ship design as will enable the fullest use to be 
made of high perform ance fighter-bomber a irc ra ft as a routine pro
tective measure w ithout making too great demands on the courage 
of our airmen or the technical quality of the aircraft.

Mr. J. L. Kent. The au thor is glad Mr. K ent has made the 
historic reference to the use of cargo warships in Elizabethan times 
—that glorious era of B ritish marine power.

Regarding the vessel’s displacement, the author had hoped this 
would not exceed 18,000 tons by using a welded structure and high- 
duty engines, and therefore ensuring a moderate light w eigh t; this 
with the fine coefficient proposed suggested a power of about 14,000 
s.h.p., but in deference to  Mr. K ent’s specialized knowledge let us 
assume that a service power of 15,000 s.h.p. will be required to give 
a speed of 18 knots for a ship of this type.

To ensure an undetected race let us also assume two equal small- 
diam eter medium-speed well-buried screws situated no more than 
half the propeller diam eter from  the ship’s bottom.

T o give security o f mobility the author feels that some bow 
propulsion is essential. Mr. Kent suggests a more equal distribu
tion of power forw ard and aft. Bearing in mind his rem arks on the 
need fo r a bow wave low in height and broad, this suggests a fine 
bow line and to obtain this twin forw ard screws may be required 
or an open single screw. H ere there appears to be definite possi
bilities of controlling the bow wave not only by giving the optimum 
bow form but by direct suction effect of the side screws by placing 
them in the correct axial location on the ship’s side.

Once one adopts electric propulsion one has great geometric, 
and to a large extent economic, freedom of action. This confirms 
the author’s deep impression that the fu ture lies in electric propulsion 
to give the requisite flexibility of design.

In the revised ship arrangem ent drawings (P late 3) the author 
is showing the combination of spade rudder and propeller boss 
fairings which has always been his particular favourite as a result 
o f considerable model making. T o the eye it looks good with the 
bow propeller, as it makes a sort of hydrodynamic bulbous bow and 
clipper prow combined. No doubt it could be made very efficient. 
The spade propeller confers more w ork on the engineer, but with 
welded construction a beautiful underw ater form  could be obtained. 
The reduced forefron t will have manoeuvrability merits.

Mr. W . F. Spanner. The question of increased subdivision has 
alreadv been dealt with, but Mr. Spanner’s suggestions regarding the 
use of free surface correction of the fuel oil to give a normal G M , 
if a number of holds are flooded is interesting, especially when con
sidered with very novel ancillary “buoyancy lifebelts”. A defect 
would be that speed would require to be reduced, and it does seem 
desirable for our cargo warship always to be capable of running 
away; it is however a new line of attack which needs consideration, 
especially for existing vessels.

The use of distributed power units is bound to come. The 
author started with two sets of machinery, now it looks as if four 
sets are both possible and desirable, until air attack becomes much 
more dangerous. The author would suggest that if one has as 
many power units as screws this should be reasonable and four
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units will give immense security compared with the present single
screw “thum per”.

Reduction in propeller and machinery noise can be effected by 
running each propeller and its operating generator out o f step. The 
governing of Diesel-electric units can be made as simple as turbo
electric by feeding each m otor with a separate generator.

Mr. D. W .  Celling. I t is agreed with Mr. Gelling that the 
dimensions of the proposed cargo warship will impose a restriction 
on the number of ports tha t can be used without alteration, but as 
long as the draught does not exceed 28ft. this restriction will not 
be serious.

I t is also agreed tha t more than two lifeboats are desirable, 
although it is pointed out that each lifeboat could accommodate 
the entire crew. I t is also apparent that there should be no oil 
tanks immediately below either the lifeboats o r for that m atter the 
accommodation.

Surely 1,500-s.h.p. is considerable fo r 9 knots for a ship of the 
proposed size and lines when one considers the customary powers of 
tram p s; as will be seen from  replies to other speakers it is proposed 
to augment the bow propulsion to 7,500 s.h.p.

T he need fo r duplication and flexibility of ships’ side valves is 
now apparent and the suggestions made are noted for future con
sideration ; has Mr. Gelling considered cast steel chests welded to 
the plating? The suggestion of white-metal lined nuts fo r use with 
the main hatch covers is also well w orthy of consideration, instead 
of spring devices. The crane posts were to serve as f o r c e d  outlets 
o n ly ; the latest proposal is to fit the mechanical ventilating inlets 
and outlets fu rther inboard incorporated with the main trunk longi
tudinals.

Will the lifeboat protruding doors become jammed? Sometimes 
certainly, but the author thinks not often with careful design, 
whereas the present system of exposed lifeboats has a very high 
casualty rate.

Mr. Gelling’s last rem ark may be prophetic.
Meantime as a means of giving greater immediate security and 

also increased speed the author suggests that the latest American 
Liberty ships should be fitted with a bow Diesel electric unit. Careful 
prefabrication in a unit would make it simple to fit.

The author also suggests side protection is also an urgent matter 
fo r our American allies to take up as existing welded vessels could 
be readily adapted to blisters.

Mr. W . J. Middleton. The example of American production has 
demonstrated what can be done in the way of building shipyards 
if  the will is there behind it, and the author suggests to Mr. 
Middleton that there is no objection to getting Americans to aid 
us in this respect in view o f their proven capacity. As in America, 
it must be conceived and executed nationally with national finance; 
when all is said and done the T reasury  has already agreed to build 
special national shipyards in  A m e r i c a ;  why not in Britain, why 
not on the Thames?

On the subject of commercial suitability of the use of small 
engines and maintenance rather than repair and overhaul by the 
ship’s engineers, this is a  world tendency; it occurs with the London 
buses, the Diesel trains of America and is the rule with aircraft. 
Personally, the author thinks there will be a surplus of sm?ll engine 
building capacity a fte r the w ar and works overhauls and replace
ments w'ill be cheap and good. A t any rate it should be noted that 
Germany was rapidly leaving the mammoth oil engine in favour 
of the smaller multiple unit system before the war and Germany 
has always had a prominent place in Diesel developments.

N ot only new shipyards are wanted but new national engine 
works—unless we use existing nationally-financed aero engine 
shadow factories with an existing organisation and mentality for 
mass production.

There is much to  recommend the use o f forced-circulation 
boilers; the La Mont boilers fo r example could be arranged in the 
a fte r tween deck very satisfactorily, but the author would prefer 
electric to geared drive fo r reasons stated elsewhere.

The experience with cast steel crankshafts is noted, but a lot 
depends on the design. The nin or journals should be plain and 
hollow and not integral with webs. T here are castings and castings, 
but fundamentally there is no objection.

Mr. Middleton’s rem arks on post-w ar conditions are noted but 
the author thinks a Government subsidy could make un any de
ficiency. It is of course vital that even in w ar-tim e the vessels 
should be efficient cargo carriers, and it also must be remembered 
that post-war conditions will not be pre-w ar conditions even in 
shipping; the vast national interest America has taken in shipping 
has completely altered the centre of gravity of shipping, and the

author suggests we shall require “all our buttons on” a fte r the war.

Mr. F. A. Hunter. A fundamental point is raised. Should we 
have large engines of low ratio per unit weight constructed of 
easily obtained materials to enable repairs to be effected all over 
the world, i.e. large marine main and auxiliary engine practice as 
exemplified in P late 2, or should we have small highly-rated engines 
of specialized material and workmanship which must be replaced 
rather than repaired. I f  one contemplates the ubiquitous V 8-Ford 
with its superlative crankshaft and main working parts and its dis
tribution over the earth’s crust, or the aero engine w ith its highly 
specialized parts, the answer fo r the fu ture lies in the smaller 
specialized engine with organisation fo r replacement and o n ly  o n e  
s i z e  o f  e n g in e  c y l in d e r  th r o u g h o u t  th e  s h ip .

Large engines are too laborious to repair. The engine in 
P late 2 would have a bottom-end bolt over 3ft. long and 6in. in 
d iam eter; the split pin makes an excellent poker : the small double- 
acting engine with a 7i-in. bore would have a bottom-end bolt li-in . 
in diameter. T he author asks any practical engineer which he 
would rather handle?

The author agrees with Mr. H un ter’s suggestion regarding the 
allocation of the crew between the forw ard and a f t accommodation.

•
Eng. Com’r. H. F. Harold. The 12-knot ship with D ie s e l  engines 

would use little more than a quarter o f the amount of fuel oil. 
A fter the w ar it would be a simple m atter to fit sm aller engines 
to the cargo warship built up of parts of the m ore powerful w ar
time engines and have a splendid supply of spares to draw upon.

The author agrees that reliability is a first essential, hence the 
attractiveness of the multiple-unit scheme and electric drive. Then 
any speed can be made economical and alteration a fte r the war 
would be the absolute minimum. This is where the oil engine has 
peculiar advantages over the steam turbine.

A fte r the w ar there will be a surplus of high-grade precision 
factories to supply all engine parts fo f such installations.

If  cargo warships were sold a fter the w ar to shipowners at a 
low price it would be at any rate a more economic proposition than 
the disposal of say tanks and guns to  the scrap merchant.

Mr. J. H. Narbeth. Mr. N arbeth’s tribute to the memory of those 
of our members lost on active service is fully appreciated. His 
extremely helpful contribution will serve to awaken greater technical 
interest, to cause engineers to think as well as to serve.

There has been too much tendency to rely on the “Government” 
to solve our problems instead of all making our own individual 
contribution, and the suggestion of a symposium of inform ation con
tributed to by members regarding the effect of enemy action on 
ships will most certainly be considered by the Council.

The explanation given of the physical action of an explosion 
is inform ative and graphic, likewise the effects of these on various 
naval vessels. The need fo r the elimination of ordinary wood is 
demonstrated and it is here worth commenting on the excellent steel 
and asbestos panelling used on American M aritim e Shipping Board 
vessels which combines beauty with utility, a combination which 
has always been so appealing to Mr. Narbeth.

In the case of the cargo warship the author hopes the accom
modation partitioning will be an integral part of the ship’s structure 
and well away from  torpedo or mine action.

The suggestion is made that the inner shell or side bulkhead be 
continued to the weather deck and in the modified design this is 
done. The author has, however, given fu rth er thought to the 
optimum shape of the side bulkhead and is reminded of an incident 
concerning his late chief, Mr. D. B. Morison, when he was perfect
ing the corrugations of Scotch boiler furnaces. The scene was the 
courtyard of a well-known hostelry in the upper Tyne valley, the 
action was doubtless the quaffing of ale. In  the line of vision were 
hanging chains, mentally inspirated he connected catenary curves and 
constant loads per unit length and the optimum shape of a corrug-’t ’on 
in a boiler furnace. The result was the w'ell-known M orison fu r
nace. The problem of the inner side bulkhead is one associated 
with external pressure and strength and elasticity and freedom from 
stress concentrations, and can best be obtained by giving the plates 
a natural form. The author is therefore proposing four supports 
and three corrugations of suitable curved form ation to suit semi- 
radial pressure loadings.

The lower deck has been raised and a fu rth er bottom tank 
deck added. These light decks will support the sides and cross 
bulkheads and protect the weather deck and hatches as well as 
facilitating w ar cargo stowage.

Mr. N arbeth rem arks on the supporting effect of oil cargoes 
and the value of coal in damping explosions. This suggests the
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use of a specially suitable “filler” in the side explosion chambers. A 
material that suggests itself is san d ; grain size, type, whether loam 
o r sea sand, to be a m atter of experiment. This will enable the side 
chambers to be made much smaller. Sand would absorb energy, 
distribute the pressure and absorb the shattering effects of the 
outer skin.

The effect of different cargoes on the damage to the shell plating 
is interesting, bulk cargoes like oil, grain and the like, seem to be 
the worst, bale and box cargoes are better, and best o f all are well- 
packed bales of cotton or sisal. The relative ineffectiveness of oil 
is demonstrated by the fact that whilst wing bulkheads in oil tankers 
are burst asunder, centre bulkheads often are not. Oil, from  this 
point of view, is too efficient a transm itter of pressure waves.

The more efficient the blister “filler” the smaller the blister 
and the more cargo can be carried.

A  cargo of cotton bales below the main deck is known to be 
beneficial in preventing deck damage, and a hold packed with cotton 
bales—as would be expected—causes the extent of the side damage 
to be greatly minimised. In fact a 12,000 ton ship with holds say 
24ft. long and a ir tight hatches would be almost unsinkable if 
loaded completely w ith bales of cotton.

A lternative suggestions of materials fo r filling the blisters are, 
air-tight iron canisters, canisters filled w ith cotton or sawdust, 
bundles o f wood branches, cotton in small bales which will “fit” 
the chamber walls, small round wood pit props. The la tter seems 
a practical suggestion as the space could be tightly packed thus 
giving support, a ir spaces are formed and the wood itself has good 
damping properties which would take the brunt of the explosion.

These and other alternatives have been considered by the author 
and a solution evolved which is shown in Fig. 18, which makes

use of a light welded “chequerboard" outer shell, a corrugated inner 
shell supported on girders which has no fram ing whatever, i.e. 
it has the absolute minimum of stress concentrations so as to w ith
stand very high bursting gas pressures.

In the centre of area of each bulge is fitted a  welded light steel 
airtight canister, strapped to the outer plating. In  the intervening 
spaces is sand cotton. The expected operation is as follows :—

An exploding torpedo is resisted by the sand supported ribbed 
outer plate, the plate is forced inwards, bursting the a ir cannister, 
and the reduced pressure transm itted via the sand to the flexible 
corrugations which are designed to stand uniform  straining action.

Because of the fundamentally correct shape of the inner skin quite 
high pressure of the order of hundreds of pounds per sq. inch 
should be withstood by plates of norm al thickness as considerable 
plastic strains can be withstood provided  the conventional stiff but 
weak structures with rivet holes, angles o r bars are eliminated.

Even the top and the bottom of the corrugated side plate are 
free of connection w ith any ribs or beams.

W hilst the width of the hold is about 24ft. the explosion 
chamber is divided into nine transverse com partm ents or divisions.

All these new constructions are only possible w ith welded-plate 
joints.

W hen an explosion occurred a few  yards away from  the side of 
an ocean boat which has welded butts and seams the effect was 
just to “billow” the plates about the fram es in a manner never seen 
urith a riveted ship. The au thor is confident that a welded chequer 
board fram ing would have given even better results. In the above 
case the outer wall was analogous to the author’s proposed inner wall, 
but with w ater as a medium and the incident support the suggested 
inner blister wall.

Fig. 19.—Aerial photograph of bow waves made by ships in convoy.
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The author thinks there is evidence that longitudinal framing 
tends to elongate the torpedo explosion apertures and must be asso
ciated with strong and close transverse bulkheads to prevent this. On 
the o ther hand with transverse fram ing in the case of a well-laden 
ship the explosion can cause the explosion rip to extend up the 
topside and round the deck. Longitudinal strength below the gun
wale and above the bilge keel seems desirable to limit the tear. 
Again, however, the “chequer board welded on fram ing” seems to 
be the ideal “tear” localiser.

The freeboard has been increased, the conning towers moved 
further forward, the cranes are retractable and at sea are below the 
central trunk flying deck which is not unlike the R.F.A. “A ttendant”.

As fa r as this country is concerned the author firmly believes 
in the aero-engine type and is glad to have Mr. N arbeth’s support.

There is much to be said for Mr. N arbeth’s suggestion of three 
screws a ft like the “A rk Royal”, the centre screw to give rudder 
control and side screws to give rapid turning. Given electric p ro
pulsion with control of the relative propeller speeds from the 
bridge we have the ideal solution for rapid swerving. The author, 
however, does wish to retain a forw ard propeller and simplicity 
suggests two single screws to start with.

Criticism has been made of the height of the cranes 
above the flight deck, but it should be borne in mind that a high- 
wing aircraft was intended which, moreover, the author still believes 
is the correct type fo r ship-based aircraft. However, an alternative 
proposal is being made for hinged derricks which will make possible 
the use of low-wing aircraft.

It would be a pity to sacrifice the cargo-carrying part of the 
ship by having an amidship side structure as in most a ircraft car
riers, as the raison d’etre of the vessel, the carriage of cargo, must 
be given first preference.

Many alternative solutions of the landing, take-off and the 
storage of the ship-based aircraft have been considered. Advice 
has been received that not less than 150ft. is required for catapult
ing instead of the 100ft. allowed in Plate 1.

The vulnerability to sea and weather action of the forward 
hangar door is admitted, as is the desirability for high freeboard 
forw ard to facilitate take off in Atlantic w eathers—stated by one 
high authority to be not less than 30ft. This seems to indicate 
that it may be better to abandon the forward take-off altogether 
and take-off astern along the flight deck. Once a decision is taken 
in this direction it is possible to move the bridge structure forward, 
and thus increase the length of the flight deck to 425ft. It is also 
possible to give greater protection to the flight deck without undue 
aerodynamic interference, and to protect a lift and turntable 
arranged in the centre of the bridge structure, whilst f t  the same 
time maintaining a low visibility and making no encroachment on 
the cargo space.

This alternative construction will give many good features from 
a ship point of view.

Mr. Riddell. The author is glad to have Mr. Riddell’s interest 
in bow propulsion and is particularly pleased he has suggested the 
possibilities of the K ort nozzle. The author may have overstressed 
the importance of man-hours, but the problem of man-hours is 
hurled back at one whenever an innovation is suggested, and there
fore it has a real significance apart from any fundamental issue.

It can be readily established that the number of merchant ship
building man-hours is quite an unreasonable proportion of the total 
man-power effort, and no real expansion as in other w ar industries 
has taken place. No new shipbuilding or mass production schemes 
have been permitted in this country as in America, where in one 
new shipyard as many men are employed as are employed on the 
whole of British m erchant shipbuilding, according to a broadcast 
to America by the Controller of the Navy.

Status quo and proportional increments in the productivity of 
existing yards appears to have been the order of the day, rather than 
the national interest first.

The figure of 15 per cent, increase for the cost of a cargo 
warship hull compared with a tanker o f equal displacement is 
perhaps not fa r wrong after a number have been built, but the high 
power of the engines does introduce a very real addition in man- 
hours, unless mass-produced engines are considered.

A really up-to-date geared turbine installation of 14,000 s.h.p. 
whilst weighing no more than existing 2,200 s.h.p. reciprocating steam 
engines will absorb four times the man-hours. The turbo-electric 
would require five times as much and the direct-drive oil engines 
six times as much, assuming a conventional but efficient arrange
ment.

In fact the m an-hours of the oil-engine installation would be a 
substantial part o f that required to build an entire ship, and the

author thinks if one said a cargo warship would require twice the 
man-hours it w'ould be nearer the mark, w ithout machinery innova
tions.

The number of m an-hours required, however, entirely depends 
on the design of the article and the production organisation. For 
example, the author imagines the difference in man-hours to build 
a standard ship throughout the shipyards in America is very con
siderable and the lowest will be a vast improvement on pre-war 
figures of a vessel of similar size. In  this country the author 
imagines production man-hours of a standard aero engine has been 
reduced to a fraction of that required in pre-w ar days. An analysis 
of the relative improvement in man-hours made fo r aero-engine and 
marine engines would be, the author imagines, politically illuminating.

Mr. Riddell’s analysis of the propulsion problem does not take 
into account the need for high propeller revolutions to reduce man- 
hours and if one is limited to a given propeller speed it will be 
found that the scheme proposed is the most efficient from a pro
pulsive point of view, apart from  the actual design of the forward 
propeller. The author does think, however, that the forw ard power 
should be increased to 7,500 s.h.p., i.e. about that of a standard cargo 
liner, and that this power should be continuously in use to bring 
the total power to 15,000 s.h.p.

The use of a K ort nozzle fo r this bow unit would appear to 
be well w orth full investigation.

As to w hether the powers at bow and stern should be equal 
or not should, the author thinks, be settled by tank tests. A year 
ago the author got out a completely double-ended ship, as from  the 
machinery point of view it has many advantages especially if oil 
engines are used. I f  turbines are used then the scheme as pro
posed has advantages, especially when using the single-reduction 
non-reversing geared turbines a ft and Diesel-electric forward, all 
manoeuvring being done by the forw ard propeller, the Diesel-electric 
also providing the port power requirements. Such a scheme has 
many good features, the elimination of a reversing turbine being 
one, and the spreading of engine types another.

The possibility of more rapid steering w'ith reduced heel, direc
tional stability and the possibilities of reduced pitching and vertical 
lift all encourage bow propulsion. One point the author would 
stress is that the bow and stern propulsion units should be entirely 
separate and so should be pumping u n its ; cross connections will 
lead to complication and risk of both being put out of action.

An ideal application of the K ort nozzle would be in connection 
with the lifeboats; “ring” propellers are now being fitted to avoid 
injury to men in the w ater and the rotating nozzle would appear 
to offer definite advantages for this vital purpose.

Mr. Riddell suggests inclining the nozzle downwards to avoid 
ŵ ak-e effects. This would apply equally to the bow and could in 
fact be made to  reduce materially the effect o f the slip stream from 
the forward propeller on the hull.

In view of the great experience our American allies have of 
building K ort nozzles for river c raft and also the great experience 
they have of large double-ended ferries, the author strongly com
mends them to consider the possibilities of bow propulsion. As they 
have available the ideal vee two-stroke engines fo r Diesel-electric 
propulsion of such a forw ard propeller of say 3,000-4,000 s.h.p. in 
two or three units, there should be a minimum of delay in the 
application.

A fter fu rther thought about the d ra ft the author has 
decided to increase this to 28ft., that is to a tanker d raft rather 
than that of a cargo boat, as it will always be invariably possible 
to discharge oil cargo first. The increased d ra ft improves the pro
peller immersion.

Mr. E. W. Blocksidge. The author is glad to have a contribution 
from Mr. Blocksidge to focus attention on a m atter which concerns 
members of this Institute so very actutely, namely the need for 
lifeboats to be adapted to w ar conditions and not merely to B.O.T 
requirements based primarily on peace-time marine risks. The 
general design of P late 1 made the inclusion o f more than two life
boats difficult, but with the elevation of the flying deck it is now 
possible to adopt Mr. Blocksidge’s suggestion and fit in two 
additional boats, all four boats being arranged as high as possible 
above the side decks on sloping launching rails. As the lifeboat 
housings are nearer amidships, sea conditions will be better. A point 
to bear in mind is that no oil cargo will be allowed near the boats 
or the accommodation, and the later two are now adjacent in all 
cases.

The author is glad to have a confirmation regarding the need 
fo r larger lifeboats with suitable launching gear. Most present 
davits are most unsuited to w ar conditions, and the practice of 
having the boats outboard results in a large proportion of boats
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being hopelessly damaged by torpedo blast before being used. The 
revised design of lifeboat accommodation is shown in P late 3.

Mr. J. MacCregor. W hilst it is not anticipated that the internal 
wall o f the blister will be undamaged, it certainly will be damaged 
to a much less extent than the outer shell plating and will prevent 
m ajor effects in the holds and the usual havoc with bulkheads and 
hatches. The author looks on the blister as the first line of defence 
to restrict hold damage. F urther thought on this subject even 
suggests increase in the ship side protection as indicated elsewhere.

Coming to the problem of hatch-cover construction, Mr. 
M acGregor’s suggested hinged lid construction is very neat, and 
although for the present the au thor is retaining plain sectional “tile” 
steel hatches, he is glad to have this fu rther confirmation of possi
bilities from a hatch specialist. In  the modified design of ship the 
author is showing the hatch covers on the main deck bolted down, rnd 
in the case of lower deck hatch covers these are of similar construc
tion held loose. No fixings are suggested to the lower hatches as 
the weight of the cargo in the upper holds will weigh down the 
lower hatches to “break” the blast effect. The main deck hatches 
are free to lift slightly and return and by means of rubber “sausage” 
joints they can be made air- and water-tight, the lands being steel 
to steel to ensure the flush fitting required for the airplane runway.

The author agrees with the suggested reduced height of upper 
hold and does not use the term 'tween deck, as the length is only 
that of the lower holds. The additional deck and the vertical 
bulkhead trunks made the double bulkheads unnecessary, especially 
as the hold length is reduced to 24ft.

R egarding the use of telescopic samson posts the reproductions 
in Fig. 20, by Gordon Nicholls, the artist shows such a construc
tion in a design got out some two years ago. The design the 
author now prefers adheres to the use o f derricks, but the mechanism 
is located in the flying trunk sides and the same on posts hinged 
from the central trunks above the side decks. The proposed raised 
flying deck makes all this possible and the hold is much clearer of 
crane rooms and alleyways.

Second thoughts suggest that the ventilators should be separate 
trunks built into the transverse bulkheads and likewise the expansion 
trunks of the bottom cargo oil holds.

Mr. H. Mackegg. This is precisely the sort of constructive 
suggestion desired from  a specialist on oil purification. H ere is a 
case of how it is possible to get an increase in capacity of 250 per 
cent, fo r a weight and m an-hours increase of about 20 per cent. 
The author believes the same feature will become apparent with 
many other ro tary  auxiliaries, such as turbo blowers and centrifugal 
pumps fo r jacket water, ballast and cargo oil.

The same thought was in the au thor’s mind when he reckoned 
the direct-drive oil-engine to be as large as customary machining 
and handling equipment would permit with efficiency.

The author completely agrees with Mr. Mackegg’s ideas on 
high-capacity centrifuges.

Mr. Robert Welch. The author is grateful to Mr. Welch for 
his constructive contribution on s teering ; all he says is concurred 
in and the author trusts that his suggestion that models of double- 
sterned ships be tested out exhaustively at the N .P.L. will be 
noted by the authorities and acted on without delay. By all means 
let us have some practical evidence as soon as possible.

It is noted that Mr. W elch favours equal powers at both ends 
and the author trusts the advantages of the Hydrogap rudder will 
be applicable to a fine lined twin screw ship as well as single screw.

One reason for the fixed bow in P late 1 was to allow the normal 
minesweeping gear to operate and this also caused the author to 
try to find a  solution to an “enclosed” bow propeller. Such an 
enclosed design is worth expert investigation, but this must be left 
to specialists in such m a tte rs ; the logical development is no doubt 
the “K ort” nozzle if closed propellers are considered.

The use of electric propulsion m otors and twin screws would 
enable a large measure of directional control to be effected by instan
taneous control of the speed of revolution of each screw.

Mr. E. Sutton. Mr. Sutton asks if speed is a principal factor 
of immunity. The author thinks that if the evidence of sinkings 
is carefully sifted the answer w'ill be yes, but it will be doubly so 
if the vessel has low visibility, is difficult to  detect from  under 
w ater and yet fitted with good means of submarine detection so 
that our vessel can show a “clean pair of heels" to the submarine 
ascertained to be in the vicinity.

N ot so many ships capable of 18 knots have been lost whilst 
travelling at this speed, most cargo liners having speeds much 
below this.

A point which must always be borne in mind is the great on-cost 
of naval escort, and the vast shipbuilding effort absorbed in provid
ing ships of no direct cargo carrying capability.

The target area is certainly not 40-45 per cent, greater than 
that of a standard vessel; a projection of the vessel must be made 
in line with the direction of the bomb. I t is the dive bombing 
or low bombing attacks which are dangerous, when the bomb has 
a considerable component of horizontal velocity ; low freeboard 
and rounded gunwales help to reduce the target area. The author 
would say there is little o r no increase—the modern cargo liners 
72ft. wide will have a greater target area. In any case the control 
and power units are duplicated in the cargo w arship and will there
fore be difficult to put out of action.

Coming now to the question of speed and cargoes carried, the 
reductio ad absurdum  is of course that given a long enough period 
in port high voyage speed has only a minute effect. One must, 
however, assume rapid and urgent loading and unloading and that 
is why the author suggests the fitting of high speed cranes and 
clear hatches and the greatest use of the “belly” of the ship.

Given an adequate system of engine maintenance and preferably 
a number of indirectly connected engines, to ensure that cargo 
handling solely dictates the time in port, the author suggests that 
a reasonable time in port for a vessel o f the cargo capacity (bearing 
in mind at least one-third of the cargo can be pumped out) is 
five days and not a day longer. H e knows of several cases of
7,000 ton general cargoes being discharged in Glasgow in five days. 
The smaller holds could facilitate a m easure of simultaneous unload
ing and loading. One of the great advantages of either “lone” 
vessels or small convoys is that they do not cause congestion of the 
ports. The author has observed the port cyclic operation with the 
convoy system with interest. A nother point—it will be possible to 
use many ports now almost unused. Yet another point—who would 
suggest that British ports do not need overhaul in the way of 
unloading and loading equipment? T his is where we can learn 
from  our friends on the other side of the Atlantic just as much as 
in modern methods of ship and engine building, and during the 
next year or so considerable improvements can be reckoned up o n ; 
already during the past year improvements have been effected. 
Mr. Sutton’s time of 17 days to cross the A tlantic is a reasonable 
but good figure fo r to-day, but the au thor thinks his figure of 
five days for assembly and other delays is on the low side taking 
the average. Convoys to other parts of the world are not so good 
and the author thinks an average speed of 5 knots loading to 
unloading would be quite good. As the length o f the voyage 
increases so the value of high speeds becomes more apparent. The 
effect of time in port does emphasize the importance of reliability 
of machinery and indicates electric propulsion with multiple units 
that can be overhauled at sea. All this supports either turbo or 
Diesel-electric and any extra man-hours needed for their m anufac
ture will be fully justified subsequently.

Regarding many of the constructional points raised, these have 
been in the main dealt with in replies to other contributors, but the 
author would like to emphasize the need for low visibility; he thinks 
it will be found that submarine commanders will fully support this 
aspect; a submarine itself is a tricky bit of w ork just fo r this very 
purpose, and this elemental fact must be well and truly appreciated.

A number of criticisms have been made regarding the abnormal 
ratio of breadth to depth of the proposed vessel from a structural 
point of view. To such critics the author would say, what about 
the structure of an aeroplane’s w ing? T here is no reason whatever 
why by using welded joints and special framing, only possible with 
welding construction, a strong and yet light structure should not be 
evolved far superior to the present riveted structures.

A t any rate the author cannot imagine anything so lamentably 
unsuited to w ar conditions as the present design of cargo vessel, as 
proven by the thousands of sunken ships.

Regarding the cubic capacity, etc., the au thor has no doubt that 
as the design develops this will be made all that can be desired for 
war requirements.

Oil cargo is considered primarily as a means of controlling 
buoyancy. The author is quite certain that it will be possible to 
give 95 per cent, immunity from sinking by three torpedoes; the 
present cargo vessel does not enjoy a 5 per cent, immunity from 
one torpedo.

The lower decks would not be w atertight, merely explosion 
damping.

Regarding the main propelling machinery, in the author’s 
opinion the logical thing to do would be to start with turbo-electric 
machinery and follow on with Diesel-electric machinery, but de
velopment for the latter should be immediate. The U.S.A. can 
provide valuable technical assistance on both systems, but for real 
ultim ate production the author would “put his money” on the aero
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engine and electrical industries, and any time lost in preliminary 
development would be soon made up and moreover the norma! 
marine industry can be left almost undisturbed on present produc
tion. The author cannot see any other alternative, except to leave 
America to produce vast numbers of merchant vessels and our
selves to produce escorting warships, particularly as our present 
contribution of cargo carrying vessels is rapidly receding to a minor 
fraction of the total allied output. W hatever the ultimate production 
there is every argum ent in favour o f building a number of experi
mental ships as soon as designs can be evolved, and starting at long 
last on solving instead of shelving the U -boat menace.

The au thor is particularly glad that Mr. Sutton has called atten
tion to the need for reducing the total port time to the absolute 
m inim um ; this has a vital effect on the design of a cargo warship.

Mr. McDermid. The contribution o f Mr. M cDermid is interest
ing as giving the reactions to the P aper of a technician associated 
with an industry other than shipping, to whom the author can well 
imagine the British shipping position m ust appear very baffling, 
especially when related to American effort.

H is suggestion of over-engining will be good when we can get 
the engines and the author has no doubt that with development 
of the cargo warship type the powers and speeds will greatly in
crease, and no doubt an economy unit will also be provided, say the 
a ft engine. The Diesel-electric proposals are ideal in this respect.

Mr. Victor Dover. One of the significant features o f the w ar
time shipping situation has been the insignificant effort o r at any 
rate ineffective effort of shipowners to adapt existing ships or to

F ig . 20.— The well-known artist Gordon Nicholl’s  impression o f the cargo warship as depicted by the author’s designs in 1941. (T op) Cargo
warship at sea; (lower) cargo warship in port.
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build new ships more suited to w ar conditions, and perhaps one 
reason why they have not interested themselves has been the lack 
of financial incentive in view of there not being a differential w ar risk 
premium which would encourage expenditure on protective devices. 
The author is therefore glad to have Mr. D over’s comments on this 
aspect.

The exception to the above statem ent has been the universal 
demand from shipowners and m aster mariners for more speed, a 
demand which, as is well known, was resisted fo r long by the de
partment in control who must be held responsible fo r the complete 
lack of success in producing a suitable type of cargo vessel without 
requiring vast and costly naval protection. In other words, they 
"passed the buck” to the Royal Navy, whose magnificent response 
cannot be over-estimated.

Mr. Dover says British shipbuilding technique has always been 
in the fo re fro n t; until the American programme it certainly was in 
quantity but not fo r some years in technique. The author thought 
he had made the position clear as regards marine engines, but with 
regard to shipbuilding technique the author would like to mention a 
recent motion which was put by Dr. Baker and carried at a meeting 
o f the N orth  E ast Coast Institution of Engineers and Shipbuilders 
in which the lack of scientific research and development in naval 
architecture was deprecated.

This did not make the position appear exactly rosy for British 
naval architecture. Coming to actual production methods, the 
author does not think that British ship and engine methods are 
precisely in the forefront to say the least and it is a remarkable 
tribute to British workmen that their efforts have offset the lack 
of modern equipment and technique to such an extent.

A t the present moment there is a great im port of ships to  this 
country from  U.S.A. and it looks as if this will continue after 
the war.

Captain T. S. Morgan. The author’s special thanks are due to 
Captain M organ for a contribution from a practical seaman. H is 
experiences of the torpedoed ships are just w hat the author has 
heard recounted until sick at heart. I f  only shipbuilders, ship 
designers, naval architects and marine engineers w ill attune their 
minds to war conditions, they w ill soon alleviate this terrible 
destruction.

The author appeals to every technician in the shipbuilding in
dustry to think fo r him self and to study naval construction and the 
effects of explosions in ships and their possible remedy. The author 
hopes Captain M organ will approve of the return to an earlier 
design with bottom tanks and a more even ballast loading.

It is believed that the overside door to the lifeboat compartment 
can be made a really practical job, but an endeavour is being made 
to find a solution without requiring a door. It would of course 
be counterpoised and should be supported from the centre and not 
from the ends as shown in Plate 1. The author’s object is that 
the lifeboats, if inside, can be kept in perfect trim  with engine 
always warm and ready to start. The lifeboats, davits, etc., would 
be a specialist’s job designed by specialists and fitted by the ship
builders.

Mr. Dunlop. Mr. Dunlop’s contribution is particularly interest
ing as coming from an engine designer, and the author finds himself 
in agreement with most of his remarks. The author believes, how
ever, that for the amount of effort required to produce new engine 
types the reward would be great—if a real co-ordinated effort is 
made. The author definitely does not think we should consider 
foreign engines except as a fu rther string to our bow, but first 
full scope should be given to  a wide variety of British engine 
designers—not only marine. There can be no monopoly of en
deavour in such a total w ar as that now being waged.

Many firms and designers have a developed theory and prac
tice. By all means give them a chance, but also give young men a 
chance such as the author had himself seventeen years ago. But 
give them decent m anufacturing facilities and above all give them 
all the scientific help they n eed ; give them established good test
ing conditions and facilities and a nice fat purse to draw upon. 
The nation would get good value for the w ar and the peace.

T he author has looked into the possibilities o f the internal- 
combustion turbine with electric reduction. The weight, and even 
m an-hours are definitely attractive, but the fuel consumption is not 
as good as the steam turbine. Unfortunately, the development of 
the large units is Swiss, and it is doubted whether the necessary 
technical co-operation would be possible to arrange. It would be 
extremely interesting for the certain sections of our aero-engine 
industry to have a crack at such a proposal with multiple units and 
it is hoped this suggestion will fall on fertile soil.

To ensure reliability in new engine units developed at such a 
time and for such a  purpose, a small multiple type which can be 
replaced with ease offers the least risk and experiment.

Stalin is quoted by Beaverbrook as having said : "T his w ar is 
a w ar of engines”. Stalin knew his stuff. W hen we pinned our 
faith for nearly three years of the w ar on the obsolete coal-burning 
marine steam engine, we certainly showed we had not then attained 
(nor have we yet aivakened nationally) to the fu ll realization o f the 
meaning o f engine power and its significance relative to the speed 
o f  propulsion o f vehicles o f war.

Captain Spriddell. T here is no reason why the fine ends of the 
vessel could not with advantage be used for grain cargoes. The 
fact that hatches are not shown is purely due to  the need to omit 
detail. Naturally, expansion trunks would be needed in the case of 
oil. As the author has had to be his own draughtsman, he pleads for 
some leniency in such matters. These points are shown in the 
new drawings. The idea of carrying grain under the crew accom
modation is attractive.

Considerable doubts have been raised as to the suggested use 
of steel airtight hatches. The author fully realizes the difficulties as 
many designs and pictorial constructions have been studied, but one 
thing the author feels certain about is that the present use of 
wooden hatch covers and tarpaulins is criminal, as the sinking time 
due to the inrush of w ater and loss of buoyancy is so rapid.

Some measure of delaying time is absolutely essential to give 
the crew a chance to get away from the ship. Consideration of our 
m erchant sailors is surely a m atter of prime importance. Boats 
may be difficult to lower and undue hurry  m ust be avoided when 
days or weeks in open boats are in prospect.

Some measure of airtightness is simple to arrange—absolute 
airtightness difficult. But as long as the compartm entation and the 
means for discharging part of the liquid cargo or ballast are 
adequate, all that is wanted is a delaying action to give time to 
make up the loss of buoyancy due to the entry of the sea. _

Fundamentally, therefore,, as long as the means to discharge 
are greater than the leakage o f air in cubic capacity, buoyancy con
trol is effective. There are plenty of hatch cover “brains” in this 
country not being used to help to solve this vital w ar problem.

A ttention should be drawn to the fact that it is the combination 
o f shell plating design, torpedo blister, hold subdivision, cargo 
arrangement and strong hatch covers which is vital and not any 
one feature taken by itself. The main ultimate aim is to maintain 
airtightness o f the greatest possible proportion o f the upper portion 
o f the ship to maintain buoyancy.

The author has examined many published designs of internal 
compartm entation to resist torpedo action, and any engineer used 
to explosive forces (say an internal-combustion engine) cannot but 
be struck by the comparative crudeness of the designs, admittedly 
due in a large m easure to  the use of riveted joints which impose 
such serious design limitations.

From  many interviews with torpedoed ships’ captains, the author 
is convinced that a vast improvement in the design of a ship is 
possible, and it m ust be realized by everybody that the normal ship 
is quite unsuited to  withstand torpedo action, as has been only too 
tragically demonstrated.

The author believes that a large am ount o f valuable inform a
tion could be obtained from small-scale experiments, which should 
be instituted w ith the- utm ost dispatch, to be followed by full-scale 
experiments on an unprecedented scale. It is believed that not many 
ships need be sacrificed to give the desired inform ation and portions 
of existing ships should be adapted immediately and subjected to 
torpedo action under various conditions.

Such experiments should include hatch cover alternatives. I f  is 
hoped those in the highest authority w ill ascertain precisely the 
extent o f experiments and developments on such m atters since the 
war started.

Coming to Captain Spriddell’s other points, the author would 
very much like shipping firms in general to consider the cargo space 
and accommodation and to offer suggestions as to how these can be 
made to suit particular trades. Suggestions regarding the capstan 
and warping gear are also wanted from those more competent to 
deal with such m atters than the author.

The new trunk design of deck will perhaps appeal more to 
Captain Spriddell.

The author realizes the enormity of his crime regarding^ the 
captain’s accommodation, but w hat about the accommodation in a 
submarine? The author is afraid  only war-time accommodation is 
possible. A fterw ards something really first class can be put above 
deck. The new arrangement of accommodation is improved, but 
these are specialists’ problems.
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The suggestion that the cranes of varying lifting capacity should 
be used appears sound, and this is shown on the new drawing. As 
the swing is sm aller than usual the saving in weight may not be so 
great.

Captain Spriddell’s other rem arks are dealt with in replies to 
other speakers.

Dr. S. F. Dorey. Dr. D orey’s contribution is very realistic and 
very valuable. H e shows the need fo r perfect dynamic balance which, 
unfortunately, means more cylinders. This in turn, is incompatible 
with lowest production costs. F or example the Vee six-cylinder 
would have a simple crankshaft, very similar to a triple-expansion 
steam engine and the crankcase would be short and simple and 
easily handled. No inner joins of crankshaft or crankcase would be 
necessary.

R eferring to the table, it will be noticed that it would be 
possible to improve the prim ary vertical couple at the expense of 
the horizontal couple by larger balance weights.

In view of the prime need for a vibrationless vessel it may well 
be that any idea of saving in w'eight and man-hours by using the 
fewest number of cylinders should be abandoned, and a much smaller 
engine with as many as six cranks and twelve cylinders (two banks 
at 30°) considered. F or a power of 7,500 s.h.p. at 175 r.p.m. the 
cylinder size would be only 18in. dia. with 36in. stroke, with a 
b.m.e.p. of 821b. per sq. in. and a m oderate piston speed of 1,050ft./ 
min. The length of such an engine would be only 27ft., thus per
mitting an engine-room length of only 33ft.

Such an engine could be assembled a t m arine engine works, but 
most o f detail parts, such as liners, covers, cylinders, etc., could be 
readily m anufactured at auxiliary oil engine works throughout the 
length and breadth of the country. There is knowledge and experi
ence available to  design and produce such an engine very quickly 
by using proven fuel injection and turbo-blower pump equipment. 
The size w'ould ensure freedom from heat stresses. It is believed 
that the greater m anufacturing capacity available for such a 
moderate-sized engine will much more than compensate for the 
greater complication. The weight should not exceed 401b. per s.h.p. 
for a bedplateless and all-welded engine.

R eferring to  the proposals on page 146, it would rppear that 
instead of the 27in.. 24in. and 14in. engines, the development could 
well be compressed into one engine of 18in. dia. to cover any direct- 
drive schemes.

The “aero engine’” size would provide both the indirect-drive 
engine and the auxiliary engines fo r the direct-drive scheme.

Thus, only two engine sizes are required to utilize all marine 
oil engine production.

Initially, development contracts could well be placed with, say, 
twelve main firms, six to auxiliary engine makers and six to marine 
engine makers, and the final designs accepted for mass production— 
the result of tested performance.

Only variations in cylinders and details would be needed. The 
author believes there are immense possibilities in such national 
developments. A condition should be that all patents rnd designs 
should be the property of the Government and all firms would be 
free to use all such patents and designs. Means for any personal 
recognition could be simply arranged as in any form of national 
service.

Mr. H. A. J. Silley. As Mr. Silley remarks, the paper is based 
on a number o f assumptions for which the author h"’S satisfied 
himself that proof could be given if it were permitted, a^d this 
suggests that if the fullest technical statistics o f enemy action on 
merchant ships were made available to all responsible members of 
the industry ways and means would be evolved to  solve the U-boat 
menace.

Regarding the sinking of the Prince o f Wales and the Repulse, 
whilst these vessels received m?ny torpedo attacks the outstanding 
resistance of the Bism arck  is also an object lesson. In the last w ar 
light blisters were fitted to ships having heavy arm our showing that 
mere strength is not enough. The differential effect of torpedoes 
on merchant vessels has suggested there is great scope; can the 
merchant shipbuilding section bring proof that various torpedo 
explosion resisting integral constructions have been tried in merchant 
vessels and proved ineffective?—have any been tried? H as any 
scientific data been collected of the effect of explosions on merchant 
vessels and used to evolve new' designs?

W hat real experimental w ork has been carried out? I trust these 
questions will be asked by those in control.

Is a tanker more immune than a cargo vessel from torpedo 
action? there seems no doubt on this score; a  tanker is greatly 
superior.

The behaviour of the decks depends on the loading, the cargo, 
the ship's structure, and the weather, and is again very variable, 
showing the scope in design. Protection of the decks can best be 
given by control of the explosion at the ship’s sides. Once the 
explosion is allowed to enter the holds then the relief afforded 
by loose hatch covers may be necessary to avoid greater damage.

W ith regard to any delay likely in changing over to new designs 
of engines, this would surely be a m atter of careful organisation 
and the development of types of engines to suit the three m ajor 
kinds, of engine works, that is marine, marine auxiliary and aero 
engine works. Already in this country a number of new types of 
turbine machinery and oil engines have been commenced in works 
which have not previously built such engines.

In  the au thor’s opinion there is not nearly enough standardisa
tion of engine types, whether turbine, oil engine, o r steam engine 
to suit w ar conditions, and America w ith its central design control 
could teach us much in this respect. G reater standardisation would 
greatly assist engine repairing as well as production.

The author is glad the question of repairing has been raised 
by a ship repairer. The intention is that present repair establish
ments would continue to deal with present ship types, but fo r deal
ing with ships of the new welded type, special new repair facilities 
would be required to be put down on the new American plan, which 
depends on prefabrication. The author has gathered that our repair 
yards have not as yet been able to deal very effectively with repairs 
to American welded ships on these lines.

On a visit to a C2 vessel w’hich had previously been in a 
collision which destroyed 60ft. of bow, the author was informed 
that the damage was wirelessed to a suitable port, a complete pre
fabricated bow intended for a new ship got ready, and the actual 
repair took only two to three weeks. I t  may well be that the 
construction of shipbuilding docks w ith the prefabrication system 
could work side by side with ship repairing. I f  fo r example a yard 
with six such docks were laid down, one dock could be used con
tinuously fo r repairs and more used as required. A t any rate the 
building and repairing of vessels like all welded cargo warships 
must be treated as one problem. No doubt British repair yards 
would be required in the U.S.A., and just as logically American 
ships should have American ship-repairing establishments in this 
country. I t is believed that much repairing time on American ships 
damaged en route to this country could be saved by this latter 
suggestion.

Mr. A. E. Crighton. Mr. Crighton’s rem arks are all very per
tinent and therefore will be dealt with seriatim.

General Arrangement.—Much as the author would like to retain 
the lowest silhouette there is no doubt a higher flight deck is needed 
and this will give the greater freeboard and the various other advan
tages cited by Mr. Crighton.

Stability.—This will need fuller investigation than the author is 
able to deal with as there are a number of new features, not the least 
being the weight of the “blisters’'.

The raising of the lower deck proposed will aid m atters and 
so will the raising of the flight deck and the increase in the draft 
from  26ft. to 28ft. makes for normality.

I t  may even be necessary to sacrifice com fort fo r security. On 
the basis o f the latest design it is hoped that naval architects them
selves will go a step fu rther and apply known data to the new 
ship type.

Lifeboats.— Mr. C righton’s views are concurred in and four 
lifeboats are now to be provided.

Construction and Pillaring.—As indicated elsewhere the intention 
was to use welded box girders and pillar construction where possible 
and this has been developed fu rther in Fig. 18, which is self- 
explanatory. It is agreed that a double bottom, if  specially designed, 
will be invaluable from  a mine protection point o f view, and bottom 
tanks are now proposed in the revised design.

Prefabrication.—Provided the inner wall o f the blister is free 
of fram ing of any description, the author believes it will be possible 
to provide a  corrugated wall which will be simple to produce and 
require the minimum of welding man-hours. The new design is an 
improvement on that proposed in the Paper.

Normal inner skins as used in naval c ra ft have been considered, 
but it is considered that the complication fo r a given strength is 
great and the real explosion resistance greatly reduced by the 
number of stress raisers inevitably caused. One does not rib the 
outside of a Scotch boiler shell! and the pressures involved in the 
blister may be higher.

Furtherm ore the inner and outer walls should be non-rigidly 
connected to allow of the action o f damping materials.

The water space in the blisters used in the last w ar do appear
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to have contributed to the strength, but it m ust be remembered that 
the inner wall often consisted of arm our plate and was immensely 
strong. Personally the author feels that flexibility and damping 
^lone can solve the problem of explosion effects which have not 
impact.

Crew Accommodation .—It is agreed that the crew space is in
adequate and a second accommodation deck is being provided so 
that officers are above and men below to give greatly improved 
living conditions; some of the accommodation forw ard is being 
dispensed with. Stores and refrigerated  space also need greatly 
increasing in size and improving in position.

Compartmentation.—W ith reduced length of hold, depth of lower 
hold, and the improved support of the bulkheads by the three box 
trunks, the author agrees that the double bulkhead can be dis
pensed with in favour of single plating with “chequer board” stiffen
ing. The intention had been to use the double bulkheads fo r 
accommodating the bilge pipes and the bilge pumps, the la tter being 
separate fo r each hold and located near the crane rooms, hence the 
author’s rem arks on page 146.

In the modified design a duct keel is provided and a duplicate 
bilge system fo r the lower holds is arranged therein. The floor of 
the lower hold is especially sloped towards the ship centre line to 
aid draining for this purpose. In the case of the upper holds the 
bilge pipes are taken up the central box trunks to the offside of 
the low er hatch coaming beam and the lower deck is sloped down 
to this beam to afford drainage. In a war-time ship all piping 
should be towards the centre of the ship and away from  the sides. 
It is believed that the proposed special duct keel will enable a 
“common” bilge pumping system to be used.

The author appreciates Mr. Crighton’s response.

SUMMARISED NOTES ON THE REVISED DESICN REQUIREMENTS 
OF THE CARCO WARSHIP.

Cargo Carrying Efficiency.
H igh efficiency as a cargo carrier will be obtained by using 

the best middle portion of the ship for cargo and delegating the 
machinery to the fine ends. The use of light and efficient oil 
engines will ensure minimum machinery and fuel weights. The 
saving in engine weight and the use of welding will make the vessel 
lightweight comparable to commercial types.
Speed of Cargo Carrying in a Civen Ship.

The high speed at sea of 18 knots when fully loaded needs 
ample reliable pow er; high speed when light requires sufficient 
ballast and clean w atertight decks; high speed of loading and un
loading requires first class holds and cranes. H igh speed of tu rn
over in port means no engine delays and hence a modern engine 
replace and maintenance system. H igh average port to port speed 
means no routing delays and hence small convoys o r no convoys.

I t  is believed that provision can be made to obtain the above 
requisites to  such an extent as to give a carrying capacity three times 
tha t of the present slow convoyed ship.
High Speed Loading and Unloading.

Provision should be made for :—
Ten hatches 42ft. X 20ft. which can be easily opened and 

closed. Twenty immediately available rapid derricks capable of 
heavy and small lifts at suitable lift speeds to enable simul
taneous working at each side of the ship. Deep tween decks 
and shallow lower holds which facilitate the stowage of 
vehicles, tanks, guns and general munitions. Means for easy 
trim ming of the ship to facilitate storage.

Cargo Stowage.
T he stowage should be made to a specific plan, based on experi

ments, to give the greatest explosion resistance.
N orm al deck cargo (large cases) can be placed in the space be

tween low er and flying deck hatches.

Visibility.
W hilst the height of the flying deck has been raised to 15ft. 

above the w ater line, no cranes are now visible and the overall height 
of the bridge is reduced. The height of the control room is reduced 
to the absolute minimum and a telescopic periscope is considered 
more efficient than crows’ nests to give more perfect bridge control 
in avoidance action.

F rom  an a ircraft point of view, all above deck structure would 
be better dispensed with altogether, and this must be done as far 
as possible by reduction in height of the bridge structure, so that 
an a irc ra ft making a false landing can take off again with a slight 
“bank”.

I t  is regretted that the visibility of the deck line is increased,

but the reasons fo r so doing are strong when the need fo r the 
regular use of ship based a ircraft is considered. The overall 
visibility is reduced.
Protection Against the Submarine.

H igh speed, low visibility, minimum self underw ater noise but 
maximum capacity of underw ater detection, an airscout plane capable 
of frequent flights, capacity to w ithstand up to three torpedo hits 
and yet maintain safe speed, instantaneous ship control and high 
degree of manoeuvrability to  take avoidance action, are all necessary.

Duplicate multi-bore gun arm am ent on each side decks. Capacity 
to take punishment, thus causing submarine to “wratch his step” and 
“keep his distance” is good defence.
Protection Against Torpedoes.

The side protection must be given the greatest transverse division 
(24ft.) with scientifically correct corrugations in the pressure wall 
having four point suspension. T he “blisters” should contain a 
shock absorbing m aterial in the blisters below water, the upper 
blister serving as an a ir vessel.

The hold bottoms should be protected from  all types of 
torpedoes or mines by deep bottom tanks which are  always filled 
with oil cargo or w ater which have release hatches. A ir spaces should 
be allowed between ceiling and the oil or ballast which the chequer 
construction provides.

The entire cargo space is compartm ented into no less than 
twenty holds or ten completely separate transverse subdivisions; the 
effect of torpedo action is therefore localised to  an unprecedented 
extent.

The low er holds should have strong steel hatch covers fo r a 
m easure of explosion resistance, but be held down by the cargo only. 
The flying deck hatch covers should be both air and w ater-tight 
and consist of plain steel box type covers in sections laid on the 
“tile” principle and lightly bolted down from  inside the transverse 
cross beams.

The transverse bulkheads should be strong in structure but 
with flexible plates. The supporting trunks are used fo r functional 
purposes.

All oil tanks should have a centre division to facilitate trim  
correction with duplicate pumps of large capacity easily controlled.

There are two completely separate engine rooms spaced as widely 
apart as possible, each having the minimum target length and area 
and the smallest volume below the w ater line.
Protection Against Bombing Action.

Relative immunity to  near misses will be given by the pro
tected sides and clean decks.

S trong side decks resistant to light bombs. Tw o layers of 
strong steel hatch covers. Adequate hold subdivision both trans
verse and horizontal, the upper holds serving as explosion chambers 
with lightly held flying deck hatches to release pressure effects. 
Bombs must penetrate three horizontal decks to  hole the ship’s 
bottom. S trong steel hatch covers are essential to bomb protection. 
Protection Against Aircraft.

The availability of a fast fighter a ircraft based on board. High 
manoeuvrability control fo r avoidance action. Quadruple multi-bore 
gun armament. Capacity to take punishment, ensuring that several 
heavy bombs would be needed to sink o r immobilise the vessel. 
Protection Against Mines.

The side blisters, bottom oil tanks hold subdivision and end 
tankage and backbone construction will all act as effective protection. 
The bow propeller will aid the early explosion of acoustic mines. 
As the low er part of the stem is dispensed with, some modification 
of the paravane gear must be devised.
Armament.

Speed and capacity to take knocks while maintaining speed, arj 
the chief protection from  enemy seacraft. The principal air arm a
ment is the fighter aircraft. Fixed artillery on the vessel is con
sidered of a secondary nature fo r both purposes and preferably 
one type of gun should be used for all purposes.
Control of Speed and Direction.

A  ̂basic requirement is that precise and instantaneous control of 
the ship must be in the hands of the man at the controls, not only as 
to rudder control but also the speed of revolution of each propeller 
so as to give complete avoidance action against torpedoes o r bombs. 
This requirem ent can be best met by some form  of electric drive.

The steering must have the greatest efficiency w ith the minimum 
of h ee l; efficient rudders a t each end of the ship w ill give this. 
Buoyancy Control.

For preserving buoyancy and to give rapid trim  correction a fter 
torpedo action, it would appear that the blowing out system as used 
in submarines would require development fo r this application, with

187



Cargo Ships and Propelling Machinery adapted to W ar Conditions.

some system of control from  the control room.
The intention is to have two pump rooms, one at each end of 

the duct keel, with a  w ater-tight separating door amidships.
T rim  will be readily controllable from  either the end or the 

bottom tanks, the capacity of which together will amount to 
5,000 tons.
Underwater Hull Form.
The desiderata here are :—

(1) Minimum resistance to  economize in power and fuel.
(2) Minimum w ater disturbance w hether from  bow wave or 

wake to reduce aerial visibility.
(3) Greatest volume above w ater with the minimum height of 

deck or freeboard to reduce surface visibility.
(4) Least difference between loaded and ballast condition and a 

flooded condition of two or three holds.
(5) The hull coefficients should be based on warship design and 

not on cargo-boat design, the disadvantage of the fine form 
from  a cargo-carrying point of view being largely offset 
by using all the centre of the ship fo r solid cargo and 
the highly-shaped ends and bottom for liquid cargo.

(6) The use of a bow propeller and the need for minimum wake 
suggest the greatest practical immersion of the propellers 
and the elimination of fo refront and deadwood.

Structural Strength.
A central backbone (the duct keel) which is largely protected 

from  under bottom explosions serves as a basis. The lower hold 
bottom should not be rigidly connected to the ship’s bottom as in 
present day double bottom practice.

The flying deck of necessity is greatly cut away, but heavy 
deck side plating and the main longitudinal box girders which are 
connected by trunk girders to the lower deck and the tank top 
can be made to fully compensate for this.

The bottom tanks must be well vented fo r explosion pressures 
through the trunk and deck hatches.

A basic design requirem ent of the war-time ship, that the outer 
hull should be much weaker than the inner is adhered to and a 
great proportion of strength comes from  parts of the hull not 
directly subjected to explosion effects. As far as possible all plating 
should be stiffened by “chequer board” fram ing (so common in air
c raft fuselages, e.g. Flying Fortress, _Sunderland, etc.).

The new side pressure skin offers a basis of design to give 
longitudinal strength with capacity to resist great external pressures 
w ithout great plate thickness and without fram es of any kind.
Relative Bow and Stern Propulsion.

In view of the flexible nature of the electric drive, the precise 
relative power at the bow and the stern m ust be the result of tank 
tests and practical experience, but it would appear that the bow 
unit should be not less than 20 per cent, or more than 50 per cent.

It would appear that one screw aft and one open screw forw ard 
(or K ort) will give the most efficient solution and give the best 
rudder control at each end. By placing the propeller at the lowest 
position—6 to 7ft. from  the ship’s bottom—the bow wave and wake 
should be satisfactory and the efficiency high.
Propelling Machinery.

I t can be considered tha t there is universal agreement that a 
high ship’s speed is desirable and that only the restrictions of engine 
fuel consumption, constructional man-hours, weight and space, 
prevent such higher speeds being generally adopted. Low fuel con
sumption can only be obtained by using oil engines. Low man- 
hours, small weight and space can best be obtained by getting a 
large amount of power from a small engine which can be m anufac
tured by mass production m ethods; this means using high-speed 
engines of the double-acting two-stroke type which theoretically 
has four times the number of working strokes of the usual four
cycle type of aero engine which, as a type, is a  conservative type.

The definite conclusion the author has come to is that a high
speed double-acting oil engine for this specified purpose should be 
developed forthw ith with the fullest Government resources.

The author, having had w hat would be generally admitted a 
unique experience, fo r an Englishman, of this type of engine, 
suggests this expression of opinion should carry some weight, 
particularly as he has given many years to the study of this specific, 
vastly difficult problem.

There is nothing experimental about the electric transmission, 
nor need there be anything experimental about the various air, w ater 
and oil pumps and other auxiliary equipment.

The speed of the engines would be 1,500 r.p.m. and that of the 
propeller 150 r.p.m. The normal full power available would be
15,000 s.h.p.

In  the paper, the author tried  to find a solution to the use of a

large direct drive engine, and the best economic solution is a six- 
cylinder Vee engine of 7,500 b.h.p. at 165 r.p.m., but whilst two such 
engines will give the range of the requirements of cargo warship 
propulsion, it would appear that the engine w ith the greatest number 
of advantages will come from  aero engine works, the fitting on board 
being done by modernised marine engine works.

Absolute continuity of operation at sea is a first essential. 
This implies multiplicity of units and spare units, so that a defective 
unit can be shut down and replaced by a  spare unit, the defective 
unit being adjusted at leisure by maintenance personnel or removed 
fo r overhaul at the first convenient port. The size and w'eight of 
each unit must be such therefore that it can be easily handled at 
ports. A 2,000 b.h.p. double-acting, tw o-stroke unit could be made 
to weigh no more than 3 tons, and in size no larger than 
8ft. x 4ft. x  3 f t .; it would be therefore readily portable in ports.

E ight engines would be needed fo r norm al operation and with 
two for auxiliary duties and two spare, a total of twelve engines 
per ship would be required. Such a unit could be made completely 
free from vibration 2nd noise and could be accommodated right a ft 
and right forw ard well above the w ater line. W ith two electric 
propelling m otors the target length is a minimum and the below 
w ater engine room the physical minimum.
Lifeboats.

Four 35ft. lifeboats should be arranged on the amidship side 
decks and should be capable of being very simply launched. 
Accommodation.

The accommodation is now arranged on two decks and is fu r
ther removed from  the ends. The deck officers and airmen will be 
mostly arranged forward.
Visibility from the  Air.

As well as camouflage of the ship itself every known expedient 
must be used to reduce bow waves and visible wake, therefore an 
exceedingly fine form is essential in excess o f that usually con
sidered adequate fo r the speed of 18-19 knots. U ltim ately the fine 
clipper lines may be found to be exceedingly efficient from  a pro
pulsion point of view.
Shape and Size of Vessel.

This is very largely influenced by the fact that a  cargo warship 
must be an a ircraft carrier as well as a cargo vessel, hence the 
minimum overall length should be 525ft. and the minimum beam 
80ft., whereas the d raft could be increased to the maximum of an 
average modern oil tanker, say 28ft. The minimum plane runway 
should be 50ft. wide. Every expedient is required to make the ship a 
steady platform  of absolute minimum practical height above water 
with the minimum of deck projections. The need fo r as perfect 
an above w ater form  as below  is apparent, and it will be necessary 
to ensure that the introduction of the functional side deck recesses 
to accommodate the cranes, oil trunks and ventilators, rafts, etc., 
will not detract from  the concentrated a ir stream along the flying 
deck.
Vessel as an Airdrome.

The long flying deck for take-off and landing, protected hangar 
with turntable forw ard will all give efficiency as an airdrome with
out detracting from the efficiency of the vessel as a cargo carrier.
Building Capacity.

Doubt has been expressed as to our capacity to build cargo w ar
ships with present naval commitments.

The entire shipbuilding effort is suffering from  self-inflicted 
man-hour starvation. The author is certain that Mr. Bevin has been 
always willing to divert man-hours to shipbuilding, but British ship
builders have not been able to assimilate so called unskilled labour 
such as America has done with such outstanding success. This is 
a m atter demanding urgent and independent enquiry, the facts are 
plain and incontestible, and constructive action is needed.

It should also be more widely known tha t the shipbuilding and 
marine engine industry has introduced less new manufacturing 
facilities than any other. W ho is responsible? The T reasury? The 
Unions? The Federation or The A dm iralty?

The use of unskilled labour, welding and prefabrication go hand 
in hand. A merica has solved the problem successfully, why cannot 
we? A  tem porary suspension of w orkers’ o r employers' interests 
as in the A rm y o r Navy or A ir Force seems to be indicated and 
suggests that any new N ational works must be controlled and staffed 
on some new basis. As a  Nation the au thor does not believe we 
have put our best foot forw ard with regard to sea transport.

Again the facts are incontestible and constructive action is 
needed.

W e have in this country some of the most remarkable facilities 
for modern shipbuilding in the world, including tidal rivers and
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estuaries with immediately adjacent steel w orks—the Tees, T rent and 
South W ales fo r example, demand modern expansion. It may be 
necessary to move yards from the banks of narrow  unsuitable rivers 
to places better geographically if not so historically, situated.

In Conclusion.
If  built on American lines the extra man-hours required need 

not exceed the present slow vessels (with naval equipment) by more 
than 75 per cent, or would cost no more than a present 14 knot 
cargo liner. The man-hours saved by retaining the ships and cargo 
in service would be enormous, and the saving in human life and 
suffering well worth a terrific effort on the part of all ship and 
engine designers and all concerned with the m anufacture and con
struction.

The hull weight need not exceed norm al riveted figures for an 
oil tanker by m ore than 10 per cent. The propelling machinery 
weight would not exceed the present coal-burning standard steamers 
and the w eight of fuel need be only 25 per cent, greater.

In  conclusion the author feels more confident than ever as the 
result of the Paper that cargo warships could be designed and built 
which would carry three times the cargo w ith a "iven hull and 
crew and w ith a security approaching that of peace conditions.

OBITUARY—Mr. W. E. FARENDEN,
It is with deep regret that we record the death of Mr. W. E. 

Farenden, which occurred on Monday, 21st December, 1942, at his 
home at Surbiton, Surrey, after a short illness.

Mr. Farenden was born a t Southampton in 1 869 and served his

THE LATE MR. W. E. FARENDEN.
Portrait by] [H. J. W hitlock & Sons.

An Appeal.
This paper has been given solely in the hope tha t it may cause 

specialists connected with marine engines, aero engines, naval archi
tecture, ship drafting, electric propulsion, propellers, rudders, cranes 
or winches, welding, sea-aircraft, accommodation, lifeboats, ventila
tion, hatch covers, periscopes, a ircraft landing gear and all the 
various pumps and compressors and innumerable parts which go to 
make up a war-time ship, to think objectively on the subject m atter 
of this paper, and to offer any suggestions they may have to The 
Institute in the form  of a continuous discussion.

It is hoped that all technicians will give of their help regardless 
o f patent rights o r any hope of personal reward, o r even of apprecia
tion.

ERRATA.
The following corrections should be made to the Paper as 

published in the November T r a n s a c t io n s , Vol. LIV , P a rt 10,1942 :—
Page 137, line three, eighth paragraph, right-hand co lum n: 

“seem good reasons” should read “seem no good reasons”.
Page 138, line seven, first full paragraph, left-hand co lum n: 

“ 12  knots” should read “18 knots”.
Page 141, in item (3) under heading “A lternative D irect Drive 

Engines”, second column : “44in.” should read “42in.”.

apprenticeship with Messrs. Day, Summers & Co., of Southampton. 
Mr. Farenden then entered the service of the P. & O. S.N. Co. with 
the object of going to sea, but showing a marked aptitude for 
draughtsmanship the Company offered him a position on the London 
Office technical staff, on which he remained throughout 38 years’ 
service with the Company. During this time he occupied various 
positions and was principally connected with refrigerating machinery 
and insulation for the Company’s ships. In 1926 he was promoted 
to the position of head of the drawing office, but in 1929 ill health 
compelled his retirem ent from the Company’s service. In 1904 he was 
an assistant lecturer in engineering at Hackney Technical Institute.

In 1 892, two years after the Institute was founded, Mr. Farenden 
was elected to Membership, his number being 555. He maintained 
a keen interest in the Institu te’s affairs and was elected a Member 
of Council for the period of office 1912-14. He was re-elected for 
1922-23 and again for 1926-28. In 1928, his last year of office, 
he was appointed Chairman of Council, in which capacity he served 
with distinction.

Mr. Farenden’s attractive personality endeared him to his 
colleagues on the Council, by whom he will be long remembered, 
and to the many friends he made among the Members of The Insti
tute. On his retirement from business he took a great interest in 
bowls and was appointed captain of the Berrylands Bowling Club, 
a number of trophies which he won bearing witness to his skill 
a t this game.

Mr. Farenden’s funeral took place at Putney Vale Crematorium 
on Thursday, 24th December, a t which the Secretary represented the 
Council.

CORRESPONDENCE.
THE TRAINING, CRADINC, AND CONDITIONS OF SERVICE OF 

ENCINEERS IN THE MERCHANT NAVY.

53, Leadenhall Street,
London, E.C.3. 

12th January, 1943.
M r . B .  C . C u r l i n g , Secretary ,

T h e  I n s t i t u t e  o f  M a r i n e  E n g i n e e r s ,
73, A m e r s h a m  R o a d , H i g h  W y c o m b e , B u c k s .

D ear Mr. Curling,—I was very interested to note in the T r a n s 
a c t io n s  of The Institute of M arine Engineers fo r the month of 
December that the leading article deals w ith the training, grading 
and conditions of service of engineers of the M erchant Navy, as 
this is a m atter in which I am very interested indeed and am in all 
questions relating to the training of sea-going personnel.

I  notice with considerable surprise that in clause 3 of the 
fundamental principles given on page 147 it is stated :—

“T hat M arine Engineer Officers’ service in the M erchant Navy 
should be made attractive and that the rem uneration in the various 
grades of the Service should be such that it compares favourably 
with that applying to Engineer Officers in the Senior Service”.

My surprise is the use of “Senior Service” in this connection. 
I presume the phrase is intended to refer to  the Royal Navy, but the 
use of the term  “Senior Service” is in my opinion entirely wrong
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in such a connection. On the question of seniority there can be no 
question as to which is the Senior Service as between the M erchant 
Navy and the Royal Navy. I believe I am perfectly correct in 
stating that there was no such thing as the King's Ship prio r to 
the 14th century, and even at the time of the Spanish Armada I 
believe there were only four King’s ships in the whole of the British 
Fleet that engaged the enemy : all the rest were M erchant Ships so 
there can be no question the M erchant Navy is by centuries the 
Senior Service, and in my opinion the words “Royal Navy” should 
have been used in clause 3 instead of the words “Senior Service”.

My understanding of the m atter is that it is quite correct to 
use the words “Senior Service” as a designation of the Royal Navy 
when one is referring  to the Services of the Crown, Royal Navy, 
Army or A ir Force.

1 believe certain people attach considerable importance to the 
m atter of seniority, and if they do, then I think that terms relating 
to it should be used in a correct manner.

I am sorry to take up your time with what is possibly in some 
people’s opinion at any rate, a trivial point. I think it is well 
w’orth having the m atter on record.—Yours faithfully,

B. W arw ick .
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British Standard Specification No. 1 0 8 1 -1 9 4 2  for Kilns for 
Heavy Clay W are,  including Refractory Materials.

An Introduction to Fluid Mechanics. By A. H. Jameson, M.Sc. 
Longmans, Green & Co. 245 pp., 115 illus., 12s. 6d. net.

This is an excellent w ork and is thoroughly up-to-date in the 
treatm ent of the subject. I t presents on a sound scientific and prac
tical basis the mathematical subjects which used to be studied under 
the names of hydrostatics and hydrodynamics and the empirical 
engineering subject of hydraulics.

The book has a fascination rarely possessed by this class of 
scientific text book, fo r the author leads the reader from  one 
subject to another in a manner more like a connected tale than the 
enunciation of a series of scientific principles.

The helpfulness of the work is due to the author possessing a

wider knowledge of the subject than is often revealed in similar 
books of an introductory character. F o r example, his explanation 
that the viscosity of gases increases with increase in temperature 
due to  the molecules escaping from  the faster to  the slower moving 
layers, whereas the viscosity of liquids decreases with increase in 
tem perature probably because it is m ore dependent on the cohesive 
forces between adjacent molecules, and these decrease with rise in 
temperature.

W hile Table I I I  gives data on the viscosity of w ater and air 
from  0° C. to 100° C., its usefulness would be greatly enhanced if 
the range were extended to higher tem peratures. In these days of 
forced-circulation high-pressure boilers, data on the viscosity of high 
tem perature w ater is most useful. Again, w ith highly-preheated 
a ir and higher velocities in the boiler gas passages, the viscosity of 
hot air and flue gases is becoming an increasingly im portant con
sideration.

Some of the illustrations are too small, but this is a  general 
failing of publishers fo r they do not fully appreciate that in technical 
literature the figures are as im portant as the text and should be 
reproduced to such a size that the letters on the figures are no 
smaller than the letters of the text.

The explanation, on page 104, o f the flow past an isolated 
cylinder in a stream  is too brief and is not in accordance with the 
whole of the known experimental evidence. T his subject cannot be 
adequately treated w ithout reference to the Reynolds’ number re
presenting the flow conditions.

I t  is suggested that fo r fu ture editions a  list of the symbols 
used, together with their dimensions, be given in the early part oi 
the book. W here Greek letters are  given in this list, the names of 
the Greek letters should also be included, fo r few engineering 
students in these days are taught the Greek alphabet 1

I t  is difficult to say where an  introduction to a subject should 
stop and where an advance course begin, but since, as soon as the 
flow of real fluids past solid boundaries is considered, the “boundary 
layer” becomes of great importance, a  chapter on this subject would 
do much to make the w ork m ore complete.

Many references to the original m ore advanced works are 
given in the text and the theory of each subject is followed by 
practical examples which are worked out in detail.

The Journal of Commerce Annual Review of Shipping, Ship
building, Marine Engineering and Equipment. Charles Birchall & 
Sons, Ltd., 17, Jam es Street, Liverpool. 310pp., copiously illus., 
2s. 6d.

The new edition of this excellent annual is now on sale and will 
again impress readers by its amazing value at the relatively small 
price at which copies are available.

Preceded by an introductory survey by the editor and a fore
word by Lord Leathers, there are excellent articles on shipping and 
private enterprise, problems of British liner companies, the position 
of the shipbroker during and a fte r the war, the organisation of the 
M inistry of W ar Transport, the U nited N ations' M erchant Navy 
power, Merseyside dock labour problems, com forts fo r the M erchant 
Navy, greater safety of life at sea, keeping clear the ocean lines of 
communication, and a marine insurance survey.

The technical articles of special interest to marine engineers 
include British shipbuilding in 1943, U nited States shipbuilding, 
welding in shipbuilding and repairing (by D r. J. Montgomerie, 
C.B.E., M .I.M ar.E.), progress of metallurgy, marine steam engineer
ing, marine applications of electricity, trends in machinery space (by 
A. C. H ardy, B.Sc., A .M .I.M ar.E.) and “assembling" as applied to 
ship furnishing.

Munro’s Engineers’ Annual, 1943. Jam es M unro & Co., Ltd.,
151 pp., illus., 3s. net.

This year’s annual has been completely revised and contains the 
usual tide and mathematical tables which users of past editions 
have found so valuable.

Many useful articles are also included, notably a lengthy review 
of world shipping and descriptions of oil-retaining bronze bearings, 
petrol engine driven launches, a remote water-level indicator for 
steam boilers, self-winding electric cable reels, strainers fo r pipe 
lines, turbine pump operation, and Tam perproof fire extinguishers.

Young marine engineers will find of special value the details 
given of the M inistry of W'ar T ransport Exam ination fo r Engineers 
in the Mercantile Marine, including W ar-tim e Regulations.
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Abstracts of the Technical Press

Two Motor Lifeboats for Ships.
The Ministry of W ar T ransport have adopted the resolutions of 

the Joint M aritim e Commission of the International Labour Office 
concerning the provision of motor lifeboats for ocean-going ships. 
On the 10th A ugust, 1942, a series of new requirements relating to 
life-saving appliances came into force, and under Section C—N ew  or 
Am ended Requirem ents—rule 9 states that “in every ship certified 
or perm itted to carry more than 30 passengers, two m otor lifeboats 
shall be fitted”, while rule 33, concerning oil tankers, states that 
“one of the lifeboats on each side shall be a m otorboat fitted with 
approved means of propulsion and one of them shall, where practic
able, be carried amidships”. The new rules are cited as The 
M erchant Shipping (Life-saving Appliances) Emergency Rules, 1942, 
and supplement those of 1938.—“The M otor Ship”, Vol. X X I I I ,  
N o. 272, September, 1942, pp. 171-172.

Alternating Current Machinery for Ships.
In their recently published review of the w ork carried out in 

1941, Brown, Boveri & Co., Baden (Switzerland), state tha t the 
employment of alternating-current instead of direct-current motors 
for driving marine auxiliaries shows signs of becoming more general. 
O f the 120 ships’ electrical machines ordered during the year, more 
than 40 per cent, were of the a.c. type. The increasing use of shaft- 
driven generators which supply all the current required while the 
ship is at sea is particularly notable. The frequency varies between 
SO and 35, according to the speed of the vessel, and an automatic 
voltage regulator is fitted.—“The M otor Ship”, Vol. X X I I I ,  No. 272, 
September, 1942, p. 191.

Floating Power Barges.
In America, the total reserve of power supply is largely depen

dent on weather conditions, as the output of hydro-electric stations 
is liable to serious reductions because of drought. Labour and 
materials for war industries can be moved fairly easily wherever 
required and new munition factories may be built in about nine 
months, but it takes at least two years to construct and equip a new 
power station. A part from arrangements for transferring  power 
from  one district to another by regulation of generation and trans
mission, emergency requirements can be met by the use of mobile 
power installations, and A. N. Wecksler, w riting in M ill and Factory, 
states that as the result of experience gained by the U.S. Navy 
D epartm ent with mobile power plants, a plan has now been evolved 
fo r the construction of four shallow-draught barges fo r service on 
inland waterways, each vessel being between 250 and 280ft. in 
length, 40 to 50ft. in breadth and having a draught of 9ft. Each 
barge would be equipped with a 25,000-30,OCO-kW. turbo generator, 
boilers, fuel tanks and auxiliaries. I t is estimated that the mobility 
of such a floating power unit would make it equivalent to at least 
double its kW.-capacity at a fixed location. It would be possible to 
connect the floating units to existing power systems, covering large 
parts o f the chief industrial areas of the U.S.A.—“The Power and 
W orks Engineer", Vol. X X X V I I ,  No. 435, September, 1942, p. 253.

The Royal Electrical and Mechanical Engineers.
The recently created corps of Royal Electrical and Mechanical 

Engineers is to be form ally inaugurated on the 1st October. In 
the main the R.E.M .E. includes all the engineering side of the 
R.A.O.C. and the maintenance staff of the R.A.S.C., along with a 
portion of the mechanical maintenance staff of the Royal Engineers. 
A form er officer of the R.A.S.C. holding the rank of major-general, 
has been appointed D irector of Mechanical Maintenance. The new 
R.E.M .E. headquarters, with extensive workshops and training 
centres, is now being used to train officers and artificers in specialised 
courses, the form er according to their engineering qualifications and 
the latter according to their different trades. The courses so fa r 
arranged include the repair and recovery of arm oured fighting 
vehicles, mechanical transport repair and recovery, and armament 
inspection, as well as a course fo r R.E.M .E. staff appointments in 
the field. Courses of instruction in other im portant subjects com
prise those in electrical work, arm our plate welding and general

welding, and a special course in compression-ignition engines. A t 
separate establishments other courses are given in field artillery 
equipment, A.A. artillery equipment, W /T  equipment and fire con
trol instruments. In all these courses intensive training is given 
under conditions which correspond as closely as possible to actual 
field work. This work, which includes rigorous infantry training, 
covers a very wide range. It embraces that of light detachments for 
the front line of battle, mobile brigade workshops, and w ork at base 
depots and home bases, right up to the factories themselves. The 
repair and maintenance duties of the R.E.M .E. include tanks, guns, 
motor-cycles, searchlights, binoculars, typew riters and w rist watches. 
All tradesmen in the ranks will be given the new title o f “crafts
men”. The new badge of the corps is officially described as "a 
laurel wreath surmounted by a crown, four shields on the w reath 
bearing the letters R.E.M.E., and within the wreath a pair of 
calipers”, these having been chosen as an indication of the accuracy 
which is demanded by the w ork of the new corps. The motto' for 
the R.E.M .E. is to be chosen when the corps is inaugurated.—“The  
Engineer”, Vol. C L X X IV , No. 4£21, 4th September, 1942, p. 197.

Possibilities of Cas Storage for Bananas.
Some hitherto unrecorded facts concerning the transport and 

storage o f Jamaican bananas were mentioned in a paper by Professor 
C. W. W ardlow, Ph.D., D.Sc., read a t a recent meeting of the 
Dominions and Colonies Section of the Royal Society of Arts. As 
the fru it can be stowed in the holds “naked”, o r in paper bags, the 
cost of packing and crating is obviated, and economy in hold space 
is effected. A "banana boat” may thus carry 90,000-100,000 bunches. 
W here the bananas are transported in cooled holds kept at 53° F., 
they are subsequently matured in ripening rooms ashore, in which 
a tem perature of 65° to 70° F. is maintained. The essential feature 
of cold storage during transport is to delay the onset o f ripening 
until the fruit is discharged from  the holds at its destination. In 
the case of the relatively thin grades this can usually be achieved 
by refrigeration alone, but the heavier grades of bananas tend to 
ripen during a voyage of 15-17 days at the standard transport tem
perature of 53° F., and other means of retarding ripening must, 
therefore, be sought. Experim ents with other fru its indicate that 
gas storage, i.e., storage in an artificial atmosphere of high carbon 
dioxide and low oxygen content, in conjunction with refrigeration, 
might be efficacious in achieving the necessary retardation of ripen
ing. I t is probable, however, that the right concentrations of CO, 
and oxygen in the cooled holds will have to be maintained by means 
of a ventilating system incorporating a “scrubbing” installation which 
would remove the surplus CO, from  the gas concentration in the 
holds. By these means it should be possible to maintain a concen
tration of 5 per cent, of carbon dioxide and 5 to 7 per cent, of 
oxygen in the storage spaces concerned. Certain technical difficulties 
connected with the practical application of this system of storage 
still remain to be overcome, but the general outlook is promising.— 
"M odern Refrigeration”, Vol. X L V , N o. 534, September, 1942, pp. 
161-162.

Modified “ Bennis" Sprinkler Stoker.
The makers of the “Bennis” mechanical stokers have developed 

a new stoker front-plate specially adapted fo r hand-firing conditions. 
This front-plate is embodied in the complete mechanical stoker with 
its self-cleaning forced-draught furnace, so that in the event of large 
coal having to he burned, a quick conversion can be made to hand 
firing and vice versa. The necessary hand-firing door and fittings 
are supplied with each stoker. It is claimed that this modified 
stoker arrangem ent secures that (a) the size of the fire-door 
aperture is larger than tha t usually provided w ith ordinary hand- 
firing equipment, that (b) users of the new appliance are independent 
of the size of the fuel supplied and that whenever suitable fuel 
again becomes available they can regulate the feeding mechanism 
and a t once operate under the better mechanical conditions for com
bustion efficiency, and tha t (c) users are able to retain self-cleaning 
grates, thereby obviating the most laborious part o f the fireman’s 
work in the case of hand-fired boilers and the loss of steam output
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whilst the fires are being cleaned. I t has been suggested that 
stationary grates should be fitted wherever possible in the interests 
o f fuel economy, but it is pointed out that such a retrograde step 
is not good practice when, as at present, low-grade fuels, many with 
a high ash and clinker content, are frequently having to be utilised. 
Cleaning out through the fire doors, with any class of fuel, must 
involve loss of efficiency. In  many instances the furnace doors are 
practically never closed, as either the fuel is being thrown on to the 
grates o r the fires are being pushed on one side for cleaning. This 
disadvantage is obviated by the use of a self-cleaning grate on which 
the ash is gradually and automatically moved to the back, where it 
drops into the ashpit, whence it can be removed at regular intervals 
without opening the furnace doors o r interfering with the fires in 
any way. W ith self-cleaning grates there is no struggling to  get 
steam pressure back a fte r cleaning fires, and they also mitigate the 
smoke nuisance. W here stationary grates with mechanical stokers 
are installed, the advantages of the la tter are outweighed when burn
ing low-grade fuels, by the losses and disadvantages incurred by 
the former.-—" The Power and W orks Engineer*’, Vol. X X X V II ,  
No. 435, September, 1942, pp. 249-250.

expenditure upon them of considerable time and labour. H e gives 
particulars of some of these losses and describes attem pts to make 
good defects in faulty castings by means of welding a fter gamma 
ray examination. The author states th a t in the end he became con
vinced that resort to welding as a repair or restoration process 
attacked the effect w ithout seeking to cure the cause, so that when 
an opportunity presented itself to check the practicability of welded 
assembly of cast components by means of gamma ray examination 
as against the replacement of defective or questionable m aterial by 
welding, he ventured to defy the widespread prejudice against weld
ing steel castings intended fo r high-pressure, high-tem perature ser
vice by a practical investigation of the possibilities o f the welded 
assembly principle. For the location of prospective assembly welds 
during the preliminary design period, advantage was taken of the 
natural arrangement of H .P . compound turbines taking steam a t a 
pressure of 4001b./in.2 and a superheat tem perature of 700° F. F or 
these steam conditions a considerable initial pressure drop occurs 
in the impulse stage, which is followed by several low reaction 
stages, an admission or “extraction” belt, the full-power or over
load reaction stages, and the exhaust casing. Fig. 2 is a  diagram
matic section of a turbine casing showing the relation of these

Operating Results of American Tanker “ Traverse City Socony” .
The Socony-Vacuum Oil Company’s twin-screw motor tanker 

“Traverse City Socony” is an all-welded vessel of 2,031 gross tons, 
completed by the Manitowoc Shipbuilding Company, Manitowoc, 
Wis., at the end of June, 1938. She was specially designed for the 
carriage of petrol on the Great Lakes, and her 12 cargo tanks have 
a total capacity of approximately 4,400 tons. Since leaving the 
builders’ yard the ship has been engaged in delivering petrol to 
various ports on the G reat Lakes throughout ten months of each 
year, and spends only six to  eight hours in port on each voyage. 
Tugs are not used fo r docking the vessel at the various ports, and 
in the course of 3 i years’ service, during which she covered over
150,000 miles, 2,016 hours were spent in manoeuvring the main 
engines. The propelling machinery of the tanker consists of two
6-cylr. four-stroke N ordberg Diesel engines, each rated at 750 h.p. 
at 300 r.p.m. and directly connected to the twin propellers. The 
vessel has a service speed of 121 m.p.h. (about 10-8 knots). The 
auxiliary machinery is driven by motors supplied with electric 
current by three Fairbanks-M orse Diesel-generator sets, two 
of these being 120-h.p. units and the third a 24-h.p. set. In 
January, 1942, the main engines were opened up fo r examination. 
Both crankcases were found to be perfectly clean, even up under 
the cylinder blocks. All the piston rings were found clean and 
free in the grooves. None of the original fuel, air-intake, exhaust 
or starting valves required renewal, and none of the crankpins, 
gudgeon pins or main bearings were found to show enough wear 
to require adjustm ent. The maximum wear in the 12 cylinder liners 
proved to be less than 0-018in., and the average wear did not 
exceed 0-01 lin. On the basis of 12,276 hours' running a t full power 
and 2,016 hours’ manoeuvring, this works out at a maximum liner 
wear of less than 0-0013in. per 1,000 hours’ running, and 0-00072in. 
per 1,000 hours, fo r the average w ear for all liners. D uring the
3 i years’ service of the vessel there was never any trouble with the 
machinery and not a single forced stop. The fuel oil used had a 
viscosity of between 32° and 36° Be, whilst the lubricating oil 
employed was Gargoyle D.T.E. No. 4. The average consumption 
of the latter was under 2 imp. gall, per 24 hours fo r the main 
engines, the oil being cleaned by centrifuging. A pressure of 
181b./in.2 was maintained in the forced-lubrication system. The 
exhaust valves were cleaned and reground after every 1,300-1,400 
hours’ running. The norm ally low tem perature of the lake w ater 
makes it necessary to reverse the usual course of the cooling w ater 
through the Diesel engines of Great Lakes m otor vessels. The 
circulating w ater is first passed around the exhaust manifolds and 
warmed up before going to the cylinder jackets. A fter the engines 
have been running fo r some time, the w ater tem perature at the jacket 
outlets is maintained at 140° F., whilst when manoeuvring in cold 
weather, the sea valve is kept closed and the same w ater is 
recirculated through the jackets. I f  the tem perature of the water 
then tends to rise too high the sea valve is cracked enough to admit 
a little cold water.—"Motorship and Diesel Boating’’, Vol. X X V II ,  
No. 8, A ugust, 1942, pp. 486-487.

various stages. I t  was essential that the assembly welds should be 
made from both sides of the sections joined, but as may be seen 
from  the diagram, the only regions which could be made fully 
accessible for welding from  both sides were those between the im 
pulse stage and admission belt and between the latter and the ex
haust casing. These two regions were made accessible by abandon
ing a feature in previous designs in which steam passages from  the 
impulse stage space to the admission belt were cast in the top half 
casings. Welded assembly as an alternative construction was thus 
anticipated in the original design by making practicable the casting 
of the half casings in three parts, as shown diagramm atically in 
Fig. 3. Such a division provided fo r shrinkage w ithout damage in

Arc Welding Applied to Steam Turbine Construction.
A Lincoln Foundation prize paper entitled “Repair o f Machine 

Finished Castings by W elding” includes some in teresting 'in form a
tion concerning the employment of arc welding fo r assembling cast- 
steel sections o f high-pressure steam-turbine casings. The author 
states that fo r many years he was frequently confronted with the 
loss of im portant and expensive steel castings by rejection, a fter the

F ig . 3.

the solidification and cooling processes, the centre portion being 
free to shrink from  both ends whilst the two end sections were 
open and free to shrink from  one end. T he rejection of a pair of 
top and bottom castings from  an earlier shipment made available 
a set of castings fo r a development o f the process. The two castings 
were carefully marked out, all critical dimensions being recorded 
for future use. Both castings were then flame cut into three pieces, 
as shown in Fig. 3, and the cut ends bevelled back to  form  an open
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“U ” for the assembly welds. Design requirements called fo r hold
ing certain overall casing dimensions within close limits, and as no 
variation in the distances between gland seatings and between 
gland seatings and stator blading was admissible, the most serious 
problem to be solved was the complete elimination of shrinkage 
and distortion of the castings during the assembly welding and 
subsequent furnace annealing. In preparation fo r welding, each set 
of three castings was assembled upon a heavy platen, lined up, the 
alignment and overall dimensions checked with bench marks pre
viously made, and then clamped to the platen fo r welding. Fleet- 
weld electrodes of A in . diam eter were used fo r most o f the work, 
and as each bead of welding was laid on it was immediately peened 
with an air hammer to counteract the tendency to shrink as well as 
to thoroughly remove the slag deposited by the coated rod. As 
welding progressed dimensions were checked from  time to time 
from  the bench marks, and any tendency to  shrink or distort was 
immediately met by peening so adjusted as to  correct this tendency. 
W hen the outside welds were completed, the assembly was released 
from  the platen and turned over. The inside joints were then 
chipped out, exposing the bottom of the outside welds. Dimensions 
w ere again checked from  the bench marks and the successive beads 
o f the inside welds laid on and peened in the same manner as the 
outside welds. On completion of the assembly welds each half 
casing was checked ^for dimensions and placed in an annealing fu r
nace fo r complete stress relief at a tem perature of between 1 ,100° 
and 1,200° F., this tem perature being maintained fo r eight hours and 
the casings then being left in the furnace to cool. The check of 
dimensions a fte r welding and before annealing showed shrinkages 
of less than Ain., and the precautions taken had so completely re
moved the welding strains that the change of dimensions during 
annealing was negligible. The completed casings were finally sub
jected to  a w ater-pressure test of l ,2001b ./in .2 to test the strength 
of the welds and adjacent material. As no w ater-joint material 
could be found which would withstand higher pressures on the 
w ater test, the original intention to test the casings to  destruction 
could not be carried out. The author points out that fo r the project 
which his paper attempts to describe, comparisons of cost can only 
be approximate, but he appends the following figures showing the 
comparative costs of turbine castings only up to the point where 
the castings were ready fo r finish machining.

C o s t  C o m p a r i s o n s .
Approximate costs, original project, 12 high-pressure tu r

bines—24 castings ............................................................... £4,032
Lay-out, restoration welding, and machine w ork on 24

accepted castings at £600 each approx................................ £14,400
62 castings rejected, returned to foundry fo r credit... ... — 
Lay-out, restoration welding and machine work, on 62 rejected

castings up to  point of rejection at £400 each, approx.... £24,800

Total cost, including loss on rejections of 24 accepted cast
ings upon which machine work was c o m p le te d ...............£43,232

C o s t  p e r  T u r b i n e  C a s i n g  £43,232-5-12... £3,602

A pproxim ate costs, second project, four high-pressure tu r
bines redesigned fo r assembly of three sections bolted 
together on flanged joints hand scraped for permanent 
tightness.

E ight half casings accepted ...................................................£1,792
Lay-out, restoration welding, machine and handwork on eight

accepted half casings a t £800 each, approx...................... £6,400
S ix  castings rejected, returned to foundry fo r credit............... —
Lay-out, restoration welding and machine w ork on six 

rejected castings up to point of rejection at £400 each, 
approx..............................................................................................£2,400

Total cost, including loss on rejections of eight accepted half
casings upon which machine work was completed ... £10,592

C o s t  p e r  T u r b i n e  C a s i n g  £10,592-4-4 £2,648

Approxim ate costs, third project, four high-pressure tu r
bines, redesigned in anticipation of welded assembly as 
an alternative, purchased on the basis of rough machined 
castings subjected to gamma ray examination before 
delivery.

E ight castings accepted ...............................................................£3,136
Lay-out, restoration welding and machine w ork on eight

attempted castings at £600 each, approx.............................. £4,800
Three castings, rejected and returned to foundry fo r credit —

Lay-out, restoration welding and machine w ork on three 
rejected castings up to  point o f rejection at £400 each, 
approx.............................................................................................. £ 1,200

Total cost, including loss on rejections of eight accepted
castings upon which machine w ork was completed ... £9,136

C o s t  p e r  T u r b i n e  C a s i n g  £9,136-5-4 ... £2,284

Estimated costs, fourth project, four high-pressure turbines, 
redesigned and cast in sections fo r welded assembly as 
described in this paper.

E ight half casings, accepted ................................................... £1,792
Lay-out, assembly welding, annealing and machine w ork on 

eight accepted half casings at £600 each (rough machin
ing of component parts is much simpler) ............... £4,800

One half casing, rejected and returned to foundry fo r credit — 
Lay-out, assembly welding, annealing and machine w ork on 

one rejected half casing up to point of rejection 
(anticipated) ...........................................................................  £600

Estimated total cost, including loss on rejection of eight half 
casings, assembled by welding with machine work com
pleted ...............

Cost per unit ...............
Proposed saving per unit 
Proposed saving per cent. 
—“The Marine Engineer’ 
213-216.

... £7,192

:n e  C a s i n g  £7,192-5-4 ... £1,798

Turbine Casing:—
Original Second Third Fourth
Project. Project. Project. Project.
£3,602 £2,648 £2,284 £1,798
£1,804 £850 £450 —

50-1 32-1 21-3 _j.
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Repairing a Leaky Pipe in Place by Welding.
I t  is assumed that the defective pipe is not under pressure, but 

is full of water, which, fo r some reason o r another, cannot be 
drained off. The proper procedure to follow is to  drill a hole in 
the bottom of the pipe, or below the faulty section in the case of a 
vertical length of pipe, to perm it the w ater to be drained from the 
defective portion of the pipe. The latter can then be welded in 
place without difficulty, and the drain hole can be tapped to take a 
screwed plug after the welding has been completed. In some cases 
the drilling of a drain hole can be dispensed with by using a fairly 
high heat and starting 'to  weld about one inch away from  the 
defective spot and continuing around the la tter in a circle. This 
heats up the pipe section, generating steam which drives the water 
away and allows the leak to be sealed up. A fter the leak is stopped 
the section can be reinforced by additional weld metal w ithout any 
difficulty.—-“Welding”, Vol. X , No. 8, September, 1942, p. 182.

Repairing Propeller Blades by Welding.
Most tugs and similar small vessels are fitted with cast-iron 

propellers, the blades of which will break if they strike a log or 
floating debris, thereby preventing serious damage to the propelling 
machinery. The breaking off of a large piece of blade, however, 
often makes it necessary to dry-dock the ship for repair. Frequently 
no spare propeller is available, and in this event it is usually possible 
to effect a satisfactory repair by bronze welding. A fter dry-docking 
the ship, the propeller is turned to bring the damaged blade to a 
horizontal position, and the bent or jagged edges of the latter are 
then trimmed off by drilling, chipping and sawing. Two methods 
of repair are common. The first is to cast a manganese bronze tip 
and weld it to the damaged blade, whilst the second method, consi
dered better by most maintenance engineers, is to bronze weld a 
scrap cast-iron propeller blade to the damaged one. Many foundries, 
making a speciality o f cast-iron propellers, have discarded ones 
lying around, and it is quite likely that the repair yard concerned 
may have some available. A  propeller blade of approximately the 
same shape as those of the damaged propeller should be selected, 
and the blade is then chipped and filed to the correct shape and 
length. Both the repair part and the damaged blades’ edges are 
Ve’ed on both sides. Holes are then drilled in the damaged blade 
stump and new tip, to take bolts fo r the attachm ent of steel straps 
for securing the tip in place fo r welding. The blade sections are 
fitted together with the points of the V e’ed edges touching, and the 
V’s are cleaned to remove all d irt and grease. They are then heated 
slowly to about 450° C. by means of an oxy-acetylene torch and filled 
in on both sides by bronze welding, using a bronze electrode and an
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electric arc welding machine. The straps and bolts are then removed, 
and any excess metal a t the jo in t is ground off.—"W elding”, 
Vol. X , N o. 8, September, 1942, p. 183.

Class Lathes for Turning Turbine Shafts.
The P late  Glass Company, Pittsburgh, have secured a sub

contract from the steam division of the W estinghouse Electric and 
M anufacturing Company for turning turbine rotor shafts for naval 
ships. The glass company’s normal production of flat gljiss of 
various kinds involves the use of large-sized lathes to keep huge 
forming rollers in working condition, and these lathes have now 
been adapted fo r machining intricately-shaped rotor spindles to 
the requisite close tolerances. In order to speed up the production 
of naval machinery, the W estinghouse Company are reported to 
have placed out sub-contracts to the value of over fifteen million 
dollars.—“Canadian Shipping and Marine Engineering N ew s”, Vol. 
14, N o. 2, September, 1942, p. 64.

The Present-day Design of the Velox Boiler.
An article in the Brown-Boveri Review  describes the slight 

changes in the design of the Velox high-pressure boiler which have 
taken place during the last ten years. These changes chiefly affect

the evaporator and superheater. W hereas the evaporator elements 
were form erly made up of a water tube containing from three to 
seven fire tubes, present-day practice favours “single-tube” 
evaporator units in which each evaporator tube has only one fire 
tube. One to three pairs of such tubes are combined to form an 
evaporator element having a  common outlet for the m ixture of 
steam and water. The stuffing-boxes fo r sealing off the w ater inlet 
pipes which protruded outwards from the interior of the combustion 
chamber have now been eliminated, and the latest practice is to  bolt 
the w ater inlet pipes to the lower w ater collector inside the com
bustion chamber. In the earliest Velox boilers the combustion gas 
collector, the duct to the superheater, and the casing of the latter 
wrere provided with a liner of heat-proof metal sheeting generally 
carried on some cooling tubes or refractory brickwork. To-day the 
liner consists of groups of tubes through which the circulating water 
flows, and which form  effective evaporation heating surfaces. As 
the hot gases are ejected at high velocity from the evaporator tubes 
and eddy round actively in the gas collector chamber and duct 
between it and the superheater, the coefficient of heat transmission 
(k) and therefore the heat transferred  through the heating surface 
is very high, although the tem perature of the gas has already dropped 
to something below 1,700° F. By turning the insulating liner of the 
superheater into an evaporation heating surface, the amount of heat

converted is increased by 25 to 35 per cent., and the tem perature 
of the heating gases at the inlet of the superheater casing can there
fore be made as much as 200° F. higher, w ithout affecting the gas 
tem perature at the superheater outlet. This rise in tem perature 
permits an increase to be made in the diam eter o f the fire tubes of 
the evaporator elements and the heating surface of the superheater 
can be correspondingly reduced. Originally, the only protection 
against tem perature rise provided fo r the wall of the combustion 
chamber was tha t formed by the evaporator elements which lined it, 
but in the latest Velox design a protective mantle of heat-proof 
metal sheeting is provided, leaving a gap of lin. between it and the 
casing of the combustion chamber. This space form s a duct through 
which part of the air to be used in the combustion process flows, 
exercising a cooling action. As formerly, the superheaters consist 
o f several elements grouped together in bundles of about six to ten 
pipe lengths slung in such a  way that they are free to expand, being 
supported by sleeves and pins welded on the tubes. The pipe con
nections, o r bends, are formed either by pressing and welding the 
tube ends themselves, or by using cast-steel end pieces. From  the 
point of view of flow properties cast-steel ends are better than f 
pressed ends. There are two economiser designs : the water-tube 
type, in which the feed w ater flows through the tubes, the latter 

forming separate ^Jemcnts built into the 
economiser sheet-metal housing w ith a 
cover over its whole len g th ; and the gas- 
tube economiser, in which the gases 
flow through the tubes and the latter are 
welded into the end plates of the 
economiser. The tendency of the cir- 
culating-pump shaft gland to leak has 
now been overcome. The trouble was 
mainly due to  the shaft running out of 
truth, owing to defective assembly, un
equal forces on the wheel periphery, or 
different expansions of the housing and 
bearings under the influence of the 
water, which is practically a t boiling 
point. The out-of-truth running caused 
unequal w ear o f the gland packing, to 
remedy which the gland neck ring was 
usually m ade tighter and tighter. This, 
however, gave rise to undue w ear of the 
packing and the shaft and rendered the 
gland cooling less effective. Special 
attention is now devoted to  accessibility, 
interchangeability, and effective cooling 
of the stuffing-box glands. In order to 
eliminate cavitation phenomena and, 
above all, to prevent the pump from 
ceasing to  deliver when the pressure in 
the boiler drops suddenly, the pump is 
connected directly to the separator by 
means of a branch designed like a 
diffuser: this allows a  part of the speed 
of rotation of the w ater ring to be trans
form ed into pressure. The speeds of 
inflow to the pump are kept low. The lay
out of a modern V elox boiler installa

tion is shown diagrammatically in Fig. 4. A part from  the scale, the 
illustration is valid for any Velox boiler of from  10 to 50 tons/hr. 
capacity. In  boilers of over 50 tons/hr., two superheater casings 
instead of one can be used. F or boilers of less than 20 tons/hr. the 
single-tube evaporator elements can be arranged in a  single row 
along the inner boiler wall. Above 20 tons /h r. two rows are 
necessary. The pitch varies according to the number of tubes, but 
the arrangement is always such that the tubes on the inner pitch 
circle fill up the space between two tubes on the outer pitch circle. 
Another special design of Velox boiler has been evolved fo r torpedo- 
boat destroyers and other craft in which boiler-room space is very 
restricted. I t differs from  the standard design in that not only the 
superheater, but also the m ajor part of the evaporator heating sur
faces are lodged in separate casings located horizontally below the 
boiler-room floor. The combustion chamber only contains the 
necessary wall lining and is made as small as is compatible with the 
maximum combustion-chamber load. The first boiler o f this type 
was put into service about the middle of 1941.—"T he Engineer'’, 
Vol. C L X X IV , N o. 4,529, 30th October, 1942, pp. 364-366.

“ Recent W elded Repairs of Marine Machinery” .
The paper comprises a number of brief but well-illustrated 

descriptions of repairs carried out by electric and gas welding to

Fic . 4.—Standard Velox Boiler fo r Outputs o f 10-150 tons/hr.
A. Combustion cham ber:—
1. Evaporator tube.
2. Circulating w ater inlet, 
j .  Steam -w ater outlet.
4. Air nozzle ring.
5. Burner.
6. Igniter.
B. Superheater.

C. Water-steam separator.
7. Water gauge.
D. C irculating pump.
E. Charging s e t:—
8. Gas turbine.
9. Compressor.
10. Reduction gear.
11. S tarting  and regulating motor.

F. Economiser.
G. Feed-water pump.
H . Fuel supp ly :—
12. Fuel pump.
13. Filter.
14. Economiser.
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various items of propelling and auxiliary machinery and hull equip
ment. Amongst the repair jobs referred  to by the author are the 
welding of a cracked cylinder jacket of a Diesel engine; the replace
ment of a broken propeller blade; the welding of a badly fractured 
crank casing; the repair and alignment of a crankshaft with a frac
tured inner web; the repair of a  broken condenser end plate in a 
period o f three days without removing the condenser; the welding of 
a fractured crankshaft bearing housing of a deck w inch ; and welded 
repairs to six cylinder covers of a well-known make of marine 
Diesel engine, all of which had cracked w ater jackets. Several 
cases of welded repairs to the scavenge valve seats and exhaust 
valve cages of Diesel engines are cited, and there is also a  brief 
reference to the replacement of broken-off teeth on gear wheels. 
The author describes a case in which the employment of welding 
made it possible to fit a new propelling engine in a motorship in a 
very short time. The original Diesel unit, which was of Continental 
origin, was so badly damaged that it was considered best to replace 
it with new British-built machinery which happened to be available 
at the time. By flame cutting the bulkhead between the engine room 
and the adjacent empty hold, jacking up the discarded machinery 
and rolling it out into the hold fo r removal through the cargo hatch, 
the engine seating was rendered accessible for the necessary modifica
tions, carried out with the aid of welding. The new engine was 
likewise moved into position through the empty hold, a fte r which 
the bulkhead was sealed up again by welding. The paper concludes 
with some rem arks concerning the application of metal spraying— 
which the author considers to be an off-shoot of welding—to the 
building up afresh of w orn machinery surfaces .—-Paper by C. W. 
Brett, "Transactions o f the Institute o f Marine Engineers", Vol. 
L IV , N o. 8, September, 1942, pp. 99-107.

Parsons Cas Turbine Propulsion System.
The Parsons M arine Steam Turbine Co., Ltd., have recently 

developed and patented a system of gas-turbine propulsion fo r ships, 
two arrangements of which are shown in Fig. 2. The mechanism 
includes a positive ahead clutch and a centrifugal hydraulic coupling

bring the two sets o f clutches nearly to  the same speed before 
engagement, whereupon the turbine is cut out of action by releasing 
the oil through a valve (U). W ith the arrangem ent shown in the 
lower view, a reversible hydraulic turbine (Y ) is employed, i.e., the 
guide vanes (7, 8) are reversed fo r ahead and astern operation. The 
ahead guide vanes (7) are in the operative position between the 
prim ary member (E) and the secondary part (K), the vanes of the 
latter being practically radial. For astern operation, the guide vanes 
are moved until the vanes (8) reach their operative point, whilst 
interm ediate positions of the vanes (7, 8) give intermediate speeds 
with either direction of rotation of the rotor (B).— "T he M otor 
Ship’’, Vol. X X I I I ,  No. 274, Novem ber, 1942, p. 267.

Technical Progress in Submarine Construction.
The chief constructor in charge of German submarine construc

tion, H e rr Schiirer, recently gave journalists some interesting 
particulars of the technical improvements which have taken place in 
the submarine arm  since the last war. Germany resumed the 
building of submarines in 1935, and during the present w ar their 
construction is being carried out in a large number of shipyards 
and engineering w orks scattered all over the country. The most 
im portant changes which have taken place in the design and con
struction of the German submarine c raft since 1918, may be sum 
m arised as follows :—(J) The surface speed is substantially higher 
owing to the increased speed of present-day merchant vessels.
(2) The weight of Diesel propelling machinery has been reduced bv 
50 per cent., and this makes it possible to employ higher-powered 
engines and to carry greater quantities o f fuel oil. As a  result, 
German submarines are now able to operate in distant w aters for 
prolonged periods, as a m atter o f routine. (3) German submarines 
are, in general, smaller than those of other nations. In consequence 
of this, they are more manoeuvrable and able to dive more rapidly.
(4) D uring the last w ar the hulls of all submarines were riveted, 
whereas they are now electrically welded throughout. A part from 
the saving in weight achieved by this form of construction, the 
strength of the hull structure is increased and the elimination of 

riveting has overcome the fractured 
rivet nuisance when exposed to depth- 
charge attacks. Broken rivets always 
weakened the hull structure and gave 
the crew constant trouble. Furtherm ore, 
leaky rivets in the fuel tanks caused tell
tale traces of oil to appear on the sur
face, thereby facilitating the w ork of 
anti-submarine craft. (5) Improvements 
in the speed, range and destructive 
effects of torpedoes, which are the main 
arm ament o f a submarine, has caused it 
to become a more deadly weapon.— 
"Journal de la Marine Marchande”, Vol. 
24. No. 1,187, 10th September, 1942, 
p. 1.076.

Electronic Tubes to Eliminate Smoke.
The General Electric Company 

(U.S.) have developed an electronic 
tube which enables ships’ firemen to  see 
at a  glance w hether any tell-tale smoke 
is passing into the uptake and funnel 
Such electronic tubes are already in use 
in a number of industrial plants to pre
vent excessive smoke in chimneys and to 
save fuel. A beam of light is thrown 
across the smoke column in the uptake 

and is made to shine on a photo-tube. W hen the smoke becomes 
too thick the light is obscured and the photo-tube operates a  relay 
which sounds a warning fo r the fireman, who is then able to take 
corrective m easures to check the smoke. I t is suggested that the 
use of such electronic smoke detectors in sea-going ships would 
help to reduce the sinking of Allied m erchant shipping by enemy 
submarines.— "Canadian Shipping and Marine Engineering N ew s", 
Vol. 14, N o. 2, September, 1942, p. 44.

Plastics Used in Boat Construction.
A New Orleans firm of boatbuilders are employing resin-bonded 

plywood in lieu of solid timbers for the construction of m otor 
torpedo-boats and other small c raft for the U.S. Navy. The tech
nique developed for the use of plastic materials in a irc ra ft construc
tion is being very closely followed by the firm, and side panels, 
deck planks, bulkheads, partitions, etc., are being made of plastic- 
bonded plywood, whilst transparent acrylic sheet is used instead of

comprising a ro tor capable of being driven in either direction. In 
the upper sectional view, applying to a double-reduction gear in a 
ship’s propelling installation, there is a pinion (2) free on the driving 
shaft (A ), a  plate clutch (H ) being provided. The shaft carries 
one set of plates (3), as well as the prim ary members (C, E) 
of the ahead and astern hydraulic turbines (D . F) respectively. The 
driving elements (C, E) function as centrifugal pumps and the 
driven parts (/. K ) act as hydraulic turbine wheels and are fixed 
on a sleeve (B ) which is attached to the secondary pinion (2). One 
driven part (K ), associated w ith the astern turbine (F), is formed 
to give the reverse drive. The sleeve (B) also carries a series of 
clutch plates (6) in a chamber (4), into which oil is forced from the 
space (5) to engage the clutch fo r a direct drive. A release valve 
(G) disengages the clutch. F o r going ahead, oil is admitted to bring 
the turbine (D ) into operation, whilst for going astern, oil is 
admitted to the turbine (F), the release valve (G) being opened. To 
propel the ship a t full power, the turbine (D ) is operated so as to
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glass fo r wind screens and scuttles. The entire sides of these boats, 
from  the sheer to the chine, a re  single panels of plywood, the basic 
m aterial being H onduras mahogany and the bonding agent a  special 
phenolic resinoid. The laminated panels produced measure 84ft. by 
8ft., and are stated to be the largest known to the industry. These 
sheets are cut according to templates and are applied directly to the 
sides o f the boats. The transom, which has rounded corners, is 
moulded in one piece, as are also the machine-gun turrets, in which 
it is claimed it is alm ost impossible to detect a joint. The high-speed 
m otor torpedo-boats constructed in this manner are triple-screw 
craft of 70 to  80ft. in length, capable of carrying four 21-in. torpedo 
tubes, two twin A.A. machine guns and eight depth charges. They 
are manned by a crew of ten men and can do up to SO knots.— 
“Canadian Shipping and Marine Engineering N ew s”, Vol. 14, No. 2, 
September, 1942, p. 54.

4 ,000 -s .h .p .  Combustion Turbine Plant for a Tanker.
Several proposals have recently been put forw ard fo r the pro

pulsion of fairly large ships by means of combustion turbines, and 
the accompanying illustrations show the lay-out fo r a  proposed 
installation in a tanker. The plant is designed to develop 4,000 s.h.p. 
and drives the propeller shaft through reduction gearing at 75 r.p.m. 
The total weight of machinery is stated to be 441b./s.h.p. and the 
fuel consumption (boiler oil) about the same as that of an oil-fired

about A in. I t is essential to remove all soot deposits from the 
plates, otherwise rapid corrosion may be caused by the damp 
deposits. W ith regenerative type a ir heaters over 4ft. in depth it is 
advisable to remove the upper plates a fte r  washing, in order to 
give the lower plates a final washing to remove any remaining 
deposit. The washing method has the advantage of not creating 
the clouds of dust which are unavoidable where the compressed-air 
method is used. T he latter should only be employed fo r tubular 
heaters or where the w ater method cannot be utilised. Compressed 
air will not remove damp soot deposits from  the plates, and in the 
case of regenerative type air heaters, removing, w ire brushing and 
replacing the plates is apt to be a laborious undertaking. A fter 
cleaning regenerative heaters, the seals should be carefuly adjusted 
to prevent a ir leakage into the flue-gas stream.—H . Batley, 
“Mechanical W orld”, Vol. C X II, N o. 2,912, 23rd October, 1942, 
p. 393.

Kort Nozzle Propulsion.
A recent article on this subject (see abstract on p. 101 o f 

T r a n s a c t i o n s , October, 1942) contained the statem ent that the

; Charging set.
2. Combustion chamber.
3. Gas turbine for ahead and astern running.
4. Gear in two stages.
5. Fuel filter and preheater.
6. Fuel pum p w ith  steam  turbine drive.

7. Fuel pum p w ith  motor drive.
8. Governing oil pump.
9. Switchgear desk.
10. Exhaust-gas boiler.
11. Air inlet shaft.
12. Exhaust-gas trunk .

Combustion turbine plant fo r  driving a tanker.

turbine ship of the same power. The combustion turbine is of the 
type developed by Brown, Boveri & Co., and already utilised for 
the propulsion of locomotives.—"T he M otor Ship”, Vol. X X I I I ,  
No. 274, November, 1942, p. 266.

Maintenance of Boiler Air Heaters.
The cleaning of air heaters under working conditions by steam 

soot blowers may not be entirely satisfactory owing to the increased 
amount of moisture in the gases during the blowing operation. 
Coal may normally contain up to 10 per cent, of moisture, but the 
amount of steam vapour in the flue gases may be considerably 
greater, due to the presence of hydrogen in the coal. Steam soot 
blowers are usually fitted only on the gas-inlet side of the heater, 
as the steam jets blowing in the same direction as that o f the 
draught tend to raise the mean specific heat of the gases. Condensa
tion of the vapour content o f the gases generally occurs in an air 
heater when steam is being raised in the boiler, as the tubes and 
plates are then relatively cold. Especially is this the case when a 
forced-draught fan is employed fo r raising steam. A ir heaters can 
be cleaned under working conditions by means of high-pressure air 
blowers, but this method is not so effective as that of steam. 
W henever a boiler is taken out of service fo r periodic cleaning and 
overhaul, the air heaters should be washed and then blown through 
w ith compressed air. W here possible, the plates should also be 
taken out and cleaned w ith wire brushes. F or washing through, 
it is advisable to use a centrifugal pump capable of producing a 
discharge pressure of at least 3001b./in.2 at the nozzle. The latter 
should be about iin. in diam eter to enable the je t to penetrate the 
space between the plates o f a regenerative type air heater, which is

increased pull at the bollard of a  tug  fitted with a  K ort nozzle should 
range from 15 to  25 per cent., depending on the towing speed and 
hull form. A correspondent has now pointed out that these figures 
are liable to misinterpretation, since the expression “pull at the 
bollard” is generally considered to refer to  the pull at a  fixed bollard, 
the tug being stationary at the time, whereas the statem ent quoted 
above referred  to  the pull on the tow rope when the tug  was in 
service. Tank tests carried out in America, in connection with the 
U.S. M aritime Commission’s new 2,200-h.p. tugs, showed a bollard 
pull of 261 tons when the K ort nozzle was not fitted and 39.} tons 
with the nozzle. This represents an increase o f 46 per cent, at the 
bollard, o r a  free  pull of 24-6 tons w ith the nozzle and of 20-6 tons 
without it, at a towing speed of six knots, thus showing an increase 
of 19-5 per cent, due to  the nozzle. I f  this increase in pull is utilised 
to tow the same displacement as w ithout the nozzle, the 194 per 
cent, increase in pull would bring about an improvement in towing 
speed which, by reducing the slip, would produce a still further 
increase in efficiency. W hen towing the same displacement, the 
speed increase could be assessed a t 7 per cent., the improvement in 
towing pull at 14 per cent., and that in the overall efficiency at 
22 per cent.—“Fairplay”, Vol. C L IX , N o. 3,095, 3rd September, 1942, 
pp. 290 and 292.

Recent Cerman Developments in Marine W ate r tu b e  Boilers.
Two new patents described in recent issues of W erft*Reederei*  

H afen  concern improvements in marine w atertube boilers effected 
by Dr. Gustav Bauer. The first of these patents covers a subsidiary 
autom atic low-pressure boiler in the uptake of a watertube boiler, 
and is illustrated in Fig. 1. The various parts (1, 2a, 2b, and 3) of
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this low-pressure boiler are arranged between the air preheater (4) 
and the accommodation round the uptake. Dr. Bauer claims that 
apart from  saving space, the arrangem ent protects the surrounding 
accommodation from excessive heating. The second patent is an 
extension of an earlier one and is in the joint names of Dr. Gustav 
Bauer and Dipl. Ing. K. Reppel. The previous patent referred to 
covered an arrangement fo r natural-circulation boilers in which 
the circulation takes place through radiant-heat tubes connecting an 
upper drum and one or more lower drum s and a set of downcomer 
tubes, the necessary tem perature difference between the uprisers and 
downcomers being obtained by placing a superheater between the

F ig. 1 {left).

heating the steam. A  further gain is that with the employment of a 
superheater the 2 per cent, of m oisture in the steam is also 
evaporated. The following figures are based upon a rate of com
bustion of 201b. of coal per hr. per f t .2 of grate area with forced 
draught at the conditions mentioned above :—

Degrees o f Lb. o f  water Efficiency incl. Gross drop in 
superheat. per lb. o f coal, superheater, % evaporation, /  

N il 100 72-5 Nil
100 9-7 75-0 3-0
200 9-25 75-0 7-5
300 8-85 75-0 11-5

The installation of smoke-tube superheaters in a number of steam 
traw lers fo r the purpose of raising the steam 200° F. above the 
saturated steam tem perature, has resulted in an average saving in 
coal consumption of 14-2 tons per day. As the larger traw lers 
average 300 days per year at sea, this means a saving of 450-600 tons 
of coal per annum .— "T he  Shipping W orld”, Vol. C V II, No. 2J576, 
28th October, 1942, pp. 373-374.

F ig . 2 (right").

two groups of tubes. This latest patent covers an arrangem ent for 
improving the circulation still further w ithout restricting the free
dom of boiler lay-out, as shown diagrammatically in Fig. 2. As 
before, the steam-generating tubes (1 and 2), completely encircle 
the combustion chamber. From  the lowest point, however, of the 
upper drum, the downcomers (3) lead straight to the single lower 
drum and are  protected from the combustion gases throughout their 
entire length by a row of radiant-heat tubes (2) o r additionally, by a 
wall (4). The heating surface previously arranged in the downcomers 
is now replaced by an economiser (6) behind the superheater (5), the 
form  and position of the economiser being chosen as desired. By 
this means the air preheater (7) is still protected from overheating 
and a wide control of tem perature is made possible.— "T he Marine 
Engineer”, Vol. 65, No. 784, November, 1942, pp. 250-251.

A New Danish High-pressure Reciprocating Engine.
It is reported that the Elsinore Shipbuilding and Engineering 

Company, of Copenhagen, have developed a high-pressure steam 
traw lers fo r the purpose of raising the steam 200° F. above the 
cheaper in operation. Details o f the new engine have not been 
announced, but it is believed to be a development of the successful 
turbo-compound unit introduced by the same firm ju s t before the 
w ar and installed in a number of small cargo vessels and fru it 
ships. The exhaust turbine was arranged alongside the engine on 
top of the condenser, and assisted to drive the propeller shaft 
through reduction gearing. Turbo-com pound machinery of this 
type, built by the Copenhagen firm, was installed in the Danish 
steamship "Gerd,” a fruit-carrying vessel o f about 1,700 gross tons, 
in 1935. The engine had three cylinders, two of 400 mm. diam eter 
and one of 1,000 mm., with a piston stroke of 950 mm. Steam at a 
moderate pressure was supplied by coal-burning Scotch boilers, and 
the total power output of the engine and turbine was about 1,800 h.p. 
at 119 r.p.m., the tem perature of the sea w ater being 54° F., and 
that of the feed w ater 110° F. U nder these conditions, and with 
3,203 tons of cargo on board, the ship made a  voyage from the 
Persian Gulf to New Y ork at an average speed of 124 knots, with 
a coal consumption of 174 tons/24 hrs., o r 0-951b./i.h.p.-hr. In view 
of this excellent performance with steam a t a m oderate pressure, 
supplied by hand-fired coal-burning Scotch boilers, it is clear that 
even better results would be obtained with propelling machinery 
o f this type in conjunction with high-pressure watertube boilers 
equipped with mechanical stokers.—"L loyd’s L is t and Shipping 
Gazette”, N o. 39,884, 16th September, 1942, p. 6.

Superheaters fo r  Scotch Boilers.
There has been some criticism of the omission of superheaters 

in the m ajority  of Government-built and licenced cargo vessels com
pleted and under construction in British yards, despite the fact that 
this equipment was specified in the order placed by the British 
A dm iralty in the U.S.A. fo r sixty 10,000-d.w. ton vessels, of which 
the “Ocean V anguard” was the first ship to arrive at a British port. 
Smoke-tube superheaters are fitted to each of the three single-ended 
coal-fired Scotch boilers installed in these vessels, and steam is 
delivered to the triple-expansion engines at a pressure of 2251b./in.2 
and 550° F. final steam tem perature. As a result, the coal consump
tion is 15 per cent. less than in similar ships having engines using 
saturated steam. In some vessels in which the boilers had been 
forced and which were afterw ards equipped with superheaters, an 
even greater saving in fuel consumption has been achieved. In a 
Scotch marine boiler w ithout a superheater, an efficiency of 72-5 per 
cent, may be realised when burning 14,000 B .Th.U ./lb. coal at 
201b ./f t .a of grate area per hr. w ith forced draught, a steam pressure 
o f 2001b./in.3 and a feed-water tem perature of 212° F. U nder 
these conditions 101b. of w ater will be evaporated per lb. of coal 
burned, and the steam will probably contain not less than 2 per cent, 
o f moisture. The air pressure at the ashpits at the aforementioned 
firing rate will be 0-35in. w.g. If  a superheater is fitted, an increase 
in efficiency will be obtained, while the amount o f w ater evaporated 
will be low er than with saturated steam. The efficiency increases by 
reason of a larger proportion of heat being absorbed by the boiler 
and superheater, whereas the evaporation is decreased because a 
certain amount of heat from  the flue gases is utilised fo r super

Alloy Steels at High Temperatures.
In an article entitled “The Physical Properties of Metals for 

Steam Plants,” appearing in the house journal o f a  well-known 
British firm of turbine engineers, reference is made to the fact 
that while certain alloy steels have improved creep properties at 
high tem peratures, they tend to fail by intercrystalline cracking at 
much lower elongations than plain carbon steel. Thus, in the 
commonly used 0-5 per cent, molydenum steel, intercrystalline 
cracking has been detected with elongations between 1 and 2 per 
cent., so that it would be unsafe to employ this class of steel for 
any purpose where the total deform ation exceeded a fraction of this 
figure during the life o f the plant. If  it were practicable, a plain 
carbon steel could be safely used with ten times the deflection 
allowed on an alloy steel.— "Shipbuilding and Shipping Record”, Vol. 
L X , No. 12, 17th September, 1942, p. 267.

Chromium-plating the  Top Part of I.C. Engine Cylinder Liners.
A recent development in the chromium-plating of I.C. engine 

cylinder liners concerns a proposal to utilise a chrome alloy cast- 
iron liner and to chromium-plate the combustion-chamber end only. 
F or this purpose the liner bore is enlarged at the top. the chromium 
is deposited and the complete bore is then ground to size throughout. 
As w ear takes place—or rather, as the surfaces take on their w ork
ing texture—the chromium-plated part remains hard and acquires 
its maximum polish, while the chrome alloy cast-iron liner, having 
hard constituents which form excrescences, holds the oil film, and 
in this manner assists the general lubrication of the piston and rings. 
The cast-iron alloy fo r the liner contains about 0-5 per cent, 
chromium, 0-15 per cent, vanadium and 0-25 per cent, titanium, 
together with 1-25 per cent, manganese, the total carbon content 
being 3-4 per cent., and the combined carbon 0-9 per cent., while 
silicon and phosphorus are present to the extent o f 1-5 per cent, and
0-3 per cent, respectively. A maximum of 0-15 per cent, sulphur



140 Prospects o f Pulverised-coal Firing.

is given in the analysis. The figures are, of course, subject to a 
certain amount of modification. The whole process forms the sub
ject o f a recently published British patent.—“The Oil Engine”, Vol. 
X , N o. 113, Septem ber, 1942, p. 112.

Prospects of Pulverised-coal Firing.
E arly  experiences with pulverised-coal firing proved that the 

furnaces of cylindrical boilers are not suitable for this form  of firing 
owing to the inadequate combustion space available in them. W ater
tube boilers, however, offer an incomparably greater freedom in 
furnace lay-out, and are therefore better suited fo r pulverised-fuel 
firing. An im portant point to be considered in the lay-out of such 
a furnace is the combustion rate of the fuel, which is dependent 
upon the kind of coal fired (particularly upon the amount of volatile

fieserre-

bunker

Fig. 3.-—Boiler plant o f a German pulverised-coal-fired vessel.
constituents), the fineness of the pulverised product, the tem perature 
of combustion, and the amount of a ir supplied in excess of that 
theoretically required, etc. The speed of reaction can be assumed to 
double with every 20° F. o f tem perature increase. Assuming that 
fuel and air enter the combustion chamber at 300° to 400° F., it is 
clear that in the first stage of combustion the heat generated must 
be utilised fo r heating the combustion air, if a high combustion 
tem perature and rapid combustion are to be achieved. This con
dition can be best attained by leaving the furnace uncooled in the 
zone corresponding to the first combustion stage, and providing 
furnace cooling only in those furnace regions in which the flame 
tem perature has reached a satisfactory level. Undue wear of flame- 
exposed refractory furnace linings can be guarded against by the 
use of w ater walls, the heat-absorbing capacity of these in the 
region of commencing combustion being tempered by the employ
ment of refractory-faced blocks. The furnace volume required to 
secure efficient combustion of the pulverised coal should be large 
enough to enable a rate o f heat release o f from  17,000 to 35,000 
B.Th.U ./cu. ft.-hr. to be maintained. This means that with 
pulverised-coal-fired marine boilers considerably larger furnaces are 
necessary than with oil-fired boilers, and this factor is a distinct 
disadvantage from  the viewpoint of space requirements, more 
especially as additional boiler-room space fo r the installation of the

pulverising plant must also be provided. As regards ash removal, 
the method of liquid slag removal now coming to the fore in 
American land boiler practice, is inapplicable to ships, and the more 
conservative system of dry ash removal in combination with a 
hearth screen over the furnace bottom must be adopted. The most 
effective way of ensuring dustless ash removal from  the furnace is 
by means o f a hydraulic system of ash removal, the ashes being 
pneumatically removed from  the hopper bottoms of the boiler fu r
naces and sluiced overboard by water ejectors. Ash removal is 
carried out at fixed intervals, and gates are provided at the hopper 
outlets in order to  seal the hoppers when the ash-removal system 
is in use. A German vessel in which equipment o f this type was 
installed just before the war, was likewise fitted with an emergency 
ash-removal system of the vacuum type which could also be used

fo r a general clean up of 
the boiler room. Because 
o f the attendant risk of 
bunker fires, pulverised 
coal cannot be stored on 
board ship, and it is 
therefore necessary to 
employ pulveriser mills 
to supply the burners 
direct. The most suit
able mills for use in a 
ship’s boiler room are 
undoubtedly those of the 
pneumatic type favoured 
by Russian and German 
engineers. These mills 
have no revolving parts 
w hatever and are 
alm ost silent in opera
tion. About one-fifth of 
the combustion a ir re
quired is supplied to the 
mill by a blower at a 
pressure of about lOin. 
w.g. This a ir is dis
charged into the working 
part of the mill through 
a nozzle at the bottom of 
the conical mill casing at 
a velocity o f 600-650 f t ./  
sec., and impinges upon 
the coal entering the 
bottom of the mill 
through the coal-supply 
connection a t the side of 
the mill casing. A small 
a ir pipe is led into this 
connection, and serves to 
ensure a smooth, un
interrupted flow of coal 
into the mill. The coal 
pieces entrained into the 
je t of a ir from the 
nozzle are blown into an 

adjustable m ixer tube just above it, the amount of their acceleration 
being determined by their size. Owing to the differences in velocity 
imparted to the individual coal pieces, a certain am ount of attrition 
and impact between the fast-m oving small particles and the slower- 
moving larger pieces takes place. An impact plate just over the 
top outlet of the mixer tube is impinged upon by the coal particles 
with great force, while the air stream is deflected from  its straight- 
line motion. A classifier in the upper part o f the mill enables the 
pulverisation of the discharged coal to be regulated to the required 
degree of fineness, the oversizes being returned to the lower part 
of the mill fo r renewed grinding. By using air preheated to a 
tem perature of 430°-480° F., efficient drying of the coal during its 
passage through the mill can be achieved. In several Russian in
stallations superheated steam is used instead of compressed air, but 
the considerable consumption of steam involved constitutes a serious 
disadvantage of this practice. Furtherm ore, it is by no means clear 
how the condensation of steam in the mills during the starting-up 
and shutting-down periods can be avoided. In the case of air- 
operated mills, the power absorbed amounts to  about 20 kW .-hr. per 
ton of pulverised product with the mill adjusted to produce a fuel 
yielding a residue of 15 per cent, on T yler No. 170 screen with 
0-0035-in. apertures. The boiler-room lay-out o f a German vessel 
equipped fo r pulverised-coal firing is shown in Fig. 3. There are
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four L a Mont boilers, each with a norm al rate of evaporation of 
22,0001b./hr. of steam at a pressure of 2151b./in.2 and final tem
perature of 617° F., at the superheater outlet. Each boiler is 
equipped with three pulverised-fuel burners, one of which has a 
discharge capacity of 1,1 OOlb./hr. of pulverised coal, whilst the 
other two have each a capacity of 6151b./hr. To facilitate ignition, 
each furnace is also fitted with a small oil burner. As a short and 
very active flame is essential, burners of the turbulent type are used, 
and as each burijpr has a control range of 1 :3, the firing rate of the 
boiler furnaces can be varied in the wide range of 1 :12. The pro
pelling machinery of this ship is a 1,750-s.h.p. turbine. There are 
two pneumatic pulveriser mills per boiler, and the air required for 
the operation of the eight mills and the 12  burners is supplied by a 
centrifugal blower which discharges into the individual air pre
heaters of the boilers. An axial-flow fan arranged in the funnel 
provides the necessary furnace draught. Two conveyor belts, each 
of 3 tons/hr. capacity, arranged fore and a ft between the bunkers 
and the boilers, pass the coal to a coal crusher o f special dust-proof 
design in which the coal is broken up into pieces of approximately
1-liin. size. From  the crusher, another conveyor passes the crushed 
coal into an overhead bunker arranged above the mill battery. This 
conveyor is likewise completely dustproof. As may be seen in the 
diagrams, there is also a reserve cross bunker, forw ard of the 
boiler room, which is served by a special athwartship conveyor. 
The discharge of fly-ash and cinders from  the funnels of a ship 
equipped with a pulverised-coal-firing installation must be guarded 
against by adequate cinder-trapping devices. Centrifugal dust 
separators of the vortex type would appear to be particularly suit
able fo r this purpose.— "The Shipping W orld”, Vol. C V II, No. 
2,576, 28th October, 1942, pp. 367-371.

Cockburns Self-closing Emergency Stop Valve.
An improved form  of self-closing emergency stop valve has 

been developed and patented by Cockbums, Ltd., the well-known 
makers of steam valves. R eferring to the accompanying sectional 
diagrams (Fig. 3), when the handwheel (9) is rotated so as to allow

the main valve (2) 
to open under the 
pressure on the inlet 
side, the collar (21) 
engages the operat
ing lever (20) of an 
auxiliary valve (8). 
While this auxiliary 
valve is held in the 
open position the 
fluid fo r which the 
v a l v e  i s  u s e d  
is admitted under 
p r e s s u r e  t o  
the chamber (6) 
above the piston (4). 
The rings of this 
piston have a certain 
amount of clear
ance, thereby allow
ing the fluid to pass 
slowly from  the 
chamber (<5) to the 
exhaust end (7) of 

the valve box. When the pressures on the opposite sides of the 
piston (4) are approximately equal, the main stop valve (2) moves 
slowly in the opening direction. The exhaust end (7) is provided 
with a passage controlled by a valve (23) which is operated manually, 
when it is desired, in an emergency, to  effect the closing of the stop 
valve by power, under the action of the piston (4). In the event 
of a fall in the pressure (or a reversal of flow) at the inlet side of 
the main valve, the non-return valve (10) prevents a reflux flow 
from  the chamber (6). The expansion of the fluid trapped within 
the chamber (6) thereby effects the self-closure of the main stop 
valve (2). The fluid in the chamber (7) leaks back into the valve 
chest past the guide (5). A handle (22) is fitted to the lever of the 
auxiliary valve, so that, prior to the opening of the main valve, the 
auxiliary valve may be opened to admit pressure to the chamber
(6) in order to relieve the regulating screw (11) of some of the un
balanced load on the main stop valve.— " The M otor Ship", Vol. 
X X I I I ,  Vol. 274, N ovember, 1942, p. 267.

to arrange fo r their regular inspection, although by keeping them in 
good condition it is possible to improve both the quantity and 
quality of production. The Industrial Accident Prevention Bulletin 
gives an account of one firm who make it a practice, every Saturday 
morning, about 15 minutes before knocking-off time, to have all the 
hand tools used in the fitting and erecting shops, etc., laid out for 
inspection, any that are not in proper condition being returned to 
the store and replaced. Every employee is provided with a locker 
and key in which these tools are kept to prevent pilfering or exchang
ing. W hen the scheme was first introduced there was some opposi
tion from  the production side, who visualised the loss of a quarter 
of an hour in all the departments affected, but it was subsequently 
found that the new routine led to a definite reduction in the number 
of accidents due to mushroom-headed tools, hammers with rounded 
heads, w orn spanners and so on, while if it had been possible to 
make a  check, it would probably have been found that there was an 
improvement in the standard of workmanship .— "Shipbuilding and 
Shipping Record", Vol. L X , N o. 11, 10th September, 1942, p. 243.

Synchronising Gear for Multi-screw Ships.
A recent issue of W erft*Reederei*H afen  contains a description 

of a synchronising device for the propelling machinery of vessels 
having two o r m ore propeller shafts, which has been developed and 
patented by Dr. Ing. W. Benz of the K lockner-Humboldt-Deutz 
A.G. By means of this device, the relative displacement of the 
engine shaft and the shaft of the “'pace-m aker” is used to alter the 
output of the engine fuel pumps, and hunting of the engine speed is 
prevented by regulating the w orking of the fuel pumps to  suit the 
relative difference in the speeds of the two shafts. R eferring to 
the accompanying diagram, the electric m otor (1) is the pace-maker 

and (2) is the engine to be controlled. Both 
are coupled to the differential balance gear (3), 
the casing (4) of which turns under the influ
ence of the difference in speed and phase of 
the two shafts. By means of a cam (5), this 
casing, in turning, alters the working of the 
fuel pump (9) through the rods and levers 
(6, 7 and 8). In turning the casing also 
operates a pump (12), the inlet and discharge 
of which are connected through a throttle 
valve (13). This pump is used to put pressure 

on the appropriate side of 
a piston (14) of a balance 
cylinder and spring (15) 
which is connected to the 
fuel pump (9) by the rod
(8). The amount of move
ment of the piston (14) de
pends not on the relative 
angular displacement of the 
two shafts but on the rela
tive difference of their re
spective speeds of rotation. 
Should the engine speed 
be slowed down, for 

example, because of a greater load, the cam (5) will increase the 
output of the fuel pump, in addition to which a fu rther increase 
in the output of the latter will be effected by the action of the 
piston (14), thereby giving the engine a greater accelerating force 
according to the relative speed difference between the two shafts 
and thus bringing the speed of the engine up again before the shafts 
have time to  get fa r out of phase. As soon as the two shafts are 
once more running in unison, the casing (4) stops turning, but is 
then a t rest in a slightly different angular position which corresponds 
to  the altered output of the fuel pump required by the increased 
engine load. The throttle valve (13) is adjustable and provides an 
additional means of controlling the tem porary increments in fuel 
delivery to avoid any hunting o f the gear.— "The Marine Engineer", 
Vol. 65, No. 784, Novem ber, 1942, p. 250.
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D eutz synchronising gear.

Hand-tool Inspection.
Hand tools such as hammers, files and spanners are so widely 

used in shipyards and marine engineering works that it is difficult

Novel Design of Icebreaker.
The U.S. Coast Guard has placed an order w ith Peterson and 

Haecker, Ltd., of Blair, Nebr., fo r a small icebreaker o f novel 
design. It will be a combination of a tug  and an icebreaking plough, 
and will be used on the Illinois River linking the Lakes and Gulf 
waterway systems fo r ships of moderate draught. The new ice
breaker will be unique in that three separate floating units will be 
variously combined to perform  two distinct functions. To meet the 
special needs, the power plant will constitute a  separate floating unit, 
so designed that it will be able to push a barge used fo r the servic
ing of navigational aids, or the icebreaking plough which is also a
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manufactured in 12-, 16- and 8-cylr. form  ' j-m t in g  4 reversing rr!-n reservoir

with a normal running speed of 700 r.p.m., lever npfl __I
and a rated output of 1,200, 1,600 and 800 (  ------ g
b.h.p. respectively. Although no light £ — 
alloys o r special steels are used to any im
portant extent in its construction and LEAKn-hp. rrhn -___-  —
ordinary cast iron is utilised fo r the fram e- off »fiTn
work, cylinder covers and liners, the adop- R T i  I ' !  " .....
tion of a high running speed and the V tL  1 11 J r
form  of construction has made it possible __11
to keep the weight of the engine and its |  S t - i t -  BMW! s ~ 
auxiliaries below 131b./b.h.p., the total r f  \  ^  
weight of the 12-cylr. model being under |  
nine tons. The cylinders, which are - s r :  
arranged in two banks at an angle of 36° ___
to one another, have a diam eter of 220 mm. [ ■- STl̂ T
and a piston stroke of 300 mm. The m.e.p.
is stated to be about 721b./in.3 and the . /
piston speed is l,520ft./m in. The engine is sta rting  cam  ■ © /
a self-contained unit and all auxiliaries are /  f t
driven directly or indirectly from the sunning position In______ _______
shaft. They include the centrifugal scavenge Tl
blower, the fuel-injection pumps, F.L. V\
pumps, circulating-water pumps and a 6 J \\
general service pump, whilst the tank for 
lubricating oil and the cooler and filters S
fo r the F.L. and fuel-oil systems are __ __
attached to the engine, so that when it is to 
be installed it is merely necessary to make 
the various connections to the water, lubricating oil and fuel oil position, and the starting cam is so arranged that when the starting 
piping. The fuel-injection and scavenging systems are specially de- lever is brought back from ' ‘running” to “stop” the starting valve 
signed to perm it the engine to run continuously at speeds as low as is not actuated. The control of the starting valve is carried out by

means of a special cam-operated starting 
mechanism. W hen reversing, the starting

t
eam is moved longitudinally. The starting 
lever can only be moved from the "start- 
- ing” to the “running” position when the 
engine has started up in the specified direc
tion. If the lubricating-oil pressure falls 
below a minimum figure, an oil-controlled 
valve shuts off the supply of fuel to the 
injection pumps. Pyrom eters are provided 
for the measurement of the exhaust-gas 
tem peratures w ith distance indicators on 
1 I— ‘  — — J  the control panel. Complete remote control

SHAFT CENTRES J of the engine from a sound-insulated con-
2,000 mm. trol station overlooking the engine room

may be arranged, in which case all the 
necessary gauges and instruments are concentrated at this point. 
Such an arrangement is usually adopted in German vessels with 
Diesel-electric propulsion. A 12-cylr. engine o f this design under
went exhaustive shop trials, including a non-stop run of 

Fin. 5 400 hours, before production of the unit on a commercial 
scale was begun. The designed power of 1,200 b.h.p. was attained 
at a speed of between 410 and 480 r.p.m. w ith a fuel consumption 
of less than 0-351b./b.h.p.-hr., a consumption of 0-361b./b.h.p.-hr. 
being maintained over practically the whole running range of the 
engine. The wear on the cylinder liners and pistons, the crank
shaft and crankpins, main bearings and big-end bearings was 
ascertained a fter the trials and proved to  be negligible.— 
“The M otor Ship”, Vol. X X I I I ,  N o. 274, November, 1942, 
pp. 240-245.
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separate unit. The installation of the equipment for servicing the 
navigational aids on board a w ork barge to be pushed by the power 
unit will, it is claimed, not diminish the efficiency of the servicing 
arrangements. The vessel will have a welded steel hull 1144ft. in 
length, with a beam of 30ft., and a depth of 10ft., displacing 300 
tons at a draught of 54ft. The propelling machinery will consist 
of three 320-h.p. Diesel engines directly connected to triple screws. 
The ice plough, which will be attached to the ship whenever required, 
will be of welded steel, with a length of 594ft., a beam of 49ft., a 
depth of l i f t .  10in., and a weight of 75 tons.—“The Shipping 
W orld”, Vol. C V II, No. 2,569, 9th September, 1942, p. 200.

A New Deutz Engine.
The Klockner-Humboldt-Deutz A.G., Cologne, who are by far 

the largest producers of Diesel engines in Germany, are now reported 
to have developed an entirely new design of V-type two-stroke 
engine fo r marine propulsion and auxiliary purposes fo r certain 
industrial requirements. The unit is to be

100 r.p.m., if required. The overall length of the 12-cylr. engine is 
about l if t ., the extreme width 4ft. 9in., and the overall height 
7ft. llin . Fig. 5 shows a comparison in size between this engine and 
a normal four-stroke unit of equivalent speed (in full line) and a 
pressure-charged four-stroke engine of similar characteristics 
(dotted line). In a  twin-screw ship the space required between the 
centre lines of the two propeller shafts is about 6ft. 6in. The 
makers claim that the m.e.p. of 721b./in.2 is equivalent to double 
this pressure in a four-stroke engine having an equivalent specific 
weight and that this mean pressure is not yet permissible even with 
the employment of Biichi pressure-charging. Fresh-w ater cooling 
is used and a small amount of anti-corrosion oil is employed, 
although any parts which are particularly liable to corrosion may 
be zinc sprayed for protective purposes. The pistons are of silicon 
aluminium and w ork in special C.I. liners which are free to expand 
downwards and contain the ports for the scavenging a ir and fo r the 
exhaust gases. Fig. 8 shows the control mechanism. The reversing 
lever moves from  the “stop” through the "starting” to the “running”

FROM AIR
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Producer Cas for Two-stroke Engines.
It is reported from  Sweden, that a fte r prolonged experiments 

and tests, the Bolinder M unktell Company have succeeded in 
eliminating the difficulties that have hitherto prevented a practical 
and economic use of producer gas in two-stroke heavy-oil engines. 
The principal feature of the system developed by the firm is that 
the gas has not to pass through the crankcase, but is led direct to 
the cylinder from the generator. D uring this circulation some of 
the compressed air from the crankcase is mixed with the gas. Im 
proved fuel consumption and power output are claimed for producer- 
gas operation according to this new system.—“Mechanical W orld”, 
Vol. C X II, No. 2,906, 11th September, 1942, p. 249.

Engineers Help Doctor.
A naval rating from  a destroyer was brought to the sick bay 

of the battleship “Rodney” with a severe face injury. The medical 
officer decided to perform  a new type of operation, fo r which a 
special instrum ent was necessary. H e made a sketch of it and 
explained his requirem ents to the ship’s engine-room artificers. The 
device resembled a m iniature tyre Jever and was forged from  a 
steel bar, tinned and polished. The E.R.A.’s made two attempts 
before they got exactly what the medical officer wanted. The opera
tion was completely successful and the injured man was able to 
return to his own ship two days later. The operation in question, 
which is quite new and as yet known to very few surgeons, was 
recently devised by S ir H arold  Gillies, the famous plastic surgeon. 
The old operation for this particular injury used to leave a dis
figuring scar on the face, while the new one leaves only a small scar 
hidden in the hair.—“Lloyd’s List and Shipping Gazette”, No. 39,890, 
23rd September, 1942, p. 9.

Armstrong W hitw orth  Oil-cooling System for Pistons and Bearings.
An improved method of cooling the pistons and of lubricating 

the bearings of Diesel engines has been developed by A rm strong 
W hitw orth & Co., Ltd., and forms the subject 
of a recent British patent. Two oil supply 
systems fo r the cooling of pistons and the 
lubrication of bearings are shown in the accom
panying sectional drawing (Fig. 1). Both sup
plies may be at the same pressure, but if 
necessary, the piston-cooling-oil pressure can 
be increased separately. The crank web on 
the left has a hole (A ) fo r allowing oil to 
pass to the crankpin, a second hole (F) taking 
cooling oil to the piston through an annulus 
surrounding a tube (G) which conveys lubricat
ing oil to the gudgeon-pin bearing (C). The 
cooling oil fo r the piston passes up a hole 
(L) and is directed to the crown by a tele
scopic cylinder (K ) which is spring-loaded and 
maintained in contact with the top of the con
necting rod. I t is to be understood that the 
top of the cylinder is provided with a number 
of slots o r holes through which oil can 
escape to the interior of the piston and drain 
back through the small passages which are 
shown communicating with spaces be
tween the gudgeon-pin bosses of the 
piston. The oil accordingly falls into the 
crankcase for recirculation. The supply 
from  the oil pump is conveyed to a 
passage (P) and thence to the outside of 
the main-bearing shell. I t will be 
observed that the hole (F) fo r the piston- 
cooling oil terminates at the sides of the 
main bearing and the big-end bearing re
spectively. In order to form a seal fo r 
the oil, a split ring (M), held in pusmuu 
by a spring (AO, is fitted. If a  single 
lubricating-oil pump is used to supply 
both systems, an adjustm ent is made on 
pump to pass the required quantity and 
series of channels.—“The M otor Ship”, Vol. X X I I I ,  No. 274, 
November, 1942, p. 267.

New Swedish Motor Schooner.
The auxiliary sailing vessel “F re ja”, which recently completed 

her trials, is the first of a group of five similar ships to be built at 
the K alm ar Shipyard for Swedish owners. The hull, which is of 
steel construction, specially strengthened for navigation in ice, has 
an o.a. length of some 132ft., a beam of 274ft., and a depth of 124ft.,

with a gross tonnage of 312 tons and a cargo capacity of 425 tons. 
W ater ballast can be carried in the fore and a fte r  peaks, as well as 
in three compartments in the double bottom, where there are also 
two fuel-oil tanks with a total capacity of 15 tons. There are two 
cargo hatches, each served by a 2-ton electric w inch; the forw ard 
winch m otor also drives the windlass. The vessel is rigged as a 
three-m asted schooner, the total sail area being 3,770ft.2. The 
officers and crew are berthed aft. T he propelling machinery con
sists of a two-cylinder Bolinder-M unktell engine developing 225
b.h.p. at 300 r.p.m. and driving a propeller with reversible blades, 
the hydraulic controls of which, like those of the main engine itself, 
are operated from  the wheel-house. The engine room also contains 
a 10-h.p. Bolinder engine which drives a pump and a 1-2-kW. 
24-volt generator. The vessel’s equipment includes W /T  and direc- 
tion-finding gear.—“Lloyd’s L is t and Shipping Gazette”, N o. 39,896, 
30th September, 1942, p. 11.

New Swedish Steamer.
The cargo steam er “A rabritt”, 2,840 tons d.w., built a t the 

Oresund Shipyard, Landskrona, fo r Swedish owners, was delivered 
on June 16th. The vessel is of the single-deck type, with four 
holds, but has several unusual features. The engine room and bridge 
structure are between Nos. 3 and 4 holds; there are three pairs of 
derrick masts, one pair between the hatches of the two forw ard 
holds, one pair at the forw ard end of the bridge structure, and one 
pair a f t ; and the tank top in the a fte r (No. 4) hold has been raised 
to the level of the top of the tunnel in order to enable cargo from 
this hold also to be discharged by means of grabs. The ship has 
an o.a. length of about 295ft., a beam of 42ft., and a  draught of 
18ft. on summer freeboard. The cargo-handling equipment com
prises eight 5-ton derricks, each served by a steam winch. The pro
pelling machinery consists of a  triple-expansion engine, constructed 
by the shipbuilders, developing 1,300 i.h.p. a t 85 r.p.m., and supplied 
with steam by two boilers equipped with superheaters, forced draught 
and air preheaters. The ship attained a speed of 14-15 knots on her 
trials.—“Lloyd’s L ist and Shipping Gazette", No. 39,896, 30th 
September, 1942, p. 9.

Maintenance of Soot-blowing Equipment.
The following are some of the troubles which the w riter has 

experienced with soot blowers of the element type : Elements placed 
in the region of a  superheater, where the gas tem peratures are high, 
very soon become either distorted or burnt. Calorised elements are 
a real danger to the boiler tubes, as the steam jets from  them may 
impinge upon the tubes, causing erosion or punctures. Leaky glands 
are a common source of trouble, especially on blowers having a 
gland between the head and the boiler casing. Gland leakage may 
often be due to poor drainage and to the bending moment produced 
at the gland by the sagging of the element in its supports when 
rotating. D ust and g rit from the top of the boiler are liable to 
be swept on to the soot-blower heads, filling the gear-wheel teeth 
and thus preventing the elements from  being rotated. All gear 
should, therefore, be enclosed or provided with suitable guards to 
prevent such trouble. The choking of the drain pipes and the interna! 
corrosion of the steam supply pipes are other causes of trouble. 
These effects are produced when the head valves are left open, so 
that a fter the m aster steam valve has been closed a partial vacuum is 
formed in the supply and drain pipes as the remaining steam con
denses. This causes gas and dust to be draw n from  the combustion 
spaces through the element nozzles and blower heads into the pipes, 
where the sulphurous gas quickly corrodes the metal and the dust 
eventually chokes the small drain pipes. Cases are known where 
badly corroded supply pipes have burst under steam pressure, causing 
injury to the boiler-room personnel. A vacuum-breaking device 
should be fitted to the supply pipes to prevent the above trouble. 
Soot blowers of the single-nozzle type sometimes give trouble 
through seizure o r burning. Seizure, which may be partial or com
plete, may be attributed to lack of lubrication or to  too fine a 
clearance between the moving and stationary parts, especially if the 
nozzle is left in the operating position too long, so that it overheats. 
Burning of the nozzle may be due to leaving it in the operating 
position or to the collapse of the protecting brickwork around the 
blower. Slight burning of the nozzle is generally due to the failure 
of the cooling steam supply.—H . Batley, "Mechanical W orld’’, Vol. 
C X II, N o. 2,908, 25th September, 1942, p. 296.

“ Sir Charles Parsons and Mechanical Gearing” .
This M emorial Lecture deals with the pioneer work of the 

late S ir Charles Parsons in the development of mechanical gearing 
for marine propulsion. The initial success of the s.s. “Vespasian” 
in 1910 is mentioned and it is shown how this noteworthy achieve
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ment was followed by a very rapid change-over from direct-drive- 
turbine to geared-turbine propulsion, more particularly in naval 
vessels. Thus by 1916, all new naval ships, excepting those of special 
types, were equipped with mechanical gearing. The introduction of 
double-reduction gears for merchant vessels is mentioned, and there 
are references to the materials used in the construction of gears. 
A section of the lecture deals with gear noise and periodic errors, 
and it is shown how Parsons’ invention of the “creep” machine has 
resulted in a reduction of gear noise. Parsons’ insistence on accuracy 
in gear-cutting machines is mentioned, and it is shown how accuracy 
in the m anufacture of hobs has developed. The lubrication of gears, 
gear loads and Parsons’ introduction of the all-addendum gear are 
discussed, and the lecture concludes with a summary of Parsons’ 
magnificent achievements in the introduction of mechanical gearing.— 
The Parsons M emorial Lecture, 1942, by S. F. Dorey, D.Sc., IVh.Ex., 
"Transactions o f the Institute o f Marine Engineers”, Vol. L IV , No. 
9, October, 1942, pp. 111-126.

U.S. Ship-repair Work.
According to the New York Journal o f Commerce, the president 

of the National Council o f American Shipbuilders, Mr. H. Gerrish 
Smith, has revealed that during the last 12 months American ship
yards have completed repairs on 5,500 ocean-going ships of 2,000 
tons or more, representing a total tonnage somewhat greater than 
one half that of the w orld's merchant fleets. Much of the war 
work carried out in these yards has been of a character quite 
different from the usual commercial repair w ork done in normal 
times, and has involved an increase in the numbers of shipyard 
workers of over 400 per cent, as compared with those of 1940. 
D uring the past year hundreds of ships have been arm ed with 
anti-submarine and anti-aircraft guns and have been provided with 
accommodation for the guns’ crews. In addition, 31 sabotaged 
German and Italian vessels seized in U.S. ports have been repaired 
and equipped for w ar service at a cost of about ten million dollars, 
whilst 65 foreign ships that were requisitioned have likewise been 
arm ed and placed in good operating condition, as well as many of 
the 198 ships of the old laid-up W orld W ar fleet. Up to May 1st, 
the U.S. A rm y and Navy had acquired a total of 285 merchant 
vessels, aggregating more than three million tons deadweight. All 
of these had to be converted for service as Army transports or 
Navy auxiliaries, as well as 800 small craft, which have been armed 
and converted into Naval patrol craft.—"Lloyd’s List and Shipping 
Gazette”, No. 39,908, 14th October, 1942, p. 4.

Ingenious Repair to Broken Stern Frame.
An ingenious repair carried out recently in a British port 

enabled a ship to be quickly recommissioned without the delay that 
would otherwise have arisen due to the difficulty of obtaining cast
ings under present conditions. The vessel in question is owned by 
the Lam port and H olt Line, Ltd., and returned to this country 
with the sole piece of the stern frame, below the propeller aperture, 
broken off. H ad no alternative to a new casting been devised, it is 
probable she would have been out of service for several months 
while it was being made. The expedient adopted by the repairers 
was to cut three arm our plates to the required shape, allowing for 
additional vertical welding at the rudder-post end of the stern frame 
to give an equal strength of weld to that on the forw ard break of 
the panel. The centre plate was first welded in position to both 
ends of the break, a fter which the plates on either side of this 
were similarly dealt with. The three plates were afterw ards 
riveted together, and a covering plate was then slot-welded to this 
structure on either side and carried forw ard to the shell plating of 
the hull, to which it was secured by riveting. This ingenious make
shift repair was duly approved by the surveyors of the classification 
society concerned and of the M inistry of Transport, and the ship 
is again at sea.—"T he Journal o f Commerce" (Shipbuilding and 
Engineering Edition), No. 35,777, 8th October, 1942, p. 2.

N.E. Coast Insti tution Presidential Address.
In the course of his address, the President referred to the part 

being played by Sunderland shipbuilders in the present-day pro
gramme of ship construction. A fter explaining the essential differ
ence between the conditions which obtain in the British shipbuilding 
industry and those which prevail in the U.S.A., he pointed out the 
special advantages enjoyed by the U.S. yards on the Pacific Coast 
as regards climate, the absence of any “black-out” and the well-

nigh unlimited supply of labour. The President took the oppor
tunity of vindicating the past policy of N ational Shipbuilders 
Security, Ltd., in dealing with redundant shipyards, which has been 
the subject of a considerable amount of adverse criticism. H e also 
replied to those critics of the Government’s program m e of cargo 
ship construction who maintain tha t the 11-12-knot vessels being 
built at the present time are too slow, and that ships with a speed 
of 15-16 knots would prove far m ore suitable fo r service under war 
conditions. Citing the case of one particular firm, who are now com
pleting sixteen ll l-k n o t cargo vessels of 10,300 tons d.w. per annum, 
he declared that if that firm were directed to  build instead 15-knot 
vessels of the same dimensions (and their berths will not perm it of 
anything much bigger) then the power of the engines would require 
to be increased from  2,900 i.h.p. to over 7,000 i.h.p., w ith the result 
that the firm’s annual output would be reduced to only ten of these 
faster ships, and these would carry only 8,300 tons of deadweight 
instead of 10,300 tons each. Moreover, the firm in question are pro
ducing a  fu rther eight 2,900-i.h.p. engines fo r other shipbuilders, 
but if they had to build 7,000-i.h.p. engines they could supply no 
engines a t all to other yards. In other words, it is a case of 
either tw enty-four 2,900-i.h.p. engines o r ten 7,000-i.h.p. engines per 
annum. The President remarked that despite the adverse criticisms 
of the new cargo vessels’ speed, the programme of fast ships is not 
so small as the critics think. As regards the people who advocate 
the adoption of new kinds of lay-outs for shipyards on the lines 
of the ‘'production-belt”, etc., he pointed out that apart from the 
very long time it would take to build such shipyards and the pro
blem of where the additional labour involved could be found, the 
sponsors of these schemes would do well to ascertain how our 
existing shipyards in this country compare with the latest type of 
yards tha t have been established in the U nited States. If  they 
would do this they would find that the existing type of yard has 
done things that are really m eritorious so fa r  as time is concerned, 
and that as regards the absorption of man power by the normal 
method of ship construction, ou r yards are well ahead of the best 
of the American yards having any such new kind of lay-out. It 
has also been said that all cargo shipyards in this country should be 
building exactly the same standard ship. T his method was adopted 
in the last war, but, a fter a full experience o f its working, it was 
deemed to be much better to perm it each individual yard to con
centrate on its own particular standard type as in production before 
the war, in order to utilise the different plant and facilities available 
in the various yards and the different methods of construction which 
they had perfected to the best advantage. The President then pro
ceeded to dispel the popular illusion that all ships in America are 
constructed in parts fa r away from  the yards and transported to 
them fo r assembly, and that the same method could be adopted 
here. If  a yard has the space, labour and plant to fabricate the 
parts inside its own boundaries and close to the berths, there would 
be no point in fabricating them miles away and then burdening the 
railways and the roads with the transport of very large and un- 
wieldly parts. In actual fact, those B ritish yards which are able 
to erect and launch more steel than they can themselves prepare, 
have already been supplied with fabricated steel components such as 
masts, derrick posts, tanks, etc., to the extent of 50,000 tons by the 
structural engineering industry all over the country. The President 
called attention to the immense increase in the amount of work 
entailed in fitting out and finishing off a ship to-day, as compared 
with that in normal times, by reason of the defensive 2nd offensive 
arm ament and other alterations and additions called fo r by war 
conditions, the ex tra  weight due to defence measures in an ordinary 
cargo ship amounting to nearly 200 tons. A fte r expressing the view 
that it will be futile to attempt to conduct the British shipbuilding 
industry a fter the w ar on the same lines as before, the President 
dealt with the function of provincial and national technical societies 
in general and with that of the N.-E. Coast Institution in particular. 
H e then discussed shipbuilding education and the unreasonable pre
judice which still appears to exist on the Tyne against University 
graduates in the engineering and shipbuilding industries. He con
cluded his address by recalling that the late P ro fesso r B. P. Haigh 
said shortly before his death : “W ar may be no time for deep re
flection, .but it offers notable opportunities for observation and leads 
in the long run to the advancement of engineering theory and prac
tice.—Presidential Address by J. Ramsay Gebbie, B.Sc., delivered at 
a general meeting o f the N .-E . Coast Institution o f  Engifieers and 
Shipbuilders, on the 16th October, 1942.
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