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MARINE ENGINEERING FROM THE 
NAVAL ASPECT 

This paper was rwd by the Engineer-in-Chief of the FIeet at one of fhe 
Controller's peridicul inter-deparrmental discussions at the Admkalty on the 
1 8th June, 1946. 7'he audience was seprcsentarive of aJi Departments. Owing 
i n  rhe neces.eity of adhering to the security grading of this periodical if is regr~rted 
that severalpoints of speciaI interest have hod to be omitted from this reproducrion. 

In reviewing the subject of marine engineering as it affects the Navy it will 
be my aim to deal only with broad principles as they affect us a11 and to sketch 
in outline the important features which bring out the character of thc problem. 

My method of dealing with the subject will be to take in turn the various 
sections into which it can be divided. For cach I shall touch on the advanccs 
made between the wars both by ourselves and by several foreign powers. This 
will lead in cach section to a brief revicw of the present position, and, turning 
to the future, which is now the major concern of us all, to an outline of our 
policy. Tn covering the ground I shall endeavour to bring home the difficulties 
inseparable from rapid advance in the high powcr marine engineering field 
and to contrast thc facilities available to us and to our rivals. 

Before stafiing, and in order to give a background to my thcmc, I shall just 
outline the form which I think propulsion machinery will takc in the near 
future. In doing so I omit a11 reference to atomic energy, sincc 1 do not think 
it will be a rcal factor in warship propulsion for, say, the next ten years. 

In my view thc most suitable propulsion machinery for surface vessels in the 
immediate years ahead will Ix :- 

l .  Diesel Engines for low powers, say, up to 2,000-3,000 H.?. per set. 
These could, in suitable cases, be grouped round one set of gearing to 
give up ta four times this power per shaft. An example of this is in the 
L.C.T. 8, where two 500 H.P. engines are connected to each shaft. 
Diesel machinery has the advantages of low fuel consumption and 
instant readiness ; moreover. it lends itself readily to mass production 
in a field of industry not normally tapped to any great extent for marine 
work. Maintenance is, however, a major problem, but this can be 
simplified, where small units am used, by changing engines on board, 
and by overhauling thc used engines in properly equipped estabIishments 
ashore. 

2. Gas Turbines for intermediate powers. 
As far as we can see at present the gas turbine is not likely to be suitable 
for the lowest powers, say, below 2,000 H.P., nor can we say at present 



whether it will have an upper limit. but 10,000-12,000 H.P. sets may 
be available in, say, ten years' time. Gas turbines also have the advant- 
ages of low fuel consumption and instant readiness, but we do not yet 
know what dificulties will bc met with in thcir operation and we are 
thereforc particularly anxious to instal onc of these units in a sea- 
going ship as soon as possible in order to gain this expericnce. 
In order ta extend the use of gas turbines into higher powered fields, i t  
may be possible to group a number of sets round one gearing in the 
manner rcferred to above for Diesels. 

3. Steam Turbine machinery for high powers. 
An interesting possibiIity of the future is a combination of steam 
machinery with gas turbincs for boost power, e.g., to meet the staff 
requiremtnt of quicker acceleration for aircraft carriers. 

Submarines 
In order to m& staff requirements for high underwater speeds for submarines 

the high pewer required will necessitate the use of turbine machinery and it 
will also be essential that the oxygen required for combustion is carried in 
some form or other or produced on board. The only method developed at 
present uses hydrogen peroxide, which provides superhcatcd steam and the 
oxygcn necessary to burn the fuel for which stowage also has to be provided. 
The prop~rlsion machinery for such a suhmarinc would consist of a Dicsel 
enginc for surface propulsion and to give high endurance under "snort " 
conditions, electric propulsion from batteries for totally submerged work, with 
the turbine machincv for bursts of high underwater speed. 

With the quickening of intercst in research in the marine engineering field, 
it is evident that Wg developments are likely to occur in ihc next fcw years, and 
it i s  essential that the Admiralty shouId take the lead in these developments. 
In order to assist me in my task, the Roard have approved the setting up of  
the Marine Propulsion Committee with wide terms of reference covering the 
improving of existing forms of propulsion and the development of new ones. 

Steam Power Ptant 
I shall now deal with the various types of machinery in turn, and I propuse 

to start with steam, as this i s  likely to bc used in a11 our major ships for some 
years to come. Here the basic factors available for variation are the pressure 
and temperature of the steam generated by the boilers. Raising the pressure 
and ternpcrature increases the thermodynamic potential and, if advantage can 
be taken of it, the overalE efficiency of the installation. 

At the end of the 1914-18 war our ships used saturated steam generally 
at about 220 Ib./sq. in. the temperature beir~g about 400°F. The use of super- 
heated steam was adopted as policy ror the postwar fleet cornmcncing with 
H.M.S. Amazon and H.M.S. Ambuscade and the Coun,n?v Class cruisers, and 
by the outbreak of thc recent war the steam conditions of larger ships had 
advanced to 400 Ib./sq. in. superheated to 700°F. For destroyers it had 
been held at 300 Ib.lsq. in.JB50nF. for production and maintenance reasons. 
We had also carried out trials with a 500 Ib. 700°F. unit in H.M.S. Acl~eron, 
but just when we were prepared for another step fotward financial stringency 
and the unsettled state of world affairs prevented further action. 

The cumulative eff& of the advances in the twenty odd years i s  well illus- 
trated by the recngining ot Queen Eliznbeth CIass, mentioned by Sir Stanley 
Goodall in his recent paper to the Institute of Naval Architects, In this recon- 
struction, the oripinal twenty-four boilers supplying saturatcd steam to direct 



drive turbines were replaced by eight boilers supplying superheated steam to 
geared turbines, and as a result the space occupied by the machinery was 
reduced by one-third, the machinery weight was  halved and the endurance 
a t  ten knots was trebled. This not inconsiderable achievement was largely 
produced by a stow and laborious step-by-step method, in which every new 
advance couM only be tried out in the next year's programme. 

It is not out of pIace here to mention the great difference that exists between 
development in the long life engineering field and that in the fieId of lighter 
engineering. In the latter, the building and thorough testing of prototype 
designs is a comparatively quick and jnexpcnsive matter and it is, therefore, 
customary for this to be done before the final programme is decided on. The 
case of the motor car is a simple example. Wherc only short life is looked for 
from the: cngine, this method is even more attractive. In the acra world, for 
instaacc, where jet engines have a maximum life of 300 to 5 0  hours, tests 
mcasured in days or suffice. In the marine field where a life mcasured in  
tens of thousands of hours Is cuncerned, it is a vcry different matter. Quite 
apart from this, the sizc and expense of making prototype designs puts another 
complexion on the problem. 
Lack of facilitiw for the full scale testing ashore of the machinery of ships 

i s  undoubtedfy a considerable handicap to rapid development, since failures, 
once machinery has been installed, must bc avoided at all costs. Arncrica 
recognised this need and providcd the necessary plant for the U.S. Navy at  
the Boilcr and Turbine Laboratory, Philadelphia. The Germans went to 
even grcatcr lengths and provided the majority of their warship engine buildcrs 
with two sets of equipment so that every jet of steam machinery for their 
warships could be tested at full power ashore before being placed on board. 
During the '30's, the U.S. Navy, who had been keenly interested in aur Acherun 
trials, decided to go for higher pressures and tcmperaturcs and after con- 
siderable research and testing, had, by 1939, standardised at 600 lb. and 
850°F. for their whoIe fleet. 

At temperatures exceeding 7WF. we enter the range where " creep " b m c s  
the major design factor. Perhaps I should mention that creep is the name 
given to the tendency of metals to become plastic under strcss at high ternpcra- 
tures. This calls for a much higher standard of technical design, the use: of 
special materials and, of very great importance, greater precision from industry. 
The U.S. Navy expected and cxperiencod a good deal of initial trouble, firstly 
in educating industry to mect the special nmds of naval machinery for bighcr 
steam conditions, and later with the material itself on service. The gains in 
fuel consumption which can be expected in practice from increased steam 
conditions, assuming that full advantage can h taken in the auxiliary machinery 
as well as the main turbines-this is the difficult point-have been well cstab- 
lished by expcricnce in power stations. They amount to about 5 per ant .  
per IWF., a t  700°F. falling to about 3 per cent. at 900°F. Increasc in steam 
pressure is a Iess easy subject on which to generalise except to say that there 
is an ideal pressure for each application and that the gain is just over 1 per cent. 
per 100 lb. pressure rise in the zone 400-600 lb./sq. in. The direct saving 
in fuel due to the use of the higher steam conditions in American ships as 
compared with ours is therefore about 8 per cent. 

In the case of the Germans the NarvikClass destroyers had machinery designed 
for steam conditions of 1,100 1b.Jsq. in. 930°F. during bursts at overload 
power. It was, however, normally operatd at lower conditions. The Germans 
used this high pressure in an endeavour to reduce steam pipc sizes and so get 
the machinery into a srnalFcr space. The result was undoubtedly a failure. 
They got an extremely congested arrangement with a high degree of compIicarion 
requiring nearly twice the number of engineroom personnel that we normally 
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carry. The ships had doubtful reliability-and had a higher fuel consumption 
than that of our destroyers. The machinery of the 69,000 N.P. Narviks is 
25 per cent. heavjet than that of our 72,000 H.P. fast minelayers and it occupies 
roughly the same space. AIthough the design was extremely ingenious and 
indeed contains a number of features which we are following up, the machinery 
as a whole has, I think, been aptly described as a masterpiece of misapplication. 

The highest conditions which can as yet be regarded as normal in power 
station practice are 1,250 Ib./sq. in. 950"F., though some stations use 7,000 
Ib./sq. in. I might mention in passing that steam pipe failures are somewhat 
alarmingly prevalent just now in power station work. A has often been asked 
why similar practice cannot be directly applied to warships. There is a funda- 
mental differenm between the two requirements. Unlike naval turbines, power 
plant turbines opcratc at one speed only and ate seldom called upon to change 
power very rapidly and without notice. En addition many of the small auxiliary 
steam machines which go into a warship must run efficiently with the steam 
conditions produced by the main boilers. Jn power stations the latter problem 
i s  met by the use of eIectric motor drive ; weight, space and risk of flooding 
not having to be taken into consideration. I must also mention, and it i s  noF 
without significance, that the latest trend in power station practice is to 
redesign new stations for 900 lb./sq. in.190OoF. 

Thc present position as far as the Royal Navy i s  concerned is that we are 
adopting steam conditions of 650 Ib.lsq, in. and 850°F. for the machinery of 
tho Daring Class destroyers, which is sensibly the same as the U.S.N. standard 
condition, bu t  higher than anything yct handled by the marine engineering 
industry in this country. Great advances are required in the technique of 
turbine detail design and manufacture, in the production of high precision 
gearing, in steam valve and steam pipe manufacture and in many other direc- 
tions, and it has been no easy mattcr to educate the marine engineering firms 
up to the standards now required; even on the inspection side we have had 
to give guidance and assistance. One encouraging sign is that a11 the firms 
are now interested nnd keen to build this machincry, and so gain cxpcricncc. 
It is quitc probable that we shall have considerable teething troubles with the 
machinery of these ships, but these will be overcame and high pressure and 
temperature wilI bocorne the standard in the future. 
WC do not, however, intend to stop at the prcsent figures, but to proceed 

to higher pressures and ternpcratutes as swiftly, rationally and cxonomicalJy 
as is practicabIc. I have rcfcrred to the German policy which led to what 
can be termed a major engineering failure. We know the Americans are 
experimenting with thc use of steam conditions very similar to those adopted 
by the Germans. We hope to avoid mistakes and to produce for our ships 
only that steam machinery which is  best fitted to meet the peculiar and onerous 
demands of warships. We have, therefore, to determine those steam pressures 
which are as ideal as possible to suit all aspects-reliability, ficiency, weight 
and space, and economy of manpower. To do this, approvaI has been sought 
to place a contract for the whole field to be examined jointly by Messrs. Yarrow, 
Ltd., and the English Electric Company, after which their recommendations 
will 'be submitted to the Marine Propulsion Committee, This research will 
be of considerable scope, incidentally involving almost complete designs of 
several machinery layouts and examination of what is required by industry 
to meet them in each field, boilers, turbines, auxiliary machinery, etc. 

Having established the most suitable steam conditions for warships, we will 
then have to find the means of producing designs and prototypes to use t%e 
conditions. The main items are boilers, propulsion turbines, double reductton 
gearing and auxiliary engines, with each of which I shall now deal in a lirtle 
more detail. 



c' 
c " .  

Boilers 
Backed by the experimental and development work carried out by the 

AdmiraIty Fud Experimental Station at Haslar, considerable strides were made 
in oil fuel burning and boiIer design between the wars. As an example, the 
42 boilers originalry fittcd in H.M.S. Renown were, at her reconstruction, repIaced 
by 8 Admiralty design 3 drum boilers capable of producing the steam required 
for 120,000 S.H.P. 

The rate of advance was, however, limited by the inadequacy of the facilities 
at Haslar and had to adopt the policy of using a ship's biter for full scale 
trials ashore. Thc first of these was on a boiler for H.M.S. Rodney, and Iater 
on boilers for Coun~y Class and an " I " 'Class destroyer ; these gave us very 
useful data but the pcriod ktween trials was too Eong and WC nearly ran into 
trouble with the fast minelayer boilcr design. We have now built a boiler 
test shop at Clydebank and carry out full scale trials of all new design boibrs 
before installation. It is hoped to build a new Haslat on the Tyne in the near 
future where all future research and devetopment on boilers and fuel burning 
arrangements can be. concentrated in one establishment. 

Admiralty boilers are natural circdation boilers, and there has been a good 
deal of pressurc from certain quarters to use forced circulation boilers. We 
did, in fact, fit one of tkcse boilers (a La Mont) jn an " I"  Class destroyer 
and also during the war in half the steam gunboats, but our experience has 
not shown them to be any more suitable for naval purposes than our own 
design. The Germans also investigated this problem, and fitted a n u m b  of 



forced circulation boiIers of the La Mont and Bensan type but reverted to 
the natural circulation Wagner boiler in their latest ships. These designs 
have k e n  thoroughly investigated by Admiralty and Industry and in general 
they show no advantages ovcr our own, indeed, they have all given very con- 
siderable trouble. To assist our own development, however, we intend to 
carry out trials at  Mcssrs. Thornycroft's on thc latest design of German Benson 
boiler. 

The Americans stuck to the natural cjmulation boiler, but intrduoed con- 
trolled superheat which permits of the maintenance of high temperature down 
to low shaft powers and thus an irnprovcment in economy at these powers. as 
well as enabling astern turbines to operate at reduced temperature and permit 
prolonged astern running without overheating. We ourselves have already 
introduced this type of boiler in Weapons CJass destroyers. 
In the Daring Class three diRerent designs of boiIers will be used-Bakock, 

which is a complete U.S. design, and Fostct Wheeler and Yarrow, both British 
designs. Boiler developments to usc the new higher steam conditions will 
naturally depend on experience with all these new dcsigns, 

The French Navy, in an effort to reduce space, has developed a boiler in 
which combustion takes place at about twice atmospheric pressure. Several 
boilen of this type were fittcd in Ricfrelieu and one or two other ships. The 
Gcrrnans also investigated projtxt designs of this nature. Fundamental data 
on this problem are lacking. The possibilities of a higher rate of heat transfer 
with a reduction in combustion volume leading to reductions in overall weight 
and space make it imperative to institutc the necessary research. We intend 
to do this, but no work has been done on the subject in this country and much 
development wilt be required. It is also likely that we shalt adopt the closed 
boiler with open stokeholds which givcs promise of better habitability, apart 
from giving wider scope for development. We shall then ask D.N.C. to ventilate 
the stokehold. 

We have already taken automatic control of the feed water further than 
the U.S. Navy and some greater measure of automatic control of the boiler 
equipment is likely to be desirable. This is under investigation. I must, how- 
ever, point out that automatic control will not reduce the number of personnel 
required. Witness the Narvik Class, which I have already mentioned, which, 
although fully automatic, required an engine-room complement just twice 
that of our fast minelayers. 

Propulsion Turbina 
At the end of the 1914-18 war the comparatively bw steam conditions 

alIowcd the use of large slow-running turbines which drove the propeller shaft 
direct, though gearing would have been an advantage. The advance in  steam 
conditions, which 1 have mentioned, called for a corresponding increase in  
the rotational speed of the turbines and the use of reduction gearing between 
turbine and propeller shaft became necessary. 

When the use of higher steam conditions was decided on, it was evident 
that we should need extensive research facilities, and it was proposed to set 
up an Admiralty steam turbine research establishment. This was discussed 
with the late Sir Charles Craven, who, after consulting the marine engineering 
firms, put up the alternative proposal that the industry should set up their own 
research station. In these circurnstanczs the Admiralty proposal was dropped 
and P.A.M.E.T.R.A.D.A. was born. This Association has the backing of rhe 
Admiralty and the buildings are now well under way. 

The site a t  Newcastle wi1I be equipped by the autumn of this year for the 
full scale testing of steam turbine plant up to 60,000 S.H.P. per shaft. Guided 
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by my Turbine Design Section, and by Messrs. C. A. Parsons and The British 
Thornson-Houston Company, the Association is handling two of the three 
turbine designs being fitted in Daring Class. 
In addition, two OF thcse ships building by Messrs. Yarrtllw will have English 

ELectricCompany-Yarrow turbines,which it is hoped will embody alL the lessons 
so far learnt in land turbine design at thcse stcam conditions. The Association 
wiIl later on test all threc prototypes ashore under full load conditions. In 
these three designs, we are obtaining thc kncfit of the experience of three 
of the major land turbine firms, and the spirit of competition, so essential for 
advance, will thus be infused into the marine industry and it is hoped that 
nothing but good will come of it. 

Staff Requirements 
At this point I propose to digress from my theme for a few moments. The 

endurance at war cruising specds depends greatly on the design of  the main 
turbines. The U.S. Navy ddiberately sacrificed economy at fulI speed to 
achieve greater endurance at war cruising speeds. This was clearly demon- 
strated by a comparison of thc performance of the King Geor~r V with that of 
the U.S.S. Wasl~ington, which at 20 knots was much more efficient than the 
British ship. 

1 want to stress this point : not more than a quarter of this gain was due to 
higher steam conditions, a third was due to the use of the economisers and 
controlled superheat, and the remainder was duc to the turbines being designed 
for this speed. At full spood. however, the Washington had a lower figurc for 
miles pcr ton of fuel than the King G ~ o r ~ e  V, which had been designed for 
maximum cruising at full power. We have taken the step in the D u r i t ~ ~  Class 
to improve the endurance at war cruising speeds and the effect of the change 
in dcsign i s  shown by the curves on Page 8. It will be rcadiEy realised that the 
correct framing of staff requirements to achieve the best compromise calls for 
a very clear appreciation of the factors involved. 

Auxiliary Machinery 
While on the subject of turbines 1 should like to say a word about auxiIiary 

machinery. The saturated steam in usc at the end of the 1914-1 8 war permitted 
the use of reciprocating auxiliaries which though somcwhat heavy, were 
economical in the usc of steam. The adoption of superheat brought with it 
the usc of turbine driven auxiliaries and rotary pumps. These are compact 
and tight but have a steam consumption heavy enough to have an important 
effect on the economy of the ship as a whole. This is especially important 
as steam pressures and temperatures rise because unless the cficiency of the 
auxiliaries keeps pace with that of the main engines, the theoretical overall 
gains cannot bc realised. Unfortunately, as steam pressures and temperatures 
rise, so at an increasing rate does the intricacy of the design of small turbines. 
WC are, thcref~re, placing considerable emphasis on this important require- 
ment, which neither the U.S. nor the German Navies have yet solved satishc- 
torjly. I am sure you wilI be pleased to know that even our American friends 
own that we tire ahead of them with our steam auxiliary machinery, We hope 
to maintain this lead and to assist us the leading German turbine designer 
and the leading German gearing dwigner in this fieId, both of whom have 
world-wide reputations and neither ofwhom appear to have been used efficiently 
by the Germany Navy, are being brought to this country as consultants to our 
auxiliary machinery firms, with whom contracts for the development of 
advanced auxilisry engines will be placed. 
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Reduction Gearing 
There is little doubt that the usc of reduction gearing will grow in every 

field of engineering. Tn thc propulsion field, British gearing led the fieId for 
many years, the standard gearing being of the single reduction type. Double 
reduction gearing was developed commercially towards the end of the I9141 8 
war, but there werc so many failures that it fell into disfavour. In  America 
the adoption of high pressure temperature steam conditions would have becn 
hindered by the usc of single reduction gearing, so by devoting great energy 
to the problem thcy overcame the dificultics, and produced a satisfactory 
double reduction gear. 

We have adopted a similar double reduction gearing in our Daring Class. 
The designs have k e n  worked out by P.A.M.E.T.R.A.D.A. in conjunction with 
my Gearing Design Section, a new tooth form has been designed for it and 
a much higher standard of  accuracy has been demanded of  the hobbing machines 
than hithcfio required in this country, In addition, the post hobbing processes 
o f  shaving and lapping are to be uscd. 
To get early experience on a small scale, we fitted this kind of gearing in two 

Loch Class frigates. These successful gears, dcsigned and made by Thc British 
Thornson-Houston Company, were the fim lock~d train double reduction gears 
designcd and produced in this country for thc Navy. 

~ o l l o w i n ~  the use of  hardened and ground gears in automobile and aero 
gears, developments havc been under way in Switzerland at the works of 
Messrs. Maag, Zurich, for many ycars dimcfcd to using similar processes for 
high powcr transmission gears. Thcse appcar to  be so promising that we 
hope to obtain early expericnoe by fitting such gcars designed and built in 
Switzerland in onc of the Daring Class. These gears wilI be 30 per cent. Iighter 
than the present design and will also savc space. 

Missions to the U.S.A. and Switzerland have led to a realisation of the 
position by our own industry. Sponsored by the Admiralty, the British 
Standards institution have set up a committee under the chairmanship of 
Assistant E.-in-C. (Research and Devefopmcnt) to fay down improved standards 
for gear hebbing machines and a research partnership including Messrs. 
Vickers and Messrs. David Brown and Mcssrs. Craven's and Messrs. Muir's, 
the leading hobbing machine makers, has been formed to carry out research 
and devcIopment into advanced gear production for the Admiralty. This is a 
union, on the research side only, of nachinc tool makers with large and small 
gear manufacturers, to bring gear production up to the very high standards 
now required. Here again, the advice, encouragement and some finance have 
come from thc Admiralty, and to keep the progress going will need a great 
technical effort on our part. 

The design of submarine engines has been mainly carried out by my sub- 
marine section in colIaboration with A.M. Dockyard, Chatham, the Admiralty 
Engineering Laboratory, Wcst Drayton. and by Messrs. Vickers at Barrow. 
The engincs in usc in the 1914-18 war were mainly of Vickers design of direct 
injection type, and were criticised for being smoky. In the post-war years we 
dcvelopad engines of the blast injection type, but a good deal OF piston trouble 
was experienced mainly due to distortion of the large diameter aluminium 
pistons then fitted. Subsequently, technical progress enabled us to revert t o  
direct injection which has the advantage of simplicity, and we developed two 
new designs for the " S " Class then in production and for the new " T " Class. 

As so often happens after a war, there was a good deal of critical comparison 





of our engines with the German and the French and when 'T '" Class were 
started, it was decided to try out all four types, two British, two foreign. The 
1938 crisis overtook the experimental aspect of this project, but at1 four types 
werc by then in the production stage, and were, jn fact, fitted. For the greatly 
increased building programme thc rest of the class were fitted with Vjckers and 
Admiralty " T " Class engines, which had proved tbemsclves superior to the 
German M.A.N. and the French Sulzer. 
In the " U " Class a radical machinery departure was made from the con- 

ventional direct drive to Diesel electric drive, using high speed enginesi since 
this form of drive is peculiarly suitable for smaIl submarines. I think I am 
not likely to be contradicted if I say that British Diesel engines for submarines 
have proved to be just as satisfactory-as those of thc German or U.S. navies. 
in the smaller types of Diescl engine, we have British makes like the Gardner, 
which are as good as the American designs, but it must be accepted that the 
Americans had a much wider range, and much grcater production capacity 
than we had, mainly due to the greater use OF this type of machinery in the 
U.S. commercial world. 
German Diesel engine development was, however, in many respects ahead 

of that in Britain and the United States. E-boats were fitted with a L500 
B.H.P. Mercedes Benz engine of light weight construction ; even so, they 
weigh 4 1b.lB.H.P. This was a direct development of their ZeppeIin engine 
and had no counterpart elsewhere. The Germans, possibly because of their 
troubles with stcam machinery, had crnbarked on a policy of the development 
of large power Diesel engines suitablc for installation in dstroyers and batrle- 
ships, and had in fact decided so to engine thcir post-war fleet, if and when 
they had beaten us in 1942. Three engines, each of 10,IXXJ B.H.P. had been 
built and run at the M.A.N. works at Mannheim in the U.S. Zone of Germany. 
We kavc hen sucmsful in obtaining two of these engines in order to carry 
out cxtcndcd tests at Chatham to investigate the maintcnancc problem. 

So far as the future is concerned we consider that the general Ievel which 
the design of the internal combustion cngine has reached justifies a policy of 
standardisation. WC have proposed to develop a serics of standard engines 
which, together. will covcr the wholc power range of requirements from 5 to 
2,000 R.H.P. This wilL involve the development of existing standard engines 
in some cases and new ones in others, exactly to meet the special needs of the 
Navy and to be capable of simple mass production. Thc scheme envisaged 
is for production of parts to standard jig which can, in ernergcncy, be sprcad 
throughout industry. The assembly and test of engines to take place in special 
factories. The scheme has becn approved in principle. Its benefits and 
implications are so far-reaching that an I nter-serviccs Committee undcr the 
Chairmanship of an Assistant E.-in-C., is at prescnt considering how the 
needs of all the Services can be met by the me scheme. It will be appreciated 
that here again much research and development will be needed to ensure that 
thc standard designs are as perfect as possible. It is a commitment, of coursc, 
which must be planned and completed in peace-time. Thesc standard engines 
are intended to cover all our needs from motor boats, generating plant ashore 
and afloat, to main propulsion. 

En the light weight, high-speed special purpose Diesel engine field, there has 
long been a need fat an engine of high powcr with very low weight for coastal 
force craft. This need was appreciated before the war, and we had a develop 
ment contract with Ricardo-Paxrnan for a 1,000 H.F. light weight engine. 
UnSortunately, thcse engines were only about to reach the testing stage when 
the war broke out, and were never completed, as by this time the power required 
had risen above the 1,000 H.P. level. The effort was not wasted, as the dcsign 



formed the basis of  the Paxman engines fitted in our L.C.T.'s and in the Camper 
Nicholson boats, which did such good scrvice in running the German blockade 
later in the war. 

In 1943 the Fcddcln Committee was set up to examine the whole problem, 
and it has been approved to place a contract with the English Electric Company 
for the development of an cngine of 2,50013,000 H.P. 

Gag Turbine Field 
This is a relatively new field in which much pioneer work has been done in 

Switzerland during the war. Brown Boveri, who started work ten years ago, 
undoubtedly ted the world in the actual production of working gas turbines, 
principally for power station stand-by plants and far locomotives. Sulzer's 
have bcen at work since 1939 and have, since 1941, been developing a plant for 
merchant ships which is due to run ncxt March. Escher-Wyss are now work- 
ing on a 6,000 S.H.P. marine design. 

Jn America the Navy has, since 1941, been developing gas turbines in co- 
operation with many commercial firms. At  the Naval Engineering Experi- 
mental Station, Annapolis, a large and heavy plant, unsuitable for marine 
purposes has been under test for two years. A second plant has been on test 
at the works of its designers, the Elliott Company, for a long time. As a result 
of the trials two new plants of 3 000 H.P. each are being designed and built 
for the U.S. Navy and the shop trials of  the first plant will compIete in January, 
1947, the second two months latcr. Thcse sels are to be installed in two DicseE 
electric drive destroyer escorts in place of one of thc sets with Diescl machinery. 
The two ships will then run an extensive series of  cornparativc trials, being 
looked upon as pureIy experimental and nonoperational. The Maritime 
Commission are also ordering one or two similar plants from this Company 
for installation in merchant vessels. This illustrates thc strides the Americans 
with their large resources can make when they decide to, and emphasises the 
determined elTort necessary oa our part. 

The gas turbine for ship propulsion has the advantages o f  lower fuel con- 
sumption and more instant readiness than steam plant and its adoption may 
result in n reduction in space and probably also in weight of machinery. Thcre 
arc also some disadvantages, and there are many difficulties to be dealt with. 
Among them arc the large deck openings to admit the air supply required, the 
provision of a source of power for auxiliary machinery and a solution to the 
astern problem. A radical alteration in funnel position to meet the different 
Iay-out of machinery may also be involved. It is, howwcr, quite certain that 
the benefits which can bc offered by gas turbine machinery make determined 
and rapid development imperative. 

There was no development of  the gas tur5ine for marine purposes carried 
out before the war. The recent rapid strides made by the jet engine in  this 
country spurred engineers in other fields to give more serious consideration to 
this type of plant, but very little practical advance could be made bccause the 
research and devel~prnent effort was required elsewhere. Towards the end of 
the war, when effort became freer, no government Facilities were availabIe and 
all the industrial capacity had been bought up by the Ministry of Aircraft 
Production. It is as we11 to explain here that it i s  no easy step from a well 
developed short life aero jet engine to one for marine use. There are two 
major and fundamental dilFerences between aero and marine engine require- 
ments. One is ihe life of the engine and the other the power range over which 
the engine must be able to operate continually and economically. Aero jet 
engines, as already rncntioned, have a life of 300 to 500 hours and need good 
efficiency only at or about full power. On the other hand, marine engines 



for propulsion purposes have in the past been designed to last the life of the 
ship reckoned at 100,000 hours in operation. It is likely that we shall have to 
alter radically our conception of engine life and perhaps face up to re-engining 
at intervals. But, in any case, the aero figure of 500 hours must bc very greatly 
lengthened. Life, to a great extent deterrnincs the operating gas temperature 
and thus the efficiency obtainable, Acro engines arc using gas tcmptratures 
up to 1,5WF., but it is unlikely that the longer life marine unit will bc able 
to usc more than 1,300"F. for some years to come. Even with this temperature 
the dcsign of multi-stage turbines for the Iifc and power requircd for marine 
propulsion is well outside any previous knowledge and experience. Possibly 
an even greater headache is the fact that a marine engine must be able to operate 
continuously at all powers between " full ahcad " and " full astern " and must 
have high eficiency at cruising powers. *This involvcs dcsign problems which 
have shaken even the normally optimistic aero industry. In a nutshell, a very 
great deal of research and devcIopmcnt is rcqoired, and it is bound to be very 
costIy. As an example, in the aero field it is only necessary to run tests to 
determine the c r e q  propertics of all the various special rnatcrials used in 
construction for 300 hours or so. Nothing less rthan 10,000 hours' life is  of 
real value for marine applications and even this may not be rcally sufficient. 
To determine a set of creep curves for one material, at two tempcraturcs only, 
involvcs about a dozen tests each of 10,003 hours, !hat is, evcn thesc bare 
tests on one material cccupy 12 machine years. I do not think it is any 
exaggeration to say that aero engine development is simple compared with 
our problem. 

In this new field of advance we have thought it wise to divide our activities 
into two groups, medium life, for coastal craft, and long life for ships. In 
each group we have a short and a longer term policy. I n  the coastaI craft field 
we shall obtain early experience from a converted aero engine design. This 
consists of a gas turbine arranged to cut in for high speed requirerncnts to drive 
an M.T.B. which has normal engines on thc wing shafts. The aero combustion 
unit has bccn rnodificd to burn Diescl fuel, and a specially designed powcr 
turbine and gears take the place of the aero jet. 

The machinery I Rave just outlined can only be regarded as a stopgap, 
because having poor effioienq at low powers it can only be used, i n  conjunction 
with cxisting economical machinery, to give bursts o f  high speed. As well as 
this, it will, however, give us early marine operating experience of gas turbines. 
This is very nrxessary as marine conditions always require more robust machin- 
ery and the salt-laden air is a new and as yet unsolved problem. 

How best to  cover the ptobIern of long-term development it is the function 
of  the Marine Propulsion Committee to advise. WC are, howcver, putting 
our spccific requirements to all interested firms with a view to designing and 
building at the earliest possible date a plant suitable for naval requirements 
with wonorny at low yowcrs, and if possible, capable of developmcnt to higher 
powers so that we may not lag behind other countries in this most important 
field. At the same time as we develop the gas turbine we must consider the 
typc of auxiliary machinery required, as well as the means of going astern. 
For ,auxiliaries it may bc that A.C. electric power coupled with gas turbine 
driven ~enerators will be the solution. - 

For reversing, various means are being discussed and a hydraulic method is 
likely to be on test text year at P.A,M.E.T.R.A.D.A. The variable pitch 
reversing propeller is one possible solution to this problem. Prop=llers of this 
type made by Messrs. Rotol are being tried out in M.T.B.'s and we also have 
a design in hand for a tug, but much development work will be required to 
produce the propellers for higher powers and larger ships. 



Submarine Field 
High submerged speeds for submarines have been a staff requirement for 

many years and the former Submarine Propulsion Committee considered it as 
one of their main targets. As already mentioned, the problem is the provision 
of oxygen to burn fuel in an engine which has the relatively high power neces- 
sary for the speed. Among the systems examined in prc-war days was the 
storage of liquid or gascous oxygen to rcplacc air in the Diesel engine, the 
production of axygen by electrolysis of sea-water and the possible use of  
substances which carry oxygen. The Germans were also working on this 
problem and whilst they stuck to oxygen thcy do not appear to have been any 
more successful than we were. The Germans had, however, concentrated on 
alternative oxygen bearing liquids and had been successful in developing under 
the stimulus of Dr. Waltes, a system of submarine propulsion using turbinc 
machinery to give the high powcr necessary for very high under-water speed. 
The oxygen carrier they used is Hydrogen Peroxide (H.T.P.) which stands for 
High Tcst Peroxide. This can be decomposed into superheated stcam and 
oxygen. Fortunately, Engineer OfXcers werc among the first to visit the 
German Experimental Works at Kiel and preserved the material and personnel. 

I would Iikc to  stress that this propulsion scheme is vcry much in its infancy. 
Hydrogen Peroxide is extremely unpleasant and dangerous to handle although 
it is the least unpleasant of the oxygcn carriers so far examined. When it is 
realised that the consumption of peroxide js very expensive, and that the pre- 
cautions to lx taken with its manufacture, staragc and transprt are more rigid 
than those for cordite, it will be appreciated that there is every need to look for 
aIternativcs. This problem will come within the scope of the Marinc Pro- 
puhion Committee. 

Catapults and Amlemton 
As an jIlustration of the specialised auxiliary machinery field 1 have chosen 

the subject of catapults and accelerators. 
At the outbreak of war, catapults were already installed in capital ships and 

cruisers, for launching spotting and reconnaissance aircraft. The maximum 
performance reached by these units was 12,000 lb. weight of aircraft acwlcrated 
at 3$ g to a terminal speed of 60 knots. Thcy were cordite operated. 1 should 
mention that very rapid operation was not a staff requirement at this time. 

Catapults were subsequently removed from capital ships and cruisers: and 
no further development took place except to meet thc special n d s  of the 
Battle of the Atlantic. To deal with Focke Wolff Condors, rocket catapults 
were fitted at short notice in merchant ships converted for launching fighter 
aircraft. The design of these was not handlcd by my department, but was a 
joint eifort by D.N.C. and R.A.E. Our part was coIlaboration in production 
and trials.. These catapults bad a performance of 10,000 lb. at 60 knots. 

Acceleralurs me the logical development of the catapult. Those fitted in 
the old Ark Royal at the outbrcak of war had a performance of 12,000 lb, at 
56 knots and were little more than catapults adapted for carrier use. From 
these were developed the accelerators fitted in Jllusrrious Class. Though 
mmting the thcn staff requirements, further deveropments were hampered by 
lack of facilities and also because our aircraft, unlike those of the U.S. Navy, 
were not specially designed for amlerating. These aircraft Iimitations entailed 
a ~omplicated and heavy trolley to allow launching tail-up. This not only put 
a brake on our own developmcnt, but involved considerable alterations to our 
own acoelerators before they could handle American aircraft. 

To meet these requirements the units far H.M.S. Implacable and H.M.S. 
CoIosslls were designed to launch both types of aircraft. In spite of the limita- 
tions imposed by this compromise it was possible to achieve a launching interval 



of 40 seconds with perfect drill and a performance of 35,500 lb. at 66 knots 
or 20,000 Ib, at 56 knots. The design and production of the special aircraft 
required for tail-down launching has now been arranged and thc latest ac- 
celerators arc designed for this method only. The prescnt aim i s  to be able 
to launch aircraft from a carricr at sca or in harbour at as fast a mtc as possible 
and to  be able to land on, under similar conditions. 

Although not handicappod by thc necessity for tail-up launching, the general 
American level of pcrformanoc has been much the same as our own. Compared 
critically, their deck equipment has bcen superior to ours but their below dcck 
machinery placed an i n  herent limitation on the rapidity of their launching from 
which ours did not suffer. 

It i s  not without interest that accelerators planned For the Grqf Zeppelin had 
a IOW performance compared with British units, while in Japan no attempt 
whatever was madc to deve!op carrier accelerators. Oncc again E must 
emphasise that our progress has been greatIy handicapped by our small facilities 
for development and it has only been possiblc to arrange full scale trial after 
installation onboard. The U.S. Navy has such resources at the NavaI Aircraft 
Factory, PhiZadelphia. It has now been approved to set up a Naval Soction 
at thc Royal Aircraft Establishment, Farnborough, where full scale testing 
will be carried out in future. 

Conclusion 
In thus shortly covering a very wide range of engineering activity, in which 

active dcvetopmcnt work For the Navy is planned in evcry field, 1 may have 
rnislcd you into thinking that all is now sct fait Tor rapid advances. In the 
hcavy enginccsing field largc advanccs cannot be made without large resources 
and 1 feel it would bc improper to leave my subject without a brief outline of 
what is invoIved. 

We have, i n  the past, placed considerable rcliance on private organisation for 
rescarch and development in marine engineering. This poticy in the early 
days when the British product was suprcrnc, was cxtrcrneIy fruitful. Undcr 
the stimulus of Sir CharIes Parsons' genius, British steam turbines and marine 
gearing led the world. A time is rcached, howevcr, in thc evolution of the 
product of nearly every technical conception when continued advance must 
depend on the cumulative work of rescarch and dcsign teams rather than on 
brilliant individuals. At the same timc, development of such things for war 
purposes must outstrip other normal commercial advance. At this stag, it 
i s  clearly no longer practicable to reIy on commercial sources for the rescarch 
necessary for this dcvelopmcnt. This principle was recognised as Iang ago as 
E 902 when thc Admiralty FucF Expcsimental Station at Haslar was set up. Thc 
advanccs in boilers, to which I have referred, are a direct result. Similar 
remarks apply to the British submarine engine and to thc Admiralty Engineer- 
ing Laboratory, Wcst Drayton. 

Jt is clear that thc same stage has now been reached in the evolution of naval 
machinery as a whole, yet our facilities are limited to : 

(l) Haslat, which is ill-equipped and under-staffed and it must be a number 
of ycars before the new Fuel Experimental Station on the Tyne will 
be completed and producing dividends; 

(2) Admiralty Engineering Laboratory, which also contains electrical and 
gunmounting sections, is too cramped and Jacks adequate facilities. 

(3) k n  interest in P.A.M.E.T.R.A.D.A. lror steam turbines, National Gas 
Turbine Research Establishment for gas turbines, and the Royal 
Aircraft Establishment, Farnborough, for accelerators. 



I fear we shall always have to fight to get a fair sharc of the facilities of rhese 
establishments. 

Apart from these we have to rely on industry :- 
Messrs. Vickers-Armstrong partnership with Messrs. Craven, David Brown 

and Muir for gearing. 
Messrs. Vickers-Armstrong for High Test Peroxide rcscatch. 
Messrs. English Electric Company and Rolls Royce for Gas Turbines. 
Messrs. Allen, Wcir, Rotol and many other firms for individual research 

and development. 
Naturally, we cannot but envy the AmerZcan Navy their Naval Boiler and 

Turbine Laboratory at Philadelphia and their experimental station at Anna- 
polis whcrc they are putting up a new big building for housing their f~ture' 
gas turbine experimental plants. There is a further point, cven if al! the 
research and testing facilities were available, the acid test is that at sea. Ad- 
vanced designs need nursing until the teething troubles that only prolonged sca 
trials will show up arc overcome. 

I refcrred earlier to the Arkeron which was fitted with experimental high 
pressure temperature steam machinery. She was unfortunately attached t o  an 
operational flotjlla. tcnded to be a lame duck, became unpopular and was 
relegated to duties which only required intcrrnittent running. Had the ex- 
perimental nature of thc ship been recognised, it is possible WC might have had 
high prcssurc ternperaturc machinery in our ships before 1939. 

Earlier in my remarks 1 referrcd to two facts which showed a lack of liaison 
with staff divisions, ( I  ) the sclcction of 1 X knots for our war cruising speed and 
(2) the selection of 1,000 H.P. for our M.T.B. engines. 1 feel strongly that 
unless this liaison is greatly strengthcncd, we shall continue to gucss wrong. 
In conciusion. should like to emphasise thc place naval machinery takes in 

thc industrial output of the country. During the war, the horsepower of all 
hut the smaller naval ships and craft tota?lcd 25 million, the aggrcgateindustrial 
horsepower generated it1 the cour~try as a whole king some 18) millio I. I 
do not therefore boast when I say that I still believe that a virile marineind~stry 
is vital to this country and that it is the proud task of thc Navy to set the 
standard for all to follow. 
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