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Just nineteen years ago, Engineer Vice-Admiral Sir Reginald Skelton 
delivered the Third Thomas Lowe Gray Lecture and gave a most interesting 
account of marine engineering in the Royal Navy, from about 1815 to  just after 
the end of the First World War. H e  described the developments which had 
occurred during that period, from the earliest side-lever engine and jet condenser, 
to  the geared turbine and surface condenser ; from the flue boiler supplying 
low-pressure saturated steam, to  the water-tube boiler supplying high-pressure 
superheated steam ; from the paddle wheel to  the screw propeller ; and from 
coal to  oil fuel. I shall endeavour to continue the account for the quarter- 
century commencing in 1922, when the first post-war designs were under 
consideration. 

At the beginning of this period, marine engineering really meant steam 
engineering ; in the Royal Navy the use of internal combustion engines for 
propulsion purposes was limited to  submarines, small craft, and a few minor 
war vessels ; even in the Merchant Navy only about 4 per cent of the total 
tonnage of shipping was propelled by internal combustion engines, although 
their growing popularity was shown by the fact that about 9 per cent of the 
tonnage of new construction was to  be fitted with these engines and the per- 
centage was increasing each year. By l947 the challenge of the internal com- 
bustion engine had been- strengthened by its fine performance during the' 
Second World War, and it had become a fully accepted competitor with the 
steam engine in merchant ships, but in the Navy the steam engine still pre- 
dominated ; a new competitor, the gas turbine, was in the field, and in this year 
the first gas turbine ever to  be fitted i n  a naval vessel carried out successful sea 
trials. 

On the conclusion of the First World War, there was an almost coniplete 
stoppage of naval new construction ; design departments were mainly concerned 
in studying the lessons of the war, and in planning future designs in the light of 
engineering progress during the war years. Consideration was also given to 
the future programmes of the two research establishments, namely the Admiralty 
Fuel Experimental Station (A.F.E.S.) at  Haslar, and the Admiralty Engineering 
Laboratory (A.E.L.) a t  West Drayton. 

Naval machinery had stood up wen to the test of war conditions, and there 
were only two major mechanical troubles, namely, the failure of the D-shaped 



water drums of boilers, and the failure of brass condenser tubes. These prob. 
lems were soon solved, the former by the adoption of circular water drums, anc 
the latter by the adoption of cupro-nickel tubes. Another trouble, the almosl 
complete immobilization of one of our battle cruisers by one unlucky hit, took 
longer to solve, although the first steps in this direction were apparent in the 
design of the Kent Class cruisers. 

DESIGN REQUIREMENTS 
In  all marine designs there are three essential requirements ; reliability. 

economy at  full power, and durability. The naval designer must, however, 
obtain these with minimum weight and in the minimum space, and, in addition, 
the design must provide good economy at  all powers, endurance, and Aexibiliij 
combined with simplicity in handling and maintenance. 

The need for economy at  all powers raises many problems. Economy at  ful 
power is of major importance to  the designer as it affects the overall weight and 
space of the machinery, but from the operational aspect, it is of less importancc 
in warships than in merchant ships, as the former seldom steam at  high powel 
for long periods. In peace-time, most passages are made a t  the most economical 
speed, in order to  save fuel. In war-time, warships proceed at  various speeds, 
depending on the circumstances of the naval war, e.g. at  high speed in a dash a1 
night through a danger zone, or at low speed when escorting slow convoys 
Most of the time is, however, spent at  moderate speeds, and as fuel economq 
enables the ship to remain longer at  sea, the war cruising-speed is kept as lob 
as is consistent with safety. 

Thus there are three main conditions where economy is important : at  the 
peace-time cruising speed, at  the war cruising speed, and at  full speed, and these 
have to be considered in the development of the design. Owing to the over- 
riding importance placed on weight-saving in naval designs, as a result of the 
Washington Treaty, British ships have been designed for maximum efficienc) 
at  full power. By aiming for maximum efficiency at  some point lower than ful 
power, a design could be obtained which would give a better overall result a: 
regards economy at  the cruising speeds, but at  some sacrifice in weight and 
space. 

The ability to increase or decrease speed rapidly is essential in warship designs, 
Originally this requirement was more applicable to  small ships such as des- 
troyers, but with the advent of aircraft it is now equally important for the biggel 
ships, particularly aircraft carriers. 

Endurance, or the ability to remain at  sea for the service intended for pro- 
longed periods, was fully tested during the operations in the Pacific. 

Simplicity of design and accessibility are of major importance, as warship5 
may have to operate in any part of the world, and they must, therefore, be able 
to  maintain themselves for a reasonable time without assistance. The majoritj 
of our ships are equipped with a small number of machine tools, and the 
engine-room personnel contain highly skilled artificers for the task of main. 
tenance. 

In a warship there is a varied collection of auxiliary machinery, both ancillarq 
to the main machinery and for other duties ; most of these are now turbo- 
driven, and, owing to  limitations in weight and space, only the largc-r and more 
important are fitted with separate condensers-e.g. turbo-generators and 
hydraulic pumps. The remaining turbo-auxiliaries are, therefore, uneconomical 
units, and the recovery and utilization of the heat rejected in their exhaust,form 
an interesting and highly important factor in the economical development of 
the naval machinery unit. 



1 As originally I As completed 
I designed in 1940 

Weight of main engines and boilers, 1 
tons . . .  . . . . . . . . . 3,080 1 1,570 

Floor space occupied by main engines 
and boilcrs, sq. ft. . . .  . . . 13,150 8,610 

Steam consumption at  full power, lb. 
per s.h.p.-hr. . . . . . . . . . . " '  . . 12.8 1 9.4 

i 

111 1922, conditions were most unfavourable for progress : the first world war 
had ended, Naval estimates had been heavily cut, and the staff of the Engineer- 
in-Chief's Department had been drastically reduced. The Washington Treaty 
of 1921 had set such limits on the Navy that weight-saving was given the highest 
priority-even higher than technical efficiency. Owing to  the lack of adequate 
research facilities, both Admiralty-controlled and industrial, most new design 
features could only be tried out in operational ships, and this naturally delayed 
progress. Nevertheless, steady progress has been made throughout the period 
as shown by Sir Stanley Goodall in a paper read before the Institution of Naval 
Architects (1946). He referred to the reconditioning of the Queen Elizabetlz 
Class, and said that reconstruction of such a drastic nature was only rendered 
possible by the advances in marine engineering practice during the previous 
quarter of a century, as could be seen from the comparison in Table 1. 
The weight of the machinery was nearly halved, the space reduced by a third, 
and the steam consumption at  full power reduced by a quarter. 

Oueen Elizabeth I ! 1 

, Cruisers 
Capital ships ---p- 

Large 1 Small 
Destroyers 

(conversion) 51 1 
Modern big ship 60 1 Modern cruiser 75 Modern 

I 
destroyer 95 

I 

(original design) 26 
Hood 34 
Oueen Elizabeth 

The machinery of the Queen E/itabelh Class battleships was particularly 
suitable for conversion as it was designed in 1914 before the adoption of 
superheated steam and geared turbines, whereas the conversion design embodied 
both these features and the further advances made during the between-war years. 
Reduct~on in the weight of machinery is of importance to the shipbuilder, as 
any savings can be used for more fuel or other items of military importance, but 
for the engineer-designer, weight reduction must not be carried out at  the expense 
of reliability, and the degree to  which weight-cutting can be achieved should 
depend on the importance of the ship considered as a military unit. Further, 
the margins to  be allowed between the various classes of ships can only be 

Hawliins 39 D class 48 " Vee " class 77 



assessed by experience and by a thorough knowledge of the types of machiner 
being installed. 

Table 2 draws a comparison between the various classes of ships and shorn 
the advances made in each class. The figures represent s.h.p. per ton of mai 
engines and boilers. 

This not inconsiderable achievement was largely produced by a slow step 
by-step method in which each new advance could only be tried out in the nex 
year's new construction programme. 

STEAM MACHJNERY 
Steam Conditions 

The basic factors in steam machinery available for variation are the pressur 
and temperature of the steam generated by the boilers. Raising the pressur 
and temperature increases the thermodynamic potential and, if advantage ca 
be taken of it, the overall efficiency of the installation. 

In 1922, British ships were using saturated steam at  220 lb/sq. in., but super 
heated steam was being introduced in all new construction ; the steam condition 
in the " Nelson " class were 250 lb/sq. in. and 575 deg F. By 1928, pressure 
and temperatures had risen to  300 lb/sq. in. and 625 deg F, and it was apparen 
that higher temperatures would present new and unfamiliar problems. At thi 
time, steam conditions in land plant were 330 lb/sq. in. and 720 deg F 0 1  

average, with a maximum of 620 lb/sq. in. and 840 deg F, and it was eviden 
that higher steam conditions would soon be in use. 

An experimental unit using steam at  500 lb/sq. in. and 750 deg F was installec 
in the destroyerAcheron(l930). Successfultrialswere carriedout on completion 
the fuel consumption for all purposes being 0.608 Ib/s.h.p./hr., as compared wit1 
0.81 lb/s.h.p./hr. of her sister ships using steam at  300 lb/sq. in. and 625 deg F 
Naturally, there were teething troubles, and it was most unfortunate tha 
Acheron was transferred to the Mediterranean with the rest of her flotilla 
Normal duties may be the best way to  find out the weaknesses in a design, bu 
with so novel a design it would have paid to  retain this ship in home water 
and run her hard, but under the control of the Engineer-in-Chief of the Fleet 
On the whole, the boilers and auxiliaries were fairly satisfactory, and we learn 
a great deal which was of value in later designs. The high-pressure turbine 
gave continuous trouble, which could undoubtedly have been overcome b 
development testing ashore had facilities been available. Unfortunately, b: 
this time the country was going through a financial crisis, and no money wa 
available for the changes necessary to complete the trial. 

By 1935, the war clouds were blowing up over Europe, and a policy had to bc 
adopted in the big reconstruction programme which began in 1936. The stean 
conditions in  land plants were by this time up to 400 lbisq. in. and 750 deg F ot 
average, with a maximum of 1,800 lb/sq. in. and 900 deg F, and it was know1 
that certain foreign navies were using higher steam conditions ; in view of ou 
experience in Acheron, it was decided to  take no risks and to revert to our methoc 
of step-by-step advances. As a result, at  the outbreak of the 1939-45 war ou 
large ships were using steam at  400 lb/sq. in. and 700 deg F ; destroyers were 
however, still using 300 lbisq. in. and 650 deg F for production and maintenancc 
reasons ; this was a complete reversal of our usual practice, which was tc 
incorporate the more advanced designs in destroyers and only to  adopt them i r  
the bigger ships after they had been thoroughly proved under the severe; 
conditions of the destroyer. 

The Acheron trial was a great disappointment and stressed the need for ar 



Admiralty research establishment and for facilities for the full-scale testing 
ashore of ships' machinery and equipment. 

The fact that the steam conditions in British ships were lower than those 
in the United States and German navies has given cause for criticism, and it 
may be of interest to consider how the higher steam conditions were developed 
in the two countries respectively. 

The United States Navy decided to  carry out a test similar t o  that on Acheron, 
but in a flotilla of destroyers, not just one ship. They tackled the problem 
differently, however ; they made use of their land engineering industry, which 
already had experience of higher steam conditions, and set it the problem of 
producing a design for destroyer machinery to meet two alternative conditions : 
42,000 s.h.p. with steam at 385 lb/sq. in. and 620 deg F, or 52,000 s.h.p. with 
steam at  375 lb/sq. in. and 825 deg F, both at the turbine throttle. The Navy's 
decision about future policy did not have to be made until 1938, by which time 
most of the teething troubles of the original destroyer design had been overcome. 
Even so, it is understood there was a good deal of discussion before these steam 
conditions were extended to bigger ships, but their subsequent adoption was 
fully justified by war experience. The item which probably contributed most 
to  this successful development was the locked-train double-reduction gearing, 
which had been developed in the United States in the between-war years. 

In Germany, where the trend was to use even higher pressures and tempera- 
tures, the development was carried out in merchant ships, an early example 
being the Uckermark which was fitted with a high-pressure Benson boiler as 
early as 1932. Further marine experience was obtained in the liners Scharnhorst 
and Gnrisenau (650 lb/sq. in. and 850 deg F), and Potsdam (1,300 lb/sq. in. 
and 875 deg F), the latter being fitted with Benson boilers. A " Narvik " class 
destroyer which came to the United Kingdom after the surrender of Germany 
i n  1945, was fitted with single-reduction geared turbines using steam at 1,100 
lb/sq. in. at  930 deg F. Possibly this high pressure was used to reduce steam 
pipe sizes and to save machinery space ; actually the machinery spaces, though 
very congested, were longer than in the corresponding British destroyer and the 
steam consumption was higher. 

Towards the end of the Second World War, the steam conditions in British 
destroyers were raised and a design was prepared using steam at  650 ib/sq. in. 
at 850 deg F. For this new design, and for further work in the high-pressure, 
high-temperature steam field, great advances will be required in the technique 
of turbine detail design and manufacture, in the production of high precision 
gearing, in steam-valve and steam-pipe manufacture, in the development of 
auxiliary machinery, and in many other directions, but I feel confident that the 
marine engineering industry will tackle these problems with their usual skill 
and energy. The firms in the industry have already shown that they have 
appreciated their lack of research facilities and have taken the first step to  
rectify the position by setting up Pametrada (Parsons and Marine Engineering 
Turbine Research and Development Association). This establishment includes 
a test house where high-powered marine sets can be tested a t  full power. This 
is a good beginning, but much research work remains to be done, not only on 
advanced designs, but also on production technique, without which any big 
step forward in the design will be hampered by the lag in production. Given 
the whole-hearted support of the firms themselves and of the Admiralty, there 
seems to  be every possibility that the next decade will see a very real advance 
in the field of marine steam engineering. 

Boilers 
Advances in boiler design have undoubtedly made the ma.jor contribution 



to the large saving in weight and space of naval machinery over the last twenty- 
five years. The two main reasons for these advances are that facilities have 
been available a t  the makers' works for full-scale testing of boilers, and that the 
Admiralty research establishment a t  Haslar has been able to carry out con- 
tinuous research and development work on boiler designs and on the closely 
related subject of fuel combustion. 

The priority task assigned to the A.F.E.S. on the conclusion of the First 
World War was the development of a superheater suitable for warships. A 
design was prepared with the superheater tubes behind the fourth row of 
gcnerating tubes, so overcoming the disadvantages of the uptake type of super- 
heater previously fitted. Trials of this new design were carried out in the test 
house a t  Messrs. Babcock and Wilcox works at Renfrew and were satisfactorily 
completed in  time for superheaters of this type to be fitted in Nelson, the first 
new ship of the post-war period. This type of superheater with minor modi- 
fications was fitted in subsequent ships until it was replaced by the Melesco 
design. 

During the First World War, the oil-fired, small-tube boiler had given good 
service in cruisers and destroyers, but the change from coal to oil in the big 
ships had only taken place towards the end of the war. With this change, 
there was no  longer any reason for retaining the large tube boilers previously 
fitted in our big ships, and Hood, completed in 1920, had twenty-four oil-fired, 
small-tube boilers for her 144,000 s.h.p., whereas Tiger of 108,000 s.h.p. had 
thirty-nine coal-fired, large-tube boilers. The resultant saving in weight and 
space of machinery and in personnel pointed the way to the adoption of a 
smaller number of larger boilers in future designs. With this end in view, 
much work was done a t  the A.F.E.S. on the development of larger oil-fuel 
sprayers ; at  the beginning of the period, the largest fuel sprayer had an  output 
of 900 lb/hr, but new designs with outputs up to about 1 ton per hour have since 
been developed. Work on improving the oil burning arrangements continued 
a t  the A.F.E.S. throughout the period, but was intensified during the Second 
World War with very satisfactory results. 

The development work on boilers has been mainly progressed by full-output 
shore trials of actual ship boilers ; but, owing to the unfortunate position of 
the A.F.E.S. at Haslar, where the duration of trials are limited by the tide, most 
of these trials have been carried out a t  makers' works a t  Birkenhead, and on 
the Tyne and Clyde. These arrangements were not entirely satisfactory and, 
during the war years, an Admiralty test house was erected a t  Clydebank, and a 
number of our latest boilers have been tested there. The shortcomings of the 
Haslar site have now been recognised, and Admiralty approval has been 
obtained for setting up a new and better equipped establishment on the Tyne, 
as soon as money and building labour are available. 

Progress in reaching higher boiler efficiencies was hampered by the ever 
pressing need for decreases in weight and space ; for example, the addition of 
air preheaters and economisers would certainly have resulted in a big increase 
in boiler efficiencies, but only a t  the expense of a considerable increase in weight 
and space. The merits of these two items were compared and it was mainly 
owing to weight considerations that the air preheater was chosen. Satisfactory 
trials were carried out in a c r ~ ~ i s e r  in 1931, and air preheaters have since been 
fitted in most cruisers and bigger ships ; they were also fitted in a few destroyers, 
but space limitations are so severe in this class that their general adoption has 
not been possible. The fitting of air preheaters necessitated a change in the 
fuel burning arrangements, with the consequent development of the " closed 
front " for boilers ; this was so successful that it was fitted in subsequent boilers 
even where no air preheaters were fitted. The possible uses of economisers 



were always kept in mind, and with the lighter weight of the modern designs 
they would probably have been fitted for trial during the late nineteen-thirties 
but for the international situation, and the need to standardize designs when 
production becomes the most important requirement. Economisers have, 
however, been fitted on some of our latest boilers. Fig. 4 shows the develop- 
ment of the Admiralty boiler over this period ; some of the main changes 
included :- 

(i) The elimination of the straight tubes of the Yarrow design and their 
replacement by bent tubes, so providing a convenient space for the superheater. 
Attention is drawn to the curvature of the tubes : this system was adopted to 
save weight by reducing the number of spare tubes carried on board and is a 
good example of the extreme lengths to which we went to meet the requirements 
of the Washington Treaty. 

(ii) The deepening of the tube nest from seventeen or eighteen rows to twenty 
o r  twenty-one. The old method of assessing the forcing rate of a boiler in 
pounds of fuel burnt per square foot of heating surface would be sound if each 
row of generator tubes extracted the same amount of heat from the gases, but, 
with fire rows taking so much more than the outer rows, it could be misleading. 
By adding some additional rows a t  the back of the nest and retaining the same 
forcing rate on the old basis, we should be subjecting the fire rows to a much 
higher loading. As the fire-row tubes are the most heavily loaded in the boiler, 
a new forcing-rate figure was evolved : pounds of fuel per square foot of tube 
wall area, i.e., the flat area of the tube nest exposed to the radiant heat of the 
furnace. 

(iii) The change in tube bores from 14 in to I $  in for the fire-row tubes and 
from 11, in to 1 in for the tubes outside the superheater. The former change 



was necessitated by the higher forcing rates and longer fire-row tubes of the 
modern boiler ; the latter was made with the object of increasing efficiency 
without any appreciable increase in weight. 

(iv) The increase of the steam drum diameter from 50 in to 56 in to give 
adequate tube-plate arc for the increased number of rows of tubes. This 
change had the added advantages of providing a greater water-line area and a 
larger steam space. 

(v) The adoption of feed augmentors to improve the circulation. These 
were developed at  Haslar and they tided us over the first increases in forcing 
rates. 

(vi) The adoption of external downcorners to ensure circulation at (he higher 
forcing rates. 

(vii) The titting of two internal feed pipes, with pols. The Lwo pipes were 
necessitated by the use of augmentors, but their adoption was followed by 
hunting in  the water level in the boilers (Hillier 1947). This trouble was cured 
by the fitting of pots. 

(viii) The use of welded or forged drums instead of riveted drums. All-forged 
drums were used in the Acheron's boilers with the pressure of 500 Ib/sq. in. ; 
forged drums with riveted ends were used for lower pressures (300-400 lb/sq. in.) 
but, with the advance in welding technique, the present practice is to use riveted 
drums up to 300 lb/sq. in. and welded drums for higher pressures. 

The advances resulting from these changes in the pressure parts of the boiler 
:ire shown in Table 3. 

N I  ~ I class 

l destroyer 

Modern 
destroyer 

Modern capital ship 
----- pp--- 

With air With 
preheater economiser 

Length of fire-row tube . . .  
Length of furnace 
Eva~orat ion from and i i .212 dig 

F: Ih/hr . . 
... Fuel/sq. ft. wall'&ea. l i h r  

Fuel/cu. ft. combustion cham- 
... her, lb/hr ... ... 

Fuel/sq. ft. of :- 
(a) Generating heat~ng sur- 

face, lblhr ... ... 
( h )  Total heating surface, 

Ib/hr ... ... ... 
Efficiency, per cent 
Evaporation from a n d a t  21'2 

deg F/lb of boiler weight, 
h . . .  . . .  ... 

Concurrently with these developments much work has been done at Haslar 
on refractories. Furnace temperatures rose with the increased forcing rates, 
necessitating the use of better quality bricks in order to  meet the more severe 
conditions without unduly increasing the weight of the boiler. 

Contact has also been maintained with developments in other types of boilers 
both at  home and abroad : various designs have been fitted from time to time 
for comparative trials with the Admiralty boiler-for example, the Babcock 
and Wilcox " Express " boiler : the Yarrow five-drum boiler, both front- and 



side-fired ; the Thornycroft " Grafton " boiler ; the La Mont boi!er ; the 
Johnson boiler ; the Foster Wheeler boiler, both single- and double-furnace. 
A Yarrow controlled-superheat boiler was built for a " Weapons " Class de- 
stroyer and satisfactorily tested at Yarrow's own test house, but was not fitted 
-owing to the cancellation of the order for the vessel. A Babcock and Wilcox 
two-furnace boiler is under construction for our latest destroyer design. A 
small Velox unit was installed a t  the A.F.E.S., but difficulty was experienced 
with the automatic controls and work was handicapped by lack of staff and 
the unsuitability of the establishment. In general, the Admiralty boiler has 
held its own in these trials except in the case of the controlled-superheat or 
two-furnace boilers, in which the superheat characteristic is much better than 
can be obtained from the standard Admiralty boiler. 

Turbines 
At the end of the First World War, we were titting both Parsons and Brown 

Curtis turbines (for convenience I will refer to these as reaction and impulse 
respectively), with a preference towards the latter, and impulse turbines were 
fitted in the first four ships of the post-war programme. Unfortunately, serious 
blade failures occurred, some due to blade vibration and some to wheel flap. 
In consequence, opinion swung over to the reaction type, and these have been 
fitted in all subsequent ships with a few exceptions. The relative merits of the 
two types have again come up for consideration in connexion with our latest 
destroyer design, and it has been decided to fit three different designs in order 
to get direct service experience in both types ; these are :- 

(I)  with reaction high-pressure and low-pressure turbines, 
(2) with impulse high-pressure and reaction low-pressure turbines, and 
(3) with impulse high-pressure and low-pressure turbines. 
Turbines have generally been designed for maximum efficiency at or about 

full power, and special arrangements have had to be made to meet the require- 
ments of economy a t  the peace and war cruising speeds. In some ships, separate 
cruising turbines have been fitted, coupled either direct or through gearing to 
the high-pressure turbines. Quite apart from the additional weight and space 
involved, these entail additional and undesirable complications in pipe arrange- 
ments and in operation ; moreover, if operational requirements call for speeds 
just above the range given by the cruising turbines, they become redundant, 
and the main turbines have to be used under unfavourable conditions as 
regards economy. In other ships, cruising stages have been fitted in the 
high-pressure turbines ; these were not very satisfactory as there was a 
tendency for overheating to occur owing to the lack of steam flow under high- 
power steaming conditions. Probably the simplest arrangement is the pro- 
vision of an impulse wheel at the inlet end of the high-pressure turbine with 
groups of nozzles controlled by valves, as fitted in the latest designs ; but 
efficient operation is dependent on the manual opening and closing of the 
nozzle group control valves in order to maintain the minimum number of 
nozzles in use for the power required. Unfortunately there was a tendency t o  
keep more valves open than necessary with consequent loss of efficiency, and, 
in order to overcome this human weakness, the United States Navy method of 
operating all nozzle group control valves in sequence by the movement of the 
main manoeuvring valve is being adopted in the latest designs. 

Although the blading in the impulse wheels is of 39-ton austenitic steel, 
several failures have occurred ; it has been established that the failures are due 
to vibratory stresses set up by resonance of the blade in its fundamental natural 
frequency with the frequency of the steam impulses from the nozzle jets. Once 
the cause of the failure was known, it was relatively easy to take the necessary 



IMPULSE WHEEL IN LIEU 
OF CRUISING STAGES 

corrective measures. Inaccuracies in the assembly of the earlier cast-in nozzle 
plates complicated the problem and accurately machined nozzle plate assemblies 
are now being fitted. Very little other mechanical trouble has been experienced 
with turbine blading, but under war conditions there were some corrosive 
troubles with stainless iron blading in the low-pressure turbines of some 
destroyers ; as no  such trouble was experienced in the larger ships, the corrosion 
was probably caused by priming of the boiler resulting from salt water con- 
tamination of the feed. 

Although there have been no  outstanding changes, various detail improve- 
ments have been made in turbine design either to improve efficiency (by the use 
of end tightened blading in the high-pressure turbine), o r  to simplify production 
(by the use of side-locked segmental blading instead of ihe original individual 
blades and packing pieces), or to meet the requirements of rising temperatures 
(by the adoption of stainless iron or monel blades instead of bronze), or to 
save weight or to overcome specific defects. 

Fig. 5 and 6 give a comparison between the turbines of a Kent Class cruiser 
and a modern-cruiser turbine unit of the same power. The high-pressure 
turbine-bearing pedestals were originally cast integral with the bottom-half 
turbine casing, but with rising steam temperatures, cocking of the turbine feet 
occurred : separate pedestals are now fitted, secured t o  the turbine casings by 
bolts in  clearance holes ; alignment is maintained by horizontal keys near the 
horizontal joint, and a vertical key at the centre line near the bottom of the 
pedestal. 

The higher steam temperatures also raised a problem in connexion with the 
astern turbines which, as shown in Fig. 6 ,  are fitted a t  one end of the low- 
pressure turbine casings. Under prolonged astern steaming, overheating 
occurred in the ahead blading of the low-pressure turbine, owing to some of 
the exhaust steam from the astern turbine passing through both flows of the 
ahead turbine blading to the exhaust annulus a t  the far end of the turbine. 
This difficulty can be overcome in new designs by fitting astern turbines a t  both 
ends of the low-pressure casing, but to overcome the difficulty in existing ships 
desuperheaters had sometimes to be fitted on the astern steam supply. 

War experience proved the weakness of cast iron to shock, and quite early 
in the Second World War we were faced with the problem of changing all 
designs with cast-iron turbine casings. A change to cast steel was not possible 
as the steel foundries could not possibly have met so large a demand. Welding 
appeared to offer the only solution, although a t  that time there were not 
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enough firms in the country with sufficient welding experience to meet all the 
requirements, nor was there much knowledge on the design of such large 
welded structures. Requirements were finally met by using cast steel high- 
pressure and astern turbine casings and welded Iow-pressure turbine casings. 
The number of defects in steel castings was rather disturbing, and although 
many defective castings were saved by the use of radiological examination and 
welding, it is evident that casting designs must be simplified and foundry 
control and technique improved if such defects are to be avoided. It  may be 
that the problem will only be solved by the greater use of welded casings or of 
composite units consisting of simple castings and welding. 

The effect of the various changes in turbine design on weight and space are 
shown i n  Table 4. 

1 High pressure Low pressure 

1 Kent Modern Kent Modern 
Class cruiser i Class c r ~ ~ i s e r  

Correct operation of the turbine glands, which is essential for efficient opera- 
tion, entails much work for the engine-room watchkeepers in warships, where 
changes of speed are frequently made. The operation has, however, been 
greatly simplified by the adoption of the " pot " system ; suitably sized pipes 
are led from each turbine gland to a pot reservoir which is fitted with a steam 
supply and a leak-off to condenser ; by manipulation of the control valves on 
these two leads, one watchkeeper can maintain a pressure of about Ib/sq. in. 
in the pot, and so pack all glands. This system has worked well, but there is 
still some steam leakage into the engine-rooms, which adds to the heat in these 
spaces. T o  improve the habitability of the engine-rooms, which in the tropics 
become uncomfortably hot, the latest practice is to fit a gland evacuation 
system, small steam ejectors being fitted to the outer gland pockets, whilst the 
pot system packs the inner gland pockets, the pressure in the pot being raised 
to about 3 or 4 lb/sq. in. 

Length between bearings i l 0  ft l l in 8 ft 6 in ' 12 ft 3 in l l ft 3 in 
Speed, r.p.m. . . . .. .  3,000 3.474 2,100 2,446 
Weight of turbine, tons 13i : 10 

i 30i 25 I 



Main Gearing 

The main reduction gears in warships have, since their introduction during 
the First World War, been of the double-helical single-reduction type ; reduc- 
tion ratios were between 7 and 9 for the high-pressure stage and 5 and 7 for the. 
low-pressure stage, but went up  to between 84 and 12, and 64 and 84 respec- 
tively, when turbine speeds were increased. The original sets fitted were very 
noisy and various modifications in the helix angle and tooth form were tried, 
but without much success, and by 1922 the design had been standardized with 
a helix angle of 30 deg, a pressure angle of 144 deg, a tooth pitch normal to 
the tooth of ;T inch, and an  involute form of tooth with well-rounded fillets. 
The length of each helix was about 24 times the pitch-circle diameter of the 
high-pressure pinion, and a centre bearing was necessary between the two 
helices to keep the distortion due to bending and torsion within acceptable 
limits. 

The first step towards modification of the tooth form, so as to enable the 
teeth to carry a heavier load, was taken by Messrs. Vickers with their V.B.B. 
gear. After test in some cruising gears in 1927, V.B.B. gearing was accepted 
for main units in a repair ship, and in some cruisers and destroyers. The 
gearing in the repair ship, which had a loading factor approximately equal to 
that of the standard involute gearing, gave no  trouble, but tooth fractures due 
to fatigue failures a t  the roots of the teeth occurred in all the other ships. 
Complete breakdown of the V.B.B. gears during the trials of a cruiser in 1935 
was attributed to absorption of backlash and consequential distortion, and led 
to the rejection of this tooth form for warships. Soon after the adoption of the 
V.B.B. gear, the Parsons improved involute tooth form, commonly called the 
A.A. or all-addendum gear (although it is only the pinion teeth which are all- 
addendum, the gear wheel teeth being all-dedendum), was introduced. This 
gear was satisfactorily tested in a destroyer in 1930, and became the standard 
gear for all main and cruising gears, the helix angle and normal pitch remaining 
a t  30 deg and :T inch respectively, but the pressure angle was increased from 
141 deg to 224 deg. With the higher loading factor of these teeth, the length of 
each helix came down to below 14 times the pitch-circle diameter of the high- 
pressure pinion, and we were able to omit the centre bearing and yet keep the 
distortion due to torsion and bending within acceptable limits. 

Although many of the early involute gears have given excellent service, as 
evidenced by the fact that gears installed during the First World War were 
still running at the end of 1945, they were very noisy and pitting on the 
tooth surfaces, particularly in the region of the pitch line, was a common defect. 

The need for improving our gear-cutting technique was fully appreciated 
both by the contractors and the Admiralty. The National Physical Laboratory 
gave every assistance in developing instruments for checking the accuracy of 
the gears, and all gear-cutting machines and hobs had to pass N.P.L. tests 
before being used for cutting naval gears. As a result of these measures, and 
of the efforts of the contractors, the standard of gear cutting has risen, but it 
is evident from contacts with the United States Navy that it is not as high as 
that in America, where all gears are subjected to post-hobbing processes of 
shaving or lapping, and are then run ashore under torque to correct errors. 

The specifications for the double-reduction gears to be fitted in the latest 
destroyers have been stiffened up ; this measure should tide us over the im- 
mediate future, but there is still much to be learnt about the production of 
gears. An Admiralty Vickers Gearing Research Association (A.V.G.R.A.) has 
been set up to undertake investigations and tests of gear-cutting machines and 
methods. It is hoped that this association, working in close co-operation with 



Pametrada (on design problems) and the N.P.L. will put British gears in the 
van once more. 

The A.A. gears have given excellent service but the need for reduction in  
noise is still the chief problem. Defects in the teeth themselves have not been 
serious enough to cause any real anxiety, although there have been fractures 
of teeth in gears of high power, and surface defects or scuffling in small gears. 

The first double-reduction gears in the British navy were fitted in two frigates 
in 1946 ; they were designed and manufactured by British Thomson-Houston, 
and running experience to date has been satisfactory. 

(i) Testing. Progress in gear testing has been hampered by the lack of 
testing facilities, but useful results should now be obtainable from the test 
house at Pametrada where full-scale tests can be carried out. Provision is also 
being made for the running of all gears under torque on the lines of the American 
back-to-back tests. 

(ii) Materials. The materials used in the gears have served us well, and have 
not been altered over the period, though the possibilities of using harder 
materials have been investigated from time to time. With the recent develop- 
ments in gear-grinding machines, it is possible that advances in the material 
field may not be far distant. 

(iii) Gear Cases. At the beginning of the period, gear cases consisted of 
two heavy iron castings with a horizontal joint near the centre line of the gear 
wheel shaft. Early in the nineteen-thirties the design was changed to give a 
deep box construction to the strength member, the top covers being of alu- 
minium, and the sump of sheet steel ; rectangular gaps in the upper part of 
the two ends of the box were provided for the assembly of the gear wheel and 
closed by cast-iron distance pieces using fitted bolt joints. War experience 
proved the weakness of cast-iron cases against shock, and all new gear cases 
have been of welded construction. 

Fig. 7 shows the gearing of a Kent Class and a modern cruiser unit of the 
same power, and Table 5 shows the resultant saving i n  weight and space. 

Kent Class 
I 

Modern cruiser 
cruiser of same power 

. . . . . .  Type of gearing ... ... 1 Standard , A.A. 

High-pressure gear ratio ... ... 
Low-pressure gear ratio ... ... 
Length of pinion between extreme ends 

of gear faces, inches . . . . . .  . . .  
Weight of gear wheel and pinions, tons 
Weight of gear case, tons ... ...  
Total weight, tons ... ... ... 

involute 
10.1 
7.0 

Turbine Couplings 
Flexible couplings are used to connect the pinions to the turbine spindles, 

and are of the claw type designed to transmit the torque, to allow for axial 
freedom and for any small lack of alignment resulting from the journals of 
turbines and pinions running in clearance bearings. Under normal conditions 



manufactured were too heavy for naval service, that the Admiralty set up its 
own establishment for research work, in particular, for the development of 
engines for submarines. This establishment, called the Admiralty Engineering 
Laboratory (A.E.L.), was set up at  South Kensington in 1917, and transferred 
to its present site at  West Drayton in 1920. 

Submarine Engines 
The engines used during the First World War were of the direct-injection 

type and tended to  have a smoky exhaust, a most undesirable feature in any 
submarine. Partly due to this, and partly because we knew the Germans used 
blast injection in their submarine engines, our post-war submarines were fitted 
with blast-injection engines, the design being based on a single-cylinder unit 
developed at  the A.E.L. ; the cylinders had a bore of 20 inches, and aluminium 
pistons were used to reduce inertia stresses. These engines gave a good deal 
of trouble with seized pistons and air-compressor failures, and much work was 
done on improving the design of the unit engine and the technique in the 
casting of aluminium pistons. This work produced good results but, although 
the reliability of the engines was improving, the Engineer-in-Chief still con- 
sidered that the direct-injection engine would give better results ; it was there- 
fore arranged for A.E.L. to carry out development work on two single-cylinder 
units of 14:-inch and 17-inch bore. Both these developments were very 
successful and formed the basis of the engines fitted in the S and T Class 
respectively. 

As a result of adverse criticisms of British engines, it was decided to carry 
out a comparative trial in TClass, using four different types : Sulzer, M.A.N., 
Vickers, and the Admiralty engine. Although the 1939-45 war started before 
the trial was completed, there was evidence to show that the two British designs 
were in every way as good as, if not better than, the two foreign engines, and 
all subsequent T Class submarines were fitted with either Vickers or Admiralty 
engines, which gave excellent service throughout the war. 

The A.E.L. also developed a lighter and faster running engine for the T Class, 
the speed being 975 r.p.m. as compared with 480 r.p.m. of the standard engine. 
This engine was successfully tested at  the A.E.L. but was not fitted in any 
vessel-mainly because gearing would have been necessary, and this might have 
been objected to on the score of noise, and would certainly have increased 
production time. 

The Admiralty S Class engine, fitted in  nearly all the S Class submarines, 
also gave excellent service throughout the war. 

In the small submarines of the UClass,we fitted Diesel-electric drive, thepower 
being supplied by two 275-kW generators driven by Paxman engines ; this 
arrangement was quite satisfactory, and the engines gave very good service. 

At the A.E.L., development work continued on the unit engines and their 
power was increased by supercharging, without any loss of reliability ; this 
work had been completed in time to meet staff requirements for an even larger 
submarine than the TClass-for operations in the Pacific. These A Class sub- 
marines were fitted with Vickers or  Admiralty engines, and although they were 
not completed before the end of the war, the machinery has given good service 
during subsequent exhaustive trials. 

During the Second World War, production of submarine engines was given 
the highest priority, and the submarine firms, assisted by a number of Diesel 
manufacturers who made engines to our standard designs, did a splendid job 
in providing all the machinery for the large war programme. 



Motor Boat Engines 
In the late nineteen-thirties a big change took place in Admiralty policy on 

ships' boats, the medium-speed, round bottomed boat, driven by steam or  
medium-speed paraffin engines, being replaced by the faster hard chine boat 
driven by high-speed petrol engines. The steam engines in the picket boats were 
very reliable units, but the paraffin engines always gave trouble : they were 
not sturdy enough for the rough usage of a ship's boat, and the electrical 
installation in particular suffered from the dampness of the atmosphere. 

The engines fitted in the fast boats being of the high-speed petrol type were 
even more prone to troubles under marine conditions, and it was evident that 
the difficulties would continue until we could replace petrol engines by the more 
robust Diesel engine. Fortunately, the Perkins 65-h.p. Diesel engine which 
had been developed between the wars was just coming into production, and 
with its arrival many troubles in the larger boats disappeared, but we had no 
Diesel engine suitable for the smaller boats : this development was pressed on 
during the Second World War, and the Kadenacy 50-h.p. engine was developed 
and fitted in the later years of the War. In the meantime, running experience 
with the large, fast boats in open anchorages had not been very satisfactory, 
and the Admiralty decided to revert to the earlier practice of supplying medium- 
speed picket boats to the big ships of the fleet : these boats were fitted with 
Gardner 85-h.p. Diesel engines which gave excellent service. 

The slow boats of the Fleet were already fitted with Diesel engines and these 
were generally satisfactory. 

With the expansion of the Navy during 1939-45, there was a corresponding 
increase in the number of boat engines required, but the internal combustion 
engine industry rose splendidly to the occasion. The main production problem 
arose over the large demands for internal combustion engines for motor mine- 
sweepers and minesweeping equipment, coastal craft, landing craft, harbour 
service craft, and the many small Diesel-driven auxiliaries required afloat and 
ashore, not only for the Navy but also for the Army and the Air Force. Most 
of these requirements were met from our own industry except in connexion with 
coastal and landing craft. 

Coastal Craft Engines 
Since the coastal motor boats (C.M.Bs.) of the First World War, very little 

work had been done in connexion with coastal craft until about 1937, when 
prototype motor torpedo boats (M.T.Bs.) were built by several firms, the 
engines used being the Napier Sea Lion of 550 h.p., the Isotta of 1,150 h.p., 
and the Rolls-Royce Merlin of 1,100 h.p. These were all petrol engines, as 
no suitable Diesel engine was available, although a contract for the development 
of a light-weight Diesel engine had been placed in 1938. A unit engine was 
successfully developed, but the engine itself failed on test : under normal 
conditions the weak features in this design could probably have been overcome, 
but in the early years of the Second World War there was little time for develop- 
ment and, as it was evident that the power would be insufficient for future 
requirements, the project was dropped. One of the Diesel manufacturers had 
been working independently on a similar development, but their engine also 
failed to develop the required power. We had no suitable engine for this 
service and were forced to obtain our requirements from America, who 
supplied Packnrd 1,250 h.p. petrol engines : these gave excellent service 
throughout the war, but i t  would be quite indefensible to  rely on such help 
again, and the development of a suitable Diesel engine has been put in hand. 
As an emergency measure, we carried out a trial with Bristol Herclrles engines 
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of 1,600 h.p. in one boat : this was successful, but as these engines are air- 
cooled the need for large air-trunks added an  undesirable complication to the 
machinery arrangement, and no  further boats were so fitted as the supply of 
Packard engines met all requirements. 

Landing Craft Engines 
Even less development work had been done on landing craft between the 

wal-s than on coastal craft, although a prototype boat had been built with Gill 
jet-propulsion. For  the earlier small landing craft of the Second World War, 
engines were supplied from this country. but it was evident that requirements 
would soon grow beyond our capacity, and once again we had t o  get engines 
from America. For the larger landing craft, a Paxman 500-h.p. engine was 
available ; later, when still higher-powered engines were required, a unit 
consisting of two Paxman engines coupled to one gearing through oil-operated 
(S.L.M.) gears was developed and tested a t  the A.E.L. 

Other Propulsion Units 

The possibility of using internal combustion engines for propulsion purposes 
(generally in combination with steam machinery, the internal combustion 
engines being only intended for cruising purposes and to be disconnected at 
higher powers) in other than submarines and small craft had been considered 
from time to time. Most of these plans came to nothing, as the internal com- 
bustion engine had not been sufficiently developed, but in 1927 an experiment 
was carried out in the minelayer Adventure, two Diesel-electric units being 
fitted for cruising purposes with separate steam engines for higher powers ; 
the experiment was not successful owing to the high maintenance of the Diesel 
engines. The only other naval ship fitted with Diesel-engine propulsion was 
the submarine depot ship M e h a y ,  the main cngines being of the heavy, slow- 
running type similar to those employed in merchant ships. 

Various types of engines were tried a t  the A.E.L. in the hope of finding an 
engine which would be reliable enough for warships and within an acceptable 
weight. These were not successful, but progress in the submarine field gave us 
greater confidence in the Diesel engine, and in recent years commercial Diesel 
engines have been fitted in two " Bangor " minesweepers and in  some Admiralty 
tugs and have given good service. 

Diesel generators have been fitted in warships for many years, but experience 
during 1939-45 stressed their importance, particularly in ships damaged by 
enemy action, and the latest policy is to extend their use to all classes of ships 
and increase the proportion of the electric load carried by the Diesel units. 
Unfortunately, many of the Diesel engines ~ ~ s e d  in the larger units are too 
heavy, and there is an urgent need for the development of lighter and more 
reliable engines for this service. 

Owing to our varied experience with internal combustion engines manu- 
factured in this country, we decided to ins t i t~~ te  a type test by means of which 
any engine offered for the naval service could be tested as to its suitability for 
the duty required. This work was carried out a t  the A.E.L. and its value was 
appreciated by the manufacturers once they realized the purpose of the test. 

The large numbers and many types of internal-combustion engines fitted 
during the Second World War raised many problems in  maintenance and 
overhaul of engines, and on storage and distribution of spare gear, and careful 
consideration will need to be given to these aspects of the case when preparing 
the policy of internal-combustion engine development. 



GAS TURBINES 

In view of the advantages gained as a result of the change from reciprocating 
steam engines to steam turbines, it was only natural to look forward to a 
similar advance from the reciprocating petrol or Diesel engine to the gas turbine, 
and close contact was maintained with developments in all parts of the world. 
Progress was slow, and at one time we thought it might be necessary to pass 
through an intermediate stage with reciprocating compressors and gas turbines, 
and development of a free piston compressor unit and a gas turbine was actually 
started a t  the A.E.L. in 1940. 

With the success which attended the work of Air Commodore Sir Frank 
Whittle on  the jet engine for aircraft, it was realized that the time was ripe for 
the development of the marine gas turbine ; the very great difficulties which 
were to be expected were appreciated, and, as such a development would take 
some years, a simple full-power unit was ordered at once in order to gain 
practical experience in the running of the gas turbine under marine conditions. 
The simplest and quickest way to achieve this object was to take an existing 
boat and replace one or more of the reciprocating internal-combustion engines 
by gas turbines, leaving the remaining reciprocating engines for low-power 
operation, manoeuvring, etc. ; by this means the gas turbines had to be 
designed for maximum efficiency a t  full-power only, and we avoided all problems 
of reversing, etc. As reported in the technical press, the experiment was 
carried out in M.G.B. 2009 in the summer of 1947 and was successful. This 
craft will continue to be run experimentally, and it is hoped will provide 
much useful information on the practical running of the gas turbine. 
In the meantime, the development of other marine units is proceeding, 
units in the design of which full consideration has been given to the usual 
naval requirements of reliability, economy at all powers, and durability on a 
reasonable weight and space basis. The problem of reversing has not been 
overlooked, and the possibilities of the variable-pitch reversible propeller are 
under investigation. 

As with other developments, the need for full-scale testing ashore is an 
essential t o  progress. Arrangements have been 'made for a gas turbine to be 
installed a t  the A.E.L., but if powers increase the units will grow beyond the 
present capacity of the A.E.L., and the problem of finding adequate testing 
facilities will need urgent consideration. 

WAR EXPERIENCE 

In the Second as in the First World War, thc machinery of our warships 
did all and more than was expected of it. We had our difficulties and anxieties 
(Holt and Clemitsen 1948, and Gray and Killner 1948), but it would be im- 
prudent to say much about then1 a t  the present time : it may, however, be of 
interest to mention some of the problems we had to solve. 

The periods spent a t  sea, particularly during the Pacific operations, and the 
distances steamed by the convoy escorts were so  much greater than had been 
anticipated that we had to develop improved methods for fuelling and pro- 
visioning our ships a t  sea. 

I n  the Pacific, the scene of operations was so far fro:n the nearest dockyard 
that it was essential to provide facilities for the docking, repair, and main- 
tenance of the ships of the Fleet in a more forward position. The possibility 
of erecting an  advanced shore base was considered, but the final decision was 
to provide a floating base, and from this grew the " Fleet Train," an assembly 
of floating docks, repair ships, special maintenance ships for the variousclasses 



of ships, stores ships, anllnunition ships, tankers, accommodation ships, and 
large numbers of harbour servicing craft. 

Although our ships had been designed to operate in any part of the world, 
and many had operated in the tropics in peace time, the long periods a t  sea 
under war conditions put a strain on personnel, and as a result of the work 
done by a committee of medical and technical officers, various modifications 
were carried out in our ships to improve conditions on  board ; air-conditioning 
was provided in certain compartments, the numbers of domestic refrigerators, 
ice-making machines, etc., were increased, and laundries were installed in the 
larger ships. Machinery spaces, although well ventilated, were very hot, and 
action was taken to improve lagging, and to eliminate sources of heat wherever 
possible, as in the turbine-gland evacuation system already mentioned. 

It  was equally important to improve living conditions in harbour, and two 
amenity ships were added to the Fleet train ; the Engineer-in-Chief's Depart- 
ment had the unique task of working with a British brewery firm to develop 
the first marine beer-making machinery for installation in these ships. 

At the other end of the temperature scale, the ships employed on the Russian 
convoys were subjected to cold weather conditions more severe than anything 
anticipated in the design stage, and special heating arrangements had to be 
provided to prevent the freezing up of sea inlets, water and oil systems outside 
the machinery spaces, and upper deck fittings. 

Shock damage was a new problem, and arose from the non-contact explosion 
of magnetic mines or from near misses by bombs ; the damage was quite 
different from that resulting from contact explosions. A great deal of work 
was carried out to evolve a theory to explain the circumstances and to develop 
methods of preventing o r  reducing damage in future incidents. Actual ex- 
periments were carried out  on an  old destroyer to check our theories and to 
prove our curative measures. An instrument for shock-testing small equip- 
ment was installed in the electrical department of the A.E.L. and a Naval 
Construction Research Establishment was set up to co-ordinate the work. 
The damage to our machinery from shock from non-contact explosions (Bonny 
1948) was far worse than anticipated from the experiments carried out by the 
Admiralty in the between war years, and immediate action had to be taken to 
develop measures for restricting damage in existing ships and to modify designs 
of new ships. 

Aerial bombing increased the fire risks in ships to a far greater extent than 
had been anticipated, and much work was put into improving fire-fighting 
arrangements and in training personnel. Fire-fighting schools were set up a t  
various ports for the latter purpose, and a fire hut was erected a t  Haslar for 
experimental work on fire-fighting. 

During wars, rcquirements invariably arise for new types of ships, either to 
support some operational plan of our Naval Staff (for example, the X craft 
which attacked the Tirpitz in a Norwegian fiord) or to counter soine new 
enemy device (for example, the S.G.B. designed to hunt and destroy the German 
E boats). The S.G.B. provided the desigrl departments of the Admiralty with 
an  interesting problem. From the machinery aspect, lightness was the essential 
requirement, and we developed a steam unit whose total weight of machinery 
was 49 tons for a power of 8,000 s.h.p., about half the specific weight of normal 
destroyer machinery (Lay and Baker 1948, see pxg? 182 of this Journal). 

Another interesting design was in connexion with the machinery of the 
Light Fleet Carriers built during the Second World War. The hulls were on 
merchant ship lines, and a twin-screw arrangement was fitted, with the machin- 
ery in two compartments, each containing a complete unit of boilers, turbines, 
auxiliaries, etc. 



At the height of the Battle of the Atlantic, the Naval staff stated that they 
required two hundred escort vessels in the shortest possible time. This require- 
ment arose a t  a time when our shipbuilding and engineering firms were fully 
employed on the construction of naval and essential merchant ships, and i t  was 
evident that they could not undertake this additional work. I t  was, therefore, 
decided to fit the simplest kind of machinery, consisting of reciprocating engines 
and Scotch boilers, and simple reciprocating auxiliaries. The main engines 
were made by some thirty-four firms, many of whom had never built a marine 
engine before ; boilers and auxiliary machinery were made by the recognised 
makers ; all shafting, piping, valves, etc., were ordered and distributed by the 
Admiralty, who were also responsible for the distribution of the larger machin- 
ery items to the shipbuilder as and when required for installation. It was a 
very creditable performance by all concerned. 

Probably the greatest difficulty was, on the administrative side, in connexion 
with the supply and distribution of spare gear. With ships being moved over 
the seven seas like pieces on a chess-board, it was very difficult to ensure that 
spare gear was always available where it was required. The position was 
even more difficult in connexion with the large number of small craft, par- 
ticularly those fitted with American engines. By the time the war had spread 
to the Far East, we had established a number of spare-gear distributing centres 
at home and abroad for supplying the needs of the Fleets. We learnt that 
spare gear for steam machinery must be more interchangeable than in the past ; 
this will lead to a greater degree of manufacture to jigs and gauges, as is already 
done in the case of small internal-combustion engine work. 

CONCLUSION 
Apart from the gas turbine, there has been no  outstanding change in the 

types of propulsion machinery in use in warships, but I hope I have shown that 
there have been quite appreciable advances in all fields. 

One of the major hindrances to progress has been the emphasis on weight- 
saving, imposed by the Washington Treaty ; every design is a compromise and 
it is only possible to stress one feature a t  the expense of others ; the S.G.B. 
design is a good example : these were built for a war purpose and a lower 
degree of durability was acceptable. This, and the omission of stand-by o r  
emergency machinery (the acceptance, that is, of a slightly lower degree of 
reliability) enabled us to make a remarkable saving in weight. Ever since 
1921, the ruling principle has been that saving in weight is of primary importance 
and greater even than efficiency. Any such limitation is greatly to be deprecated, 
and it is to be hoped that, in future designs, reliability, efficiency, and dur- 
ability will be the primary objectives, whilst the weight and space are kept to 
the minimum consistent with maintaining the best overall design of the ship as 
a fighting unit. 

Perhaps the greatest advance has been in the recognition of the fact that rapid 
progress is only possible if adequate facilities are available for research and 
development and for shore testing of new types of machinery and equipment. 
No  one can yet say when o r  how nuclear power will affect the machinery of' 
ships, but it is evident that plans for the immediate future must be made now, 
and without considering what Inay happen should nuclear power become a 
practical proposition for the propulsion of ships. 

It is considered that the steam engi~lc will remain the main propulsio~l unit 
for our iilajor warships for some years to come ; the Diesel engine will become 
general for all small craft and may even become available for smaller warships 
by the gearing of a number of units to one shaft. The gas turbine may well fill 



the gap betwcen the above two, but it is  too early yet to say whether or to what 
extent it will replace either the steam engine or the Diesel. 

For the steam engine, it is probable that future designs will all be based on 
higher steam conditions, but it seenis unlikely that the very high steam con- 
ditions used in shore stations can be usefully employed a t  sea. The whole 
question of optirnum steam conditions for marine plant, including the pro- 
vision for astern power and the best arrangements as regards steam and exhaust 
from auxiliary machinery, necds most careful and thorough examination. 

It is probable that future developn~ents of internal-combustion engines Sol- 
the Naval Service will aim for greater reliability. lightness, and a degree of 
standardisation in order to reduce the number of types, and so simplify pro- 
duction, maintenance, and spare gear. 

For the gas turbine, much development work lies ahead, particularly in the 
combustion arrangements, as, if these units are to be fitted in warships, the 
fuel used must be the normal furnace fuel, as ~ ~ s e d  in our boilers. 
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It only remains for me to express my appreciation and thanks to the Engineer- 
in-Chief of the Fleet and to the Officers of his department, both Naval and 
Civil, for the assistance given me in  preparing this lecture. 
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