
THE DEVELOFMENT OF THE DIESEL ENGINE 
FOR NAVAL PURPOSES.* 

The foUowing remarks on the development of the Diesel 
engine for naval purposes should be of interest to Engineer Officem 
as iilustmting the types of early engines fitted, with some of the 
dificulties encountered. and the different considerations that have 
been given from time time to  forward the development and a 
mole extensive use of such rnmhnerv. 

The fimt experiment afloat was the &ting of electric generating 
engines of Hornsby-Ackroyd type in three battleships as peace 
dynamos. These were virtually adhtional engines as far as the 
normal load reauirements were concerned. and %-ere alaced on 
the upper deck, i o t  under protection. 

I 

These c n g j n ~  were fairly satisfactory only when using clean 
fuel oils, such as shale or gas oil, and a,thmpts to use the same 
fuel oil as that sunalied for use under boilers were successful onlv 

I I 

for R very limited period. 
However. the obvious ridvantarn of the use of oil engines in 

being able to provide eloctric li&t when steam was d&n for 
executing repairs, or in the event of the steam service being put 
out of u w  during action, was demonstrated and caused these 
engines to  be further considered for ekctric generating purposes. 

Great efforts were made to enable them to  use Texas fuel oil, 
by ~varrning the oil, arlcl passing it through 40th filters which 
virtually amounted t o  supplying-the engine with n dean refined 
oil. On account of these very special: precautions, the experiment 
couId hardly be regarded as satisfactory, and further the outpuf 
was reduced with the heavier oil. 

Owing t.o the height of these dynamo engines, special arrange- 
ments bad to be made in a later cIws of ships, in which the 
engines were placed below decks, to allow of withdrawal of parts, 
virtually raising the protective deck, and even with this addit.iona1 
head roorn, the dynamo engine compartments were undesirably 
hot, due p~incipalhy to the exhaust pipes and silencers. These 
engines had three cylinders 15 inch diam. and l5 inch stroke and 
ran at 400 revs. per minute. 

TIie oil eonsurnptio~~ was about 0.9  113s. per B.H.P. per hour 
a~ld  t h e  hihricaking oil conm~nptinn a hmrt 4 pPr c ~ n t ,  of the  file1 
oil consumption. 

At the end of 1904 the boilers of Torpedo Boat 0445 required 
extensive repairs, and the m h i n e r y  also required considerable 
o~erl~raul; it was t.herefore decided to Eee what could be accom- 
plished in obtaining reversible oil engines to replace the steam 
machinery which developed 740 I.H.P, on one shaft at full 
power. 

* Subtmce of a paper m d  in Glasgou* by tlw Engineer-in-C'hief or1 
lath April 1922. 



Three h r t s  who had the most extended e~~er ience  with the 
marine oil engines were invited to tender. Of these, one regretted 
their inability to do so, the second offered less than half the 
power desired on the weight available, rind the third proposed 
an engine with which there was no experience and the machinery 
would hare introduced vibratory forces which were af about t he  
aame magnitude as those in a vessel of the "Topaze " Class. 
The cost of the installation was consideter1 too great for the 
practical results that wen: likely to follow. The results gattmnteed 
were also disappointing, and it was eventually decided not to  
proceed further with the mahhr, as de~elopment tiad then 
evidentlv not reached the s t a ~ e  when rnanufzcturera could 
confidenkIy recommend their off&. 

In 1905 when the designs for the Dreadnought were being 
prepared, it was decided that this ship should be provided with 
Gwo Diesell dynamos each of 100 K.W. capacity, and tha t  she 
should carry two 50-ft. pinnaces fitted with Diesel engines of 
X20 B.H.P. running at 440 revs. per minute. At the time these 
Diesel engines were ordered there was no experience in this countq 
with sny Diesel engine which had been run at a speed greater 
than 200 revs. per minute. The oil engine makers were quih 
prepared to design the Diesel engines to run at 400 revs. per 
minute, which was an important step forward in the development, 
but hesitaka to run the air compressor at the same speed, ao the 
air compressor was mn at one-hdf the speed of the engine by a 
chain drive from the engine crankshaft, and the mult  was, 
as is often experienced, that the scheme. introduced to avoid 
trouble was the means of causing it. The chain frequently broke 
and later t.he compressor crankshafts brake; the chain drive was 
eventually replaced by a spur gear drive which pro~ed mors 
satisfactorv. 

'She e&nes were designed with the four cranks all in the 
e r n e  pIane as in a four-cylinder car engine; the seconderg. 
Pibratmy forces resulting from th is  arrangement were primarily 
the source of much of the troubIe which arose, and it was not 
until wooden shores were fitted by the ship's shff in the compart- 
ment under the engines, to give more stiffness to the engine bed, 
th& better results were obtained. One of thme engines waa 
later replaced by a, steam engine. This is not the only case 
where the failure of a Diesel engine could be fairly attributed 
to want of Aiffness in the foundation. Designs of foundation 
structures for Diesels have often been based on those for steam . . 

engine practice, and sufficient consideration has not in many cases 
been given to the very different nature of the 1- and of $he 
fluctuation of the loads from those of wrresponding steam engine3 
of similar power. Even now the importance of this point 
sometimes overlooked and the faiIure of Diesd engines is 
attributed to  the engines themselves, when the foundations and 
not the engines are at fault. 



After the Dreadnought came the battle c n k m  " 'Tndomit- 
able," " I~dexibb,'~ and " Invincible," ancl battleship of the 
'"ellerophon " Class, each ship being fitted with two 100 K.W. 
Diesel engines. In these errgjnes, the air compressor was driven 
from the end of the crankshaft, and with weII-stiffened seating# 
*he diffic~~llties due to vibration were prwactically eliminated. 

As with all new propositions, difficultias were still quite of 
common occurrence, owing chieffy t o  a lack of experience and to 
the fact that the personnel had been educated on steam plants. 

Eventually, however, after considerable running experience 
had been gained, the more serious troubles were gradually 
eliminated and fairly satisfactory results were obtained. Some 
skips returned reports which were quite satisfactory, while 
those from others were gomewhat disappointing. 

The cost of upkeep was, however, high, and in 1907, when the 
design of the " St. Vincent " C h s  came to  be considered, it was 
decided to fit only one oiI-driven dynamo. This was of 100 K.W. 
capacity and was an addition to the  bare requirements for electric 
power. 

Mention has been made of the two DieseI boats which were to  
be provided for the "Dreadnought "; bhese were delivered 
after much delay, and one was sent to the " Dreadnought '" 
and the other to the " Lord Nelson." DifficnIty was experienced 
in these boats with the reversing arrangements. Clutches and 
reverse geaa were fitted and the clutches proved satisfacbry, 
but $he reverse gear, which was of tn type in which several pinion 
wheels engage two wheela on the inside and outside rims, failed 
principally owing to the diBculty of making the pinions take 
equal shares of the I&. 

In addition to this trouble, the engine8 of these motor boats 
were not flexible enough Go allow the boab to be easily brought 
alongside a vessel or a wharf, and were 6nally removed from the 
boata and need for experimental p q m a  on shore. 

The enginas were at that time blamed for failures which 
in the light of later experience, really ehould have been attributed 
to the reverse gears, as we have had many similar cases since 
with oiI engines of other types, and it will generally be found 
diaoult to transmit a heavy torque through cIutches of this type 
in service boats, where the extreme m-ailable diameter is limited 
and the intensity of the Ioad is therefore unusudIy high. 

In the early part of 1911, it wras arranged to fit a combination 
of oil engines and kurbines in a torpedo boat destroyer. Two 
eets af two-cycle Diesel engines, eztch uith four cyIinders, were to 
be fitted irnmedizbtely forward of the turbine engine-room, and 
gemed to the corresponding turbine shafts, helical gearing being 
used. Quhhes were to be provided for disconnecting when not 
in use. The mximurn number of rerolutiom of the Diesel wag 

to be 325, to be reduced by gearing to 260 revs. corresporiding t o  



a speed of 15 knots. The Diesel engines were to be used for 
cruising speeds. The polver of each Diesel engine was t o  be 850, 
total 1,700 B.H.P. 

UnfortunateIy difficulties were experierxed during Ghe mmu- 
fwtum, although the  very best help was obtained by the firm, 
and the engines were not fitted in the vessel. 

The running portion of this machinery did not get beyond a 
single cylinder unit. The troubles experienced were breaking of 
the cylinder cover and dificalties with crosshead bearing and 
guide surfaces, After a time this  unit de~eloped full power for 
R short, time. 

Although unsuccessful this venture g&ve very useful infvrms- 
tion which was put to good account in future designs. 

The Diesel electric generating engines pre~iously referred to 
were not in dl crtses so reliable on service as could be desired and 
were not fitted in vessels built subsequent to the '"St. Vincent " 
Class ; it was not until 191 1 that the question of again fitting oil- 
driven dynamos was considerecl. During the period which had 
elapsed experience was being gai~ied with those already in stalled, 
and report* were, on the whole, becoming favourable. It WE 
generaIIy admitted if slight modificat-ions could be made which 
would add to its r~iability, the Diesel engine was undoubtedly 
art acquisibion in a ship ; its economy was beyond question. 

The principal difficulties were the crack& 0f-pi~toEM and 
breakdowns of air compressors which were of the  two-stage type. 
Complaints were dsa made of noise and vibration, and of the 
unssl;isfacbry l e d  of the exhaust pipes, which pwsed through 
living swces and store rooms. 

3; i i  of interest to note tha t  as the personnel became better 
acquainted with the Diesel generating engines, the desire for them 
was in some cases so great that they were preferred to the recipro- 
cating steam generating engines ; the economy was very marked, 
one ship giving in comparison 35 tons of oiI for the Diesel engine 
against 330 tons of c o d  for R reciprocsting steam engine doing the 
same work. 

As a result of the mare favourable reports, it was decided to 
fit one oil-driven dynamo of 150 K.W. capacity to the ships of 
the 1911 programme, and generally since that time, two D i d  
generators have been fitted in capital ships ; during the war, 
however, some ships m-ere nnly provided with one engine, a ~ d  
others with no D i e d  engines, but this was often a question of 
obtaining machinery of t.his type in sufficient time. 

To-dsby, although it cannot be stated that the oil engines 
are as reliable as the sham turbo planb, the results are on the 
whole satisfactory. The uplreep, however, is greater but the gain 
in economy outweighs the other disadvantages, W already 
indicated. 

There is no doubt that the advent of the steam turbine caused 
the development of the oil: engine t o  be much retarded, and the 
increaae of power demanded with limited weighk has become so 



enormous that it is in~possible a t  present to consider oil engines 
for the propelling machinery of large surface warships. 

For moderate power and comparatively low speed of revolution, 
such as are required for many merchant ships where head room 
and space are not so limited as in warships, there has been 
considerable development and the large number of Diesel engined 
ships now in use and building is an indicabion of the increased 
reliability expected and being obtained. 

The manufacture of Diesel engines demands in many respects 
a higher standard of workmanship than the reciprocating steam 
engine, and what is even more important, a better education of the 
personnel. 

Undoubtedly there has been, and there still exists, some preju- 
dice against the Diesel engine, and whilst some of this may be due 
to lingering doubts as to its absolute reliability, i t  is also largely 
a prejudice against reciprocating engines which quickly developed 
when steam-driven engines of this type were displaced by the 
steam turbine, the relative advantages of the latter being enhanced 
by the advent of oil-fired boilers. 

During the sitting of the Royal Commission on Fuel and Engines 
consideration was given as to what might be accomplished in 
various types of ships fitted with oil engines and combinations of 
oil engines and turbines for propulsive purposes. It was in view 
that the comparatively low powers required for economical 
speeds could be obtained by using oil engines, and the powers 
required for higher speeds obtained by using the less economical 
turbine plants. I n  a vessel designed for four propeller shafts, 
oil engines would have been fitted on two of the shafts, and 
steam turbines on the others. During this period the powers of 
the capital ships " Queen Elizabeth " Class had risen to 70,000 
S.H.P. at full speed, making the problem of fitting oil engines 
very difEcult, and still more difficult when the power was further 
increased in later vessels, although the reduction of power for the 
" Rbyd Sovereign " Class made things easier. It is of interest 
to note in the combination arrangements that the oil engines, 
if designed to be utilised for the full power requirements of the 
ship, could not obtain their full power a t  lower speeds if used alone, 
the revolutions beicg reduced even if the mean pressure obtained 
in the cylinders were the maximum. 

These considerations, together with proposals to drag the idle 
screws of the turbine shafts, very considerably reduced the 
speeds which could be obtained with oil engines only on two 
shafts. 

Owing to the outbreak of war the proposals were not 
persevered with, but proposals were made, however, in the design 
stage of the " Hood " to fit, an oil engine of 1,200 H.P. on a centre 
shaft. This was increased later to 4,000 H.P. (to develop 3,000 
H.P. a t  185 revs.) and the final proposal was to fit two sets of 
eight-cylinder engines each of 4,500 H.P. running a t  185 revs. 



on the wing shafts wit.h three sets of turbines on the centre shafts. 
These propoeals were. subs~q~rently abandoned. 

About the end of 191 1, in view of the oil fuel requirements of 
the FIeet, it was decided to buiId n. number of oil tank vessels, 
and arra.nge:ements were made to fit Diesel engines in five of them 
ships, t h e  brake horse powers of thc various types of engines 
being 450, 1,500, and 2,500 reapwti~ely. 

>filly,+ serious difficulties ~ v j  t h these engines presellted them- 
selves from time to titne btrt valuable information a n d  experience 
mere obtained m regards tile nature of the problems to be solved 
both as regards nlnterial and the training of personnel. 

The rn~chine~y equipment of thew vessels wa+s arranged so 
that first-hand experience should be gained of the suitability of 
different types of auxiliary machinery for Diesel propelled 
The two srnall&t vesssls had steering and athe? ~ngines designed 
to  use conlpressed from C O ~ P ~ ~ S S O P S  worked from the main 
engines. This system gave very little satisfaction. The next. 
two vessels were fitted with steam auxiliaries and they were, of 
course, reliable, but ns wns well known would be the case, they 
were expensire i n  steam consumption. 

largest ship was fitted with electrically-driven auxiliaries, 
the generators b e i ~ ~ g  worked by separate Diesel engines. This 
system was very expensive in first cost and the auxiliary machinery 
ga-ve considerable trouble which was msociated with $he working 
of the main engines to be referred to  later. 

The t r i a l s  were much interfered with by the war and left this 
important question stiU an open one, and probably the solution 
will be found in a mixcd system, but, it was m d c  evident tha t  
in connection with new types of machinery, it is not wise tonttempt 
too many things at one time in the same ship, and that  it would 
have been better to have given the  trial to the main engjnea 
alone, leaving the question of the auxiIiary engines to be dealt 
with under more favourable circumstances at a Iater stage. 

In one of the oil-tank vessels of intermediate size, 6-cylinder 
engines of the M.A.N. 2-stroke cycle design ware to be fitted. 
They were, however, fitted instead in the monitor " Marshal 
Key." These engines gave considerable trouble, chiefly due ta 
errors in design, but although they were of the two-cycle type, 
it is considered that the want of success was not iu any way due 
to the fact that the two-cycle principle m a  involvd. 

For another tank vessel the machinery was made by M m .  
Vickem and the engines were fitted with the Firm" solid injection 
system of fueI supply to  the cylinders. No arrangements were 
made for cooling thc pistons. 

Two independent air oompressora were fitted to charge the 
reservoire for the main engine starting air. 

As in the previous installation, all the other auxiliaries were 
steam driven and two YSITOW oil-fired boilers were provided for 
this service. 



During the ends tvjals it was found difficult to realise the 
guaranteed fuel consmnption: this was due to the measuring 
device which controls the &upply of oil to the cylinders being fitted 
at too great n distnme from the actual inlet into the cylinder 
and ndntitted of what is often described as " dnbbfing " and the 
consequeut effect '- after burning." 

These engines n-ere designed to use Texas oil fuel as usually 
supplied under the boilem. 

After the shop trials the engines were placed on board the 
oil-tank vessel " Trefoil.'! The vessel was practically complete 
and ready f or tri& when the machinery was olnclererI to be wlnoved 
and fitted in a second mollitor, the " Namhal Soulk." 

S ~ t i s f a c t ~ r ~  sea trials were made, although the s p e d  obtained 
was only about 5 knot+: the engnes were running at lnasimum 
revolutions, but could not develop the full horse-power, When 
the design of the propellers hacl been altered the full power wm 
obtained with the result that the speed of the ship was increased 
to  8; knots. 

On the whole, the machinery would be described as reasonably 
succ~.sful, and probably few ships have been so often under fire 
as this monitor. 

These monitors mere nlrtnned by naval ratings with R.N.R. 
Engineer Officers. There is no doubt that the liberal engine-room 
complen~ci~t provided and the opportunities for repair were 
factors facilitat.ing the upkeep of this machinery. 

As the result of the experience in the " 3hrshal Soult," certain 
modifications, principally in the arrangement of the fuel oil spray 
valves, were made an the replace set of engines for " Trefoil," 
an oil-tank vessel, with the. result that there was an improvement 
in tho oil consumption on the trials, averaging 0- 47 lbs. per B.H.P. 
against 0.55 on the original set. Other mechanical details were 
modified, but are hardly of sufficient illtemt to mention in 
detail, 

Experience on servica so far has shorn that a conaiderable 
sbmolrnt of work is necessary to maintain the machinery in good 
workzng order, although the facb that ,this ship did her h t  
eighteen months of hard war gervico without being laid up and 
without developing any defects except $hose that could be made 
good by the ship's staff may be regarded with great satisfaction. 
The subsequent cost of refitting has b e n  hmvy oompared with 
steam engines of similar power, but this must bo expechd h an 
installation whem there are 16 cylinders t o  the main enginw 
besides Diesel-driven compressors and the steam plant. These 
additionoil costs have, however, been far outweighed by the saving 
in fuel , in personnel, and other advantages. 

The machinery for a larger twin screw oil-tank vessel was made 
by Messrs. Vicker~ and consiskd of two sets of eight-cylinder, 
four-cycle engines of a total power of 2,500, 

The triale and subsequent service of the main engines were 
generally satisfactory. 



The defects which probably caused most trouble occurred 
the ship wm working, during the war, in the sandy water of the 
Persian Gulf, for which service she had no6 been designed, and 
were due primarily to leakage froin t he  glttnds of the piston- 
cooling pumps, and sometinies breakage of the pump parts; 
these pumps wero of the trombone type. 

The salt water finding its way into the lubricating oil and 
containing a cedain amount of sand, caused t.he piston rings to 
be gummed up md dmitted of gm blowing past the pistons 
and gaasing the engine-room staff. The gas blown past the pistons 
deposited carbon on the open t ype  electrical rnachinev and as all 
.the; auxiliaries in the ship were electric, the trouble was cumulative. 
Little could be done in the circumstances, and it was only thro~tgh 
great exertion on the part of the engine-room staff and the robust 
construction of the emgin- that the ship was kept running. 
Steam auxiliaries were af.terwards fitted and the. subsequent 
running of the ,macKmery has been much more satisfactory. 

 bout the end of 1911 arrangements were made for the 
construction of a singIe-cylinder experimental engine of 1,000 
3.H.P. 

The engine, which was of the 2-stroke cycIe type, was made 
by Messrs. Vickers and intended finally to form part of a six - 
cylinder engine of 6,000 B.H.P. The diameter of the cylinder wa.a 
3b inches, -st,roke 36 inches, and revolutions 140 per minub. 
Compressed air waa used for fuel injection. The auxiliaries 
were senmtelv driven. 

A 

A considerabIe amount of experiment was necessary and the 
find trial took place about two years after plaoing the order. 

The engine- madc a continueus run of 238 houra of which 
tjn~e 103 hours were run at full power, 00 hours at four-fifths, 
and 30 hours at three-fifths; the fuel oil used was Texas oil, 
having a viscosity of 137 secs. Redwood at 70" F. 

 he chief features brought out in connection with &he experi- 
mental work were the dificdtiw of thoroughly scavenging the 
cylinder and getting rid of the products of combustion ; in keeping 
the valves, pistons, cylinder liner and crosshead bearing cool, 
in designing the cylinder liner, piston and cover to stand the high 
temperatures and in spraying the oil so as to  produce efficient 
combustion at the comparatively high mean pressure which 
was aimed at. These difficulties were all sucmsfully overcome 
and the experimental work on tMs engine gave valuable i n f o m  
$ion applicable ta high power engines of all types, 

The mean power maintained during the 103 hours' trial at 
full power waa 1,044, and the fuel consumption of the main 
cylinder alone during this period was 0-405 lb. per hour per 
B.H.P. It, was estimated that with the consumption for 
auxiliaries separately driven, for a six-cylinder engine would be 
about -55 lb. of fuel oil, per hour per B.H.P. In addition to  
this, the consumption of lubricating oil was estimated to  bring 
this t-otal up to - 6  lb. per hour per B.H.P. or just one-half the 



02 fuel oonsumption in a turbine inatdation. The total W- 
surnption of oil, including lubricating 02 at four-fifths, three-fifth 
and two-fifths and one-fifth power based on the trials and other 
information, found to be approximatdy per B.R.P. per hour 
-6, .65, m70 and m85 lb. respectively. 

The engine at the oompbtion of the tri& was consided 
an efficient working arrangement capable of producing its full 
power for a further period, and tha.t d a r  mulh could bo 
expected if a multiple cylinder engine of the same type were 
deaigned for higher powers. 

Moreover the experience gained daring them trials hdicxltd 
how a, combination of unies of this type, if used for propelting 
a at bta, codd be utilised for a reqnired endurance, while 
remaining efficient wit.hou t importanit- repairs. 

Further experiments were made using Me9ican oil, inc1udixlg 
a I W ~  of 90 hours, of which 30 hours were at full power and the 
remainder at four-fifths, and three-Hths power. A mean B.H.P. 
of aver 1,000 wra4 realised at full p o w r  and the engine worked 
satiPfaotorily. 

T t  W= nnecessary to stop the engine duping the triah of this 
oil, not on account of the engines themelvw, but owing to 
the failure of an auxiliary air compressor; on hking the 
opportunity of this stoppage to open out the cylindem of the 
main engine it was found, hornrever, that there were hard carbon 
deposits on the piston rings and other parts, that ono of the 
piston rings wm broken and that the engine had pmctically reached 
its limit of work ; if the stoppage haid not occwred in the way it 
did the engine would probably have had to be stopped owing 
to the diEcuItiw with the piston rings. 

Considerable al-tion~ were msde in the qrasing and oil 
supply ammgementa during the pmhnhaq e-rhenb to &apt 
the en&o to Mexican oil, and it was fonnd that u d e s ~  the 
mmbu~tion could be wrored and the fom8tion of the deposits 
pre~eated, working with Mexican oil would not be satiafa~to~.  

Further expdments were being carried out raising the 
Mexican 02 fucl to higher temperatures by clectcml 
heaters on the diwharge side of the pumps, and using d i d  
injection, when the war intervened, and prevented further 
experimental work in this direction. 

The M d s  atrongly indicated that, when developments of this 
ldnd in the Begel enane are in p r o w  h ~ o l h g  engineering 
considemtion, thought and sMll of a very high degree, the 
commercial idea of using cheaper oils probably unsuitable for 
such developments &odd nob be simultaneously pressed from 
other directions. The field for .the experimenhl W of cheap 
a& is in engina which have p m d  through the trial shge 
and the experimenting engineer sbodd not be h-pered and 
e m b d  wMe more important and high-class enginwring 
triaLs are in progress, 

Z 1PM6 Q 



At the end of 1912 it pointed out that the close attention 
given by Continental and mmufmturers to the develop- 
ment of the Diesel engine for many yeam p a ~ t  hacl enabled them 
t o  accumulate a large fund of iaforma%ion from which, not only 
h d  there been a eontiauous development in size, economy, and 
reliability, but the methods of manufacture had also developed 
simultaneously, resulting in rapidity and cheapn- of output. 

Having little of this experience which could only be obtained 
fir&-hand by Iaborious and patient research, British rnanu- 
facturers w e e  handicapped in cornprison with these Continental 
b s .  

To be of effect in the competition they had to purchase 
licenses from these Continental h e  at highh cost, and although 
this provided them with certain standard workhg designs, it 
did not furnish them with the necessary experience to  develop 
from these standards. 

There were also indications that Briti~lh manufacturem had 
not realised that a higher standard of workmanship was required 
for the esmntiaI garta of these engines than that for the ordinary 
types of marine s team engines, nor were many of them equipped 
with the special tools and appliances necessary for securing that 
higher etandad. 

1% wwas confidently expected that, they would overhke these 
arrears and eventually put themselves on a level or h o m e  
~uperior to their Continental rivals in due course, but for some 
time they were at ;t a y a n t a g e .  

Jn these circm~n0c:s there was mason to believe that the 
Admiralty would derive considerable benefit by obtaining Diesel 
propelling engines for t h  10,000-ton Tankcrs dircct from tho 
best of the Continental firms. The machinery would in this way 
be obtained in shorter time, and other advantages of considerable 
importknee would accrue. 

By the cIoee touch of Admiralty Impecting Offimra with the 
detail design and the methods of manufacture of the severa.1 
items, sources of infomtiorl wodd become available and an 
accudat ion of particulars would be obtained first hand that 
would be of p t  value to the Service and for future mmufacturas, 
and which it would be diEeuIt to  obhin in a short time in any 
other way. 

The ordering of machinery from foreign makers, would 
mdoubtecIly have had the &ect of stimuIathg the development 
of this newly started industry in Great Brit411 and wodd 
uItimatRZy have been regarded ss having been tb beneficial atep 
in its progreaa. 

Arrangements were accordingly made fo obtain from Mwm. 
Cmls, Buher and the M.A.N. Go., maohinerg to the following 
requirements :- - 

Two sets, one right-h~ded and one left-handed, aontropiect 
from a position between the engines of two-cycle single-aoting 
reversible BieseI enginw of their own highest Ass manufacture 



for placing in a ahip to drive twki somm and to develop in the 
aggregate about 3,200 B.H.P. (1,800 B.H.P. each screw) at 
about 120 to  130 revolutions per minute. The number of 
cylinders were to be as amall as consistent with experience. 

After delivery in thia oountry, tha engines were to be erected 
on board by tho builders of the shjp under the supervision of 
the engine makers' representative, who would also &hnd and 
supervise the trials in the ship, so far M the parts supplied by 
the engine makem were ooncerned. 

Before delivery of Messrs. &I-els' engines or those from the 
M.A.N. Ca. could be made, war broke out with Germany, and 
neither of these engines were delivered. The Xulzer enginm 
were delivered after satisfaictory shop trials. It was hoped 
to h d  an opportunity to fit these engines in za suitable vessel ; 
unfortunately this opportunity did not a r k .  

Extensive trials of thego latter engines were made in the 
shops and incIuded a f d l  load conhuous running t.rial of 
48 hours. On thia trial the engines developed a mean of 
1,600 B.H.P,, the fuel constmption per B.H.P. per hour being 
,466 lb., aud lubricating 02 m015 lb. per B.H.P. per hour. 

It wi l l  be gathered from the foregoing brief survey, and it 
is not a complete one, that the Admhdty have not been spathetic 
in the development of the commercial Diesel engine, and aIthough 
many of the schemes were not brought to a finish, mostly owing 
to  the war itself, or the conclusion of the war, yet a great deal 
of valuable bxperience was obtained, and has been utilised. 
. As regards the Dim1 engine~l used for propelling submarine 
&sels in the Navy, the earlier boatg up ta and induding the 
" C " C h e  were fitted with petroI engines, and certain &S- 

advantages of this t ype  of fuel made it desirable even on the 
of aafety done that m-mgements &odd, if possible, be 

made to m heavier and &er fuel 03. Thisr  pas carried out 
in the "D " CIass Snbmarinecr, which were fitted with two six- 
oylinder hycle Diescl engines, 100 B.H.P. per cylinder, with 
compressed air injection. A p d  deal of difficulty was expri- 
enced with the air compressors, and in the foIlowing c h c s  of 
vwsels, air compmsors were dispensed with, and the " solid 
injection " of he1 (of which eystem Messrs. Vickem were hhe 
pioneers in this country), was employed, the fuel used gentdlp 
being rrhale or a similar grade of oil. 

This was the general position at the time of the outbreah 
of wax, and at that period the Vickers' 4-cycle engine with 
oylindem 149 in, dia., 15 in, stroke, and developing 100 H.P. 
per cghder at 380 reps. per minute w m  the only available 
submarine propeUing engine with whioh them w w  an extended 
experience in &he Service. 

At a very early stage in the war it became necessary to  
8hndardise engines as far as pomible in order to obtain the 
maximum rate of production, and in these circumstances engines 
of the abo~e-named Vickers' type became the standard for the 
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pmpelgng engina of British Submarines and were produced in 
large numbers, both by Messrs. Vickers themselves and also 
by other fwms working under license. The only demloprnent, 
therefore, in this dam of engine during the war period was as 
regards the number of cylinders employed, the engines in the 
earIier dasses of submarine; consisting of twin 8-cylinder units, 
those in Iakr classes of twin 12-cylinder unih, whilst in atiIl 
another class triple 12-cylinder units were fitted. 

It d l  be appreciated that, at least in the ertrlier stages of 
the war, conditions did not permit of exprimental work being 
undertaken to any great extent, even if suitable facilities had 
been avrailable. 

In the last year or so of the war, however, following on the 
inauguration of the AdmiraJty Engineering Laboratory, a oertain 
amount of experimenfd warlc was commenced. For obvious 
remans, in order not t o  interfere with production, these expexi- 
ments in their earlier stages were confined to endmvours to 
inereme the power and improve the m i n g  of engines of the 
~tandard type, w'hilst departing from the standard design as 
little as possible. 

It must always be borne in mind that for naval practice, the 
maximum power on the smallask possible size and weight must 
be obtained. Tho DieseI engine s t i l l  cornpm unfavourably 
in regard to weight with the oil-fmd boiler md steam-turbine 
combination, and m d y  the space available, mp.ecialIy in the 
direction of h a d  room. is severelv limited. 

It is in the attempt to obh& the maximum power for a 
given size of cylinder combined with good efficiency and reliability 
that some important features have to be considered and on these 
features a large amount of Admiralty experimental work has 
been based. 

As is welI known the factors on which the power for w given 
cylinder size (i.e., bore and strolce) depends are :- 

(E) The engine revoIutions. 
(2) The mean press~~re developed throughout t,he 

working s tr~ke.  
(3) The number of firing strokes per revolution. 

When we consider ( I )  it has to be remembered that when the 
speed is inereaged beyond a certain figure the condition is h v e d  
at where %he h& fomca may actually exceed the loads due to 
combustion pressures, and as these Iat,ter pressures in general 
govern the scantlinga of important details, the importance of 
keeping down the inertia forces can be fully appreciated. The 
solution of thi8 problem led to the use of piatons of aluminium 
alloy instead of cast iron. By this mmag it wm found possible; 
to run an experimental engine of very similar dMrign to  a standard 
submarine engine zat a sped approaching 500 r.p.rn. (irrsted 
of 380 r.p.m. mud wi th  a submarine engine), and to obtain in 
the experimental engine about 165 B.H.P. per cylinder (as 
compared with about 100 B.H.P. in t.he standard engine), without 



i n ~ i n g  the inertia stresses set up. The m of alllminium 
pigtons enabled connecting rods of lighter section to be uaed 
and combined with the use of s rod of 1-tion instesd of circular 
section enabled s very considerable reduction of reciprocating 
weights to be e f f d .  From these reciprocating weights, 
assuming *he same speed of 380 r.p.m. in the $WO cases, the 
bearing pressures were worked out for the experimental and the 
shndrsrd engines resptively. These were found to be can- 
siderably lesa for the experimental engine, and the speed being 
the same in both a-, the reduction is a measure of the horeaae 
of the mechanical effiaienoy, which is estimated t o  be about 
3 per cent. 

The use of an aluminium dloy for pistons carries with it 
also a further incidental advantage due to the high thermal 
~~~~~~~~~~~~y of the metal. This is of considerable importance in 
connexion with pistons of hrge size, particuhr1.y where internal 
cooling by the use of either oil or water is necessary. Them ia 
in addition w large over-all s a h g  of weight and the Britbh 
1,200 B.H.P. engine with aluminium pistons is the lightest 
engine per B.H.P. of all t.hat me known. 

Experience is &o being gained with pistom under actual 
Service conditions, and their behaviour after s period of con- 
tinuous m i c e  wiIl be a ma;tter of considerable interest. 

At abut the period when these experiments were reaching 
an advanced stage ik became known tkat the G e m n s  had 
under construction DieseI engines, suitable for submarine vessels, 
developing about 300 B.H.P. per cylinder, and .coasequently the 
next step decided upon was to proceed with the design of a 
8ingXo-cylinder unit of about 300 B.H.P. embodykg as far em 
applicable the re8nIts of experience gained with the earlier 
experimental engine. The dimensios decided upon. were 20-h .  
&meter, 20-ins. stroke with full a p e d  revolutions of 390 p 
&ate, i.e., a pistan speed of 1,300 ft. per minute, which was 
a considerable advance on previous practice. 

It waa decided ta fit a piston of alumhiam alloy ats in the 
experimental engine, but in this case arrangements were made 
h cool $ha piston internally by the circulation of oil. The 
engine has now been in use for experimental purposes for quite 
a ~onsiderable time and has run quite satisfactorily. In 
particular it may be meneioned that no trouble at all has been 
experienced with the aluminium piston although it has from time 
to time been subjected to  bigh temperatures and high mean 
pressures up to as much as 150 lbs. per sq. in. 

Also even at these wry high mean pmuces  it has been 
recently found possible to obtain an inpisible exhaust. 

The reduction of inertia stresses is not the only question that 
has to  be solved in high-speed engines. The efficienk indnoti0~1 
m d  scavenging of the exhaust gases involve diiXcuities in providing 
adequate valve or port area with more rapid md sudden valve 
operation; there are also the questions of cylinder cooling, a 



greater number of heat units having fa be eonduded away in 
e given time as the tqeed of the  engine increases if trouble with 
the exhaust v d ~ e a  is to be avoided. 

Further development in these general lines is, therefore, 
largely dependent on .metallusgjcaI research in light, high tensile 
dloys and materials possessing adeqnate ~trength, combined 
either with go& hmt-resisting or heat conducting properties as 
n-Mry. 

h regards (2) the problem of obtaining the maximum mean 
pressure wi th  effioient, and smokeless combustion has occasioned 
a conaiderabla amount, of experimenhl work and much more is 
still necessary in this direction. 

A consideration of (3) kdicakes tha;t naval requirements 
will not be obtained unless the double-acting'2-stroke engine 
is developed, which, however, owing ta limihtions a.8 regards 
Bpaces, mpecislly in the direction of head room, opna up dificdt 
qu&iom. It is not the intention to expand on the question 
of 2-atroke versus &stroke engines, as this has been a well- 
discussed subject. If the lstroke engine is generally fa~oured 
at present it is became experience and practice are somewhat 
more advmced with this type and any natural disadvantages 
that the 2-stroke engine is recogni~led to p s e a s  axe h general 
more auceatuated when the discussion is codned to vexy high 
speed engines. It *ll be noted later, however, that experiments 
on the possibilitierr of hying out single-acting and doublemking 
2-stroke units in addition to others working on the 4-stroke 
oycla me being carried out. 

Concurrenkly with t h e  de~ign and constnrctioa of the 
300-B .H.P. experimental engine for the laboratory, an experi- 
mental engine of approximately the same size and power was 
designed and b d b  for the Admiralty by Messrs. Vickers, and thia 
engine has run euccesafd triala during the last twelve montha. 

A further ex?perimenhI engine of 500 B.H.P. per crank, but 
of the " Vee " type, 260 8.H.P. per cylinder, waa constructed 
for the Admiralty by Messre. Beardmore, and the trials of this 
engine, although they are not yet completed, have given very 
promising multa. Them is no doubt, therefom, that &odd 
the neoes&y arim, Britieh engkeer~ wil l  be able- to design and 
comtruct mbmarine engines of at leaat m high power per cylinder 
as t h e  used in the German ~ubmarines. 

The possibilitie~ of the 2-atroke type have aIso not been 
overlooked and an engine of this kind has been comtucted by 
Mwrs.  J. S. White, and is now inshlled at the laboratory. 
This singlecyfindered engine is designed Go produce 400 B.H.P. 
at 390 r.p.m., and it is expxted that experhentaI work upon 
it will provide very ~aluabIe data. 

A good deal of attention has been directed recently to the 
possibilities of double-acting 2-3troke engineer, and m large engine of 
this type, from which it hoped tbt moat valuable kxperienc& 



and hfonzlation will be gained, is a M y  being dmigned and under 
construction for the laboratory. 

It is not possible to give a detailed dwcription of the large 
amount of subsidiary work which haa been and is etiU being done 
at the laboratory in connection with problems that have arisen 
from time bo time in the courso of the work with the experimentd 
e*. AB instaxlcw, however, there may be mentwnd an 
in~eskigation undertaken (with a view to elucidating some of the 
problem of fuel injection) to determine the influence of tern- 
prature on the " time lag " betwwn the moment of injeotion 
and the moment when rise of pressure commences ; also the trial 
of vmious methods of pistan cooling, &C., and the determination 
of wrt& physical conshnts and hmt data which will be of the 
p a h t  assistance in the design of engines of higb ~ p d  and- 
power. 
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