
THE OPEMTION OF DIESEL ENGINES. 
DefaiIal recods of h p&ka.l q p e r u t h  of Diesel Emgin& 

are gomew& ~mnty, while the need for info&ion on Ihk subject 
k oftm muid$ felt by those w h e  m qm'eme hs been mainly 
mfined to o f k  channeh. The foIk&nq artide, giving in some 
detail the r~ul .& of pmctkd experience m'fh Dkseik under am- 
going &a'thw, & publiakd in the fm in u~hieJa. it W rgceivecl, 
in the h e  that not m l y  m'll the infommtion be of both valw a d  
b f . e s t ,  but h t7utt &nailar contrihtim8 from ofher Ew-~aeer 
0fic.w~ will be thereby enca?~mged. 

The opinim expregsd are thase of tb Author, and am not 
necesmra'ly immuwd in hy the A d m i d f y ,  neifher sibo& the publi- 
catim of m y  of the suggestims mcade threk be inkew m an o J h d  
sanction fop their advplim. 

The eo:ollection of notea forming the body of this article applies 
principally to Dieaddriven e l d c  generators of the NnIem 
type EM fiW in the various vesseIs of the FIwt, the practical 
running of the machinery fitted in ~ubmarines being outside the 
the writ er's experience, although many vnluable suggestions have 
been obtained from that source. There seem t a  be no mason, 
however, why the generd principlex here advocated should noh be 
equally true for all types of Diesel engines. 

Any engine, however driven, is required to pmduce any 
ontput wit.hin ita rated capacity  hene ever the demand is made, 
and Ghus a discussion of the points aflecting the operation of 
s given mwhine iszvolm a comidera%ion of t h w  Iutom w E h h  
influence if;s reLiabiLity and maximum power. 

The Dime1 engines fitted in naval vessels are necegsarily 
aomewhat highly rated, with the result tha t  the tempemtnre 
conditians in the combustion s p e s  are such that at fulI output 
the parts am subjected to high heat &!esssa; any appreciable 
over1oading is aficient to came cracking of the piaton c r o m  
and cylinder heads, owing to the inability of the matmid to 
p m  away m m  than  the designed quantity of heat. 

Overloading may be produccd either delibemtely or by the 
more common method of attempting to develop %he full mtd 
output £rom an engine which i~i out of oondition. In the Iat,;ter 
c w e  excesai~e quantitim of fuel are introduced into dl the 
aylindew, with the mult that, overloading o c c m  in those 
cylindere which are able to bum the charge, while- excemivs 
fouling is experienced in the less hvonrably conditioned unitEl ; 
it may be obsemed also that this practice incm the danger of 
deve1.0pIng very high pm in any cylindens where fmhg ia 
irregular. The huMes  arising from unintentional o~erloading. 
c m ,  of course, be avoided by auitsb1.e adjustmeat of the governor, 
but this e n W  m undeair~ble reduckion in the maximum out+ 
put unlm dI the cylindercl are in approximately the aame stab 

A z 



of "tune." The dangem of c r m h g  nlay be minimid t o  
some ex- by due atattention to  the cleanhess of the jackets 
and to the rnainhnmce of adequate supplies of cooling water; 
bu*, wen &h the maximum cooling effect, the amount of heat 
whioh can be d e l y  passed away k limited by the thickne~ls and 
the nature of the materials forming the  walls of the combustion 
apace. 

The foregoing argument indicates, therefore, that reliability 
is chieffy determined by the extent t o  which similar workmg 
conditions obtah in the various cylinders ; and experience shorn 
that, unIess appmxima-tely equal powers are developed in the 
individual units and regular hing at the predetermined intervals 
is a~laured,  satisfactory service o&nnot be expecld. 

Reasonable similarity is beat achieved by adopting the m- 
ciple of (say) annuaI refits of the whoIe engine, coupled with 
adequate maintenance ; the common alternative procedure of 
adjusting each cylinder in turn as opportunity may permit 
does no* in practice prove ae satisfwtmy as the former. 

'Sbe main portion of thk paper is devoted, therefors, to a 
discurnion of the variaus practical pinta whioh influence the 
realisation of tho above ideal, and, tas a starting point, it h pro- 
p o d  to conider the factors affecting the power output of the 
cylinder. 

~ ~ ~ ~ e ~ o f a g i m ~ .  
The power developed in a given engine depnds upon the 

following factors, viz. :- 
(a) Compre~ion. 
(b) Quantity of fuel injected per Aroke. 
(c) Air supp1y.- 
(d) Back pressure. 
(e) Valve sett-. 

Thwe wiJl mow be dedt with individudy, practical sug- 
ggl~tions regarding the r m h g  and adjus$ment of the engine being 
given in connection with each item. 

(a) Cmpwaim.-A suitable vdue for fhe compression is 
defermind by the makers a d  the requbite ~ylinder clearaace 
to give this h usually noted on the drawings. Adjustment of 
the compreaaion is, of courm, made in the usual ma;nner by 
fitting suihble linm under the foot of the comecting rod, 
measurements of the h a 1  clearance being taken by placing 
four piecea of lead on the piston crown at the opposite ends of 
two m u t d y  perpendicdar &ameter#, one of which ia pmdel 
to the crankshaft: by this means not only is the clemauce 
memred, buk also the aljgmment of the gudgeon pin, crankhead 
and main bearings ia checked. 

The effect of compsaion upon the mmhg of the engine, 
tbnd thus upon rnaintanance, is wry marked. EQh o o m p -  
sions result in lively, smooth mdng, and enable the m g b  



to be started readily. On the other hand, too low a compression 
entails sluggish starting, while the firing point may be delayed 
thereby to  such an extent that the ac~urnulation of fuel in the 
cylinder give8 riae to detonation rand excessive explosion pres- 
sums: cases are by no means uncarnmon in which the studs 
%curing the cylinder heads have been fractured solely on this 
mcount. In this connection it may be remarked that different 
fuels may require different compressions, and thus detonation 
may be experienced when a change of fuel is m d e .  

It is desirable that the maximum difference between the 
compression pressures in the various cylinrlem should not exceed 
about 15 1h. per sq. in., or, say, 4 t o  B per cenh., in order Ghat 
reasonable similarity in this respect may exist between the 
TW~OUB cylinders. 

The compression under running conditions should be checked 
at intervals by means of m indicator, it being convenient for 
this purpose ta cut oil $he fuel from the cylinder under tsat  : 
any conaiderable dep&m from *he original oompmsion i d -  
ca- defective ring~l or valves or badly worn bearings. The 
gas tightness of vdvea is, of comae, of prime impartsnce, 
and it is ~uggested in this connechioa that whenever them &m 
refitted or cleaned, the c.ylindec should subsequently be tested 
by air presaure of about 1,000 Ibs. to dotoct any compmssion 
leaks. 

It may also be noted tha* the compression will he influenod 
by the timing and also by the tappet cIeamnces of the valves. 
An exce&sive " overlap " betwoea the air and exhaust va lm may 
letxd to  dA3cultiee in darting and in slow &ng owing to the 
comequent reducbion in compm&sion. 

Liuer wear is not in general a f&r h causing faulty com- 
pression, and frequently does not exceed aboub 111,000th of an 
inch per 1,000 horn running. 

Admiraliy N&.-It m y  be of irderat W idieatbw are mt 
mntitq to s h  W m~ws%'ve m r  of the liner am? pistmw m y  be 
main@ due to faulty combmtivn, &a the remlting free C.0. ia though$ 
to attack the naelal '11nder high tempera$u~e & i t d .  

(6) Fad I$&dm. Quu7Ets'tg-The quantity of fuel i n j e o t d  
per atroke is, of CO-, determined by the governor, which in 
general. acts upon the suction a a l ~ e s  of the fuel pumps, and as the 
amounb to h aupplied m very m&, it follows that small 
&fTem~es in the adjustment of th operating gear for the 
individual cylindem may exemirse a marked effect. 

In engines, such as the six-cylinder MirrIw, where two 
h e 1  pumps rtre pravidd, each supplying three cylinders and 
each controlled by mpmB link work from the governor, it is 
frequently found that uneven running and lack of power resulh 
from slachess developing in one sat of oonbrol gear only. 

The cle~tmces at the tappts of the fuel pump suction valves 
are of great imporhnco, and particular mm is required in setting 



them, These wttinga do not u s u ~ ~ ~ y  alter greatly while the 
engine is running, but it is worth while checkmg them at fairly 
frequent internaler, and dao whenever imguhr or loss 
of power i3  expexienced. 

Two frequent muses of inmaamcy in this adjustment may 
be noted, amely, &pp& weming hollow, thua pmventQ 
acdupate measurements of the clearance by means of feelera, and 
secondy, f d u m  to e m m  that ttho sbarting lever is always 
properly in the " Run " podion when d e ~ c m  aw being 
measured. 

Variatiom in the diameters of the fuel pump plmgem are 
somewbat common rsources of variation in output, and it iEi 
desirable to memure theae p& by micrometer whenever s com- 
plete overhaul is undertaken, replacing worn plungers as necessary 
t o  keep the variation in their area within a limit of about 
5 per cent. 

(c) Air Swpp1y.-The provision of the neoesmry gupply of 
pure &air in which to burn the fuel is mttled m1bin1y by the 
diameters of the air and exhaust valws, and also by *he 1st~ 
and timing of these p d .  The of these faictora ia outside 
the control of the opsrator, who must, however, emure that due 
attention is paid to the two latter. 

The opening of t he   valve^ in the variow o y l i n h  sbouId 
be within 6 per cent. of that do&gned, giving e pwaible maximum 
variation of about 10 per cent., m amount which oan be tolemfed 
without @kg rise to mdue tfoubI6. 

Attention &odd be paid also to the clemhess of the 
induction pipe ayatem, including especially that of m y  silencing 
devices or CM excluder8 which may be provided : resistmm to 
the air f ow at such points as thew may be eonsidert+blo in some 
casee, resulting in m appmiable reduction in the quantity of 
air actually entering the cylinder. 

(d) Back Pmmre.-It is &o hlportant that the exhaust 
g m  should ham a frae egma horn the oylindew, and the 
exhand ma&old a d  demcern should therefore bs kept reason- 
ably free from depesit. 

Admimldp Note.-In this m ~ i m  it q q t x ~ ~ ,  frrma the T W ~  

of some trials cam-& mt at an q~~ --on, t h t  the back 
presmve 8% the mhwt wstm mn he very wmidmably iwwd 
d h t  g r d y  aflecting the power devehped : #hua th B.H.P., 
mga'ne qeed and fuel: m w m p t i m  are p a c t i d l y  ullaafseded by Q 
back p-esmre of 1 lb. per sp. im., but an i m e a s e  to 4.0  Ib8. bazk 
presmTe i s  &end& by a reductkm of 20 per &. in B.H.P. 
and an inweme of 6 per &. i~ fad mmumpticm, i n  $ h e  
a but&& vdve u m  $W i m  the mhuw p ? e  for the p w p e  of 
producing m a&$& ~ ~ e ;  it zoas fd naxs8aq to the 
the .valve fo mWBthim 2 O  of 6% shut @tim before 4 Ibs. back prm8uPe 
could be iztlaEmed, th.118 8 M a g  t h t  pusare8 of 6 8  d w  c 0 ~ ~ m p - d  

fo v- cm8dwabl.e h%l r&m*dbm. It i8 of intep& ib note tw 



d y s a  were made of the cglimkr c h q e  du~ng t h e  W, it being 
fwnd f i a t  the cadunaimtioa of the charge by exhumt gases m 
not ~m8'mdg iwwd U&W Witirma of high back p r e ~ s ~ ~ e ,  
a d  thm if &M mt appear W t h  falling 08 in power clan be 
attributed Eo f i i a  fa&mI aa h been mn&inat% sllgge&ted. 

(e) V&e Se.ttiage.-"rhe power of the cyhdem and the 
smoothaess of running are principaIIy influenced, apart from 
the fomgoing cuddaration~~, by the setting of the varioua valvea. 
The standard settings given by $he makem m thoae best suitad 
for the speczed conditions of working, and it is generally advisable 
to adhere fa the figures given. 

The ne*assmry finenew of adjustment wiU be o b e e d  if tha 
wtikinge for the air and exhaust vdvm are within 5' of the 
designed figure, this being especially necessary where the opera- 
tiona take place in the immediah vioinity of a dead wntm: 
the settinge of the fuel valvm in engines of the MkIm type, 
where the rate of opening is yapid, ahodd be within 1' of the 
designed pmition. 

It may be found of a d v 6 ~ 1 t ~  when uaing G& fuel8 
to di%r the fuel ~a lve  &G&, and m fw as posaible the maximum 
pd ioab le  degree of advance should be worked h, thus reduozoing 
fuel consumption; ineufflcient advmce reaulta in sluggish run- 
ning, accompanied by excessive fouling of the flame plataa and 
undue deposits of oarbon : excessive advanca on the other hand 
leads to difficuIty in shwAing. 

As mgards tappt  cIearanc88, in the writer's opinion it h 
mnsidered that if them agree within 2/100QW, the. adjusbment 
in t h  respect may be c ~ ) n s i d e d  EM good, within 711000" may 
be taleraM, wMe a variation of 12/l000" or more is d~fUaihIy 
bad and will restrlt in erratic running and reduced power. It 
has been found that the tappet clearances of Air and Exhaust 
Valvea do not remain constant for Iong periods of nmning, and 
should not only be mt when vdvw are cleaned or changed, but 
should also h chsaked at regular intervals not exceeding; semn 
d a p  apart. 

In the appendix wi31 be found tt few unusual points which m y  
affect the libing of the d v e e .  

Baing $he Fuel Vdvee.--The following method for ohecking 
tho mtting tho h c l  VL~~BCXS hw muoh to reooanmend it :- 

Set the engine s few degmea before the aeaumed opening 
of the fuel valve, then prime up the blmt pipes with air 
from the blwst; boWe (my pmure between 600 and 1,000 
lbs./q. inoh), &X which cIm the valve on the blast head. 

Now bar round slowly forward with the indicator m k  
o p ,  holding a thin piece of tissue papr near the mouth of 
the iu&ca;tor cock. 

The fuel levm should be in '" " position, and 
ao the btant the fuel valve is lifted it will be shown on the 
fisaue paper. 
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(Compare this method with the roller clearance method : 
the former is usually from 2 to 3 degrees later.) 

Should it be desired to find ehia setting by experiment, 
it wodd be nwsary  fimt of a?U to m that the compression, 
the fuel pump tappet clearance, and the fuel d v e  lever 
clearance are aII in order. Having done this, take an 
indicator diagram at; not less Shan :- full load, then make 
an adjnatment to the position of the bepiece as may appear 
necessary, bearing in m i d  tho type of diagram requited, 
i.e., with rt broad square top, not lagging on the ignition 
point, nor yet continuing the compmssion line to a, higher 
pmsure producing a thin, peaky h p .  

It wiU be-found thab in these parbidm engines, W tnsght be 
expected, the aetting cif the fuel valves tends fo become " later " 
+H the engine warms up, but thorn of the air and exhaust d v e s  on 
the other hand tend to advance under these conditions, and 
care ghould IN taken to =certain whether or not the. -kern' 
settings axe intended to appli to the 'kcoId" conclition, as is 
g8nmUy the aase. 

I d i c a t b w  the GOPBditim of an mgiw.-Pn order ta maintain 
the engine in proper fune, means am required to indicah any 
iacipienti defect before it become~l h pronounced. The proper 
jnstrumcnt for this purpose is, of course, the indioator, but as 
ltho use of this instrument in Infernal Combustion Engine is, 
however, none too ea;sy, it wiU be found of p a t  asairrtancw a8 an 
alternative to fit thermometers in the cooling water &charge 
from each cylinder. The cooling water supplies to the individual. 
cylindem &odd be djusted eo that the temperature of discharge 
is the same in aU c-s when the e q h e  is properly tuned up and 
d jacketa m clean : any variation h the workmg of cylinders 
can $hen be readily detected by the thermometer mdmgs, 

In th is  conneckion it may h remarked %hat a5 cooling water 
fernperatmm appears to affect the ruming of the engine and tha* 
there is an optimum kmpertbture which ia best found by experience, 
VrtrPos are ground in when cold, and if thereafter any considorable 
variation in ternpemture exists between valve md seating, 
leakage will occur-hence the impdance of finding the oormct 
temperature and in ensuring that all cylinders are dike in thie 
respect. 

Electric pyromehm in the exhaust pipe m e  the same 
purpose even better, buk me not so readily impmvlsed W thm- 
mometRr fittinge, and in my cam it mu& not be forgotten that 
the exhaust temperature h influenced by the bImt pressure. 

The governor aettinga for fd load s h o d  be noted &X 
aampleh overhad of the engine and the c a m  of my mhquent 
variation from these ahodd be invedigahd. Any obviolla 
reducfion in power should not be permithd to continua, and it 



is desirabIe to arrange the notation3 ia the Dieael Engine Room 
Rsgister to provide a warning in this mspsct, 

The power diskribution between the various cylinders should 
be checked periodically, preferably with the engine on about 
three quarter load. The obvious method of doing this is by 
means of Mioator diagram, but these crsnnot be xegardod as 
reIiable under service conditions, chiefly on account of unavoid- 
able dmknesses in the " rig " and of the unknown personal error 
in taking the diagrams. 

A satisfactory method is to cut out each cylinder in turn and 
note the " power drop " in each care. Alternative.ely open the 
test stocks and reduce the blast pressnre; the st~ongmt cyWer 
will usuall?r show black smoke before the others; this test is 
sometimes of service, but is of courw, only v e y  rough, while it is 
decidedly s noisy one. 

The bImt pressure forms a useful guide to  the cleanlinms of the 
fuel vdves, pulveriaers and .flame pIatea ; this wiII ia general 
require to be X& M the patts mentioned become foul. It 
may be mentioned that reshictiong in the air supply may be 
remedied by increasing the blast prepsum, that by employing 
what is in effect a type of auparcharging : thus, if a clean engine 
makes a gradually increased demand for bI& air, the condition 
of the induction ~y stem generally should he investigated. 

Uphm.-This resolves itself into the adoption of a satis- - - 

factory routine for the refit and running of the engine. It is 
thought that in e warship the heavy oil engine routine should 
be arranpd in such a manner that at all times it is mainkahed 
in a " fighting " condition. There is not generally the neceaait?: , 
nor is it desirable, to run $hme engines in anything but in the 
most efficient condition. and they should be maintained at a11 
times ready for an emergency, just as is the sase with any other 
main or auxiliary engine. UndoubMly many breakdowns occur 
through a ~ m & - t o  run khese engines fbr long continuous 
periods, as is usual wtih &am engines, but it requires stressing 
that while the latter will run with gadualIy developing $rouble, 
an internal combustion engine will not. This is due firstly 
t o  the minor effects which may give rise to  diffemnces in power 
between the bdividud cylinders, with Ghe possibility of conse- 
quent faiTupes due to heat strews, and secondly to the fact that 
the mmaximum cylinder prewum in them units am several times 
geater than those met with in steam engines and hence the 
hammer bIowa muIthg horn small slachesaes in the moving 
parts we correspondingly dastructive in their effects. In 
fact, troubles must be tmMed very much earlier in internal 
combustion engines than in their steam-drivea rivals. 

The question of upkeep is very clo~ely d ied with of 
k a i n i  hhe personnel, and some brief notes on this subject are 
dded h the>orm of an appendix to +hk paper. 

It is proposed to paaa on to  & isms  briefly a few pokb of 
importance as regad the maintenance of the engine. 



Cooliw Water.-The reliability and coat of upkeep of inhm1 
aombustioa enginm depend8 to a great e-t upon the efficiency 
of their cooling tqdern~l, exceasiva deposits multhg in cracked 
caatihgs, rapid cyfinder wear and likelihood of pkeon mizurert. 
The remoml of deposits emnot be properly oarried out in m y  
designs of engine unless the l inm am withdrawn and the cyfinder 
covers &re parted, this latter being usually a lengbhy operation : 
the provi&on of qecial  scrapera for cleaning the watm spaces 
in the Iatta is to be mo~l~mended. 

The formation of depasita appoars ooour principally during 
the period when the engine is cooling down, and may be Imgely 
prevented if the oimhting lsupply is maintained till the temper* 
ture of the kern and covers is too low to  cause aepmation of 
the s c a l e - f d g  material from the sea-water. This t e r n p h  
is about 1 10" F., and, in order to be on the aafe side, it is suggested 
that a 8 h  circulation be kept up after the eIgh@ is stop& till. 
the water is discharged at say 70" F. 

If this precaution is consistently adopted, then a really 
thorough cleaning of %he jmket s p w ~  once a year will u~udly  
be found to meet all requirements, eapecialIy 3 the cooling 
ayetem can be well flushed through h the fmrnaia at hhrvala 
in order to wash out depodtts of mud. Periodical awrnpb 
to remove scde through the dom provided for the purpose 
are not to be recommended, owing t o  the danger of partially 
choking the w t e m  by loom p~rticles which it may not be possible 
t o  mmove. 

-ik.hi&m.-ln where oil ooolem am not fitted, it is 
suggested that it i~ worth whiIe providing a coil of say 30 feet of 
Q" copper pipe in the oiI auction well. 

It appears adviaable to change the oil once a, quarter o ~ s a y  
after 1,000 hours' .I.unning, &h oil, usually rsmoanthg fa about 
l* to 2 gaUom pm 24 horn, being dded ah intmmIs as necessary 
to make good washge. The labrica-hg vdue of f?pcid 
&em1 &odd not ham been greatIy afi&, but the oil h 
uadoubtdy  becoming very dirty after such a 'period and the very 
fimIy divided matter in suspension apperirs to pws through 
strainem and centrifugal separatoxs alike, and may cause clogging 
of the oil charnels. A greab deal of tho oil m y ,  however, be 
m l a k e d  by prolonged wttling and is of value for use in engines 
not provided -reith fo& lubrication systems. The mixture of 
even &U+& quantities of fuel oil with Ghe lubricating oil will 
gravely affect the value of the latter and cannot be removed 
by m y  procew of mparation. The sense of ameU can be relied 
upon to detect such an dulhmt ios.  

A d m i ~ d y  .Note.--Th Cmtrifzcgd r9eparnm.s now being 
to sm*ce Dim1 engines will remove all but the vmy $nest pas-tiele~ 

d i d  W ~ P .  suapded in 7bh &l, a9 we.ll as f~wing the oiZ from 
.water- not, houlever, rentova any fuel oil which m y  
have b m  mixed with th hbr%'cant, b d  s W  o t k w i s e  remvde  
the &E a d  pm valuuble adgum% to the ~Whtim.  



The vital part of the lubrication sptern is undoubtedly the 
supply t o  the '7ittIe end " bearings, and, as this depends on the 
amount of oil which escapes from the crankheads, it is specially 
recommended that the latter should be d j  ustecE whenever even 
a suspicion of dackness ssrisee : the time spent in this adjustment 
is never wasted. 

It is desirable that whenever oil is changed (quarbrly) the 
hand oil pump ahould be worked till oil freely from both 
ends of ewh gudgeon pin bearing, the piston being lifted up 
by small screw jmka tilI the cIearancm in the gudgeon pin bear- 
ings are at the top, thus ensuring that the oil supply holes in the 
pin are not masked by the brass. This precaution should also 
be taken after refitting gudgeon pin bearings or if the engine 
has been stopped for more than a week. This is admittedly 
somewhat of w counsel of perfection in view of the time required, 
but it h believed Ito be well worth the trouble. 

Exhaust valve guides are lubricated with sperm mineral or 
he1 oil, appIied by m e w  of rt brush every 16 minuhs : the use 
of lubricating oil for this purpose will result in  ticking of the 
valve in tho guide. 

vaZw~.-A compIete ~t of apare vdves ghould be carried, 
and kept chm : this is necessary in order to  effect changes in the 
somewhat limited time usually available. The condition of the 
valves may be tested conwniently by means of radial. pencil 
marks on the seakings. As far as possible, " grinding in" the 
vaIves should be avoided, but they ~hould rather be rubbed in 
dry or with oil only--this refers chidy to fuel md air vaIves 
W e x h ~ l s k  vdvw are generalIy too pitted to dlow of this heat- 
rnent. 

Fuel valves should be examined whenever the flame plates 
are cleaned. Experience ahom that when any of the fueI vdves 
and flame p l a h  of as engine require c l o b g ,  all ahouM be done 
atthesame time. Itwill be found thatif only afewof the flame 
platea are cleaned, the remainder being left in a partially dirty 
atate, then the engine will suffer from a rapid falling off in 
power. 

The soft packing known '" Sentinel '%M been found satis- 
fmtory for fuel valve gIands as it reduces the wear on the valve 
~ t e m e  and also permits the use of valves with atems of different 
diamehm. 

Valve guides.--Cash4ea of fracture at the point where the flange 
joins the body of the guide me not iuscommon-this may fre- 
quently be traced to the practice of hammering up the securing 
nub which preferably should be set up ha,rd by hand and c a n  
beaefichlIy be gone over again when the engine is hot. 

Smoking at ExIsawt Valva ; t o  Ew-na lihm.-This is 
usually due to an unduly Iarge clearance between the upper 
portion of exhaust valve cage and the of ice  ia the cylinder head. 
A simpIe cure is t o  fit annealed copper washers between tho 



csge asd the spigot on the exhaust valve gnide, the washer 
befng made a e l m  fit in the cylinder hed.  The suggestions on 
page 50 of " Papers on Engineering Subj&," No. 5, in con- 
nection with the ~0atingi3 of oxbaud valve c- in the cylinder 
heads are we11 worth adopting. It ha4 been found, however, 
that- the casings are in many instances so IOW a fit h the 
cylinder cover as to  make accurate grinding a very difficult 
proposition and a@al ammgements are needod ta care of 
this eondi-bion. 

Cam.--In order to produce as far as possible the same valve 
openings in the variow cylinders, it is advisable to  check the 
wear of the cams at each complete owrhrtul of the engine, fitting 
new when the throw haa been reduced by say 5 per cent. due to 
wear. Tba level of the oil in the troughs under the cams may 
benerioially be raised by extending the end of the oil hain pipe 
upwards into the trough, suitable qlwh guards being fitted : 
the cams then dip in the  oil, noise is somewhat reduced and the 
wem on the cams should be bss. 

AdmimFty Xote.-The use of fd l dnka th  is being extended 
to an pun% of the e n e s  i~ new d m ' p .  

Seized Pidw.-rn c a ~ a  of a aeized pkhn, the engine ahouId 
be turned by hand till the pi~toa haa thomughly cooled down. 
If the urgency to keep the engine running is very great, it is safe 
to do so at moderate load if tho oylinder where seizure o c c m d  is 
kept " cut ont " for several hours (say a;t lea& 24) when the 
effects of the seizure will have been mechadcdly removed. 
h ~uch a case, however, before running the engine the oiI  upp ply 
t o  the gudgeon pin m& bo cmnred, as must aho $ho cooling 
water auppIy to that cylinder. 

The abave h been applied on three- occtwions when no other 
d p m m  oxcept the Diesels were amilable, and the resulk 
were entireIy successful, bhe pistons and h e m  being slightly 
scored but undamaged h my &her way. 

A ~ T  ~cmpream8.-The periodicd oleaning and refit of the 
various val~~es and inten:oolew iS mos* important, but otherwise 
little brouble should be experienced. 

It is suggested that the troubles due to the promum of large 
quantities of lubricat'i ojl in the compmmra may be mitigahd 
(if not entirely eliminated) by running the ~rnprwwm on open 
throttle and discbarging the excess air through a permanently 
open drain fitted to a amd  separator, arranged at the outlet from 
the LP. &age. A ailmeer ia required on t h i ~  drain and also a 
~~rew-down valve ; the blmt presaure is regdahd by djuatment 
of the valve. 

Adna.ira& mte,-Awangmm$a of thig a r e  are pmidd im 
eome of the lQteP d d p w  of Diesel gmwawa. 

The fimhm- of air ~~~~~r vdvea of the plate type may 
be mitipabd if the edges of the plaik are mmded of3 wi% 
a a%. 



The I.P. Intercooler pressures should be frequently observed 
and logged, while the intercooler drainrr sholtld he blown down 
e v e q  I5 minutes. 

Beariqjfi.-Ratings do not nowadap get the experience that 
they formerly did in refitting, reciprocafing engines and for this 
-on somewhat close supervision ia  required sbs regads the 
adjustments of the main, crank and gudgeon pin bearinp of oil 
engines. Defects atkribukd to  the fashionable compIaint of 
'TmionaI oscillations" have on occasion failed to reappear 
after inteUipt attention has been paid to the alignment of the 
crankshafts and the proper adjustment of the other principl 
bearings. 

It, is of course, quite unnecessary to  enumerate to senior 
Engineer Officers t,he points to be observed in refitting the journal 
bearings of reciprocating engines, but is it generally r e d i d  
that the younger generation of both officers and men have not 
been drilled in fihe same school in which the formerr were t d  
20 years 8g.o ? The steam turbine has mndeced this training of 
Iess general importance, but, certainly no E.R .A. can afford to 
despise it, as the day of " push and pull " engines is not ye* over, 
although the internal combustion type remains their chief 
representative. 

In view of this it is auggeatsd thtbt a very completa record 
of bearing adjustments should be kept, and in parhicular that 
bridge gauge mwkgs of the main bearing journals and crown 
thiclrnem of dt brasem ghouId be regularly hken and entered 
in a gujtable table. The record should also cont&in notations 
of the gaugkqs of the cylinder linera and the throw of tb cams. 

Bu~ming fad&.-Much might be written on this subject, but 
intelligent diagnosis is a far better gui& than any detailed list 
of possible faults, and a fund of experience is soon accumulated. 
The usual defects which may prevent the proper shrting or 
running of a D i e d  are but fow in number ; it is probably 
su0icient to   ate tbt, provided. the fuel supply is adequate, the 
compreseion good and the valves properly timed, the engine 
cannot fail to run. 

Them is, however, one common type- of defect, namely stoppw 
of %he fuel supply on account or air-locks, which can be &so- 
lutely prevented if mitab1e precautiom me taken. Thia prbiuulm 
occurrence may h a very real nuisance in some enginea and is 
D& alwap readiIy rempiaed, ao it may not be out of plwo to 
add a few notes on the subject. 

Air-locka do not usually occur after an engine has been in 
u ~ e  for mme time, unless either 1mka exist in. the fuel ~uction 
system or the fuel tank is allowed h become empty. The defect 
is generrslly experienced imm&hly &er &&g, which m y  
on occaaion be snkimly prevented by these means, Thus if a 
c m t l y  timed engine, which is known to be in g o d  condition, 
fails to start, $he existence of air-lock should always be suspected 



afhr it has been ascerbined that the suction valve on the fuel 
tank open rand that the suction atrainers are clear. 

The best method of clearing air locks, which almost alwtbp 
occur in h fuel pump itself, is to  flood through the fuel sptem 
with the discharge pipes and the fuel pump ~uction and delivery 
valves removed : flooding should be conkinned tin no signs of 
air bubble8 can be seen. This procedum should invariably be 
adoptsd whenever my p& of the fuel. system between the tank 
and the discharge union on the pump b a g  keen dismantled. 

Persistent air-locks are sometimes caused by the valva seats 
projecting into the chambers formed blow each valve : pockets 
are thus cmated, and air trapped in these is not readily got 
rid of by floodiag. A somewha;t similar effect is produced if 
the lower part of the valve aeat is an unduIy slack fit in the 
body of the pump. 

h k y  delivery vdvea on the fuel pumps may also cause 
air lacks and faulty starting. Thus, if the bI& sir is put on 
-the cyliudex for any len@h of time, during whioh the pump is 
cut out, or if the e@e k allowed to &and with the Mast air 
pressure on the fuel valves, the air wiU graidudy force the fuel 
back into the pump and may eventudly obhin woess to the 
1atbr. Tbe purpose of the double discharge vdves fittad to 
fuel pumps is pady to avoid air-locks. 

A somewhat inhquenfi cause of this trouble is leakage at the 
pint whem the tappet rod, actuating the suction valves, passes 
-through the pump c h g .  

It is suggested that muoh benefit may be derived from the 
various Artiebs on %he Diead Engine which have appeared in 
" Papem on Engineering Subjects," and also ia various phpers 
which have been read befom " The Diesel Engine Usew' Asso- 
ciation.'' 

It may be of interest that a &fF of 2 E.R.h. rsnd one stoker, 
w&ondly by two more stokers when heavy work is 

to be done, has been found ample to daal wikh two Diesel 
tngines and aho two turbo-generators. One E.R.A. is changed 
every k months, thua each works for about six months on 
the machines, and this arrangement has given every mtisfact,ion. 
The Diesels am stopped and started by E.R.As. from bhe Duby 
Watch, all E.R.AB. being required h pms a prhiral  tjwt in 
atart@ theae engines. 

In conclmion it is suggested that every effort should be made 
%o get rid of the somewhat commonly held opinion that Died  
e n p e s  me complicated pieces of machinery and subject t o  
developing mysterious  complaint^. When those in charge of 
*hem red=  how simple they are, despite the multiplicity of park, 
and bow comparatively few are the causes of trouble in a well- 
conditioned engine, one half of the bafklo is won. The otbr half 
lies in eahbhhmg the best settings for the engine, e.g., valve 
timing and compreseiom, and in ensuring tihat these am dhered 
ia within maonable limita in each ltnd every cylhder. 



APPENDIX. 

I.  %ine of R m n i g  and Ckning.-The mutine to be adopt& 
necawarily dapends upon the aircumutancerl of the c=, but it is dosirable 
in devising switabIe arrangements to bear the folIowing points in mind :- 

(a) Minimm of stcwting land aoppiqy. 
(b) E d l a a t b n  Gwad Befit oj Valeree, &L, aa nearly poseihle 

in ac~rdance with the requirements of M i d e  183 d w e e r i n g  
Manual. 

(c) C h i q  of F k  P- at intervals to suit the fuel in W. 
With B& Oil 144 hours appears elm& e x d y  aigh-t the 
end of this pariod the engine has just begun to smoke, dmpite raised 
blast pmmm, but the flame platea may be clean4 redly ,  sa 
avoiding damage to the orifices. 

(d) Obtaining the naaximntn w n n i q  how8 jmm'bba jrom the 
D k e L  

The period for which an engine can be run +thout major attention 
is very considerable, depending, of oourae, upon c i r c w m h u m ,  and 4,000 
ta 5,000 h o w  running may be considered a vary s a M a o t o ~  y w 7 a  
work, which should be readily obtainable if the engine is well maintained 
and i f  the general overhad is properly carried out. The d b 1 e  duxation 
of non-stop nrns at full output dopenda principalry upon the oharacter 
of the fuel. being detemnined by hhe rata at which the flame platm &come 
foul, bub in the writer's opinion it is preferable to Mrict periods of con- 
tinuous operation to intervals not exceedha say, 140 to 200 hours in 
order that the engine m y  be maintained in the desired cendition. Longer 
h h r v a I s  between stop (and subsequent minor adjustments) are always 
attend4 by a risk of damage t o  the mgine if heavy demands am m d a  
upon i t  tawards the end of auch periods. 

A aathfmtory routino to  meet the foregukq xequirement in the of 
a battleship providd with two klrbo-generators and two Dieml-drive: 
dynamos, is ta mange that the htter am run altomebly " oontinuowly 
and " inbrmithntly " for periods of four days in each condition, the 
machines working continuously, however, wer each d - a n d .  During 
the "intermittent " period each engino is run during the night wahhes 
only, mfitt.ing and adjustment being during working houm. 
Larger adjrLstments m y  h deferred whm possibIa till the 8hip is at sea 
for more than one day, under which condition. it is n-ry to employ 
steam-driven dynamo8 at all times. 

The following, then, er0 suitable intervals at whioh the variotw p& 
may be clorsned. refittd rrnd adjusted, =@that the foreping routine 
ia d o p t d  :- 

H Q ~ .  
Fhme Plak and Pulvmiaera - - - 144 
I.P. lntemolm and LP. Valvea - 144 
H.P. and L.P. VaEw - - 
E*mtVal* - } 516 

H.P. and LP. AiF Coolem, P i p  and VaIvm - 676 
Air Vdvm - 
Fuel V d w  - - ; } 1,152 

Exhamt P i p  - 
Flu& though Jackets, clem Silenoam (air and 
Examine Protectors - - 

n. Ikda'w of Stoker R~tings.-Every Enghm Officer h= hk own 
views on how beat to train his auxiliary watchkeepem and tries to turn 
out men weh equipped for mhmoement, but them is sometimes 8 M e n c y  
for a hamwed mnior m m r  to keep a g o d  heavy oil engine watch- 
keeper tending such machines 811 the commission, when ofice he has 
trained him : this h neither good for the man nor the g e ~ i ~ e .  



A few notes on the duf.ies of a watohkeeper may not be out of phca 
A liet of dd~ct8  &1y to oocur when running should hang in every oil 
engine-mure. It &odd be made quite clear what a man's dut.k are 
and how far m d  what fault8 he may attempt to remedy himself, and whac 
he must report Zo the oRcer in charge at once. Re must clearly rmdor- 
stana the nemeaity of keeping in close touch with tho switch-board and 
be prepad  to stop the  engine as quickly as possible should certain 
sympbm develop. 

3fetem and gaups must be vigilantly watched, particularly the aom- 
pressor, air bottIo, oiI and cooling. water-gaup. 

T'ha parts requiring particular attentdon in lubricath should be 
named. 

The neceesity for cleardineas is imperative, and s man who is  mtur- 
ally imtidy or dirty will always be watisfactorg. 

Oil and water leaks must be reported. Causes of defects and the pm- 
d u r e  he mmt take when they occur should be made plain to him. 

The watchkeeper shouId maintain a oIom touch with the E.R.A. 
rsponsibIe for the engine, particularly during ailent hours, in ordcr t b t  
any ~ymptom he does not awcognise may not be disregarded. 

III. Timing of iVta Vulw.-The timing of the vaIves m y  be affeated 
by the folIowing factors :- 

(I)  Length of the valve levers and the condition of the rocker 
arm bmhes. 

Ben? levers, sccentricaIly bored buahm, &cc, will affect timing 
and also lift of valves. It is desirsb1.e to cheok the distances between 
the roller, pivat bush and the tappet in cases where valve timing 
appears to be affmtod. 

(2) Rooker arm a h f h  should be parallel t o  and at the same 
diatanoe from the camshaft in each cylinder. 

This point should alwap be checked w e n  new cyliider he& 
are fitted.. 

(3) Tomional yieId of the camshaft. 
C- have bean known w h m  ths camshaft h suffered per- 

mnen' t,nminrtal " mt," in~mras.iqg in the CO- of time tiIl, the 
valve timing hsd been appreoiably affected. 

The pmibilities of troubIe ariakg from these or any similar defects 
will be ob~ated if a practice is made of checking the i;imhg of all the 
valvea at auitable h h d s ,  and particularly d h r  a oompiete overhaul. 
This ia an operation which is too ofhn crarele~ly performed, owing to the 
time required : a LttIe htelligenb thought will indicate how the timing 
may b t  be checked in the minimum n u m h  of mvol~~tiona of the engine. 
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