
NOTES ON BURNING OF FUEL OIL. 
In order that any fuel sll,lll burn, it riiiist Ijc raised to thc 

tcinperature of ignition and if i t  is to h u n ~  rapidly it must prc\ent 
a large surface of contact to the air. Liquid Fuel cannot burn 
satisfactorily as ;L liqlutl and hence it ~nust  be completely vaponr- 
ized, in which condition the vapour will present thc necessary 
surface of contact to the air. 

The condition3 for burning f w l  oil in the 31crchant Service 
ciiffcr very coilhid(~r;tbl~ h.olil those prrbailirlg in TI.i\I. Ships, 
whcrc, ouing to the high rate of forcirlg arid to thc relatively 
hlililll co~llhl~htio~i S I ) : I ~ C ~  I -O~II I~IC,  it i* nC3Cessary for the oil t o  
I)uni e~trerr~cly rapidly I€ the corribustion is to take place entirely 
in thc furnace ancl not partially in the uptakes ancl funnels. 
rrlder Snval conditions, therefore, i t  is necessary that the oil 
shall be co111pletely mixed with the air as quickly as possible; 
otheruise loss of efliciency and, in extreme cases, damage will 
occur. It is on account of the foregoing reaons that under 
highly forced conditions ollly high grade oils with low wate~. 
percerltages can be burned, and so an oil which might be satis- 
fl~ctorily comnlercially rnay be unfit for use in H.M. Service. 

Ccnerally speaking, there arc four main factors in the burning 
of Oil Fuel which are utider the control of the personriel :- 

( I )  Yrebsure of the oil. 
(2) Temperature of the oil. 
(3) Setting of the spraj-er. 
(4) Pressure of air used in the stokeholtls. 

It is only by the correct adjustment of these factors that 
cfticiency in htirrring can bc obtaincti. 

Kunlbers 1 and 8,  the pressure end temperature of the oil, 
are comparatively easy to deal with and slight variations of these 
t w o  factors do not materially affect the eScieney. 

No. 1.--The Pressure of the Oil.-Many experiments have 
been tried to  determine the efliciency of a 900 lb. sprayer a t  
cli8erent presstires and the results tend to show that pressures 
of from 70 Ihs. to 125 Ibs. should be used with a Texas Oil, as 
the eeciency falls ofl slightly outside these Limits. Heavier oils, 
or those contairling slight percentages of water, require the use 
of somewhat higher pressures, as a bad spray rnay bc obtained 
a t  any pressure helow 100 Ibs. in surh cases. 

Too low a prcssm is alxays to be aroided as the oil is not 
so well atomised and takes longor to burn. It is rnorc cconornical 
t o  burn several sniall o~rtput sprayers a t  about the middle of their 
range, rather than one 900 lb.  s p q e r  a t  n very low or very 
high output. 

,Ivo. 2.-2'he Temj)~mture of the Oil.-This differs mith type 
of oil bci~lg burnt and is dokrminr:d chiefly by viscosity. No 
definitc rule can be laid down regarding the bcst temperature a t  



n hich to burn all oil, but generally a teluperatllrc correspolltlirig 
to a T-iscosity of 40. Redwood I1 Seconds gives good results. 
l'he flash point, however, must be taken into consideration, and 
i t  is not desirable to burr1 an oil a t  illore tllarl 20" F. above tile 
flash point, although there is no danger in *o cluing. The risk of 
the oil " cracliing " hefore hcing spraycc1 is negligible if a 
modcratcly high pressure is nlaintainrhd. 

Thcre appears to be a tendency, h ~ n e x - ~ r ,  to burn oils at too 
low a temperature, generally due to the fear of " pulsation." 
The cffeet of too low a tempcraturc is sirrrilar to that of too low 
a pressure, i.e., the oil is not so cornpletcly ato~~liscd and the 
temperature of the vapour is lowcr ; thus the fuel reqnires more 
time for its combustion, with the result that unduly high tem- 
peratures are experienced in the uptakes and funnels, ancl a 
consequent falling off in boiler efficiency is experienced. I n  
extreme rases wet cones will result, while oil passes in liquid 
form to the furnace without " flashing," arid thus overheating 
of uptakes and possible damage rnay be caused. The reduction 
in efficiency due to this cause may be very appreciable and 
in practice i t  will generally be found desirable t o  work with the 
highest possible temperature consistertt \\ith a \  oiding pulsation. 

ATo. 3.-Setting of Sprayer~~.-JYit11 the ordinary service t ? ~ c  
of spraycr bracket, adjustment is provitied in two directriorls 
only, viz. :-axially and, to a lirluted oxtent, across the boiler 
front horizontally. Owing io the thin plating of the air boxes 
becoming distorted from expansion, to srnall ~~rtriations in the 
attachrllents of the conlbnstion tubos and to careless treatment 
of the brackets, it is found in p)ractire that a11 adjl~stnlent in t h e  
vertical direction is also required if the correct setting of the 
sprayer:.; is to  be maintained. 

Under conclitio~ls of continuous steaming, not only is it neces- 
sary to change the sprayers a t  intervals, but also the distortion 
of thc air boxes, spectacle plates, &C., is found to vary with the 
output of the boiler and according to the positions of the spray-ere 
alight. Initial setting of the sprayvers before stcaming is thcre- 
fore of little practical use, and the best solution appears to lie 
in providing rrleans for making the necessary atljustments while 
the sprayers are actrially in use. 

The required adjustmerlt can be given by a very simple altcra- 
tion to the attachment of the brackct, itnd i t  will be kund that 
its use results in a considerable economy in combl~stion tubes 
and also reduces the work involvrd in cleanirlg the cones. with 
consequent lengthening of the life of the brickwork-these 
advantages are very substarltial, c.spcciallj- wheri atlded to the 
better economy obtained from c o ~ ~ e r t  settings. 

I n  order to realise fully the benefits of this alteration, i t  is 
necessary when burning heax-y oils to  arrange for ono rating to 
be responsible for the setting of the sprayers and :tlso for their 
condition; the petty officer in charge of the boiler room cannot 
efficiently perform these duties urlder normal contlitions when 
steaming in company. 



So.  4.-Tile Presmre of Air  it^ the Stokehold.-This is the 
most important factor of the three and, as will be shown, a small 
variation of air pressure has a very marked effect on the efficiency 
of combustion. For complete combustion just sufficisnt air must 
he sapplied to burn the fuel to CO,; insufficient air will cause 
burning to CO, a combustible gas, whilst too much air will 
result in CO, and excess oxygen. A slight excess of air over 
that theoretically required to burn the fuel is of course necessary 
in order to avoid any risk of incomplete combnstion, with the 
consequent heavy loss of efficiency due to combustible gases 
passing aa ay up the funnel. 

AIR PRCS~UF~EL 

( a )  
A.F.O. .2080/2G and thc accompanying sketch is of interest 

in connection with the question of air supply. For maximum 
efficiency of combustiorl we sec that  ( ( X )  is the ideal air pressure. 
and that with either rnore or less air pressure the efficiency falls 
off-much more steeply tonards " 9 " due to incomplete corn- 
bustion than towards " B " (too much air pressure). 

In H.M. Service i t  is not practicable to burn, oil a t  the maximuni 
efficiency, as too much smoke s i l l  be formed under this condition ; 
a slightly higher air pressure (xl) is therefore used, thus redwing 
the smoke to  a liaht haze. A clear funnel can of course bc 
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obtained by increasing the air pressure to (x2), but, as show-11, 
this will result in n further fall in efficiency. 

Thus we see that- 
(a)  Increase of air prossure causes- 

Larger percentage of CO, in funnel gases, more oxygen 
and less risk of CO. 

Higher temperature of uptakes. 
Less smoke. 
Lower efficiency. 



( h )  Dccrease of air pi.eshurc c;xlihcs- 
JIorc percentage of CC), in uptnkcs and less oxygen 

and rnorc risk of CO. 
I'on-er temperature of uptakes. 
JIorc srnoke. 
1ncrc;tsed cficiency. 

(c) 'Coo lo\r a11 air pressnre 111:xy calnsc pulsatioil. 

The percc~ltacrc of CO, in thc ftlrl~lel gnsce tlllis for111s a guitle f. t o  the correct air prrxssnre and the fitting of C i 0 2  recorcicrs in 
modern constructio11 should prove of great X alue anti prnrnotc 
eco11orn-j-, provided that  the t-lifficultics ill\ ol~ecl  in obtairii~lg 
consistent samples of flue gas can be satiefactoril-jr sn rn lo l~~~ ted .  
These recorcters do not for111 reliahle irlclicntors of the boller 
efficierlc~- as they tnlie rlo :ic~ourlt of inconll)lctr c o ~ ~ ~ b ~ n s t i o ~ l ,  
but shotlld ~levertlleless he of real nssistarlce in practice pro- 
rided that  dut. reg:trd is paid t o  the coi~tlitions of bun.rling, 
i.e., tc11lyer:~tlire ancl prebsure of tllc oil, the setting of the bnrncr 
and the fir~cltcss of tllc spray. 

Appjsrat~~s has bee11 devised for irldicatirlg the anlount of 
comhnstible mattcr remaining in the flue g:tsi2s, but i t  rc111:tills 
t o  be proved \+hether a s:~tisfnctory design of the instrument car1 
be p]-oduccd to meet Naval requircrucnts. 

The temperature of the gases in thta uptakes also .pro\ idcs 
an  inciication of efficiency, artd irl gcncral it may bc said that  the 
higher the tcrt~pcraturc of the  gust^ the niore the heat passing 
away to  ~ a s t e ;  p j ~ o n l c t ~ r s  arc being fitted ill thc latest ships 
for rc~ordirlg these terllperatrires. 

r l  l h c  eiliciency of corubustion carlr~ot be gaugc~cL b) observih- 
tion of thc sr~~olie  :L~c)II~, as one f:xlilt>~ sprq-cl. in :I boiler \\ill 
cause cxuessivc srl~okc and if the air prcssure is irl~~rc:ts~(i to  clear 
the smoke tlic boiler cffiaicncy is lo\tercci. If e~ccs r i r c  smoke 
is observed undcr eonclitions of normal air p?rcsstne, attention 
should i~urncdia te l~~ bc (Greeted to the sprayere ; the z~ir pressure 
should only be increased ss  a last resort. 

Some actual figures taken from recent trials : re  of interest 
as substanti:tting the foregoing ~ t a t e n l ~ n t s .  Tcrnpernture of Oil, 
Constant, a t  200". Rate of 17orcirlg about - 5  per square foot of 
heating s ~ d a c e .  

Air 
Pressure. 

CO, in 
ITptttko Gases. 

* S o t  very reliablo b u t  g r d u u l l y  fnllirlg. 

Unduly lugh gas ternperatllres will be expcriencetl in thc 
uptakes if excessive qllantities of air arc cmyloyed : this c8ec.t 



is probably due to tn-o causes, viz. :-(l) lowered temperature 
of mixture and slow ratc of burning, combustion thus taking 
place late in the uptakes; ( 2 )  increased speed of flow of the 
gases, resulting in the " centre of heat " being llloved further 
up the funnel. 

The effect of excessive air pressure on efficiency is shown 
from some figures taken from a Destroyer. One boiler a t  rnaximuni 
outp71t :- 

,l ir Pressure. Boilcr Efic.ielzcy. CO,. 

- .  
a. C )  111. 63 per cent. I1 - 0  per ccnt. 
3 . 3  in. ) , 13.0 ,, 

Positioi~ of file Sp~.cr!/ers.-The position of the sprayers, relativc~ 
to the conipttrativcly cool brick and tube surfaces, exercises sonie 
effect upon tho boilcr efficiency. Thus if a wing spraycr is used 
the efficiency rnny be nu much as S 4  per cent, lcss than that 
realised when a centre sprayer is enlployed. When therefore the 
conditions of burning permit of a choice of sprayers being made, 
it is preferable to use t>hose situated in the centre of the boiler 
front. 

Puli.a/io,z.-The principal difficult>- to be overcome in burning 
oil in highly forced boilers is the co~~trol  of pulsation. Many 
theories have been advanced regarding the cause of this pheno- 
menon, nliile a11 equttlly large nilntber of specifics hare been 
proposed for its prevention; it is probable therefore that pulsa- 
tions are due not to one alone but to several causes, somc of 
which will now be briefly mentioned. 

Incorrect setting of the burner is a frequent cause of pulsa- 
tion in iridividrral cases, although the reasons advanced to account 
for this effect do not appear conclusire in the light of the latest 
developments, which w511 bc rcferrcd to later. 

Pulsations may also be caused by irregularities in the supply 
of the oil or of the air to the furnace. 

Thc former is almost entirely a question of oil temperature 
and may be due to the fact that  a t  a certain temperature (varying 
with every oil) the character of the flow changes, with the result 
that the oil issues in irregular gusts rather than in a steady spray. 
The remedy is obviously to lower the oil temperature till pulsa- 
tion ceases. Irregular working of the oil fuel pumps aluo un- 
doubtdly tends to  cause pulsation, and attcation to the air 
vessels will often effect a cure. 

Pulsations due to variation in the air supply are in general 
clue to three causes, viz. :- 

((6) Unsuitable type of fan propeller, giving a discon- 
tinuous (and periodic) air flow a t  high speeds. Fan impeller 
design is still too imperfectly understood for this to be 
entirely a\-oided under all conditions. 



( h )  Unsteady running of the fan engines. 
(c) Fans badly placed with regird to the boilers they 

supply, and also tflr existenre of ohstr~~ctioris to tlic air 
flow bet-rvacn fan and sprayers. 

The tvo  former are, of course, not under the control of the 
operator, but the lait lnag be intlnencecl by at1 alteration 
in the conditions of the air supply to the boiler-room either bg 
a general variation in the speed of all fans or by adjustrnetlt of 
that of a fen- fans only; this last is not desirable in view of the 
accompanying loss in efficiency. Disturbances in the air supply 
are usuallv of a ueriodic nature. and uulsation due to such causes 
is likely to occur a t  s few frequencies only : a nmedy that is wme- 
times affective consists in altering the air path to the sprayers 
by means of baffles, this being particularly suitable when in- 
dividual sprayers are proric to pulsatior*. 

It has been known for some years that p~llsation rnay fro- 
quently be preverited by slightly closing thc air flaps, atlrl this 
procedure i~ stror~gly recommer~clecl for goileral atloytion when 
working up to high powers. The effect, however, is to increase 
the pressure in thc stokehold ; \+\.hen thc boiler is properly warmed 
up, the flaps must be gradually reopened to the limits imposed 
b y  pulsation, thus reducing the air pressure ant1 lessening the 
work of the fan enb' 

- 

rmes. 
It has been suggested that the effect of closing the air flaps 

is to damp out the pressure variations in the air supply, thus 
preventing pulsat,ion. It is, however, possible that such adjust- 
ments alfect their purpose by altering tlie relative distribution 
of the air supplies to the centre and to trhe slots of the cornbnstion 
tube. :tnd cvidencc is not wanting to  inclicate th:tt this is the case. 
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Any means whereby higher oil temperatures and lower air 
pressures can be ut'iliscd without thc risk of pulsation may well 
exercise far-reaching effects, and possibly alter many views at  
present held upon thc! subject of burning oil fuel. Tho opinions 
expressed in this article must, there.fore, be read as applying 
strictly to the present Service design of oil fuel apparatus only, 
and . . may requirc revision in the light of any possible future 

Harbour Cditiwns.-It is when steaming under these con- 
ditions that the effects of uncontrolled excess air become most 
marked, and if economy is then to be achicved it is esserltial 
that the boiler casings shoultl be airtight, and that the flaps on 
the airboxcs not in use should fit properly and be secured shut. 
The correct settiug and working 'of thc sprayers is also of great 
importance. 

It is obviously desirable that the air pressurc should be a 
minimum under these conditions, not orlly in order to minimise 
the steam consumption of the fan engines, but also in order to 
reduce the amount of air leaking into the gas path of the boiler 
or passing to waste through other avermcs. 



The best solution appcars to lie in working the boilers under 
natural draught: some remarks in this subject are givcn in 
E~lgineering Papers No. 6. 

From such information as is available it appears that 3 ton 
of oil per hour can be successfully burned in a T.R.Y.'s boiler, 
using (i-400 1bs.-per-hour " lighting-up " sprayers with natural 
draught alone. In  larger vessels i t  should be possible to burn 
a greater quantity of oil, in view of the better " draught " avail- 
able owing to the increased funnel height. 

The following general observations on burning oil with 
natural draught may be found of interest :- 

(l) Hprayers shorlld not bc worked a t  a rate exceeding 
about one half their ratcd output-the actual proportion 
depends upon the height of funnel and upon atmospheric 
conditions. 

(2) Smoke must be expected till the boiler brickwork 
is thoroughly heated up. 

(3) The larger the number of sprayers that can be 
used the better. 

(4) Loose soot deposits occur, but running the fans 
for short periods should be sufficient to remove these. 

(5) Except in ships with greatly cramped boiler rooms, 
there is Little to choose between " open " and " closed " 
stokeholds as regards the tpemperature conditions on the 
floor plates : in a t  least ono case, during hot weather, tho 
stokehold was actually cooler when working on natural 
draught than when one fan was in use. 
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