
7. 
PULVERISED FUEL. 

IntPoda'm.-0ne of the most striking developments of 
the p& decade has been the ~ a w t  increase in the use of 
petroleum products, and, although exper& investigations indicate 
that eufficient &ores of crude oil exist within tbo e&h to pro- 
vide for even greatex demands over a considerable period, it ia 
evident that such inroads upon $he wodd'a stock of fuel showld 
not be permitted to continue unchecked, especially in view of 
.the uncertainty which exiats regarding the exact extent of the 
available supplies. 

Oii d t a b l e  for fuel purporses ow be, wnd is, produced in 
appreciable quantities from the oil-bearing shale depoaits which 
exiat in profusion ia many parts of the w d d .  In this resp~t ,  
the United Kingdom is not t oo  happily situated, as t h ~  majority 
of the ~ulphur-free shales have to be mined at considerable 
depths, thus adding greatly to  the cost of production ; the more 
easily worked deposits, on the other hand, are eharctcbrisd by 
so bjgh a sulphur content au to  render them unsuitable for bunring 
under boilers unlem some method of M i  them eom th i s  
impmiw c a n  be discovered. h the United &tea, however, 
enormous surface depositg of exceIImG qualit;s shalea occur, 
principally in California, and it haa been &M that the pro- 
duction of shale oil will eventual1y exoeed the aoal output in 
that country. It ia of intereFlt to note that portions of the 
deposits r e f e d  to have been specifically earmarked rss the oil 
fuel rewxve for the United States Navy. 

The mere suggesiion of a &ortwe of oil has been nufficient t o  
turn +he minds of engineem and wientists towards the discovery 
of alternative h e l ~ ,  which, while poaaeaaing %he advantages of 
oil should dso exist in P& quantities, or, better M, be oapable 
of being manufactured from renewable producta of the earth, 
such as growing vegetation. 

One obvious direction in whioh to direct resmmh is that 
of the production and economicd employment of alcohol, which 
c m  be mmnfactured readily from grain, roots, &c. The uaa 
af this fuel may, no doubt, become general in the future, but its 
premt development is hedged about with difficulties both 
technical md fiscal. In qite of *big, however, considemble 
progress Is being made, notably in Auhalia, and undw Japanese 
control. Vast &area of coal skill exist in the earth, and the 
depletion of hzts ltbte1y been on a deereasing scde owing 
to the rapid extension of the use of petroleum oils, a d  the in- 
creasing use of water power, the msin factors determining the 
ahange from the one fuel to  the other being the ease of bandling, 
inmeased efficiency in use, and the reduced size af the generating 
plmt, made pomible by the use of oil. 

It is evident, therefore, that if rnethde c m  be developed 
whereby the. handling of coal can be made more simple, ib use 



more efficient and more emily or automatically controlled, and 
its aombustian satisfactorily effected in boilers comparable in 
~dica to those employed with oil fuel, then nat only wiII the world- 
supply of oil be conserved for a longer period, but also, a most 
importanti factor from the British point of view, the balance of 
trade will be affwted in our favour. 

m e  exisfence of large supplies of inferior coal and of coal 
dust in certain arew adjacent to the pit heads resulted many 
yems ago in attempts being made to burn this material under 
steam boilers. A measure of success attended these early ex- 
periments, and coal dnst, or, to employ the modern tern, pul- 
M s e d  fuel, has been in u w  in such localities for a, considerable 
period, but only in small plants. The general ~ i s e  in the cost of 
fuel during the latter part of the late war directed attention 
anew to the possibilities of making use of such w ~ t e  (and there- 
fore cheap) fuel in the boilera of brge power-stations, and it 
was not long before full scale expmirnen~l plmta were in opera- 
tion in the United States, a country wer eager to try out new 
i d e ~ .  

It waa found to be a compmtively may matter to obtain 
satidactmy burning of the fuel once the requirements of fine 
pulverisation and rndequate mixture of the air and fuel had been 
providd for, but the principal practical difficulty which had to 
be overcome waa the peat length and size of the combustion 
chamber necessary for maximum efficiency. It m soon realised 
that in the combustion of pulverised fuel, as with oil, a time 
factor waa involved, rendering i b  neceastbry to keep the dust in 
contact with the requisite ak for a period sufficiently long to 
enable the burzljng Go be properly complehd More the fuel 
comes into contad with comptbratively coo1 surfaces. Coarse, 
improperly dried fud rsnd poor admixture with the air m 
found to be factors which retarded clombudiion and thus led to 
the greak length of flame, which is a characterirrtic of the majority 
of the present pulverised fuel installations. 

The .size af Zmme ia not so important in powm station work 
arr it is in marine praictice, but, as this forms an appreciable factor 
in the capital cost of the plant, much time and khought is now 
being expended with a view to incmming the quantity of the 
fuel which c m  bo burned in a furnace of given volume and of 
rustrichd ba~ghh. Progress in this w p c t  waa f i ~ t  purauml 
in the h 1 i o n  of obtaining finer pdverisation and in heating 
the air supply, md these specifics have been found to effect an 
appciabIe improvement. A marked dvance has, however, 
been made during the pagt ttwIve rnon%hs, principally due to  *he 
introduction of new types of burners wbich, by increasing %he 
turbulence of the stream of air and coal dust, have enabled the 
length of the flame to  be cut down from 20 feet or more to one 
of 5 in 7 feet. a fie'ure comaarable with that, obtained with oil 
fuel : the rna-u; cpanti6 of heat hithertm released in a given 
furnace hw, however, not exceeded about one-haLf ths t  w - 4  



in highly forced Naval lboiIers burning oil fuel, and this is no 
doubt partially due to  the comparatively low calorific value 
per cubic fook of the coal dusE. 

Coal, unlike oil, contkns an appreciable pementage of =h, 
an average figure being about 10 peT cent.,, even after the sample 
haa been earefi~lly screened and washed. The ash is necessarily 
pulverised and fired into the furnace with the cod, and the 
resultant effect depends largely upon the melting pink of the 
ash and npon the temperature of the furnace. h the case of an 
ash whose melting point is below the furnace temperature, a 
alag i~i formed and deposited npon the wdls and floor of the furnace 
where, if of suitable composition, it fluxes the brickwork and 
causea rapid deterioration of the latter ; dag may dso be formed 
upon the tube and furnace s u r f a s ,  impeding the flow of the 
furnace gases and interfering with the transference of heat : 
similar effects wilI be experienced if the burning pwtioles of fuel 
meet these compamtively cool surfaces before combustion is 
complete. I% is to  be noted that ooaI ash is not homogeneous, 
but consists of a mixture of from three to five entities, one of 
which, while p a ~ b l y  ody present, in small qumbities, may 
poserem KJ IOW melting point. A constituent of this nafure may 
thus well render a fuel umuitable for urJe in the pulverieed form, 
while giving compIeta mtisfaction in a chdn-grate or othm 
mechdcd atoker. 

The w a r  and tear of the furnace J h h g a  in plants of f h i ~  
type is, in general, greatly in excess of that usual in oil-fired: 
boiIem, but may be much reduced by the use of fuels with ash 
of high melting point, by avoiding high flame velocikiee and by 
careful control of the furnace temperature. The latter remedy 
is, however, uneconomical, as for efficiency the maximum pomible 
temperatures should be employed, and attention has therefore 
been calIed to the necewity of discovering refractories which 
would withstand the action of the &g. It appears, however, 
that but little succees has hitherto attended this search, with 
the result that the modern tendency is to mplace the brick 
lininga by heating surfaces, thus not o d y  avoiding the heavy cost 
of frequent renewal. of the former, but aka actually improving 
the eEciency of the boiler, as by this mems a p t e r  propoion 
of the total haat transfer h effected at the maximum temperature 
in the cycle. 

The diffimltie~ att;endant npon the urn of these m-cded 
" water walls " in boiler furnaces ha~w not so far proved to  be 
formidable in power-station work, as d c i e n t  ckdattion can 
be provided under eiteady steaming eonditiom. The situation 
is, however, not so favoumbIe in boi2ers subjeot to wide fluc- 
tuations in steam demmda, and at lmuk one cme is known wbere 
brrrning out and pitting of the water wall tuba h a  been un- 
d e a b l y  frequent, the defeats Mlrg attribuhble to insufficiently 
good circulation : for this reaeon boilers of this type do not a p p u  
suitable for Nave11 purposes unZesa =parate f e d  suppEm, under 



mliable automatic control, can be provided for each header which 
fee& the tube W&. 

The difficul5im with the furnace h h g s  appear, however, t o  
have been very greatly reduced by the use of the modern short 
flame burnem, in which the inteasely heated zone is localised 
and oombm~on is completed before the '"&me " c m  strike cool 
surfmea. 

The quantities of aah and slag formed during combustion 
m in general more readiIy removed than in the case of stoker 
fired boilers, m in cams ubre pulverified fuels of IOW and suitable 
ash content are used practically the whole of this residue should 
be discharged up the funnel, leaving but small quantities i;o 
be cleaned out of the mh pits. This is especially the cam when 
considerable quantities of excesa air are used, as by this means 
not only is the furnace bmperature kept low enough t o  p m n t  
melting of the ash, but also the high speed gm currents pmwnt 
deposition of the latter : thw convenience may be purchased 
at the price of some Ioas in efficiency. In other caaes, however, 
conditions may ba less favourable and special provision for 
ash hndLutg is required. Generally speaking, however, it 
appears %hat the plank and labour required for thia purpose 
is oonsiderably 1- than in stoker fired boiIera, the ash being 
finer and smaller quantities require t o  be handed : the heat llorrt 
in the ash is frequently recovered in part by arranging thah the 
hot aehes +xave~se wakr-cooled tubes during their passage to  
the ashpib. In comparison wikh ail f ueI, howovor, it is evident 
that the ash problem involves additional plant and labour, 
while more frequent cIeaning of the heating surfaces is required : 
it hw been ata ted  Ghat in one particular inabhtion the amount 
of external cleaning approximate8 t o  that required +&h &&er- 
firing, but this obvioudy wil l  depend upon the type of coal 
employed. 

I'dverised fuel containing very large percentagw of aah o m  
be b u d ,  while the presence of tk incombuatibie material is 
to mme sxhnt hneficiaI as it tends to  lessen the risk of explosion. 
It must be remembered, however, that the ash not only lowers 
the calorific value of the fuel, but also involves unpmducti~e 
work in the pdzlveri~m, and &us it b d h b b  to keep it t o  ta 
minimum far marine semicea. 

It may ba of intereat to note that In one large station amnge- 
mants ara made m that the wh a c m u 3 . a ~ ~  upon the Boor of 
the fmmce, where, in thia insttanoe, the temperature is kept 
~uiEciently bigh to  prevcnt aoiidification. The mh ia tapped 
off in a fluid condition at witsblo intervals rsnd is directly avail- 
able for cerhin revenue-producing uses. It appears that wieh 
propr construction of the floor and side walla at the slag line 
no aerioue rnaintsnance problem are involved. Such an arrange- 
ment is, however, ill suitad for marine purposes. 

F i ~ e  a d  EqIm*m R&-The urn of p d v M  fuel ht*s 
Been attended by a number of fatal accidents, which have led 
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to fhe publication and acmptance of aomewhat exaggerated 
reports mgadhg the danger of the fuel. 

The U.S. Bureau of Mines haw fully studied t?& question 
and ham issued a report dealing with the occurrence and. pre- 
vention of fires md explosions h pulverised fuel phnta for 
land stations. 

It appears to be definiteIy established that the fuel in bnlk 
h not explosive, only h o m i n g  ao when s c M  into a cloud 
with sufficient air and brought into contact with s naked flame 
or body hot enough to came- ignition. When &rod in bulk the 
fuel ia p&dy &ratedJ but the qumtity of air hduded thornin 
ia but a very rrmd fiatiion of that required to suppod corn- 
bustion, and .thus from this point of view storage ap-s to be 
d e .  

The fuel is, however, liable to sponkmeous comburttion, this 
being particularly the cam when heated : the report referred to 
above dates in fact " that ~pontaneous combusstion i a  pr&icdIy 
certain if the hmperature of dry pnIve&ed cod is kept a;t or 
abaut 15OoF., and if the heat in~ulation is perfect." 

Spontaneous combustion is impossible in a properly mded 
bunker compleh1y flIecE w$th tho fuel, as them is insuflicient; 
oxygen present ta ~uppmt the h i o n ,  but considmble danger 
would a* when atkmpta ware made to use h e a a  to s 
high Wperature, as fires wodd occur in the ayshm oonveyhg 
it to the boilem. 

In view of these d.ii3ic:tlltiee, it hw been mommended, and 
in many casea haa become the practice, that the quantitiw of 
powdered fuel kept in store shodd be cut down im e minimum 
not exceeding 48 hours supply: preferably pulvmising shodd 
b e~~ immediately before we, or on what is known aa %he 
DKfT, as apposed to the Bulk-&rage ~ m m .  

It may be noted that an atmosphere laden wi th  coal dwt 
may be extremely d~tngeroue, the risk behg proportional fo the 
finem of the +idesJ thw m ewap of pulverised fud c m  madiIy 
give rise ta an exploeive raixhm and quires ta be treated with 
the aame reepmt as an escape of coal gas. Puel sphm shodd be 
e n h l y  safe as long as the jointa remain dust-tight, and though 
this condition should not be diEcuIt to attain, the riek in this 
respect ia greater than in the oaae of a leak of oil fuel as coal d u d  
which hw mttlsd on a beam or in a pockeh may d y  be bfom 
off h ths form of a cloud which may explode. It h dso ~ I Y  
obaerved that a hraiu of coal dust will burn slowly without m y  
visible oornbustion, the advance of the heated zone being at the 
mh of some 6 inohea PBT hour: if conditiong m favourable 
such an &on may easily result in flame or an explosion. 
h passing, it may be of infamat to nob  that many firm and 

exp1oeiona have o c c d  in powdered cod ayatems due fo the 
iuel banking up behind obdructiom, ben&, &C., in the main 
conveying it in the pxesence af heated air to the furnaces: the 
remedy ie .to design. such d u d  so W to avoid pocketa and obstruc- 



tio~w, and to blow them t h g h  with aix when working is 
completes. 

In many shore i d a t i o m  the fuel. to  the boilers is carried 
by air around a circulating main, bpped off for the various 
burners at a n m b r  of points, the surpiua fuel being r&wmed h 
the ready uae bin: the circulatiq or primary air is mually 
heated ad,' owing to lma.1 variatiom in the d d t y  of the mix- 
t m  in the main, explosive proportions may exist at vsriom 
poinb. 8wndary supplies of air entDr the stream at the b m e m  
Elnd ahould the p m u r a  in the main line at any tima drop below 
that of the secondmy aupply, there is a distinch tendency for 
burning fuel ih be Bmwn into the main from the furnace by the 
mvemd air flow; the h g e r  from suoh a sourraa ia obvious. 

Burner&.-There am at present on the mark& e n u m h  of 
Merent t y p a  of b m m ,  and it ier probable that with ~uitab1.e 
hmaae  mrsmmenh there h little to choom between them a0 
regarde boileruefficiencg. 

Thwe fittings may be cIasai6ed h two groups, namely, the 
older type, giving a so-called " line " flow, a d  khme in 
whioh efforts have been made to  obtain the utmost turbdeqce 
of the mktu1.e of ooal and air as is done irr, oil fuel b m m .  
The former class are ch~rmbcterised by the extremely long flame, 
often reaching 20 feeh jn length, while thabt produced by the 
latter i~ short and combustfon very rapid and lmd. The fuel 
l up pliers to %he burners may be provided either by meam of 
screw conveyers or by hezbted priury air, the ai~ required Go 
complek combustion being added dirwtly in the burner. 

Pdvw&&r8.--It iil by no means uncommon at the present 
time ta p u l v h  the ooal ao that at least 85 per cent. will p m  
t h u g h  a 200 mesh, while in many phta  an even h e r  degree 
of grinding is employed, with a correspondiug shortening of the 
flame. 

The grindem or pulvmiaera difEer in Wi, but the general 
idea of d types h to remove the ground p d u c t  aa early as 
poskbb, pawing it t h n g h  a screen : this is ewntid, aa unless 
the @dmg auxfaabces are kept clear of the pulverid fuel their 
efficiency wilZ be impaired, while the power required wil l  be 
considerably increased. There is evidently a field for experiment 
as regards the design of pulverisers, the weight and power 
requirements for which are probably suscep+ible ta considerable - 
improvement. 

Magnetic and other *paratore are invariab1y fititad bo pulver- 
hing mills in order to remove iron m other foreign bodies in the 
coal and 80 prevent damage to the grb&mg surfaces. 

m- m FOR BAVAL mVImn 
It may be of interest to know that s p o w d d  coal plant 

WM instalbd in isor at Portsmouth Dookymd in order to  con- 
same the dud and B ~ U  c d  muitable for W in gtokm-bd 



boilere, This plant proved to be unmtisfaotory in sprvioe and 
the matter remained in abeyance till the year 1912, when further 
experiment0 were carried out, this time at Devonport Yard, 
where a BeZtington boiler was fitted with arrmgementrr for 
burning powdered coal : this boiler is still in use and haa per- 
formed its r e q u d   setv vices with reasonable- results. The plant 
at Devonport is, of course, of very d y  design and some diffi- 
cultiea am met with in lighting np the boilm, lvhiIe certain types 
of coal lnotablv those in which the volatile conten* is below 
about I. i per tint.) cannot be burned at all by Itbemaelves. 

During the War the shcrbage of oil tankers, due to the sub- 
marine a m p i p  and to the enormously ineremod demands for 
oil fuel, resulted in ea,me~t coanrridwi-ation being given to all 
poasible methods whereby coal might be used t o  relieve the 
situation. Experiments with pulverised fuel were o a r r i d  out 
in the U.S. and in Australia in 1918 in small marine imtallations, 
and the= indicated that while ih  was practicable to burn the 
fuel, there were many problems to be solved before it oould 
be successfully applied to marine purposes. The investigations 
were, however, of value in enabling a just appreciation to be 
formed regrtrding the possibiIities of the fuel for Mavd purpows, 
and it ia with thew thai the mdn part of this paper is concerned. 

Bulk of f i e 1  for a given "Heat" stowage.-The table given 
below g i ~ e s  a comparison between vsarious fuels M regads the 
potential quantity of heat that can be stowed in a given Bptrpace. 
It must be realised thak the figmca given are only averages, md 
will vary with individual samples; further, the comparison of 
coal with oil is somewhat less favourable in practice thm that 
shown hy the hble, as it is possible to  utilise compartnlents of 
irregular shape to better advantage with the latter fuel than 
BPith coal :- 

Aseurning equal mmbuation &cincy to oil fuel. 
t Asslrming 184 per cent. less combustion efficiency t.hm with oil fueL 

Tho figures 'given for the number of cubio feet reqwed 
for the stowage a f  QQa tan in +he c m  of the p d v d  fuel 
depend upon the degree of aeration, and thm upon the fime 
which hm &wed since gr imkg and upon t h e  subsequent treat- 
ment of the fuel, but are probably fairly repmeatati~e of tha 

W&c Vdne 
B.T.U.!lb. 

19,000 
12,.5O&l5,500 
22,500-15,500 

12,500-14,500 

Comparative 
Heat 

Stowage 
percu.ft. 

100 
48 1-50 - 6 
52.1-84.6 

49-1-56- 9 

Fuel. 

Oil fuel - - 
Coal - - 
Pulvelsed rod - 
Ptilverieed L.T. 
coke - - 

Compnrative 
Evapomtive 

Power 
percu.ft. 

l00 
39-48 - 6f 

52.1 -6~4.8~  

49. I-!ifi.Q* 

Cubic Feet 
per ton. 

38 
52 
48 

51 



condition ob&in"zng when the fuel is delivered from the milh; 
the compa~ison is, however, favourable to these fuels. 

It will be obaerved from a consideratioa of the foregoing 
fable that,, in order to  provide a given radius of action, the fuel 
 towage capwity will require to be nearly doubled if pulverieed 
fueIs are sub8tituf;ed for oil. Thig fact is m inherent hndicap 
upon those fuels and obvioudy constitutm one serious obstacle 
t o  their employment in the Britiah Navy. 

Tbo poaition as regard~l this factor of fuel stowage is, how- 
ever, much less unfavourable in the Mercantile Marine, for, 
dtbugh no shipo~vner desires to cZevotc unduly great spwe for 
bunker purposes, this may be of lesser importance under certain 
conditions than the cost of operation. 

It has been shown, to the satisfaction of the enthusi~~ts at 
leaat, that a subsbantial aaving is t o  be anticipaid by *he change 
from hand-&ed boilera to  pulverised fuel equipment, but i6 yeti 
xemaine to be demamtmted whether the additional capital mst 
and inmd maintenance chargea will be outweighed by %he 
incmase h boaer efficiency, by the possible reductioas ia the 
personnel required for operating the planh, and by the lower 
coat of the raw fuel in cMes where infet-ior coals are pdveriaed. 
In comparison with oiI-fired boilem the overall eEciency of the 
pdverised instaIlation ia likely to be aome 5 per cent. to  6 per 
cent. less on account of the power requirements for handbag 
the fuel, while $he maintenance; chargm may w d  be somewhat 
higher on mcomt of $he wear and tear of the pulvmiing plant; 
on .the other hand, the cost of oil fuel is about two to ihxee times 
that of ofpulverised fuel, and thus there should on balance be a 
financial saving due t o  a change to  the latter. 

Waction,  B o w e  and HnnalinP of Palmid Ehel. 
Meshal I.-Supply to sh ip  in @ver&ed fmm.-The pro- 

duction of drg puEveriaed fuel m&tatm the provkion of power, 
and from ~e point of view of overall economy thh ie b& applied 
at the m k e s  (or other convenient place) to large quantities of 
the fuel rather than locally at the boilers. In wrim hutall- 
ations not only will there be an economy in fuel by providing 
thi~i~l in the pulveriwd atate, but them will a h  be 8 reduction in 
the weight, Bpme and complexity of the plant required to be 
carried on board each vesm1. 

It hm bmn pointed out ewlier in p8per that the storaga 
of dry pdvwkd c o d  for any length of t h e  is nnaafe, especially 
in bunkem adjacent to hated surfaces such as are mmmon in 
stemuhips. If has been staM, however, ths% low hmpemture 
cmbonisd coke is not liable to s p o n t w u ~  combustion when 
pulverised, amd this, should it prove l;o be correct, poinfs ko 
one methad of avoiding fhe danger r e f e d  to. It i8 a h  not 
impossible t h k  ~ o m e  s y d m  of storage in m atmmphere of inert 
gm13 may prove to  b practicable, but, aa the mfety of such 
~gstem dependa upon the m h b n m  of the bunkem in an 



airtight condition, it appearP, doubtful whether in pwt ice  their 
effectiveness could be relied upon. Even if d e t y  is -wed, 
however, there still remains the enemy of moisture which may 
entire1 J prevent the handling of the fuel or at lead wiU interrupt 
that steady flow which is mential to proper combustion. The 
maintenance of bunkors in a thoroughly dry condition hrdIy 
appears to  be ra practicable propmifion and it rernaina to be 
proved by t r ia l  whether the effect of unavoidable rnoistum can 
be accepted. 

Another aolution put forward is to m d  the bunkem with 
exhaust steam, but this is clearly impracticable for marine work 
in view of the wwste of fresh water, wWe the consequent moisten- 
ing of the fuel would lead t o  difficuleies in o b t a i  a smooth 
and even flow of the fuel to  the bmors. 

The &rage ashoro and eubsequenb suppIy t o  s h i p  of owl 
in the pulverised form is, however, a%txachive h m  the point of 
view of the overall economy d the complete procewg and of the 
mving in the weight and space of the machinery, and also because 
t h e  problems of coalixlg ship md of transporting the fuel to  the 
b m e m  are thereby simplified, aa pulwrised cm1 or ooke oan be 
p& though p i p  by meanrr of a current of air, behaving much 
as a liquid. 

Triah that have been made indicate that t b i ~  m&d of 
hm&g the fuel is pr~timble, t h w  enabling an a p p i a b l e  
mdution to be effect& in the pemonnel required for opomting 
tho plant. The foUowing description h taken from a palper 
mad by Eugineer Captain Brand, R.A.X., befom the Society of 
Naval Rrcbitmta and givos a general idea of the various fittings 
that wil l  be necessary :- 

The fuel is dried and ground on ahore, being then 
forced .through pipea and hoses to the wasel, the propelling 
agent being tho flue gaa from the drier, auikably cooled, 
and then compressed t o  about 40 lb. p r  square inch : 
ahont 5 cubic feet of g~ is required per lton of fuel. 

The ship end of %ho hose is fitted to a separator secured 
fo the bunker lid, &hua permiwhg release of the gw, a 
quantity of which ia blown through the bunker befom 
fuel-. In the carce of a v& with many bunkem i% is 
evident that a blowing through hose would have to be 
mpphd in addition ta tho fuelling hose, as the latikr 
codd not m y  be used to perform both functiom except- 
for tho first bunker. Oa completion of bunkering .the lid 
is jointed in place tand the compartment should remain 
air tight and therefom safe, since the intenstime of the 
fuel. are sealed with the comparatively h e r b  flue gas. 

The posdbilitim of danger arking appem im be two-fdd, 
namely, the b d e r  in prwctiee m y  not remain air tight, and 
mcondly the flue gaa u d  for mal&g purposw may no'i in fact 
be herb, aa it oommody contains by no meam inappreciable 
quantities; of air a d  of CO. 





One of the most diffioult problem +a be surmounted was 
thah of emptying the bunkers, as the system had to be capable 
of removing fuel from compartments of irregular &ape and ako 
to  be complehly air tight, The early athmpts included both 
screw conveyom and suction pipm into tho dust, but the former, 
of c o r n I  proved to  be ill-adapted for l~se in bunkers of irregular 
shape, while the latter was impracticable owing to choking of 
the pipes. 

The final mIn~on is &own by the diagram in Fig. 1. Warm 
d r  ia drawn by a fain (A) through pipes which are comechd to  
the bunkem, in which positions suitable ports are cut h the 
pipes, %he openings being controUed by hand from the stoke- 
hold. The fan discharges the air, together with any fuel drawn 
in by way of %he ports, into a separator whem the dust irr directed 
by grravity into a ready use bin, while the air is xeleaaed. to the 
a h q h e r e .  A successful type of aepmtor, known as the 
Cyclone, h w  been evolved for purpom such as Ghese, the air 
Wing Qared through ra self cbw* grid. In parenthesh it 
may be remarked that the conditiom within a separahr am 
favowable to explosion, W the eotal exiata M a cloud in air, 
and thus any spark or other meam of ignition at *this point will 
be certain to have disastrous result% which have indeed bean 
mhdIy experienced in some plants. 

The evracuation of the fuel from $he bunkers by this means 
results in the formation of m partial vacuum, and pipes, known 
as " flu% " pips, are provided whereby inert fume1 gaa may 
be injected into the bunker at suitable pwitions, with the dual 
objects of restoring n o d  pmmm and of egibting the dust 
snfficiently to provent packing. The funnel gases are erbraatad, 
cooled, comp~ssed and stored for t h  purpwe in a auitablo con- 
fajnsr. The previous mmwk regctrdjq the p k b l e  dmger 
inkoduced by the presence of Iwge quantities of excm air in 
the so-called inert, flue grrs apply e g d y  here, whih a further 
hazard ia  intrcduced by the rkk of pisolling from the CO which 
may exiat in thsee gases : this swrn &o demands additional 
plant and expenditm of powor for the preparation of the gas. 

The fuel is l d  from the ready we bina to the b m e w  by 
means of a aorew conveyor to which admittance h gained through 
a, d u t  .tighk valve, oprated by hand. 

Cannmtiom are w d e d  from the inert gaa or 4 4  f l f f i g  " 
eystem to  various points in the mady w e  bin and in the fuel 
syatem in order to re-aerate the fuel after prolonged stoppage. 

It haa been stated by ita originator that this a y h m  is no 
m m  complicated khan that required for burning oil fuel, and 
there may be soma bath in $his whm B is applied Eo a d E  
iWEadim. A n  extension of the method to a large veaeel wikh 
numerous bunkem, however, involves considerable complication 
ospecialIy in view of the fl&g aptem, with its pmsibilities of 
introducing a pisonoue p inh Ghe comprtments through 
which it p m .  



Hdod 11-" U ~ i t  " System.--In view of the difficulties judi 
discussed it is apparent that marine conditions am better met 
by the so-called " Unit " System, in which the raw coal, is sup- 
plied and ~ t o r d  in the bunkers, pulverising being subsequently 
effected immediately prior to use. Ths method provides the 
powibiIity of increased "heat " sbrage, and thus appeals 
especially ~ujlCable for Naval pwposes, provider] that the ensuing 
disadvantages can be accepted. It has been suggested that .the 
operation of taking on board the solid fuel may be sirnpLified 
by subjecting the coal to  a preliminary crushing to pass a I inch 
mesh, that ia to " bean" size, in which form it c m  be readily 
blown through pipes by air pressure. This process appears to 
have much to  recommd it, as thereby pare of the work of 
pdveriaing can. be done ashore, but it remains to be proved 
whether such a system of " coding ship " is praotiaable. 

It; is only after the beans are in the bunkers that difficulties 
arise in transporting them to the pulerising milk. This be 
sffechd dmply enough in the case of bunkers adjment to  the 
boilem, m these may be made self trimming, an appreciable low 
of s t o r w  apace being wooiated, however, with Ghis arrange- 
ment. 

Another pomible method is t o  instd tzansporkrs for this 
purpose, but such a plan could hhardly h accepted for war~hips, 
aa it involvea the cutting of water-tight bulkhedhds, while, in any 
case, additional pweT  wouId be requited. It is also cronceivable 
that ~ome method of transferring the beans by air pressure may 
be developed, and thia possibility appears to o%er the. best solution 
of the difficulty. 

Much publicity has recently been given .Go the installation of 
a pulverised fuel plant by the U.S. Shipping Board in S.S. 
" Mercer," and, aa this ig arranged on the '"nit " s m m ,  it 
may be of interest to give a brief description of the plant aa aat 
present fitted. It mua* be r e a k d ,  however, that tbia system h 
still in fhe experimental stage and will no doubt be considembly 
improved if verrseh are ~peciaUy built for workmg with this fuel. 

Dimenaioaa of vessel : 9,500 tons displacement, 395 ft. by 55 ft. 
by 31 ft. 

Built by Federal Shipbuilding Co., N.J., Jmurnry, 1919. 
Turbines : Curtis ten-stage single rotor, 2,500 H.P. ; double 

reduction gears, 3,380-458-90 r.p.m. ; 12 nozzles. 
Boiler8 : 3 Scotch, single ended--onl y 2 in use with pdvmked 

coal. 
3 furzlacea, each 2 ft. 8 in. int. dirt., 7 ft. 6 in. long, fitted with 

large tube Imo. type supexeater feed heater and 
Rowden's forced draught. Working pressure 210 Ibs. 
/sq. inch. Feed 240°F. Rurn~m-Peabody com- 
bined fuel oil and puIverid coal. Heatiug aurfme 
2,978 sq. ft. per boiler. 







PulverGd Coat Epip916enf.-Description ie for one aide ody-  
the other being similar. 

The main coal bunkers are axranged to give a consbnt gravity 
feed down to the bunker doom in hont of the oonveyor with 
the minimum of trimming m ehom in Kg. 3. 

The pulverising equipment h contained in two compartments, 
the eruaher room and pulverker room, each being approxi- 
mately I 6  feet by I0 feet by 8 feet. The crusher room is situated 
abovs the ready uge bunker, the pulvoriger room being below 
the bunker level and oonGning the pulveriser complete and the 
lower end of the coal conveyor. 

The coal falls from the bunker doors through a 4 inch. mesh 
grating--any larger pieces being broken by hand-on t o  s chain 
bucket conveyor by which it is carried to the crusher room above, 
and delivered to a toothed cnxsher driven by a 30 H.P. steam 
engine. This breaks t he  coal t o  a maximum size of lPQ in. and 
pawea it into the ready w e  bunker below, oapwity 20 tons ; the 
-her plant. l employed normally about 2 horn p r  day only. 

The coal feeds by graviQ from the ready use b&r fo tbe 
rotmy feeder disc, spreading over this &c in a conicd p&, but 
being prevenhd from spilling off it by a, sheet motal guard ex- 
b & n g  a few inches above the upper surfma of the disc. The 
guard i s  stationary and is c t~ t  away for about 30" of its ckcurn- 
ferenoe in order to  admit the feeder kniie, a metal finger whose 
function is t o  scrape the coal continuously from the pile on t h ~  
disc into a small chute leading to  the pdrerisa. Tho positio~~ 
of the b f e  and theredore the amount of uoal fed into the mill 
can be adjusted by rt hand-wheel and thus forms one control. 
T b  eo-called " slicer " dim is driven by means of a 3 W.P. 
variable spa& electric mo-hor and by varying the speed the 
necessary amount of coal is allowed to pass from tho bunks 
into t h  pulveriser. 

Tho puherim is a Kennedy Van Saun Air Swept Tube Mill 
having a drum 5 feet diameter and 8 feet long driven at 35 r.p.rn. 
through ge- by a 30 H.P. reciprocating steam engine and 
containing a charge of about 6,000 Ibs. of Herculite s h l  balls 
of 3, 2 and 1 inch diameter. 

The balh are r a i d  a certain height by corrugatiom provided 
on $he iuhrior circumference of the drum, and %hen fdl upon 
the coal which is thus hammered to  powder : a considerable 
amount of lagging is fitted to  deaden noise. 

A quantity ( a b u t  30 per cent,. of the btal air supply) of 
hot primmy air at about 180" F. and inch of air pressurn from 
the Howden Forced Draught Fans is admitted at the idet end 
of thehe pulveriser. This primary air dries azld b1ow the finely 
pulverised ooal in the mill howads the outlet, from which i+, is 
pumped, together with a further quantity of ho$ carrier air by 
moans of .the extraotor fan, through a pipe Ieading ta the boiler 
m m :  &0 fuel is in a state of comiderable turbdenoe rtt this 
pint. 



The amount of the additional supply of hot air to the extractor 
fan is controlled by dampem and varies the strength of the mlxfmre 
of u o d  and air m required. 

The pdverised coal and cawier air nbw entera the distributor 
where a molvi31g impeller splits up any atrata in the stream 
of coal and air and e n s m  a proper and even distribution of 
the &earn to the pipes leading t o  the bwmers. These pipes 
are of 44 inch internal diameter and rare led tangentially into 
the Peabody b m e m  from which the stream iasuerr with a com- 
bined rotary and axiaI motion into the furnace. A supply of 
hot eecondary air, averaging about 40 per cent, of the total, 
entem through the centre of the air register, also with rotary and 
forward motions, and ensures oomplete turbulence thus giving 
*he necessary ~hort flame of 7-8 feet in length. 

Control of Puel flapply.-This appears to  be adequate for a tank 
boiler but k much dower Ghm with O.F., a d  some more Ben- 
sitive arrangement would have t o  be devised for a s&-tube 
W.T. boiler. 

The controk fitted a m  :- 

(a) The " SIicer " ~ ~ . ~ p l y i n g  the coal ta p u l v h  
h run by an dectric motor, and the aupply can eagily be 
regulated by the speed of this motor-the normal amount 
of fuel h pdveriaer (140 lb.) can bs c l e d  in about 
1g minutes. 

(b) By dowing down the extractor ftbn or by regulating 
the  upp ply of " oarrim " air to +his fan, which should be 
motor-driven-instead of by a ateam turbine as a% premnt. 

The " strength " of the mixfare of pulverised fuel and 
air can, of come, be regulrtfed by the amount of " carrier " 
air admitted dix& im the fan suction. 

Chnfrol by .the obvions meam of shu- off individual 
bwmm has not yet proved to be satidtactwg in thia pmticdm 
inshUation, as itEl effect has been merely .to inmm the fuel 
supply to other burnem, thus necessitating further adjustment. 

Safety qf the E q u i ~ t . - I t  is comidered tha& with reasos- 
able care, using tho " unit " #*m, maintained airtight right up 
to the burner, and puIve-g fuel only as required, the danger 
of fire ia much tho same aa with oil fuel, and that, risk of seriou~ 
explosion can be ahoa t  eliminated. Adequate sbps must be 
taken to prevent excemive le-err of pulverkd fuel and to 
shut of£ the fuel supply immediakly a, burner is extinguished, 
while the fuel mud not be allowed to accumulah in the furnaces 
mid C.C. before lighting up. It is newsary, of course, to emure 
that the mill ia completely exhawhi of fuel on shutting d o n  
and that Ghe who10 system. h blown through clear. 

The pulverim drum is fitted with a large relief valve, but 
it h stated that no s i p  of exploaian have as yet been erperienced 
at thb point in Mercer'a h~tallation, nor wouId it be anticipahd 



that such an explodon would be serious if the compartment 
outside is free. £rom duet. 

No arrangemenh appear to be fitted for ventilating the con- 
veyor md crusher rooms, where a considerable amount of dmt 
might accumulate. In ahora stations the regular use of vacuum 
deanere to prevent accumulrstione of the dust is not uncommon. 

CO-OR AT HIGH RATES OF FORCIHG. 
In order to achieve the combustion of pulv-d fuel withim 

the Iimited furrime space8 available in marine practice, the follow- 
ing points reqtlire consideration :- 

( I )  Ahmce of Mmkfure from the Fuel.-Befm combustion 
can take place, any water in the fuel has to  be heated to 212" F. 
crnd then evaporated, this operation not only requiring the ex- 
penditure of heat bat alao delaying the ignition pint of the 
fuel and thereby lengthening the flame. 

The amount of moisture to be dedE with depenh both upon 
the type of cod and upon ita treatment prior to cruflhiag, aa In 
many caaes it is found necassary h wa& the raw product in 
order to remove excessive &. h marine work it is, of oourrre, 
desirabJe .to dry the cod before dclivery to the msel,  thus 
economining in heat expenditure on hoard ; this is art argument 
in favour of bunk- the fuel in the pulverised condition : 
where, however, the coal is powdesed at, fhe boilers it i~ aeoessary 
ta instal driers heatsd by $h8 funnel gases, or, w b t  amounts 
to the aame thing, to pkheat the c&ier air as highly as is 
practicable. 

The Im of heat fn d q h g  the fuel h not, howem, the only 
drawback to the preeence of moiatnre, as high rates of mm- 
bustion can odv be achieved with h e  and even aub-divipjon of 
the fuel, a re{ukmenk which may be d v m 1 y  affm& by 
wafer : rapid alhratiom of output are dependent also upon a 
ready and amoath control of the fuel, which is not possible if 
the dust is dogged with water. 

The mo&ture content has a;lso an imprhnt effect upon the 
power required for pulverisation, tl& charge upon the boiler 
output being appreciably less with dry coal. 

(2) Fhmess of Pulvmi&im.--!Ike smaller the size of the 
particld of the fuel, the more readily c m  ~ombuation be achieved, 
and this factor h thus of: extreme ir~pxbnce for m&e work 
a d  would be particularly ao jn Naval vesaels. It appears that, 
other tbinga bekg equal, the Gime required for $he combustion 
of a, powder which wilI pass through a 240 mesh but one-half 
to one-third t bat necessary for a s i d a r  powder passing through 
a 140 mesh. Thia effect is due to the Each that the heavier par- 
ticIea maintain their ~e1ociGy for s longer period, and &us  pas^ 
through the highly heated zone m m  rapidly than will ~e Zlght 
ones, while at the same time Ghe latter expose to the air more 
surfwe per unit of weight than is the crsse with the fmmer. 



Combustion of the fuel ia, of caume, initiated by the fineBt 
particles, ignition of which causes the remainder to burn. It h 
themfore probable that for high rates of combustion the pro- 
portion and size of the smalIest particles is of great importance, 
and that it m y  not be sufficient to require all the fuel to p m  
though (say) a 200 mesh, which from point of view may be 
regarded as comparatively coarse. It appears to be the prewnt 
practice in meny shore stations to require ell the fuel t o  pms 
a 200 mesh sieve, while in many c-s over 75 per cent. will pass 
through 300 mesh ; even finer subdivi4ion %ban this may prove 
to be desirable at really high rates of fmring, comparable with 
that achieved in oil fuel T.B..D.'s. 

(3) H&ure of ths Pdverkd F w l  a7ad the Air.-The late 
Rofeasor John Perry invariably insisted that the fuel, what- 
ever its natum, mwt be 'hacubbed with air," snd the truth of 
his teaching hea bees once &gain forcibly demonstrated in con- 
nection with puiverisd fuel. 

This action of scrubbing is necema.ry t o  remove the envelope 
of b* gaa and steam and the mating of ash which form 
upon the exterior of each particle of the fuel. In a pulverised 
fuel '"&me " the particIea travel normally in inhe same direction 
m d  at about the aame velocity 88 the ~muz1ding  ourrent of 
air, thu retardiag the very mcessary scrubbing roferred to : 
an uz1duly long b e  is the raadt. 

Two -mod- dedopments &v@,. however, aWmpted to 
bring fresh air into contact with the burning fuel surfaces by 
produokg turbulence, that is by using vioIent air currents travel - 
ling both at higher speeds than, and h &&ions different h, 
that of *he fuel stream : by ao doing tho time of combu8tion 
has been very appreciably reduced, from which it follow that 
a amalIer furnace may be wed for s given output. 

One of these mefhads d e  to us* the p h e ~ o m m ~ n  seen h 
&g of a tomado, w h m  the dkhkg~ating offeat of the 
centrifugd =$ion of the air is oonfined to a l im ihd  m. The 
practical application of this prboiple is due to  *he Fu&r-l&& 
Co., of PemyIvania, and briefly consists in the injection of the 
fuel at, say, four points in the aides of a well which may be either 
square or round h aeckion, and of whioh the axis may ba set at 
m7 d&d angle to the verticah. The jets are h t e d .  in such 
a manner that the centre h a  of each cuts the d b m e k  of the 
weU at a point about midway between the axis and a e  eir- 
cumfemce : in thk way each jet iEl met by two &hem at right 
angIe~ to it, Ming in opposite directions. The' air for corn- 
bustion may b admitted both centrally .through the & of the 
well and alao at any dmkd point in the ciroumference, and by 
mgulation of the supply it is p o ~ i b l e  to maintain the flame 
either jn the well or at any exhrim position. Tbe pub- 
Wecl resuIts of m obviously emggamkd, but ik appears 
that an advance in the maximum heat rdnaa in a givm furnace 



volume has been achieved with an accompanying small improl-B- 
ment in boiler acieney. 

The Peabody burner wed in S.S. " Mercer " rtlso embocliea 
this idea of turbulent cornbudion, tafthough not to the s&me 
degree aa h the Fuller-hhigh. The former type is supplied with 
fuel by primary or carrier air at a temperrttm of abou* 180' F., 
the arrangement of the burner being in e%wt rtll i&te number 
of nozzles directing the c o d  a b e a m  against that from a similar 
arrangement of nozzles, thus producing the desired turbulent 
or mubbing effect. The remainder {aboue 40 p r  cent.) of the 
air requirad for combustion is supplied through secondary air 
p& which enter t he  burner on the funace side of the nozzles : 
this secondary aupply ia similarly preheated to  about 180' F. 
It ia reported that a maximum of about 63 Ibs. of pulverised 
coal per hour has hen sucoesddly burned per cubic foot of 
combustion chamber volume in a Marine b d w  when urring 
the Seabody burner. This b about double that mded with 
the normal. @pes of barner, but &ilI fd l e  far shoA of the repnire- 
m& for Navd parposes. 

(4) P r M e d  Air.-The use of preheahd air has been found 
to acceIerate combustion to a marked degree, reEnzltimg in an ap- 
preciable redudion in the burning period, md consequent length 
of Aame. The beneficial effect of preheated dr probably arises 
from fwo factors, namely, the earlier r e m o d  of the moisture 
wmaining in the fuel ; and, *condly, the m m  of the body of 
the material to  a degree nearer ih ig&ion point, possibly causing 
the volatile matter in the coal to commence distilIation before 
the furnace ia reached. In thh connection it may be observed 
.that the volatile products in m& cc& begin to come off at a 
kmperatwe of about 400' F., although occluded gases are 
driven out at much lower temperatures, little exceedhg the 
boiling point of walk. 

It has &Q been found in practice that prebeated air reduces 
the variation in keness of the fuel as oauaed by moisture, and, 
farther, tha power required for pulvarbtion is much reduced 
if the opafion ia carried out in an atmosphere of hot air. 

The proheating of the air aupply by m e w  of the funnel gases 
h, of oouxae, a, ready method of improving the efficiency of the 
boiler, as not only is the amounl; of waste heat tthreby reduced, 
but h, on account of the enhancd furnace temperature, the 
ideal cyole is more nearly approached. This course is equalIy 
applicable (and desirable) in the cme of o i l -hd boilem, but, 
being ~tktended. by considerable demands upon weight and space, 
has not been adophd ta any great extent in Naval prsetim. 

A true compariaon between the efficienciea of o i l - M  and 
pulv&d fuel boilem must; include s due allowmm for the effect 
of any preheat'q, which appears t o  be absolnteIy necewary 
in the latter case if the boilem arer t o  compete as regards .size 
with oi l -hd inddations : in other worda, pulverised fuel 
boW will inevitably be heavier, by the weight of the pre- 



hetatem, than o i l - M  unih of the mm6 size and effective horn- 
power, but may be somewhat more efioient &S judged from the 
limited point of view of evaporation per pound of fuel. Trials 
carried out in Naval oil-fired boders at low r a h  of evaporation 
b m  shown &at preheating the air supply to ody 325" F. mulh 
in an increase in eficiency of about 10 per cent., m improvement 
which may possibly be somewhat fesa at the maximum ratea of 
forcing, when the furnace hmperatum am in m y  ease very 
high : this figure ih~tmfes, however, +he order of the benefit 
to be obhhed by such meam. 

(5 )  Quality of t h  Coral.-The triah which have been hithedo 
made appear to indicate that the main conaideratiow in deter- 
mining the chcice of a coal suitable for pdverktion for marine 
use are the percentrage d M o n  point of the a&, md tho m o u n t  
of volatile coneti tuak aresent in the ooal. 

Rapid aombudion ii retarded t o  some extent by high per- 
m t a g e a  of &, w&h, h any cam, ehoald be reduced to a 
minimum in order to maid the wash involved in pulverising 
and stowing an inorb suhtmm. One report from U.S.A. rrtatea 
that it has been f o d  posaible to maintain combaation with 
fuel of 70 per cent. wh conkmt, the boilers being abrted on 
so-called " g& " fuel c m f a ' i  44 p r  cent. ash : h this w e  
the rate of forcing waa, of course, low. The fusion point deter- 

largely the egtant lm which cIe- of the boilera ia neces- 
mry, and whether ash ban- p h t  is required or not. 

Thew i~ evidence h show that tho suitability of coals c m o t  
be determined solely by the melting point of the ash, M it h= 
been f o d  that fusion appears to  depend dso upn the local 
hhnsitv of cambustion : this is determined bv fatars that a m  not 
at pmBt hug- known, ,ltthough the calori& value and volati l i~ 
of the fuel probably axorciss some effeet in t h i s  respect. 

The p e n t a g e  of volatile matter in the ooal appears to have 
an imporEant bearing upon the madinesa of ignition, W some 
d wibh lesa than 12 mr cont. of volatiles have moved d33cuIt. 
if not irnpaible, to  b&m alone : on the other L d ,  ca9w h& 
bwn reported in which coak containing Inss than 8 por cent. 
volatile have been successfdy employed as the aole fud in 
boilers, which have been lit up m d  ope~rahd w%thouf hhe nae 
of m y  other material. This point, themfo~,  olearIy quire8 
f urttrer investigs;tion before a dekife conclusion own be reached, 
but it ia evident that for Nevd pw-, at lea&, it &odd be 
pwible t o  ligh& up boilem readily from cold and to vrsry with 
&ainty the number of burnem in use. Delay in ignition 
introduces the posaibdity of explmion or of spontim~~~s com- 
bustion in the furnaces, and is a condition which muat be guarded 
aminat. n 

I$ harc been a h m  that, apart from the foragoing factors, 
any cad o m  be buffled in the pnlverisd condition, and, though 
no doubt for the higheat raM of forcing the quality muat be 
both uniform and good, it appeam probable that thh pmce[~8 



wiU greatly extend the fieId from which coals auihble for steam 
raising in marine boilere may be drawn. It ~hould be noted, 
however, that the efficieaoy of combustion is unavoidably affected 
to a varying degree by the charwteristics of the particular fuel 
employed. 

Low Teglmh cob. 
A vigorous prms md advertising campaign has been in pro- 

gress for the pah year with t h e  object of opening up marketa 
for the solid pmducb d t i n g  from the dibtillation of coal 
at low temperitmes. 

- 

Tlw following abstract from an unpubfished article on tbd 
mbject is included by permi&sion of the author, and contains 
some suggestive infom~tion :- 

" The utilimtion of the coke as pulmrkd fuel haa m i d  
ooncridcmble dtention, and according fo Dunn ' P d w d  and 
Colloidal Fuel ' (Emmf Benn, EM), M m .  Edgar Men & CO. 
carried out experim~nb in in reheating furnace with p u l v e W  
coalite ground in their own turbo-pulverk~~ The nomd 
forging hmperature was 1,000° C.-1,200' C., but as m experi- 
ment +he temper&m of the fumme w a ~  raised 1,400' C. They 
remark +hat the low pmntage of moistme makes the fuel 
~uitabla for pulverising, while the work of cleaning the Aues of 
the furnace was reduced. 

" According Go NieImn (Gas Joumd,  1927, CTXXXVII, 
p, 2541, tests on a large ~ c d e  show that powdered semi-coke of 
the ' L. and N.' type has improped the usud steaming conditions, 
and CYaphin Brand, R.A.N. (hfitution of Naval Arcbitmfa, 
1927, JuIy 12th), describes tes ta  camied out upon ' L. and N. 
fuel ' from a Leicester coal by M e m m  CIarke, Chapman & Co., 
the eficioncy quoted Wmg 67.4 per cent. I am Wormed by 
Mr. Woodeson, of M-. a r k o ,  Chapman $ Co., that m long 
aa the hrnpmatllre of the furnace is mainbined above, my, 
1,000" C., no diBiculty whahver h exprienced in the combmtion 
of semi-cake as gulverhed fuel, but below thia hrnpmture, 
&odd kb volatile content be low, the flame m y  be &ing&hed. 
No diffemnoe has been exnerienced in. the behaviour of the rsah 
of wmi-coke ae c o m p m d  kith that of cod in the fun-. '1Che 
wear and tear of the pulveriger waa aornewh~fi btcread, buh &he 
prodwt obtaind ton& Go be of a more uniform @B, but at 
the =me time slightly c m  than the cod. h view of the 
above, it i~ clea~ that ;the etilimtion of low temperature coke in 
the pulverised form offem 8 promising field for industrial and 
~ientifcc in~estimtion." 

A v& mu&t af r e 8 d  work h&g b e n  c d e d  out in this 
aonnoction with the ob j& of obtaining from raw coal khe maxi- 
m m  pomible quantities of fuel oil, and a nnmber of theae pm- 
cessee are now working on a small scale, conaiderable exkmione 
being foresbdowod in one or two c m .  The quantity of oil 
that aan be obtained from a ton of ooal bbyhese meam ia d, 



averaging, perhaps, aome 16-18 ganons of the crude oil; thia 
product q u i m  " topping," i.e., partial distillation, if the 
lightor fractions (motac spirits, &C.) m to  be made use of, 
the output of " tapped " Gar being about 14 fo 15 gallons per 
ton of coal tmted. 

This residue after treatment can be used as a fuel 03, but 
contains appreciable quantities of pitch, the remord of which 
reduces t he  quantity of the final pmduct to about 30 gallons 
per ton of coal. The oils obtainable from this soum am not so 
suitable for use as fuels for highly forced boilers as are potroleurn 
derivatives of &ale oila, while doubt exists aa t a  their miscibility 
with these latter and of their fluidity ak low temperebturee : alI 
importan* points from the N a ~ d  aspect. 

Each ton of cod ao treated p r o d u c ~  also about 12 cwt. of 
soft coke and 4,000 c. ft. of gm, the actual qumtitiea of the various 
products and their quality depending upon the typ  of coal, 
In order, therefore, that the production of oil by these prooeaaes 
may be a commercial proposition, it ia necessary to find a ready 
market fox both the solid fuel and the gaa at good prices : this 
p&icd dlificulfy is hampering the development of low 
temperature carboniwtion. 

With regad to the use of the solid fuel, although this can 
be ignited very readily and burns both compamtively amoke- 
lessly and wi th  a h e  ash, it ie hardly to  be expected that the 
public wiU buy this at s higher prico per ton t h n  h o w  coal, 
and y& hithtldo it has not been practicable t o  sell it at competitive 
pricea. I t  has, however, beon staid (ahough authoritative 
proof of this is lacking) that this fuel oan mfeIy be stored in 
tho  ndverised date. fhat it can be b u d  in this condition 
moGeconomically than coal (in &km fired boilem), and, further, 
that the power required for, and t h m f m  the coat of, grinding 
is bw than in the case of the latter. Thew statements have 
h n  used k make a prima facie case- for the urn of the IOW &m- 
p e m k  coke as a pulverised fuel, but it mu& be added that 
the cubic memmmcnt per ton of thi3 fuel is greater t h  that 
of powdered coal, while its calorific value is lower ; the disparity 
in this r e ~ p c t  between pdverisd coke and similarly treahd 
coal 41,  of oonrse, depend upon the aources from which the 
materids m dram. I* would appear reaeonable to suppose 
that if gm and oil, both Lav* appwchble heat vdues, ttre 
afiwn off from the cod then the resulting soEd produce should 
have a lesser heat value pox pound than thha raw ooaI ibelf. 

view ia to some extent b m e  out in prac-hice, but; obviomly 
the oompmtive heat values of the raw coal and of ita derivatives 
muat depend upon the chemicd composition of the various pro- 
duct~ and upon their relative demitiea. 

It h p h h d  out that +he a& is not driven off h the process 
of cmbo&a&n, and thia in itmu lands to Teduce the h a t  value 
of the coks : an d aonhnt of 7 p r  cent. in the c o d  becow 
conceetrshd to one of about 10 per cent. in the coke. 



I$ irj probab1, therefore, that the " beat stowage " factor 
will  miFitak against the use of pdverimd mke, even if it is put 
upon the market in ~ a c i e n t  quantiti~ and at an economic 
price: the possible srsving p e  Iies in its alleged safehy in its 
pulverised fom,  s, point which may iduenoe the ultimate value 
of the process. In conclusion it may be remarked t b k  from 
the point of view of conserving fud reaomer, it i8 more econo- 
mical to burn the coal in i 9  natural state thm to expend heat 
to G r d o r m  it ink other aubatmces, and this latter cannot be 
juertged from this aspct udess the useful heat derived from the 
manufwtured product equals the sum of that available in the 
raw ooal md that employed in the conversion process. 

The immehate need for oil may, in certain circumstancw, 
outweigh .this consideration, and in suoh an event low tem- 
perature distillation may p m  of value. The extent t~ which 
it dmx so will depend, however, upon the c h a W r  of the heavy 
oih produced by the prowxsa, the p=t indications being +hat 
suah oils me no* woll suited for Naval fuels. 

It has been demo&mM that pulverised fuel can be m o -  
micdy burned in an ordtarary marine boiler, and that modera& 
rates of forcing the efficiency of cambudion is better than that, 
obbaind h stoker &ed boilers, and genemIEy not bferior to 
good oil fired pmtice. 

%ho overall ecowmy M compared with oil fuel is prejudid 
however, by the power requirements for handZlng and propwing 
+,he fuel : thme are eetimahd at from 5 Go 7 por cent. of the 
boiler output, as compamd with 1 p r  urn*. or leas ia oil h d  
boilem. 

Development of the use of the fuel appears to be probable for 
mercantile work, at lea& in veasels of low power, while the way 
hm been paved for the use of the fuel at high mtea of burning 
and the principal fwtors involved am now fairly appreciated. 
Pmctical trials are required to demonstrate the bmt methoda 
of handling, puherising and transporting the fuel in a ship, and 
also t o  &cover means for the safe storage of powdersd coal. It 
appem at preaent that safety is best mot by pulverising b e -  
dia;tely before the fuel reaches the boilers. In~estigations me 
now required regmding the types of fuel that can be burned, 
while attention m w t  be directed to ontting down the size, weight 
and power requirements of the coal handling plant, especially as 
regards the pulveriserw 

Pm Naud Swt~icea, the following pokh apply :- 
(I)  h w  calori6c value and low density aa oomp~bred 

with oil fueI, thus necessitating Lnoxemed bunker cap&%. 
for a given endurance. 

(2) The size of combustion c h m k  required to bum 
this fuel is at present at leaat twioe that provided in highly 
forced Xaval boilers fitted to burn oil fuel. 



It is probable that progress fn thia respect will be made, 
but the hdioations a m  tha t  this can only be attained by 
the provision of additional apparatus and possibly at the 
cast of heavy wear and tear of the furnace linings. It 
appears certain that high grade coals of uniform iutbIity 
and of a very f i e  degree of pulverisation will be essential 
for mch sewioes, while the use of preheat;ed air will be 
unavoidable. 

(3) The urn of pulverised fuel entails special apparebtus 
for its handling prior Go bumhg and introduces complioa- 
tions m regards the Ransport of the fuel, whether raw or 
pulvefi~ed, fmm the bunkera to the boilerg. In genera1 
these faotol.El will involve additional weight and the pro- 
vision of I q e  pipes and trunks, possibly prejudicing to  an 
unde~irable extent the watertight sub-division of the vessel. 

( 4 )  Additions to the stokehold complo111~nts will be 
n m s q  if $his fuel replaces oil, not only on account of 
possibIe requirements for handling the ashes and trimming 
the cod, but aho bemum more frequent exhrnal oleaning 
of the boilers is ta be expected. 

Summing up, it is evident that, even if the various problem 
r e f d  to are succesdully solved, there ddI mmiZlB the handio&p 
of a reduced endurance, while the weight and space required fox 
the macborg will be unavoidably increased as compamd with 
&ose in current oil &d designs. It is thw improbable that 
puIverised fuel can bo adapted to Naval -b under any cos- 
&$ion# that c m  be viwaliaed at p ~ n t ,  a w e  that of a stoppage 
of the supply of fad oiI. It h by no means impmmble th& 
altered circumstances may require this view to be reviaed, thus 
the development of the uae of pulverised fuel carnot fail to be 
of red inked, although no immediate application for Naval 
purposes may axiat. 

De~elopmenta in the Memantile Maine to be wured 
and may well prove a m1uable national mt. 
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