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INTRODPCTIO:,{ 

To lllP('t the dplIllll1d of prospect i\'(' ]lurchasl'rs of thl' dOIl1('stic oil 
blll'nt'r for reliabl(, information, tl\(' Fllitcd StatN; Dppartmt'llt or 
AgTicultul'(, has t('stpd a. 1II111lbcr of oil bUI']wrs of dif~erent desig-n 
and has issucd it circular bas('(1 on the I'l'sidts of the tpsts,l That cir. 
('uhLr was d('sig-Iled to giw th(' inJol'nIatiOll J1ecessary for the home 
0\\,11(,1' to make his own s('lpdion of an oil hUl'llcr, This bullctin deals 
'wlfh the 1l10l'e (('chnical phas('s of the inn'stig-ation,~ 

The t('sts concluded I>y the> Department, supplel11ented by a study 
of mall)' domestic installations, lwyp indicated the pel'fol'l1iancl' thaI 
may l)p' e:q)l'eted of the scn'ral types of bUl'lwrs, boilpl'R, and acces· 
SOrlCS, OIl' adaptability of l'xisting heating- pIa.nl:r. to oil burning, and 
the cost of operating such plants, The conclusions PJ'l's(,l1ted hCl'ein 
arc not to be regarded as final since the industry is ellltllging rapidly, 

1 Hm~Nlm, ~\, I r. on, 1I1'ltNlmS 1,'(l1l I1()~II-: .11IM'I'IX", 1', S, 1\,,1'(, ,\1-'1', ('lrAOIi, !!7 PI'" 
Jllus, lUan, 

2 AcknoW]N)gIlH'nt is IlInd(' uf (h!' ('oOI1(>I'lIlioli of Ih(' ;r"hns ][opldlls S"hool "I I-;III-'i. 
Il('fJI'ing which' lIIude II nlilllhie the la!Jol'lllol'i('s In wlIil'h lids II'OI'It was conduct·('d. 

3351!!o-38--1 1 



2 'I.'BCHSH'AL nnJL!':'l'T); IO!), 1', ~, nEI'T, OF .\(:HICrL'l'L'ltE 

OIL FUELS 

Crude petroleum, from ,,~hich oil fu('ls are dc1'iYcd, consists prill­
cipaJly of hydrocarbons, together 'with smaller pcrcentages of sulphur, 
l1it1'ogen, and oxygen. 

Crude oils fall into t111'(,(, c1ass('s: tho'1(, with a paraffin hasE', those 
'with an asphalt base, and those with a, mixed base. The paraffin-base 
crude is so nal1led bec~Uls(' on distillation it yields a residue that is' 
principally parafiin wax. The asphalt-base crude on distillation yidds 
a l'('sidue of asphalt. The mixed-Ims(', crude yi('lds both asphalt and 
paraflin. Tile paraflin oils yal'y in color from a dark green to n. light 
amher and are fOllnd pl'ineipally in t11e Appalachian and millcontiJ]('nt 
fiE'lds. The asphaltic typE'S are the heayier oils and arc found in Cnli­
'fol'nia and in the Gulf coast regions. They are clarker in color than 
the parallin oils and "tH')' fron1 a red brown to bla('k. 

The petroleum pools of the Fuitcd HtatE's may be grouped into 
scycn major producing fiE'lds or districts as follows: (1) The APPfi­
lachian dish'ict, (2) the Lima-Indiana district, (3) the Illinois dis­
j rid, (4) the l1li(leolltinent distTiC't (ineluding Kallsas-Oklahoma and 
Texas-Louisiana), (il) the HuH ('on:-;t distrid, ((j) the Hocky Moun­
tain distl'id. and (T) thE' California district. 'fable 1 gi\'cs analyses 
of ytll'iou<l crude petl'Olellllls. 

TABLE 1 ,-A 1/1I/l/8(W of CI'III/(, p('fl'ol(,I11118 
___ c _______ , __ 

i 

: " 'I' I' sIlrdro- : Oxygen Om"ilySour('e I (lThon "en I ,and ,ulpllur (H'lIllIle) 
: I t" IlltrogCll i . 

Pac{nl Pat't'nl Degree" 
'r~xIlS COenllll1orlt' ' " 1;·1.60 10, UO 22 
Cnlifornia (Bakprsfi"ld) SI.W 10.00 15 
Pcnnsyl\'nniu _~ M.Un I~, 70 28 
\\'osl Virginia... _, ... S:t50 1:l.:lO 30 
Ohio , .., _ .~. --- [ KI. 20 1:1.10 28 
1Ioxi('nn " .. .. ._ ,2.,0 12. HI 24 
['nion ufl'oyil'l s()('ia\l,[ H,'puhli(" (Baku) ,ro.no ' 12.~0 Ii 

FUELS FOR THE DOMESTIC OIL BURNlLR 

Oil fll('ls nl'l' no\\' cOl111l1E'reially knowll as (lonwstic fu('l oils, No.1, 
No.2, ami So. :1; and indu:;tl'ialftwl oil.3. Xo. 4, No.5, and :::\0. 6. 
tSonlE'tilll('S tlI(' fllels a1'(' rdE'l'l'erl to as light. medium, and heavy 
domestic oils; and lighL l11l'llium, and hea\'Y imlustrit11 oils. For 
most of the domestic hlll'l1('I'S of the present day,. the mnnufactlll'l?rs 
1'E'C'0ll1meIHI "fuel oil No.3. w1lile SOIM hurn E'ither :::\0. 1 01' No.2 
fuel only. The oi Is itlpl1t i fit'(l lJ'y suc('Pssi n'ly highpr nlllnbcrs bave 
l'ol'l'espondingly 'ilighl'l' fla:-;h points. ('oll/nill 11101'(, watt'I' all(l solid 
mat'll'r, amI. arl' 'Iess\'olni ill' HII(1 mon' yiS(,OU8. TIlE' industrial fuel 
oils al't~ ~l'I]('mll\' too \'is('ous :l'0l USt' i1\ dOlllestic hUl'I1ers. Such 
oils al'E' ''''PIlPI'llI!'" hl':lIl'd IJ(lfore 1Jeill(l' fl'd to the hut'nol'. so that r.~ ~ '" 
t hey wi II 1)(' 11101'(' I't'ud i Iy :LtOl1l izrd. Prell('ai i 1111: i~l not pl'oyic1cd foe 
in thE' lIsual tlol1ll'si it' oil-hlll'IIPI' illstallatiollS, ' 

Till' hl':dillgnlill('s 01' lht' diJl'prellt gnHI('s of oil fuels (lill'e1' some­
whal. A light oil is uSllall,\' thollght to havc :.L geeatee ht'ating 'Value 
tilall a lll'a\'y oil, lind this .is 11'11(' Oil a l)(llllHl basis, Fuels, howt'vcl', 
urc custollltlriIy sold by the gallon, and the heavier oils contain a 



--
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OTeater number of heat units per gaJlon than the lighter oils. They
~lso are generally cheaper. Table 2 shows approximate average heat 
values of'various oil fuels for clomestic use. 

~'AllL~J 2.-lfr'at ('OlltCllt of e'cr/oil/. oil fllr'7,~ 

I Heat units 
Oil I]'or poun.! 1 Per gallon 

...~----'...- ' ..'~'~'.--~ i-;;~·~I 11. t::-
Kerosene........... .. 

................ • •.••.•••••.•••••••••• j 
 20,()()O I J:l6,OOONo.1 fuel oiL ........ . ......... . ...•.•.•.•... , 10,850 I:l7,ODO
XO.2fueloiI.. .............. . 
 . ............ "'.. .. .......... ' 19, ,()() 140,000
No. aful'l oiL ................ . 
 ......................... . ............... , 10.500 HI,OI:U 


-------------------_ ..._­
1 A Driti!'h thermnluniL (ll, t. u,) for prnrl ion 1purposes lIlay he defined os (he aJllount of heat. nccessar~' 

to raise. [louud Of water throu~h 1° "'. 

OIL-FUEL SPECIFICATIONS 

The Bureau of Stall(lal'lls, ill coopcration with refiners alld other 
jnterest'eel groups and illdi"iduals, has established specifications for 
domestic oil-bul'Iler fuels and has issued a publication Oil the subject,=< 

FLASH AND FIRE POINTS 

The flash point. of' an oil Juel :,:; the temperature at which the 
liquid, Oil being slowly heat('(1 under dcfin ite, sp('C'ified C'onditions, 
begins to gi,-e off YHPOl' in sueh quantiti<'s that ",l)('n a tOI'C'h is ap­
plied it will ignite momentarily, e:tu~illg a flash. .A flash point of 
1;)0

0 

to 1.'lOo F.is C'onsidel'ed to be ,,-ithin safe limits for fuels llsc(l 
jll domestic -fu1'l1ac{'s. If IH'ated fUl'ther tIll' ...-apor will be gi,-en oil' 
ill Irlrger quantities, amI till' tempemtul'(, at wllielt it will ignite and 
C'ontinlle bUl'ning (for a p(,l'ioc[ of at It'ast 5 seconds) is ('ailed th(' 
lire point which for tlll oil fuel should be low ('nough :for tl\(' atomiz('d 
oil to ignite faidy easily ,,,1I('n a tOl'eh is appli('d_ 

Crankease oils, from the erankcas('s of automobiles. tl'ucks. and 

h'aetors, genel'a lI.v ('ontain more or less gasol i 11(' and ('onsequent I.\' 

lllay ha"e low flash and nl'e points. The lise of this oil as a fuel 1'01' 

oil bUrnel'fi, ,,-ithout refining. may thus he l\' d:lngprolls practice. 


VISCOSITY 

The Yiscosity of an oil fuel is that property which resists any 
fol'c(' tpnding to makt' it flow and is uSllttllv nletlsured lrr the time 
l'('qllil'ed :for'a {\('finit(' quantity of the oil to pass througIi' an orifice 
of ddinite size under known ('onditions of tPIlIPCI':ttlIl'P and j)l'essul'(' 
head. For oi Is SlI itable for (lonlE'sti<,-blll'nel' 11sage, t hp ,-is('osi ty 
should be low ('Hough that illP nil will flow I'l\aclily in ('old weatlH't'. 

WATER 

",Vatet' ifi only filight:ly fiolubIe in the oil fllPls, and wlIPII PI'(>sclli 
it" will be. found ll10fitly in the bottom of the ('ontainel'; 11 0 \\'(' "e I', in 
the l1Ptlvy oil fllPls son\(' mny 1)(' fOllIHI in m('('l\llnical fillsppnsioll. 

NNrIONJ\I~ BUHEAlT OF' RT.\XO,\Hns. I;>l't~rf OlLS ('O)DII':HCT.\l, STAXn,\nOS, Dur. Stuut! .. 
ilrds C S 1::!-3ii, ed, a, 101 Jl[l. 103(), HC\'isctl cdltioJl ill JIl·l'Il:ll'lltiOIl. 

3 
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~ome ready means of detecting the presence of ,Yater in tanks 
should be available. "Where water is stratified in an oil tank it may 
be detected by means of a water detector. This is merely a metallic 
rule "'eighted at the bottom ,mel chilled at the top so that it may be 
lowered into a bmk through the fill or other opening. CEpped on 
this rule is a sti'ip of paper covered ,,·jtlt a snbstance impervious to 
oil but readily soluble in water. Any substance haying these prop­
elties is suitable. Iron ammonium citrate, a double salt of citric 
acid, rich purple in color when solid and giYll1g a coating like varnish 
when applied to paper, is commonly used. For determining the pres­
ence of water the detector is lowered into the tank. ",Vater, if pres­
ent, dissolves the coating and leaves the paper almost white, while the 
portion of the paper in contact, with the oil remains unaltered in 
color. 

SOLID MATTER 

The solid-matter content as ordinarily found in light: oil fuels 
s.lIitable for domestic nse is negl igible. .1\..s a precautionary measure, 
however, it is adyisable that all oils be strained before they are put 
into the consumer's storage bLl1ks. 

SUI,PHUft 

The presence of sulphur ill tlppreciable quantities in oil fuels is 
\'ery undef;imble. The sulphur compound 1'Ol'l11e<1 during combus­
tion has an objectionable (Hloe and ma.\, corrode the metal parts of 
the furnace. 

The energy involyed in lhe re~tetions of the various elements of a, 
fuel is heat. The most importallt reaetion with oil is the combin~L­
tion of the carbon and hycll'Ogen of the fuel, with the oxygen sup­
plied for comllllsl"ion. To e:;timate etTiciencies, flame tem.peratures, 
l'te .. knowlC'dge of t11C'se heats of reaction is necpssan'· 

'l~he follo\\'~ing are heat \'alu('s of the elemental combustibles and of 
va.l'lOllS gases. 

Heat I,'aluc.~ in B. t. u. per pound 

Carbon bUI'lH'd to CO2 __ _ 14,600. 
Carbon burned to CO .. _ 4,'100. 
Sulphur burued to S02- __ 4,000. 

62,000, higher. 
Jlyrlrogen bllrned to H 20 - {ii2,iiO(), ]owpr. 

I1ea.t v(llncs in B ( 11. pCI' slandard cub£(, foot 

[II.T p(]llnd~ ]ll'r ,quure iIll'h and :J~o P.] 

II iglll'r I Lower 

-1­
:\·12 ......_......('arhon lJlOl1oxidc\ CO 

J[ydro~en (II,) :\!~ I 2!).\ 
M ('[hunc ((' If,).. . 1.01101 H5!i 

I.IN! 1 •. >/iOJ~f.h~·Jelw ((',1I4). 
·1.000 j :l, sao1I,'nwl «'61J',1-_.­

-_.,) 

Heating values of rl\(~ls may bl' <letcl'lIl ille<1 pi (11('1' hy C'akulaJ;on 
from the rl'sults of a ('lwlIlienl a.nalysis OJ' h,v burning a sampl('in (1, 

('itlOl'imetc)·. Oil fm'] is sold by voillme, not by \\,l'ighl, alld ill eOll­
sidCl'illg hc:ttillg mILles jt is well to bear this fact in mjlld. A general 
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idea of the heating mIlle. of an oil can be had from the specific grayity. 
In figure 1 the a.pproximaj·e heating value of the va.rious oil fuels are 
plotted as a fUllction of the Baum6 graTHy of the oil. These "alnes 
are only approximate, and 'when greater precision is desired the 
calorimeter test is requh'ed, The effect of estimating heat content per 
unit of volume, instead of pel' unit of 'weight, is shown by the two 
lines, "While the lighter oils Illlve a higher heat content per pound 
than llo the hraviel' oils, they have a lower heat content per gallon.. 

c:: 
o 


:::: 150 

tl 
0) 

C. 
<u 
Q.. 

:i 

�301'L,;;o---L..---:2to;-----L---::,l3o;;------1-----}4-;;-O---L--~5018 
Gravity (de8"ees Baume) 

FII.l\·H" l.-HeaL ynlnes per iJonnd nnd Jler gallon of oil fuels 0f ynrious gnl \'itie$. 

1IIGHER .\Nll LOWEll llJi:.\TING YALUgS 

In tIl(' comlmstion of' fllPls containing hydrogen, \Yater .is fOl'med. 
This wfltt'I'--pl'odllCr(l ina l'rgion of high tPIll ppm! lll'e-is iu t])(>, 
forlll of sllpeI'IH'atN/ sft'alll .. and in ordinary practicr this steam ])e\'('I' 
is ('onclellspd within tlIp hpalillg passagrs of the boiler but pnsses up 
1110 ehilllllC',)', (,fu'I'ying with it an apP"l'l'iab1P llumb(']' of Jwat units. 
Tlw lH':lt !lnits fhus los(-, illl'Ollgh nOJ1(,OJHlewmtion. diminish HIP 
cnlorificmlm' of flit' fuel liS J'('lin>sentt'(l by the llltllllate analysis, 
and tllil-) dilllinislll'cl ntllleis k110wn as the "lo\\"l'1' lll'tlting nllue," 
whilr ("1w ';higliC']' hea(ing ":litH'" is (IIr gross heat which is libel'a(pd 
by (ht' ('IJlni!inntioll of nIP. ('l(,lllC'nt~; of the fllel wilh oxygen .. 

The <1etpl'llJlnnfiol1 oj' the llPnting \'all1r of n. /'\1('1 in the laboratory 
gin's the higher lwnting- ralilP, b(,(,tllls(' {hr wat('I'mpOl' that is gen­
Pl'ated is tOl1(I('nse<land gin's up its lalpni Ileat. Also, \\'hen hydrogell 
is bul'Ilccl to wa(el' yapol' and the pl'odud.:: ('ooled to the init'ial te111­
ppratul'r, the IIPat libcl'a(etl is the lIighrl' lieating- mlue, 'rllis is the 
ntlLH' obtained by thl'. llse of the O\'dilHll',Y ealol'illlctcl', The lower 
lwatiJlg' ",till(' :tssmm':,; tli(' pl'fJduds conkel (0 the initial tcmpemtul'(,. 
but i he wa(:el' nol ('ollilP1U;('d. TIlt' (liJl'rl'ell(,p hehn)('n the higher 
and the lowl'l' heating\·:thH's, t11l'l1, if,; ('qllintll'n( (0 Ill<' hr:tt of nlpol' ­
ization o:f water at (1)(' il1itial l·ell1pel'llrul'l'. Assllnling Ihe initial. 
telllpeJ'lttm.'l', OJ' 1'00111 Ipmpel'utuJ.'C', 10 be tiDO F., the dif),pl'PIl('P b('hn~t'll 
the higher tlnd J(I\\'('I.' Iwa!ing \'alu('s of 1 pound of: Ilydl'Ogen shows 
the Jollowing vltluefi fol.' nU'iOlU-l telllpcl.':.ttUl'es of escaping steam: 
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'relllperature of i 
escuping steam 

o }'. 

GO 
300 
500 
700 

] ,ODD 
1,500 

Difference in 
heating values 

B.t 11. 

9,'~50 
10,430 
11,240 
12,060 
]3,280
1.5,320 

These diiferen('es are too Inrge to 1X' nl'gligiblc. and it must he ([l'­
(,ided which heating ntlue is to be usl'tl. '1'11(' difference is not great 
with fuels of low hydrogen content hut with oils comaining roughly, 
0.14 pound of hydrogen pel' pound of oil. the discl'epanC'y is appre­
ciable. The 10w('r heating "alue cannot easily he clete1'minell experi­
mentally and is not fiO definite, so the higher heating \'alue is 
('ommonly use(l. 

VOLATILITY 

The yolatility of a fupI is of parti('ulal' importancp "'hen it 
is bUl'l1e<l in the ordinary yapol'izing-typp Inll·!1pr. 'I'll(> No. 1 01' 

No.2 oils are generally supplied to 1)111'I1prs of this type. Those fuels 
"which are 1110re yolatill' require only a l'elatin1ly low temperature to 
CRUSI' them to YHporize al\(I b('('ol1ll'.mixecl with the ail' for combustion; 
thus thp tendency to "craek" is rl'(Iu('p(1. 

To c1eterrnine the l'elati\'c yolatilitips of "arious "f'tI(>Js suppli(>(l to 
the yaporizing tY1>P of burner, a number of samples of thl'sl' oils "were 
('ollectpd from the 0}>011 lll:trkct and iinbjl'ctNl to Ihl' distillation test. 
This trst is so contl'in'(1 as to detel'l1lill(' the tl'lllppmtUl't's at which til(> 
Yal'i()lIs :fradions of the oil are c1istilll'd off. 

Tahlt' 3 p:i\'t's cOlllplete analyst's of the ntl'iou"i oils c1psignatt'd as A. 
B, C. an<l D. and table .t contains (,OITesponding distilhltioll data for 
t1ll's(' oils. Figtll'l' 2, l'ppl'l'~enls till' typi('ul distillation ('UI,\,I'S as 
plot It'd frOll1 hllJlp ·k 

5s0f---+--+--t---t----f---i---+---bL--Af----1 

-...500r----+--t--_+--1--1 

~ . C 

' ­

" S45of---+--4-~--~~_+-~~-~~~~~--~-~f---
g 
't 
~400~~~~~~===-~--+--+--~--~--+--~~-~ 

() 10 20 30 40 50 60 
Percent distilled 

70 80 90 100 

I"WI'I"': !l.-~l'rpil'lll dislillulloll cUI'\'e,,; of fili'I oils. 
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Oil samples 

Proporty (lotcrminetl 

A B (' ]) 
; 

-.-~----,..- --- .-----
I 

Groyit)" designation uncler which oil was ",ld .. 38 to ,10 3S to ·1038 to 4U I 3S to 40
Specific gravity ot GO/GOo F _...••.. _ 0.S·13 0.S23 O.SIS 0.S·15 
De~reesnaulU~______ .• __" __ ... _. ... ' .. 3r..D' 40.11 40.94 :35. US
Flash point (Ponsky-i\Tartin's cl"'crl cup) F 155 165 J550 

Flash po;nt (Cle,'elund open CUP) .. '.do 130 I1,0 135 17,:j liiS
Firo point (C'lm'eland open cup).. .... '.' .do 100 160 205 175
Viscosity (Snybolt unh~er!'al \"iSN)~iJJ1et('r) nt: 

42 4270° F __ ~ _ .1:\ 1... _________ 

1000 F_ .. _ 
 ·I!.', 411200 F ..._ ,10 :16:g i-::::::--:: 401\·oter. ____ ... . ;\"ono Xonc I KOllo None

Color of oiL.. . . . ~If!lw Colorless~trnw j Straw 
nro~ n~ t. u., J)(lC 110Ulvl _ \11, .\,\ 19, mH ~ 20. fll':! 19,%9
Oross H. i. n., per gallon l;~fi, ti:-lr; l:l',I:;X I 1-10, OU5 UO,51 I 
I)roximafe nnalysl's: 

Yolntilo lIl;\Uer ' .. IH~rc('nt 99. !l~X ! B9.l-ili r n\).90;; g\). DS·! 
Fixed mrhon. ... .do .012 .1-1 ! .005 .016

ntimnto anah'so,: i ICaroon __ . _. ,do. H·1.51 84.5t) Sr.. Ifl 
Ilyrlro~l'n ~ __ ¥ " __ _do I 7j:Y~ i12.·1:1 1:1.fiD 12.(;·1
l'ulphur.. . .. _ .rlo _ . tla .55 .J'}_';'1Oxygen and nitro!(eu. ._ do 2.·I:J "i•• .)-_1 1. 2() 1. 01 

! 

t Oils tested ttl l·.~. Xavtll J;;n~inc('rillg- E'\lwrimcnl ~talioll at Annapolis, ~ftl. 

'J'.\ULE -J.-R('S/lll.~ of (7iNIi//lllioll {(w/.~ f)// {ollr (Ill'! oi/s' 

Oil ,amples Oil samples 

PrngressofclisliJlntioJ) I'-~'-------- .-- I I)rol!re~s uf (listiilntion 
I ABC' J) n (' Il _____ 1 

i 0 F. ~ F i 0 F u ['., First drop---·Continul1UFirst <lrol' .. __ .. _______ __ , :lSI ;J.I ..i I 'IOS; 372 0 P. 0 F. OJ?. 0 P.
5 cc_ _" _... ~ ____ ." ·\02 3."0 ·121' asu . sOre __ . ___ .... . 470 [Mi 5\0 ·152 
10 tc ... 4US aU2 ·1:1:; :Hl5 QO('(' ....... _.. 4uti !iriS liS:! 472 
~Or(' _ ·1I1l 41lS ·1·12 ·HH .. !JS ('e. _. _____ . __ " 5:.?:1 5na 500
:.10 ('C' j 421 ·122 4-17 ·110 J;;nd poine _•. _.. 5-12 5iS IlOll W/l> 

40~c'. I .1:11 ·13il 41\2 410 
50('('. ·I:J, ·151 4,·1 ·125 cc ('l' cc cc 
(10 CC' ·110 ·!fiS ·1.,7 ·1:12 Totnl rcC'overed \). I 

I 

~,xl,.:.. un 
iO ('C ".1fi ·1."'.2 [,()fj +11 \1:11 

i 

METHODS OF HEAT TRANSFER 

A clear conception Ill' tIll' lliethods 01' heat tml1sfel' i'3 llecessal'Y 
for a COlllpll'/.€, lllIdcl'stalldillg 01' boilpl' and flll'nace jH'oblcms. 1'1]('1'(' 
are thl'ee methods of 1H'ut t l'lll1sfpl'-eondnction, cOl1Y('ction, lmd 
radi a.ti on. 

COllductionis tlle illh'l'lllojeeulal' Imnsft'I' of heat within a botly. 
Forinstance, 1f olle ell(l of a (,Oppl'l' bar i;; plnccd in n flame nn iil­
creuse ill lllOlp(,lIlal' aeli\·ily takps plael' iII tllt' pnd subjected to the 
f1nml', and this aeti\'ity is tTansft'I'l'ed :from nlOle(,lIlc to molecule ulltil 
the whole bal' is ycry hot. NO\\',iT Ol\e ('nd .is llInilltnined at n. low 
[empcratlll'C, heat· wi 11 COlli i11 tie [0 flO\r alollg tlle bar hom the 1101' 
end to i hI' cold. Ht'alis transl'en'e(l through llletal-hoi IeI' heating 
slll'ftl(,CS in this ma.llnel'. 

Con\Tectioll rei'l'I's to tlH' nlaSS trallsl'l'I' of lwal. FOI' ('XlUllplp. a. 
\'olullJe o:f gils is heated by COllIne! with a hot slll'fnct' or by l'olllhIIS­
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tion, and rises owin~ to decreased density. Later, the gas comes in 
cont.act ,,·ith !l cold oody to which it gives up its heat. The greater 
l)art of the heat is delivered to the indirect heating passages of lL 
boiler by means of convection. 

Hac1iant energy is a form of activity in the ethel', similar to light 
l1l1d electricity. One standing near an open fire is conscious not only 
of the light coming from it, but also of a sensation of ,,·armth. This 
sensation is lost. when an opaque screen is illterposed but returns as 
quickly as does the] ight when the screen is withdrawn. This phe­
nomenon is sllOwn ldso~by the fact that after a solar eclipse the warm­
ing effect of the radiation :i'rom the snn appears simultaneously ,yith 
the light itself. This mdiant effect can eYen be felt through lL thin 
sheet of ice. Since both surfaces Df the ice are at the same tempera­
ture (320 F., the temperature 0:1' melting ice) no heat can be ti.'ans­
-felTed by ol'di nary conduction. Radiant enerf,,}, must therefore be 
trallsmitted by a very di fferent process. This is also inc1ic:Lted by the 
fact that it readily passes through a vacuum, 

Heat radiation is waxe action and differs -from light and electricity 
only in wayI' length. Tlw molec111es of a hot body are In a state of 
yibi·ution. These molec11]es set up in the ether radiant-energy vibra­
tions which traycl tLt enorl1lons sl)('eds in straight lines in all direc­
tions from t1w hot body. 'When such radiant-energy waves impinge 
on a, colder body some of whose molecules can vibrate in tune with 
them, then the ,\'llT(,S are absorhed by the colder body and its tem­
perature rises due to this absorption. If the cold body is snch that it 
cloes not a.bsorb these vibrations, thell tlle latter either pass through it 
01' arc reHected. The chal':tctel' of the body has a marked effect on 
its absorbillg' andl'acliating possibilities. A dull black body has the 
greatest p1'operty of absorptIOn and radiation. Any other hOlly_ Ull­

cler similrlr eontlitiolls of temperature, will emit alltl absorb only a 
:t'metion 0:[ the cnergy that a black boely wil1. 

In l'urnace opera.tioll wc are concemed not. only with the radiating 
propertles of solids but also those oJ cel't:1in gases. It has been show11 
t.hai the net radiation exchange bei ween :1 gaseqps flal1le and a colder 
solid body is largely du!' to the CO~ and H~O molecules "'llich are 
~:!.'Ood radiators and ahsorbcl's. All other molecules in the gaseous 
tuixtun' apparently a('\ as llPHl'I,r pt'l'ft'cl l'dleei:ol's, Benct': lleat mdi­
dion :from the gases p1ays an impot·tant part in the performance of 
a furnace. 

The Sleflul-Bol!;t,mlltltl la \\' of radiant -heat. tl'ansfer states that for 
an ilkal black body tIl('. amount of heat. tl'aIlSfl'1't'Nl Y:lrief; as the 
differ('n('p hetween the fottrth po wet's .\ of the absolute (elltpcmtut'es 
of the hot and cold bod it'S. 

This is t'xpressed by the relation 
II=K (TII,I-Te'!), 

where. II if> the heaJ. tl'allsfet'l'l'd in unit time, 
J( is a constant depending on t11l' natnrt' of the hot a ntl eold 

subsla11('es) 

-, Ttl(' ('xpolll'n( ·1 holct~ only fo,' thi' htllet; horly; for gasps it Is "(,I'Y diffcr(,llt becfiusc 
only certllin blinds of Ihp ~Pl't'll'lIl11 nPPPlIl' IIIHt the totlll hp"t (,1II1ssion <'lin be dpternlillcct 
only Dy (lil'pct It·sts. 



T" and T" are the absolute t-empel'atllJ'cs of the hot alld coW 
substances, respectively." 

COMBUSTION 

Combustion, or burning, is any chemical combination in which heat 
is evolved. In engineering, the kind of combustion in "'h1ch we are 
particularly infercsted is the combination of various fuels with oxygen.
In this sense the word combustible may apply to any substance that 
is capable of combining rapidly with oxygen to produce heat. 

Ignition temperature is the temperature necessary to start local com­
bustion at such a rate, that the adjacent portions of the air-fnel mix­
ture ,yill be brought to combustion temperature. The mOf't rapid igni­
tion and combustion are desired in order to attain high furnace tem­
peratures and thus realize highest mdiation efficiencies. It is generally 
considered that the small atomized oil droplets entering the furnace 
must first be yaporized and then gasified and raised to ignition tem­
perature,) before j'hey will bul'll in the presence of the oxygen supplied 
for combustion. This process is endothermic 01' heat absorbing, and 
the furnace walls or flame must proyide the heat necessary. The air 
supplied for combustion-particularly the primary air-must also be, 
heated before combustion ,,"ill ensue. Ail' 1S a. pOOl' absorber of radiant. 
heat and may han~ i1lcreased in temperature comparatiYely little by 
the time the oil droplet has been gasified to considerable extent. The 
ail' is heatecllargely by convection from the high-temperatnrc- portions 
of the flame. Ultimately the air-fuelmixtul'e reaches ig-nition temper­
atm'e and combustion coinmences. It is apparent, however, that before 
combustion is complete the oil droplet may IUl\"e gone SOllie distance 
into the furllace. Early ignition alld rapid hml1 i ng are conduci \'e to 
high flanlc. temperatures anel reduced flame travel. 

The speed of combustion is gre~ttl'y depelldent II pon the rate of mix­
ing fuel and air. As the droplets of oil are gasIfied and burnecl in 
passing through t11e furnace, each droplet. is Slll'l'Ounded by its prod­
UelR of ("ombw:;tion and the prOcef:iS of fnrther' combining is somewhat 
hindered thereby. Thus a certain amOlll1t of t.urbulence is desirablp. 
The degree of atomization also affects the speed of combustion. 

The imporhwce of combustion speed is seen clearly when it. i~ con­
sider'eel that hig-her combustion speed means higher flame, tempera­
tures and higher accomp:Lnying heat emission by radiation. More­
over

l 
high eombustion spl'ed l'('SllltS in shorter flame travel and the 

reqmred combustion space, for a given heat energy emission, is t1l('n 
at a minimum. 

There are certain yital problems to be considered when fuels are 
burned, as for instance, how much heat. will be cleveloped throug-It 
a givell reaction; will the combustion he complete if sufficient time 
.is allowed; how much fuel will be consumed in a. given time under 
eertain conditions ~ Obviously these questions are of importance to 
the designer, and they are best solved by recourse to the l!LWS of 
ehemistry. The more important combustion reactions, j'og-ether wit'h 

• POI' !lata on rIlrllatioll fl'OIll (,0. nlld IT.O, niH I 1'('fcl'1"illl'; 10 l'lullalioll (1'0111 p;nH raYPl's 
in ftu'unces, sec til(' following: HCH.\CK, A. rgWli'l;:r"" Oll" G.\S 1l.\DINI"IOX O~~ ~·n~'\T 'rIL\N'R­
)IISHIOl'.] rl'OIl and f;tcp[ IllSI'., niisseldfJI'f, Hpllt nl's('al'ch BUI'. Bull. ii5, IAbstl'llct: h,l' 
13. 	 N. 13l'oido in AllieI', Soc, Mp<'ll, Bllgln. TI'aIlH. (1V25) '.17: 114:3-1147, ilIus, lV2(j,] 

33572'-38-2 
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the heats of reaction, haw been presented in the section dealing ,yith 
heating values (p.4). 

Chemical combinations or reactions always take place in definito 
weight relations that are characteristic of the elements acting, and 
in definite volume changes that are dependent upon the number of 
gaseous molecules reacting anclthe number produced. Following are 
the weights of the sllllstanecs concerned in the combustion of the oils 
useCt il1 the tests made by the Dl'pal'tml'nt: of Agriculturc. 

Molecular
Substanco Atomic weight weight

Carbo/l ______ _ C= 12.01 ___________._ 
Sulphur_ _ ._ S=32.07 ____________ _ 
OxygelL ____ _ 0= H1. 00 O2 =32.00Nitrogell ___ _ N=14.04 Nz=2S. OSHydrogell ____ _ H = 1. 008 H.= 2. 015 
Carbon dioxide. CO;=44.01
Carbon mOlloxidl'____ _ - CO=2S.01Water_____ _ _ __ _ - - - - _ _- H20 = IS. 02Sulphur dioxide.___________ _ 

- - - - - - - - - - _ 802 = 04. 07 

'When slllJicil'nt ail' is. supplied, and other eonditions satisficd. ear­
bon \Yill combillC ,,,it'h OXygC11 in thc following malllll'r: 

and th is ],l'lat ion ,\"Ill'l1 l'xpl'Pssed hy the wp,ights cntl'ring is, 

12+;3~=44 

1 +2.67=;t67 

that is. 2.G7 pounds of O~ art' ],pqllirt'([ pel' pound of C. Similarly, 

2H~+02=2H/) 

-t+ :32 = ;)(\ 

1+8=\) 

that is. 8 I)(HlIl(ls of O2 an' J'Pqui1'Pc1 pC'l' POlllHl of H". An(1 finally, 

8+°"=801 

:3:2 + :32~= G4 

1+1=2 

thai: is, 1 pound of 0" is rC'quil'ecl PC'I' pOlJi1(1 of S. In tlle abo"\'('. 
l'platiolls the apPl'Oxilllatl' atomic wl'ights ha,\'(' b(,l'll lIsC'd. 

From e:teh of the thn'e reactions ('xpI'PSSNl nbo\'e, thC' qLHllltities of 
0" l'e(l11il'ec1 to comhine ,yjth C, II", and S han' been determined. 
Frolll a knowlcdge oJ the p1'oportiol1 of oxygen in the ail', these cal­
culations may bC' cxtell(1ed in 0]'(1c1' to ascl'1'tain the qualltity of ail' 
entl'ring into these l'l'actiollS. By w('ight, ni1'is composed of approxi­
mately 23.15 pel'(,l'l1t of 0" and. 70.S;) 1)(,1'cC'l1t of N"; it follows, then, 
that 1 pound of 0" is I'CIH'C'S<'l1tc([ in 1-:- .23l;i=4.;m pounds of' ail'. 

The combustion calculations sho\\,11 in table fj al'C' for 1 pound of a 
fuel-oil distilhlte such as .is supplied to domestic oil burners. 

http:CO=2S.01
http:CO;=44.01
http:O2=32.00
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TABLE 5.-Ail· 'l'C'qll ired tor (lurl 1)l'od1lc(8 re811lting trom ('0111 plC'/n (,()1I11J/l.~tion ot 
oil with '/10 (:.1ICC88 air 

Weight Heql1ircd quantiiy 1'ro,l11ct5 of comhustioll 
perE1"lllellt pound of 
fuel 0, .\ir co, 0, H,O so, 

-------l·--- ---------------________ 
Pounds POll'nds Pound., Poltnds POll.11ds Pounds Pou,nds POl/nd.,

C................... 0.8451 2.256 9.746 3.lOt ..._.._.._ ;.490 ________ ._ ......... _ 
H,_.. _. __ ...... __ .... .1298 1.038 4.484 ._._______________ ._ 3.4·1fl 1.168 ._ ..._.• 
0,.___ .... _... ___ ._.- .009!) -.010 -.0·13 ..._._ .•.•..•___ • __ . 1-.033 . ___ ...... ___ ...... . 

~'-'::::: ::::::::::::: :~g~g '---:605' "---:li22-:: ::::::: :::::::::: :gl~ --..-- ...... '-'6.'01') 

'l'O(aL ...... ·• 1.0000'1 3.28U I 1:1.209 !:-:J.lul-o:rn;0I~-1.lUSI .... OLO 

1 i\·2 ('quh-alent of ()2 in em.l}. 

Howe\'er, in an Orsat appal'aiml tlw SO" is ausorhed with CO", thw'i: 
C02 0, X, H,O 
;~.101 () 10.!J:lO J.l(J8 
.010 

:3. III o IO. rX30 1. 1(JS 

The total 'weight of the products of combustion, then, is :Ull+ 
10.930+1.168 po llJl(ls= 15.:209 pounds. 

Therefore the pounds of air theoretically required pel' ponnd of 
fuel is equal to 15.209 111 intiS 1 (weight of fuel) = H.209, 'which agrees 
'with the total required ail' as eleterm inecl ahon'. 

Table G gives the ,,'eights of products of ('ol1lbustion "'ith Yilried 
air-fnelratios (percentages of ex('ess air), pel' pound or fuel. 

For an Orsat analysis the H"Ois not detcl'lllilled i thus the per­
centages of dry products of combustion 'with varied air-fuel 'ratios, 
are as giYel1 in table 7. He(lu('ed to percentages by ,'olutlle, the dry 
products of combustioll are as gi"en ill table 8. 

'rABLE H.-Wei 1I1Itl Ill'l! products n's/tUillf! {rolll cOlllbliStiOIl of ()il ptT J)ot/lld of 
tli!'! 'with nll'!lill!! jil.'I'(·('II/(I!I(W of ('.t;cc.~.~ ail' 

--~--~-.-.--.....,----;--.,----;------,------;----;---;----.---

I No 120 IIl'r· 40 Iwr- !1\0 prr-I ~o ll\'r-IIOO Pl,r-'1511 per) 200 per.l,. 250 per'1300 Jll'r. 

----~-.-!~~~:~ ~._~J~~L_:~~ ..~.~_ ~_~~ 
POUUd..) P(}ur/(/~ Pouuris Pounds POllnds Pmnl/ls-IPOl/nris POllnds Pounds PO(1wi.'i 

C(h, .. _ .. -- a.1l11 :l.lll :~.1l1 3.ll1 3.111 3.111 3.111 :1.111 3.111 3.111 
0,............. __ •. 0 .G5H 1.:1I0 I.Vi-! 2.li:J2 :l.2!10 4.935 1i.5S0 H.220 !I.SilJ 
N, ... _....... , __ . IIJ.n:!o 1:l.II.4 15.2~S li.·182 HI.t;~1i 21.8,~'~ 2i.3'!~ a2.76~ 38.229 43.Il~V 
H,O ..... _____ .. ____ I.II>~ I.Ilt8 1.11>8 J.Jr.8 I. IllS 1. IllS I.lbS 1.1081,108 I.lhS 

Wct. products" '. - -~~:2(\9-11R. o5i' .~O-:S\l312:\. no 21i:577!zn.':ilO ~4a.~j2S'150. i:~1'r.7:-;;:;8
Dr;' products. H.O-ll iii. 883 J!). i25 22. filii 25. -100 28.251 :J5. :l55 42. ·100 40.505 56.HiO 

------~-< ---~-~----.----~- . ~-... ---------
TABLE 7.-R('/II/in' 1!'(>i!lhl.~ Of Ih(' dl'lI 111'0(/11('/8 of ('OIll/iIIS!iOIl H'i/h t'((I'!lillfl PC'I'­

('('1/ /tr!l/'8 or ('.I·('('8,~ (( ir 

No --; 2Q Jlor- .\0 Iwr· GU per- I SO prr-Ilot} Jl('r': 151l per· 200 ]l~rJ 2511]ll'r· 300 ]ll'r­
excess ('(lut t'l\Jlt l'l)lIt ('pnt' Cl'Jlt l'pnt cent Clint Ct.'llt 

--' .----- ----- --- ---.-----
Prrcml Prrcc1l1 Perce1l1 Prrcrnl Pa<'fnt l~rrcf'lIlCO,_. ___ -.. _______• Percnll Perrellt ,Pl'rcl'nt Pacent22. I(~ 18.4:1 15.77 la.78 12.2·1 11.01 8.80 7. :52 11.27 5.-190,_......... 
 .00 3.00 Ii. li7 8.75 10. :15 II.(H 13.95 ",.·W 10. r,u li.H~2 ...... ~_ ~ ___ ~: __ i7.S"' 77. U7 77. .111 77. ·17 7i. ·11 i7. a5 77.25 ii.IO ii.l·j 77. IU 



---

-----------------------
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TABLE; 8.-Rc7ati'l'c 1'011111/('8 of the dry l)rodllct.~ of (,01l/.7J11.~tiOll willi, 'raryill,q ])('1'­
c(,ll/a,q(,8 ot C.1JC(,8.~ air 

._-
I K 0 20 ]wr- 40 ]ler- 60 per- SO ]w~J lOll ]lNJ Ifill ]lrr.l200 peT- 250 pl'r- 300 por­

I'xcrss c('ut ('l'nL Cl'nt rrnL cl'nL I rrnt cent cent cent 

IPercent Percent l:ll'Tcrnl Perce:,t Perce!lt PCT£fllt! Per~7t Percent Perce~t Perccn!Co,____ .___________ 153 12.0 10.7 0.3 8..1 {. 4 o. 0 4. 0 .\. _ 3. h 
O,---------------i .00 3.7 0.2 8.2 0.0 10.8 12.8 1·1.2 15.2 15.0 
K, _______ -, ' ______ oj 8-1. 7 I 8:1.7 S3.1 82_5 82.1 SLR i 81.3 SO. 9 SO.6 SO. 5 

1 I I 

In figure 3 are fiye graphs that sho,,- the characteristics of the 
products of combustion of n. l'epresentatiye distillate fuel, when 
burned with various percentages of excess ail'. The CUl'ves are char­
acteristic for the distillate assumed in the -foregoing computations, 
but since the range of fuels used in practice is relatively narrow the 
curves should hold substantially for any of the fuels used by domestic 
burners, at. the time of "Titing. 
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li"IGt:"UI1 :t-Pl'OPCl't ip!,; of f1u~ gaHCti from a distillate fu!'1 \)tU'H(lti with \":lrious nmounts 
~xceHS II it. 

Curves.11, B, alld C show the relatioll behyeen excess air and nitro­
gen, carbon dioxide, and oxygen, l'espectiYely. The percentages of 
these constituents in the flue gases llre by vol llme and on a. (try-sample 

http:Curves.11
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basis-that is, they are. the percentages as determined from an Ol'sut 
nn~lysis. Cnnes D and E show the relations between the percentage 
of excess air and the 'weights of the dry and wet. products of com­
bustion. 

Curve A shows that the percentage of nitrogen in the flue gases 
diminishes as the excess ail' is jncreasecl. This curve is sljghtly 
concave upward. 

ClUTe B is the function "'hich is most frefluently referred to and 
shows the ,'ariatiOIl in CO., content us the air-fuel ratio is ttltered. 
For the oil uncleI' consideration, this ha~ a ma::-:imum value of 15.3 
percent and deel'eases as the excess ail' is increased. 

Curve C-showing the. relation behveen excess ail' and O~-passes 
through the origin of coordinates and is concave dowmval'cl. As the 
excess ail' is increased, the O~ content of the fl ue gases also increases. 
It is of SOlUe value to note that cm",'es Band (' afford a good check 
on the operation of the OI'Stlt apparatus, as to leaks alld completeness 
of absorption alld enol'S in technique. To illustrate this, aSSllllle 
that the operator in nnalyzing a fluc-gas ;,ample hm; detcrmillcd that 
the perC'cIltage of CO~ is 10. By refcrring to C'Ul'Y<'S Band () it is 
found that the corresponding O2 content ,;hould be approximately 7. 
Similarly, a chcck can be made all along the range of exce,;s ail' pro­
vided, of ('ourse, complcte C'ornbustion exL3ts. H thc incomplcteness 
of combustion is slight. the curves will still be applicable. 

Curves D and E, ,yhieh show respectively the w(>ights of the prod­
ucts of combustion with and ,yithout water ytlPO!', are straight lille,; 
whose vertical distance apart is equal to the constant weight of water 
in the fine gases. The weights of the products are gi\'en in terms of 
pounds pel' pound of fuel burned. The difference in the ordinates 
of the two CUl'\'CS due to the formation of water vapor is, on this 
basis, 1.168 pounds. This is constant. throughout the entire range of 
excess air, as is brought out in the foregoing- ('omputations. These 
two C'urns are of impol'bmce in estimating the quantity of heat that 
passes up the stack, which quantity depends in pHrt upon the weight 
of products 0 f combustion.' . , 

It should be rcmP'lllbercd that, in combustion, it is desi rable to 
operate with the minimum of ('xeess air; this mcans operation at a 
point. as far as possible to the left on the gl'ltphs in i1gul'e 3. The 
conditions then, ,yill be those of relatively high CO~ and N2 pcrcent­
ages, and a low perccntage of O~. Moreover, the ,ye.ight of the 
products of combustion will be low under these conditions. The 
l)rincipal limiting factor in this connection is the margin of precau­
tion against soot and smoke production; therefore most. mallufac­
turers recommend that 20 to 40 percent excess ail' be admitted. 

Figure 4, the Ostwald cliagram,O shows an interestillg way of pre·· 
senting the flue-gas data which ordinarily is shOlnl as in figure 3. III 
this graph the tLbsciss:1- is perccnt O~ 111 the. Hue gase.s while the 
ordinate is percent C;O~ in the same. If from the computations we 
plot these values fo: various percentages of excess ail' the locus 
of such points will be a straight Jine. '1'he poiuts indicated on this 
Jine arc the percentages of excess ail'. 1'he graph provides a cornpact 
scheme for plotting the cOJ.'l·csponding pcrcelltagcs of the two COIll­

o OWl'\\·.\f~D) \V. mojl'I'H:{Of<) zLTlt lHtAJlIIIS('J{).;N 11·I-:lll·meNOH-·],I~t'lINI K. l\I ollog. 1.11" .Ffmt'l'''' 
lIugstcchnik Hl'ft. 2. Leipzig. J!J::!O. 
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ponents of the flue gas at various percentages of excess air, and is 
attractive because of the simple straight-line function. 

Frequently it is desired to know how much free air ·will he drawn 
into the fUl'nace in order to burn a certain qua1ltity of fnel, at a given 

16 
It~ 

14 ~ 

~~ 
 I 

$""1'<..~ 
N 	
i \) (Jib

,," 
I ~ 

v+ 
to\) 

.,r:,r:,

Kr--,. 	 ,f:?t:l I 
"" ~t:lK.,~~'V r:,'=' 

'!> 

I ~ I2 

I ""i 
o 	 4 6 8 10 12 14 16 16 20 ZZ 24 

O2 in flue gases (percent) 
PIGUftl'; 4.-0xygell-('O:! ("elution ill flun gar·lt's wlH'll \":trious p0)"(I(lnf:q!(\s of l'xc(l:;s air 

aJ'(l u~('d. 

air-fuel rutio. To answer this question figure 5 has been prepared. 
III this case the horizontal coo]'(lillnh' is the· IIUllIbpl' of ('ubic fpet of 
free air required £01' comhustion. pel' g~t110n of oil. The yertical 

l'ool'llinate' is tlw percent­
6r--r· 

\ 

I age' of CO~ in the flue' gas.
\ Let it be l'Pqlliwti, for ex­

ample, to detel'lIIine the 
2 1\ J1l1l11bl'I' of ('ullie fl'l't. of 

ail' wit i c' h will be con­
0 - sUllied in .L houl', when the 

:H1l'nel' is eOIlSlIllI ing 2 
8 I~ galloll'S of oi I pCI' hoUt, 

and til(' CO., ('ontl'llt is HI"',I'--.6 	 \>t'I'C'ent. FI:OIlI (·he ClllTl', 
.............. 


1'01' a cOlldition of 10 pel'­
4 ('('nt of CO~, it is Sl~ell that 

I gallon of oil wOllll1 re­
2 Cjllire abollt :2.0;30 ellbie 
0 f('('t of fl'el' ail' fot' com­
1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 bust ion; tlll'I'l'i~ol'e, 	 if wc

Free air per gallon of oil (cubic feetl 
al'e bUl'ning at the 1'llte of 

PWl'1m u.-\'oI1l1l1e \If nir 1'(''IlIir('d fOl' IIII' eomhuHlion 
. of oil, 	 :2 gallons \>('1' hOlll' the 1'(' ­

quil'Plllent will be '±,O(jO 
cubic. feet of free ail', Ji'I'PC ail' is hpn' to be undel'stood as ail' at 
70 0 F. and at atlllospheric pressllre. Thus it is seen that a bUl'llcl' ­
e\Tell tl l'elRtiYely slllall Olle-call displace the air content of a :W- by 
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20- bv 10-foot room Ollce every hour thnt ii' oprratps. lllel'e1,\' to 
suppl}' air for combustion, The importuner of this fad, from 
practical considemt.ions. is c\'idrnt, 

FURNACE ENERGY RELATIONS 

The t'ncI'g-y l'rlations of tlw fUl"llact' and furl may h' stated as 
follows: 

lTF=P+L 

HF repl"t'sents the mit' of enrrgy librration h3' thr lmming fuel, 
where Il rcprrsents t]](> British t hemml un its J i heratpd prr poulld 
of fuel, and F the pounds of fllP] ('onsulll('cl 1)('1" hOllr, P Tepl't'S('llts 
the rate at which th(> liu(>l'atrcl h(>at is nbsol'b<.'d by the products of 
eombustiol1, It l'estlits fl'Olll tIw adelitioll of lll':lt at collstallt prrSSl1rC' 
to the Yariotls eornpol1pnts of the ])1'0<111('/5 of ('omhustion, In the 
ease oi! tll(> 'fu(']s gplll'mlly sllpplil'd to thp (]Olll('slie oil 1.11Il'll('I'S tlll'sC 
procllletS of cOl1lhustiol] al'p, with ('oll1plete ('omhnstion: CO~) O!!, N

2
, 

Hf), and SO!!, This lUay be l'epl'('s('n('d as follows: 

III this sumnHll'ion II',. II'J' pI'C' .. l'l'PI'(>!-'('llts Ill(' w('igllts, in pouncls per 
hour. of th(' eOllstitu(,llls CO". 0". pte.. forlll('(l h" ('Ol1lbllStioll. and 
hI. 11'J.' ('te" l'pPI"(,S(,llt their J'psp~,eti\'(' lll'at eap:ieil i('s at ('Ollsta:lt 
])I'eSSlll'e het\\'e(,ll the initial tpl1l]lpl'al lIl'(, al\d (11(' flallll' tplllp('mtlll'(>, 

Th(' Im;t tt'I'Jll of til(> ;,I'igillal ('filiation. L. I'P]lI'PHPnt's tIl(' 1':11(' of 
jJ(>at rIH'l'P'Y I()HI hy th(' ]>I'o<lu('ts of t'OlllbllHI iOIl dtll'ill,!.!' (l1('ir Il'n\'(' I 
thl'OllUh Illr flll'Il11('(', This will \J(' Ih!:' SlIlll of tIl(' hl'at PllPI'U\' lost 
hI' 1'[t(Iiatioll all(1 that losl h" ('()II\'('('tiOIl, By till' Stl'fall-I3o]izlll<lnll 
];1.\\', the heat lost hy racliati()n ",ill lll' . 

,,'IIPI'P 'l'r is tl\(' ahsolllir f1anlC' ((,11 I pC'1'a I Ill'r. 
T" is thl' aiJsoltlt(' 1(,IlI]lPJ'atlll'l' of lh(' ahsol'hillg' ('old Htll'fac(', 
f{ is R (,Ollstant dPjl('lldillg 011 IllH lly Jndol's, 

Thp InsH l)y ('011\'(>('1 iOIl ((') may I.ll' l'C'pr('s(,lli('{1 hy tlw I'l'lnlioll 

whel'C S is tllp -t"lll'nnC'('-wall stJl'faC'(', 
(' is thl' ht'at tl'llllSJ'PI' ('o('lIkit'lIt in B,LlI 1>C'I' 110111', ]l<.'1' <l('g'J'C'o 

tpl1l]ll'mtlll'p ditr(,J'('IH'l'. 1)('1' lI11it of aJ'('a. 
M is t'lw l1I(,H.ll telllp('\'atlll'e dill'('l'('IlC'(' 1>('(\\'('l'1I thp 1'111'11:1('(' wall 

and Ihe layer of' lllo\'illg' gasilnJllNliatt'ly ill frollt 01' tho 
surfa('(', 

Th(' Jast Ipl'lIl of t1w Miginal ('(Illation, L. lila,\' 111('11 1)(' ('xPI'('ss('(1 as 
follows: 

Thus 

http:l1I(,H.ll
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FLAME TEMPERATURE 

'Vith n, knowledge of the amount of available heat in the fuel and 
of amounts and specific heats of the products of combustion, the 
theoretical Hame temperature can be. determined. Specific heats are 
not constant but increase with temperature; thus integration must 
be resorted to in order to determine their true values. Such a Hame­
temperature determination as the. one thus referrecl to is theoretical 
in that it is assumed that there is 110 loss of heat to surrounding Sur­
faces during the intelTul required for combustion-or ,,,hat is equiya­
lent, th'lt no time is l'cquil'ed for combustion. Actua]]y, of course, 
such is not the. case, A finite, appreciable 1 ime is required for com­
pletion of combustion, and the slIl'l'ounr.iing slll'faC'es of the furnace 
au~ excellent absorbers of radiant eneq.!."V so that thr. actual ternpel'a­
tme which the products of comuustioil. attai n is cOllsiderably less 
than the theoretical tl'mperaturl'. The 1'1l1'rl!V relations fol' the actnal 
conditions are given in the ~('ctioil next abo,:e. 
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CX<"(',s::; air~ 

It is o]n'iolls that the (lctermination of true flame telllpl'l'atures is 
!lot a. simple l)l'ocess, 'Yhat is freqllently clone is to estimatl' the flame 
temperature from :L consideration of the, heat ntlues of the fuel 
and the sensible heats of the pl'Oclucts of combustion resulting from 
the 11tII'I1illg of the fuel, assuming that all of the heat liberated is 
used to raise the temperatum of the pl'oducts of combustion. Thus 
from a knowledge of the initial tl'lllperatul'e, of the mass and specific 
heats of the variolls products of combustion, and of the heat units 
liberated: tll(' final tl'mperat:ure C:ln be estilllated. This temperature 
is pUI.'('ly a t1leol'etical value and does not take inl.o account the effect 
of radiation; it is, thereforc, not. the true tempemtul'e founcl in the 
j'url1ac(\. Howewl', a knowledgc of theoretical temperatures is il1l­
pol"lanl: in the analysis of certain pl'obl('llls. Theoretical tl'll1pera­
IUI'es lU'P shown as a fllnction of air-fupi mtio in figul'c G, The 
rapid dNT\·ilSC. ill flame t<'lIlpel'atme as the excess ail' is increased is 
showl1 clearly by this Clll.'\'C. 



FUELS USED 

The oil fuels used in the tests here presented are dpc;ignated as 
fuel oils Nos. 2 :lll'l 3 in the log sheets presented latpr. Thp numbers 
inclieatp the COI1IIlIC'ITial I!-Tades as dl'filled br ('OllllllPITial stalldards 
foJ' fllPI nils ill publieat iClils l)'y till' Nat iona'i BU1'ell11 of ShUH!:U'ds, 
The analyses gi\'ell ill tauk- 9 an' for two typit'al salllpies of the oils 
usec!. 

TAlILE!1. '('!f/lh'rtl 1I1/IIIYSI'", uf oil fllel" IIN('I{ IiIlI'iJl!/ 1(,,,1,, I 

-,""0. ~ flu'l x", a rlll'l 

I'lash poinl, dosed l'UI' -, \0' Ir.o I(\;,iPour poinL .F -~I) ~o\rall.:'r anll ~pcliIIIl'nt lit'n'rBl 0('arbon residul' do Il,O:!:.! U. n~:.!Distillation (t II1IH!rillIllC~; 

1O-IK'rccnt point..,. 
 "J' 'II~ HI
{~per('(lnt point _ _ _ _ . F .1~U ;')\1·1
End pUint _.. '. V Ij:!li Ill:!\~is(·osily. ~ny"l)lL uJli\l'rsul t.t Fllr­ ,""('I,j,([ .. :II a5

:";p('("ifi(' grn\ 11:r ilL tiO WI /, () ,,;onIL!'\,),"I
A. p, 1. (ll\J.!.H'(',s :H II au. ~Ponnd!" ,H.·r {!aJloll 7. r:l :!!IfiHllulIs pllf POIlIlc! _ .1·111 .1:17
lIi!!ht/'r )WH(1IIJ! \:~IIJtl pt'r pouod I,1\ I III, ,00 I\I,;,(J(J 

JIETflODS OF TI<;STI~(; 

[n the first p(lilion of (ltis IllIII('( ill till' ppl'fOI'III:1Il('(' data. 1'01' S('\'(')'al 
bUl'l1el's ill fOIlI'.- li\(,-, Hnd SiX-:;(,l'lion I'ound hoilpl's of ~;j-ill('1t dialll­
('tpl' \\'('n'. gin'lI. ~il\('(' tlll'1l tIll' Blln'all of .\gl'i(,lIltlll':t1 EIIgillPC'I'illg 
Ita::; stllciipd the pPI'fol'IIWII('(' o/' l110sl of t Itp Ipadill~' hUI'\\{'rs 011 tit(' 
llIarkpl in Sl'H'I'HI typical hoilpl's dpsigl1l'd ol'igillally [01' blll'ning eoal. 
PedOl'lItal\{'l'S (l' slH'('ial {)il-hlll'lIill~' boilpl's alld blll'llI.'\'-i>oilpr ullits 
han' 1>C'PII ill\"l'stigall'd fOl' ('OIlIP:ll'isOIl :llltl S()IIIl' stlldy liaS i>('l'n gin'lI 
(0 C'C'OIlOIlI izi IIg dl'\'i{'ps (iPsiglll'd t () iIII PI'O\'p the OPPI'Ht ion () I' hoi lei'S 
of limited flue tnt\'el :tII<L Itpal-ai>sorbillg surfaC'P, 

III all tlt(' tests tltl' ('ontl'Ol of thl' hlll'lll'l's \\'as 111:11111:11, Hlltollwtic 
<Il'\'icl's being omittecl. '.I'll{' ('OllllllelldalJle wOI'k of t"lIP Ulld('J'\\'I'itcl"s 
Lai>omt:ol'il's dt'als with till' sarpt)' pllHs(' of oil-hlll'llilig equipment 
with 110 c1il'(,('( l'oIlC'('I'n as to till' l'fli('il'IH',Y, SafC'ty nP('pfis:ll'ily ill­
\'o"'es tltl' propel' flllH'tioning of til(' all(olllalil' ('olllJ'Ols alld linliling 
de\'i('ps, :lIld thlllll)(I('I'\\"J'itl'I'K appan'lIlly 1I:I\'l' dpalt thoJ'OlIghly with 
t li is suh,ket. 

The spec'ilk objP('{ of tltl' sl'ril's or Ipsls I'pp0l'l('d 011 W:lS to dptel'­
Jllille the thel'lllnf l'fli('iPIH'ips to 1](' I'('alizl'd with till' i>url\('r's. hoilpl's, 
('te., une!Pl' Y:lriolls eOlldit iOlls of Ol)('I':ltion, 'I'll(' th(,l'lIlal pfJil'iPIlC',Y is 
tlip pl'oportioll 01' till' Iteat elll'l'gy or the fllPl whieh is ITallslllittC'd to 
1:1IP heating' nlPdilllll, :tnl! is sOlllPtinlPS I'dpI'I'pc! to as the "over-all" 
dJieiC'lwv. 'The t 1H'1'Il1H1 l'flkit'lH'v is a fllnd ion of till' iJoilel' dl'fiign as 
\\"ell as "of till'. \'111'1\('1' (/psigll. a'lIe! thel'efol'P till' t.yp!' of hoilpl' UfiP<1. 
1I1W.,t 1)(' hlkl'lI int () accoullt. 

TllP t IIn'p ('onl-bul'lIing boil(ws tC'stl'(/ WPI'(' 01' AlIll'l'ieall Radiatol' 
Co, IlHU1u-faetUl'e. OIlP was a :20-illeh, fOIlI'->;ectioll Al'l'o, clpsignated 
,"V-2004; <IIIOt IIPI' \\':l's II ~~-i ncit, SiX-!:Jl'dioll Al'co, t1psigllalecL S-220G, 

., 



TIl!' thinl dps(,l'ibpll hy illP IIHlJlllfa('t lIl'Pl'S :\:-: a watpl'-tllhp type, wa:-: 
a I'ecbmgnlal' s('et i(lllal hoilPl' or ~3-ill\'il width, consist illg or seH'n 
Hectiolls,' ctl'sigllatecl S--~30T, Tlit's\' boill'I's l'('lH'psPlIt (YPPs '('ound ill 
a large peITl'n(:lge of Ihp plants whieh aJ'{' l'OIl\'t'l'tp(\ to oil amI also 
in new instaUatiolis in \rhich oil hlll'net's arE' I\;-;l'(l. 

Thl' spc.:ial oil-hul'Iling boilpr l!sPtl in (he (pst,; was of c:lst-il'on 
sl'C'tional d('sign. uspd as sbuldul'd equipllH,'llt by Sf'\'t'!':]I illlpol'tant 
lJUt'lll'r ma Illtfaetul'(,l's, Tlip boi It'I'-1>III'I1('I' 1I1i it I'Pportl'd Oil \\'as () f 
stppl constl'udion alld illCllldpc\ (11\' s()-('allpd tallklpss S('11l'1I1(, fol' (hl' 
!!PLH'I'ation of hot \\'alpl', , 
, Principally, til(' (('sts ('olldudl'd Oil (hp\ al'iolls IHIl'Ill'I'S WPI'(' of a 
contilluOIiS llahll'P, SOilH'. ltO\\'P\'PI', \\'l'I'l' intpl'Illit tpllt :tIHl so (lPsig­
llated on tlip. log shcpt:-; prPSPlltp(1. In tIll' ('olitinuOIIs tpsts tllP 1))11'11('1' 
was oIJPl'aip{[ fol' a sulliei<'ni lellgth of (illip p)'('cpding (,Heh t('st (0 

imml'(' steady conditions Iwl'ol'(' )'('adillgs \\'('J'[' IH'gllll, 
III Ill(' in'(cl'l11ittpn( tests 11l(' 1))11'11('1' \\'as opc'l':ltP(l as follows: 1 

liOlll' on, onp-hall' houl' ofl': 011('-11:111' hOlll' Oil. I hOlll' off; ()1!p-fOlll',l, 
hour on, 2 hOLll's of1': Olll'·folll'tliholll' on (with )'('ading ('ont'inuing 
1I11(i I ('olld i Lio1!s \\'1'1'(' t Ill' sa illP a~ (hosp I ))'('\'a iii IIg a I 1'" I)pgi IIIl ing 
of Illt' (pst), 

TlwlH'al ahsol'ption \\,:IS d('If'l'lllilll'd fmlll n kllo\l'lpdgl' of 11)(' t(,lll­
IJPl'H tlin' I'is(' of a kno\\'li II U:I Ilt i I Y () f \\'atpl' passi ng Ih I'ough tIll' 
boill'I', Thus tlH' hoill'I' was OPl'I':ltpd as :1 .Jllnl\PI' calol'illll'lPI', Thp 
I'padi!lgs of fllf'1 quall( i()" draft, alld tpnlppl'at 1I1'('S \\'PI'p Illadp at 10­
minllte intplTals 01' ips;.;, ant!. Illl' allalrsi;.; of tlip filiI' ga;.;ps by Ill(':lns 
rd' the ordinal',)' I'lIgim'Pl'illg flll{'-p:a;.;' allalyzE'r, \l'a:; 'I1Hldp (:\'PI'Y Hi 
mjllutl's of bUl'lll'I' opPl'll(ion, TIll' quanti( ips of \\,a(pl' alld oil \\'Pl'{' 
ll1(,llSUl'('{[ hy J]lPllnS of ;le('lIl'atp plat 1'01'111 scalps aJl(l t hp (Plllppl'at III'('S 
\l'CI'P dptpI'lllinpr/ hy 11I(,<lIIS of 1I1(')'('UI'\' (ltl'l'1ll01IlP('I'S, 

TIl('. h.'sis \\'PI'(, jllalllll'd wit h <I \'il'\\' to dise\osing llll' oppl'nt ing 
ehal'ach'l'isi iI's of tlll' \':lI'ioIiS IJIlI'lIpl';'; ill !II{' boilers 1I;';l'd, To do thi;.; 
(ltp fllPI I'att' was gPIlt'I'ally \'lIl'ipt! flom a poill( ('ollf'i([pl'aiJly bplo", to 
a poillt {'ollsitil'l'ably a],o\'p till' hoill'I' I'alin,!!, Ail'-fllpi ratios \\'biell 
\\'ould pl'p\'ail ill good pl'Hdicl' fol' (lip s('\'(,l'al (.\'1>PS of IHll'llPI'S \\'PI'(, 
gE'1'l('mlly adhel'('([ (0 ill adjllsting [lip hlll'llel'S 1'01' (('st. HOIlH' ([ppal'­
(un' 1'1'0111 this sp(till!!.' \l'as IlIlHIl' to stud,' tlIP pfi'l'('( of hio'hel' ol'lo\\'l'l' 
ail'-flll'l I'atios, FI';))) I these' data (lip' ('I II'I'l'S of (1\'PI'~~1\ pfTkiPlll'\', 
fll\<'-I-':as tl'lIlpl'I'atlll'p. and IIl'alilig pfl'pd \\'PI'I' l>loi(l'd (0 sliol\' tI'Il' 
l'fh'cts or Ih(' \'Hriablp:" 

DEVICEf; FOlt IMPIWVEi\mNT OF 1l0lLlm 1'~FFICIEl\'CY 

Pr:n('ipally 1)(,(,tLlIs(' nlallY oil ])111'1I(,I'S 11:1\'(' hp{,11 illstallt'd in lloilprs 
ol'igin til,)' illtl'll(lPd fOl' ('oai hlll'ning. alld IIl'I\('P JlO( \'Pry pflicipnt 1'01" 
oi I IJIII'Il iIII!', Sl'Vpntl P('OII()1I1 izi IIg dp\, i('Ps lJa \'p hppil t\('sigl)('d, :-\OIlIP 
of' tiwsl' an' Silllpl(, alld illPxfJl'lisin' to ins(all \\'llilp ()thl~I'H HI'P S(JIlIl'­
what 11101'(' cost I y and ilion' dilli('1111 of inslallation, Ike:!llsP of' Ill(" 
i111 pOl'ta 11('0 0 f' SI'Il'11 al'l'pssol'ips, I'l'P I'('SI' II ( ai i\'(' t'l'OIl(lnl izi lit!' IIp\' ieps () f 
{liP gt'lll'l'al {'lass Illl'liI iOlll,d WPI'P Sllidil'd, ' 

TlJp sil1lf)l('sl S('lll'IIIl" alld (lIlP 1I:il'd Silll'(' l'HI'I,\' ill dOllll'St i(' oil­
b'Il'IIPI' hiHtorv. is I lip sIIP('(-lllt'lnl bnfll(, pid 111'('<1 ill figlll'P T, Tn (llis 
easp t1w bafllt; is installpd in tlip flllt, pnssag('s of a slimll I'Olind {'asi­
iron hoilel' lin\'illg a l'ath('1' lillli((,d Sl'l'Ollllal'Y IWatinl!' slll'fal'(', TIIP 
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haillp. /;, consists of an annlliar slwC'{. of 1l1l'Iai l't'sting' Oil Hplil brick, 
(t. TIlt'dr(,cI of till' hafllp is pl'illcipally (0 t'lIl1;iP 111(1 PI'Odlle1S of 

combustion 10 "sc)'u!J" mOl'e of till' lIl'a(-ah'iOl'bill!.!· sllrl'tU'P. Till' \'jC'w 

$l1O',"S the nl'('t'ss<tl'r cll-m'un('t' !IN Wl'(,ll till' cilTu)'nfl'I't'Il(,(, of I lit' bamt'. 

ilnd the boilcL' ,,'all to ])(,l'IHit passage of Clip gll:'l'S, Tld..; oppning 

mllst not be too small 01' :t bn('k Pl'(,SSlIl'P \"ill 1)(' huilt upin th(' 

combust iOIl chamber. SllI'h;t1l ins{a llation shouldllP lllalip lw nI) 


('xpel'iPllcl'd Illnn with . 

the u ilL or a <Ira ft !.!'U!.!'ll 

to detp)'lllirll' j'lle (tntrt 

ill thl' ('Oil ti Jll;ition ('hal1l­


UPl' ill 01'(1(')' loa \'oid 

L'xC'l';.:sin' hn('k jli'l'SSUI'(" 


Till' gllll-Iypp, \'PIOlt 0)' 

Illlt-typP. and tl1l' ,\'\'1­
lo\,:-flalll(' n'l'I' i en 1-\'0­
tal'y hlll'nl'l' (':Ill \"illl· 


_A_.__________ J 

!t'It:I'HI·! 7.-FtHlI'-:-:l)l'lillll ,'ouml "I' S 1,\"1'" ill a1,o'lil'la: '''',- ·IIIHlllilati(J1l 1101111 .. Hlllnll
huilt-I' showillg' lIHI' or huflll':->; rOlllld lIoilpl': ,I, (;allll t spdlull~: n. dlug'I'tlill of 
(/, SJllit Iwid,; Ii, 1""",,. lIa 1114';-< i 11 po~j IiOI1 j n fu j'II:H'l'. 

st:uHl tJw pfI'c'ds ()f 1l10l'P Imflling [Iian ('an Ill!' hluP-flal1l!' \"(,\'ti('al 
!'Obll',\', This r())'lll of lJa 1111' is \'l'f"I'I'I'('d to as [,rp(' 1', 

The cl('\·je(' showli il) figlll'P 8 iS;t1l plallol.'ation or Ill(' 1m fill' 
idca. This SeIT('S nol oilly 10 inl'I'('asp Ilw s(,\'llbhillg pfl'l'd ,IS 
desel'ibed ill COIlIll'l'tioll wit 11 till' typ(' P IJatllp (Iig, /) hut 
tdso selTes to "r;'ollt,('f" additional ill'nt and t I'HIlSlllilit to tl)(l huilt'I' 
heating SUl'fae(' to wlli('il 1'11(' ll(,OIlO)]liz(,I' is faslplll'd. alld 1I1Pl\('(' 
to t'he boilpl' \\'al"t'!', TIl(' liSP of slIell n (I('\'i('(' is shOWJl ill lig­
1\1'(' 8 ill a small I'Ollncl IlPatill!.!' boil('I', Till' halllp is llladp in f01l1' 

Sf'etionfl to pPI'llli! inslallal io)), ' Eael1 sC'c'l io)] (,(I)]sists of a hast' pial!' 
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and a top or con'l' plale, The ha:-;l' plate is S(,(,IIl'('(1 to Ill!' flul' slll'f~\!"(' 
of thp boilpJ' by 11iPIailic l'l'lllPnt of hi~h Ihel'mal ('ondlldi\'it\', Thl' 
top plalp l1\:tkt:~, good tl1l'l'lllal ('ontnd' with Ihp hottolll (1)(1 ihl'ollgh 
thp Sl'YE'J':ti fills, '1'1111:-; (Ilt' lop plal(' gin's IhI' halllillg l'frl'\'t illllSI ml('d 
in figlln' 7 and al lill' s:lII1(' tilllP Ill!' ht'at "('ollpcted" by thE' lop plaJe, 
Hns, and iJO([Olll plat(' i::: l'()IHllI('lt,d .10 till' hoil('r \\'all'l', Ihm; inl'r('as­
in~ thp dt(lci i\'('nl'ss of illl' slIdac'!' of Ill!' hoil{']' to whieh Ilw de\'icl' 
is 'al ta{'lil'(l. This Iypl' or ('('(Jnolllizing d(I\'j(,(, will llP 1'('I'(,I'I'l'(1 to as 
lypl'S, 

Allolhpl' 1 lal iwly :o-illlpl(' s('liPIllP II:-;P<l in :Ill at [(,Illpt 10 slpp lip 
Ilw C'f1ieipncil's 01.' ('apn('il ips 0 I' illadl'q llall' l)oi 1('I'S is llip Tam ilia l' de­
\,i{'(' sl1O\\"11 in figuI'p n, Thi:-; is ('alh'd a fil'l'-pot 1,\'1)(' of "'al{'1' Iwater, 
,Yhl'll p1ac('cl ill tlH', fil'l' pot of an 
oil-fi1'l'd boilC'I' and pip('(lin pal'all!'1 
with !IH'. 1>0il('I' il:-;('I!' 1';)111('1" Ihan 
h('ing l1::;('d a:-; :J donil'si i(' hol-walp)' 

Ftt.;ntl~ U.-l)oJlll'l-Iti{' Wlllpl'-hputill,H lInit used FI(it'HI~ 10.-E('{))HlIIli%PI' Hllit jll'oridillJ.! 
:1.:-; huit!'l" IwitHtpl'. Hd(iilional {Irillltll'Y ilPHting- Htll·ra.· ... 

gl'lll'l'alol', till' dp\,i('(, SPI'\'PS 10 sipp lip til!' l'f1i('iPIH'Y 1(1 SOliI(' <!Pgl'P(, 
as will Ill' Sit()ll'll lalp1', Thi:-; Iypl' of P(,OII()lllizPI' will Ill' I'pfPlTl'd to 
as Iyp!' "',

Silllilal' ill pl'ilH'iplP 10 typP \\T, hllt sp!'('ially dpsignpd fol' titl' plll'­
POSl', is (itl' ('('onoJllizing dp\'i(,p sho"'ll ill figlll'P 10, This is illstall('(l 
and til'd ill with tl1(' hoil!'I' ill a fasition similar to that !lc>scl'ibed 
abO\"(I I>llt tht' "l'al ill~ sllrl'at'\' is !!I'('atpI' alld ! II(' ('('ollolnizill!! dtp(,\, 
is p,'p:-;ulllably gTl'alpj" It will I}(: ,'pf('I'l'l'd 10 as typl' F, . 

..Allollll'l' (YPl' is showll in figlll'!' 11. Hl'I'l' again illl'l'l':l:"l'<l h('at­
alJsol'hiJlg sUI'fa('p is p,'oyidl'd ill (Il!' FOI'Ill of ('astings pla('('d ill the 
fin'box nnd (he' \l'atpI'-hp:u'illg ('Olllpal't11I('lIIS of thps(' castings :U'P 

(i('(1 in paralipi ",ith (Ill' hoilpI' PI'OPPI', Ihus pl'o\'idillg additional pl'i­
1Ilal'y h(lal ing :-;lIr1'it('P, fn t1.w [lHI'I i('l1lal' p('onolllizPI' Il'stt'd till' allllll­
IHI' porlioll 1'('stS 0]] lit!' lop of' Ihp ('olllhustion-eitallll)('I' walls a.lId is 
pipl'd illio t 11(' I()\\"('I' pOl'l ion or tIll' !JoilpI', ,(,hl' anllulal' pOI'! ion is ill 
tlll."l1 fi!tf.'d wilh a itood.likp ('asling on'l' Ihp fil'(' and 1','0111 til(' top or 
this pOl'tioll it ('il'(,liI:tf.illg lil1(, ('OIlIll'efS with I Ii (I IIPPPI' pOl'lioli of till' 
!Joil(,t, :lS SitOll'1I in the t'lll. This \\'ill 11(' I'Pt:l'lTe(L to as t.)'1)(' V, 



Still al1othl'l' ,,'cll-known eomhillaliol1 of ('('onomizing" deyices is 
shown ill figUL'(' 12, This consists of two principal parts: (1) A wtLter­
tOl1taining" eastillg" III1NI. with l'('fraC'/ol',Y nlatl'I'iaL fOl'llling" a ('ombus­
tion cham\)l'L' al1d pl'o\'i(ling additional hrat-ahsol'hil1g suriaC'(' which 
is tied in with the boiler hy lII('al1S of piping as show11, This gi\'('s 
additional tlil'l'd lJ(>a/-ing" slIl'l'a('(': (~) "ril1g'Pl's" of nH'tnl ('l'llll'l1tp(/ 
to 1h(' SlIl'fa('L' of tlie 
llPPPl' Hill'S, as shown, 
pL'o\-i<le additional 
indirect lH'ating" Slll'­
Tate' to ('oll('et lle'n! 
and tl'ansnlit it to 
thc hoi 1('[' walls a nel 
1hl'I1('(' to til\' wa/Pl'. 
T h l' S I' t \1'0 ('Olll po­
tWllts of til(' ('('0110­

lllizillg ~yslpllI an' 
not ('(;1111(';'\('([ ill :111\' 

\\'ay, / h(']'('l'ol'(' l'it1i(:1' 
I1W\' h(' (' III P I 0 .v l' {I 
without till' otlil'l' if 
It is 1lI111l'('PSSn 1'\' 1)1' 
i III P 1':1 (", i ('n I til liSP 

both. This will 1>:, 
l'{,f(,L'l'('cl to as typl' 11. 

\':1 l'iolls ('ollllJinH­
{iol1s 0 f t h(' 11 bon'­
dC's(,l'i1>('d d('\'iC'l's e:l 11 

h(' ('ll1plo,\'('(l. VOl' 
('x:tlllpl(" type> J' \\"ith 
tYlll'S 1<' or Y: Of' 1ypp 
S with typl' F, Slich 
('olllbillatiolls \\' (' l' (' 
Illadp ill / lil' /('sis II Il(l 
tIll' pel'fol'llla 1]('(' 1'P­

SlIlt S aJ'f' ]> 1'(';'<'11 Ipd 
Jo'lIjnn; '1·I.·--~I)(I:-;i~1I or {'l'1I1Hlllli1.('l" pl'o\idillg' additIOnalIn/pI', prima!'>" hl'atill~ ~lIl'f;H't'. 

DISCFSSIO:\ OF Imsn.:rs 

Tnblt's 10 to 22 p:i\'p data ('O\·('I'il1p.: a lal'p:l' !10I'/ ion of t 11(' (-('SlR of 
d0I11(,S/ i(' oil hlll'IIt'I'S Illa<iC'ill I lip Inhol'atol'i('s or I lie .Johns Ilopkins 
SellOol or EIlg-iIlN'I'illg:, Ball illJ()]'P, Md. TIll' tnbl('s nt'(' ]>1'('s(,I1I('(1 1'01' 
stlldf'Il/S of tlil' sllhjp('( of dOIIll'sti(' oil iJIIl'l1ing ill/pt'C'sU'(l itl tlie dp(llils 
of (lip j>pl'fol'IlIllIH'P of oil 1>1I1'1](,I'S ill \'Ill'iOIlS hoilpl's. I foll'('\'PI'. fOl' 
flip JlIII'I)()s(' of Silliplifi('alioll, /11(' snlil'll/ l'psIII/s or illl' In/)Ol'niol',\' 
sfudi(ls !ta.\,(' h(,(,1l PI'('sPIlIt'd 1l1()I'P ('Oll\'Pllil'lI1 I.\' ill g'I'HpJti(' ('01'111 ill 
tiglll'PS 1:3 to 2;-3, For /IIl' dis(,ussioll ur /(':,1 l'l'sIJiI-. 1'l'f'1'L'l'tWl' will 1)(\ 
JlHHlf' to t Ii(' g'l'U phs. 

Tilt, ('Olllpal'is()11 of /(lsi I'(,Slti/S is Oil flip basis or (hpl'lI1:d ('lIicil'II(,Y 
oilly. III st'If'('(illg :I 11I11'1I('I' 1'01' :l Jl:lI'/i('lIlal' illst:t1la/ioll til\' \)\1\,<:1' 
would Ill'PeI to ('ollsidpl' o/liPI' fad ()]'S. stLeli us typl' or hoiit'l" g'l'ilde 
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of oil 111lI'IH'd, alHl amOlln( of se'ITicp I'Nplin'll, The' \\'l'i(e'1' has 
ah'l'llll,\' PI'l'sl'lltpdinfol'lIIat iOIl ill IlIOI'P dptail Oil (hi" point.' III 
(.Jl(' tt'~t}; UpOI1 wl1it'h tIll' gmphs ill figlll'Ps ];3 to 23 nn' has('(1 til(' 
bUl'llPl' \I'as always oprl'aird long (,11ollgh 11I'N'('dillg Pllt'h trst to 1I1Sl1l'C\ 
,,(pad,\' tOI1t! iliolls hrfol'P I'ead i Ilgs "'l'1'P bc'gllll, TIll' oui put ill gl'oss 

pC{lIintll'llt s q II a I' p 

fp('( of stpalll I'adia­
t iOIl a tallY gi \'('11 

flll'l rail' i" eqllal to 
t hl' fllpl rail' Illulti· 
plipd. by the' calol'ifh­
ntiliP of the fllpl in 
Bl'itish 111('l'lllallinits 
pel' ga lIon, 1Ill1lti­
plie<l hy tlH' ('f1i('iPIl('Y 
(l'X PI'PS"<'ll as a dl'l'­
illlnl), and di\,idl,d 
1)\, :?-IO. \\,l1i('11 is tIll' 
nilllll>PI' of Bl'it i::h 
t 1l('l'Ilmlllllitsl'lliittNI 
in 1 hOlll' by I "<llIal'p 
foot of st a IHI i Ilg ('a::t ­
il'oll stralll rad.iat.ioll, 

It \\-as tIll' plll'])(lH' 
ill till' 1)I'PH'lltation 
or tIll' data ill li!.!'III'PS 
1:) to ~;1io !.!'PI1P;'alizl' 
as Illlll'l! a~ fl'lIsibl(" 
.\ l'(' 0 1'(1 ill!.!' ". jll'I'· 
rOI'ltl:lI11'P 'tl:;ia a1'(' 

PI'('sl'lltl'll 1'01' I'(,PI'('· 
SPl1tHt in' 1lll1'1H'I'S oj' 
good dpsi!.!'11 1'01' l'iu,h 
~)l' tlw :->r\'PI':11 tY]l(''' 
of IJlII'Il(,I'S, Tlll'dif· 
f{,I'PI1('(' ill p/liC'irlll'ip:-> 
of ail\, or Ih(' 1'l'tlt'I' 

l'~lla HE 1:!.-~·I·;I·oJ1olllil.l'!, f11'o\'idill~ :ltitlilillll;tl IH·illt:ll'..\' awl 

~t'(,oll11:lJ'.\ IH-.uiu.! :-'lIrfan' 
 11I1I'lll:I':-> of a gin'll 

typl' UI1I1PI' a gin'll 
:->pt of IJIH'I'ating ('01HlitiolJ:-; is not slIl1iciPlli to Jjp or pl'adic'nl illl]lOl'l­
HI\I'l': I'Ol' tllat I'(':):->on (lip Ill'I'l'ol'IIIHlll'(' gT:tpllS ill li!!lIl'PS 1:3 to :?;l ('till 
IH' I'('gal'dpd as (ypicHI Pl'I'l'Ol'lIlillH'l':-; Ill' !!lllHI l'qUiplllt'lit or (hl' ~e'\'l'l':ll 
(YPl'S wlwil o]lPI':ltl'd 1I11<1t'I' tIll' s[H'('iril'd ('oll<litiollS, III IIIP ('a~l' of 
IIll' olll'l'ntioll of till' \'PI'(j('al mtal'," [JlII'Ill'I'S ill figlll'£,s 1;1 and Hi I'P[l­
l'PSPlitilig ]ll'l'i'ol'IIIHIH'PS ill H ~jx-spe'ti()11 :?:?·illCh I'llllild tY]ll' Hilt! .ill H 
:->P\'PI1-SP(·tiOIl ~;l-illl'h \\'ntpl'-llIl)(· typt'. I'P"]ll'din'ly. (Il(' IH'rl'OI'IIIHI1{'PS 
of Ilip 11111(··lIallll' ,'PI't i(':t 1-1'01 HI',\' nlld Ill£' ,n'llow-f1aIIIP alOl1)izing' (Ylll'S 
of 1IIII'IIPI's \\'PI'c':->O Ill'lll'I,\' ali"p thaI rfll' silllplic'ity thl'Y WPI'(' a\'pl'a!.!'l'd 
llild PI'PSPI1I('d lllPl'ply :1:-: pt'I,rOI'lllHIlC'P 1'01' a "(,I,tie'al-l'o(HI'Y 11I11'11l'1'. 
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Figlll"(,H 2~ alld 2:~ illdi(,Hlp Illl' l)('rf()I'lllall('l'~ or Ill(' nll"iow-, ('t'OII­
oll1izE'1' H('h('Il11'H <I(,;;('l'il>('<1 Oil pagl';; lH {o ~l. '1'11(' I"('/'(,I"PI)('(' !PUPI';; a/'(' 

thOSe'lli-ipd ill ('las;;i ''''ill!! till' nll'iolls dl'\'i('(';; alld ill lalJ('llill!! tIll' It'st 
points a.ml g-l'aplts iii figlll'l'H 2~ Hnd ~;l. TIll' ('al"iJoll di()xilll' ('Oll{Pllt 
of 111(' Hut' g-a;;('sl'OI' l'Ht'li or tIll' ill(li';id.llal I(>~t p()ill{~ and g-l'aph" 
is :ils() shoWIl in figlll'PH ~~ llnd ~:3. 

'I' \BL~; Ill, IAI,f/ o[ In/ till III (uJ' 1"' I"lir'II/-/'Ii/'II'/I, 1/1'11/)(/'-//(11/1' '11()lIIr~i/111 /J1II"1/1'" Ii 

I FlIpl oil XII. :!I 

no I I.E I{ ::: 22Wj 

1'114'1 : !{oom ~Ial'klJ,an I 	 C;:H4 II, lo) ('{) by 
i 

c·II.1 !:\~lly Tlwl' ­
11ah' : hUl'lw{i tl~m· tl'm~ (' 0, h~ c::Jo'l?' 	 mnlat h:l~l1 	 I vlIl- '\ ol~ I ~'\'ol.' \ ul·

llf II·~I p(\r 11('ra M JlI·ra· \ (lluuIt' hy vol-	 ,-/II-I of 11m' I 	 lIllII' IJn;{' II {I 1(1 unw lJllU' UIIII'1I0llr (W'P I lin' 	 ('rput'), 

flldus f't'- I', r· !Jt r~ IJrr- 1.1, r, /)n­
.','/.:" finllltw. ld ",t/I, 'j' I. I)lfnld I), 1ft "I ntl! (Iltf ff fit f( III nul flill

tho". 	 III 1. :.7 I) OW fiO ·1;';1 II. ~(J :. III O.•iO ~:! 90 ';"n.1 
!U L 1:1 01; ,,( :"hti HI ;,(J 1111'; h. IiJ (J I:! ,:\1 (J Ill) '~.Ia 77.:' 
11 I HU 0;.0 Ii:! h~, 1:1011 ;{ 70 ~O ~;{ JfI 'i.;. ;-.. 
!".! 1 '2.li o:r; til m~~ 1\ \(l 1t'1I) '.!O \ },:! ;JO 'i"ti. ~, 
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fHJiLl,;H ;, :'!;{OJ' 
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\" I 70 111;- ,",Ii 1\10 II :W ;, 11(1 :.!(J ,:1 lill ;.i .... 

T,\IlI,I'. 11. /,111/ of Ie"t tI'I/'1 [IJI' /)/'1 ""/(1". II/flllli::ill'l hlll'//(I' 11 

I FliP/ ,iiI '>;u, :!l 

fll" I.E B :..; 2:!Ofi 

(0'11'" ( " ) ~ 	 Tlll'r-Orall Hlltllil :-:t:tt·k {',II , 0 ... II, ('I) ('II , \,llal\"'! hllrtwd 	 1Il,,1'11 b~, -I' tt'UlI','r. f"mpl'f ).) h~ vul- IJ.\' \111· b) \01· 11,\ \,,{ h~ \IIJtt-... r 	 ","PI" 	 dli ­ofJIIIt· allin- allll'l' \ ull IJ III v"lIJUU- lUlU' UUI!' IlUlI' Hille JJfIU'J!fJlIf (·It·UI'~ 

II/diU! I', r- j"T /'11" l JfT- iJl r- 1), r~ 
Itl.;.) anI/fIliI( 111 n rJ/" /' F/frnllt Pi fl'~ III I'lul I'lftt ("(TIt {'lUi Cfltt ('till 

~I'pt 	 HI I. ", (10111 ,. .i:10 11I,:!11 " o.~~ ,Iii n. 0:", 0 III II ur. ,""~. :!.J Ii:" ~ 
:!o J :!;, Ulit 77 1:,' !I. r,tI .or. . I;!i Wi W III ". r,;. nil, [, 
:!O I :!~ 1110 ,I I" !I I.~ un ';' I:", 0;, III , III ",1 ·111 tif 11 
'oW l,\lh 11111 ....:.! \:I,; H ,1,1 II' 7. -..0 1\1 ,Ill \Il ....2. j~J 71 ;\ 

HOlLE!! ;; 2;{117 

:-:,,'pl :!s I I' II fl.):1 ,. ,i;:~ ., :'!,'i 1111."', " :\" III II 1:. It I),; , ". III 71. , 
:.~, 1).\'; ", ~I Ii.Wj '>- " 1,"' , ,,, 71 ~I ,I., 1:1. 1Il ,I.I 211 ,2 1:; 

~I,.rl~ Burnt'!"' hPl'r:ltl't( uunl t'qHHiliritull \\ a.... l'-.n,hlt ...ht'ft 
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[Lellel oil :\0. 21 
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.O:lI 
.1127 
.0·" 1 

./1·111 : 
.11lX I 
.nlfJ 
. /1·1:1 
.ill!l 
.II~II 
.02fi 

112:! 

OF. .I 
~g:8i

1 
,0.0 I 

'S.II , 
~1.11 , 
~1.11 ! 
~1.11 
7:t. n 
,I. n 
~:1.0 
S:1.0 
-'\.o 

IJereell1 
Ill. 2 
11.:\ 
10. ·1 
H.I) 
12.S 
1-1.2 
1:1.1 
HI.S 
!(I. a 
S.X 

1I1.!1 
11.0 
II.S 
11.:1 
1:1. x 

Pt'rrenl 
7~. 2 n. ('. 
71. a H, (' • 
07. H h, c . 
r>~. 3 n, C • 
7l.a h,e~ 
70, fi :1, <"~ 
I>~.:I h,!', 
Iii,!) tI, t', 
HH.2 n. <I. 
lif). Ii h. d. 
Hlt'( iI. d. 
lin.:! ii, d. 
ItH.:! 1 H. d. 

~~~: ~ i :!:!L 
1J0 

~o\'·. 7 
XO\~. 1~._ 

Do 

1.11 
1.·10 
1.:1:1 
1.·1i1 

• IK1!1 
• OilS 
.0111 
.IXI:! 

.11211 

.111' 
•U22 
. Ill:! 

XUI 
.~~.n 
iii. IJ 
i.i.5 

II.ll 
12. ·1 
II. " 
11.2 

IiU.5 
70. fi 
ns'·1
nn.l-: 

H, r . 
h. t', 
n. ". 
n, l' 

ilu 
:'\(w.l:I 
:'\0\'. HI. 

I '\I 
1. .·1 
1. .1(1 

./I:!'~ 

.02a I 

.020 . 

.1121 
+.0·10 , 
i".0:1O . 

,1.11 
77. () 
SI.O 

lIl.X i 
12.7 \ 
1·1.1 

flll." 
71. 5 
72.2 

n, I'. r. 
n, P. r. 
n, t'. r. 

Ilo. 1.:;1 .022 .110:\ I "I. n 1·1.2 71. n n, r, f. 
Do .. 
Do. 
Do 

I [.~ 
J, fin 
1.1)5 

.1I2H 

.t12ti 

.11:!.'i 

+.0211 
+.11111 

.OIU 

Mi. 0 
kfl.3 
X:l. 0 

11.4 
13. I 
'I. 

liS. Ii 
flU.fi 
flO. a 

n. I', 
".('. 
n. 1'. r. 

1)11 J. r,3 025 .11111 sa II 11. ,) 1i{J.1i n, (I, r. 
Uo 11211 . • III 5 ~:!.II ' II U 7a.!! H,l',f,g. 

:'\ov, 20 l:m\ i t1~1 I .017 I H5.0 12.5 74.R,n,l·.f.~, 
~oL21 I. O:i .112:\ .0:\2 ; H10 ' 12.·1 71. Sill, P,~. 

--,---..,..----_.... ---._--..-------------­
n(·,', 21 ~ ____ _ 1.14 II.II:J.I n.lI;Jn i 71.0 !I.·I {"·I.X; a, ('.. 

I 
Jan.; J. :IH .025 .1I2S 75 () : 7K I j n. ('. g~ i.Inn.!) I.fifi .1~15 .IKI7 70. n ' 

.Inu.lr. I. XI .02\1 .11:m t ns. () : 12· /} i ~X:i t :!:~: 

.Jail. 17 1.. ~2 ~ +.(~Ir. +.11111' liU. tl ; 1:1 n I 7ft I h, r. 
Jnn~ 22 1.:1:1 .011'. . !HI, 7:l III I) i i.s. I n, d. 
Jan.2S 1.11 +ll3S +022 tit II. a 7S. I n. P 
JIlII. an I. 14 +02H + 02:1 fj;{ IL~ 78. {j H, C 

.\ pr. 2\1 I.IIS !UHi5 i lI.lI21 10. I H7. ~ ! Il, d, r. 
llo ~ !lU .O!?:'i .112·1 U.7 tl\.l. 1 ; H. tI, 
lin ur, .021 .02J 1Il.:1 fill. 1'\ 1 H. {', 

~J"y I •• .117 , 1121 .011 w.n' itt S i fl, (', f. t.!+ 

ll" !I:\ ' .fJ~1 . ')~i 111.11 HI.S. i n, e. J.;. 

1 ;1.;:; ('onlintlllll' 0lwmtwn; lJ ~ inj.Prlnil It'll I. Ililt-Wl lOll; ('=nriginal rlls1 rihllillr; II :::::n~'\\ ,ti,,'rillIJlur; l' .:;;:1Il'W 
:-;hort dislrihufttr , f:.::.:wilh ISpit I' ('('OJllJltliz('I'; l'"·::dpt'k. installl\ci 

N'()T~~.-- BUrilPr uJ!(lrutt'rI ulltil {·qttilihrilllll wus psttlhli~llPd, (,\l'('pl liunl1e Illtt'rJllll h'UI run:.;, 



'1'.\111.1' l:3.-I,UfJ of lest clala {ur {Jre.~sllrc·(/tumi;·ill!' IIlIrllCI' Ji. 


[1':0.2 fllel oil \l~cd {or first 5 lests; Xu. a for remt\inderl 


rIO II," It W·~OO·I 


j I '1,:
lJraft · : . .. . ! OilPrcs.\

b~i:~~d I I ltoo:" . Htllc.k. CO, by i'I'hcrlll"l: sure pcr .. 1Dale of lcst Jtclt~i~e.ra•. tclllrer'l- volume IClfidCnCY! square I HCIIl.uks per hom Bllsc of O\,CI' I e I tl rc linch gageltire! [tile 
1 I '.I 1·----1- I I" ..----·~-i .. -- --....­

t ' 111cl1es oj /lIcl1e" oj' '! 
1984 G(llloll.~ t u'u/t'r ! U'fllt'r : 0 F. : 0 P. Percellt I Percelll POll Jl(i.~ I 

8ept.2L. 
Do. '. U~ i 0: g~g' 0: g~~ I ~g: g! m \ l8: I, :m: ~ m~~: ~: 

Oct. 1.... 1.82· .070 .O:!:!. i2.0 ..'......... 10.2/ G5.2; 125 h,c.

Do. . II'. ;.))~,l I .. 0=,',"8:. '. (Ol~_;~I~' I, i:l. 0 : 888 10.7 G5.0 1 150 n, C.Oct. 2~ __ . . 0 . n.o 10. a fiii.:l I 14ii h, ('. 

OCL. a.... '.' .. ' I.Uti .079! .()2U I 71tO \.)0211 I{).~ (l!i.l l':i2 j Hll',I 

OCL·I ".' ... 1.0!) .05U .(H2 n.o finll 10.3 fii.S II 100 \ a,c. 
Oct.. 5. ..• . •. 1.07 .052 .ms 7Z.0 '•••••.. ' 10.1 !In. 5 102 I h, c. 
OeLS ....•..••• Loll; .07·1 .0·10 75.0j lOll I 10.1l IH.2, 110 I <1,c. 
Oc\,11 ., ..•...• L4fi .0iO .o·la ZI!.O (!~~ ~ H.,! t~:!.!! I 111; H, (', 

Do. I. iii • Oil .0·12 ,/}. 0 "~il' 10. S hi). a 150 a. c., 
19S5 

Jail. h. 1.li2 .055 , .021 ,:l. 0 Ilia 10. 1 i tlK i Ibl) , n, l', 
Jail. II l.lIli I .052 .021 72. () 10. ·1 ns. fi 1.1U h, (', 
.lnn.ll L 72 .0.111 I 

I .021 75.0 n:i.i i 11.0 us. I 150 II, (" 
Jnn. I~. I.~a .0;;7 .01, 72.0 Ill. 7 HiLH 150 h. (', 
Jnll.23 1.aa .1).\1 .02:\ ill. I) 1I).~ 72. ,-} 150 )), c. 

: 

. u=('ontilluou:-; uperation; It .o:.illlCl'lIJill.l'flt opcl'ulioJl; c.=with typl' II cl'ollollliz{'r. 

~OT1::, Burtwr UlIt'rntl'd unlil ('quiliht'iuUl WH~ l·~tah1i!'\h~'(l, f.'xtt·pl duriutr itltt'rmilWtlt nlU~, 

'l'.\IlI.E H. IA'I! fll I('.~I d(l/II {fll' /'I'I·tir·/lI.m/II!'!! IIlri/lli::;II!! 11II1'I1r'!' j, 

BOII,Elt :-;·2:ltJ, 

Drurt , FI1l'1 ' Hoom Hw('k i CO. h\·Tht'('!l1l1l:11111,- of Il'st I Kil1d of IlJUfll1't1 ;--..- : . llHnlJPr~ 1.1·1I11'<,r·1 • 1'111' I "fh· I HC11l11rks 1 
: ft1t'l lwr 1 Bns(I or i 0 \'('r nlure \(lU" I c!"I1cynt lin' ; 

! hour I HUl' . rirt' 

..._-~.-I__.~~ .. ·.. ··-1---: [I/chr., 0/ hleh"sol' 
i

If).J,f I {talloll,v lI'u/er '(I'ufcr I OF. 
SO) 

0/". Pat'rlll Percent 
·12:\ 12.;\ 


1)0..... ..... /\) .) I I. 82 • o:lS . 048 S2 4/j~ 1a.2 I I. ,~ H. 

Do.......... , A (. -·'1 2.U!! .oas .0·'" sa .50; la. II iii. I a. 

1}0.......... 1 : 2.28 .oali .O:!!! sa 5:~a la. II i5.3 a. 


Ot:!.IlL .. _.....} '{ 1.·li ll.n:\:\ u.0.12!' ZZ· ~ 11. 

. \ I 
-.) ,o(·t. 10••.. J. fin O.Ofi \ 0.05·1 I ,- 90S la.1i (la.31 n...}/\ 'J .{ .; " O..... ;Do.••.•: I. flU . (Ha' .O3:l 72 I 71U 13. , 71.1 H, (I. 


Do.... " 1 2.1-1 .057 +.020 7a Sill I 11. Ii Ii:!. 2 , 11, (', 

Ilo..... 1.110 .085 .014 74 1 SIiO . iO.8 a, c. 


0,·1. 2()... Ix .\ 1/ I.all .0·1\1 ;'1 11.:1 O:!.2 \ H, c . 
.oao 07.(1 
Opt. 2;1... '1 ' LOS .mm . III:! 77 707 11.1 65.1 a, (:.O. "il 700 I 
Ocl. 21... 1.08 .05S • OO!! in 10.11 lifi.1i h.1! . 
(let. 211. •• 1.00 .078 .022 Ii'; '--s05'1 111.5 lia. -; a, l',• /\0. ,,-.\Nov. 2~~_ ~. I. 52 .llIili .O2[) if) H. i H4.7 ii, ,'. 

Do••••. 1.:1-1 .lIali .lias in I lilA 57.2 a. 
~. •. '}NO1 3 ,{ 1 '''slla 1;;\O\~. 1_____ i • ~-I I.-I:l .Illi:\ .011:.\ );1 022 Ill. 7 flli.n 11. 

I • 1~O\·. {L ....... 1.·12 .0117 • 01i·1 iii I U.O I .i7, 1 h . 
. I I I I I I 

J 11..;;:. ('oot.in1l01JS 0lwratiou; h=inh'rtllitll"11 II I II'rlll iOIl; (! ;, wit h t YI)tI P {'("{lnolllizpr. 

X()'n:.-J:ur'IIt'1" oPl'I'uH'd IIlltll I'qllililH'illl11 WIIH" pxlahlislrpd, t'~('p,,1 dlll'ill;: illlt"'lIlilfplJl 
I'\lllli. 

http:Jtclt~i~e.ra


26 '1'1';( 'JlXI<.'.\I. BULLETIN ]()!I. t'. N. DEl.'T. Ill" .\U.ltlCTL'I'l·I:I·; 

'1'.\IlLI' Jfi.~-I'()!I o{ /('8/ (/({/(/ (U/' I't'/,!i('(//-/'O/(//,!! /JlIII'-//(fI/l(' b,Il'III,/, .If 

ll~uel oil Xn. :!J 
JlO.! LElt \\'~OOI 

co, hy ITh~rlll!l1 Hl'fllnrks IYOI11111(> (>lJidl)TJt') 

IIII'll('.' 11/cht's 
J[d 4 of wahr of lI'flllr C./,', "r. I Iliff"'1I1 J )~'f('{'llt 

Xo\'.12 (;C"lt~'ll i fI.lJ.1Ii 0.0.1; 75. I) i;)~h I II.!I IH.:1 H. {', 
~o,·. ).l 1. 27 . On:! .(172 72. (J ll.:l 1i7. a h, C'. 
Xo,'. 15 I.ti:! • OU~J .0.11 75.0 11.1 bS.·1 H. c. 

DCL I. .JO .il"·1 · ('f,U ,:1. I) 11.11 f)!J.•,,\ ll, r. 
Xo\". In 1.·11 •On:! .07, .a.o 10. II 1i2.·1 h, e . 

flo . I. 12 . Ifill · (Jilt, ir).I) ,;')·1 11.1 oa..1 n, C. 
Xo\'.2H. LOll . O-l{) .O"fi hl.O III.S us, n h, ('. 

1)0 1.02 • O:!!) .mlJ 1;•• () !)SU 11.1 70. !I n, c, d . 
XO\~. 20 1.00 . nan .02:1 77.0 11.1 .·1.·1 b, l', d . 
C\C)\.:J11 l.1l1 • Oil · lila ;;,.0 71i·t 12.2 07. [, n, r, d. 

Do. 1.00 · OilS ,·1.0 12. I 119.1 h. ('. d..011lio. , I. O~ • lOll .OOU 
'1 7:1.0 L2. {) 1)5. I fl, (', d. 


iJ('c. a 1.1111 . 007 .002 n~J, () I~. 0 oa. ': h, (', <I • 

Do .. 1.11.> .osn .0;1;") ! • ·1.0 n07 111.11 liS. !I H, l', d . 


1)(,l'.5 1.02 . 055 .oall 71. {) ! 10. :1 OIl. I h, (l, d . 

1111, 1.1I2 .llIi·1 .117·1 i2, () II. ~ l.il.:l H, (' • 

1.1:1 .Olill . U7.i 1 7:.1.0 : Ill.\) fil.fi n, {-'.
ll"'·.•

llo, 
1.20 .11" · tlTi li!1.0: 10.7 1il1.·1 h, r. 

De(·. IU I. '~7 .llIi·1 .lIfi1i I 0;1. () I II. ~ III. 2 H, C'. 
.Dec. I~ I.JO .Ofill .()fj!l t !In. II : II. ;] :"i7. ~ h. ('. 
I't.l(', la 1,0. .0.0 .lIi·j· (ii.O : 12.•1 1i·1.3 h.l'. 

Do, 1.1I1l .lIfi·1 .O;!! i 71.11 : la. :l til. X H, C'. 

Il" 7tO i1.07 .00m .07!! ( 1:1.1 (j(j. ~ 11.(', 
llee. 1·1 I.O;) • II,il .1)21 j .1.11 . I~.:l 71. U 1I,{·,tl . 
I>Pl', 17 I.llli • 0·111 .O:!l I in. 0 i 12 ·1 I 71. i n. (', d . 
11m'. 21 1.11,. • flf,:! .o~i i .:1.11 I 11. [) : 711,7 II. t', d. 

1 HO!"·Conliotlotls OpCl'tttion; h=intennitti..'lIl opernlion; l'=stnlldl1rd ref1':lt'tOI"Y (till' };t'l.!lIlentsl; t!:z\':ith 
IYll~ I) l'l'oIlOlUizel'; p= _~l.tuHI:1nl refractory- jl)us grit\:.. 

i\UTJ';' Bnnwr IIpernfl'r1l1utii (lqlli.lihriuJIl Wilt'. estnhlislwd, l'X(.'Cpt c1urin~ intermittent !"tillS· 

'l',\I.lL~: l(l.~""I.(Jrl o{ /('.~/ riala (Ul' ]IJ'('8NIIJ'('-fll()lIIizillfJ 11111'11('1' X 

11"11('1 oil XC). :q 
- -~-.--------~ 

-lin (C:~'f1 I ;:";T~ ,,;;;;-	 1'.'-:--- (J'n Jll'o:o·r---··I{OO!ll SltlC'k C02 hy I h:'1',lIIal SUrt, per ~ 1I ••.Bod ..,.
Il'st , !lUl'BPI! 1\01..;(1..( r On'l" l PII1 PCI'- IOIIIP('I" \'01 II IJtC ,.CPI: . "flllHre HI 111.1/ k 

aturo ntul"oIU'I" hour flllC): 111'0 	 (1\ I\{ j irwil gng<'1 

I 	
0rrl.,,1j I (;Ut/OIlN Illcilr., o/'llIrl'M 'J F. i". IJ('rc(1l1 /Jfrf.'tnr ~""(J/ll::1

"'·11I1'. ~.IIU lI'u/a I Iruta 7t ii:lU [1).1 7~ I 1011 n. 

2.0·: !.I. OW O.IJ.I:J 71 5:j·( 10. I iO.5 Hill n. 


:!s f ~.tJ·I .lflr, .0·ilI 71 !i:l.i 10. ~ 100 I tl. 
~ I)"X' 2. ~·I I ,Olii .1Jt)!) 00 fi02 10. ~ 71. I 1)1). oj I
~ti I s . lias ~ 	 10. t tr,:!:!Ir; I.hl I .0:111 07 ·IUJ ~ 7'2. I 110 I'"u.
~!) i • 	 I') .)'2. fiS 1 .o:m .o~u 75 	 71.7 I!:; H. 

ApI'. 	 [, 1..~7 ; . o:~:! .0'27 ,5 i ~~ri I !ll.h 71 (} 1 1~1l I ;1­
.D:!~ .oa7 ! 

.- ----.-~-~."-~-----.-

1Vuel oil ~o, ~I 
----- -----_. -~~~-

ApI. 	 Ii I. ~fj 0.0:1, (), nail it, :>1·1 Ill. I 70. U f 120 i 
\I • 

H :!:ill, 1.ljfi .11:1:1 .0:1·1 li·1 ·lhh lUi •D. D I 1:.0 H. 
H 1.:1:l .DW .mil j (\·1 ,J:i!i tl.S i·I . .) : 1011 1I • 
\1 L 72 . I)I~ .0:0 fill ;JII u.s li9. J 100 a. 

I, iii .011 .IIW I 7·] :,i:i ILII 110.1 120 , n. 
I101 .1..11/ .01H .027 7·1 5tifi 11.1i Ii;. U ! 1011 I n.!10 : I. ~.-t I .11111 .nOn 7, 

I 
·1 fill , 1:l.1 1i!1.:l so : n. 

II; c: ·~:m(j 1.2fl .11I1 .O~I Xll :;O~ 10.0 Ii" ;i I 
I 

XO : a. 
II: J. 'I~ .021 .O:JII ,0 filS II).ll fH. n 1011 I 1\.i'")
J~ 

IJr.: 1.:10 I .01H tiS ·\:lS J9 'J (is, U i 102 I n, d. 
Ill. . J.lil .1111 liS ,lh:J .. - ill. ~ III~ n, d.

'" 'I
III I,:W .1I:!a .11110 ! liV fi.1i II. h li5.0 XII i tI,l', r.Iiii }\"~~I!(J.\ :{ 1.1·1 . oaf) .1'110 f)H [,fib i II. S hI! I lI,t',f.Iii. n 
Ifi I. ~!i .n~li .111111 liB 5;.n I') .) 67. I IH,e, r.Xtl 

I n=Cunt.iutJolis (lJlPfiltiun; d=with t'yJltl \\ l'l'onoHlizer; l\=with 'Ylli..' P f!('oJlomi:wr: f=wilh type \..­
ec'ollfllllizer. 

:-:o'ft:.~1111r11t\1' 111,('rntptillnl.il (1(ltliiihriIJIII wus p!>t.nhlh;II('li. 
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~Tl'!)1 UF TilE \1\1. Hl'lt)\EIl FII\t 1)t)~IE~T\(' \lK\TI)\\; 27 

'J'.\1l1.~~1I.~ ·I'/)!I (Ii If'sl riala lor Ff'rli(·(/I-rolar!I. /1/1/("/1'/1111' /1111'11('1' (). Roil,.r 8-2,!()fj 

Drafl 
Fuel - I((l0l I! SIIIl'k

-~-~--~--, 	 ('o,hy \ 'I'hermalDnLe of te:,t hurned 	 Il\mper~ tl'lllpcr- Itplllnrk..;. I
\'olllllll' /llfljeil11ll'Y,per hou!" Bu:::eof I(]\'~r fire 

ntllrt..\ attire i 
flue 

.. _---. ' 1 
-'-~'-~'---""-' --~-~·i 

rllrlli'.~ of 1111'11,'" orl 
o}-' \ 

'\lur. ~". I. 25 (I,(m 0.0;>/ : 'i~. () .1'011 i I .), ,~ I a. (', f. 
Ilo .. 1. fi~ .()40 • Ofj~ I 71. (l ;)~H 'I 7:1. !) :1, (O,f. 

19,15 (;0110118 'Willer 	 U'U/t'T_~ I OF. lINt!'1l/ 

I
liD .. I. ;)H .(JCIl j • OOS ,:1. 0 .i~U 1 7a. ~ n. to, f . 
no 1.•iO 02·1 .O:j.J ! 7:1.0 fiHl 7;;' :~ ",('.r.

.:\la.. 2:i ... 2.3:1 .020 I .025 li.1,O litH I 70.S ".(',r.
110. 	 1.·1·1 .OIS i .lIan i ,~j. 0 ·ISI 7.i ii :I. I'. f. 

I ...-----. 
J a=('OI1tiIiIlOIl~ opl'rntion; e=mctallll!lIrth !'l\l!lT1enl:-,; f=wil h ~rills. 

:\o'l'E.-Burm'l" ojJl'rntlld ulltil ('(luililll"ililtl \\'llS 1·,;rn·)Ii!'iilrd. 

'1',\111 E 1X.· /'''11 ',f If'NI ,111111 {fll' I"'I'/i,·((I-l'Olrll'!I. 1.111<'-110 III!' 11l1l'!If'1' /', IIi.il,'!' ,'i ..! !(lIi 

/1,'11('1 oil ;-:0. :! / 

Ilrufl 
F'!t'l 	 H.oOJJl ~ta('k ('02.lIy '1'IwrriluihUl"lw(l i ll'mpl\ra- 1l'1Il1wrn~ rOiltllll' (lllh'iltlH',Y

filII' hour, Ba:;t' of tlll'(\ lul't\ 
lilli' 

III"'"wof 1111'111''< [/f 
I!/.l/j Oul/ow: watt'( wal(r t) j,', jJ('rC'(,lIt IJI'J'{,(, lit 

\1",.. ". I. IS I n.02:l O,O:Hi 77. () I II. n , 7a. [) (', d. 
'1m. I!I. 1. ·Ii ' .fI:1ii .O:i.i 7:1.0 ' 1:1. Ii ' 7fL 2 (',l'. 

110 L.HI I .ms la. U I II-K 7-1. Ii ('. d. t~~ 
llo 1. nn 1 . n:l" .IlIS 77. \)1 11.1) ili,7 (',(l,t),f . 

t l'~"" (ja~t-lruu ~l'gnwnt!'.; d -;;;; m<:'lttl J:.!;rid~i (l::;.": lwart h pad; r-· l'\.h'wlt'd-tlhul(> r:lIl 

"on,:. BlIl'llIIr oPPf':l1<'d 11111 iI t'((uilthriIiUl WliS l'staiJli..;lll'd. 

T.\HLI~ ·HI'.' 1,011 of /r-"I rI((/1I fol' IJI·""NI/I'I'-II/(l/lli.::ill!1 II/{I'I/I'I' H 

(;\" :~ fUt'illilll"l'c1 with lir"l:! t('st..;: :\o.:! \\ilil J'('llI:lilldprl 

l)rnfl
[-'tII'l ItoolLl ~ta('k '!'lIrr- Oil prl's­

I)nl(' of hurned 1l'1I1- t('III~ i C{h hr i lunl :--ure pt~r
'J\oi!(I1' 	 Ht.tllHrh ... I
1(\I'; { ppr 	 pjlr~ IWI'- : n)luflW I '-'iii· ~qllal'l'Bu...:t'of i OHlrhOllr i tlluro 1I1t1n~ ('il'IH',Y itl('lI

!llll! I Ht'4.' 

-I~ 

I I I i 
, ,11l<'lu,' of, I ne/u'" or 

llJ,J!i taut/ami j lrnit-r ! INlter OF. o p. I)l'rctllt Il('({'t'llt I)ollud.,· 
Apr. I 	 'iIi 7h,'i I K7 r"I. fl L!!•• I'.\I···"lkl·1 f I,'I~ I 11.l1·1~ II.!I~S ,:w I 	 12:,5 - ill.:lIl .IIIIS ! .orin 7a ~. I iii a I'. 

","'10-:' 1.:1:1 .1>1:1 I .11-17I::! 7·1 '12ti 1lI, ~ 72. ~ lIl:l 
12 • -' (It I. fin, . (J.IS .04S: ,':1 ·ISI i 11. S i~. Ii 1115 
l~ I l.:lO : . (J,i:1 . UOIl 7,1 ij:!.j ! II. Ii O!l,!/ lOCI I'. d. 
II I. 211' .(li\.( .lIl;' SI flA!i 1l1.(1 Ill!.:! H15 (',d, 

III 1. ~s i or,n ,(II:! ,') : 725 \1.7 111.·1 101 ,'. 

~:J 1.27 .nnn .O:!:! i i~ I fill·1 ~. i 1111 ~ 100 ,', d, 

~'I 

II'· ~IHI.I i 
I 1.:lb .olla .021 I 7ii l (·Ifi \1.7 (iLl IllI1 d. 


~·I J.:l:l .IIIIU .O!iH ;1 ~HI 11.7 fJl.·1 1110 

~O I.:W .II:HI .II:!~ i 70 i !I III Il.h ,-.2.·, lOll 

~fI I. :1:1 . (Jti";' .(111 

I 
7:i 7r,,, !I.h i .it). 2 j 1110 I',


I 

t (':;::;\\,1111 t.ypn I~' ceollollli1.t'l': d=\\ith type l'i (-'C'OI I(JI II iZl"r i {·-=--:.,\il.li l~PI\ 1'111"111011111.(11' 

.i\(J'I'I~.- llU)"IWI' npt'rah'd IIntil PfjlliijliriulIl wno:: I'stllblh,h .... d. 
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T.\BLJ;; :!.o.···_/'O!/ of /(',,/ (/(1/1/ fo/' //I'('""IIIT-I//()/Ilizill!l IlIIrl/l'/, 8 

1Fuel oj( :->0.21 

BOII.EH f'-2201i 

ilraft 011 preH'I-'uel 	 HoolII ;;tll('k CO, hy ITherllllli slIre p~r
J)ah\orll'~t hurned ; temp("r­	 It'mpcr·j YOhlllll' if'lIi('ieIH'Y :-;qlJnn~·

per hOllr I Bt:h~eo( O\"l'rCim1 IltUrt' Htun~ j inch 

11Ic"es of' 11Ic"l's of: 
/.9.1,; OllllOIl,'f ' wu/t'T ll..'ntu : OF 0 F. Pt'TCf'lIt 1 Pe rcell I I' PO/lwi.If 

~o\'. IS. 2.:U : o.o:m n.o:14 . 7:! " 705 la. ti 1 lio.O 102 
Do. ., U" ; ,IH7 · U51 7U, tHIi j 13. Ii ! tift '2 102 

XO\'. IU i:ui : ,1148 .U·I!I '_'"U, ! fiG5 1 11. 2 H2.U 102 
~O\'. 20 2. as i .0;'1 .tHI 701 11.6 IH.2 102 

Do . 1.50 I .058 · Ilfi5 11K S 102 
X(w.~1 .O·IR • flii:l Ii·t f!lO to••1 ti5. -1 Hl2 
~O\·. 22 __ _ I.i../I.~~ I .000 ,O()~ nH.5 102 

Ii-! I 5:19 I 1:1;;; 

~'J_ . _ f,~O 1_.~II_.1_.. 

BOILElt S-2:t07 

De,'. :to 1,·11 O.o·w n.o,5:1 I iii I 11.0 71).0 IIII 

[n.J/1 
Jan, I I.as 41HH H\lj 12. :1 1111 
Jnll.2 lotiO; .(J.1H 12.·1 1O:! 
Jotn.:t 1,50 .1151 liB 11.11 WIti-! '[Jnll.U 1.!l7 . WiO : 7:! 11.11 100 
Jun. 10 I. till . II~I I 7I 10. !l ((I; 
Jun, 1:1 1~ :-.~, .0,,1 7ft 12.:; I 100 

SOTl",. Bllrrll'l" Olll'rHll'd lIntii ('quilihriUIJI \'a ... (·:-;tl1hlbllt'd. 

T.\BL~; !!1.~ LilY IIr ,"N/ dll/II {"I' 11/'f','N'I/'I'-IIII1/U;zlll!/ 11//1'/1,'1' '1', I,IIill'l' .';-,UfJ/i 

[1"lIcl .oil :->0. :! I 

Oil 
("LIt'I ('(), hy TlwfIlllI1 i prCs."Ufl'.

I)a lc of leHl hurned 
\'j)hIIlW l'fliri(lonl'\-! prrI per hour 	 ~ ,sqllllfl'· 

I 	 I j,wh 

Indl{s ur IlIclt", of 
].931) II'IIla ltnta j "F. (JF. ! Pen'tot PacIni j-'ollwl.'i 

No\'.X 1,70 0. (l·1O 0.11-1;' 70 Ii:l" i ILIi (i:).:i 1I~1 
NO\'.1·1 I. iii • !laO .0:lii 

; 
71l i 11711 I 10,0 (H.!I 1I~1 

Do 2. 10 .11:111· .0:10 Iii ! j~S i II. ~ til. 'l HWI 
.:\0\',15 1.5H .0;10 ! ,O:t5 i Ii:) fi:!1 , 10,!1 fi;'j."i 1!I11-----_ .. ....... -.--.. ----~-~-

i\:OTI-:.."BurllPr Opl'nttf'd IJlIl.i1l·quilihriuJIl wus estnhli:-;:Iu'd. 

'I'ABI.~; :!.:!..·-L(){/ of Ilwl dlllll {III' IHiiler-IIIII'II'T 1I/,iI (' 

1I,'lIei oil :->0. :! I 

llrnft 	 : I';qul\,u,. 1':,,111\'., Oil 
, ~'u"1 ::4tlll'k 1 CO., Icnt.l'ynp-: rl'lwr_, nlpnt: ~ pres-

Dnt,.' of Iil"iI('r I hUrlIl"C'" t 1)\" \'()I- t omuon. I ItU!) . output 'Sllrt\ perI.(llll~ 

tl'sl, i 11(" : Bns .. of (I"pr Wrtl· I llllW I!'t{'IUJ1/OIil. !,Ih~ or S.t(,:~1II t squnrt' 
t, ,hour tlUl' liro tUrt' 	 from nlld ! (.Jtlf1('Y mdtllllOIl) IIH'h 

HI, 212 0 F. ' (gross) I I gage 

IlIc"es 11Ic"e8 1 ! ! PCnI'IU/."i ; ''''quurc
1113,; (I1Ii/OIlS ofll'lIlf( of 1I'1l1,.r OJ", o/-,. Perel'lI/'flrr [HIUIIfI: Pern''II/ i (crt ; l'nu,1UI.'fI 

I, ~OO 2.4U 0.057 0.0,12Junt' a 	 70 3iU 10." I Ifl. 7 ' ~I.S I I,lfil I 
:I I, too !!.·17 .Oiil 77 ;J,t·1 12,1j 17.a S5.IJ I I, IllS 
·t IiOO 1.·1:1 .0,5:1 ,0:1-1 sa I aiD, H. fi r tH. Ii HI.S I HiH :
·1 HOO 1,IiO .Ofill .II:IH HI , ·11", lUI I 1fi,I -,I.)..)< 7:1-1 
·1 liOIl 1'1" . OS!! .0:1-1 711 :ri; I U.·I j tH.:l SUi I H27 

~ I 1,21)0 :1::12 I ,1)71 .11:11 so ·11lI) i II. ~ i 111,,1 so.;' I I,·ISS
1.2(1) 2.H!! 1 . Oil I .0:11 I btl -II:! II.S : 10. -; ~2. I t 1,:12·1
I, ~oo 2.·IH I .onl HI :IIiIl, lUi i 16. II S:I.:! I I,IHI -'-Ril ~ I 1100 1.01 .0-18 .02!l I SO 2112 I I 1t1.7 S2.11 

I 
472 110S " Ii 1,200 I. 87 ,1).I5 , (120 711 2~S 11.1 17. n Hli. ·1 112:\--.. ­~----.. 
~-~-.---

12,10 B. t. u. Iwr squllrl' fooL. of sl('nm rudiutiull 1~ljr hOllr. 

~(lTE,-nurtll'r opern[('(1 unl.il"q.uflii>riuIII wnS ('Slllhlislll'd, 
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90 

ti~~ 80 
~.~ ~ 
w·~ , 
~::::'" ,Efficiency
h:",~ 70 I 

60 

F'tG(~HJ:: 15. PflrroruHlu,'p of J)f('~:-;l1l'(l"ntolttizin~ (C:UIl) hur'llpr in a ...ix-~('('tion !:!:! .. Inph 
l'Ol1lltl 11Oi1(·l' ut 11 P(·I't·~·nt a\'pr:l~t' (':11'1101\ dif)xitll~. 

500 _.._"_ - __.L­
t.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 

Fuel consumed (gallons per hour) 

l~rGeng IG.--,['(ll'rru'uHllu'.' of \ (lJ'l ic'al-I"oln n" httrllt·j' 
I II Ill' ·bulll"·. 

in H :-;:P\'('H,sl'('1 tOil !!:~-lr1f'h wat('r~ 
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90 
I ... ' "ti ~:::-	 Efficiency I !80
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70 
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60~~__~__L-~__-L__L--JI__~L-i~ 

600.--.---.--,---.--.---.--,------. 
~0' 	 i 
".... 	 I 1t:" :: 5001i--t--t--+-+-+-+--!.._-+--l 

'i"<.. " 	 I I ,erature---L-­
~ ~ ~ flue-gas te",~ I 
~ ~~ :::t--_-Ir--f---tt:::tI- f I 

~~ ..... 900 I L.­
~'.;:: ~ 8001--f--t--t--+-+-+--:::l;;_~--I 
.~~~ 	 ~~-"",Vj 
~~ t 700 	 Ol.l~~~",,~c....-r--+--+~-
~§~ / I 
Q ~ .., 6001--+--t-~~-+-+-+-+>--+--1~~, ~ I 

5 OO~--,.LL.~~,=--L--,.L-~'=--:-'::--c-'=l.~_. 
1.1 	 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 

Fuel con~umed (gallons per hour) 

I"HH'HI~ 17'.-II(,1"1'0I'IIIUIH'(> of I'PtOl't·t,VPj"\ 1IlII'I1(,[' in :1 }:0\'()11 !'('I'lioll !.!:~~ilH"h watp,'.{tI)H"\ 
hoiJl'r at 11.S 1H'I'('Pllt a\"('r:l;!(~ ('arhon dioxitlp 

::~f-J--LI, .I. __L_.;' I~
I I Efftclency I . 

i , I 

500L-~~~~~~~~~~~~~
1.4 	 1.5 1.6 1.7 1.8 1.9 2.0 2.1 

Fuel consumed (gallons per hour) 

H'Hil'!llI'1 lR-P('I'fOI'nt:UH'(' of pr'psstJl'('''ntolllizillg' (guu) 1'111'11('1' in H }:P\,(lI1·~.;p('tiOI1 ~:, bu'" 
wall.'r·tllhl' hoil,,!" at II J!('l'('enl 11\,(')':11;(' (':I)'boll (lioslde. 
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..,!;" p" 	 " V ~ ">""" ..... Xx~~..: 400 

OutputOQ300 ..---:-~
1.0 	 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 

fuel consumed (gallons per hour) 

l"[f;r,,~: I!l. JI(IJ'fOI"lIl:UH'(':{ of (I, J{pro,.t.; b, 1!un; nud (\ bhw·flullitl rot:ll'." hUJ'Il(lI',s in :t 
fOUI··~l'(.·(ioll :!O·iJlch r!llllld hoil .. r. 
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."" " 	 <. T~Q. ().,<:: ~-t 500 
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400
V 


800 
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~'"§~ 700 	 -I::::­
.~~~ 	 ! V

OI.l'IlI.l~~<. ~ 600""" 
..,E:""at>- .... V V 
~~..: 500 

~ 
400V 

1.0 	 1.1 1.2 1.3 1.4 1,5 1.6 1.7 1.8 
fuel consumed (gallons per hour) 

11'lf;),1I1{ :!1t.-p(~1"fOl"lnnlll'{t of \·t\l·ti('nl~l"otury hlll'IWI' ill n HJ)(o('ial (·:I~t·iJ·nn oil 11IlI'oiJlg' h()i1(~r 
ill 1!!.• J)('J'(Il'lll :tYl'l'agc c:lI'hon dioxide. 
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100 
...... O~ 
bl:l: 90 
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FIt:l'Iu; !.! 1.- PprfOI'IllH.IH'P or IIHHlpl'1l 81'1'\,1 hoi Ipl'·hu 1'111\1' IIl1il ~ lil'p<! by a Ill'('s~UI"l\-nlomizillg 
(gun) hlll'IW1' nt n.:! IlPl'('('nt :l\"PI':q!P ("HI'hem dioxitlto, 
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.... BOO I~I~ ~.~~ ~ 
<i t ~ 700~-l---+--!--~-+--,-+-~· 9 :;or-- 1-­

.~~~ ~ VI­
~ ~ 1; 6001--+-+--!--I--+-:;;oo~;';::::'+--!-!-=-!--+---l
::;C;~ C~~""'''''r 
t)".-, ~/ I-I 
~ ~ ...... 500 ~ ;01 e-f->' r-+--l-,-+---1 

, _'" II""'" b100 ~I Output
40o~£t~~~~~~~~a.~~I~~~~~~~~~ 

\.0 \.\ \.2 1.3 1,4 1.5 \.6 1.7 1.8 1.9 2.0 
fuel consumed (gallons per hour) 

jo'H;rtn;; 2!t-Pprfm'lllnlwP!" 111 :l f{)tJ"~s:('etil)n! 20~in(lh j'ooll(l hoilpr with tht' followillt! 
hUJ'll(,I'g :l1hl Pt~,)tlon\bdll}.! lh~yi('PH! n. }h\101·t~lYl)P j D.H IWtepnt ('O!,'! P l~('·OllOrni7.pr; 
(it g\l11",typ,,, 11.0 P(\I"'\'ut ("O:!. I' li.n\l r t"{'HHQwi'I.(\I'$; P, gun·t.rIW· (lWn tt"~H~). B.!"i Ih.\1'"­
("Put CO::. I" Hlld ~ l'~~mlHtHi'l('l'S; <1, 1!un-l:.-p\). U.s. lWt'l'(~l\1 VO:!. l' ,1('UnOIUlz.Pl"; ~'. t!U1\­
O'pp 0.7 llPre('1J1 ('C}::, ~ (I(,ouofniz.~~l' ~ (, ~un~t~'Il(\ (two tp~lsl~ lO.:! lWl'('put (f()~, th'(Ll}(lx 
pOl'lioli ouly or tYI;" 11; [I, ;.tlln lYIH\ 10.5 ppr(,(lJlI ('O:;!, 11 p('onolllfiwI': It. 1.llup·fi:luJe 
nlJ'[ i<'nl.l'ouu·y, 1:!.J ppJ'(·pnt (0, ).:.:, 1J t1('ollorni1.CI\ 

1·;F.FI('!~'NClES 

Th(' (,l1lT(,S of ('fIi('i(,11('~- in fig-nrC's 13-23. :11'C' ('itll('l' ('onca.1'(' down­
ward 01' stmig-Itt' lillt's \\'ithin tltt, nlllgt' of fuel ratt's shown. In all 
l'M:il'S, l'xt'l'pt l)('d1l1ps tllt' fOlll'-srct ion 20-in<:h hoi leI', the eilieh-ney 
graph <;lopes dOWll\l'llL'll p:nHluully. as tilt' fuel. rate inCl'('rlst'S. Thus 
tIll' boi len; and hlll'llPl'S lllay: in gl'lwl'lll. he said. to hare flat ('flieielacy 
cllanw{l'I'jstics. Th(' l'llicit'tlcil's t'('col'(lt'd an' fot' l'elatin'ly good con­
ditions of opl'l'lltion but sillc(' we :tn' interested principally in eOI11-
PIlI'isOIlS hpt \l'Pl'tJ (Itt' RC\'pmt typl.'S of bUt'nct's suth ('ontiit ions arc 
c(J\\!d I)' ad Ylilltagpolis to all t)'pl'S ('Ollt'PI'IlCll. 

TIlt' l'H't'dH on tlle (>ffieiencies of tItt' (\\'0 l'Olltld boill'rs (tIll' six-scc­
ti()l) :l2-illt'h and till' fonl'-sl'etioll 20-illl'h) o:f till' usC' of Ynriol1S ('COIl­
Oillizillg tlevj(,pf; as t1('pi('tl'll ill fiP:lU'PS 22 and 2a Ilt'l' particularly 
iJltl'l'l'~ting io tlte pl'ill'! jenl oiJ-hm'Ill'I' lIlUll. The N'onomil'-l'l's studied 
\\'el'e the t,VPl'S ill lllOSt C')1JI111011 llSC at ill(' tillll' of wt'iting. 

FLUB,GAS TE~n)EnATUlm 

To produce lligh ()n~r-all l'fliriC'llriNl, tlWl'l' must 1)(' (1) compI(lto 
('oll1\)uRtion. \\'hirll Pt'('SIIPPOSl'S adequate l'olllbw.;tioJ) Yolume, lItol1liza.­
liOll, admixillg, p{c., alld (2) nIC'I'/' 1I1l1M bl' su/lieient <lit'ed and ill­
((in'et he:tting sul'l'nct' to ahsol'\) tllt~lll'al ('\,\)1\,('(1 by combustiOIl. lIt 
short, OJ(' fllel mllS{ he l'Ol1lp]pt('ly blll'lll'd. alld tllp hcat extracted 
thoroughly it'om (he products of (.'onilHlstion, 

http:t1('ollorni1.CI
http:1('UnOIUlz.Pl
http:l~('�OllOrni7.pr


STGDY OIl' TIm OIL BlTn~EH lTOlt J)()'\IE~TH' Hl~ATC\(; 35 

The effect of fuel rate and air-fuel ratio npon the exit loss shouldbe clearly understood. It will be .noted from the \'a1'ious CUlTes thatthe flue-gas temperature for a ginn air-fuel ratio im'l'Pllses as th0number of gallolls of oil burned is increased. Take, for example,figure 13. In this figure the performance of n, bUl.·IH'r in a six-sectionboiler, with a constant cariJond ioxicle ('ontent 01' 1:2.8 lwrcent in I1wflue gases is considered. Now, as the fnel rate is increased from 1.2gallons per hoUl" to 2 gallons the fluc-gas tem perllt me is seen toincrease from 41;)0 to (lOO° F .. in n straight-line relation.
On the other hand, what iH the eflPet on flue-gas temperatm'p \\"hellthe rate is held constitnt hut the air-fuel ratio is nlteretl? As hereto­fore brou!!;ht: out". tll(' addit ion of PXl'C'ss ail' dN'I'l'a"es the fiame tem­perature;' that is, the int'l"t nl:ltl'ria.1 addl'tl ads as a diluent, and as 

ao 
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">0. "" ~~.s~~6'0. • /:Je,.,~~~"'Io.~~~~
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10 II 12 13Percent CO2 in flue gases 
14 " 

It result- the final t('l11l1C'l"Hll1l'(' is dilllinish('d, Thus \\'it11 It gi\'en fuel1'al:l' and a gi\'l'1I !'t"'Il:l('l'. tlll' initial tpll1pprattll'l', with ('oll1plC'tl' ('0111­buslion,is highC'1' with n flalM IlJ'oducing'. foJ' l'x:1mple l:Z pl'I'C'ent:cHrbondioxi<1(', thall with a f1alll(' protlueing 10 PPI'('l'lIt of cHl'bon­c1ioxilll', In l'egtll,d 10 stack trlllpC'J'at lIJ'P, although thl' fIJl'JJa(,(, tl'l11­Pl'J'atUI'C js higlrt'r ill til(' casp or Ips5 px(,pss ail', tlll' <'xit t.l'nqwratuJ'eis 10\\,('1', As has bel:!] statl'(i. thp radiant hl'at ('1l1ittpd by tt body is afUlldiol1 of the -fourth P()\\"t'I' of its aiJsolu{l' t.l'J1lpl'I'ature; also, notollly thein(,Hndl's('C'nt carbon pal,ticIt,s lJut certain gasps--:in ptll'ticulal'carbon dioxide all(l Ii"O ar(' good rH(liatoJ's, TIlus the pl'oducts ofcombustioll at tlJ(' higher init ial tenqwrat III'ph:l.\'(' tlll' po\\'e1' to emitcomparati\'ely laJ'gl' alllounts of mdinnt l'1l('I'gy to the direct heatingSlIrface of (-hl' boilpl', and to n ptlJ't of th(' indirC'ct sllrfacp, :Mol'l'o\'er,according to the la\\'s of hl'at transmission by ('Oll\'('('{ iOIl, {hl' lal'ger\'olull1e of gas-which is till' ('onelit ion \yithlnl'ge amoullts of l'XCC'SSajl'-~i\'es the low('!' ('meil'lIe.)' in he'at transmission. Thus the com­binatIon of thl'sl' {\YO l'frecis pl'odtll'(,s highel' staek t(,llIp(,l'tttures jnthe ('ase of large amollnts of (,X('(,ss nil', Stack loss as a fUlletion ofair-fuel ratio and stack temperature is ShO\\,11 by the CUiTes infigure 24. 
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IlEATING EFn;CT 

In figurcR 13-23 are plottcd curves of output or hcating effect ill 
terms of gross cflllivalellt square :feet of steam radiation. The graphs 
of output. :l'or the range, of ruel rates uRecL, are either straight lines or 
concave clOlYlnYlu'd. The output is an increasing function of the fuel 
rate, ,,'he1'eas the efficiency is a decreasing one, 

EFFICIENCY IN RELATION TO CONTINFOrS AND INTERMITl'ENT 
OPERATlON 

The teRts aescribcd hC1'cin wcre prineipally of a continnonR naturl', 
and readingR \\'ere not bcgnn until constant conditions of carbon­
dioxide, stack teJl)peratllJ'l<hpatin~ cO'Pct, Pl'<:., \\'Cl'(' attainpd. lIow­
Her, in aetllal opeJ'atioll 01' intermIttent-type bUI'Ilers these conditions 
al'e 110t se(,lll'NI, and equilibl'ium llIay not ahnlys be Nitablished. 
Take, for example, the easC' of a gUII-tyP(' blll'llC'1' fil'ing a boile1' with 
the charadl'l'istic Ill'ieked-up :l'ul'ntleC'. Aftpr the Iml'l1C'1' has been in­
aeti\'e for somC' timC' the hl'ick\\'ork hC'con1l's comparati\'ely cool. 
,Y1Wll the blll'l1C'l' 1'('SI1111C'S opC'ration. the l'clatiwly cool brickwork tem­
pora.rily CHUSl'S a c(>l'lail1 loss fL'olll ullbllL'ned gases. For a gi\'en boilel' 
this loss due to starting is:t ddinit(\ ([lIantity for ('aeh thermal state of 
the furlHl(,l'. 1\[OI'('o\'er, the\'e may be some loss dill' t () tIl(' l'Psid lIalll(>at 
of the briek whieh is not anlilable 1'01' prodll('ing lIs(>ful heating effect 
to ill(' boil<>r, fOt, t'1l(' rl'n~on that \\'h(,11 til(> In11'nel' is inOpl'I'atin~ the 
drHft c:lusl'd by tilt' stack dl'l'd' carl'ips R certain quantity of heat up 
the Hue. ObYioll;;ly, wlwn dl'ftiing with tIl(' slIlalll'l' types of boiler:in 
,vl1ieh tltC' mass of l'('l'nletoL'Y llH1tpl'ial 01.' hriekwol'k is l'elati\'ely small, 
nIP starting In;;s will 1)(' nl'gligihle 1'01' all praetien11111l'I)()Ses. 

The' stal'ting loss is llladp liP of t\\'o parts (1) the loss dill' to the 
('hilling ('Ift'('t of th(' col<[ bl'iekwork-a "chenrieuP' Joss, and (2) the 
loss due to till' <1i1'(\('1 absol'ption of lH'aJ by tJw hl'idcwol'k 01' rl'f\'a('­
to!'y lllatt'!'ial in til('. 1'111'nU('p, Thl's(' ('ombilw(] 10S~,('S may he rC'la­
1 iyely small, IJ('calise til(' catalytic dl'cet of the In'ieln\"()rk is ap­
prl'ciabll' e\'C'u "']](,11 til(' tpnl]ll'l'utlll'e is llllleh Ill,lo\\' thaI' at efJnilib­
!'il1m o]lC'1'lltion. and also h(>('ulI;;(' a lal'g(' part' of the Iwat that goes 
into 11('a (i ng til(' hl'il'k\\'(Jl'k i~ !'l'l'o\'('l'ed \\'hl'11 t11l' l)lll'n('r is i nopel'a­
[i\'e, Tile. 1'C'lations lwtwl'l'l1 tllC' nlrious faC'lOl'sin\'(lh'C'd in inter­
mittent ol)(,J'atiol1 and tlwir pf!'Pets Oil l'pslt1lant (>/IieiC'\lei('s lHl\'e been 
(,OlwillCillgly Ill'ollght out by TI1('o<lOI'S(,1I at ;Tohlls Hopkins Uni­
versity. In his sC'ril's of (psts tIlt' boiler\\'as o])C'l'aled as :t ealorimeter 
with ]ll':l('t i('ally 7.l~l'() radiat ion, and tll(' heat tTansmission :from the 
hot brickwork to the water was dctel'l111ne<l after the shut-clown,S 

FNCONSF.MED FUEL 

On(> of (hC' most illtC'l'C'sting incidC'ntR of thiR study was the dis­
('O\'el',)' of c()nsi<it'rabl(, IInhlll'IH'(l gasC's ",hen thl? bllJ'll('I'S were operat­
ing uncleI' conditions \\'lli('1\ art' generally ('oll('C'(1etl to giye perfect 
('(1llliJllstion. It has bC'l'n I'll(> gl'lll'I'al ]lmdi('p to Hnaly7.C' the flue gases 

".l'IIPlII101·P 'l'h ..ml(II·~('II, III .Tohns lIopldliH l'III\'('rsil~', ill It s('I'ips of Pt]lI'I'im('1I1s (01' the 
..:\IIIPJ·if·au Oil BUI'uPI' ,.\sI-HwiHOOI1, II:IS studied this IU'ohlplIl of IIl1t.HU'w' cl fupl rOl'sful'ting 
('(11lililioIiH liS wl'll liS fit I' (,()IHliflI1I1S Ill' 1'1111 i IIhrllllll. Hl'Hults or IIIl's" PSjll'l'llIlI'lIlS 1I1''' 
{'J1lbodipd il1 !til'{ )'PIJO)'1 to tilt' u:O;SCWIUlioll, tOg'PtIH'I' wilh HII illlel·p:-;till~ stoi("hiollwtl'if' 
1I11111ysi"; o[ til!' 1)(,0I111('\s lIf ('III11;,II,<fioll I'l'sllllill~ from illcomplete C\)IlllJll~til)lI of a killli 
rcfelTeu lo in this £cclloll. (LCII(llllJli~he(l \lala.) 
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by means of the cOJ1Yentional Orsat apparatus \\'hich shows prrccnt­
ages of CO~, O2 , CO, anel by diffel'CllCe N 2 • "'IYhen this is clone and 
:t heat balallce is made. it 1S oftell found that the unaccounted-for 
losses run rather high-':'pedHlps as much as 15 percent of the heat. 
value of the fuel. This inclicntes that. there must be some fuel that 
is unconsumed but. which is not detected by the. ordinary flue-gas 
analyzer. 

This unaccounted-i'm' i'ucl could not bl' l'nt:il'eh in 1he form of 
soot ·without. being l'l'acl iJy noticl'able lUlcl, l1lol'eo\'er, it. was :follnd 
that. even with It compamtiwly clt'ar stack this Joss was ahmys 1)1't'S­
t'nt to a. degree. In someinstanct's of oil-bl1l'ner tests, particularly 
in the cast' '01' largt' industrial lJOill'l'8. loss('s up to s('\'('l'al percent 
have been attribnte<l to soot fOl'lnation.u "'IVhl'1l the pl't'sellce of 
carbon monoxide was dt'tl'dNl at all ill(' alllollnt was only tt irace­
unless thel'e. ,,'as an apPl'eciab](' ddici(,IH:Y in th(' ail' supj)lied. The 
assumption is some!" imes made that l'lld iat ion might account. for a 
lar/!e percentage of this heaL HoW('\·el'. ,\"lWI1 the 1>oil('r is used 
merely as n low-temperatul'e calorimeter and l'elati\'ely coolwaJer 
js passed ih rou/!h it -thus rPIHh'l'i ng tll(' radiation \'('1'.)' small-this 
unaccounted-fot' Joss still persists. 

For a 11101'(' eompl('jp 11('at balnnc(' tll('flup gases \\"('l'e therefore 
analyzed by means of the BlIl'('an of ~Iines 10 gas analyzel') whereby 
1[", unsaturllted hydrocarbons. and salurated hy(ll'()carbons could be 
determined in addition to the compollnds indic'ated by the ordinary 
1'11/!in('erin/! type of flup-gas analyz('I'. Tahll' 23 prl'sents test data 
resultin/! from the operation of -fOlll' principal types of domestic oil 
burners in three cast-iron hoilers. 'flIP data present the performan('e 
at misce]]aneolls and widel.\' diwl'gpnl ail'-fupi rat ios and -fuel rates. 
and tlJ('refor(' mar 110t IJP u;:pd to ('0 III pa rl' till' l'Jlie i(,l1(, it's of comlllls­
tion of tllCnlriOlls types of hUJ'nel's. The purpose of this table is 
to compare the rpsldls obtained in 11sing til(' simpll' l'll/!illl'l'rill/! gas 
analyz('1' with those obtainpd by uf)in/! tIll' 11I01'e eompll'ie /!ilS illl:tiyZCI·. 
The analyses as pl'l'sent('(l in the table \\'(,l'(, Illad(' aftpr l'quililiriulll 
had lwen reaelwcl. 
If only till' silllple gas analyzl'1' had 1>('('11 lIsed the \'nluN; contained 

aJtl'r the itt'llIs of C\IC. H~, and CHI would be lackin/!. The two 
sets of perc('n{lIg"es llndl'1' t 1m item of excess ail' 01' (ll'ficieney show the 
difl~l'l'l'n('l's bphn'l'11 tlw eOIll]lllip([ ntlll(,S of ail'-fupi ratios \\"11('11 the 
COlllputatiolls are bnsed on wilatlllight be {cl.'ll11'd the incomplete and 
the cOlllplete analyst,s. "'IVlwll bas('(L on the eOlllpll'te analyses in which 
practically all the unlJul'I1ed gaseousl'lJ(,1 i!-i illelucled, thc air-fllt'l ra1 io 
IS less 1han \\"]wn lJasl'd on 1ht' l'l'lati\'cly incomplete (hill yiel(\,'<1 b'y 
the ordinary engill('pring gas alJ:t1yzl'l'. The first, two {psts on the 
blue-flame Yel'tiea.l-I'otary bUI'Ill'I' were made ~with aie dl'ficiencics for 
the purpose of stUdying the prodllets of incomplete cOlllbuf)lioll undel' 
such cOllditions. 

The percentages of t-l1C ]wut va]ue of the oil represented hI' the prod­
ucts of jm!ol1lph>ie ('oll1lmstion aee gi \'('11. The SUIll of the losses clue 
1:0 C"IT'Jl H", and CHI which would not Ill' de1ected by the ordinary 

l' BAnIO~l-:rJ ;1'. F. J{XI'I~ItIl~:\('I;S WITH 'J'I(J~ ('O.\lnt'HTIOX OJ;'! 1"(Jr;;r.. o IT• .IN l'OWl-!1t 1'1~A:-i'J' 
HOII'f:ltH. 1"u<'1 Oil Jll':n 1111<1 1.'0\\,(,1' ·1 (1:1); 11:1]··1·1, ·IO·~·12, ·1·1, .1Il, IlIuH. llJ!!n, 

11H B["IUt ..~t.IJ, (L A., Hlld }o;1':lnl·:It'J\ 1\ .\1. ~~\.\ll'r~I~r; ~\~n I~X.L\lL\· ...\·I·IOX OJ(' ~II:-;B C:j.U;l~S .o:\xn 
NATUUAr, GAH. Hel'ise!! by U. \\'. ,IOllt'S, t', K HIli'. ~LiIIl'H Hull. :J1J7, lOti pp.
lIlus. 10:1(;. 
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'L"\Bu: 23.-00111[1/('/(' h('o/ /w ill II (',' 

nIlw,lI11lll~ vcrtk'lll ! ' 
Prc's· ! '.\ir !llollll7-i"g (CUll) rotary FUrt' 

Itcm nloIll' ~ HCilorl ----~-"~-. 
, Test I 'rest 'rest i~illJ( I l 'rest I Test ! '('est 

____________-' __1 _1_:'_'_ . _~_,(~~Ill i I 2 i :1 

BoilQr typr .. _ ... _~ .. ~ .. I ~-22Ofi ~-220fi H-22on ~ \\r_200·1 ~-~:~Oi ~-230j' ~-~;il S-2:m'f 
Fuel ml!' per hoUi' . poullfl~ . 'I' 10. -I to. -I 8.9 11.11 ,.;'j l!!.5 IU. I 19. I 
Flue gns hy wllulIl('; 

('0, ....... ,pl'ro"ll! 1:1.,5 12.10 12.70 RIO 11.00 n.:!!! 12.90 II n,90
(',If, .... ..... rill.. 0 .:15 0 0 (, .10 ..\0 , . :15 
0, ...... du 1.25 1.:15 ·1.05 K!lO (:.50 '.20 :1.·10 ! II. 30 
CO ... 00... du. 1.60 ".10 ,no .~() .\0 ,10 .101 .50 
11,. "".'0 . ,0 .:15 • t;() I. 00 ..,0 .50 I , '10 
K, , d" 1<21/,; l "'.SO S2.20 SO. 10 SI.:IO XI.:lO li2.·10 ~O. 5;. 
l'H,. __ . dn.[,.; i . no • 10 ,20 • 10 () U o 

Air~,ces.~ord..neil'l\(·y (ellIllpull'd): If' 
OrdinnryOrsnt.. "n ::.).'{',~ I, :J5.·5,1 }Hell', "." ill., 32.:\ ' .•3.1 IL~ : IJIl.3 
('olllpll'l~ llllnlysi, ..dn - 1 I :m. s :10, I , -J/.:'" : .1.;' i~J. 7I 


~lnektrIllpl'rnture", .. ____ °1,' 1:,51 3s;; .I:lli" I':ls, :\!J!J ! i:iO ,.\0 1'(.,0 
('s('Cul hent: I" 

,p('" pound of oil. , n.'. II Hc~:J?, : 1J~r.r,~ : II~~,~ I la.ooo; I-Ul!! . 1I. ~oo 1\209 ! !I.'oo 
lleutvnhJ(l> ...... "'~._ pt'n'l':;~ f_,_~ ~)",.,t (.J,,) /1fi.0 72.a f m.t h, .•J ' 50.Sf 

Inc'omplrif' ('otJlhustillrl 10;-. ... in ~ ~..........-'-f------ -'j---,----'­
le~~Jlrnr hrnt- yahw (tf t,i17 I fJ i 

U.3 1 9. n('~/j .. 1)('rS~l1t \.1 J~: /) ! ~. 0 I ~..I I °.1I I.:li ~.S 
] 12 ti,.:! :! I J.7 1. 2 i :? 5 1 a. !J I.n' 2.2' 
(' II.. ,1"·1.,, I 'I. I I I. 0 , 2. r.' L 2 o (1 

- !~1 ~:~ -1 ~- 2~!.~2-,Totti!. -1.1, 11.5 

Dr~'" sto('k lo'is in pcn'Cnt of Iwaf j1 11

\uJue_ ... _______________ . __ "~ : f). a ·1.·1 I n.H I J:tui i.:it li.n I')" ! 21.5 
Loss: (rorn combustion (If 1£1, Iwrt't'ut 1 -,- I 

uf twa t '"nitI(" _ _. _. . : n. l f Ii. 1; H. H : 7. I I r.,~ I T.:l 7.1 I ;.2 
Il!~t valup l)fIr pouud n(hil, B. t. U W.70U : W"oo j i~. 700 ! IV,7(H) ! lU, ,(Xl i IB,300 I!I,;!IX) I 1\1,;100 

Hntiillliull nnrlullfu'cOllllll,d IO-i-l.it,:,,: 
Dased on ordinl\l'Y Or~nt, IWrtl'l1l JfI i' l~ ~ '\,' I H.li, 1:l.7 I:.!. 2 . lUI; I\'X 
Hascd on ('uIIIplNll nn:dy!"is 1!0 J. ~ ..., Ii Ii. I. I..: ..... fi '. - 1 II 3.0, ., 

gas IUlH.lyzC'1' al'(, in SOlllP install('('s gl'l'atpI' ,itan 'Ill' .Ioss dill;' to cal'ilOll 
nlolloxide in till' (hiP gasps, the only pl'Odliet oi'ill('olllpll'le (,OlllhllSt ion 
that ('ould be detl'ctl'd in thl' so-ealll'd im'ol11pll'te analysis. 'J'he yalups 
of the total i11('onlplptp-eolllhust ion Jossps "aI',\' :I'I'QIIl a lo\\' ntlue of 4.1 
1)(,ITent to a 1ll:lXilllUlll ntille of ~~.~ PPl'('(·lIt. During thl' opt'l'nlioll of 
the bUI'nl'1' UIHll'l' tile lattPI' condit ions, wlH'nllC'al'l" Ollp-fOIll'th of tl1(' 
fuel passpd lip tile sl aek ulll.llll'lIpd, l'ol11pal'ati\'cly'litt Ic· soot 'ras pro­
duced. Tim \'alue of till' illl'Olllpletc-eOlllllllHtio11 loss in Ollt' installl'l'. 
with consid('l'ablt' nil' dC'ficicncy, ,,,as gl'elltpl' than tilt' sum of tilt' dry 
stack Joss and the loss of heat in till' llloistul'(' I'('slllting fl'olll ('oml)us­
tion or th(> H~ or the 1'11(>1. E\'('n \\'lIPII a<il'qIlHtp ail' \\'as sllpplipd, til(' 
unblll'llpd-fuPI Joss an'I'agl'd t \\,0-( IIinls or t Ill' dry stat'k loss and Wii.1­
ally px('ept/pd tllP losR in the moiR( 1I1'(, I\'Rlllt i ng hOlll (,OlllhIlS( iOIl of tlw 
JIo, of tile fllPI. TiI(' laH! t\\'o lill('s of table ~;3 indic'atl' a mllch l)('ttpl 
accollntinl!,' '1'01' tlle totnl hpat of till' flll'1 \\'hc'n Ow hpat lmlalll'P iR hasPII 
on tItp cOlllplpte lllwlysis ratlH'1' tllnn on (hp in('olllpll'tp analysis. Tlw 
aycrage valuc of till' radiation alld 1l1l:t(,(,Olllltl'<i-fol' JOSH basC'(l on the 
ordillary gas analyzc'!' 1'01' lilt, HP\'Pl':tI I'II11H listC'(l is l~.(j P(,I'(,(,lIt, \\'hilc' 
based on the cOlllplete lumlysis it is :>.7 jlpn'pnt. .L\.ssumiilg a radiat ion 
loss of 3 Pl'l'('c'nl ill bot h ('aRl'S. this wOllld jpa \'(' Ill't Ulla(,COllllh'd-fol' 
lossl's of 9,6 alld 2.7 pe!'cent, I'pSpp('/ in']y, 

Thus, while the ol'dina.ry l'lIgillN'rillg Orsnt apparatus is nsdul and 
pCl'hapR indispl'l1saiJlc" in field adjllstlllPllts of oil fil'C'R, it may 1I0t be 
satisfactorywhcn an a('cu!'al.c bClll aC(,Ollllt ing is to be llllldc iii prccise 

http:ol'dina.ry
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laboratory work. Since the carbon monoxide measl1l'emenL is of rela­
tively little value by itself, probably the most practicable type of gas 
analyzer for the oil-bUl'J1er man ,y11o is confronted with the task of 
making oil-burner adjustments in the field is the single-pipptte 
variety utilizing a caustic solution for the absorption of carbon 
dioxide. 

BOILER RATINGS 

Few problems al'e so troublesome to the oil-burner engineer as that 
of the ratings of boilers designed 1'(Hi burning coal. In many in­
stances the engineer is 'forced 'to use the rating giYen by the manu­
facturer as based on coal ns 1'ucl, and oHen this ]'<'sultsin ineflicient 
operation. To ascertain why the ratings :fol' emLl do 110t generally 
hold for oil, refcrence is made to figure 25 which is a characteristic 
efficiency CUl'\'e 1'01' a heating boiler when burning eoaI. This CUI'\'C 
shows a, consfa ntly incrcasi ng efliciPllcy 1'1'0111 zero to a maxi nnun yltl ue 
at about 40-percent rating. The dIiciency then diminishes, the cllrn~ 
being concan' downward. At 100-pet'cpnt rating tho pfficiency is 
only about 85 pcrcent of its Il1nXimllll1. yttille. N(m this 100-pPI'cpnt 
rating is Jixe(l at the point of peak Joad :/'01' the season, which is the 
time when the boiler is being pushed to raise thc telllpcmtul'e of the 
house in the mOl'11ing to, say, 70° F. during the season of lowest out­
side temperat Lll'e. Howeyer, it is psti:natell that the a\'erage output 
for the season is actnalJy less than OM-third of this peak demand. 
The manufacturers takc luhantage of this fact and so mte their boil­
ers that the opel'atinp: point of maximum dIi('ieney coincidps with tlln 
HYel'age seasonal dpl1land on the boilpr, not with the twak c1C'IlHlIl<l. 

Hence during the time ~L coa 1-1Jurni ng boiler is J'Ol'Cl,(l the eJficiency
suffers, ' 

The intermittently operating oil bUl.'npr must be so adjusted as to 
rate o:f 1'upl consllmption that this peak denHllld can be handll'<l. 
Moreo\'cr, it mllst be so adjusted that Uw ]::tte of burning will bC'l 
sllfIicient to heat tho house to the c1esil'e(1 Lpmperaturp on the rultlest. 
day and to perform this task ,yithont running continuously, in order 
to Jea \'c R margin :fOI' :tutomat-ic control. Th us it. is the [>l'o1'i<1 ing 
for this peak demand whieh fixes the rate at whieh fL burncr must-. 
operate, This mtl' of hcat ]ibel'lltion will be at ]Pllst as gn'at as, and 
probably greateL' than, the maximum rate 01' heat libemtioll 1'or the 
coal fir~. The important point to bptll' in mind is that til(' oil blll'npl' 
of the intermittent variety 'wilen 011('0 set operatcs at that same rate 
aU through the season from tha mildest to the Inost se\'(;~m day. The 
control of room temperature is obtained by intcrmittent operation of. 
the humer. In milll weather the burncl' is inactive :for 10ngpL' periods 
than it :is during cold wcather. Now this condition is not objec­
tiOlHLbJe jf the allowance for peak demand with coal has been Ebb'al, 
but if not the oil burner ,,,ill opemte at unduly .low cfliciencies, 
Hence jf oi] :is to be used as fuel in a standard coal-burning boilpr, 
some adjustment in rating must he made, 

One Jeading boiler man ll:faetll rer, in order to allow for the peak 
demand, adds about 80 percent. to the radiation load in determining 
the size of boiler 1'01' coal. Hence it might be well to add :from 100 
to 150 percent to the radiation Joad ill Ol'dCl' to determine the boilel' 
capacity when bUl'l1ing oil. 
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From the foregoing it is (',vide,nt that both the amount of radiation 
!l,ud the total operative time of the blll'ner are factors in selecting the 
proper size of boiler. Ratings for coal-burning boilers are applicable 
for oil burning only when proper allowances are made for the dif­
ferencesin conditions. 
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COSTS OF HEATING WITH COAL AND OIL 

In comparing tIle cost 0-1' heating 'with coal and oil, it is important 
that all of the factors be considered. The personal element enters 
to a much greater extent 'with the coal fire than with the oil fire, 
and therefore 1'here is greater opportunity for pOOl' firing. It is 
safe to say that only a smal1 percentage of householders operate their 
f1ll'naces to best ad ntlltage. ",Yith the coal fire there is oYerheatillg 
during the milder periods of the heating seasOIl, especially when no 
ftutomatic room-tt'1l11Jel'atul'e control is wit'd. The temperature regu­
lation frequenlIy is nchie\'ed 1y openillg windows and dool's rather 
than by control of the fire. ~.foreo\'er, il1 homes ",1\('1'1.' coal is burned, 
some auxiliary heating ([c\'ices-such as portable oil, gas, 01' electric 
heaters-are freqlll'ntly put in(o service in the sp1'ill~ and fall. The 
cost of operatinl!: these should be charged al!:ltinst the coal-Imming 
plant. 

",Yitll tI\(> oil lJUrnel' the IwrsollH I elerllent is In.l'gely l'cmoYed, as­
sl1ming that the bllrner luts bee11 properly instft1]ed 'and regulated. 
There are e1Jaracteristics of the oil burner \Yhicll tend to increase the 
('ost of heating, but they are additional costs :for additional comfort. 
The oil burner is likely to be OlWl'ated earlier and later in the heating 
season than the coal burner, because of the ease 0:1' starting up and 
the probabiI1ty that little attl'l1tion is requirl'd afterward. The room 
temperature, with a good automatic oil-bmning installation,. is main­
tftined practically constant at any ol'(ljnary temperat.llre desired, which 
!lIlLy 01' may 110t· be the case 'with the coal blll'ller. 

It should be horne in mind that the average oil-bll1'l1ing installa­
tion is merely a clutnge from coal to oil 'witllout any radical change 
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in the boiler. Some boilers are far more suitable for oil burning than 
others. A comparison of the costs of burning oil and coal should the.re­
fore be confined to one type of boiler because in an.other boiler, the 
relations may be somewhat different. 

Perhaps the best way to compare fuel costs is on the basis of the 
number of gallons of oil 'which are equivalent to a ton of coal. Thi.s 
will eliminate the variable of prices, and the figures presented can be 
used for comparison in any locality 'where the prices of oil and cOltl 
are known. The Department of Agriculture investigated the COIl1,­
parative consumption of coal amI oH 'with small round boilers snch 
as 'would be found in homes of 6 to 10 rooms. From these investi­
gations it 'was concluded that, under present conditions, 1 short ton 
of coal is the approximate equivalent of from 150 or less to 200 gal­
lons of fuel oil. . 

Such a comparison involves only the fuel cost. A true comparison 
should include many more items. Some of these items can be stated 
as follo,ys: The cost of the burner installatjon may be several hundred 
dollars, and interest and depl'ecia6on must be charged against the 
oil burner. On a small instaJlation these fixed charges alone may 
represent a large percentage of the cost of the fuel. The cost of i'h£', 
nuxiliary power nUlst be added-that is, the gas 01.' electricity or both, 
depending on the type of burner. Moreover, after the free-spr,ice 
period, 'which genemlly is 1 year, service-call charges must be reck­
oned with. nJthough 'with good blll'ners, properly installed, this 
item should be small. 

.1:\..s against this the principal arguments aeh-anced for the oil 
burner are its convenience, comfort. and cleanliness. It is maintltined 
that with the llse of oil burners the cost of cleaning and redecorating­
is greatly lessened. As compared 'with blll'ning sO'ft coal this is un­
doubtedly true, pro'dded the oil burner is in proper adjustment, 
otherwise it may produce a qtUwtity of soot that ,yin permeate the 
house in a very 'short time. The enlployment of an attendant for an 
oil-burning heating plant in the home is unnecessary. In the aYel'­
age-sized house, where no great saving in fUl'nace attendance can be· 
phown, the cost of heating with oil is generally greater than the. 
cost of heating with coal-all things considered. 

COST OF HEATING WITH OIL AND GAS 

'When one is contemplating all automatic house-heating system 
he usually has in mind oil. gas, or electricity. Accordingly he is 
justly concerned with the relative costs of heating. Electric heating 
is in many respects ideal but at this time the area in ,,,hich the rate 
for electric cnrrent is low enough to permit its economical use for 
house heating is very limited. 

In many instances the cost of heatjng with gas compares favorably 
with that of heatjng with oil, especially when considering the ill­
herent advantages of gas heating over oil heating. MallY factors af­
fect the seasonal efficiency of the two kinds of fuel and as time goes 
on anc1more data, are assembled we shall be in a better position to 
use fair average figures for seasonal efficiency. 

In considering 1\, Humber of the comparisons made behyeen oil and 
gas heating, two outstanding tendencies-condncive to erroneous 
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conclusions-were observed: (1) Many items of cost had been over­
looked, and (2) when these items were ineludecl, the fact that, they 
are functions ot the size of the plant was ignored. The first ques­
tions, "when one is asked to compare cost of heating \\"ith any two 
fuels snch as oil and gas should be-Of what size is the heating 
plant; how many square feet of radiation are installed? The effect 
of the size of plant on comparative cost figures will be apparent when 
the items of cost are considered. 'Vith an oil-burning installation the 
major items are as follows: 

(1) Cost of iustalla HOll. 
(2) Cost of average re8e1"\"e of oil in I<toragl' tnnk. 
(3) ('ost of boilrr for oil Imming, 
(4) The slIIn of (1), (2), am] (3) il< 01(' inY(';;hllPnt. 

(ij) IJJt('rpst OU im'l'stIl10ut, Hplll (11. 

(G) Co:<t. of oil for HC':lSOU. 
(7) DC'prp('ia Oon of oil In11'uPI', p;;! iU!:l ting Ii [p at ,l' ~'par;;. 
(8) Depredation Oil oil-bul'Iliug hoill'r, l'stimating lift' at !I ,\,pars, 
(!)) COi<t of f;('rYiC'p Oll efjuipJlll'nt nft'C']' fir;;t: year, 

(10) Cost: of 1J{Jl'l':ltiOll of pilot or onler igllitiou dl'\'i('l' \lpr i«'aSOll. 
(11) Cost of ollrrntioll of motor 11el' srHSOll. 

The. totaJ cost. pel' season of heating \\'ith oil "wilL ill gem'I'al h(> as 
follows: ' 

Cost= (il) + (G) + (7) + (8) + (D) + (10) + (11) 

UncleI' certain conditions of operation, some of th(>s(' ilems lllay 
hecome zero} or at least "ery small. 

:Most comparisons talw account of only item 6, while sonw includ(> 
also 10 and 11. However, it is easy to show that. the Slim of th(> 
otheritel1ls of' cost may ('asil,)' he as much as 75 to 100 percent of 
the sum of those ol'llinarily considerecl. For cOll\"eni('nc(> the "at'iolls 
costs will be grouped and callpcl the "fix(>d" e-dst alld tll(> "fIlPI" cost. 
The fixed cost-will bp the slim of items, 5. 7, 8. 9. 10, awl 11. The, 
'fuel cost ~\Yill be itel11 6. As til(> plant ilH'l'l';ls(>s in sb, til(> ratio of the 
iixpcl costs to the :fuel costs bee-onws smaller, but the form(>1' is never 
negligible and should always be taken into ltccollnt when ('omparisol1s 
are made. 

COllsicl(>l' !I(}\\" 111(' major cost items ,,"hen gas is the fllel. They are 
as i!ollom:;: 

(1) ('list' of insrallnti(}ll, 
(2) Illt"pn'",t on in\'pstnH'nt, itl'1l1 (1). 
(3) ('ost of g:lS 11('1' S(,:lS()Il, 

(4) Depreciation of' gas hoilP1'. ('stimnting li!,p:lf 7. ~"l'H1'S. 
(5) R('1'\"i('(' ('hn 1'g'!" 

Item 5. may hp 7.Pl'O: that is, in sOllle caSt'S tIll' S!'ITi('(' charge is 
inclmlecl ",ith fu(>1 ('(lsts. The total cost pel' season of h(>ating \\'ith 
gas will he, Cmit= (2) + (:3) +("~) + (:3). 

In this easp. as '"i1h oil, tlWI'l' al'e two kinds of costs. namely. 
fixed costs and fup} l'osts. Al'('or<iillgly the fixed ('ost will be tht· 
sum of itelils 2. 4, and 5, alld th(' fllel ('ost. will be itt'lll 3. This itt'l1l. 
of course, inei1l!1(>s pilot-light (,OSt. Th(>sl' ('os1s agn;n \)(':11' n c(>rhlil1 
l'elatjon to eHeh other as a flllleliol1 of the size' of plant. but the ratio 
of the fix('(l eosts to fllel ('oslsis 110t, in gC'll(>r:tl, as gn'at. with gas 
as with oil. 

CUl'Yes h:1\'(\ beell plottNl (fig. 26) to sho\\' the l'fl'ect o:f these, vari ­
ous cost :factors-particularl.y that of size of plant. The comparison 
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1S between specially designecl gas burning equipment and special oil 
burning boilers. These cunes represent the true costs of heating "with 
oil and "with gas i'o1' 1 -yenr:in one of the large c:ities of the country 
where, on the basis of oil and gas costs only, gas heating woulcl ap­
pear under ~my conditions to cost almost twice as lUnch as oil heat­
ing. The fuel costs are represented hy lines 2 111l(14. Ho\Y('w'r, when 
the fixed costs are :uld('d ,ye gl't ii.n('s 1 and 3, ,Yhich 1'ep1'('sent, r('­
spectiYely, the total costs of heating ,dth gas and ,dth oil. It ,dll 
be not('d that iOl' Ow smnll('l' installations these total ('osts differ 
but little, bnt as the plants 1)('('0111(' largC'r the j-otal-cost lines diverge. 
To illustrate this. tnllIP 2-1 shows l'('\:ttin' cost fi~ul'l's fol' a COI11­

pal'ati\>C'ly small plant ancI a sOl1lewhat largC'l' onl' .. 
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TABLE '.!.-L--"('OlllllllriNflll II{ {III'I {'()N/.~ 111111 '''/ff' "I'/I/illfl (·o.~/.~ 

CII.;r of lwatincr ({wI '['"ottlll'O$t o( h~nlin!{ulll~' . 
,Rutio1!fl!-l Hoti()~m;Biz(' of titant f;1rliatinll 

to till to nil 
Ilil lias Oil 

1IIlllan /J()III1T~ 11011"," 11011"," 
:mo Sfllhlrt' fll(>1' lfj~ ~:i I HI ~(J() Iii:! ' 
750 :-;quurp [Pt't :i77 ~ ~l, I I, ,.j +IS ~1I2 

It will bl' obsl'n'C'(L fl'ont (a\l\e: 2-1: tltal gas heltt \\'ould cost an 
:1\'l'l'age of' about flO P('J'C'l'llt nlOl'(' than oil' hl'at if ftwl costs only 
wel'e consiclP['('(L. Howen·t·, when the tohtL costs al'l' ('ollsidpt'('(l, gas 
,\'(mld cost only about 2:3 and 48 P<'I'('Pllt moJ'P, J'Pslwc( in·ly. for the 
300 squllre feel llnd 750 square l('d of radiation. These figures, 
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moreover, indicate clearly that as the plant increases in size the rela­
tive expense of gas heating to that of oil heating becomes greater, 
at least within the limits and und('r the conditions depicted in 
figure 26. 

ESTIMATING FUEL CONSUMPTION 

Frequently it is desired to determine the absolute, yalnes of the 
fuel cost with regard to Y!ll'ious types of plant in dift'erent sedions of 
the country. One of the bC'st methods of attacking this problem is 
by means of the "degree-day" method which has been de\'ised by the 
American Gas Association. Thr clegrrc-da.yis til(' produd of 1 day 
of time ancll 0 F. differencp in temperature between the heated space 
tU1cl the outside tLi r. 

From the rnitl'd Stntrs Wreather HUl'rau data the number of clays 
of the year :for which the' a\'emgl' (enl]wratul'P is belo\\' a giwll figure 
can be determinp<l. The period so determined may be called the 
heating seafOon. The Al1Iel'ictlll Gas Assoeiation has found that a 
metll1 daily temperaturr of 6;";0 F. is n I'rasonablr heating season limit. 
That is, it \\'as determined (-hat with tL daily mean temperature of 65 0 

, 

the dtLytime temprratul'es \Yill a\'emge around 700 
, and the only time 

room temprl'atul'C's \\'Ollld f'all bl'lo\Y thC' ('olllfOl't point\\"ould be 
al'01Ind midni:.rht. Thus til(' numher of heating <lays pel' year is de­
termined frolll thr basis of 6;)0 as a minimum ttllo\\'ahll' mean daily 
temperature without heating. Th(' product of the number of heating 
clays pet' yrtll' tllHl t11l' H\'PI'agr cliffel'C'ncC' in templ'mtUI'C as bet\YC'en 
spaces to hr heatpd and the oUlsidC' tplllperatul'c gives the number of 
degree-days 1)('1' heating season. ' 

From a knowledge of the 111111Jl!rl' of drgl'rp-clays and of the square 
fppt of installrcl radiatiolJ, thr quantity of' fupl consumed can be 
('st i mated, all assull~ pt- ion 0 f plan t C'f!ie irnC'y hayi ng been made. 
Fanslel,1J has ta.bulated dpgrC'r-days clataf'or the \'ariolls parts of 
thE' Fnited Statl's and Ca.nada and has pn'fOC'ntC'cl tIl(' data in tIl(> llse­
ful :form of an iso-de!!reC'-day ehart. Similarly, he has worked ant 
iso-fllel-eonSlUllptioll ('harts for oil. gas, and coal for ('orl'esponding' 
pla('('s. Thesp ella I'ts are ('olwen ient and are sllf!icirntl y accurate when 
Ils('c1 with the llh;cl'cLioll nrged in ftecolllpallyillg instrllctions. 

For sale by the Supl'rint"Il(lrn( or flOt>lllllt'1I1s, \\'ashingfoll. D.C.•• - ••• Price 10 cents 
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