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INTRODUCTION

To meet the demand of prospeetive purchasers of the domestic oil
brrner for relinble information, the United States Department of
Agriculture has {ested a mumber of ol barners of different design
and has issued & civeular based on the resnlis of the tests.t That cir-
cular was designed to give the mformation necessary Tor the home
owner to make his own selection of an il burner.  This bulletin deals
with the more technical phases of the investigation.2

The tests conducted hy the Department, supplemented by a study
of many domestic instaliations, have indicated the performance that
may be expected of the several types of burners, botiers, and acces-
sories, the adaptability of vxisting heating plants. to otl burning, and
the cost of operating such plants. The conclusions presented herein
are not to be regarded as final since the industry is changing rapidly.

THENNER, A L Gl BCRNEIS SHL EOME (eatisn, U0 K Depl Apr, Cird06, 27 pp.,
iltug, 1,

2 Acknowiedgment is swatde of (he coopeention of the Jalms Hopkins Seloal of Bogi-
neering which made aviilable e aborgiories Ly which {his work wits econdueted.

335725 —38 i 1
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Ol FUELS

Crade petroleum, from which oil fuels are derived, consists prin-
cipally of hydrocarbons, together with smaller pereentages of sulphue,
nitrogen, and oxygen.

Crude otls full into three clagses: those with a parvafin base, those
with an asphalt base, and those with a mixed base. The parafhin-hase
crude is so named beeanse on distillabion it yields a vesidue that is
principally paraftin wax, The asphalt-base crude on distillation yiclds
a residuc of asphalt. The mixed-base crude yiclds both usphalt and
paraftin. The paraflin oils vary in color from a dark green to a light
amber and ave found peincipally in the Appalachian and midcontinent
flelds. The asphaliic types are the Teavier oils and are found in Cali-
fornia and in the Gulf const regions. They are darker in color than
the paraftin oils and vary from a red brown to black.

The petrolesun pools of the Thaited Stales may l)e grouped into
sevea mijor producing fields or distriets as follows: {1) The Apps-
fachian distriel, (2) the Lima-Indiana district, (3) the Tiinois dis-
{rict, {4} the nndmuhnonl district (including Kansae-Ollahoma and
Texas- Lowisiana), (5} the Golf coast distriet, (6} the Rocky Moun-

tain district, and (7) the California district. Table 1 gives analyses
of various crude petrolenims.

Taniym T—Analpses of erude pelroleums

. Qxypen |

.l T
| M yilen- ok Truvily

Satrree Ctrhan {Hamné)

B phiragen

Perecnt P Perernt { fereent Degroes

Texas (Repnmont) o o MGG MRUD F | 20
Calilorpin {l!!horkl’vld} PP s KhOAD M 6

Pennsyivinin B ! LEA 135 .EII

b 20

e JAn 18,10

Miexienn . TONARD L B

Union af foviel Socillst m-gmhltu itk 12,40

FUELS FOR THE DOMESTIC OIL BURNTR

Ol fuels are now commercially known as domestie fuel oils, No. 1,
No. 2, and No. 3; and industrinl fuel oils. No. 4, No. 5, and No. 8
Sometimes the fuels are referred to as light. medmm. and heavy
demestic oils: and light, medinm, and hm\\ industrial oils. T‘Or
most of the domestic hurners of the present day. the manufaétuvers
recomimend foel ot Noo 8. while some Inon either No. 1 or No, 8
fuel enly.  The oils ideatified by successively higher nmmbers have
correspondingly higher flash poinis. cotitain more water and solid
mafter, and are less volatile and more viscous. The industrial foel
oils are generally too viscows for use i domestic hurners.  Swch
oils wre generally heated bofore being fod to the buener. so that
they will e more readlily atomized. Pwhv:ding in not provided for
in the usual demestic oil-lnoner installations.

The heating values of the different grades of oil fuels differ some-
what. A Heht ol is usn: dly thought (e have a greater heating value
than a heavy oil, and (his is true on a posd Datsis, Fuels, hm\e\u
are customarily sold by the gullon, and the heavier oils contain a
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greater number of heat units per gallon than the lighter oils. They
also are generally cheaper. Table 2 shows a pproximate average heaf
values of various oil fuels for domestic use.

Tanwe 2—Heal conteat of cortain oil freis

Henl units

Per poun.d | Per gailon

L HLwl | R
: H), DR 136, 000

Kerosene_

No. Imefoil 1117 T T e L L Imna 057, 0
No. 2uclall . R e i . 15, Fin ] 146, {16
No.#dueloll 000 LI T m.sﬂnl 141, 0t

t A British thermal unit (B, 1 n.) for proiciiod irurposes may e defined as e st of heat HECLsINryY
o raise . pound of water through 12 F,

OIL-FUEL SPECIFICATIONS

The Bureau of Standards, in cooperation with refiners and other
interested groups and individuals, has established specifications for
doinestic oit-burner fuels and has issacd 2 publication on the subject.s

FLASH AND FIRE POINTS

The flash point of an oil fuel is the temperaturve at which the
lquid, on being slowly heated under delinite, specifiedd conditions,
begins io give off vapor in such guantities that when a toreh is ap-
plied 1t will ignite momentarily, causing a flash, A flash point of
150° to 180° I is considered to be within safe limits for fuels used
m domestic furnaces. Tt heated further the vapor will he given off
in larger quantities. and the temperature at whicls it will ignite and
continne burning (for o period of at lenst 5 seconds} is ealled the
fire point whiclt for an oil Tuel should be low enouzh for the atomized
ol to ignite fairly casily when a toreli is applied.

Crankease oils, from the crankeases of antomobiles, trucks, and
fractors, generally eontain more or less zusoline und consequent]y
may have Jow flash and fire points. The use of this oil 1s a tuel for
oil burners, without vefining, may thus be a dangerous practice.

VISCOSITY

The viscosity of an oil fuel is that property which resists any
foree tending to make it flow and is usually measured by the {ime
reguired for a definite quantity of the oil to pass through an orifice
of definite size under known conditions of temiperature and pressure
head.  For oils suitable for domestic-burner sigre, the  viseosity
should be Tow enougl that the oil will flow readily in cold weatler.

WATER

Water is only slightly sotuble in the oil fuels, and when pregent
it will be found mostly in (he bottom of the conbainer; however, in
the hieavy oil fuels sonie may he found in mechanical suspension,

I NATIONAL TIIMEAT OF STANDAIDY. PURL OILE  COMMERUIAL STANDARBS, Bor, Stand-
irds O 8 12-35, od, 3, 14 piv 1935, Devised edition in Heepneation.,
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Some ready means of detecting the presence of water in tanks
should be available. ¥Where water is stratified in an oil tank it may
be cletected by means of & water detector. This is merely o metallic
rule weighted at the bottem and drilled at the top so that it may be
lowered into a tank throngh the fill or other opening. Clipped on
this rule is a strip of paper covered with a substance impervious to
oil but readily seluble in water. Any substance having these prop-
erties is suitable. Iron ammonium citrate. a double salt of citric
acid, vich purple in color when solid and giving 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. Water, it pres-
ent, dissolves the conting and leaves the puper almost white, while the
portion of the paper in contact with the oil remains unaltered in

color.
SOLID MATTEI

The solidl-matter eontent as ordinarily found in light oil fuels
suitable for domestic use is negligible. As a precantionary meusure,
however, it 18 advisable that all oils be strained before they ave put
into the consumer’s storage tanks.

SULPHUK

The presence of sulphur in appreciable quantities in oil fuels is
very undesirable. The sulplur compound formed during combus-
tion has an objectionable odor and may corrode the metal parts ot
the farnace.

HEATING VALUES

The energy involved in the veactions of the various elements of a
fuel is heat.” The most Important reaction with oil is the combina-
tion of the carbon aud hydrogen of the fuel, with the oxyvgen sup-
pliect for combustion. To estimate efficiencies, flame (emperatures,
cfe.. knowledge of these heats of reaction is necessary.

The following are heat values of the elemental combustibles and of
VALIONS ENses.

Tleat values tn B. ¢ w. por pound
Carbon bumoed to CCa. - o C .. 14,600.

Carbon bumed to CO_.. . ... . . Lo C . 4,400,
Sulphior burned to 80, .. . .. .. . 4,000.

e g £2,000, higher.
ydrogen burned fo 1LO - o ..o oo o {5?‘50“- lower.

fleal vafues in 3t w. por standard cubic fool
f14.7 porrndls pee sequare inch and $2° F]

Iighee 1 Tower

Carbon menoxide, 440 . . 12 !.---_...

Hyslropen (12 . . LR e

Aothone {110 . .. . _ 1.nr..-'.1 i

Eibvlene (Ca1E). . . . Lo . 1,041 1, flift

Benzol (¢ ... . . . . . A1, 000 3,550
i r

Heating values of Tuels may be determined either by caleulation
from the resulfs of a chemical analysis or by burning a sample in 2
endorimeter,  Oil fuel is sold by volume. not by weight, and in con-
sidering heating values it is well to bear this fact in mind. A general
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idea of the heating value of an oil can be had from the specific gravity.
In figure 1 the approximaie heating value of the various oil fucls we
plotted as a function of the Baumé gravity of the oil. These values
are only approximate, and when greater preecision is desired the
calorimeter test is requirved. The effect of estimating heat conteat per
unit of volume, instead of per unit of weight, is shown by the two
lines, While the lighter oils have a higher heat content per pound
than do the hravier oils, they have a lower heat content per gallon.

N

\

Thousands B. ¢ u. per pound

™
~N

atfan
@
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Thowsands 8. 4 .

20 40

a0
Gravity (d ggrees Baum é)

Frsves 1,—Heat values per pourd snd per gullon of ol fuels of wariows gravities,
HIGHER AN LOWER 112ATING VALUES

In the combustion of fuels containing hyvdrogen, waler is formed.
This water-—produced In o region of high temperaiure—is in the
Torm of superheated steam. and in ortdinary practice this steam never
1s condensed within the hieating passages of the boiler but passes up
ihe ehimuey. careying with it an appreciable number of heat units.
The heat nniis thus Tost, through noncendensation, diminish the
calorific value of the fuel as represented hy the ultimate analysis,
and this dinnnished value 1s known as the “lower heating value.”
while the “bigher healing value™ is {he gross heat which is liberated
by the combination of the elements of the fuel with oxymen.

The determmation of the heating value of a fuel in the laboratory
gives the higher heating value, hecanse (he water vapor that is gen-
erated s condensed and gives up its lalent heat,  Also, whea hydrogen
is burned to waler yvapor and the products cooled to the initial tem-
perature, the heat liberated is the higher heating value, This is the
vafue obtained by the use of the ordinary calovimeter. The lower
heating valne assumes the products conled to 1he initial temperature.
hnt {he water nol condensed.  The difference between the higher
and the lower heating values, then, is equivalent fo the heat of vapor-
jzation of water at the initial temperature.  Assuming the initial
temperature, or room temperature, to be 607 T8, the dilference between
the higher and lower heating values of 1 pound of hiydrogen shows
the foliowing values for vurions temperatures of escaping steam:
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Temperature of . TyHierence In
escaping steam 1 hestiog values

A
Y

Bt
G,45

300 10,430
500 11,240 i
700 | 12,060
1.000 i 13,280 [
1,500 ! 13,320

These differences are too large to be negligible. and it must le de-
¢ided which heating value is to be used. The difference is not greal
with fuels of Jow hydrogen content but with oils contatiing roughly,
0.24 pound of hydrogen per pound of oil, the discrepancy is appre-
cieble. The Jower heating value cannot easily be deterniined experi-
mentally and s not so definite, so the higher heating value is

commonly used.
YOLATILITY

The wolahility of a fuel is of particular importance when it
is burned in the ordinary vaporizing-tvpe burner. The No. 1 or
No. 2 oils are generally supplied to burners of this type. Those fuels
which are more volutile requive only a relatively low temperature to
cause them to vaporize and beeone mixed with the aiv for combustion ;
thus the tendeney (o “erack™ is veduced,

To deterimime the relative volatilities of various fuels supplied to
the vaporizing Lype of burner, » number of samples of these oils were
collected from the open market and subjected to the distillation test.
This {est is w0 contrived as to determine ihe temperatures at whicl) the
various fractions of the oil are distilled off.

Tahle 8 gives complete unalyses of (he various oils designated as A,
B, C.and D.and table 4 conrains corresponding distillation data for
these oils. Figure 2 vepresenis (he typieal distillafion curves as
plofted from table -

6oy "

o
S

£

Famperalurs ("F }

FI a0 40 50 ] 70 80
Percent distilled

Froieree 2-—"Typieal distillatlon curves of fuel ails.
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TanLe 3—Aniyses of fired vifs?®

il sanples
Properiy detormined T o e e e s s s e
n IS H h

i B
Ciravity designation under which oil wns enld R - ; 55 oAU RERT T A8 L - iO
Bnecifc graviuy al GOG0° & o L B [T 0.51%
Lgrrees Boumt . 7 A4, 9
lash peint EPLHS!\\ Sfarins elosd iy
Flash point (Clevelind open cap)
Fire poing (Cleveland open ¢up}
v 15::_05;1.\: (Suyhoit iniversal vis

ARITS (CUH None oot None
. . ‘-Irlm Siraw o Colorless
Gearg DL £ ,por poanet L . AT 16,4
tiress 1. Lo, per pallon . . i, i JErA R 110, 093 110,411
Proximate analyres: . . ;
Volatile matler . _ . R .. purmm : o sy LT 519, 905 49, 6
Fixed carban P . du IO S .Ka LG
Ulthinnte amaly: : | i
Curbon e ol 1 WL 54, Bt Hi. Hi
Tiyddromen .. -, L. o da . JEE 1T 1. 60 12134
‘-u]pllur [ . do : L i LD
Oxygen amd pitrosen. ... L o

OIS fested ol 7, 8,

TABLE b —Results of @istiifafion fests on four fuet oifs?

il snnples il samples

Progress ol dislilntiong ' S e <= b Drpeepess of diglillation - - - —— -

1§} [

CEFE R F Fiesl doope Comdinued i \
T LS F RO,
2L A L L TV . 1
AH e YR Uher. .. .o ... DOME GRS ) BM o 472
e T aH Wi g & B T I )]
e, . O EopT e e Bud point. . .- T o Glk
Aber. | . PPN B 1 R 1 G i . !
Sree . A B 1} ATH Y g42A : R TR
e B [ BT A Y ¢ Tl recuvered wii KM il
W T L I f ‘

VOl tested nL UL 3, Naval Epeineering | \|u\rmmul Hlation \mmpr)]l\. Aledl
METHODS OF HEAT TRANSFER

A clear conception of the methods of leat transfer is necessary
Tor a complete understanding of hoiler and finrnace problems.  There
are three methods of heai (r ansfer—conduetion, convection, and
radiation.

Conduction is the intermolecular transfer of heat within a Lody.
For instance, if one end of a copper bar is placed in a flame an in-
erease in moleenlar activity takes place in the end salijecied fo Uie
flame, and this activily is transferred from molecule to molecule uniil
the whole har is very hol. Now, if one end s nwinfained at a Jow
(emperature, heat will continue to How along the bar from the ot
end to the cold. Heat is transferred !Inou'rn mutal-hoiler heating
surfuces in (his manner,

Conveetion refers to the mass transfer of heat, For example, a
volunie of gas is heated by contact with a hot surface or by combus-
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tion, and rises owing to decreased density. Later, the gas comes in
contact with a cold T}Od} to which it gives up its heat. “The greater
part of the heat is delivered to the Tndirect heating passages of o
hoiler by means of convection.

Radiant energy is a form of activity in the ether, similar to light
and electricity. One standing near an open fire is conseious not only
of the light coming from it, but lso of a sensation of warmth, This
sensation is lost when an opaque sereen is interposed but returns ag
quickly as does the light when the screen is withdrawn.  This phe-
nomenen s shown also by the fact that after a solar eclipse the warm-
ing effect of the radiation from the sun appewrs simulianeously with
the Hght jtseif. This radiant effect can even he felt through a thin
sheet of ice. Since hoth surfaces of the ice are at the same (unpm 0-
ture (32° F., the temperature of melting ice) no heat ean be trans-
ferred by ordinary conduetion. Radiant energy must therefore be
transmitted by = very different process. This is also indicated by the

fact that it readily passes through a vacunm.

Heat radiation is wave action and differs from light und electricity
only in wave length. The molecules of 1 hot IJO({\_ ure in a state of
vibration. These molecules set up in the ether radiant-energy vibra-
tions which travel at enormous speeds 1n straight lines in all dlivec-
tions from the hiot hody. When such radiant-energy waves impinge
on u colder body some of whose moleculos can vilirate In tune with
them, then the waves are absorbed by the colder body and its tem-
perature rises due fo this alsorption. It the cold body is such that it
does not absorb these vibrations, then the latier either puss through it
or are reflected, The chiracter of the body has a marked effect on
its absorbing and radiating possibilities. A dull black body has the
reatest pmpens ot .ﬂJ‘sm],\tmn and radiation. Any other body, un-
der simikur conditions of temperature, will emit and absorb only a
fraction of the energy that a black body will.

In furnnee operation we are concerned not only with the vadiating
properties of solids bul alse those of certain gases. I has been shown
that the nef radintion exchange beiween n g 1f—e0uq flame and a colder
solid body is largely due to the CO. and H.0 molecules which are
good radiators and” absorbers.  All other molecules in the guseous
mixture apparently act as nearly perfect reflectors. Heuce, leat radi-
ation from the gases plays an important part in the performance of
w furnace.

The Stefan-Boltzmann law of radiant-he: 1t transtfer states that for
an ideal black bedy the amount of he.ll ransferred varvies us the
dilference hetween the fourth powers* of the absolute temperatures
of the hot and cold bodies.

"This is expressed by the velation

=K (Ty—T4),

wheve 77 is the heat transferred in unit time,

I is u constant depending on the nature of the hot und cold
substances,

A The exponont b holds only for the blaek bedy; for gazes i ls very diffecent beennse
oily cortuin uinds of 1he spestrmm eppetr jond 1he” total hext cinission ean be delermined
only Ly direel jests,
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Ty and T, are the absolute temperatures of the hot and cold
substances, respectively.”

COMBUSTION

Combustion, or burning, is any chemical combination in which heat
is evolved. In engineering, the kind of combustion in which we are
particularly intercsted 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.

Tgnition temperatnre 1s the femperature necessary to start local com-
bustion at such a rate that the adjacent portions of the air-fuel mix-
ture will be hrought to combustion temperature. The most rapid igni-
tion and combustion are desived in ovder to attain high furnace tem-
peratures and thus realize highest radintion efficiencies. Tt is generally
considered that the small atomized ofl droplets entering the furnace
must first be vaporized and then gasified and raised to ignition tem-
perature, before they will burn in the presence of the oxygen supplied
for combustion.  This pracess is endothermic or heat absorbing, and
the furnace walls or flame must provide the heat necessury. The air
supplied for combustion—particularly the primary air—must also be
heated hefore combustion will ensue. Airis a poor absorber of radiant
heat and may have inereased in temperature comparatively litfle by
the time the nil droplet has been gusified to considerable extent. The
alr is heated largely by convection from the high-temperature portions
of the flame, Ultimately the air-fuel mixture reaches ignition temper-
ature and combustion commences. It is apparent, however, that before
combustion is complete the oil droplet may have gone sonwe distance

into the furnace. Early ignition and rapid buring are conducive to
high flame temperatures and redoced flane travel.
The slpoed of combustion is greatly dependent upon the rate of mix-

ing fuel and air. As the droplets of o1l are gasified and burned in
passing through the furnace, each droplet is surrounded by its prod-
ucts of combustion and the process of further combining is somewhat
hindered thereby. Thus a cerfain amount of turbulence is desirable.
The degree of atomizution also affects the speed of combustion.

The importance of combustion specd is seen elearly when it ig con-
sidered that higher combustion speed means higher flame tempera-
tures and higher accompanying heat emission by radiation. More-
over, high combustion speed results in shorter flame travel and the
required combustion space, for a given heat energy emission, is then
al a minimum.

There are certain vital problems to be considered when fuels are
burned, as for instance, how much heal will be developed through
a given rveaction; will the combustion be complete it sufficient time
is ullowed; how much fuel will be consumed in & given time under
certain conditions? QObviously these questions are of importance to
the designer, and they are best solved by recourse to the laws of
chemistry. The more important combustion reactions, together with

EFor datn on eadlation feom OO and .0, and veferring (o redintion Drom gas lavers
in farnaces, son Phe Tollowing : SeRACK, A0 [EPFECT OF G485 RADIATION ON HEAT TRANS-
aissww.]  Tron ool Steel Inst, Dilsseldorf, Tegt Researeh Due, Bull, 55, LAbstener hy
B, N, Hroido in Amer. Boc. Mect, Bogho Treang. (1925) -17: 1104=1247, illus. 1924,]

33572°—38—2
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the heats of reaction, have been presented in the section dealing with
heating values (p. 4).

Chemical combinations or reactions always tale place in definite
weight relutions that are characieristic of the elements acting, and
i definite volume changes that ave dependent upon the number of
gaseous wolecules reacting and {he number produced. Following are
the weights of the substances coneerned in the combustion of the oils
usecl in the tests made by the Depariment of Agriculture,

Muoleculur
Substanen Atlomie weighi, wuight

Carbon____.. . ... e e G200 L
Suiphur.. .. . ... B=32.07 .. ___..__..
Oxygen___ . - - - 0=16.00  0,=352 00
Nitrogen_. .. .- oo . N-14.04 N,=28 08
Hydrogen. ... R, ve .o He= 10008 Ha= 2015
Carbon dioxide. . . L . COy=44. 01
Curbon monoxide..... . ... . . . .. CO=28. M

Water_.... . o

oo el . - Ha0=218 02
Sulphor dioxide. . ..o __. ..

Ll R0y G4 07

When sullicient air is supplied. and other conditions saiisfied. car-
bon will combine with oxygen in the following manner:

C+0,=C0,
and this relation when expressed by the weights entering is,
19+ 3=
1-H207=:1.067
that is. 2.67 pounds of O, are required per pound of C. Similarly,
281+ Q.= 2,0
432230
I1+8~=9
that is, 8 pounds of O, are requived pey pound of H..  And finaily,
S (=80,
g2 4 3= 4
14 1=
that is. 1 pound of O, is required per pound of 8. In (he above
relations (he approximate atomic weights have been used.

From each of the three reactions expressed above, the guantities of
O, required to combine with €, H,, and 8 have been determined,
From a knowledge of the proportion of oxygen in the wir, these cal-
culations may be extended in order to ascertain the quantity of air
entering inte these rerctions. By weight, air is composed of aAPproxi-
mately 23,15 pereent of O, and 76.85 pereent of Noj it follows, then,
that 1 pound of O, is represented in 1--.2315=432 pounds of air.

The combustion ealeuiations shown in table 5 are for 1 pound of a
fuel-oil distillate such asg is supplicd to domestic oil hurners.
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WABLE S.—air reguired for and products resulling from complefe cunthustion of
0L with 1o creess air

Weighg | Beanired quantity Prodirets of eombusiion
per
ol of ] l i
fuel My Nir Ok Nz ] Ha O

Element |
80,

Pourds | Pownds | Pounds | Porwnds | Founds | Ponuds | Pownds | Pounds
{. 8451 2,250 L A L. 7.4 T
I o 1. 033 i 1. 104
L DB -.010 1 i _r
1 . [ DO
L N033 005 (010

otal.. ... L4000 § :5,25\1'] 14209 § .00 | 10.0;30) Lmsi 010
i ! !

LN

s enuivalent of g in foel.

However,in an Orsat apparatns the SO, is absorbed with CO,. thus:

() . : Ha0
3111 i | 1. 168
AN

3111 10, 930 1. 168

The total weight of the products of combustion, then, is J3.111+
10.930+1.168 pounds=15.209 pounds.

Therefore the pounds of air theorelically 1equired per pound of
Tuel is equal to 15.209 minus 1 (weight of fucl) = LE208, which agrees
with the total required air as determined above.

Lable ¢ gives the weights of products ol combustion with varied
air-fuel ratios (percentages of excess air), per pound of fuel.

For an Ovsat analysis the O is not determined ; thus the per-
centages of dry products of combustion with varied air-fuel ratios,
are as given in table 7. Reduced to percentages by volume, the dry
products of combustion ave as given in table 8.

TARLE G.—Wel nnd dry products reswltbing from combustion of oil per pound of
fuct aeith varging percenluges of escess ofr

' i t i I
| 2 pee- § A0 T Ly Ber- j RO per- N per- 1A pee-s 200 per- 230 e 30 per-
eNLOSS | renL vene | owent et oenl ek cent veinl cel
I

Poaraedfs. Punndy Pnum.rs! Pttt Ponnds| Pownds, Pounds| Pownds, Pow pds
ENER .01 w1l EIRAN] d.1h . a1l 4]

U L6 10410 [ T hA A3 ih, 580

0. 130 ; 16205 | 17082 [ (4 {6 . 27309 | H2 vy
1. 163 i )it 1 1ag 1. Ing L. 14 L HiR L 168 | £

r
§
|

1
|

Woeb peodiels. | 1A 20 | 1k AR N M S I R TR ALV T <O CESTE =30 ) e
Ty producets. ) MLL . bl 19,725 | 22, 567 { 25,409 | 28.95] | #5.4535 | 42160 | 49. 565

Tautm T-—Refutive weights of the dry produets of cenrbustion with vurying per-
eearbigey of ewvess oie

: - .....______.___.,_____.__l ; - ___..__
nNo 20 per- [0 per- l 40 k- 5 S0 pwee- ‘ 100 per-" 151 por-] 200 Tier-d 250 puee-} 300 pee-
I CXCOSS | el eong | v el cent | otent ont oot cent

Preeent| Pererntl Pereent| Peeeeat] Procend| Pereent] Pereentt Pervent| Pereent Pereent
2R 18,43 57T T 13,34 1. .50 Foa2 027 & 4
.00 3.0 L H7 B. 73 10, 35 11,15 13, 9% % 1o} 1. U I7 4
T8 70T 7. A kT Tl VI35 TR0 L) 14 Tl
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TABLE B.—Belatire volunes of the dry products of combuntion with carying per-
reufages of exeesy ofr

i
! Mo | 20 per- | 40 per- - 60 per- { B0 por- ! 100 prer-; ! 150 pcr~l 200 per-| 250 per-| 300 1er-
porxeess | ool crmg i oent ernb | et | ceng I ernt cend cenk
| | | ! | _
Pereent} Percent! Prreendy Percent] Prroent] Ptrcﬂrfl Fereent, Percent| Pereent| Fereent
552 | 128 | 0.7 X 5| o ge [ "4 e 3.6
an 3.7 0.2 5.2 9.5 | ll'l B 12,814 142 L3, 2 15 4
ELT 1 57 ] &3 53,3 2.1 &ty - i 0.9 LG 50,5
! | J : i

In figure 3 nve five graphs that show the characlervistics of the
pmducts of combustion of a representative distillate fuel, when
burned with various percentages of excess air. The curves are ¢har-
acteristic for the distitlate assumed in the foregoing computations,
but since the range of fuels used in practice is relatively narrow the
curves should hold subst antinlly for any of the fuels used by domestic
burners, at the time of writing.
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Figrer 5—DCropertivs of flue gases from o distillale Tuel burnel witlh various amoutits
exeess wlr,

Curves A, B, and ¢ show the relation between excess air and nitro-

gen, carbon dioxide, and oxygen, respectively. The percentages of
these constituents in the flue gases are by volumne and on a dry-sample



http:Curves.11

STULDY OF THE OIL BURNER FOR DOMESTIC HEATING 13

basis—that is, they are the percentages as determined from an Orsat
analysis.  Curves JJ and £ show the relutions between the percentage
of excess air and the weights of the dry and wet products of com-
bustion.

Curve 4 shows that the percentage of nitrogen in the flue gases
diminishes as the excess air is increased. This curve is slightly
concave upward. '

Curve Z is the function which is most frequently referred to and
shows the variation in CO, content as the air-fuel ratio is altered.
For the oii under consideration, this has a maximam value of 15.3
percent and decreases as the excess air is increased.

Curve C"—showing the relation between excess air and (),—passes
through the origin of coordinates and is concave downward. As the
excess alr is increased, the O. content of the Huc guses also increases.
It 1s of somie value to note that curves B and ¢ afford a good checlc
on the operation of the Orsut upparatus, as to leaks and completeness
of absorption und errors in fechnique. To illustrate this, assune
that the operator in analyzing u flue-gas sample has determined that
the percentage of €O, is 10. By referving to curves B and ¢ it is
found that (hie corresponding O, content should be approximately 7.
Similarly, a cheek can be made all along the range of excess air pro-
vided, of course, complete combustion exists. I the incompleteness
of combustion is slight. the curves will still be applicable.

Curves I} and %, which show respectively the woights of the prod-
ucts of combustion with and without water vapor, are straight lines
whose vertical distance apart is equal to the constant weight of water
in the flue gases. The weights of the products are given in terms of
pounds per pound of fuel burned. The difference in the ordinates
of the two curves due to the fornmmtion of waler vapor is, on this
basis, 1.168 pounds. "This is constant thronghont the entire range of
excess air, us is brought out in the fovegoing computations. ‘These
two curves are of importance in estimating the quantity of heat that
passes up the stack, which quantity depends in part upon the weight
of products of combustion.

t should be remembered that, in combustion, it iy desirable {o
operate with the minimum of excess aiv; this means operation ut a
point us far as possible to the left on the graphs in ficure 3. The
conditions then, will be those of relutively high CQ. and N, pereent-
ages, and a low percentage of Q.. Moveover, the weight of the
products of combustion will be low under these conditions. The
principal limiting factor in this connection is the margin of precau-
tion against soof and smoke production; therefore most manufac-
turers recommend that 20 to 40 percent excess air be admitted,

Figure 4, the Ostwald diagram,® shows an interesting way of pre-
senting the flue-gas data which ordinarily is shown as in figure &, In
this graph the abscissn is percent O, n the fue guses while the
ordinate is pereent (0, in the same. If from the computations we
plot these values fu. various percentuges of excess air, the locus
of such points will be u straight line. The points indicated on this
line arc the percentages of excess air. The graph provides a compact
scheme for plotting the corresponding percentages of the two com-

BOSTWALD, W, BEFIRAGE %UR GRAPIHSCHEN PRUBRE NUS=TEC N K. Maneyg, wine Foper-
ungstechnik Fleft, 2. Lelpaxig, 1024,
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ponents of the flue gas at various percentages of excess air, and is
attractive becanse of the simple straight-line funciion.

Frequently it is desired to know how much free air will be drawn
into the furnace in ovder to burn u certain quantity of fuel, at a given
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Picenk d—Oxypea—C0 relation o flue gns:-s! wihon vhcious perecnbazes of execss aie
HE LG T E U P
air-fuel ratlo, To answer this question figure 5 has been prepared.
In this case the horzontal eoordinate is the number of cubic teet of
free aiv vequired for combustion, per galion of oil. The vertical
coordinate is the percent-
age of CO, in the flue gus,
\ Lot it be requuired. for ex-
\ awnple, to determine the
number of cobic feet of
aiv which will be con-
stimed in L bour, when the
burner 1§ consuming 2
galions of o1l per hour
N and the C(Ou contont is 10
3 percent,  From the curve,
| for a condition of 10 por-
cenl of CQ., it is seen that
I gatlon of oil wonld re-
gutre aboul 2430 cubie
q | Feot of free air for com-
1098 1580 2000 2S00 IDOD 3305 4000 4500 G000 5500 hustio“. t‘h{'!'(‘{f”'e i.l! W
Free air per gallon of oil {cubic feet) *. . .
Proves S—vVolume of aie renguired for {he combustion are hlll.'i]illg wl the rate of
Ui 5. ¢ ulade rom ; 2 gallons per hour the re-
quirement will be 4,060
enbrie feot of free air. Free air is here {0 be understood as wir at
T0° F. and at atmospherie pressure. Thus it is seen that # burner—
even a relatively small one—ean displace the air content of a 20- Ly
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20- by 10-foot voom once every hour that it operates, merely to
supply air for combustion. The bmportance of this fact, from
practical considerations, is evident.

FURNACE ENERGY RELATIONS

The energy rvelations of the furnace and fuel may Lo gtated as
follows:
=P+

HF represents the rate of energy liberation by the burning fuel,
where J7 represents the British thermal units liberated per ponnd
of fuel, and 77 the pounds of fnel consunied per hour, /2 yepresents
the rate at which the liberated heat is ubsorbed hy the products of
combustion. It results from the addition of hest af constant pressnre
to the various components of the producis of combustion, In the
case of the fuels generally supplied o the domestic oil bhurners these
products of combustion ave, with conplele combustion, 0., Ou N,
H.O. and 80,. This may be represented as follows:

P=wlyv wdadaesh, v b ek

In this summation . .. ete. ropresents the weights, in pounds per
hour. of the constituents Q.. Ou. ele. Formerd by eombustion, and
Rus s, ete, rveprosent their respective heat eapacttios at constant
pressure between the initind temperalure and the fune Lemiperadne.

The Tast term of the Lriginal equation. L. represents the mate of
heat energy lust by the praducts of combustion durtug their Gavel
throngh the furnace. This will be the sum of the heat energy Tost
by radiation and that lost by convection. By the Stelfan-Bol(zmann
taw, the heal lost Dy radiation will he

KT -7

where 7' is the absolute flame temporature.
Tw s the absolute temperature of the absorbing cold sarface,
& 1w oconstant depeidding on many Tactors,

The loss by convection (€'} may be vepresented by the relation
(‘:' )‘J\:{‘Af

where S is the Turnace-wall surface,
e 15 the heat transfer coeflicient in Bt per hour, per degree
temperature difforence. per unit of area,
A/ is the mean temperature difference hetween the firnace wall
and the layer of moving gas bmmediately in front of the
surface.

The last term of the original equation, 7. may then he expressed as
follows:

LAy Ty 38eat
Thus
HF =Swh+ K (- Ty F38eAl
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FLAME TEMPERATURE

With a knowledge of the amount of available heat in the fuel and
of amounts and specific heats of the products of combustion, the
theoretical flame 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 n flame-
temperalure determination as the one thus referred to is theoretical
m that it is assumed that there is no loss of heat to surrounding sur-
faces during the interval required for combustion—or what 5 equiva-
lent, that no time is required for combustion. Actually, of course,
such is not the case. A finite, apprecizble 1ime 18 reguired for com-
pletion of combustion, und the surrounding surfaces of the furnuce
ave excellent absorbers of radiant energy so lhat ilie actuzl fempera-
tnre which the products of combustion altain is considerably less
than the theoretical temperature. The energy relations for the netual
conditions are given in the section next above.
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Tt is obvious that the determination of true flane temperatures is
not a simple process. What is frequently done is to estimate the flame
tempersture from a considernation of the heat values of the fuel
and the sensible heats of the products of combustion resulting from
the burning of the fuel, assuming that all of the heat liberated is
used to ruise the temperature of the products of combustion. Thus
front a knowledge of the initial temperature, of the mass and specific
heats of the various products of combustion, sind of the heat units
liberated, the finul temperature can be estimated. This temperature
is purely a theoreticad vaiue and does not take 1nto necount the effect
of radiations it is, therefore, not the frue temperature found in the
furnace. However, a knowledge of theoretical temperatures is m-
pertant in the analysis of certain problems. Theoretical tempera-
fures are shown as a function of wir-fuel eatio in figure 6. The
rapid deciease in flame temperature as the excess air is increased is
shown clearly by this curve,
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FUELS USED

The oil fuels used in the tests heve presented are designated as
fuel oils Nos. 2 and 3 in the log sheets presented later. The numbers
ndicate the commereial grades as defined by cammercial standards
for fuel oils in publications by the Nationa] Bureau of Standards.
’I‘he{ analyses given in table 9 are for two typical siuples of the oils
HECLL
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METHOBDS OF TESTING

In the Tirst edition of this bulletin the perfornance data for severn!
burners in fowr- five-, and six-section rotund hollers of 23-ineh diam-
eter were given. Sinee then the Burean of Agrienltural Engincering
has stadied the performance of most of the jeading hurners on the
market in several typical hoilers designed oviginally for hurning coal.
Perfornmnces ¢ f special oil-dnnming boilers and haner-boiler units
have been investigated for comparison and some study has bovn siven
to cconomizing devices designed 1o improve the operation of hoilers
of mited fue travel and heat-absorbing surface,

In all the tests the control of the hurners wius maenoal, nulomatic
devices belng omitted. The connnendable work of the Underwriter’s
Laboratories deals with the safety phase of oil-hurming equipment
with no direet concern as ta the officiency.  Safoty necessavily in-
volves the proper funcetivning of the automatic controbs and liniting
devices, and the underwriters apparently have deale thoroughly witly
this subjoeet,

The specific abject of the series ol (ests reported on was Lo deter-
nrine the thermal efficiencies to he realized with (he burners, boilers,
ete., under vartous conditions of operation. The (herual efficiency is
the proportion of the heat: energy of the Tuel which is teansmitted to
the heafing medinm, and is sometimes reforred fo as the “over-all®
eilicieney. “The thermal efficiency is a function of the hoiler design as
well as of the burner design, and therefore the (ype of hoiler used
st be talen inlo aceount.

The three coml-Intming boilers tesicd were of American Radindor
Co. manufacture. One wag a 20-inch, four-section Aveo, designated
W-2004; another was o 22-inch, six-section Arco, designied $-2206.

HAGTY =l N}
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The third described by the manufacturers ss a water-tube fype, was
a rectangular seetional boiler of 23-hich width, consisting of seven
sections, desigmated 8-2807. These boilers represent Lypes found m
a large percentage of the plants which wre converted to oil and also
in new instatlations in which oil hurners are nsed.

The speciad oil-burning boiler nsed in the tesls was of cast-iron
sectional design. used as standand equipment by several jmportam
burner mannfacturers.  The boiler-hurney nnit reporied on was of
steel construction amnd ineladed the so-ealled taukless seheme for the
peneration of hot waler, .

Principully, the tests conducled on the varvions burners were of a
continuons nature.  Some, however, were fnternitient and so desig-
nated on the log sheets presented. T the continnons tesis the hurmer
was operaled Tor nosufficient length of Gune preceding each test 1o
insnre steady conditions before readings were hegun,

Th (he htermitiont tests the bhurner was operated as Tollows: 1
hour on, one-half honr off: one-half hom- one 1 honr off; one-four.h
hour on, 2 hours ofl': one-fonrth howr on {with reading continuimg
il conditions were the same ax those prevailing al th heginning
of the test).

Fhe heat absarption was detevmined from a knowledee of the tem-
perature rise of a known quantity of water passing through the
boiler.  Thus the boifer was operated as a Janker ealorincter. The
readdings of fuel quantity, deaft, aud temperalures were made at 10-
iinpte intervals or desso nnd the anadysiz of the Hoe gases by means
of the ordhinary engineering Huee-gas wmdyzer, was made every 15
minutes of burner operation.  ‘Phe guantities of waier and il were
measured by means of aceurate platlorm senles and the temperatures
were deternined by means of mereury thermomelers,

The tests were planned with o view lo disclosing the operating
characterstios of the vurious burners in the boilers nred. o do this
the fuel raie was generally variod hrom a point considerably helow (o
a pouit cousiderably above the hoiler rating.  Ade-Toel ratios which
would prevail in goad practice for the several types of Inrners were
gencrally adhered to in adjusting the burners for test. Some depar-
ture from this setbing was imade to study the effeet of higher or lower
atr-fuel ratios. IProm these data the curves of over-all efficiency.
flue-png temperainre, wixl heating effect were plotied (o show the
effects of the varinbles

DEVICES FOIR IMPROVEMENT OF BOILER EFFICIENCY

Pioncipally beeanse nuny oil boriers bave hoen bnstailed in hailers
origin tlly intended Tor conl huming, and hence not very efticient for
oil bnrning, severnd eeopamizing deviees have been designed. Sowe
of these arve simple and inexpensive fo install while others are same-
what more costly and more diffienlt of installtion. Beeause of the
importunce of sueh aceessories. represeniative seonomizing devices of
fhie zeneral class meationed were studied.

The simplest sehenie, o one sed sivee enely i domestie oii-
hurner historv, is the shieet-metal haffie pictored in figree 7.0 T (his
age the baflle is ingtelled i the fue passages of o sald ronnd cost-
iwron boiler having a vather lnnied secondary hieating s face. The
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baflle, 4. vonsists of an annulae sheet of metal vesting on sphit brick,
@ The effect of the haffle is principaily to capse the produets of
combustion to “serul” maore of the heat-absorbing surfuce. The view
shows the necessary elearanee between the circumfeorence of the hallle
and the boiler wall to permit passage of the pares. This opening
must not be too small or a back pressuve will be built up in the
combustion chamber.  Such an installation should be made by an
exporienced  man with
the aid of a draft guge
to determine the draft
i1 the combustion eham-
ber in order to avold
exressive back pressure.
The gun-type, relort or
pot-type, and the yel-
low-flime vertical-ro-
taey burner enn wiih-
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stand the effeets of more baflling than enn the hlue-fune vertien!
rotary. This Torne of baflle is relerred to as type 12,

The device shown in fgure 8 is an clalioation of the baflle
iden. This serves nol only to inerease The serubbing offeet as
described in connection with the type P baflle (lfig. 7)  hut
also serves (o “colleet™ additional heat and Cransmit it (o the hoilee
heating surface to which the ceononizer is Fastened. and thence
fo the boiler water. The use of sueh o device is shown in lig-
nre 8 a0 a small romnd heating boiler.  The baflle is made tn four
sections to permit installation. TRaeh section consists of a hase plate
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and @ top orcover plate. The baxe plaie is secwred 1o the flue surface
ot the boiler by metallic coment of high thermal conductivity, The
top plate makes good thermal confaet with the bottom one through
the several ling. Thus the top plate gives the baliling efleet st rated
m figrre 7ol at the swune time the heat “collected™ by the top plate,
fins, and bottam plale iz condueted 1o the hotler water, thus inereus-
g the cflectiveness of (he surface of (he hoiter to which the device
is attached,  This type ol cconomizing deviee will e referred to us
Fype S

Another 1 fadively simple seheme used in an attempl ta step up
the efficiencies or eapacities of jnadeguaie boilers is the Familiar de-
viee shown in figure 9. Thix s ealled a Bre-pot type al water healer.
When placed in the {ive pot of an
oil-fired Loiler and piped in paraliel
with the hoiler itself rather (han
heing vsed as o domestic hol-water
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Frsrrk de—lhanestic water-heeting anil used LI H , ol e iding
s boiler Botster, stddivional primary hesiing suefiee,

generator, the device serves 1o stepy np the eflicieney (o some degree
ag will be shown Inters This type of economizer will he refereed Lo
ag type W.

sStmiiar in principle to tepe W, bui speeially desipned for the pure-
pose, 18 the cconomizing deviee shown in ignee 100 This s installed
and ied in with the boiler in a fashion similar ro that deseribed
above bur the heating stefave is greater and the economizing eflect,
b prresiamably preeaders L0 will he velerred to as {ype )

Another (ype is shown in ligure 1 Flere again inereased heat-
absorbing surface is provided i the form of @stings placed in the
firchox and {he water-hearing compartments of these eastings are
tied in paradlel with the hoiler proper, thus providing additional pri-
mary heating surface. Io the particular ceonomizer tested (he annu-
o portion rests on the Top of the combustion-chamber walls anl s
pipetd into the fower portion of the botler. "The annular portion is in
tnen fitted with a hoodlike easting over the five and Teain (he top of
this portion a cirenlading Hne conneels with the upper portion of the
hoiler as shuwn Inthe eut. This will be referred (o as type V.
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Still another well-known combination ni cconomizing devices 1is
shown in figure 12, This consists of two principal parts: (1) A water-
containing casting lined with vefractor v omaterial forming a combus-
tlon chamber and providing additional heat -absorbing swrfuee which
is tied in with the boiler by moeans of piping as shown., This gives
additional diveet healing surface: (2} “fngers™ of metal cemenled
to the surface of (he
npper thres, as shown,
provide additionai
mdivect healing sur-
fuce to collect heal
and  bransmit il Lo
the botler walls an
fthenee o the waley.
These bwo compo-
nents ol the ceono-
mizine  sysiem e
nat conneeted inoany
way. therefore either
may heenmployved
without the other il
it s wnneeessry o
bmprraedienl la use
both.  Thix will T
reforred toastype 1,

Varions  eombing-
{ions of the above-
deseribed deviees can
he cmployved.  Ior
exaumple, type I with
types ForYior trpe
S with tape . Sieh
combinalions woere
mrele i the tesfs and
the performnee ve-
sults are presented

lrtor Fraime: P~ Phwesden of  grranvegizizer erecbliing mldiononnd
ARG priteiry lwating siptaen,

DISCUSSION OF RESULTS

Tables 10 to 22 give data covering a large portion of the tesds of
domestic oil biners made in the laboratories of the Johns Hopkins
School of Engineering, Balthimore, M. ]lu’ tables are ;n(“—-onlm] for
stidents of the subjoed of domestic ot b ming interested 1o the details
of the perfornmnee of ol hurners in varions botlers,  However, for
the purpose of simplification, the salient vesidts of ihe Tiboeatory
studies have heen presented more conveniently in graphic formr in
figures 13 to 28, For the discussion of test vosults weference will bo
e to the graphs.

The comparison of test resnlts s on the basis of thermal efficiency
only,  In selecting a burner for o paaticular mstaliation the huyer
would need to consider other faclors. sueh s type ol botler, grade
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of oil burned, and amonnt of service required. The wrller s
wlready presented information in more detail on ihis point.5  In
the tests upon whieh the wraphs in flgores 13 1o 93 are based the
buiner was always operaled long etnongh preceding eacls test 10 insarn
steacdy condlitions heFore reudings were hegun.  The sulput in gross
equivadent squaure
feet of steam radia-
Lion  at any  given
tfuel vade s L'qlml o
the fuel rate multi-
plied by the caiorific
valoe of the Tuel in
British thermal units
per gallon, wualti-
plied hy the eflicieney
(expressocd as w doee-
twnalde and  divided
by 2H), which is the
number  of  Beitish
thermial nnitsemitted
1 hour by i sqaaee
foot ol standing enst -
bron steawm radiation,
Tt was the purpose
tn the presentation
of the duta in feures
13 to 1o "t‘ll(‘l"l'l/i'
as mueh as Teasible.
Mecordingly por-
foriance  data are
presented for repie-
senfative burners of
cootl design Tor enel
af the several fypes
of oraers. The dif'-
terenee In elliciencies
of any of twe betier
[RTR N I.:.---Iwn;::rll|I|I1I:|r]:”J‘uhlriz.l;!l]l::': .::::1:1|1ln:11.ai prinury amd burners of a given
type wwder o given
set of operting codiiions is pot =oflicient (o be of practieal im[mr{-
anees for that reason the performance graphs in figwres 13 1o 28 can
be regarded as typieal perfornmnees of good equipment of the several
(vpes when operated under (he speciticd conditions. I the case of
the operation of the vertieal votary burners in figures 13 and 16 vep-
resenting performances in a sis-seetion 22-ineh round (ype and in a
BOVEeI- “section - ineh wator-inbe tvpo. respectively, the pt‘r-lmnmnw
ol (he hlue-Hamoe vortieal-rotary and the yellow-Mnne alamiging typoes
of hurners were so nearly alike than For simplicity they wore averaced
and presented merely s performance for e vertieal-rotary humoer,

TEREan, AL TL s ol nale b
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Mgures 22 und 23 indicate 1he performances of e varions econ-
ontizer sehemes deseribed on pages 18 1o 260 The veference lotiers are
those used i elassifying the varous deviees and i labelling the test
points and graphs in figures 22 and 23, The carbon dioxide content
of the Hue gases for ench of the individual text points and graphs
i alzo showin in figires 22 and 23,
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EFFICIFNCIES

The curves of cficiency in figures 13-28, are either concave down-
ward or stradght hines within the range of fuel rates shown,  In all
eages, except perhaps the four-seetion 20-inch boiler, the efficiency
graph stopes downward praduadly. as the fuel vale incveases, Thus
the boilers and bhurders may. in general, be sadd to have flat efficiency
churieteristies. The efficiencies recorded ave for relatively rood con-
ditions of operation but since we are interested principaily in com-
parisons between the several (ypes of burners such conditions are
eqittily advantageous 1o all types concerned,

[The effects on the efliciencies of the two vound hotlers {the six-sec-
tion 22-inch nmd the fonr-section 20-inch} of the use of various econ-
ontizing deviees as depicled in flgures 22 and 23 are parvticulariy
iferesting to the practical otl-hurner man, The cconomizers studied
were the types i most conmmon use at the Dime of wyiting,

FLUE-GAS TEMPRERATURE

Te produce igh over-all efficiencies, there must be {1) completa
combustion, which presupposes adeguate combustion volume, alomiza-
tion, admixing, cte,, and SQ} iheee must be suflicient direcet and in-
direct heating surface (o absorb the hent evolved by combustion. In
short, the fuel must he completely bioned and the heal extracled
thoroughly from the products of combustion.
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The effect of fuel rate and ajr-fuel ratio upon the exit loss shoukl
be clearly understood. It will he noted From the various curves {hat
the flne-gas temperature for a given air-fuel ratio inerenses as the
number ot galions of oil burned is increased. Take, for example,
figure 18. In this figure the performance of a burner in a six.section
Loiler, with a constant carbendioxide content of 12.8 percent in the
flue gases is considered. Now. as the fuel rate is increused From 1.2
gailons per hour to 2 wallons the flue-gas temperature is seen to
Increase from 415° to 600° F., in a st viight-line relation.

On the other hand, what is the effect on flite-gas temperainre when
the rate is held constant but the air-firel ratio is altered ! Asg hereto-
fore brought out. the addition of exeess nir deereases ilo flume tem-
perature; that is; the inert material added acls as a clifuent, and as
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a result the final temperature is dininished.  Thus with a given fuel
vate and a given furnace. the witial temperature, with complete com-
hustion, is higher with a flame producing, for example 12 pereent
cirboncioxide than with a flame producing 10 percent of carbon-
dioxide.  In regurd (o stack temperaiore, although the furnace tem-
perature is higher in the case of Joss excess air. {he exif temperature
15 lower,  As has been stated, the radiant hoat emilted hy 2 body is »
function of the fourth power of its absoluie temperatire; also, not
only the incandeseent earbon particles hul cortain fuses—in particular
carbon dioxide and H.0O are good radiators. Thus the products of
combustion al the higher initia) tempernture have the power {0 emit
comparatively large amounts of radiant enerey to the divect heating
stirface of the hoiler, amd to a part of the indireet surface, Morcover,
according to the laws of Tieat transmission by conveetion, (he largoer
volume of gas—which is the condition with large amounts of excess
air—ygives the lower efficiency in heat 1ransmission. Thus the com-
hination of these two effects produces hisher stack temperatures in
the case of large amounts of excess air. Stack loss ag a function of
air-fuel vatio and stack temperature is shown hy the curves in
ligrare 24,
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NEATING KFFECT

In figures 13-23 are plotted curves of cutput or heating effect in
terms of gross equivalent square feet of steam radiation.  The graphs
of output, for the vange of fuel rates used. ave either straight lines or
coneave downward.  The oulput is an increasing function ot the fuel
rate, whereas the efliciency is i decreasing one,

EFFICIENCY IN RELATION TO CONTINUOUS AND INTERMITTENT
OPERATION

The tests deseribed herein were principally of a continuous nature,
and veacings were not begun until constant conditions of carbon-
dioxide, stack temperature, heating elfect, ete., were aitained. How-
ever, in actual operation of intermittent-type burners these conditions
are not secured, and equilibrium may not always be established.
Talke, for example, the case of a gnn-type burner firing a boiler with
the characteristic bricked-up furnace.  After the burner has heen in-
active for some fime the brickwork becomes comparatively cool.
When the burner resumes operation, the velatively eool brickwork tem-
porarily causes a certain logs from unburned gases. For a given boiler
this loss due (o starting is a definite ¢uantity for cach thermual state of
the furnace. Moreover, there may be some loss due to the residual heat
of the brick which 18 not availabie Tor producing usetul heating effect
to the boiler, for the reason (hat when the hnrner is inoperative the
draft caused by the stack effect carries a certain quantity of heat up
the flue.  Obviously, when dealing with the smaller types of boiler in
which the mass of refractory material or hrickworlk is relatively small,
the starting foss will he negligible for all practieal purposes,

The slarting loss s made up of two parts (1) the loss due to the
chilling effeet of the cold hrickworl—a *chemical™ loss, and (2) the
loss e to the diveet absarption of heat by the brickwork or 1efrac-
tory material in the furnace. These combined losses may he rela-
tively small, beeause the eatalytic effect of the brickwaork is ap-
preciable even when the temperature is much below that at equilib-
rinm operstion, and alse because o large part of the heat that goes
into heating the hrickwork is recovered when the burner is inopera-
tive, The relations between the varions factors invelved 1n inter-
mittent operation and their eflects on resultant efliciencies have been
convincingly brought. out by Theodorsen at Johns Mopking Uni-
versity.,  In his series of fests the boiler was operated as a enlovimeter
with practically zero vadiation, and the heat transmission from the
hot brickwork to the water was determined after the shut-down,®

UNCONSUMED FUEL

One of the most interesting incidents of this study was the dis-
covery of constderable unburned gases when the burners were opereat-
ing inder conditions whieh are generally conceded to give pertfect
combustion. It has heen the general practice to analyze the flue gases

ST heodere Theamloesen, @1 Johns Tlopking Tniversioy, Inoa series of expeviments (or Uhe
Awertean Ofl Burper dssooitian, las studied (his proddem of anbiorasd fuel Tor starting
cemditions s well as for eondiiinns of wpidBhclgm, Hesults of these expeeloenis e
embudicd @0 his oeppert o e gssoclicion, (oeether with oo Tnteresttng stoleldometrice
mnlysts of the prodoels of emnbuestion resalting From ingewplete combustion gf o kind
referred Lo in Lhis section.  (Unpablighed datn)
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by means of the conventional Orsat apparatus which shows percent-
ages of CO., 0., CO, and by differcnce N,.  When this is done and
a heat balance is made, it s often found that the unuccounted-for
tosses run rather high—perhaps as much as 15 percent of the heat
value of the fuel. This indicates that there must be some fuel that
is unconsumed but which is not detected by the ordinary fine-yrus
analyzer,

This unaccounted-for tuel could not be entirely in the form of
coot without being readily noliceable and, moreover, it was found
that even with n comparatively clear staclk this loss was always pres-
ent to a degree. In some instances of oil-burner tests, particularly
in the case of large judustrial boilers. losses up to several percent
have been attributed to soot formution® When the presence of
carbon monoxide was detected at all ihe amount was only w irace—
unless there was an appreciable deficiency in the air supphied. The
assumption is sometimes made (hal radiation might account for a
large percentage of this heat. However. when the boiler is used
merely as a low-temperature calorimeter and relatively cool water
1s passed through it—thus rendeving the radintion very smali—this
unaccounted-for loss still persists.

For a niore complete ieat balance the flue gases were therefore
analyzed by means of the Burean of Mines® gas analyzer, whereby
.. unsaturated hydrocarbons. and saturated hivdrocarbons could bo
determined in addition to the compounds indicated by the ordinary
engincering type of (lue-gas anaiyzer. Table 23 presents test data
resulting from the operntion of four principal types of domestic oil
burners in three cast-ivon hoilers. The data present the performance
af miscellancous and widely divergent air-fuel ratios and Toel rales,
and therefore may not be used to compare the efficiencies of combus-
tion of the vavious types of burners. The purpose of this table is
to compare the results obtained in using the simiple engiieering gas
analyzer with those obtained by nsing the more complele gas analyzer.
The analyses as presented in the table were made after equilibiinm
had heen reached.

If enly the simple gas anabyzer had been used the values contained
after the items of CLII,. I, and CIH, would be lacking. The two
sets ot percentages nnder the item of excess air or deficiency show the
differences between the computed values of sir-Fuel yatios when the
computations are hased on whal might be termed the incomplete and
the complefe apalyses.  When based on the complete analyses in which
practically all the unburned gaseous fuel is included, the air-fuel ratio
18 less than when based on the relatively incomplete data yieldad by
the ordinavy engineering pas analyzer. The Rrst two fests on the
blue-flame vertical-rotary Lurner were made with wir deficiencios for
the purpose of studying the products of incomiplete combustion under
such conditions.

The percentages of the heat value of the oil represented by the prod-
ucts of incompiete combustion are given, The sum of the losses due
to C.H,, H,, and CI1, which would not be dJetected by the ordinary

YHARKLEY, F. M. RXPERIENCES WIIYH 90E COMBUSTION OF FUEL QI IN FOWER FLANT
BOILERS,  Bogl O8F Tiear sud Dower 4 (123 jI2F-11, AG--12, B, 10, THus, 1924

W RIMEEGL, G A, s SEIBERY, BOOM. SANELINE AND BXaMINATION D MENE fANES
NATuRAL A%, Revised By L W, Jopes, U, 8 Huwe, Mines dull, TOT, RN g
illus. 1906,
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onoxide in the flue guses, the onlv product ol incomplete combustion
that could be detected in the so-called ine omplele analysis. The values
of the total incomplete-combustion logses vary from a low value of 4.1
pereent to o maximum value of 222 percent. During the aperation of
the burner under the latter conditions, when nearly one-fonrth of the
fuel passed up the stack unburned, comparatively little soot was pro-
duced. The value of the incomplete-combustion loss in one instance,
with considerable air deficiency, was greater than the sum of the dry
stacl loss and the loss of heat in the moisture resulting from combus-
fion of the L, of the fuel. Even whew adequuate air was supplied, the
unburned-Tuel Joss averaged two-thirds of the dr y stack loss and usu-
ally exceeded the loss in the moisture resulling Crom combustion of the
H, of the fuel. The last two Hines of talile 23 indicate a mueh better
aceounting Tor the otal heat of the fuel when e heat balanee is huased
on the complete analysis rather than on the incomplete an: tlysis. The
average value of the radiation and unaeconnted-for loss based on the
ordmary gas anilyzer Tor the several runs listed is 12.6 peceent, while
ased on the mmpiolv wiadysts it is 5.7 pereent, Assuming a radiation
luss of 8 pereent in both cases, this would leave net unaccounted-for
losses oL 8.6 and 2.7 percent, respectively.
Thus, while the ordinary enginecring Orsal apparatns is useful and
per h\p% indlispensable in ficld .nl]uslnwn[s of oil fires, it may vot be
satistactory when an aceurate heat accounting is (o be made in precise
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laboratory work. Since the carbon monoxide measurement is of rela-
tively little value by itself. probably the most practicalle type ot gas
analyzer for the oil-burner man who is confronted with the task of
making oil-burner adjustments in the field is the single-pipette
}'m-iety utilizing a caustic solution for the absorption of carbon
dioxide.

BOILER RATINGS

Few problems are so troublesone to the oil-burner engineer as that
of the ratings ot boilers designed fon burning coal. In many in-
stances the engineer is foreed To use the rating given by the mumi-
Factuver as based on coal as fuel, and often this resulls in incfliciont
operation.  To ascertain why the ratings {or conl do not genernfly
hold for o, reference is made to figure 25 which is a characteristic
eficiency curve for u heating boiler when burning coal, This curve
shows u conslantly increasing efficiency from zero to n maximum value
at about 40-percent rating. The efficiency then diminishes, the curve
being concave downwnrd. At 100-percent rating the efficiency s
only about 85 percent. of its maximum value. Now this 100-pereent;
rating is fixed at the point of peal load for the scason, which is the
time when the boiler 1s being pushed to raise the temperature of the
honse in the morning to, say, 70° I, Quring the season of lowest out-
stde temperature. However, it is oslimated that the average oulput
for the season is actunlly less than one-third of this peak demand.
The manufacturers take advantage of this fact and so rate their boil-
erg that the operating point of waximum efliciency comneides with the
average seasonul demiand on the boiler, not with the peak demand,
Hence during the time a conl-burning boiler is foreed the efficiency
suffers.

The intermittently operating oil Lurner must be so aljusted as 1o
rale of fuel consumption that this peak denund ean be handled,
Moreover, It must be so adjusted that the rate of burning will he
sufficient to heat the house to the desived temperature on the coidest.
day and to perform this task without running continnously, in order
to leave a margin for antomatic control. Thus it is the providing
for this peak demand which fixes the rate at which a burner mush
operate. This rate of heat liberation will be at Jeast g great as, and
probably greater than, the maximum rate of heat liberation for the
conl fire. The important point to bear in mind s that the oil burner
of the intermittent variety when once sot operntes af thal same rate
all throngh the season from the mildest to the most severe day. The
control of room temperature is obtained by intermittent operation of
the burner. In mild weather the burner is inactive for tonger periods
than 1t is during cold weather. Now this condition is not objec-
tionable if the allowance for peak demand with coal hus baen liberal,
but 1f not the oil burner will operate a2t nnduly low efficiencics,
Hence it o1l is to be used us fuel in a standard coal-burning boiler,
some adjustment in rating must be made.

One leading boiler manufacturer, in order to allow for the peuk
demand, adds about 80 percent to the radiation load in determining
the size of boiler for coal. Henee it might be well to ndd from 100
to 150 percent to the radiation lead in order to determine the hoiler
capacity when burning oil,
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From the foregoing it is evident that both the amount of radiation
and the total operative time of the burner are factors in selecting the
proper size of boiler. Ratings for coal-burning boilers are applicable
Tor oil burning ouly when proper allowances are made for the dif-
ferences in conditions.
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COSTS OF HEATING WITH COAL AND OIL

In comparing the cost of heating with coal and oil, it is important

that all of the factors be considered. The personnl clement enters
to a much greater extent with the coal fire than with the oil fire,
and therefore there is greater opportunily for poor firing, It is
safe to say that only a small percentage of householders operate thelr
furnaces to best advantage, With the coal fire there is overheating
during the milder periods of the heating season, espeeially when no
automatic room-femperature control is used. The temperature regu-
lation frequently is achieved by opening windows and doors rather
than by control of the fire. Morcover, in homes where coal is burned,
some auxiliary heating devices—such as portable oil, gas, or electric
heaters—aze Trequently put mto service in the spring and fall. The
c<.]>s{; of operating these should be eharged against the conl-burning
Hant.
: With the oi} burner the personal ¢loment is lavgely vemoved, as-
suming that the burner has been properly instalied and regulated.
There are characteristics of the oil borper which teud to increase the
cost of heating, but they ure additional costs Tor additional comtort.
The oil burner 15 likely to be operated enrlier and later in the heating
scason than the coal burner, because of the ease of starting up and
the probability that little attention is required afterward. The room
temperalure, with a good antomatic oil-burning installation, is main-
tatned practieally coustand at any ordinary temperature desired, which
iy or may not be the case with the conl burner.

It shonld be borne in mind that the average oil-burning installa-
tion is merely a change from coal to oil without any radical change
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in the boiler. Some boilers are far more suitable for oil burning than
others. A compurison of the costs of burning oil and coal should there-
fore be confined to one type of boiler becanse in another 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 ave equivalent to a ton of coal. This
will eliminate the variable of prices, and the figures presented can be
used for comparison in any locality where the prices of oil and coal
are known. The Department of Agricnlture investigated the com-
parative consumption of coal and oil with small vound hoilers such
as would be found in homes of 6 to 16 rooms. Trom these investi-
gations it was concluded that, under present conditions, 1 short ton
of coal is the approximate equivalent of from 150 ov 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 follows: The cost of the burner installation may be several hundred
dollars, and interest and depreciation must he charged against the
oil burner. On a small installation these fixed charges alone may
vepresent a large percentage of the cost of the fuel. The cost of the
auxiliary power must be added—that is, the gas ov electricity or both,
depending on the type of burner. Moreover, after the free-sorvice
period, which generally is 1 year, service-call charges must be reck-
oned with, although with good burners, proper?y nstalled, this
item should be small.

As against this the prineipal arguments advanced for the oil
burner ave 1ts convenience, comtort. und cleanliness. Tt is maintained
that with the use of oll burnevs the cost of cleaning and redecorating
s greatly lessened. As compared with burning soft coal this is un-
doubtedly true, provided the oil burner is in proper adjustment,
otherwise 1t may produce a quantity of soot that will permeate the
house in a very short time. The employment of an attendant for an
oil-burning heating plant in the home is unnecessary. In the aver-
age-sized house, where no great saving in furnace attendance can be
shown, 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 contermplating an awfomatic house-heating system
he usually has in mind oil. gas, or electricity. Accordingly he is
justly concerned with the velative costs of heating. Electric heating
18 in many respects ideal but at this time the arex in which the rute
for electric current is low encugh to permit its economical use for
house heating is very limited.

In many instances the cost of heating with gas compares favorably
with that of heating with oil, especially when considering the in-
herent advantages of gas heating over oil heating. Many factors ai-
fect the seasonal efficiency of the two kinds of fuel and as time goces
on and more data ave assembled we shall be in a better position to
use fair average figures for seasonal efficiency.

In considering o number of the comparisons made between oil and
gas heating, two outstanding tendencies—conducive to erroncous
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conclusions—ivere observed: (1) Many items of cost had heen over-
looked, and (2} when these items were included, the fact that they
are functions of the size of the plaut was ignored. The first ques-
tions, when one is asked to compare cost of heating with any two
fuels such as oil and gas should be—Of what size is the heating
plant; how many square feet of radiation ave installed? The effect
of the size of plant on comparative cost figures will be apparent when
the items of cost are considered. With an oil-burning installation the
majer items are as follows:
(1} Cost of fustallation.
{2) Cost of average reserve off oil in stornge fank.
(3) Cost of beler For oil hurning.
{4) The swn of (1), (2), and (8 is Mhe juvestiment.
t3) Interest on investinent, irem (173,
{6) Cost of oil for senson.
(7) Deprecintion of oil burner, catimating e af .« vears.
(8) Deprecintion on eil-burniug boiler, estimating e oty veurs
{3 Coxt of serviee on equipment afrer (st yoear.
(1) Cost of opeeation of pilot or other ignition deviee per season,
{11) Clost of operation of motor Per seusci,
The total cost per senson of heating with oil will. in general he as
follows:

Cost={5) + (&) + (T) + (8) + (9) + (10) + (11)

Under certain conditions of operation, some of these items may
hecome zero, or at least very small.

Most comparisons take account of only item 6, while some iuclude
also 10 and 11. However, it is easy fo show that the sum of the
other 1tems of cost may easily be as much as 75 (o 100 percent of
the sum of those ordinarily considered. For convenience the various
costs will be grouped and called the “fixed™ cost and the “fnel” cost.
The fixed cost will be the sum of items. 3, 7, S, 9, 10, and 11. The
Fuel cost will be item 6. As the plant increases in size the ratio of the
fixeil costs to the fuel costs becomes smaller, but the former is never
negligible and should always be taken futo account when compurisons
are made.

Consider now the major cost items when gas is the fuel. They are
ng Tollows:

(1) ozt oof insfallation.

(2) loterest on Investmoent, o (1),

(8) Cosft ool gos per sens=on.,

(4) Depreciation of mis bollor, esfimating life nt % yoars,
(5] Serviee charge,

Ttem 3. may be zero: that s, in some cases the service charge is
ineluded with Toel costs. The total cost per season of heating with
gns will he, Cost==(2)+ (3) + (4) + (5).

In this case, as with ol there ave two kinds of costs. mamely.
lixed costs and fuel coxts.  Accordingly the fixed cost will be the
sum of 1tems 2.4, and 8, und the fuel cost will be item 3. This jten.
of course, inctudes pilot-light cost. These cosis agnin hear a cortain
relation to each other as a function of the size of plant. hut the ratio
of the fixed cosls to fuel costs is not, in general, as great with gas
as with oil.

Curves have been plotted {fig, 26) to show the eflect of these vari-
ous cost fuctors—particularly that of size of plant. The comparison
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is between specially designed gas burning equipment and special oil
burning boilers. Lhese curves represent the rue costs of heating with
oil and with mas for 1 year in one of the targe cities of the country
where, on the basis of oil and gas costs only, gas heating would ap-
pear under any condifions to cost almost twice as much as oil heat-
ing. The fuel costs are represented by lines 2 and 4. However, when
the fixed costs are added we get Hnes 1 andl 8, which represent, re-
spectively, the total costs of heating with gas and with oil. It will
be noted that for the smaller installafions these total costs Qiffer
but little, but as the plants become larger the totul-cost lines diverge.
To illustrate this. table 24 shows relafive cost ficures for a com-
paratively small plant and a somewhat larger one.
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It will Lbe observed [rom table 24 (hat gas heat would cost an
average of about 8¢ percent more than oil heat if fuel costs only
were congidered,  Towever, when the tofal costs ave considered, gas
wonld cost only aboul 23 and 48 pereent more, respectively. for the
300 square feet and ¥30 squave [eet 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 under the conditions depicted in
figure 28,

ESTIMATING FUEL CONSUMPTION

Frequently it is desired to determine the absolute values of the
fuel cost with vregard to various Lypes of plant in different sections of
the country. One of the best methods of attacking this problem is
by means of the “degree-day” method which has been devised by the
American Gas Association. The degree-day is the product of 1 day
of time and 1° F. difference in temperature hetween the heated space
and the outside air.

From the United States Weather Burean duta the number of days
of the year for which the average temperature is below a given figure
¢an be determined. The period so determined may be called the
henting season. The American (Gas Association has found that a
mean daily temperature of 632 F. is a reasonable heating season limit.
That is, it was determined that with o daily mean tenpernture of 635°,
the diytime temperatures will uverage avound 70°, and the only time
room femperatures would fall below rhe comfort point would be
around midnight. Thus the number of heating days per year is de-
termined from the basis of 63° as a minimum allowable mean daily
temperature without heating. The product of the numiber of heating
days per year and the average difference in temperature us between
gpaces to be heated and the outside temperature eives the number of
degree-days per heating season.

From a knowledge of the mumber of degree-days and of the square
feet of installed vadiation. the quantity of fuel consumed can be
estimated, an asswmption of plaat efficiency having been made.
Fangler ¥ has tabulated degree-cays data for the various parts of
the United States and Canada and has presented the data in the use-
ful forni of an iso-degree-day chart. Similarly, he has worked out
iso-tuel-consuniption charts for oil. gas. and coal for corresponding
places. These charis arve convenient and ave sufficiently accurate when
nred with the discretivn urged in accompanying instructions,
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