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i ‘Where' approximate results only are-desired, values appearing in Table 8
may be substituted for Equationsv2, 3, and 4; or the air required for perfect

hated by assuming that 0.9 cu-ft air is required. =

o analysis results, and theoretical air requi

L > 8t v 2 quirements are not always..kn
0o combustion may be estin another convenlent method of. esst : YS: Known,
Y per 1 ng i3tu bf;¥i1e1.‘ S follows: expr mg the relation of Equation 5 is as -

S “Where extreme precision is invol

100(0; — CO/2)°
N2X 0264 — (0, - CO/2)

As measurement standards for gaseous fuels ‘are almost universally ex-

ved it is suggested that the reader refer B
t6 ‘scientific literature published on: the subject of combustion and related %
topics:by- the various industries.concerned. - If approximate values for the- 5
orétical air requirements suffice, or if .complete information on the fuelis !

[

Percent excess air =

not available, the following values should also be found helpful::- : pressed in cubic feet, Equation 8 may : ; :
O e R T T » o air on a percentage 'l’)asis for gases.s y be emp_loyed for computing excess
‘1 Solid Fuels (Pounds air per pound f uel).-Anthracite, 9.6; Semi-Bituminous, 11.2;, *> . : N :
Bituminous:10.3; Lignite 6.2; and Coke 11.2.  ~ . - .. S : ey . Percent ’ (- C0,) p
¥ L . . ) T ercent excess air = ~———-2 '
v : T S : : . . . X 100 =
- TABLE:8. APPROXIMATE AIR REQUIREMENTS FoR.THEORETICALLY PERFECT Iy where €O, - 4 : . ®
B : . ... _ CoMBUSTION, OF FuELs® ) . : . )
Col L i : .| ApPROXI- . . U = ultimate ca: . ’ . . ) )
| 1 ) ’;‘;:m . Aln REQU:BE? FOR anr'acr C.(?unus'non l"‘ﬁ‘;;- Excrrrions - . " bustion. (.:arbon dlo’“d_eip‘e.rcent of flue gases resulting from perfect com-
: “""“ Libs por Lb Fuel Gu Ft per Unith Fuel - pliy 4 Ei C'(;; = carbon dioxide content of flue gases, percent. - '
r L ‘ = - T o - . - - - = dry prod}lcts from perfect combustion, cubic feet L
| Solid | Btu per 1b X 0.00073 | Btu per.Ib X 0.0097 .. 3 | Fuels c(;rl;talgm burned. et per cubic foot of gas
ii ’ PRI oo . .. - . :jmvore an 4 =‘airth60[et' 1 . . . : o R
i : . : - S i water- ! tically required for complete ¢ i i cubi
. Liquid} - Btu per Ib X 0.00071 | Btu per lb X 0.0094 3 - | Results low for foot of gas burned. . - complete combustion, cubic feet per, cubie
P : [ . . | gasolineand. . " As th t i p . . o e
i T o erosene s the ratio of P/ A is approxi . L
1 Gas | Btu per Ib X 0.00067 | Btu per cu fo X 0.0089 | 5 - /A is apprgz;mately 0.9 for most city gases, a value of
Lo - . . . . S a s S . i .- . . S It
y be substltgt:ed fpr 100 7 in Equation 8 for rough calculation
. Carb _ . .': - - '., - . 2 . B o -- .
e P on-hydrogen ratios-of different fuels vary considerably; hence ‘the

maximum-or: ultimate C0s attai . arl

I iltin €0y attainable also varies. Wh ¢

a.rrllglwn-- ) theo_m‘mca} maximum GO, values.may be calbulat:(;ef Y e un
ysis by use of Equation-9. .- e flue gas

& Values in table taken from page 276 of Gaseous Fuels, 1948, puBlished by America
b Units for solid and liquid fuels in pounds, for gas in cubic feet.
2. Fuel 0il (Pounds air per gallon): Commercial Standard Né. 1, 102.6; No

105.5; No. 5, 112; No. 6, 114.2.
% C0; in flue gas saﬁ]ple X 100 k

foot) : Natural, 10.0; Mixed Naturs - . o :
Maximum theoretical % 0, =

3. Gaseous Fuels (Cubic feet of air per cubic
and Manufactured, 8.0; Manufactured, 4.7, Propane, 23.8, Butane, 31.0.
100 - (Omsamwe @
o 021 :

COMﬁUSTION EFFICIENCY FROM THE FLUE GAS ANALYSIS

Excess Air
A commonly employed index of
existing between the amount of air
bustion and- the amount of air ac
i between air supplied for combustion and the
R | terized as excess air, its percentage may be ¢
Pl ing equation, Co .

Approximate maxi um €0, valu s e on of ¢ |
ximum CO, values for: com i

comDr® '0: val or’ perfect combustion: of
v et vl o ke gl i i 015
o1 . : t erent amounts of excess-air. - i V2
o ei 2E§]zljréed In practice depend upon the fuel, thz.gethgieil; aﬁ%ivalues
oil, and mor fggt;}g)élioalln_gensral, fuels burned in suspension, such ajgs’ ;:;ls

V ’ c N 2 ’
than fch, prerized o gra(':: e burned v_v1th a lower amount of excess air

. 0 R :
Dasio Fé‘ggil;gfn ilr?ilst I(:,lfﬁc;erl;tly by burning any common fuel a number of
Droper shape e I;S be met:.(1) adequate heat -absorbing surface .of
er surfaoers,ond cg)ns 11_'uct10n Is necessary in the appliance, (2) heat trans
Dresent, (1) mo elc ean, (3) & minimum amount of exc’ess air must b(;
PrOperlgr ey emé) oyed for combustion and .combustible gases must- be
I inoutie ;‘ a;ln (5) flue gas l9sses must be reduced to a safe mininiﬂm
a%e coveray fvlilth eating surface is employed, or if heat transfer surface'
e S o ey Y b e

Tuch ey ge al [ sensible heat escaping to th i
a5 logy. CGSZ :z.;]r d;l}llltes ﬁue gases excessively pang incre:sgsnsgggiyb.le' ’}1‘00
Cause incomplete 0 er~har_1d, a deficiency of excess air will in all ;’wobz;tbi'liltle
TonT e wen e combustion, and some of the combustible gases will :
ppliance without being completely burned. Highest coxﬂgiz?

efficiency of combustion is the relatior
‘theoretically required for perfect com
tually supplied. Since the differenc
oretical air required is chara¢
alculated by use of the follow

R . . Airs slied — Theoretical air
B . *  ‘Percent excess alr = i1 SUpp — - X 100
! o : . Theoretical air

pound of fuel burned may be obtaine
le’ precision for most solid and liquX
centages by volume from the fig
d per pound of fuel, co!

_ The.amount of dry air supplied per
from Equation 6 which has reasonab
fuels.. Values for COy, CO and N, are per
gas analysis, and C is the weight of carbon burne

rected for carbon in the ash.

' ' Pounds dry ai lied doffuel—»%—
i ounds dry air supplied per poun = (C0s 1 CO)

. Because excess air calculations are almost invariably made. from Ors#:3




