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10 or 11, the excess ur'qu.mtity may be determined by sub-
tracting & um quaui.d.y uf dry flue gnses which would result
from st ions of -flue logses .

’ mdmcnbedmthenextsechununEnergyBahnce.

Application of the ding andtablesuell-
lmmﬂedbyEmmplalands . e
Ezample 1: The analysis of ‘the flue gusesremlhng from
the burning of a nmmgfmwnem;co, 8.1 percent O,

and 889 percent N, by volume.-The analysis of the Iuel is -
90 percent CH. , 5p’cmen N,, and 5 percent C:H¢ by-volume; -
FtndUtbemmmumthmha.l tOO.lndthepement

(uw)(loo) = 118% CO, -

. 0.21
. From qumtion 8 - X
. (118 —'100) X 90
10
E: lz 2: For the )} in E; i ﬁnd, percubm
Iootoffudw,ﬁbecubxcfeetof.dryur required for com--
n, the cubic feet of each constituent in the- ﬂue M
anddxemhlvolumeofdrymdwctﬁuem
Solution: From Equnmn 3 (or Table 6) the volume of dry air
required for combustion is: (9.53) (CH,) + (16. 68)(01H4) - 9 53
xoso+1eesx005- 9.41 cu ft/cu ft gas. -
- From Table 5 the conshtutenf.s per cubxc foot of. ﬂue gas
are: Nitrogen, N; N
(08: CE)(Q& - 20) = 678 e
(005 C.H.)(1668 — 35) = Oﬁ .
T "0791)(0.1.)(941—1.%

H Bmmﬂ :

Pewent Exneu: A.u' =162

(0.9 CH. )(10) = 090 .
From eﬂzane = (ODS CnHa)(dD/?D) =010 :

Total Carbon Didxide 100 cu f
Water vapor, E-O (does zot appeu in Ormt nnntym).

‘From methage = (0.9 CH.)
Fromethage = (0. 05 (6 0/2 0)

Tomwau:rvapor
Tonlvulmeofdrympercubxcfootofgas
869 + 032 + 100 = 1001 eu ft

TD'-I-I volume of wet gases per cubic foot of gas (neglecting
. vmr npm in combustion ug'e)

© 1001 + 195 = 1196 cu v
Thz eubic feet of dry flue gas per cubic (oot of !“el m

may also be compuhd from Equation 11 as fnl.lowa
(UD)(lw) R .
o0 =W0cuft ., .,

-.: iENERGY. ‘BALANCE -

The usual practice in analyzing the performance of heat- -

P

ing appliances is to, make an , insofar as
of the dispesition of all'heat units uvmlable in the' quantity
of fuel burned. This accounting is called an energy balance.
Various components of this balance are generally, expressed
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in terms of Btu per pound of fuel burned, or as a percentagg
of iis heatiug value. Componeula uf specinl interest are
listed as items 1 t6 7;inclusive.

1. Beatumafmedwmungmacifu;neompubdumepmd.
uctofﬁhemmmteafﬂowudt.hean thalpy change.
"2 Heat loss in. the d:y chnnney gases,
) @ = Oty ~ &) ' (12)
8. Heat loss in water vapor in products formed by combustion,
o = 50 [0 — Oal asy-

4 Hesﬂosmwsmapormuxemsupphed.

@ = M of®m - Gl Ly
5 Haat loss fmm u:cnmplete combustion;
g = 10143C (co +co) 08

. 8. H.eaums from unburned carbon in _L_he ash or refuse.
o Cc - B
o = 14600 (ﬁ - c) _ sy
7. Radiation and all other unaccounted for losses.

Rndmhon and eonvechon losses from a heahng appliance

are oot uaually y direct ‘or this
reason th I:oget.her with & l.ny other losses not mmured
determln the total of items 1 w 6 fmm

the heat of enmbust.xon 05 the IueL If the h

is located within the heated “however, t.lon and
convection losses may be eonadexed as useful Leat rather
than lost heat. They may, themfore, be omitted from ealeula~
tions of heat losses, or added to item 1. If there is CO in

ydrocarbons will probably also be;prment Ti:a small losses
due to incomplete combustion of thnm latter eases -would
a.Lm be included in item 7.

Symbolsusedeq\muons mmm mclusxve are.;' R
ql=h23tlossmtbedrychlmneyglm, Btuperpound
of fuel.

gs = heat loss in water vapor from mmbushon of hy-
drogen, -Btu per pound of fuel.

- @2 = heat losa in water 'viipor in combustion air, Btu

. per pound of fuel.
¢s = heat loss from incomplete combustion of carbon,
*  Btu per pound of fuel.

. ¢ = heat loss from unburned carbon in the’ aah Btu
- per pound of fuel. PR
(k.)- halpy of &mmnt busti a.u-tcm—

.. - . perature, Btu per pound. * . y
(h)u = enthalpy of superheated ewun at g;\u lempenuuv

. . aad I psia, Btu per pound. . = . :
(h,).. =, enthalpy, of eaturated watel' nttm tempuraune, Bw
.. perpound. ., ;
- wexghtofd.ryﬂnegpape:poundo”ucl (fmmEqu.s—
) tion 10), pounds.
Coe = meanspeclﬁcheaﬁofﬂneg&uatwnstantpm
L- (c,mgesﬁomomwomfuxﬂmgummpen-
tures from 300 F to 1000 F),? Btu per.pound. ' **
t, = temperature of flue gpam at. exit of henung devxce,x
Fahrenheit.

L= of combustion air, Fahres

‘Ha = percentage of hyd.ruganmfuelbywexgbtimmulﬂ-
" mate analysis of fuel burned:: - .

M = humidity ratioof combustion air, pou.ndsn!wam
;vapmperpoundoidryur R

Fuels and Combustion

=, ‘o weight of combustion. air per pound offueluaat
pmmd; from Equations 2, 4, 5,6, 7 and 8.. .

. €O, 00 pmenuguo!OO,C()ymﬂuegwbyvulun;e

< weight of carbon burned per pound of fuel corrected
for carbon in ash, pounda.
- WC.- W.C. - -
I C»-‘- 0w C a0
where
c, = pemnuge of carbon in the fue! by weight from tha

- ultimate analysis. .
W. = weight of ash and refuse, pounds,

hustibl
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Table 8 .... Average Five Gas Dew Foint for Various Fueis
. Average Dew
Type of Fuel Point Temper-
ature, F

Anthracite. . 68
Scmx-thummou.s Coa.l -84
Bituminous . 23
........... H1
Natural Gas 127
Magufactured Gas. ........ 1377
Propane Gaa (2500 Btu/cu ft) i 119
Butane Gas (3200 Btu/eu ft). ......... . 124
Butane-Air Gas Mixture (535 Btu/ouft)...:.. 121

C, = percent of combustible in-ash by weight (¢
in ash is usually considered to be carbon).
W = weight of fuel used, pounds.

Flue—gas losses for solid md liquid fuels, hswd 8s, ltems 2,
3 and 4 of the heat balance, may be determired with suffi-
cient precision for mest purposes from curves shown in Fig.
1, if CO, content and températire of flue - gases are known.
Values of the losses plotted for fuel oil were computed from
the ultimate analysis of a typical fuél oil used in domestic
burners, while those presented for the several ranks of coal
were computed from typical ultimate analyses-shown in
Tablc 1. Curves for medium-volatile bituminous coal may be
used for high-volatile bi coal with negligible error.
Utilization of gaseous fuels, for dumerous reasons, is gen
erally “a’ more simple pmom t.lmn is the case with either
solid or liquid fuels. dingly, the determination of a
practical beat balance is also a more simple procedure in.that
items 5 and 6 do not genemlly apply to- gas’ mst.n.llatmns A
series of typical alig t charts is d in . Fig. 2
for use-in determining flue losses of items-2, 3 and 4 from
common types of gas burning appliances. Ta détermine flue

losses place a straight edge extending from theé corrected”

temperature reading to the percent. COs recorded. -Pércent
flue loss is indicated -where the stratght edge mtemects the
flue loss colunm. The y of 8

s gos
- can then be computed with sufficient preclsum by upphmhon

of Equation 18
Percent Comhustwn Eﬁcwncy_=
Gross Btu of fuel - ('.ohlﬂuc losses’ -p&
as per cubic foot, cubic foot fuel gas
Gross Biu of fuel €8s per cu!;xc ioot

X 100° (13)

" Reference to Tablé7 will show that ultimate CO, percent—
age values of fuel gases vary. e personal errors involved
in.CO, temperature, and -chart, detmmmatlons, would
doubtless more than offset any inaccuracies due to universal
use of the alignment charts shown, precise Inboratory work
may require a more exact method For more complete in-
formation the reader is referred to Combustion, 3rd Edition,
and Gascous Puels, (published by American Gas Associa-
tion) and parf.lcula.rly w tables covering various properties
of different | gases included in these publications.

destructive in that they may result in rapid oxidation of
ordinary heating surfaces. American Standard Requirements
for gas furnaces, floor furnaces, and recessed heaters, for ex-
ample, specify that minimum spot heating surface tempera-
tures during normal operation must neither fall below 178 F
(50 F above average dew point) nor exceed 830 F to 1230 F
on any portion of the heating surface, depending on the type
and thickness of the metal. In any event it is usually desirable
to maintai ﬂue-g&s within the limits indicated
not only throug the appliance, but in its ing vent,
flue, or c!nmney as well. Othcrwse, exomlve eondensnhon
and corrosion probl )|
tion, will in all- pmbabxhty be the result. Average dew-point
the of

temperahuesofﬂuegases Iting from busti
various fuels, when burned with the &mount of excess air
nonnal]y lied to insure let b are shown
in Table 8. .

SOOT

The depomt of soot on the flue surfaces of a boiler or
heater acts as an insulating layer over the. surface, and
reduces the heat transmission to the water or air. The
Bureau of Mines Report of Investigations. No. 327214 shows
that the loss of seasonal efficiency is not so great as has
been believed, and ususlly is not over 6 percent because the
greater- part of the heat is transmitted through the com-
bustion’ chamber surfaces. The Bureau of Standurds Report

* BMS 54! points out that, although the decrease in efficiency

of an oil ﬁred boxler due to soot deposits is relatively small,

the r in_stack p may be con-
siderable. -

Condensation frequently ocewrs during idle summer
periods 88 8 result of moisture in the air densing on the
cooler boiler surf: This condition, combined with surfs

eoatedwlt.hsxﬂfur—beanngsootmdﬂyashcmdsomﬂtm
sulfurous acid and accelerated corrosion.

The soot accumulation clogs the flues, reduces the draft,
and may prevent proper b Soot can probably be
most effectively removed by a jet of compressed air, by
means of & brush, or a vacuum cleaner. However, it has been
found that copper chloride, lead chloride, tin chloride, zine

CONDENSATION AND CORROSION

Sulfur dioxide or-sulfur trioxide, formed by the combus-
tion of sulfur in fuels, are the principal corroding substances
in flue gases. They become active whenever sufficient mois-
tare is present for the {ormatmn of sulfurous or sulfuric

80id.? Traces of di ionall !ound in
fuel& This element acta as a catalyst in the change
of sulfur dioxide to the tnonde form 1o Excmve spot tem-
Peratures in the b or here, are also

hloride, and some other salts are partially effective in re-
moving soot from furnaces and boilers when properly used.1s
These are preferably applied to the surfaces. A discussion of
instruments and methods of evaluating smoke will be found in
Chapter 16.

AIR SUPPLY TO FUEL-BURNING EQUIPMENT

All rooms or spaces containing boilers, furnaces, water
heaters, or any other fuel-bumning - equipment must be
provided with a constant supply of combustion air at ade-
quate static pressure to insure proper combustion of the fuel.




