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lepresentative values for complete combustion of several fuels are given
. in Table 8. - IR .

‘ To produce heat efficiently with any of the common fuels, the following
requirements must be observed: (1) adequate heat absorbing surface is

" necessary; (2) the heat transfer surfaces must be clean; (3) a minimum of

excess air should be used; (4) the combustion air and the combustible gases
-produced by the fuel must be well mixed; and (5) the quantity of com-
" bustible gases escaping to the stack must be kept small.

If insufficient heating surface is provided in a heating appliance, or if
the heat transfer surfaces are covered with soot, ash or scale, the flue gas
temperature will be excessive, and the amount of sensible heat passing up
the stack will be unnecessarily large. To0o much excess air,dilutes the
flue gases excessively and increases the sensible flue gas loss, while a defi-
ciency of air will cause some combustible gases to pass out of the appliance
unburned, The highest combustion efficiency is not always obtained by
supplying enough excess air to reduce the incomplete combustion loss to
zero, but the incomplete combustion loss should be kept-small. If the
secondary air is not well mixed with the combustible gases, some incom-
plete combustion may still. occur. - Unnecessary secondary air also dilutes
the flue gases and increases the sensible heat escaping up the chimney.

-Some excess air is always required in the practical operation of heating
plants. It is considered good practice, under usual operating conditions,
to supply from 25 to-50 per cent excess air, depending upon the fuel used.

'HEAT BALANCE .~

In analyzing the performance of a heating appliance, it is frequently
desirable to make an acecounting, insofar as possible, of the disposition

of all the heat units in the fuel used. Such an accounting is sometimes . -

called a heat.balance. The several components of the heat balance may
be expressed either in terms of Btu per pound of fuel used, or as a.pér-
centage of the calorific value of the fuel. The components of the heat
balance are listed in items 1 to 7. ° . . - :

1. Useful heat transferred to heating medium and usually evaluated by determin-
ing the rate of flow of the heating fluid through the heating device, and the change in
enthalpy of the fluid (beat added) between the inlet and outlet. =~ - - o

2. Heat loss in the dry chimney gases. s

b= wee, (8 — ) - Se e emmenl Qan
3. Heat loss in water vapor formed b} the combustion of hydrogen.
9H, RS o ’
b= 1-03' (10918 + 0.455 (¢ — t) : 42
4. Heat loss in water vapor in the air supplied for combustion.
hs = 0.455 M wa (t — ta) Vo)

5. Heat logs from incomplete combustion.
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6. Heat loss from unburned carbon'in the 9sh or refuse. . .

' ' ‘ Co ) as) .
= \d —_— — c .
. hy = 14600 ( 100 A . 1
jati 1 other unaccounted for losses. o

7. Radiation and al 7 ace ’ . s wally

. iati ction losses from a heating appliance are not usu 4

d tS m,ﬁ'fn?,f ;;da?::ezg mt:&z;exenlt, they, together with any other losses not meas-

eter!

i i i ive, from the heat
i tracting the total of items 1 to 6, inclusive, ]
u;-ed, a;e“;?giﬂ:t}%gg })geiw bFl;-:(:mexgltly, when there is CO in the fiue gases, there also
of com! .

the products of
. £ unburned hydrogen and hydrocarbon gases in )
will be small m’li‘%l;nlzz: represented by these unburned gases may ea.sﬂty 'bte a8 %a;%etﬁ:
combust‘i’g;,lg from the presence of carbon monoxlde_. ’In this event, item )
fﬂgtc ;fl‘;nce would also include this unmeastired loss. . .

Symbols used in Equations 11 to 15 inclusive are:

sint imne é d of fuel.
= t loss in the dry chimney gases, Bf,}l per poun
V ;:l :::t{losa in water vapor from combustion of hydrogen, Btu per pound of
3 = -
fuel. . o . )
i : i i Btu per pound of fuel.
= loss in wateér vapor in combustion air, X
:‘ = :::: lg:s from incomplete combustion of carbon, Btu per pound of fuel.
h‘~ — heat loss from unburned carbon in the ash, Btu per. p.ound of fuel.
: ; weight of dry flue gas per pound of fuel (from Equation 6), poundst.) o5
by mean épéciﬁc heat of flue gases at constant pressure ¢, ranges from 0. .
~= t00.254 for flue gas temperatures from 300 F to 1000 )%, Btu per pound.
1 =. terzii)era.ture -of flue gases at exit of heating device, Fahrenheit degrees.
fZ . i ir, Fahrenheit degrees. .
— temperature of combustion air, ) . .
Ht: = perczzrta.ge of hydrogen in fuel by weight from ultimate analysis ofv fuel

d.
1091.8 = :Slr:lpy of saturated water vapor at a _temperaturg of 70 F, Btg per

M= gou‘:xglty ratio of combustion a.if, pounds of water vapof per pound of
wv = ?v?i’g?ll: .of coﬁlbu‘stion -a.ir per pound of fuel Psed, ppunds, ﬁom_Eqpations
" 1,2,880d9. . L
2 reentages of GO, €O, in flue gases by volume. )
Co'g Z‘ wei%el:: eol; :f:bon burned per pound of fuel corrected for carl?on in ash,

- pounds. . X B

' ¢ i FC— Wl ‘ )
N . 100W

where in’ b igl the ultimate analysi:é.

C. = percentage of carbon in the fuel by weight from the )

" = weight of ash and refuse, pounds. N
VZ’. = :::gctn: of combustible in ash by weight (combustible in-ash is usually

considered to be carbon). . o
: W = weight of fuel used, pounc!s.; .

The flue gas losses listed as items 2, 3, and 4 of the heagalanci; l%‘?y bl%
determined with considerable accuracy: from the curves shown g"'te A
in many cases. The values of the losses plot’oqd for fug,l oil were (;(meu _
lfrom tge ultimate analysis of & tﬁpiczlksfuefl o(;lal u:veéi eu:: (;i;:;s:::ic fr:)‘lrrn?ilh?é

i for the several ranks of ¢ T .
?;h;%gaihﬁlsgiﬁlf:etedanal;ses shown in Ta.blehléh Thf, t(izlur‘gqi ufg;n;ﬁgd‘l:ﬁ
i i e bi

Iatile bituminous coal may be used for high volal
:v'?t?l ;egligible error. Fig. 2 may be used to determine .tl;e_ ﬁm_& Josses when
burning manufactured or natgral‘ gaseés. L e )

+ A viluoof 14600 applies i caleulating ash pit loss; in caloulating beat of for car P
uso 14093 Btu per Ib. . .




