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494 CHAPTER 33

than lost heat. They may, therefore, be omitted from caleula-
tions of heat loeses, oradedwn.eml !ithemstOm
the flue gases, small of

ns will probably also be present. The amall loses
due to incomplete combustion of these latter gases would
also be included in item 7.

Symbols used in Equations i2 to 16 inclusive are:

hy = heat loss in the dry chimney gases, Biu per pound
of fuel.

hy = heat loss in water vapor from of hy-
drogen, Btu per pound of fuel.
h; = heat loss in water vapor in combustion air, Btu
per pound of fuel.
h, = heat loss from incomplete combustion of carbon,
Btu per pound of fuel.
h; = heat loss from unburned earbon in the ash, Btu
per pound of fuel.
1, = weight of dry fiue gas per pound of fuei (from
Equation 10), pounds.
¢, = mmean specific heat of flue gases at constant pressure
(¢, ranges from 0.242 to 0.254 for flue gas tempera-
tures from 300 F to 1000 F},? Btu per pound.
, = temperature of flue gases at exit of heating device,
Fahrenheit.
e = of b air, Fahrenhei
H, = percentage of hydrogen in fuel by weight from ulti-
mate apalysis of fuel burned.
1091.8 = enthalpy of saturated water vapor at atemperatune
of 70 F, Btu per pound.
M = bumidity ratio of combustion air, pounds of water
vapor per pound of dry air.
we = weight of combustion air per pound of fuel used,
pounds, from Equations 2, 4, 5, 6, 7 and 8.
CO, CO; = percentages of CO, CO; in flue gases by volume.
C = weight of carbon burned per pound of fuel cor-
rected for carbon in ash, pounds.
WwC, — W.C.

C = e a7

where

C. = percentage of carbon in the fuel by weight from the
ultimate analysis.
W. = weight of ash and refuse, pounds.
C, = percent of combustible in ash by weight (combustible
in ash is vsually considered to be carbon).
W = weight of fuel used, pounds.

Flue-gas losses for solid and liquid fuels, listed as items 2,
8 and 4 of the heat balance, may be determined with suffi-
cient precision for most purposes from curves shown in Fig.
4 if CO, content and temperature of flue gases are known.
Values of the losses plotted for fuel oil were computed from
the ultimate analysis of a typical fuel oil used in domestic
burners, while those presented for the several ranks of ceal
were computed {rom the typical ultimate analyses shown in
Table 1. The curves for medium-volatile bituminous coal
may be used for high-volatile bituminous coal with negligi-
ble error.

Utdlization of gaseous fuels, for numerous reasons, is gen-
erally a more simple procws th:m is the case with either
solid or liquid fuels. dingly, the determination of a
practical heat balance is also a more simple pr in that
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Table 10... . Average Flue Gas Dew Point for Various Fuelss
Average Dew
Type of Fuef Point Temper-
aturs, F
Anthracite 68
Semi-Bituminous Coal 84
Bituminous Coal.. a3
Oil . 111
Na Gas 127
Manuf; | 137
Propane Gas (2500 119
Butane Gas (3200 Btu/cu ft) 124
Butane-Air Gas Mixture (535 121

A. Ventilating air outlet register for applianee room, 1 aq in. free ares for each
1000 Btu per br appliance input located abave relief opening of draft hood. Regis-
ter must ot bo blocked by drapes or other furnishings.

B. Both registers must either face same lage ventilated interior space or ex-
tend o such space by means of ducts. Vertical distance C/L to C/L of registers
ahould be not less than 344 ft.

C. anmmnmdocb-mﬂmlhanbhwby-mduzmﬁwtm
Provida for ipstallation or removal of it At leaxt 21t { clearance
should be provided in front of appliance when closet dooc ia open, o 18 in. when
door is clased.

D. Combustion and ventilation air inlet register for applianee room, 1 8q ia-
free ares for each 1000 Btu per hr appliance input, located at or below combustion
air inlet to applinnce. Register must not be blocked by drapes or other furnish-
ings.

E.Aummhtdbylpphmmmbehmdldbydwﬁth—dedm
sppliance cazing and are eatirely seperate frum Means provided for supplying
combustion and ventilation air.

F. Spacing betwoen draft hood and wall at least 8 in. (gsless approved for
closer spacing). If flue products may be directed toward wall, 12 in. spaciog
recommendod.

G. No part of appliance easing closer than 8 in. to wall (unlesa approved for
closer spacing).

H. Flue abould terminxte ebove peak of roof and sbove nearby walls to assure
atisfactory fus perfarmuance.

_Fig. 6....llustration Showing Air Openings Necessary to

Supply Air for Combustion When Appliance
is Installed in Confined Space

for use in determiing flue losses of items 2, 3 and 4 from
common types of gas burning appliances. To determine flue
losw place a straight edge extending from the corrected
to the percent CO, recorded. Percent

items 5 and 6 do not generally apply to gas installations. A-
series of typical alignment charts is combined in Fig. 5§

flue loss is indicated where the straight edge intersects the
flue loss eolumn. The operating efficiency of a gas appliance

§
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Table 1. ... Permanent Openings for Air Supply to Spaces Containing Fuel-Burning Equipment
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Froe Arva of Ventilating Opesing®

Gross output capacity exceeding

iag unusually tight construction

Fuet Borming Ak Inet Alr Ovtlet
E in a large encl bav- | None required None required
ing ad air infiltration
E4 in a large enct hav- | Total free area communicating with | Total free area communicating with

outdoor air not less than }4 sq in.
per (1000 Btu) (hr) furnace input

outdoor air not less than ¢ sqin. per
{1000 Btu) (hr) furnace input

k]
3 Equi in a small encl ina | Opening in party wall or door, Opemng in a party wall or door, (below
EE buxldmg having adequate air in- (above draft hood) with free area jon air inlet to li
_ filtration of not less than 1 sq in. per (1000 with free area of not less than 1 sqin.
g Btu) (hr) furnace input per (1000 Btu) (br) furnace input
§ Equi in a small encl in a | Grilled ‘opening connecting directly j Grilled opeping connecting directly
building of unusually tight con- with outdoors, through duet if nec- with outdoor air, through duct if
struction essary; free area not less than 4 sq necessary. Area and location same as

in. per (1000 Biu) (br) furnace in-

above.

put

adequate air infiltration

Equipment in an enclosure having | Total free area equivalent to not less | None required
than the combined area of the flue
outlets of all fue)-burning equip-
ment in the space

8 output capac-
ity not exceeding

250,000 Btu per hr

unusually tight construction

| Gros

Equipment in an enclosure having | Total free area equivalent to not less | None required
than twice the combined area of the
flue outlets, of all fuel-burning
equipment in the space

Operation of exhacst tans, Litchen veotilation aystems, fire placos, otc. may

can then be computed with sufficient by appli

For resé inl closet i

must neither fall below 178 F (50 F above aver-

3es Fig. 6.

of Equation I8.
Percent Combustion Efficiency =

Gross Btu of fuel total flue losses per’
ga3s per cubic foot cubic foot fuel gas

Gross Biu of fuel gas per cubic foot

Reference to Table 9 will show that ultimate CO, pernent—
" age values of fuel gases vary. While personal errors involved
in CO., temperature, and chart determinations, would
doubtless more than offset any inaccuracies due to universal
use of the alignment charts shown, precise laboratery work
may require a more exact method. For more complete in-
formation the reader is referred to Combustion, 3rd Edition,
and Gaseous Fuels, (published by American Gas Associa-
tion) and pamculm-ly to tables covering various propemes
of different | gases included in these p

- 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-
ture is present for the formation of sulfurous or sulfuric
acid,* and they lower the dew pmnts of ﬂue gasa Bpprecl—

X 100 (]8)‘

age 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 maintain
flue-gas temperatures within the limits indicated not only
through the appli but in its ¢ ting vent, flue,
or chimney as well. Otherwise, excwve oondensatxon and
corrosion probl with I

will in all probsbﬂlty be the result. Average dew»pomt
temperatures of flue gases res lting from the

of various fuels, when burned with the amount of excess
air normally supplied to insure complete combustion, are
shown in Table 10.

SOOT

The deposit of soot on the flue surfaces of a boiler or
heater acts as an insulating layer over the surface, and
reduces the heat {ransmission to the water or air. The
Bureau of Mines Report of Investigations No. 3272* shows
that the loss of seasonal efficiency is not so great as has
been believed, and usually is not over 6 percent because the
greater part of the heat is transmitted through the com-
bustion chamber surfaces. The Bureeu of Standards Report
BMS 54 points out that, although the decrease in efficiency
of an oil fired boiler, due to soot deposits, is relatively
small, the attendant increase in stack temperature may be

ably Therefore, unless heating d for
operation at flue-gas bempemt.uxm below the dew point,
which is seldom the case, it is a.lwnys advisable to maintain
temperatures above this value in all parts of the applm.nce
Excessive spot in the busti or

may result in rapid oxidation of ordinary heating surfaces.
American Stendard Requirements for gas furnaces, floor
furnaces, and recessed heaters, for example, specify that
minimum spot heating surface temperatures during normal

e

elsewhere, on the other hand, are also destructive in that they

The soot accumulation clogs-the flues, reduces the draft,
and may prevent proper combustion. Soot can probably be
most effectively removed by a jet of compressed air, by
means of a brush, or a vacuum cleaner. However, it has
been found that copper chloride, lead chloride, tin chloride,
zine chloride, common salt and some other salts are par-
tially effective in removing soot from furnaces and boilers
when properly used” A discussion of instruments and
methods of evaluating smoke will be found in Chapter 44.
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