.

I

T, ~temperafure of flue gas, Fahrenheit, ‘absolute.
W = flue gas fiow rate, pounds per second.
" f'=Goefficient of friction. ‘ :
L length of friction duct (apbroximately equal to H), feet.
) D = minimum diameter of round chimney, feet. .
oz and y = length and width of cross-section of rectangular. chimney, feet.

[}

“The follbwing notes facilitate the use 'Qf ‘Equations‘ 3 and 4

.. 1. The barometric pressure, represented by B, i8 the actual pressure at. the site of
the chimney and not the pressure reduced to sea level datum.

In general, the barometric pressure decreases approximately 0.1"in. Hg per 100 fj:
increase in elevation. : ’ .

2. The unit weight of a cubic foot of chimney gdses at 0 F and sea level baromstric
pressure is given by the equation: ‘ '

W< =_0.131C0s + 0.0950; + 0.083N, . (5)

Inthis equation CO,, O: and N, represent the percentages of the parts by volhime of
the carbon dioxide, oxygen and nitrogen content, respectively, of the gas :analysis.
For ordinary operating conditions, the value of W, may be assumed at 0.09. . .
" The density effect on the chimney gases, due to superheated water vapor resulting
from moisture and hydrogen in the f uel, or due to any air infiltration in the chimney
proper, is disregarded. Though water vapor content is not disclosed by:Orsat analy:
sis, its presence tends to reduce the actual weight per cubic foot of -chimney gases.

. 3. The atmospheric temperature is the actual observed temperature of the outside
air at the time the analysis of the operating chimney is made.. The mean atmospheric
temperature in the temperate zone is approximately 62 F. ’ o
' - 4. The chimney gas temperature decreases from the breeching connection to the top
of the stack. This drop in temperature def)ends upon the material and construction
of the stack, its tightness or freedom from eaks, its area, its height, and the velocity
of the gases through it. The same chimney will suffer different temperature losses

depending upon the capacity under which it is working, and the variable atmospheric

conditions. No general equation covering all these variables has been suggested,
but from observations on chimneys varying in diameter from 3 to 16 ft, and in height
from 100 to 250 ft, Equation 6 was deduced :*

s ()]

H,—3 ‘ - (6),

where o .
T: = temperature at the center of the connection from the breeching, Fahrenheit
degrees, absolute. .

_ Hy = the height of the stack above center line connection to breeching, feet.

5. The coefficient of friction between the chimney gases and a sooted surface has
been taken by many workers in this field as a constant value of 0.016 for the condi-
tions involved. This value, of course, would be less for a new unlined steel stack than
for a brick or brick-lined chimney, but in time the inside surface of all chimneys, re-
gardless of the materials of -construction, becomes covered with a layer of soot, and
thus the coefficient of friction has been taken the same for all types of chimneys and

" generally constant for all conditions of operation. For reasons of simplicit

and
convenience to the reader, this constant value of 0.016 has been .employed in tf‘;e de-
velopment of the various special equations and charts shown in this chapter.

'alIn important large chimney design, especially when the construction or the mate-
ri

8 are unusual, it is recommended that use be made of the Reynolds number in
determining the friction factor, f.

. The following problem illustrates the use of Equation 3:
Ezample 1: Determine the available draft of a natural draft chimney 200 ft in
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-height and 10:ft. izi-dian;qter,, operating under the following conditions; atmospherie

‘stmoanhéri ure
t rature, 62 F; chimney gas temperature, 500 F'; feaﬂ‘.eevg Et’??\‘o}’\‘é‘?:: p'iﬁ;{;’
1'; m_pe29 92 in'.-Hg'v;Itmospheric and chimney gas.Gensity, 0. uv,flf;n Y "é"yv“-' e
coefficient of friction, 0.016; length of friction duct, 200 ft. The chimney,

100 1b of gases per second. )

Solution: Substituting these values in‘Equgtibn 3 apd reducing, .

00863 0.09 0.00126 X 100® X 960 X 0.016 X 200

D_=2.96X200X29.92X(?2§*“§63 - T10° X 2992 X 0.09

= 1.27 — 0.14 = 1.13 in.

iation i i : ical 200 ft by
i the variation in the available draft of a typica
IOF;;g;:hzinSl}Illz;vsopeSating under the general conditions noted in f{ﬂ'xq'f;tpli lfe
When the chimney is under static conditions and no gas_es(a_rgteowé g, he
available draft is equal to 1.27 in. of water, the theoretical intensity. As

12 O;;‘f'k 1
g 1t 1845, ioo
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F16. 2. TypicaL SET oF OPERATING CHARACTERISTICS OF A NATURAL Drart Cr

¢s flowing i ailable draft decreases until
t of gases flowing increases, the available dra C
1ttl;1 geaéx(x:&:g z:rogat a gas flow of 297 1b per sec_ond,_ at wlpch p?Il‘Illxt t.hg 12?22
loss, due to friction, is equal to the theoretical intensity. e g it of
maximum draft and zero capacity is ca‘lled.shut,-oﬁ" dmétﬁ :;d p:fu;  of I
‘pending delivery, and conf'espongs a’cfc’z thedpxcx)::; i:)ri :lllllu(t;t;’ e atied the
. The point of zero draft and m  cap ,
l}mg:l{a %‘;?f point.,e alx)ld corresponds to ];l:g wide ogendg‘c;gl)(t;p%fd af gfr;;r;ﬁ;%:lé
. f operating characteristics may be lopet
g&%eyﬁps::at?ing%nder gny set of c.ondltlons by su})stlﬁutmg th:rmg:;
values in Equation 3, and then plotting the results in the mann
in Fig, 2. ’ - ‘

Fig. 3 is a typical chimney performance chart giving, the g.val,)llazl;lie (g;:;f:;
for various gas flow rates and sizes of chimney. This chart tllsxre sed o &
atmospheric temperature of 62 F, a chimney gas 1;emper9,h ressure’
a unit chimney gas weight of 0.09 Ib p?ir cufft_,, :ga le&/ﬁi :tix;:)g)h Zl;u:l;l " thé

: f friction of 0.016, and a inction qual to
ﬁegggiﬁ;fl 6;;11112 ghimney above the grate level. These curves may be 1;5.13(; fg;
general operating conditions. For specific conditions, a new chartﬁ ‘
prepared from Equations 2 or 4. . :



