CHAPTER IV

CHIMNEY TABLES, WIND-PRESSURE, AIR-SPACE IN
GRATES

RATE OF COMBUSTION

THE results of 45 tests of boilers with anthracite and Welsh
steam coal give only 5 instances where the rate of combustion
was greater than 13 pounds of coal per square foot of grate
per hour, and all of the tests showed the rate of evaporation
from and at 212° Fahr. per pound of combustible to be 8.11
pounds to 14.23 pounds.

The same quantity of coal as used inr the above tests, burned
on a smaller grate, evaporated more water per pound.
Averages of 15 tests by Isherwood give the following data:

Coal per sq. ft. of Evaporation from and at
grate per hour. 212° F. per Ib. coal.
Anthracite coal . . 12.75 g

Semi-bituminous coal 10.95 115.14
Bituminouscoal .. ............ 12.43 9.31

Another case—Average of 15 boilers fested gives 13.87
pounds of coal to square foot of grate per hour, while only 7
tests exceed 13 pounds (capacity trials).

For economy trials we have the average of 15 tests, giving
9.77 pounds of coal per square foot of grate per hour; none
being over 13 pounds.—Clark, Yolume 1.

Thurston—“Steam Engine and Boiler Trials,” p. 17, says
the “efficiency of fuel falls off at 50 to 60 pounds of fuel burned
per square foot of grate ” (per hour).

In the plotted tests of the writer, PLATE I, all regu-
larity ceases after 37 pounds of coal burned per square foot of
grate is reached.
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RATE OF COMBUSTION 21

The following averaces are from over 100 tests collated by
the writer:

Pounds of coal per horse-power developed per hour.... .. 3 64
Pounds of combustible per horse-power developed per hour 3.04
Pounds of coal burned Per square foot of grate per hour. . 18 16

Professor Rankine says: “The rate of combustion in fac-
tory boilers is 12 to 16 pounds of coal to the square foot of
grate.”

Dr. Thurston says, in “Steam Engine and Boiler Trials”:
**In land boilers it is customary to keep the rate of combus-
tion per square foot of grate down to about 8 pounds per
hour. althongh it frequently rises to 10 or 12 pounds.”

The preceding diagram shows that 13 pounds of coal
burned per square foot of grate per hour of either anthracite
or bituminous coal gives the greatest economy in evaporation.

The greatest amount of anthracite coal found to have been
burned per square foot of grate per hour was 33.70 pounds ;
the least, 4.70 pounds.

The greatest amount of bituminous coal found to have
been burned per square foot of grate per hour was 57 pounds ;
the least, 6.70 pounds.

Land stationary boilers are the only ones considered in
these statements.

A noticeable feature of the plotted data is that the most
economical boiler performances are obtained when a mixture
of one part soft coal to two parts anthracite dust is burned at
quite a hieh rate of combustion, forced draught being used.

The writer’s object in giving “combustible” per square foot
of grate is that the rating by combustible is the best way of
comparing the tests of a number of boilers under which differ-
ent coals are burned, and is a more reasonable criterion than
that of coal only.

It will be readily seen from the averages that less than 4
pounds of coal in the majority of cases is that which is re-
quired to be burned per hour to produce one horse-power : and
as 13 pounds of coal burned per square foot of grate is a most
economical rate of combustion. 13 divided by 4, or 3.25 horse-
power per square foot of grate per hour, is most economically
attainable.
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The above is for anthracite coal. For bituminous coal, as
23.8 pounds burned per square foot of grate is an economical
rate of combustion, 23.8 divided by 4, or 5.95 horse-power
per square foot of grate per hour, is economically attain-
able.

The average of 13 and 23.8 is 18.4, which is very nearly
18.16, the average of all the 108 tests ; which confirms the cor-
rectness of common practice, as to rates of combustion.

CHIMNEYS.

The writer has found that a relation exists between the
coal burned per square foot of grate, with efficient chimney
draft, for anthracite and bituminous coal, and by assuming
that

coefficient x 4 ¥ /T = coal per hour in pounds,
then coefticient x A ' H = @ x coal per square foot of grate per
hour, we find that for anthracite coal the coefficient equals the
coal burned per square foot of grate, and that for bitaminous
coal the coefficient equals the coal burned per square foot of
grate divided by 1.83.

The following tables, figured by formul® given, will give
satisfactory results to any who may use them ; should any
special modification be needed, the user must use his own
judgment with regard to them.

Table No. 6. Grate area for a rate of combustion of 13
pounds per square foot of grate per hour.

Table No. 7. Grate area for a rate of combustion of 23.8
pounds per square foot of grate per hour.

Table No. 8. Coal capacity of chimney.

Table No. 9. Horse-power of boilers.

Table No. 10. Horse-power of chimneys, when two pounds
of coal per hour burned furnishes one indicated horse-power at
engine. Should the engine horse-power be known, and the
chimney size wanted, great care should be exercised in deter-
mining it.

The last table is intended only for the one case. The writer
has put himself on record as being decidedly in favor of rat-
ing chimneys at their coal capacity and not by horse-power.
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The 23.8 is a derived constant obtained by multiplying 13
x 1.83; 1.83 confirms Mr. Harris’s rule for grate area for bitu-
minous coal burned with natural draft, 23.8 is an economical
rate of combustien for bituminous coal.

A horse-power is understood thronghout these tables to be
the American Society of Mechanical Engineers’ standard of
34} pounds of water evaporated per hour from and at 212

Fahr.
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This table has been caleulated by D. K. Clark’s rules.

TABLE

No. 12.
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Area of grate.
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RATE OF COMBUSTION DUE TO HEIGHT OF CHIMNEY.

Trowbridge’s “ Heat and Heat Engines ” gives the follow-
ing table showing the heights of chimneys for producing
certain rates of combustion per square foot of section of the
chimney-flue. Tt is best adapted to chimneys where a cood

grade of large-sized anthracite coal is used.
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TABLE No. 13.

| |
Lbs. of coal Lbs. of coal
burned per ! burned per
ILbs. of coallsquare foot of Hei Lbs. of coal=quare fooL of
g eight 2
Height of burned per grate. the of burned per prate, Lhe
chimney in |hour per squarejiatio of grate aaey 0 kour per square ratio of grate
feet. foot of section area to & feiy foot of section area to
of chimney flue.jchimney flue e of chimney fiue. chimney flue
| area area
| being Stol. being 8 to 1.

20 | 60 ok 70 126 15.8
25 68 | 3 75 131 164
30 76 80 135 16.9
35 | 84 85 139 17.4
40 | 93 90 144 18.0
45 99 95 148 18.5
50 I 105 100 152 19.0
55 ‘ 111 105 156 I 19.5
60 116 110 160 20.0
65 i 121 Sl
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Dr. R. H. Thurston’s rule for the rate of combustion for a
given height of chimney (Trans. A S. M. E, vol. xi, p. 991) is:
Subtract one from twice the square root of the height, and the
result is the rate of combustion in pounds per square foot of
crate per hour, for anthracite coal ; or rate =2V // —1, in
which 7 is the height of chimney in feet.

This rule gives the following table :
H = 1) 60 70 30 N 100 110 125 150 176 200

oVE_1—= 1314 1449 1553 1689 1197 19 1997 2136 2349 2545 2028

The results agree closely with Trowbridge’s table given
above. In practice, however, the high rates of combustion for
high chimneys given by the formulz are seldom obtained, for
the reason that with high chimneys there are long horizontal
flues, serving many boilers, and the friction and interference
of the currents of gases from the different boilers diminish the
intensity of the draft at the boiler from what it was at the
chimmey.

Tn a battery of several boilers connected to a chimney 150
feet in heicht there has been found § inch of water draft at
the boiler nearest the chimney, and only § inch at the boiler
farthest from if.

The first boiler was wasting fuel from an excessive tem-
perature of the chimney gases, 900°> Fahr., having too large a
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(YI‘; Y .' o Lt = ) 4 3
T litb ‘?tlufdc.e for the draft, and the last boiler was workine
velow 1ts capacity, and witl : . =
3 Y, 2 1 poOr economy, on ace :
el Y. account of poor
: Fheron Skeel gives the following relative amounts of coal
s._tt can be burned in the same time with chimnevs of v o
e Vs arious

Height in fei 2! =
£ ) 80 60 4 20
“L‘liill\l_‘ amount of fuel.. 100 90 ."\V‘ ) |lll o 40

'.T. J. ‘])v]{imlor finds the best results to be obtained b
using chimneys of the following heights : = ?
75 feet for free burning bituminous coal.

100 feet for free-burning bituminous slack
115 feet for slow-burning bituminous vu:l].
125 feet for anthracite pea coal. :
. _1-"5() feet for anthracite buckwheat coal.
Wlt!l‘ a draft for anthracite coal of 0.75 to 0.88 inch of water
This agrees with the conclusions of Emery and H'lﬂ:ue :
o b ..

ATR-SPACE IN GRATES.

] : - -
The successful performance of a chimney depends upon
“' s 17 s T * ¥, 1 3 1 : -
ery many local conditions, among which, and very important
J & s

- . - - .
1S t}](‘ amount of air "\;1]}]1!1]!'11 t(} tll(‘ hulll]"" f“i lll(l a we
L i &
: = ll( ((1

2t ; : :
T I]\in\ following list gives the proper size of air-space and
1ickness otal 1 » bar 11T =
; T”i; mvt.ll‘m the bar for different fuels.
:-_mt 1 opening and #-inch iron for screenines.
i-Inch opening and $-inch iron for buckwheat coal.

3;7{11(-!1 npvni_ng and }-ineh iron for nut or pea coal.
j-!m'h opening and -inch iron for stove coal
E-Em']] opening and 4-inch iron for ecg v(;:tl :
;-fm-]l opening and }-inch iron for llzl-'\(.)kl'll c:ml
1-!11(']1 opening and }-inch iron for lump coal :
§~!11w]1 n]wni_u_t_*_ and {-inch iron for sawdust. :
;»fnv]z opening and $-inch iron for sawdust.
}-inch opening and {-inch iron for shavines.
. g
§

i-inch opening anc

1
1

-inch iron for shavings
For bituminous 3.3 A
111 z0al, 2 or 3 : i i i
10us coal, § or -inch opening and 3-inch iron.
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VOLUME OF AIR PASSING THROUGH CHIMNEY.

According to Professor H. B. Gale, the velocity for maximum
draft in chimneys is between six and fourteen feet per second,
depending on the height of the chimney and temperature of
the escaping gases; in brick-stacks it sometimes is as low a
rate as three feet per second. The exact rate at which the best
draft is produced depends on so many variables, such as flue
temperatures, grate air-space, kind of conditions of fuel, efc.,
that it is probably not the same in any two chimneys or power
plants.

VELOCITY OF GASES.

Lang recommends “ for velocity of chimney gases, V,, 13.12
feet per second ; in sheltered locations 9.84 feet per second.

If prevailing winds come over steep mountains and fall on
the top of the chimney, then V. must be correspondingly in-
creased from 19.68 to 22.96 feet per second ; or the top of the
chimney must be provided with proper covers for such un-
favorable directions (wind caps, ete.).

With good wind caps V, may be reduced from 4.92 to 5.65
feet a second.

Wind caps, on account of their dangerous position, are only
recommended in exceptional cases.

If a number of boiler-furnaces discharge their gases in one
and the same chimney, then ¥, must be increased for the full
working number, so that in case there are less than the whole
number of boilers under fire a sufficient exhaust velocity of the
gases will still be obtained. In place of the average value of
V., — 13.12 feet per second ; the following values may be sub-
stituted :

For 3 boilers, V. = 16.40 ft. per sec. 984.0 ft. per minute.
SR R — 19688 = 1180.8 e
Lk Vo =2296 =36 %
“ more, 12 + X boilers, V. = 22.96 + ‘—r)()gﬁ ft. a second.

-



ILLUS. No. 2.
THREE BRICK CHIMNEYS.

RATE OF COMBUSTION

WIND-PRESSURE.

The secale of the Smithsonian Institution at Washington for
the estimation and deseription of the velocity and pressure of
the wind, calculated by Smeaton’s Rule, is as follows :

Divide the square of the velocity in miles per hour by 200 ;
the quotient is the pressure in pounds per square foot. P

TABLE No. 14

e
| Velocity in miles per | Pressure per square
| our. foot in Ibs.

0.0 | Calm.

0.02 | Very light breeze.
0.08 | Gentle breeze.
0.75 | Fresh wind.

3.00 Strong wind.

4.50 |

6.00 High wind.

8.00

10.00 Gale.

12.5
18.00 | Strong gale.

75 28.2 | Violent gale.

80 32.00 |

90 40.5 |- Hurricane.
100 50.00 Most violent hurricane.

oL =1 & O ERN=HO

[

In the United States the general practice is to assume fifty
pounds wind-pressure per square foot as the highest to be con-
sidered.

No record of such a high pressure has been heard of, oris
likely to be, except in the extreme hurricane, with eyclonie
conditions present, as in the East St. Liouis, Mo., tornado of
1896, when the brick chimney of the Eleetric Light Station
was partially destroyed and blown down.

From calculations made since the oceurrence, the force of
the wind must have been about ninety pounds per square foot.

During the Galveston, Tex., tornado of September, 1900,
the barometer dropped to 27.3 inches, and the velocity of the
wind was reported by a United States Engineer to have been as
high as 100 miles per hour.
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The Engineer, London, says: the pressure of the wind on
plane surfaces has been found by experiments to be approxi-
mately :

0

v .
g — ;5{} COS 2.

veloeity of wind in feet per second.
angle between the normal to the plane and the
direction of the wind.
g = pressure in pounds per square foot of plane.
The above, of course, does not apply to curved surfaces.

CHAPTER V
FOUNDATION MATERIALS. BRICK CHIMNEY MATERIALS

Locicarry and from an engineering stand-point, the first
detail of chimney construction is the foundation.

Before considering this topic, a brief statement of the qual-
ities and strengths of various soils, with reference to their abil-
ity to support foundations, is requisite.

BEARING FOWER OF SOILS.

The building laws of New York City allow 4 tons per square
foot as a safe load for  good solid natural earth.”

The laws of Chicago specify 1§ tons for pure clay, fifteen
feet or more thick; 2 tons for pure dry sand, fifteen feet or
more thick ; and 1} tons for a mixture of clay and sand of the
same depth.

Ordinary practice gives the following:

200 tons per square foot for solid bed rock.

5 to 25 tons per square foot for rock broken, but well com-
pacted.

4 tons per square foot for pure clay fifteen feet or more
thick.

1 ton per square foot for soft wet clay.

8 tons per square foot for gravel well packed and confined.

4 tons per square foot for pure dry sand well packed and
confined.

2 tons per square foot for pure dry sand in its natural bed.

1 ton per square foot for quicksands and marshy soils.

PILING.

Piling must be resorted to when the soil is very sandy or
loose.




