














JANUARY, 1906.]

‘The sum total of (a) + (b) 4+ (c) + (d) gives the total

available heat, viz.:
1929.5 X 4 712,500 Calories

(e) The steam used requires for its decomposition, con-
sidered theoretically as cold steam, producing cold products:
(X =+ 9) X 29,042 = 3227 X Calories
(f) The gas being 50 per cent hydrogen, and the latter being
equal to the volume of steam used, the volume of gas must be
2 X (X =+ 081), which multiplied by the mean specific heat
of gas of this composition between 0° and 1100° per cubic
meter, and by the temperature, will give the heat thus carried
out of the producer:
2(X + 081) X 0.347 X 1100 = 942.5 X Calories
(g) 9000 X 8 = 72,000 Calories

The sum total of (e) + (f) + (g) gives the total heat dis-
tribution, viz.:

4,160.5 X -+ 72,000 Calories
Since the heat available equals the heat distributed:
1,020.5 X + 712,500 = 4,169.5 X -+ 72,000
or X — 286 kilograms . (1)

(2) The volume of this steam, at assumed standard condi-
tions, would be

286 <+ 0.81 = 353 cubic meters,
and of gas, since it is 50 per cent hydrogen,
353 X 2 = 706 cubic meters

The above figures represent the maximum attainable pro-
duction, on the assumption that sufficient steam-generating
power is available to furnish the steam, and that the fuel in
the producer is of small size and the bed so uniform that the
production  of gas is regular all over it. In practice, figures
considerably below this are attained, but it is always well to
know the possible maximum which is attainable.

Problem 18.

In a Dellwik-Fleischer water-gas producer the heating up is
accomplished in 2 minutes by blast from a Root blower, fur-
nishing air through a 9.5-inch pipe at a total water-gauge
pressure of 19 inches of water, temperature of air 15° C.
The gases escaping from the producer analyze :

Carbon dioxide ................... 17.9 per cent

Carbon monoxide ................ 1.8
NItrogen, v svivn v exni ds sus s wane 786 ¢
OXygen .....evvvneneneenininnnnn. 1y

Temperature of waste gases 9oo® C.; heat lost by radiation
and conduction gooo Calories per minute; assume producer to
contain 3000 kilos. of fuel, consisting of go per cent carbon and
10 per cent ash.

Required: (1) The average rise in temperature of the
fuel bed.

(2) The proportion of the heat generated which is thus
stored up as useful heat for producing water-gas.

(3) Assuming that the production of water-gas lasts 8
minutes, during which 2500 Calories are absorbed from the
fuel bed per kilogram of. steam used, what should be the steam
supply in kilograms per minute ?

(4) The ratio between the volume of air supplied during the
blowing up period and the weight of steam used in the gas-
making period.’ ) .

Solution: (1) We must first find the amount of air fur-
nished by the blower. To do this, we calculate the pressure
head in terms of air at 15° C.,, instead of water, and then apply

the well-known formula V = V2g.h. Water is 772 times as
heavy as air at 0° C., and, therefore, 19 inches of water pres-
sure would represent 19 X 772 — 12 — 1222 feet of air
pressure (that is, a.column of fluid as light as air, 1222 feet
high). But air at 15° is lighter still than air at 0°, in the
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ratio 273 to 288, so that the air pressure measured in terms of
air at 15° will be
288
1222 X —— = 1290 feet
273
The velocity of the air supplied will therefore be, in feet per .
second :
V = V64 X 1290
— 287 feet per second,
and the volume delivered, per minute, at 15° C.:
287 X 60 X (0.7854 X 9.5 X 9.5 = 144) cubic feet
= 17,220 X 0.492 = 8472 cubic feet,
which, in terms of air at 0° C., would be
273
847 X —— =8050 cubic feet
288
= 228 cubic meters
The volume of waste gases produced in the 2 minutes can
be found from the relative percentages of nitrogen in the air
(79.2), and in the gases (78.6), as follows:

79.2
228 X 2 X

= 459.5 cubic meters
78.6 .
Containing, therefore, from its analysis:

Carbon dioxide................ 82.25 cubic meters

Carbon monoxide.............. 827 “ e
Oxygen .........covvvnunnnn.. 7.81 “
Nitrogen. ........ooeeveennen... 36115 €

459.48 “« “«

The carbon burnt to CO* and CO will be

Cto CO*82.25 X 0.54 = 44.42 kilos.
CtoCO 827Xo054= 447 “

Sum= 4889 “
And the heat thus generated:

Cto CO® = 44.42 X 8100 = 350,800 Calories
CtoCO = 4.47 X 2430= 10860 “

4
Sum = 370,660

To find the amount of this heat left in the producer at the
end of the 2 minutes blowing up, we must subtract the 2 X
9000 = 18,000 Calories lost by radiation and conduction, and
then, in addition, the heat carried out by the hot gases, at an

average temperature of 9oo° C., which latter will be:

CO, O°, N* 377.25 X 0.327 X 885 = 109,150 Calories
CO* 8225 X 0.571 X 885= 41,565

“

Sum = 150,715
Heat left in the fuel bed:
370,660 — 168,715 = 201,945 Calories
Heat capacity of the fuel bed per 1° C.: .
3000 X o9 kilos. carbon X 0.5 = 1350 Calories
3000 X o.I kilos. ash Xo025= 75 “

Sum= 1425 “

Average rise in temperature of the fuel bed:

201,045

—— — 142° C. (1)
‘ 1425
(2) The useful heat thus stored up in the fuel bed amounts

to the following proportion of the total heat generated during
the blowing up:

201,045

———— = 0.545 = 54.5 per cent (2)
370,660



(3) Steam which can be decomposed in the gas-producing
period :
201,945
—— = 80.8 kilograms
2500
=—10.1 kilograms per minute (3)
(4) Air supplied in 2 minutes = 456 cubic meters. Steam
used in 8 minutes = 80.8 kilograms.
80.8
Rati(_) =

—o0.177 kilos. steam per 1 m® air  (4)
456

= o0.117 ounce steam per 1 ft* air

— 1.1 pounds steam per 100 ft* air

[The eleven instalments of this treatise on Metallurgical
Calculations which have so far been published are now in
press, and will appear as Part I. of the treatise in book form.
(See publisher’s announcement on another page.) Subsequent
instalments appearing during 1906 will appear as Part II., and
those of 1907 as Part III., concluding the treatise. The parts
will be paged consecutively, so as to permit of combining into
one volume, with index, when completed.]



