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coal-rate effects being smaller--followed the same general pattern. (See fig,
31.) The coal requirement was minimum in the region of 11 std. c.f. of oxygen
per pound coal, For the two middle pressures, 100 and 150 p.s.i.g., the coal
requirement at the two lower coal rates almost coincided. For the three lower
pressures, the coal requirement at the highest coal rate was higher than for
the other two coal rates, whereas the reverse was true for the 300-pound pres-
sure. Again, the probable cause of this change was the opposing effects of
residence time and heat loss. The coal requirement at a coal rate of 400
pounds per hour changed only slightly with change in pressure, but at the
1,000-pound~-per-hour coal rate the coal requirement increased as the pressure
decreased,

Exit-Gas Temperature, Calculated, ° F,

Efforts to develop equipment to measure the temperature of the gases
leaving the reaction zone were unsuccessful. The temperatures in figure 32
were calculated from heat balances, The figure shows that exit-gas tempera-
tures increased with an increase in coal rate and oxygen~to-coal ratio and
with a decrease in pressure, Either a decrease in pressure or am increase in
coal rate decreases the residence time and therefore decreases the amount of
heat absorbed by the gasification reaction, which, in turn, increases the

xit-gas temperature,

Heat Loss

The exit~gas temperature and the average temperature of the gasifier are
not directly related; thus, although the exit-gas temperature decreased with
an increase in pressure, the heat loss (B.t.u., per pound of coal)-~-shown
graphically in figure 33-- was essentially independent of pressure, Heat
loss, which increased with an increase in oxygen-to-coal ratio because the
average temperature of the gasifier was higher at the higher rates, decreased
with an increase in coal rate, as a lower heat loss per unit of fuel input
results at higher throughputs.
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TABLE 9., - Coding equations for variables

Independent variables

Designations and units
for uncoded variables:

P = Gasifier pressure, p.s.i.g.

C.R. = Coal rate, 1lb,/hr.

Coded

Coding equation

variable

Dependent variables

0/C = Oxygen to coal ratio,
std, ¢.f,/1b,
% C = Carbon gasified, percent

C Req. = Coal requirement, 1b./M
std. c.f, CO + Hy,

0.R. = Oxygen requirement,
std, c.f./M std.
C.f. CcO + Hz,

H.L., = Heat loss, B.t.u./lb,
of coal

E.G.T. = Exit-gas temperature,
(]
F.

(226 - 1.36 P)/(P + 14.4)
(C.R. - 795)/334

(o/c - 9.82)/1.13

= (% C - 90)/10

= (C Req. - 41.3)/4

(0.R. - 410)/50

- (H.L. - 800)

500

- (E.G.T. - 2,600)/457.5
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APPENDIX II

Additional Details of Method of Calculating Experimental Results

As indicated in the text, the data were subjected to regression analysis.
In inverting the matrices, the data were coded to obtain conformable matrices.
The coding equations are given in table 9 and the regression coefficients of
the coded variables in table 10. Table 11 gives the values of Student's t for
each regression coefficient and table 12 the analysis of variance for each of

the regression calculations, For details of the method of calculation, refer
to texts on the subject.l9/

The curves presented in this report are derived from the coefficients
listed in table 10. How well the curves represent the data is shown in table
12 by (1) the standard deviation and (2) the values of F and the sum of
squares accounted for by the equation and in figures 27 and 28 of the text,
which compare the values calculated from the equation with the experimental
value. The deviations from the 45° line are due to lack of fit of the equa-
tion and experimental error. As a rather narrow range was covered by the
tests, the error from the lack of fit of the equation is expected to be small
compared with the experimental error. Because the equations are based on a
number of points, they should give more reliable results than ones based on
single points, which are subject to random deviations, as shown in figures 27
and 28, pages 39 and 40,

Inherent variability in the operation of the gasifier causes the random
variations. There are several reasons for this variability. For example, the
thickness of the slag on the wall may change. Furthermore, coal is a natural
product, so the composition of the ash, hence the slag, is not constant.
Moreover, the flame may be deflected by slag adhering to the lip of the
burner. Variations from such causes are uncontrollable and appear as random
deviations in the data,.

As stated in the text, there were also measurement errors, Product gas
was difficult to meter accurately, because the gases contained considerable
dust and moisture; both a positive-displacement- and an orifice-type meter
were used to measure product-gas flow, and the standard deviation of the dif-
ference between the readings of these meters was about 5 percent of the gas-
flow rate. The approximate standard deviation of the values for oxygen and
coal requirement and carbon gasified (percent) from the equations was also
about 5 percent of the average value (table 12). As the standard deviation of
the results after fitting the equations is about the right magnitude for the
inherent variation in the process, the expected variation of the data is
largely accounted for by the equations, and an appreciable improvement in the
fit could not be obtained by changing the form of the equationms,

The curves express the average relationship and give a general picture of
what happens as coal rate, oxygen-to-coal ratio, and pressure vary. When

19/ Davies, Owen L., The Design and Analysis of Industrial Experiments:
Hafner Publishing Co., New York, N.Y., 1954, pp. 552-561,
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actual data points are compared the individual variability hides the general
picture, but it is believed that the curves developed from the equations give
a good general approximation of the results at various conditions, The sig-
nificance of the curves is confirmed by the statistical significance of the
coefficients of the equations, as well as by the foregoing analysis., Perhaps
more points could have been taken at certain levels, but the time available
for the tests was limited, and equipment that can operate under the stated
conditions is no longer available. '

As discussed previously, the coal rate could not be set at the desired
value, Therefore, the actual results deviate somewhat from the nominal re-
sults presented in the graphs. This effect is shown in table 13, which lists
the experimental value, the value calculated from the equation using the
experimental conditions, and the value at the nominal conditioms.

TABLE 13, - Oxygen requirement at 100 p.s.i.g. and a nominal
coal rate of 700 pounds per hour

Calculated at-
Experimental Nominal

conditions conditions
Run Coal |Oxygen-to-coal|Experi- 75-100 100-150§ 75-100 100-150
and rate, ratio, std. |mental pressure|pressure|pressure|pressure
period 1b./hr. c.£./1b. result group group group group
49A...... 765 8.16 392 382 377 381 377
49B..... . 765 9.06 395 389 385 386 383
49C...... 765 9.78 411 405 400 402 397
50K.,..... 741 9.37 374 394 390 391 388
50L...... 741 10.10 422 414 408 415 406
51s...... 715 10.48 416 427 418 426 418
51T...... 715 8.72 364 382 379 382 379
510...... 715 10.50 430 428 419 427 419

INT.BU.OFMINES,PGH.,PA, 961




