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2 UNDERFEED COMBUSTION, PREHEAT, AND ASH DISTRIBUTION 
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GENERAL SUMMARY 

All the arguments and conclusions cannot be summarized briefly, 
but the following paragraphs outline the main features of the report; 
other conclusions are scattered through the text, particularly in the 
section, Application of Results to Underfeed Stokers (p. (2). 

The tests of the effect of preheat on an overfeed fuel bed were 
limited to high-temperature coke because, with the size of coal used 
in large furnaces, the volatile matter is driven off quickly and the 
coal converted into coke. The primary conclusions from these tests 
were: 

(1) The preheat increases the rates of reaction so that the oxygen 
disappears earlier and the percentage of CO in the gases is higher 
for the same depth of bed; that is, more carbon is gasified per pound 
of air. 

(2) Part of the preheat is used up in this increase of the rate of 
combustion in the endothermic reaction of converting CO2 to CO. 

(3) Part of the preheat appears in a higher temperature of the 
gases. 

(4) At the rate of primary air used in these tests about 50 percent 
of the additional sensible heat of the air due to the preheat was 
used for each of the actions covered by items 2 and 3. 

(5) The same relationships held for each of the air temperatures 
of 400 0 , 600 0 , and 800 0 employed in these tests. 

The tests of underfeed burning were made in a 20-inch-diameter 
refractory-lined firepot. The underfeed burning was obtained by 
filling the firepot and igniting at the top: giving unrestricted igni
tion; that is. the plane of ignition could advance downward as fast 
as it was able with the constant rate of air supply used in each test. 
The quantity of fuel burned was also free to be whatever the fuel 
could do with, the rate of air supply. It is evident that if the rate 
of ignition, expressed in pounds per square foot per hour, was greater 
than the rate of burning in the same units, the thickness of the live 
fuel bed would increase gradually. If with some thickness of live 
fuel bed the rate of burning became equal to the rate of ignition, the 
burning would be in equilibrium, and a fuel bed of constant thickness 
would travel down until the plane of ignition reached the grates. 

The variables investigated were: Kind and size of fuel, rate of air 
supply, and temperature of air supply-that is, preheat. The fuels 
used were high-temperature coke, low-temperature coke, petroleum 
coke, three anthracites, Illinois coal, Pittsburgh coal, and splint coal. 
The first four represent noncaking fuels, the Illinois is moderately 
caking, the Pittsburgh heavy-caking, and the splint a tar-exuding 
coal. 

The summary of the results with underfeed burning and unre
stricted ignition follows: 

1. All fuels showed the same general characteristics, the only 
distinction being that up to a certain air rate the bituminous coals 
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PART II. UNDERFEED BURNING 13 

is of interest-length U of the fuel bed is burning on the unre
stricted-ignition underfeed principle, length 0 is burning on the 
overfeed principle, and some unknown length P is in what the 
author has termed the change-over state; that is, the burning is 
adjusting itself because of the cessation of the ignition actIOn. 
Type E, as represented by the burning in a Molby heating boiler, 
has some of the underfeed principle at the upper part. Type F 
represents the pot-type stoker; the burning will be of the underfeed 
type with restricted ignition. 

PURE UNDERFEED BURNING 

. The term" unrestricted-ignition underfeed" burning used above 
Implies that with a fixed rate of air supply no restriction is imposed 
which limits the rate at which fresh fuel may be ignited. Thus in 
figure Q, type B, the fuel is free to ignite, and the level of the line 
of ignition will rise or fall as the rate at which the coal is pushed in 
is greater or less than the rate of ignition. In type D no imposed 
condition limits the rate at which the fuel in length U can ignite, 
and unrestricted-ignition underfeed burning resl.llts; but as soon as 
the line of ignition reaches the grate bars, the type of combustion 
changes. 

The rate of ignition in type F is controlled, and it can conform 
only to the definition of unrestricted-ignition underfeed burning 
when the rate of coal feed equals or is greater than the rate of 
ignition; in addition, the burning is not completed in the pot. The 
same arguments presumably would apply to all larger underfeed 
stokers, with the addition that the motion of the fuel may be much 
more complex. 

EQUILIBRIUM FUEL BEDS 

The term "equilibrium fuel bed" is used in connection with the 
experimental work and requires definition, although the term is 
self-explanatory. It is used to mean a fuel bed which, for a constant 
rate of primary air, maintains the same character of combustion 
and thickness. 

In the overfeed, type A, the bed will be in equilibrium when such a 
thickness is reached that the rate of burning equals the rate of 
fuel feed. In the underfeed, type B, the bed is in equilibrium when 
such a thickness is reached that the rate of burning equals the rate 
of ignition; if the rate of fuel feed in type A-or the rate of ignition 
in type B-is greater than the rate of burning the thickness of both 
beds will increase indefinitely. 

DISCUSSION OF METHODS OF TEST 

Evidently it was desirable to attempt to determine the funda
mental principles of underfeed burning-that is, to study a fuel bed 
as represented by figure 5, type B. The use of a bed such as type. F 
would correspond more nearly to practice; but it would be difficult, 
if not impossible, to separate the fuel characteristics from the con
ditions imposed by the particular design of pot used. It was prefer
able to have a furnace, such as B, in which both the fuel and air 
would be fed from the bottom, and a number of schemes were con-
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14 UNDERFEED COMBUSTION, PREHEAT, AND ASH DISTRIBUTION 

sidered. One of the requirements was that the fuel should be fed 
uniformly over the area of the bed, which would be difficult to insure 
without considerable expense for construction. Finally, the same 
method was adopted as was used in a previous investigation on 
clinkering.9 

The method consisted in starting with a deep bed of fuel and 
igniting it at the top giving a true underfeed burning and restricting 
the factors affecting combustion to the fuel and the rate of air supply; 
for fundamental studies it has the further advantage that the fuel 
is stationary. It has the disadvantage, compared with forcing the 
coal in and keeping the burning zone at one position, that the cooling 
effect of the refractories is greater and the burning cannot be con· 
tinued indefinitely. 

Successful operation, when caking coals are burned in underfeed 
stokers, depends on breaking up the caked or coked fuel. This is 
a necessity in practice, yet it introduces a variable difficult to control. 
Although it was recognized that the caking would affect the burning 
seriously it was thought advisable to make the first series of tests 
without disturbing the fuel bed in any way; doing so gave truer 
measures 0 f the fuel characteristics. When these were known, the 
breaking-up factor could be superimposed in other test.s. 

APPARATUS 

The set-up was essentially the same as that shown in figure 1, 
except that a water-cooled cone with a short chimney was used as 
a top cover to collect the gases so that average samples could be 
obtained; this cover had a water seal for prevention of inleakage 
and for ease OT removal. 

FUEL BED AND OBSERVATIONS 

Figure 6 shows how the fuel bed was arranged. The diameter of 
the pot was 20 inches and the depth of the fuel 42 inches. All fuels 
were screened carefully to definite size limits, and the furnace was 
loaded by small increments. Nine thermocouples of no. 28 B. & S. 
chromel-alumel bare wire were laid in as shown; the junctions were 
on the center line and were placed in a 1-inch length of small porce
lain tubing. The exact height of each junction was recorded by 
measuring from a crossbar over the top of the furnace. The wires 
from the junction were run down so that the heat would strike the 
junction first. The couple leads went to a cold junction and to a 
switching arrangement by which each could be connected to a port
able potentiometer, or one or more connected to a recording potenti
ometer; usually only one at a time was connected to the recorder. 

The fuel was ignited by means of a fixed weight of small charcoal 
and petroleum coke wetted with kerosene, which was spread over the 
top of the fuel. The cover was not put on until it was seen that igni
tion was even over the entire area. In most of the tests the fuel 
ignited at the first attempt. In a few tests using large fuel the stand
ard quantity of charcoal and petroleum coke was not sufficient, and 
a second attempt was necessary. 

• Nicholls, P., and Selvig, W. A., Clinker Formation as Related to the Fusibility of Coal 
Ash: Bull. 364, Bureau of Mines, 1932, p. 50. 
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