STATE OF ILLINOIS
DWIGHT H. GREEN, Governor
DEPARTMENT OF REGISTRATION AND EDUCATION
FRANK G. THOMPSON, Director

DIVISION OF THE

STATE GEOLOGICAL SURVEY
M. M. LEIGHTON, Chief
URBANA

REPORT OF INVESTIGATIONS—NO. 133

CORRELATION OF DOMESTIC STOKER COMBUSTION
WITH LABORATORY TESTS AND TYPES OF FUELS

I1I. EFFECT OIF COAL SIZE UPON
COMBUSTION CHARACTERISTICS

Roy J. HELrinsTINE

PRINTED BY AUTHORITY OF THE STATE OF ILLINOIS

URBANA, ILLINOIS
1948




ORGANIZATION

STATE OF TLLINOIS
HON. DWIGHT H. GREEN, Governor
DEPARTMENT OF REGISTRATION AND EDUCATION
HON. FRANK G. THOMPSON, Director :

BOARD OF NATURAL RESOURCES AND CONSERVATION

HON. FRANK G. THOMPSON, Chairman
W. H. NEWHOUSE, PuD., Geology
ROGER ADAMS, PuD., D.Sc., Chemistry
LOUIS R. HOWSON, C.E., Engineering
A. E. EMERSON, Pu.D., Biology
LEWIS H. TIFFANY, Pu.D., Foresiry

GEORGE D. STODDARD, Pa.D., Lirr.D,, LL.D,, L.{L.D.
President of the University of Illinois

GEOLOGICAL SURVEY DIVISION
M. M. LEIGHTON, Pu.D., Chief

(58592—2,500—5-48)




SCIENTIFIC AND TECHNICAL STAFF OF THE
STATE GEOLOGICAL SURVEY DIVISION

100 Natural Resources Building, Urbana
M. M. LEIGHTON, Pu.D., Chief

Exip TownNLEY, M.S., Assistant io the Chief
VELDA A. MILLARD, Junior Asst. lo the Chief

GEOLOGICAL RESOURCES

ArTHUR BEvan, Pu.D., D.Sc., Principal Geologist in
Charge

Coal

G. H. Capy, Pu.D., Senior Geologist and Head
R. J. HELFINSTINE, M.S., Mech. Engineer
RorerT M. Kosaxks, M.A., Assoc. Geologist
Joun A. HarrisoN, B.S., Asst. Geologisi

Jack A. SmmoN, M.S., Asst. Geologist (on leave)
Ravmonp SIEVER, M.S., Assi. Geslogist

Mary E. Barn~es, M.S., Asst. Geologist
MARGARET PARKER, B.S., Assi. Geologisi
KE~NNETH CLEGG, Technical Assistan!

il and Gas

A. H. BeLL, Pu.D., Geologist and Head
FREDERICK SOUIRE§ B.S., Pelroleum Engineer
Davip H. Swann, Pu.D., "Assoc. Ge. ologist
VIRGINIA KLINE, Pi.D., Assoc. Geologist
WaynNE . MEENTS, Assi. Geologist

RicuarDp J. Cassin, B.S., Research Assistant
Nawncy McDurMITT, B.S., Research Assistant

Industrial Minerals

J. E. LAMAR, B.S., Geologist and Head
RoBerT M. GroGaN, PH.D., Assoc. Geologist
RavymoND S. SHRODE, B.S., Research Assisiani

Clay Resources and Clay Mineral Technology

Raver E. GriM, PH.D., Petrographer and Head
WiLLiam A. WaHITE, M. S Asst. Geologist

Groundwater Geology and Geophysical Exploration

CarL A, Bavs, Pu.D., Geologist and Engineer, and
Head

RoBERT R. StorMm, A.B., Assoc. Geologist

MEerLYN B. BunLE, M.S., Assoc. Geologist

M. W. PULLEN, Jr., M.S., Assi. Geologisi

GorpoN W. Prescott, B.S., Asst. Geologist

RicHARD F. FISHER, M.S., Asst. Geologist

Ronert N. M, Urasg, B.S., Asst. Geologist

MARGARET J. CASTLE, Asst. Geologic Drafisman

Engineering Geology and Topographic Mapping

GeorGe E. ExBrLaw, Pu.D., Geologist and Head

Areal Geology and Paleontology

H. B. WiLLMmAN, Pr.D., Geologist and Head
HEeiNz A, LowenstaM, PH.D., Assoc. Geologist
J. S. TempLETON, PH.D., Assoc. Geologist

Subsurface Geology

L. E. WorkMAN, M.S., Geologist and Head
ELwoop ATHERTON, PH.D., Assoc. Geologist
Paur HERBERT, Jr., B.S., Assl. Geologist
MarviN P. MEYER, M.S., Asst. Geologist
DonaLD SaxBy, M.S., Assi. Geologist

RoBeErRT C. McDoNALD, B.S., Research Assistant

Physics
R. J. P1ersoLr, Pu.D., Physicist Emerilus

Mineral Resource Records

Vivian Goroon, Head

Ruta R. WARDEN, B.S., Research Assistant
HARrrIET C. DANIELS, B.A., Technical Assistant
Dorotuy N. Fourcu, Technical Assisiani
Zora Kaminsky, B.E., Technical Assistant

HeLEx E. McMorris, Secrelary to the Chief
EL1zABETH STEPHENS, B.S., Geological Assistant

GEOCHEMISTRY

Fra~nk H. REED, Pu.D., Chief Chemist
Grace C. JounsoN, B.S., Research Assistant

Coal
G, R. Youg, Pu.D., Chemist and Head

Rurtn C. WiLpMaN, M.S., Research Assistant
WM. F. LORANGER, B.A., Research Assistant

Indusirial Minerals

J. S. MacuiN, Pu.D., Chemist and Head
Tin Boo YEE, M.S., Assistant Chemist
PAULENE ExMan, B.A., Research Assistant

Fluorspar

G. C. PINGER, Pu.D., Chemist and Head

Horst G. {vcu\u«mmz B.S., Special Research Assi.

Rosert E. O[451ERIT\l;, B. A., Special Research Ass!.

Ricuarp BLoUGH, B.A., Research Assistant

WILLIAM FREDERICK BUTH, B.S., Special Research
Assistant

Chemical Engineering

H. W. Jackman, M S.E., Chemical Engineer and Head
P. W. HeENLINE, M.S., Assoc. Chemical Engineer

B. J. GreENwoOD, B. S., Mechanical Engineer

James C. McCuLLouUGH, Research Associa'e

X-ray and Spectrography
W. F. Braorey, Pu.D., Chemist und Heuad

Analyticul Chemistry

0. W. REEs, Pu.D., Chemist and Head

L. D. McVIckER, B.S., Chemist

Howarp S. CLARK, A.B., Assoc. Chemisi

EMIiLE D. PiErrON, M.S., Research Assistan!
EL1zaBETH BaRrTZ, A.B., Research Assistant
GLorIA J. GILKEY, B.S., Research Assistant
DonarLp RusseLr HiLL, B.S., Research Assistan!
Ruta E. Koskl, B.S., Research Assistant
ANNABELLE G. ErLiort, B.S., Technical Assistani

MINERAL ECONOMICS

W. H. VoskuiL, Pu.D., Mineral Economist
W. L. Buscsh, Research Associate

NiINA HAV[RICK A.M., Research Assistant
ETuerL M. KIN(,‘, Re:eanh Assistant

EDUCATIONAL EXTENSION

GiLerT O. RaascH, Pu.D., Assoc. Geologist
DoroTHY RaNNky, B.S., Technical Assislant

LIBRARY

Ax~E E. Kovanpa, B.S., B.L.S., Librarian
Rusy D. FrisoN, Technical Assistant
ELvERA L. CoOPER, Technical Assistani

PUBLICATIONS

Dorotuy E. RosE, B.S., Technical Editor

M. ELIZABETH STAAKS, B.S., Assistant Ediior
MerEDITH M. CALKINS, Geologic Drafisman
Arpis D. PyE, Asst. Geologic Drafisman
Lesuie D. VAUGHAN, Associate Photographer
WayNE W. Norr1z, Technical Assistant
BrurLaun M. UNrFER, Technical Assisiant

Consultants:  Geology, GEORGE W. WHITE, PH.D., Universily of Illinois
Ceramics, RaLpa K. Hursg, B.S., Uiiver sity of Ilinois o
Mechanical Engineering, Seicur Kovzo M.S., Universily of Illinois

Topographic Mapping in Cooperation with the United States Geological Survey.

This report is a contribution of the Coal Division.

May 1, 1948



CONTENTS

IntroduCtion. . .. ..o .

Objectives. .
Scope. .

Acknowledgments F PP R

Equlpment
Procedure. .
Results. ... ..

Effectoftopsueofcoalupon combustloncharactensncs

Effect upon heat obtained. .

Effect upon attention requlred

Effect upon ability to maintain desired heat output
Uniformity of heat release. .

ResponsxveneSs

Pickup. .
Overrun. .
Heatoutputf‘tctor . .
Effect upon smoke, appcarance of fire and “hold-fire” ab111ty
Effect upon static pressure in stoker air duct. A
Effect of size upon fly ash. .
Summary of effect upon combustion characteristics. .
Effect of removing minus 10-mesh coal upon combustion characteristics. .
Effect upon heat obtained. .
Effect upon attention requlred
Effect upon the ability to maintain desired heat output
Uniformity of heat release. . AU .
Responsweness
Pickup. .
Overrun. . .
Heat output “factor. .
Effect upon fly ash, %moke, appe’lrmce of the ﬁre, and “hold-fire” 1b1hty
Summary of effect upon combustion characteristics. .

Comparison of combustion characteristics of stoker coals prepared from ecreemng,s and nut coal.. .

Heat obtained. .

Attention requlred

Ability to maintain desired heat output
Uniformity of heat release. .

Responsiveness‘.t.44.4‘4.‘.‘..,A.H...A,H.4..A.A.“.A.A“..........4..4....4.4

Pickup..
Overrun. .
Heat output factor. .

Smoke, 1ppearanceofﬁre,and“holdﬁre ab1l1ty

Summary of relative combustion characteristics

Conclusions....,..,u‘...4..,.,.,,.,,.....................4:::;:;j::::::::::.’:.’.’:.:.4.:.:”.

TABILES

TABLE

1. Source and size of coals. .

2. Effect of coal size upon heat obtained - per pound
3. Heating values of single screened coals. ..
4. Ash reported for single screened coals.

5. Effect of coal size upon clinker rating.

6. Effect of coal size upon uniformity of heat release. .
7. Effect of coal size upon responsiveness ratio.

8. Effectofco'dslzeuponplckupratlo

9. Effect of coal size upon overrun ratio.
10.  Effect of coal size upon feeding rate.

11. Effect of coal size upon ratio of minimum and average Tates of heat release with continuous stoker

operation .. ...

12 Effe”tofcoalsneupon pressunemstokeralrduct



13. Effect of coal size upon quantity of fly ash.. . 20

14. Summary of effect of coal size upon performmce characteristics. 2
15.  Effect of removing minus 10-mesh coal upon heat obtained. . A |
16. Effect of removing minus 10-mesh coal upon heating value.......................o0 22
17. Effect of removing minus 10-mesh coal upon quantity of ash. ... !
18.  Effect of removing minus 10-mesh coal upon clinker rating. . . 23
19. Effect of removing minus 10-mesh coal upon uniformity of heat release. . ... ... . 24
20. Effect of removing minus 10-mesh coal upon responsweness ratio. e 25
21. Effect of removing minus 10-mesh coal upon pickup ratio.......................o...o00 25
22. FEffect of removing minus 10-mesh coal upon overrun ratio. .. .26

23. . Effect of removing minus 10-mesh coal upon ratio of minimum L to average rates of heat release with

continuous stoker operation. . . RV 27
24, Summary of effect of removmg minus 10-mesh coal’ upon ‘combustion characteristics. ........... 27
25. Heat obtained from stoker coals prepared from screenings and nut coals. ...................... 28
26. Heating values of stoker coals prepared from screenings and nut coals......................... 29
27. Quantity of ash in stoker coals prepared from screenings and nut coals. 30
28. Clinker rating of stoker coals prepared from screenings and nut coals...... T ) |
29. Uniformity of heat release with stoker coals prepared from screenings and nut coals. . ) |
30. Petrographic analyses of Madison County coals. . e 32
31. Responsiveness ratio with stoker coals prepared from screenlngs ‘and nut comls s 32
32. Pickup ratio with stoker coals prepared from screenings and nut coals. . P 1)
33. Owverrun ratio with stoker coals prepared from screenings and nut coals. . .34
34, Ratio of minimum to average rates of heat release with stoker coals prepared from screenmgs and
nut coals. .35
35. Summary of combustion characteristics of stoker coals prepared from nut coals and screenlng,s .. 35
36. - Operating schedule for combustion tests. P 1
37. Chemical composition of various size fractions of test CoalS. .. ... oo 3T
38. Heat obtained and coal burned for each operation rate. e 38
39. Miscellancous data on combustion ChAraCterStCs .. . .. vwr oo 39
40. Heat balance, stack temperature, and CO; instack gas. .. ................................... 40
41. Heatingvalue,ash,andsulfuronvariousbasesv..,.......A...H.,._r.”..‘.r.....r.r,‘,.., 42
42. Proximate analyses of main samples. ............ ... 44
43. Ultimate analyses of main samples. . P 3]
44, Ash fusion temperatures, ash analvscs, Gieseler phstlcnty and free- swelhncr indexes .. ......... 46
45, Varieties of sulfur T 47
ILLUSTRATIONS
FIGURE PAGE
1. Procedure for preparation of test coals. . 9
2. Location of mines from which samples were e obtained. . B (0]
3. Effect of crushmg on heat obtained (114 inch coal crushed to A inch Lop 3176) e 12
4, Effect of “loading” with fines on heat obtained. . 12
5. Effect of crushlng on uniformity (114 inch coal crushed to / inch top 517e) B
6. Effect of “loading” with fines on uniformity . . R ¥
7. Effect of crushmg on responsiveness ratio (IA inch coal crushed to / inch top 512\.) s 16
8. Effect of “loading” with fines on responsiveness ratio. A 1
9. Effect of Lrushmg on pickup ratio (114 inch coal crushed to / inch top s17e) e 1T
10.  Effect of “loading” with fines on pickup ratio. .. . e 1T
11. Effect of crushmg on overrun ratio (14 inzh coal crushed to / inch’ top size ) T
12. Effect of “loading” with fines on overrun ratio. . .. . . .17
13.  Effect of dedusting on heat obtained (removal of minus . 10-mesh from 1A inch by 0 coal) 21
14. Effect of dedusting on heat obtained (removal of minus 10-m=sh from 14 inch by 0 coal) o021
15. Effect of dedustmg on uniformity (removal of minus 10-mzsh from 1}4 inch by 0 coal). . Lo 24
16.  Effect of dedusting on uniformity (removal of minus 10-mzsh from !4 inch by 0 coal). . .24
17.  Effect of dedusting on responsiveness ratio {removal of minus 10-mash from 114 inch bv 0 co 11) .25
18. Effect of dedustmg on responsiveness ratio (removal of minus 10-m=sh from Y4 inch by 0 c01l) .25
19. Effect of dedusting on pickup ratio (removal of minas 10-mesh from 114 inch by 0 coal).. ... 25
20. FEffect of dedusting on pickup ratio (removal of minas 10-mesh from ¥4 inch by O coal)...... ... 25
21. Effect of dedusting on overrun ratio (removal of minus 10-mzsh from 1/ inch by 0 coql) .26
22.  Effect of dedusting on overrun ratio (removal of minus 10-mesh from 14 inch by 0 coal).. .26
23.  Difference in heat obtained from stoker coals prepared from screenings and from nut coal..... .. 28
24, Difference in percentage of ash in stoker coals prepared from screenings and from nut coal.. .. ... 30
25. Difference in uniformity of heat release with stoker coals prepared from screenings and from nut
coal.. .30
26. Difference in responsweness ratio with stoker coals prepared from screemngs ‘and from nut coal,.. 32
27.  Difference in pickup ratio with stoker coals prepared from screenings and from nut coal. ... 33

28. Difference in overrun ratio with stoker coals prepared from screenings and from nut coal .. ... 34






JLLINCIS STATE GEOLOGICAL SURVEY DIVISION
of the
Department of Registration and Education

CORRECTION
Report of Investigations No, 133
Teble 1, p. 11: For the Coal Nos, (col, 1)
ending in 3 and 4 (23, 24, 33, 34, etc,), the

column headings for "Size of coal burned"
should read as follows:

+4 4 x 6 6 x 8 8 x 10 10 mesh
mesh mesh mesh mesh x 0



CORRELATION OF DOMESTIC STOKER COMBUSTION
WITH LABORATORY TESTS AND TYPES OF FUELS

1. EFFECT OF COAL SIZE UPON COMBUSTION
CHARACTERISTICS

Roy J. HELFINSTINE

INTRODUCTION

"N OMBUSTION characteristics of domes-
tic stoker coals have been studied by
the Illinois State Geological Survey in order
to help meet the specialized demands on our
coal resources. This is Part I11 of the series
of investigations. Results of early explora-
tory tests indicated that the petrographic
nature and the free-swelling index of the
coals might be important.* A more elaborate
investigation, in which strictly defined and
measurable criteria of performance were
set up, furnished strong evidence that the
factors of quality which correlate most
closely with the combustion characteristics
of Illinois coals are the familiar ones of ash,
heating value, and carbon content.? The
scope of this latter investigation was limited
to 1llinois shaft-mined coal, and in order to
avold possible superimposed effects due to
size, all test coals were prepared to the
same size range.

The present investigation was under-
taken to explore the effects assignable to
size. Quality, as defined by ash content and
heating value, was held as nearly constant
as possible.

OBJECTIVES

The objectives of the phase of the investi-
gation described in this report were to de-
termine the effect of the following factors
upon the combustion characteristics of
domestic stoker coal: (1) top size, (2) re-
moval of minus 10-mesh coal, (3) “loading”
the coal with fines, and (4) preparing the

1 McCabe, L. C., Konzo, S., and Rees, 0. W., Correlation
of domestic stoker combustion with laboratory tests and
types of fuels. [. Preliminary studies: Illinois Geol.
Survey, Rept. Inv. 78, 20 pp., 2.

2 Helfinstine, Roy J., and Boley, Charles C., Correlation ol
domestic stoker combustion with laboratory tests and
types of fuels. 1[. Combustion tesls and preparation
studies of represeritative Illinois coals: 1llinois Geol.
Survey, Rept. Inv. 120, 62 pp., 1946,

[7]

stoker coal from crushed nut coal instead of
screenings.

Scops

The present series of tests was limited to
four reasonably representative [llinois coals
from Vermilion, Franklin, Madison, and
LaSalle counties. The size ranges explored
were 114 inch by 0, 114 inch by 10 mesh,
14 inch by 0, 14 inch by 10 mesh, and 114
inch by 0 with heavy loading of fine coal.
It was assumed that the largest top size
which might be expected to be used in a
domestic stoker was 114 inch (round hole)
and the smallest was 14 inch (square hole),
and that any difference due to size would
be evident if these extremes were used.
“Dedusting’ was established at the common
size of 10 mesh. All coals tested were “sur-
face dry” and untreated.

Of the many factors that govern the
suitability of coals for domestic stokers,
indexes were used that would aid in the
evaluation of the following:* (1) cost of
heat, (2) attention required, (3) ability to
maintain desired temperature, (4) smoke
emitted, (5) appearance of fuel bed and
fire, and (6) ability to maintain fire at low
rates of operation. No direct measurements
were made that would assist in the evalua-
tion of the quietness of operation, the odors
given off by clinkers during their removal,
the cleanliness of the coal. or the general
appearance of the coal.

The test data which were obtained to
cnable the calculation of the relative cost
of heat were the heat obtained per pound
of coal.

The percentage of ash in the coal was
considered to be the primary characteristic
in determining the attention required.

3No attempt has been made to list in order of importance,
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However, other factors, such as the density,
friability, and shape of clinker were thought
to be important. No objective evaluations
of these characteristics were made, but a
subjective rating varying from 0 (unsatis-
factory) to 5 (ideal) was made at the time
of clinker removal.

Five combustion characteristics were con-
sidered as indicators of the ability of a coal
to maintain the desired temperature in a
house. The first was the uniformity of
combustion, which was expressed as the per-
centage variation of rate of heat release for
a relatively short interval of time, from the
mean rate of heat release for the test. The
second was the responsiveness of the fire to
a demand for heat after a prolonged hold-
fire period. This was expressed as the ratio
of the rate of heat release during the first
30-minutes of stoker operation following
the hold-fire period, to the average rate with
continuous operation. The third, called
pickup, was the responsiveness of the fire
after a 45-minute off period. This was ex-
pressed as the ratio of the average rate of
heat release during the first five minutes of
stoker operation following the 45-minute
off periods, to the average rate with con-
tinuous stoker operation. The fourth, called
overrun, was the tendency of the fire to cause
overheating. This was expressed as the
ratio of the average rate of heat release
during the first five-minutes after the stoker
shut oft following the 15-minute on periods,
to the average rate with continuous stoker
operation. The fifth was the heat output
factor, which was expressed as the ratio of
the minimum and average rates of heat
release during the test with continuous
stoker operation.

The use of ratios for comparing respon-
siveness, pickup, and overrun in this report,
instead of B.t.u. as in Part II of this series,
was considered necessary because of the vari-
able rate of coal feed resulting from the
change in coal size. Although responsive-
ness, pickup, and overrun may not be di-
rectly proportional to the feeding rate with
a given coal, they are certainly influenced
by the feeding rate. Hence the ratios were
thought to provide more valid comparisons
than the actual rate of heat release. A con-

stant rate of coal feed would have been de-
sirable, but the test equipment did not pro-
vide for precise control of rate of coal feed.

The opacity of the stack gases was
measured by means of a photoelectric cell.
Since some of the variables that affect the
measurements were not controlled (such as
velocity of gas passing through the light
beam), the minor variations that occurred
were not considered significant, and are not
given.

A motion picture camera was used to
record the appearance of the fire during a
portion of the time with each operation
rate.

The ability of a coal to hold-fire was
demonstrated by requiring the maintenance
of a responsive fire with only three minutes
of stoker operation out of each 134 hours.
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EQUIPMENT

The equipment used for the combustion
tests was the same as described in Report
of Investigations 120. In brief, it consisted
of a standard domestic stoker, cast-iron
boiler, heat exchanger and auxiliaries, which
were operated as a forced circulation hot-
water system. The entire unit was mounted
on scales.

Instruments for recording the perform-
ance of the coal included a hot-water meter
to indicate the quantity of water flowing



- PROCEDURE

1 1/4” WASHED SCREENINGS

WASHED NUT
2”x 13" or 2% 1 1/4” nominal
5 to 6 tons

Crushed to match size

analysis of washed ﬁcreenings

STOKER TEST Crushed
COAL 1-N to 1/4"
10 mesh
screen
STOKER TEST Oversize
COAL 2-N ~—
11/4”% 10m
Undersize

—

Equal amounts
combined

STOKER TEST
COAL 3-N
1/4"x 0

Discard

10 mesh

screen
STOKER TEST Oversize
COAL 4-N

1 /40 o
1/4"x 10m Undersizs

5 to 6 tons

Crushed STOKER TEST

to 1/4” CoAL 1-§

10 mesh
screen

Oversize STOKER TEST

COAL 2-5
11/4"” x 10m

Undelrsize

Discard STOKER TEST

Equal amounts COAL 3-S

combined /4% 0
10 mesh
screen

Oversize STOKER TEST

COAL 4-S

1/4%x 10m

Undersize

Discard STOKER TEST

COAL 5-5

11/47% 0

STOKER TEST
COAL 5-N
11/4"x0

Discard

Fi. 1.—Procedure for preparation of test coals.

through the boiler; a two-pen mercury-
actuated thermometer to record the temper-
atures of the water entering and leaving
the boiler; a chemical-type meter to record
the percentage of CO, in the stack gases;
a pressure gage to record the static pressure
in the stoker air duct; and a multipoint
potentiometer to record the temperatures
in the stack and room, and the opacity of
the stack gases. A 16 mm. motion picture
camera was available for taking pictures
of either the fuel bed or the scale dial.

PROCEDURE

The general procedure for preparation
of the test coals is shown in figure 1. A
five to six ton load of 114 inch washed
screenings was obtained from the selected
mine. Approximately 1500 pounds were
used as received for test coal 1-S. A suffi-
clent amount was passed over a 10-mesh
screen to produce 1500 pounds of 114 inch
by 10-mesh coal, which was called test coal
2-S. Approximately 4500 pounds were
crushed to pass through a 14 inch screen.
About 1500 pounds of this were used as
test coal 3-S, and all but 750 pounds were
passed over a 10-mesh screen to form test
coal 4-8. The remaining 750 pounds of

14 inch by 0 coal were mixed with an equal
part of the original 114 inch by O screen-
ings to form test coal 5-S. Thus three coals,
1-S, 3-S5, and 5-S, were prepared which
differed only in size composition,

Alecad of 2 by 114 inch, or 2 by 114 inch
nut coal was obtained from the samé mine
and all crushed to match the size composi-
tion of the washed screenings. This crushed
coal was then treated in the same manner
as the screenings, and five test coals were
prepared.

The sources of the coals tested and their
size composition are given in table 1 and
figure 2.

Each test coal was burned in the stoker-
boiler unit previously described, with a fixed
operating schedule* representing all rates
of stoker operation from hold-fire to con--
tinuous.

The stoker air was adjusted to what was
considered to be the best for each individual
coal. These adjustments were all made
prior to the actual test periods. Neither
the stoker nor fuel bed received attention
during a test which required the combustion
of about 300 pounds of coal.

4 The complete schedule is given as table 36, page 36, Ap-
pendix.
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" PROGEDURE

TasLe 1.—Sourck anp S1ze or Coals

Size of coal burned

Size from mine

114 inch by 28 mesh
114 inch by 28 mesh
134 inch by 28 mesh
114 inch by 28 mesh
14 inch by 28 mesh

114 inch by 28 mesh
114 inch by 28 mesh
114 inch by 28 mesh
1Y4 inch by 28 mesh
1Y inch by 28 mesh

Description

Coal

No. |,

Source, County

21 Vermilion . . .

22 Vermilion. . ..

23 Vermilion . . . .

24 Vermilion . . . .

25 Vermilion . . ..

31 Vermilion. . . .| 2 inch by 124 inch
32 Vermilion. .. .| 2 inch by 134 inch
33 Vermilion. .. .| 2 inch by 14 inch
34 Vermilion. . . .| 2 inch by 114 inch
35 Vermilion. . . .| 2inch by 114 inch
41 Franklin. .. ..

42 Franklin. . ...

43 Franklin. .. ..

44 Franklin. .. ..

45 Franklin. .. ..

51 Franklin. . . .. 2 inch by 134 inch
52 Franklin. . ... 2 inch by 114 inch
53 Franklin. ... .| 2inch by 124 inch
54 Franklin. .. 2 inch by 1%4 inch
55 Franklin. . . .. 2 inch by 114 inch
61 Madison . .. ..| 114 inch by 0

62 Madison. . . .. 134 inch by 0

63 Madison . . . .. 134 Inch by 0

64 Madison. . . .. 114 inch by 0

65 Madison. . . .. 14 inch by 0

71 Madison. . . .. 2 inch by 1Y inch
72 Madison . . . .. 2 inch by 114 inch
73 Madison. . . .. 2 inch by 1}4 inch
74 Madison. . . .. 2 inch by 14 inch
75 Madison. . ...| 2 inch by 124 inch
81 LaSalle.......| 124 inch by 0

82 LaSalle....... 114 inch by 0

83 LaSalle.. ... .| 114 inch by 0

84 LaSalle.......| 114{ inch by 0

85 LaSalle.......| 13{ inch by 0

91 LaSalle. ... .. 2 inch by 124 inch
92 LaSalle.... ...} 2inch by 114 inch
93 LaSalle.......| 2 inch by 114 inch
94 LaSalle.......| 2inch by 14 inch
95 LaSalle.......

2 inch by 114 inch

134 inch 34 inch 3% inch 4 mezsh 10 mesh
X X X X

34 inch 3¢ inch 4 mesh 10 mesh 0

percent percent percent percent percent
18.6 32.6 22.5 16.6 9.7
20.6 34.7 23.3 18.4 3.0
21.1 22.9 15.0 13.3 27.7
29.0 29.5 16.2 15.1 10.2
6.0 12.4 25.2 36.4 20.0
16.5 35.7 22.1 13.3 12.4
19 4 38.1 25.4 14.4 2.7
24.5 18.5 11.4 12.3 33.3
32.1 251 15.0 15.8 12.0
6.4 13.4 20.2 31.6 2%.4
12.5 25.2 20.0 24.5 17.8
26.7 30.0 19.8 20.3 3.2
21.7 21.0 12.6 13.4 31.3
27.3 27.2 17.0 16.4 12.1
0.9 - 14 .4 20.8 32.7 21.2.
16.6 29.8 14.1 21.6 17.9
16.1 30.3 16.5 28.6 8.5
17.0 22.2 13.4 13.5 33.9
18 .4 29.0 19.7 18.7 14.2
5.8 12.3 13.5 37.2 31.2
17.4 36.6 19.4 13.4 13.2
21:8 42.0 19.5 12.8 3.9
22.0 23.9 13.9 12.3 27.9
25.1 27.6 17.2 17.2 12.9
9.9 17.0 19.3 31.4 22.4
21.9 38.0 18.4 11.9 9.8
25.5 39.1 19.5 13.6 2.3
15.3 23.6 14.9 15.0 31.2
15.9 27.1 17.7 19.5 19.8
13.9 18.6 15.9 29.8 21.8
10.0 31.1 25.5 20.1 13.3
12.7 37.0 25.9 20.2 4.2
12.3 19.8 13.3 15.1 39.5
15.2 27.9 18.8 20.1 18.0
6.9 17.8 19.4 33.1 22.8
15.7 27.9 23.7 18.0 14.7
15.0 32.7 26.4 20.9 5.0
16.1 21.5 12,1 19.4 30.9
19.2 27.9 18.6 20.0 14.3
10.4 15.1 16.7 31.8 .0
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TaeLe 2.—Errect of CoaL Size uron HEaT OBTAINED PER POUND
(In B.t.u. per pound) :

Size code® Improvement
Coal Series
1 3 5 3 over 1 S over 1 3 over 5
20 7030 7140 7240 110 210 —100
30 6830 7180 7040 350 210 140
40 7670 7750 7690 80 20 60
50 7450 7680 - 7400 230 —50 280
60 6480 6970 6790 490 310 180
70 6490 6870 6960 380 470 —90
80 6880 7160 6930 280 50 230
90 6940 7290 7040 350 100 250
Average 6971 7255 7136 284 165 119

A No. 1 is the 134 inch by 0 coal; No. 3 is the ¥ inch by 0 coal; No. 5 has equal parts of No. 1 and No. 3 coals.

RESULTS

" IErrect or Top Size or CoaL Uron Coni-
BUSTION CHARACTERISTICS

1. EFFECT UPON HEAT OBTAINED

Crushing the coal from a top size of 114
inches to a top size of 14 inch resulted in a
slight increase in heat obtained (table 2 and
fig. 3). A maximum improvement of 490
B.t.u. per pound was obtained with the
Mazadison County screenings (60 series).
Thz improvements resulting from crushing
the Vermilion and Franklin County screen-
ings (20 and 40 series respectively) were

less than could be expected from duplicate

tests with the same coal, which were found
to be about 200 B.t.u. per pound. The aver-
age improvement caused by crushing to 14
inch top size was 284 B.t.u. per pound,
which is conzidered significant as far as test
measurements are concerned. However,
th's small difference could not be detected

e
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F.g. 3.—Effect of crushing on heat obtained,

(114 inch coal crushed to 14 inch top size.)

by a householder, and should probably be
considered insignificant from all practical
standpoints.

Table 2 and figure 4 show that with
one exception more heat was obtained per
pound from the coal that was “loaded with
fines”' (size code 5) than with the natural
114 inch product. The maximum improve-
ment was 470 B.t.u. per pound with the
coal prepared from Franklin County nut
(70 series). The average improvement of
165 B.t.u. per pound is certainly less than
would be of interest from a practical view-
point. However, it is evidence that the
addition of a censiderable amount of fine
coal does not reduce the efficiency of com-
bustion with the domestic stoker as is often
thought.

No great difference in heat obtained per
pound was found between the 14 inch by 0
coal and the 114 inch by 0 “loaded” with
fines (table 2). The average difference was
119 B.t.u. per pound in favor of the 14

2 600~
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3 400-
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e
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Fi6. 4.—Effect of “loading” with fines on heat
obtained.
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TapLE 3.—HEeaTine VALUEs oF SINGLE SCREENED CoaLs

(In B.t.u. per pound on the as-fired basis)

Size code® Difference
Coal Series
1 3 5 3 minus 1 5 minus 1 3 minus 5

20 11239 11314 11370 75 131 —56
30 11436 11499 11509 63 73 —10
40 12149 12336 12298 187 149 38
50 12246 12206 12195 —40 —51 11
60 11138 11137 11236 —1 98 —99
70 11195 11124 11229 —-71 34 —105
80 11353 11283 11260 —70 -93 23
90 11604 11411 11453 —193 —151 —42

Average

difference —6 24 —-30

aNo. 1 is the 114 inch by 0 coal; No. 3 is the % inch by 0 coal; No. 5 has equal parts of No. I and No, 3 coals,

TasLE 4—Asu REPORTED FOR SINGLE SCREENED COALS
(In percent, as-fired basis)

Size code® Difference
Coal Series
1 3 5 3 minus 1 5 minus 1 3 minus §

20 8.7 9.3 9.0 0.6 0.3 0.3
30 10.9 10.6 10.3 —0.3 —-0.6 0.3
40 9.5 8.8 9.5 -0.7 0 —0.7
50 9.1 9.7 9.2 0.6 0.1 0.5
60 11.3 10.9 10.6 —0.4 —0.7 0.3
70 9.5 9.5 9.8 0 0.3 —0.3
80 8.9 9.1 9.2 0.2 0.3 —0.1
90 8.8 9.7 9.3 0.9 0.5 0.4

Average .

difference 0.1 0 0.1

aNo. ! is the 1% inch by 0 coal; No. 3 is the 14 inch by 0 coal; No. 5 has equal parts of No. 1 and No. 3 coals.

TasLe 5.—Errzcr or Coal

Si1zg uron-CLINKER Raring?

Coal Series

Size codeb

Improvement

—_

(=2}

3 over 1

5 over 1

3 over 5

20

Average

(353 LWL
N

B LWLPpLLPDLL w

[\ LN LW

o cCooco—ocOoC

—_

|
© ococo~ococoo

© coor~coo

(=]

@ A subjective rating varying from 0 (unsuitable) to 5 (ideal).
bNo. 1 is the 114 inch by O coal; No. 3 is the 14 inch by 0 coal; No. § has equal parts of No. | and No, 3 coals,

@
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inch by 0. The two exceptions to this trend
were coals from Vermilion and Madison
counties (20 and 70 series, respectively).
The maximum improvement was 280 B.t.u.
per pound.

Briefly stated, the effect of size of the
[linois coals tested upon heat obtained was
of no practical importance. However, a
slight improvement with the smaller coals
was detectable in the laboratory. It should
be emphasized that the coals were well
mixed before shoveling into the hopper.
Thus the results of these tests will not show
the effect of feeding a coal of varying size
to the hopper with a fixed air setting, such
as would be the case if segregation of coal
sizes occurred in a bin before feeding to the
stoker.

A previous report’ showed that a close
relationship existed between the heat ob-
tained per pound and the heating value of
the coal when size was constant. Theoreti-
cally, the heating value of each series of three
coals should be the same on a moisture-free
basis. However, some differences in re-
ported values would be expected because of
imperfect mixing, sampling, and analysis.
Incidental variations in moisture would
cause additional differences on the as-fired
basis. The maximum variation reported
(table 3) was a loss of 193 B.t.u. per pound
with a coal from LaSalle County. This
appreciable reduction in heating value with
the LaSalle County coal was probably the
result of slight heating in the storage bins
prior to crushing and sampling.

Thé average differences in reported heat-
ing value on the as-fired basis for the three
size ranges tested were 6, 24, and 30 B.t.u.
per pound. It is therefore apparent that
each series of coals may be considered iden-
tical in respect to heating value on the as-
fired basis.

3 Helfinstine and Boley, op. cif.

2. EFFECT UPON ATTENTION REQUIRED

The coals used for the size study were
from the same original sample, hence the
differences in percentage of ash reported
would be caused by imperfect sampling,
analysis, mixing, and moisture control.
Table 4 lists these differences on the as-
fired basis. Obviously the differences shown
would not affect the attention required.

The size of the coal burned had little
apparent effect upon the rating given to the
clinker at the time of removal (table 5).
Only the clinkers from the coals prepared
from Franklin County nut and Madison
County screenings received different ratings.
No significance should be attached to these
differences.

Although no measurements were made to
indicate the relative amount of dust caused
by handling the three size ranges tested,
the finer sizes undoubtedly made the most
dust, and would be less desirable from this
standpoint.

3. EFFECT UPON ABILITY TO MAINTAIN
DESIRED HEAT OUTPUT

a. Uniformity of heat release.—Some im-
provement in uniformity of heat release was
caused by crushing to a 14 Inch top size for
every coal tested (table 6 and fig. 5). The
coals from Madison County (60 and 70
series) showed the greatest improvement.
The 114 inch by 0 coal prepared from nut
coal (No. 71) had “an average variation of
20.1 percent, which is very poor in this re-
spect. However, the same coal crushed to
L4 inch top size (No. 73) burned fairly
uniformly (7.5 percent variation). The
Madison County coal prepared from screen-
ings exhibited the same tendency, but to a
lesser degree. The average improvement in
uniformity with the 14 inch over the 114
inch coals for all the coals tested was 3.6
percentage figures, which is more than 30
percent.
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TasLe 6.—Errect or CoaL Size" uron Unirormity or Hear ReLeass
(Data are given in percent variation from average rate of heat release.)

Size code® Improvement
Coal Series
1 3 ) 3 over 1 5over 1 3 over 5
- 20 5.9 5.2 4.4 0.7 1.5 —0.8
30 6.4 5.4 52 1.0 1.2 —0.2
40 10.4 9.5 8.8 0.9 1.6 —0.7
50 11.6 8.2 11.5 3.4 0.1 3.3
60 12.6 6.5 7.8 6.1 4.8 1.3
70 20.1 7.5 9.3 12.6 10.8 1.8
80 6.0 5.1 4.6 0.9 1.4 —0.5
90 7.4 4.3 4.1 3.1 3.3 —0.2
Average 10.1 6.5 7.0 3.6 3.1 0.5

aNo. 1 is 114 inch by 0 coal;

average

Improvement, percentage figures
o
T

60 80

40

Coal series

50 70 90

(114

=
)

. 5.—Effect of crushing on uniformity,
inch coal crushed .to 14 inch top size.)

The 114 inch by 0 coals which were
loaded with fines (coals with size code 5)
also burned more uniformly than the regu-
lar 144 inch by 0 coals (table 6 and fig. 6).
The greatest improvement was with the
Madison County coals. The average im-
provement for the eight coals tested was
3.1 percentage figures. -

Although the average 14 inch by 0 coal
burned more uniformly than the 114 inch
by O coal which was loaded with fines by
0.5 percentage figures (table 6), this dif-
ference does not seem to be significant.®

No, 3 is the 4 inch by 0 coal; No. 5 has equal parts of No. I and No. 3
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Fic. 6.—Effect of “loading” with fines on uni-
formity.

b. Responsiveness.—Another indicator of
the ability of a coal to maintain the desired
heat output was the responsiveness of
the fire to a demand for heat after a pro-
longed hold-fire period (see p. 8). The
size of the coal had no significant effect
upon the responsiveness ratio” obtained with
most of the coals tested (table 7 and figs.
6The minimum variation considered significant depended

upon the coal, with a range from one percentage

figure with the more uniformly burning coal to five
percentage figures for the coals with extreme variability.
"The ratio of the rate of heat release during the first 30
minutes of stoker operation, following the hold-fire

period, to the average rate with continuous stoker
aperation.
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TasLe 7.—FErrect oF CoaL Size vroN RESPONSIVENESS RaTior

Size code” Improvément

Coal Series
1 3 3over 1l 5 over 1 3 over 5
20 0.33 0.34 0.31 0.01 —0.02 0.03
30 0.33 0.21 0.30 —0.12 —0.03 —0.09
40 0.16 0.16 0.18 0.00 0.02 —0.02
50 0.22 0.17 0.21 —0.05 —0.01 —0.04
60 0.22 0.24 0.23 0.02 0.01 0.01
70 0.20 0.19 0.24 —0.01 0.04 —0.05
80 0.18 0.23 0.33 0.05 0.15 —0.10
90 0.21 0.25 0.24 0.04 0.03 0.01
Average 0.23 0.22 0.25 —0.01 0.02 —0.03

#Ratio of rate of heat release durmg the first 30-minutes of stoker operation following the hold-fire period, to the average

rate during the test with continuous stoker operation.
b No. 1 is the 134 inch by 0 coal;

0.05

“average

-0,05

Improvement in ratio

-<0.10

40 60 80 90

50
Coal series

Fic. 7.—Effect of crushing on responsiveness

20 30 70

(114 inch coal crushed to
14 inch top size.)

ratio.

7 and 8). As these data were obtained from
only one test with each coal, the variation
shown, with the possible exceptions of the
30 and 80 series, does not exceed the varia-
tion which might be expected from duplicate
tests of the same coal.

c. Pickup.—The pickup ratio® was lower
with the 14 inch by 0 coal than with the
114 inch by 0 coal in five out of eight com-
parative tests (table 8 and fig. 9). The
reduction is considered significant with the
coals prepared from Franklin County
screenings and Madison County nut (40
and 70 series, respectively). The reduction
in average ratio of 0.01 for the § compara-
tive tests is not considered significant.

The only significant change in pickup
ratio caused by “loading” the 114 inch by
0 coal with fines was an increase in ratio of
0.05 with the stoker coal prepared from

8 The ratio of the average rate of heat release during the
first five minutes of stoker operation, following the 45-
minute “off”" periods, 1o’ the average rate with continu-
ous stoker operation.

No. 3 15 the %4 inch by 0 coal;

1 and No. 3 coals.

No. 5 has equal parts of No.
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Improvement in ratio

70 80 90

40 50 60
Coal series

Fic. 8.—Effect of “loading” with fines on
responsiveness ratio.

1
o
o
n

20 30

LaSalle County nut (table 8 and fig. 10).
Thete was no change in average ratio.

d. Owerrin.—The overrun ratio® with
the 114 inch by O coals was superior to that
obtained with the 14 inch by 0 coals with
six out of eight comparative tests (table 9
and fig. 11). The maximum superiority
was 0.05 (which was obtained with both
Franklin county coals) and the average
was 0.02.

“Loading” the 114 inch by 0 coals with
fines did not have a consistent influence on
the overrun ratio (table 9 and fig. 12).
The maximum spread with comparative
tests was the 0.09 greater ratio with the
“loaded” 114 inch by 0 coal prepared from
LaSalle County nut (90 series). The aver-
age overrun ratio for the eight comparative
tests was 0.01 greater with the 114 inch
by 0 coals that were loaded with fines.

9 The ratio of the average rate of heat release during the
first five minutes after stoker shut off, following the
I5-minute “‘on” periods, to the average rate with con-
tinuous stoker operation.
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Size code® Improvement
Coal Series

1 3 5 3 over 1 5 over 1 3 over 5

20 0.25 0.25 0.25 0.00 0.00 0.00
30 0.23 0.21 0.23 —0.02 0.00 —-0.02
40 0.26 0.22 0.24 —0.04 —0.02 —0.02
50 0.24 0.23 0.24 —0.01 0.00 —0.01
60 0.25 0.23 0.25 —0.02 0.00 —0.02
70 0.26 0.21 0.23 —0.05 —-0.03 —0.02
80 0.24 0.25 0.25 0.01 0.01 0.00
90 0.22 0.24 0.27 0.02 0.05 —0.03
Average 0.24 0.23 0.24 —0.01 0.00 —0.01

# Ratio of rate of heat release during first five minutes of stoker operation

rate during test with continuous stoker operation.
P No. 1 is the 134 inch by 0 coal; No. 3 is the 14 inch by 0 coal; No. 5 has equal parts of No. I and No. 3 coals,

20

Improvement in ratio

40 50 60

Coal series

70

EE. \average

80

Fic. 9.—Effect of crushing on pickup ratio. (114

inch coal crushed to 14 inch top size.)
4 P

90

Improvement in ratio

0.05|>
0

average
adt

_0'05[ 20 30

B

40 50 60

Coal series

TasrLe 9.—FErrect or CoaL Size uvron OveErRrRUN RaTtio®

70 80

following a 45-minute “‘off”” period, to the average

90

F1c. 10.—Effect of “loading” with fines on pick-
up ratio.

Size code® Improvement
Coal Series -

1 3 5 3 over 1 5 over 1 3 over 5

20 0.51 0.48 0.49 0.03 0.02 0.01
30 0.46 0.44 0.46 0.02 0.00 0.02
40 0.42 0.47 0.41 —0.05 0.01 —0.06
50 0.42 0.47 0.41 —0.05 0.01 —0.06
60 0.44 0.48 0.48 —-0.04 —0.04 0.00
70 0.43 0.47 0.43 —0.04 0.00 —-0.04
80 0.46 0.49 0.49 —0.03 —0.03 0.00
90 0.44 0.48 0.53 —0.04 —0.09 0.05
Average 0.45 0.47 0.46 ~0.02 —0.01 —0.01

& Ratio of rate of heat release during the first ﬁve_minutes after stoker shut off, following

the average rate with continuous stoker operation.

bNo. 1 is the 134 inch by 0 coal; No. 3 is the % inch by 0 coal; No. 5 has equal parts of No. 1 and No. 3 coals.

0.05

-0.05

Improvement in ratio

Fic. 11.—Effect of crushing on overrun ratio.

40 50 60

Coal series

70

80

90

Improvement in ratio

(114 inch coal crushed to 14 inch top size.)

~0,05

0.05

40 50 60

Coal series

the !5-minute

<

70 80

on’’ period, to

90

Fic. 12,—Effect of “loading” with fines on over-
run ratio.
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TasLe 10.—FErrser or CoaL Si1ze vron Freping Rave
(In pounds per hour)

Size code* Change
Coal Series
1 3 5 3 minus 1 5 minus 1 3 minus 5
20 24.1 25.9 26.1 1.8 2.0 —0.2
30 23.1 25.0 24 .4 1.9 1.3 0.6
40 26.3 26.6 26.0 0.3 —0.3 0.6
50 25.0 26.1 25.7 1.1 0.7 0.4
60 25.0 26.6 26.7 1.6 1.7 —-0.1
70 23.5 26.2 251 2.7 1.6 1.1
20 24 .3 25.9 25.6 1.6 1.3 0.3
90 23.1 24.2 24.3 1.1 1.2 —0.1
Average 24.3 25.8 25.5 1.5 1.2 0.3
2 No. 1 is the 114 inch by 0 coal; No. 3 is the 34 inch by 0 coal; No. 5 has egual parts of No, 1 and No, 3 coals.

TarLe 11.—FErrect oF Coal Size vrox Rartio or MiNtmum AND AvERAGE Rartes or HEaT RELEASE WITH
Conrinuous Stoker OPERATION

Size code® Improvement
Coal Series :

1 3 5 3 over 1 Sover 1 3 over 5

20 0.92 0.83 0.88 —0.09 —0.04 —0.05
30 0.78 0.92 0.89 0.14 0.11 0.03
40 0.77 0.80 0.71 0.03 —0.06 0.09
50 0.73 0.82 0.84 0.09 0.11 —0.02
60 0.29 0.85 0.71 0.56 0.42 0.14

7 0.39 0.85 0.75 0.46 0.36 0.10
80 0.80 0.88 0.90 0.08 0.10 —0.02
90 0.61 0.91 0.90 0.30 0.29 0.01
Average 0.66 0.86 0.82 0.20 0.16 0.04

aNo. I is the 114 inch by 0 coal; No. 3 is the 1 inch by 0 coal; No. 5 has egqual parts of No. 1 and No. 3 coals.

TasLe 12.—FErrecr or Coal Size vron Pressure 1n¥ Stoker Atk Duer

(In inches of water, static pressare)

Size range and code
. 1Y inch X 0 134 inch X L7 inch 0 Y inch X 11 inch % 0
QLo'al 1 inch Y 14 inch X 0 14 inch X
series 8Y) (2) (3) 4) (%)
Aver- Maxi- Aver- | Maxi- Aver- Maxi- Aver- Maxi- | Aver- | Maxi-
age mum age mum age mum age mum age mum
20 0.85 1.60 0.85 1.22 1.12 1.62 0.72 1.20 1.09 1.55
30 0.81 1.56 0.68 1.20 1.00 1.55 0.82 1.60 1.00 1.59
40 1.26 1.61 1.05 1.50 1.31 1.62 0.92 1.57 1.25 1.61
50 1.20 1.55 0.96 1.66 1.31 1.59 1.01 1.59 1.40 1.68
60 1.00 1.59 0.80 1.37 1.27 1.58 0.39 1.46 1.19 1.58
70 0.76 1.47 0.66 1.48 1.32 1.67 0.39 1.57 1.23 1.59
80 0.90 1.48 0.76 1.12 1.29 1.50 0.87 1.18 1.15 1.67
90 0.96 1.66 0.78 1.22 1.18 1.51 0.83 1.31 1.12 1.52
Average 0.97 1.57 0.82 1.35 1.23 1.58 0.87 1.44 1.18 1.60

& Equal parts of original 134 inch by 0 and 14 inch by 0 coals.
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e. Heat output factor—The heat out-
put is largely dependent upon the coal feed-
ing rate, which will vary with the size of
the coal fed, even though the speed of the
feed worm remains constant. Table 10
shows the effect of size upon the feeding
rate. The average increase in rate with
the 14 inch by O coal over the 114 inch by
0 was 1.5 pounds per hour, or 6.2 percent.
The 114 inch by 0 which was loaded with
fines fed nearly 5 percent faster than the
regular 114 inch by 0.

However, the capacity of a heating plant
is not entirely dependent upon feeding rate.
One factor of importance is the relation-
ship_ between the rate of heat release during
a period of poor fire with continuous stoker
operation and the average rate. The tests
showed that crushing the 114 inch by 0
coal to 14 inch by O resulted in an average
improvement in ratio of 0.20, which is ap-
proximately 30 percent (table 11). The
maximum improvement in ratio was 0.56,
or 193 percent, with the coal prepared from
the Madison County screenings (60 series).
The coal prepared from Madison County
nut (70 series) was also markedly improved
in this respect by crushing. The 14 inch
by O coal prepared from Vermilion County
screenings (20 series) was the only excep-
tion to the general tendency for improve-
ment over the 114 inch by 0 coal in respect
to the minimum divided by the average
rate of heat release. The 114 inch by 0
coals, which were “loaded” with fines, were
usually superior to the regular 114 inch
by O in respect to the ratio of the minimum
divided by the average. There were two
minor exceptions. The average increase in
ratio was 0.16 or 24 percent.

4, EFFECT UPON SMOKE, APPEARANCE OF
FIRE, AND “HOLD-FIRE’ ABILITY

No significant difference in the amount
of smoke or appearance of the fire was at-
tributed to size. All the coals tested main-
tained a responsive fire with stoker opera-
tion of 3 minutes out of each 134 hours,
hence they were considered excellent in this
respect.

5. EFFECT UPON STATIC PRESSURE IN
STOKER AIR DUCT

The air regulator on the stoker used for
the tests maintains a substantially constant
rate of air delivery with a fixed setting,
irrespective of the resistance of the fuel bed,
up to the maximum capacity of the fan.
Since the coals which include the finer sizes
feed at a faster rate than the coarser coals,
the air adjustment was set for a higher rate
of delivery when burning the finer coals.
In addition, the resistance to air passage
with the finer coal may be greater than with
the coarser coal. These two factors re-
sulted in the maintenance of higher static
pressures when burning the fine coal.

There is a definite possibility that under
certain conditions some stokers ¢an not sup-
ply sufficient air to burn coal as fine as that
tested at the maximum rate of coal feed.
Although a study of this mechanical char-
acteristic of stokers is not considered to be
within the scope of the present investigation,
the average and maximum static pressures
in the air duct leading from the stoker fan
to the retort are given to aid those who
desire to study this condition (table 12).
It should be emphasized that the static pres-
sures with the fine coal would have been
less if the rate of coal feed had been the
same as with the larger coal. In fact, it is
the author’s opinion that much of the mn-
crease in static pressure was required be-
cause of the increased feeding rate, since the
coal did not exist as discrete particles in the
fuel bed for any appreciable time. Instead,
these particles combined into masses of coke
in very much the same manner as with the
larger coal. Little or no difference in resist-
ance to air flow was indicated by the appear-
ance of the fuel bed.

This opinion was strengthened further
by the observation of the random shifting
of the zone of most active combustion over
the entire hearth. If the resistance of the
fuel bed were materially less with coarse
coal, the section of the hearth nearest to the
stoker hopper would be the most active zone
of combustion, since the largest portion of
coarse coal is fed to this section.
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TapLe 13.—FErrect or CoaL Size vron Quantiry or Fuy Asu
(In percentage of coal burned)
Size range and code
| 114 inch X 0 134 inch X 10 14 inch X 0 4 inch X 10 114 inch X 0=
Coa mesh mesh
Series 1 2 (3) (4) (5
Collec- | Calcu- | Collec- | Calcu- | Collec- | Calcu- | Collec- | Calcu- | Collec- | Calcu-
ted lated ted lated ted lated ted lated ted lated
20 0.16 0.41 0.12 |—0.01 0.22 0.54 0.14 0.19 0.18 0.24
30 0.17 0.75 0.13 0.50 0.21 0.65 0.17 0.78 0.20 0.40
40 0.17 0.35 0.16 0.41 0.22 0.25 0.12 0.96 0.11 1.01
50 0.19 0.12 0.16 0.19 0.28 0.75 0.23 0.38 0.27 0.34
60 0.23 0.38 0.16 0.17 0.25 0.43 0.20 0.79 0.29 |—0.12
70 0.16 0.42 0.13 0.46 0.25 0.46 0.18 0.49 0.23 0.59
80 0.35 0.88 0.17 0.89 0.37 1.26 0.16 1.34 0.26 1.04
90 0.25 0.32 0.17 1.16 0.23 1.34 0.18 1.15 0.32 0,32
Average 0.21 0.52 0.15 0.47 0.25 0.71 0.17 0.76 0.23 0.48

# Equal parts of original 114 inch by O and %4 inch by O coals.

6. EFFECT OF SIZE UPON FLY ASH

The fly ash which collected in the boiler
passages was removed and weighed after
each test. It was found that a reduction
in size of coal caused an increase in the
amount of fly ash deposited (table 13).
The average increase with the 14 inch by
0 coal over the 114 inch by 0 coal was 0.04
percentage figures or 19 percent, The aver-
age amount of fly ash deposited with the
114 inch by O coal which was “loaded” with
fines was 0.23 percent of the coal burned,
compared with 0.21 and 0.25 percent for
the 114 inch by 0 and 14 inch by 0, respec-
tively.

Of course only a portion of the fly ash
that leaves the fuel bed remains in the
boiler passages. An appreciable quantity
passes into the stack. The amount of fly
ash leaving the boiler can be determined by
subtracting the quantity of ash and clinker
removed from the combustion chamber from
the amount formed. Unfortunately the
amount of ash formed can not be conven-
lently determined with the precision re-
quired. This fact will be readily appreciated
by noting in table 41 (Appendix) that the
percentages of moisture-free ash reported for
coals 91 and 93 were 9.8 and 10.7 respec-
tively, although the coals were presumably
identical except in size. If 10.7 is the true

average percentage of ash for coal 91, in-
stead of the 9.8 reported, the calculated fly
ash would be about three times greater than
the 0.32 percent indicated in table 13. Obvi-
ously very little reliance should be placed
upon the calculated percentages of fly ash.

7. SUMMARY OF EFFECT UPON COMBUS-
TION CHARACTERISTICS

Table 14 gives the average effect of coal
size upon the seven combustion characteris-
tics previously discussed. No appreciable
difference is shown for any of these charac-
teristics with the possible exception of the
improved uniformity with the smaller coal
sizes, as reflected by the lower percent varia-
tion from the average rate of heat release
and the increase in ratio of minimum to
average rates of heat release.

Errect or Removineg Minus 10-MEsH
CoaL uroN COMBUSTION
CHARACTERISTICS

Most of the commercially prepared coals
for demestic stokers have the finer coal par-
ticles removed, which is commonly called
“dedusting.” Because it was considered de-
sirable to test three coals (from each mine)
that differed only in size composition, the
fine coal caused by crushing was not re-
moved from these coals. To gain informa-
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TasLe 14—Summary oF Errect or Coar Size upoN PERFORMANCE CHARACTERISTICS

Heat obtained, B.t.u. per pound
Uniformity, percent variation from average
Responsiveness?

Pickup®

Performance characteristic

Overrund
Clinker rating
Minimum +average rate of heat release ®

Size code® Average improvement
3 5 3
1 3 > over 1 | over1 | over 5
................ 6971 7255 7136 284 165 119
...... 10.1 6.5 7.0 3.6 3.1 0.5
0.13 0.22 0.25 |—0.01 0.02 |—0.03
0.24 0.23 0.24 —0.01 0.00 |—0.01
0.45 0.47 0.46 —0.02 |—0.01 |—0.01
2.6 2.7 2.5 0.1 —0.1 0.2
....... 0.66 0.86 0.82 0.20 0.16 0.04

#No. 1 is the 134 inch by 0 coal; No. 3 is the %4 inch by 0 coal; No. 5 has

equal parts of No. | and No. 3 coals.

b Ratio of rate of heat release during the first 30 minutes of stoker operation following the hold-fire period to the average
rate during test with continuous stoker operation.
¢ Ratio of rate of heat release during the first five minutes ol stoker operation following a 45-minute off period to the aver-
age rate during test with continuous stoker operation.
4 Ratio of rate of heat release during the first five minutes after stoker shut off, following the 15-minute on period to the
average rate during test with continuous stoker operdtion.
¢ With continuous' stoker operation.

TasLe 15.—FErrecr or REmoving Minus 10-mesH Coal uvrpon Heat OBFAINED

(In B.t.u. per 1b.)

Size range and code Size range and code
Improve- - - I ove-
Coal 114 inch 11 inch et 14 inch 1£ inch et
Series X X 2 over 1l X X 4 over 3
0 10 mesh 0 10 mesh
1 (2) (3) (4)
20 7030 6970 — 60 7140 7460 320
30 6830 7240 410 7180 7320 140
40 7670 7500 —170 7750 7940 190
50 7450 7410 — 40 7680 7720 40
60 6480 6800 320 6970 7030 60
70 6490 6690 200 6870 7080 210
80 6880 6970 90 7160 7370 210
90 6940 6780 —160 7290 7290 0
Average 6971 7045 74 7255 7401 146
400
400

~200

Improvement, B.t.u. per 1b.

Fic. 13.—LEffect of dedusting on heat obtained.

40

50 60

Coal series

70

80 90

Improvement, B.t.u. per lb.

(Removal of minus 10-mesh from
. 114 inch by 0 coal.)

200

20

average

60

Coal series

30 40 50

7 80 90

F16. 14.—Effect of dedusting on heat obtained.

(Removal of minus 10-mesh from
14 inch by 0 coal.)
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TasrLe 16.—Errect orF Removing Minus 10-mesn Coar vron Heatine VaLug
(In B.t.u. per lb., as-fired basis)
Size range and code Size range and coede
1 - 1 "
Coal | 114 inch 114 inch e’ 14 inch 14 inch e
Series X X 2 over 1 X X 4 over 3
0 10 mesh 0 10 mesh
(1) (2) (3) (€3]
20 11,239 11,349 110 11,314 11,410 96
30 11,436 11,415 —21 11,499 11,460 -39
40 12,149 12,241 92 12,336 12,281 —55
50 12,246 12,136 —110 12,206 12,246 40
60 11,138 11.187 49 11,137 11,309 172
70 11,195 11,290 95 11,124 11,286 162
80 11,353 11,411 58 11,283 11,457 174 -
90 11,604 11,295 —309 11,411 11,391 —20
Average 11,545 11,540 -5 11,539 11,605 66
TasLe 17.—FErrecT of REmovine Minus 10-mesg CoaLl vroN QUANTITY oF AsH
(In percent, as-fired basis)
Size range and code Size range and code
I - ' I -
Coal 114 inch 114 inch ]?I?;?ZL 14 inch 14 inch Héi:?:c
Series X X 2 ovcrjl X X 4 over’S
0 10 mesh 0 10 mesh
)] (2) (3) 4
20 8.7 8.6 0.1 9.3 8.6 0.7
30 10.9 10.5 0.4 10.6 10.5 0.1
40 9.5 8.7 0.8 8.8 9.1 —0.3
50 9.1 9.2 —0.1 9.7 9.3 0.4
60 11.3 9.8 1.5 10.9 10.2 0.7
70 9.5 9.4 0.1 9.5 9.5 0.0
80 8.9 8.3 0.6 9.1 8.4 0.7
950 8.8 9.6 —0.8 9.7 9.7 0.0
Average 9.6 9.3 0.3 9.7 9.4 0.3

tion regarding the effect of dedusting, the
minus 10-mesh coal was removed from both
the 114 inch by 0 and the 1/ inch by 0 coals,
and comparative tests were made,

1. EFFECT UPON HEAT OBTAINED

In four out of the eight comparative tests,
the 114 inch by 10-mesh coal furnished more
heat per pound than the 114 inch by 0 coal
(table 15 and fig. 13). The exception of
the greatest magnitude was the 170 B.t.u.
per pound with the Franklin County coal
prepared from screenings (40 series), which
should not be considered significant. The
improvement of 410 and 320 B.t.u. per

pound caused by dedusting the coals pre-
pared from Vermilion County nut and
Madison. County screenings (30 and 60
series respectively) is considered significant,
This improvement does not appear to be
caused by a corresponding increase in heat-
ing value (table 16). In fact the reported
heating value of the Vermilion County 114
inch by 10-mesh coal was 21 B.t.u. per
pound less than the corresponding 114 inch
by O coal.

None of the 14 inch by 0 coals furnished
more heat per pound than the same coals
after dedusting (table 15 and fig. 14).
Although only the coal prepared from Ver-
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Tasre 18.—Errect oF REmoving Minus 10-mesa Coar vron CLinkER RaTING®
Size range and code Size range and code
) 1 . ] ; I -
Coal 13 inch 134 inch ity 1 inch Y inch e
eries X X ) ‘ ’1 X X 4 _’3
0 10 mesh over 0 10 mesh over
(1) (2) (3) (4)
20 3 3 0 3 3 0
30 3 3 0 3 3 0
40 2 2 0 2 3 1
50 2 2 0 3 2 —1
60 3 3 0 3 3 0
70 2 3 1 2 3 1
80 3 3 0 3 3 0
90 3 3 0 3 4 1
Average 2.6 2.7 0.1 2.7 3.0 0.3

-

* A subjective rating varying from 0 (unsatisfactory) to 5 (ideal).

milion County screenings (20 series) fur-
nished an appreciable improvement, the
rather consistent trend appears to be one of
very slight superiority for the dedusted
coals. The average improvement caused by
removing the minus 10-mesh from the 14
inch by O coal was 146 B.t.u. per pound.
The average increase in heating value
caused by dedusting was 66 B.tu. per
pound (table 16), which partially accounts
for the increase in heat obtained.

2. EFFECT "'UPON ATTENTION REQUIRED

The only significant change in the per-
centage of ash which resulted from the
removal of the minus 10-mesh coal was a
reduction of 1.5 percentage points (13 per-
cent) with the Madison County screenings
(table 17). All other differences in ash
between comparable coals could be caused
by moisture variations and imperfect sam-
pling and analysis. More precise informa-
tion about the relative amount of ash in the
various size fractions is given in table 37
(Appendix). The minus 10-mesh coal had
a higher percentage of ash than the plus
10-mesh coal, although the difference was
not great except with the Madison and La-
Salle County screenings (60 and 80 series).

Table 18 shows the effect of removing
the fines upon the subjective clinker rating.
The clinkers from both the 114 inch by 10-
mesh and 14 inch by 10-mesh coals prepared
from Madison County nut (70 series) ap-

peared more suitable than the corresponding
coals that were not dedusted. The 14 inch
by 10-mesh coals appeared to be more suit-
able from the clinkering standpoint for two
other coals (70 and 90 series), but less
suitable for another (50 series). In all other
tests no change in clinker desirability re-
sulted from dedusting.

The present investigation was concerned
only with effect of coal size upon its com-
bustion properties, so no study of the rela-
tive dustiness of the coals was made. It is
obvious that the fine coal would tend to
make more dust, and would be more diffi-
cult to render dustless.

3. EFFECT UPON THE ABILITY TO MAINTAIN
DESIRED HEAT OUTPUT

a. Uniformity of heat release—~The re-
moval of the minus 10-mesh coal did not
have a consistent effect upon the uniformity
of heat release. In nine out of 16 compara-
tive tests, the dedusted coals burned more
uniformly (table 19 and figs. 15 and 16).
Of the seven comparative tests in which the

dedusted coals burned less uniformly, the

difference in uniformity was significant only
with the Franklin County 114 inch coals
(40 and 50 series). With these coals, the
114 inch by O coals burned with about 25
percent less variation in rate of heat release
(4.0 and 3.9 percentage figures) than the
114 inch by 10-mesh coals. The greatest
percentage point improvement caused by
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TasrE 19.—ErrecT or REMoving Minus 10-mEsu Coal uvron UnirormiTy oF HEAT RELEASE
(In percent variation from average rate of heat release)

Size range and code Size range and code
Improve- Improve-
Coal 1Y inch 1Y inch et Y inch Y inch ment,
Series X X 2 over 1 X X 4 over 3
0 10 mesh 0 10 mesh
1) (2) (3) (4)
20 5.9 5.7 0.2 5.2 5.8 —0.6
30 6.4 3.8 2.6 5.4 5.5 —-0.1
40 10.4 14 .4 —4.0 9.5 8.0 1.5
50 11.6 15.5 -3.9 8.2 8.3 —0.1
60 12.6 8.6 4.0 6.5 7.3 —0.8
70 20.1 14.1 6.0 7.5 6.2 1.3
80 6.0 6.2 —-0.2 5.1 4.1 1.0
90 7.4 6.0 1.4 4.3 4.2 0.1
Average 10.1 9.3 0.8 6.5 6.2 0.3

dedusting was 6.0 with the coal prepared
from Madison County nut (70 series).
However, the greatest percentage improve-
ment was 41 with the coal prepared from
Vermilion County nut (30 series). The
4.0 percentage figure improvement with
the coal prepared from Madison County
screenings (60 series) might be expected
because of the reduction in ash caused by
dedusting. However, no logical explana-
tion can be given to account for the other
changes in uniformity of combustion that
are greater than might be obtained from
duplicate tests on the same coal.

b. Responsiveness— The fire was usu-
ally more responsive after a prolonged hold-
fire period with the dedusted coals (table
20 and figs. 17 and 18). There were three

exceptions, of minor magnitude, out of 16
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Figc. 15.—Effect of dedusting on uniformity.
(Removal of minus 10-mesh from
114 inch by 0 coal.)

comparative tests. In one case, no change
in responsiveness ratio'® was caused by de-
dusting, and in several others the increase
in responsiveness was not significant.

c. Pickup.—Removing the minus 10-
mesh coal from the 114 inch by O coal did
not appreciably affect the rate of pickup of
the fire after a 45-minute off period (table
21 and fig. 19). The maximum change in
pickup ratio was 0.03. Removing the
minus 10-mesh coal from the 14 inch by 0
coal increased the pickup ratio for all the
coals tested (table 21 and fig. 20). 'The
maximum increase in ratio of 0.05 (20 to 24
percent) was obtained with three coals.
The average increase in ratio was 0.04 (17
percent).

1 Defined in lootnote 7, page 5.
1 Defined in footnote 8, page 16.

average
—

.2 20 30 40 50 60 70 80 90

Coal series

Improvement, percentage figures

Fic. 16.—Effect of dedusting on uniformity.
(Removal of minus 10-mesh from

14 inch by 0 coal.)



Tasre 20.—Errect or Removine Minus 10-mesH Coar uroN ResPonsiveENEss RaTio?

Size range and code Size range and code
Coal 134 inch 114 inch Improve 1 inch 1 inch Improve
Series X X 2 over)1 X X 4 ovchS
0 10 mesh 0 10 mesh
) (2) (3) (4)
20 0.33 0.28 —0.05 0.34 0.37 0.03
30 0.33 0.31 —0.02 0.21 0.33 0.12
40 0.16 0.17 0.01 0.16 0.23 0.07
50 - 0.22 0.22 0.00 0.17 0.25 0.08
60 0.22 0.25 0.03 0.24 0.40 0.16
70 0.20 0.21 0.01 0.19 0.40 0.21
80 0.18 0.27 0.09 0.23 0.20 —0.03
90 0.21 0.23 0.02 0.25 0.26 0.01
Average 0.23 0.24 0.01 0.22 0.30 0.08

A The ratio of the rate of hLeat release during the first 30 minutes of stoker operation following the hold-fire period, to the
average rate with continuous stoker operation.
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Fi1c. 17.—Effect of dedusting on responsiveness
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Fic, 18.—Effect of dedusting on responsiveness

ratio. (Removal of minus 10-mesh from ratio. (Removal of minus 10-mesh from
114 inch by 0 coal.) 14 inch by 0 coal.)
Tasre 21.—Errect or Removine Minus 10-mesu Coar uron Pickup Rario®
Size range and code Size range and code
I - 1 .
Coal | 134 inch 114 inch e 14 inch 1 inch i
Series X X ) ’] X X 4 ’3
0 10 mesh over 0 10 mesh over
(1 (2) (3) (4)
20 0.25 0.23 —0.02 0.25 0.29 0.04
30 0.23 0.24 0.01 0.21 0.26 0.05
40 0.26 0.23 —0.03 0.22 0.24 0.02
50 0.24 0.26 0.02 0.23 0.25 0.02
60 0.25 0.26 0.01 0.23 0.26 0.03
70 0.26 0.24 —0.02 0.21 0.26 0.05
80 0.24 0.24 0.00 0.25 0.27 0.02
90 0.22 0.24" 0.02 0.24 0.29 0.05
Average 0.24 0.24 0.00 0.23 0.27 0.04

2 The ratio of the average rate of heat release during the first five minutes

period, 1o the average rate with continuous stoker operation.
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Fra. 20.—Effect of dedusting on pickup ratio.
(Removal of minus 10-mesh from-
14 inch by 0 coal.)
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TasLe 22.—FErrecr or REmoving Minus 10-mEsu CoaL uron OvErRrUN Rario?

Size range and code Size range and code
. ) I - _ , I -
Coal U3¢ inch 114 fnch et i inch 4 inch Tmene
: 2 over 1 4 over 3
0 10 mesh over 0 10 mesh over
ey ) 3) (4)
20 0.51 0.48 0.03 0.48 0.49 —0.01
30 0.46 0.48 —0.02 0.44 0.51 —0.07
40 0.42 0.42 0.00 0.47 0.47 0.00
50 0.42 0.45 ~0.03 0.47 0.45 0.02
60 0.44 0.51 ~0.07 0.48 0.50 ~0.02
70 0.43 0.43 0.00 0.47 0.50 —0.03
80 0.46 0.48 —0.02 0.49 0.49 0.00
90 0.44 0.44 0.00 0.48 0.51 —0.03
Average 0.45 0.46 ~0.01 0.47 0.49 —0.02

A The ratio of the average rate of heat release durmg the first five mmuLes after stoker shut- off
periods, to the average rate with continuous stoker operation.

d. Overrun.—Removing the minus 10-
mesh coal increased the overrun ratio*? in
nine out of the 16 comparative tests (table
22, and figs. 21 and 22). In only two tests
(30 and 60 series) was the increase more
than might be expected from duplicate tests
with the same coal. No change in overrun
ratio was obtained with dedusted coals in
five comparative tests, and a slight decrease
was obtained with the other two tests.

e. Heat output factor—Removing the
minus 10-mesh coal increased the ratio of
the minimum to the average rate of heat
release with continuous stoker operation in
seven out of the 16 comparative tests (table
23). The increase was considered to be
significant in only two cases. One of these
was the 0.46 increase in ratio with the coal
prepared from Madison County screenings
(60 series). The ash in this coal was de-
creased 1.5 percentage figures (13 percent),
s0 an improvement in ratio of minimum to

-0.05

12 Defined in footnote 9, page 16.
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T16. 21.—Effect of dedusting on overrun ratio.
(Removal of minus 10-mesh from
114 inch by 0 coal.)

followmg the 15-minute on
A decrease In ratio is an improvement.

average rate of heat release might be ex-
pected. The other improvement considered
significant was the increase of 0.22 in ratio
for the LaSalle County coal (90 series).
The reason for this improvement is not
known. There is no significant difference
In percentage of ash. However, this is the
coal that heated slightly in the bins (reached
a temperature of about 130°F.), and pos-
sibly this “preoxidation” had some effect.
No explanation can be given for the de-
crease in ratio with the dedusted Vermilion
and Franklin County coals (30 and 40
series). Possibly variations of this magni-
tude could be expected from duplicate tests
of the same coal and should be considered
insignificant.

4, EFFECT UPON FLY ASH, SMOKE, APPEAR-
ANCE OF THE FIRE, AND “HOLD-
FIRE ABILITY

Although only a slight improvement in

combustion  characteristics was usually
2 0,05
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IFic. 22.—Effect of dedusting on overrun ratio.
(Removal of minus 10-mesh from
14 inch by 0 coal.)
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TasLE 23.—Errect or REmovine Minus 10-mesa Coar vron Rartio or MiNnmmum To
Averace Rartes or HEar RELEase wita ConrtiNvous STOKER OPERATION

Size range and code Size range and code
I ve- Improve-
Coal 134 inch 14 inch et 14 inch 1/ inch ment,
Series X X 2 over 1 X X 4 over 3
0 .~ 10 mesh 0 10 mesh
1 2) (3 4)
20 0.92 0.79 —0.13 0.83 0.91 0.08
30 0.78 0.86 0.08 0.92 0.72 —0.20
40 0.77 0.52 —0.25 0.80 0.78 -0.02
50 0.73 0.70 —0.03 0.82 0.81 —0.01
60 0.29 0.75 0.46 0.85 0.78 —0.07
70 0.39 0.42 0.03 0.85 0.82 —0.03
80 0.80 0.85 0.05 0.88 0.90 0.02
90 0.61 0.83 0.22 0.91 0.98 —0.04
Average 0.66 0.71 0.05 0.86 0.83 —0.03

caused by removing the minus 10-mesh coal,
other important reasons will probably re-
quire the continuance of this practice. One
of the primary reasons appears to be the
difficulty of rendering domestic stoker coal
dustless without first removing the fines,
Another reason for removing the fine coal
is to reduce the amount of fly ash formed.
Considerably less fly ash was deposited in
the boiler passages when burning the de-
dusted coals than when burning the corre-
sponding single screened coal (table 13).
The “calculated” fly ash did not show this

trend, but the accuracy of these data are
questionable for the reasons discussed on
page 20.

The removal of the minus 10-mesh coal
did not appreciably affect the amount of

smoke formed, the appearance of the fire,
or the “hold-fire” ability.

5. SUMMARY OF EFFECT UPON COMBUS-
TION CHARACTERISTICS

Table 24 shows the average effect of re-
moving the minus 10-mesh coal upon seven
of the combustion characteristics measured.

‘TaBLE 24.—SumMmARrY oF Errecr or REmovine Minus 10-mEsu CoaL
uPoN CoMBUSTION CHARACTERISTICS

Size range and code Size range and code
. ) . Improve- . . Improve- | Average
C(l:l?ll:‘?ll?i:;f:ggc 1%>l<nCh ]%;J\Ch jnfcnt,l % ;?Ch % ;?Ch 41‘{%61’1@3 Im.pro%;cw
2 over
0 10 mesh ove 0 10 mesh | 7" ment
(1) (2) -3 4)
Heat obtained, B.t.u.
perpound.......... 6971 7045 74 7255 7401 146 110
Uniformity, percent
variation from aver-
age. 10.1 9.3 0.8 6.5 6.2 0.3 0.5
Responsiveness®. ... ... 0.23 0.24 0.01 0.22 0.30 0.08 0.04
Pickup®.............. 0.24 0.24 0.00 0.23 0.27 0.04 0.02
Overrun®. ............ 0.45 10.46 —0.01 0.47 0.49 —0.02 -0.01
Clinker rating........ 2.6 2.7 0.1 2.7 3.0 0.3 0.2
Minimum <+ average
rate of heat released. 0.66 0.71 0.05 0.86 0.83 —0.03 0.01

4 Ratio of rate of heat release during the first 30 minutes of stoker operation following the hold-fire periods, to the average
rate with continuous stcker operation.
W Ratio of average rate of heat release during the first five minutes of stoker operation following the 45-minute off period
to the average rate with continuous stoker operation.
¢ Ratio of average rate of heat release during the first five minuies after stoker shut-off following the 15-minute on period,
to the average rate with continuous stoker operation.
4 With continuous stoker operation,
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average

45 61 62 63 64 65 81 82 83 B4 85
55 71 72 73 74 75 91 92 93 94 95

‘Coal series

FiG. 23.—Difference in heat obtained from stoker coals prepared from
screenings and from nut coal.
(Plus values—screenings superior; minus values—nut coal superior.)

A slight improvement is indicated for ail
these combustion characteristics except over-
run, but the improvement is usually less
than might be expected from normal
fluctuations when burning the same coal,
and would be undetectable in a household
installation.

CoMPARISON OF CoMBUSTION (CHARAC-
TERISTICS OF STOKER (CoaLs PRE-
PARED FROM SCREENINGS
AND Nut CoaL

1. HEAT OBTAINED

There was very little difference in the
amount of heat obtained from the compara-

tive tests on coals prepared from screenings
and nut coal (table 25 and fig. 23). Most
of the variations fourid might be expected
from duplicate tests on the same coal. In
12 comparative tests out of 20, the coals
prepared from screenings furnished more
heat per pound than those prepared from
nut coal. The average difference was only
54 B.t.u. per pound, which is certainly in-
significant. The maximum difference was
290 B.t.u. per pound with the Franklin
County 114 inch by O coals which were
loaded with fines (coals 45 and 55).

The coals prepared from screenings had
an average heating value of 43 B.t.u. per
‘pound less than that prepared from nut coal

Tasre 25.—Hxear OnTATNED FrOM STOKER CoALs PREPARED FROM ScCREENINGS AND Nut CoALs

(In B.t.u. pet pound)

Size range and code
Coal Seriest 114 inch 114 inch 14 inch 14 inch 114 inch Average
X X X X )
0 10 mesh 0 10 mesh op
(1) (2) (3) (4) (5
20 7030 6970 7140 7460 7240
30 6830 7240 7180 7320 7040
difference 200 —270 —40 140 200 46
40 7670 7500 7750 7940 7690
50 7450 7410 7680 7720 7400
difference 220 90 70 220 290 178
60 6480 6800 T 6970 7030 6790
70 6490 6690 6870 7080 6960
difference -10 110 100 —50 —170 4
80 6880 6970 7160 7370 6930
90 (6940 6780 7290 7290 7040
difference —60 190 —130 80 —110 —6
Average difference 88 30 0 97 53 54
& The 20, 40, 60, and 80 series were prepared from screenings and the others from nut coals,

b Equal parts of No. | and No. 3 coals.
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TasLE 26.—HeaTing VaLues oF StokEr CoarLs PREPARED FrROM ScrEeNINGS AND NuT CoaLs
(In B.t.u. per pound, as-fired basis)
Size range and code
Coal Series? 124 inch 134 inch 14 inch 14 inch 124 inch Average
X X X X X
0 10 mesh 0 10 mesh o
1) (2) (3) (4) (5)
20 11,239 11,349 11,314 11,410 11,370
30 11,436 11,415 11,499 11,460 11,509
difference —197 —66 —185 —50 —139 —127
40 12,149 12,241 12,336 12,281 12,298
50 12,246 12,136 12,206 12,246 12,195
difference —97 105 130 35 103 55
60 11,138 11,187 11,137 11,309 11,236
70 11,195 11,290 11,124 - 11,286 11,289
difference —57 —103 13 23 7 —23
80 11,353 11,411 11,283 11,457 11,260
90 11,604 11,295 11,411 11,391 11,453
difference —251 116 —128 66 —193 —78
Averaze difference —151 13 —43 19 —56 —43

aThe 20, 40, 60, and 80 series were prepared from screenings, and the others from nut coals.

b Equal parts of No. | and No. 3 coals.

(table 26), although the reverse trend was
shown for heat obtained. This means that
the average efficiency of combustion was
higher with the coal prepared from screen-
ings than with that prepared from nut coal.
However, the increase indicated was only
0.7 percentage point, which is too small to
be of practical significance.

2. ATTENTION REQUIRED

In as far as the percentage of ash gov-
erns the attention required, the stoker coals
prepared from screenings were superior in
12 out of the 20 comparative tests (table 27
and fig. 24). The average difference in ash
was only 0.4 percentage point which is cer-
tainly insignificant. Only the stoker coals
prepared from Madison County nut coal
(70 series) were consistently lower in ash
than the corresponding stoker coal prepared
from screenings (60 series).

There is no significant difference between
the clinker ratings assigned to coals pre-
pared from screenings and those prepared
from nut coal (table 28).

3. ABILITY TO MAINTAIN DESIRED HEAT
ouTPUT

a. Uniformity of heat release.—"The
stoker coals prepared from screenings burned
more uniformly than the corresponding coal
prepared from nut coal for 13 out of the 20
comparative tests (table 29 and fig. 25).
The average improvement was 0.9 percent-
age point, which is not considered signifi-
cant. The greatest improvement was 7.5
percentage points (37 percent) with the
Madison County 114 inch by 0 coals (coals
61 and 71). However, the 114 inch by
10-mesh coals from the same county had a
greater percentage improvement (39 per-
cent), This improved uniformity of burn-
ing with the Madison County coals pre-
pared from screenings is contrary to that
expected, since the percentage of ash was
lower in the coals prepared from the nut
coal. One possible explanation is the differ-
ence in the amounts of vitrain (table 30).
Although the coal prepared from screenings
(61) has only 4.6 percentage figures more
vitrain than the coal prepared from nut
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TasLe 27.—QuanTtiTy oF Asn 1v STokER CoALS PREPARED
rroM SCREENINGS AND Nut CoaLs

(Data are given in percent, as-fired basis)

Size range and code
Coul Seriess 114 inch 1% inch 14 inch 14 inch 1Y4 inch Averaze
X X X X X °
0 10 mesh 0 10 mesh ov
(1) (2) (3) (€3] (5)
20 8.7 8.6 9.3 8.6 9.0
30 10.9 10.5 10.6 10.5 10.3
difference —2.2 —1.9 —-1.3 —1.9 —1.3 —1.7.
40 9.5 8.7 8.8 9.1 9.5
50 9.1 9.2 9.7 9.3 9.2
difference 0.4 -0.5 —0.9 —0.2 0.3 —0.2
60 o 11.3 9.8 10.9 10.2 10.6
70 9.5 9.4 9.5 9.5 9.8
difference 1.8 0.4 1.4 0.7 0.8 1.0
80 8.9 8.3 9.1 8.4 9.2
90 8.8 9.6 9.7 9.7 9.3
difference 0.1 -1.3 —-0.6 —-1.3. —-0.1 —0.6
Average difference 0 —0.8 —0.4 —0.7 —0.1 —0.4

aThe 20, 40, 60, and 80 series were prepared from screenings, and the others from nut coals.
b Fqual parts of No. 1 and No. 3 coals,

\average

42 43 44 45 61 62 63 64 65 81 82 83 84 85
52 53 54 55 71 72 713 74 75 91 92 93 94 95

Coal series

24 25 41
34 35 51

|Difference, percentage figures

F16. 24.—Difference in percentage of ash in stoker coals prepared from
screenings and from nut coal.
(Plus values—nut superior; minus values—screenings superior.)

81 82 83 84 85

43 44 45 61 62
53 54 55 71 72
Coal Series

-8-21 22 23
31 32 33

24 25 41 42
34 35 51 52

63 64 65
73 74 75 91

Difference, percentage figures

92 93 94 95

Fic. 25.—Difference in uniformity of heat release with stoker coals prepared from
screenings and from nut coal.
(Plus values—nut superior; minus values—screenings superior.)
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TasLE 28, —C]]NI\ER Ratineg* orF Stoker CoaLs PREPARED
rrROM SCREENINGS AND NuT CoaLs

Size range and code
Coal Series® 114 inch 114 inch 14 inch 14 inch 114 inch Average

X X X X X

0 10 mesh 0 10 mesh Qe

1) (2) (3) (4) (5)

20 3 3 3 3 3

30 3 3 3 3 3
difference 0 0 0 0 0 0

40 2 2 2 3 2

50 2 2 3 2 2
difference 0 0 -1 1 0 0

60 3 3 3 3 2

70 2 3 2 3 2
difference 1 0 1 0 0 0.4

80 3 3 3 3 3

90 3 3 3 4 3
difference 0 0 0 —1 0 —0.2

@ A subjective rating vuvmg from 0 (unsatisfactory) to 5 (ideal).
b The 20, 40, 60, 80 ceries were pr{:p‘lr(‘(] from screenings, and the others from nut coals.
¢ Equal parts of No. 1 and No. 3 coals.

TasLe 29.—Untrormriry or HEaT RELEASE wiTH STOKER CoALS PREPARED
FrROM SCREENINGS AND NuT CoaLs
(In percent variation from average rate of heat release; thus lower values are superior)

Size range and code
Coal Series® 124 inch 14 inch 4 inch 14 inch 14 inch Average

X X X X X

0 10 mesh 0 10 mesh ob

(1) (2) 3) (4) ©)
20 5.9 5.7 52 5.8 4.4 5.4
30 6.4 3.8 5.4 5.5 5.2 5.3
difference —0.5 1.9 —0.2 0.3 —0.8 0.1
40 10.4 14 .4 9.5 8.0 8.8 10.2
50 11.6 15.5 8.2 8.3 11.5 11.0
difference —-1.2 —1.1 1.3 —-0.3 —2.7 —0.8
60 12.6 8.6 6.5 7.3 7.8 8.5
70 20.1 14.1 7.5 6.2 9.3 11.4
difference -7.5 —5.5 —-1.0 1.1 —1.5 —-2.9
80 6.0 6.2 5.1 4.1 4.6 5.2
90 7.4 6.0 4.3 4.2 4.1 5.2
difference —1.4 0.2 0.8 —0.1 0.5 0
Average difference —2.7 —1.1 —0.2 0.3 —1.1 —0.9

2 The 20, 40, 60, and 80 series were prepared {rom screenings, the others from nut coals.
b Equal parts of No. 1 and No. 3 coals.
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TasLE 30.—PrTROGRAPHIC ANALYSES 0oF MADISON

DOMESTIC STOKER COMBUSTION

Counry CoaLs

1% inch X 0 2inch X 1}4

(71), the increase is 31 percent, which may
account for the more uniform combustion.
Another possible explanation is the differ-

screenings inch nut ence in composition of the ash (table 44,
percent percent Appendix). Stoker coal 61 prepared from
Vitrain 19 3 147 screenings had 2.48 percentage figures (14
Clarain........... 76.1 73.6 percent) less Fe,0, in the ash than stoker
?urﬂ,m --------- %% ?g coal 71 prepared from nut. This explana-
usain.. .. ... ... . . . . .
Refause . . ....... .. 0.6 0.2 tion 1s qot too reasonable, since no previous
correlation was found between the Fe,0,
and the uniformity of combustion. Neither
do the tests in this investigation indicate
0,15
0.10
Q
2
g 0.05-
& average
o 0 #
13]
§
B -0.05
= 21 22 23 24 25 41 42 43 44 45 61 62 63 64 65 8l 82 83 84 85
A -0.10-31 32 33 34 35 51 52 53 54 55 71 72 73 74 75 91 92 93 94 95

Coal series

F16. 26,—Difference in responsiveness ratio with stoker coals prepared. from
screenings and from nut coal.
{Plus values—screenings superior; minus values—nut coal superior.)

TasLe 31.—REsPonNsivENEsSS RaTi0* wiTH STOKER CoaLs PREPARED

FROM SCREENINGS AND Nut Coars

Size range and code
Coal Series® 134 inch 114 inch 14 inch 14 inch 1%4 inch ’ Average

X X X X X

0 10 mesh 0 10 mesh 0¢

M (2) (3) 4) (5)
20 0.33 0.28 0.34 0.37 0.31 0.33
30 0.33 0.31 0.21 0.33 0.30 0.30
difference 0.00 —0.03 0.13 0.04 0.01 0.03
40 0.16 0.17 0.16 0.23 0.18 0.18
50 0.22 0.22 0.17 0.25 0.21 0.21
difference —0.06 —0.05 —0.01 —-0.02 —0.03 —0.03
60 0.22 0.25 0.24 0.40 0.23 0.27
70 0.20 0.21 0.19 0.40 0.24 0.25
difference 0.02 0.04 0.05 0.00 —0.01 0.02
80 0.18 0.27 0.23 0.20 0.33 0.24
90 0.21 0.23 0.25 0.26 0.24 0.24
difference -0.03 0.04 —0.02 —0.06 0.09 0.00
Average difference —0.02 0.00 0.04 —0.01 0.01 0.00

2 Ratio of the rate of heat release during the first 30 minutes of stoker operation following the hold-fire period, to the aver-

age rate with Contmuo_us stoker operation. .
b The 20, 40, 60, and 80 series were prepared {rom screenings, the others from nut coals.
¢ Equal parts of No. | and No. 3 coals.
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TapLE 32.—Pickur Ratio* wite StokEr CoaLs PrREPARED
FroOM ScREENINGS AND NuT CoALs

Size range and code
Coal Series? 124 inch 114 inch 14 inch 14 inch 124 inch Average
X X X X X h
0 10 mesh 0 10 mesh 0°
(1 (2) (3) (4) (5)
20 0.25 0.23 0.25 0.29 0.25 0.25
30 0.23 0.24 0.21 0.26 0.23 0.23
difference 0.02 —0.01 0.04 0.03 0.02 0.02
40 0.26 0.23 0.22 0.24 0.24 0.24
50 0.24 0.26 0.23 0.25 0.24 0.24
difference 0.02 —0.03 —0.01 —0.01 0.00 0.00
60 0.25 0.26 0.23 0.26 0.25 0.25
70 0.26 0.24 0.21 0.26 0.23 0.24
difference —0.01 0.02 0.02 0.00 0.02 0.01
80 0.24 0.24 0.25 0.27 0.25 0.25
90 0.22 0.24 0.24 0.29 0.27 0.25
difference 0.02 0.00 0.01 —0.02 —0.02 0.00
Average difference 0.01 —0.01 0.02 0.00 0.01 0.01

2 The ratio of average rate of heat release during the first five minutes of stoker operation following the 45-minute off
periods, to the average rate with continuous stoker operation.

bThe 20, 40, 60, and 80 series were prepared from screenings, the others from nut coals.

¢ Equal parts of Nu 1 and No. 3 coals.

such a trend. For example, little or no dif-
ference in uniformity of combustion was ob-
tained with the LaSalle County coals, al-
though the ash from coal 81 had 6.93 per-
centage figures (17 percent) less Fe,0, than
the ash from coal 91.

b. Responsiveness.—The responsiveness
of the fire to a demand for heat after a pro-
longed hold-fire period was about the same
for the stoker coal prepared from screenings
and as that prepared from the corresponding
nut coal (table 31 and fig. 26). The maxi-
mum difference in responsiveness ratio'®
was 0.13 with the 14 inch by 0 coals from
Vermilion County (series 23 and 33). The
average difference with the Vermilion

13 Defined in {ootnote 7, page 15.

County coals was only 0.03 which is not
considered to be significant,

c. Pickup—There was no significant
difference between the average pickup
ratios™* with the stoker coals prepared from
ecreening% md from nut coal (table 32 and
fig. 27). The maximum difference of 0.04
was with the 14 inch by 0 coals from Ver-
milion County (coals 23 and 33). This dif-
ference is greater than would be expected
from duplicate tests on the same coal, and 1s
particularly significant bccause the same
relative tendency was exhibited with “re-
sponsiveness.” The cause of this significant
difference in pickup and responsiveness with
this particular size of coal is not known.

1 Defined in footnote 8, papge 16.

Coal series

FF16. 27.—Difference in pickup ratio with stoker coals prepared from screenings
and from nut coal.

(Plus values—screenings superior; minus values—nut coal superior.)

o

g

5 0.05

K] average

Y opi-———d - -7 et e -
-é’ ~0.05L21 22 23 24 25 41 42 43 44 45 61 62 63 64 65 81 82 83 84 85
El 31 32 33 34 35 51 52 53 54 55 71 72 713 74 75 91 92 93 94 95
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TasLE 33.—OverruN RaTtro® wite STokER CoaLs PREPARED
rroM SCREENINGS aND NuT CoaLs

Size range and code
Coal Series? 134 inch 114 inch ¥4 inch 34 inch 114 inch Averaze
X X X X X ”
0 10 mesh 0 10 mesh 0
(0 (2) (3) (4) (5)
20 0.51 0.48 0.48 0.49 0.49 0.49
30 0.46 0.48 0.44 0.51 0.46 0.47
difference 0.05 0.00 0.04 —0.02 0.03 0.02
40 0.42 0.42 0.47 0.47 0.41 0.44
50 0.42 0.45 0.47 0.45 0.41 0.44
difference 0.00 —0.03 0.00 0.02 0.00 0.00
60 0.44 0.51 0.48 0.50 0.48 0.48
70 0.43 0.43 0.47 0.50 0.43 0.45
difference 0.01 0.08 0.01 0.00 0.05 0.03
80 0.46 0.48 0.49 0.49 0.49 0.48
90 0.44 0.44 0.48 0.51 0.53 0.48
difference 0.02 0.04 0.0t —0.02 —0.04 0.00
Average difference 0.02 0.02 0.02 —0.01 0.01 0.01
aThe ratio of average rate of heat release during the first five minutes after stoker shut off following the 15-minute on

periods,  to the average rate with continuous stoker operation.
b The 20, 40, 60, 80 series were prepared from screenings, the others from nut coals.
e Fqual parts of No. 1 and No. 3 coals.

d. Owerrun.—"There were only a few
comparable tests in which an appreciable
difference in overrun was found between
the stoker coals prepared from screenings
and those prepared from nut coal (table 33
and fig. 28). The maximum difference in
overrun ratio'® was 0.08, with the 114 inch
by 10-mesh Madison Ceunty coals (Nos.
62 and 72). The average difference for the
20 comparative tests was only 0.01 which
is not significant.

e. Heat output factor—No consistent
superiority was exhibited by stoker coals

15 Defined in footnote 9, page 16.

=4
—
o

average

prepared from screenings or nut coal in re-
spect to the capacity of the heating plant
during periods of poor fire. The greatest
difference in ratio of minimum to maximum
rates of heat release was 0.33 (table 34).
The average difference for the 20 compara-
tive tests was only 0.01, which is not sig-
nificant.

4. SMOKE, APPEARANCE OF FIRE, AND
“HOLD-FIRE” ABILITY

No difference was observed between the
stoker coals prepared from screenings and
nut coal in the amount of smoke produced,

Difference in ratio

24 25 41

=0.05%51 22 23
: 34 35 51 52 53

31 32 33

42 43 44 45 61 62 63
54 55 71 72 13

64 65 81
74 75 91 92

82 83 84 85
93 94 95

Coal series

F1c. 28.—Difference in overrun ratio with stoker coals prepared from screenings
and from nut coal.
(Plus values—nut superior; minus values—screenings superior.)
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Size range and code
Coal Series? 134 inch 134 inch 14 inch 14 inch 114 inch Average
X X X X
0 10 mesh 0 10 mesh (S
(1) () (3) (4) (%)
20 0.92 0.79 0.83 0.91 0.89 0.87
30 0.78 0.86 0.92 0.72 0.89 0.84
difference 0.14 —0.07 —0.09 0.19 0.00 0.03
40 0.77 0.52 0.80 0.78 0.71 0.72 .
50 0.73 0.70 0.82 0.81 0.84 0.78
difference 0.04 —0.18 —0.02 —0.03 —0.13 —0.06
60 0.29 0.75 0.85 0.78 0.71 0.68
70 0.39 0.42 0.85 0.82 0.75 0.65
difference —0.10 0.33 0.00 —0.04 —0.04 0.03
80 0.80 0.85 0.88 0.90 0.90 0.86
90 0.61 0.83 0.91 0.87 0.90 0.82
difference 0.19 0.02 —0.03 0.03 0.00 0.04
Average difference 0.07 0.03 —0.04 0.04 —0.04 0.01
# Data are from tests with continuous stoker operation,

W The 20, 40, 60, and ‘50 series were prepared from screenings, the others from nut coal.

¢ Equal plqu of No and No. 3 coals.

the appearance of the fire, or the ability to
maintain a fire at low rates of operation.

5. SUMMARY OF RELATIVE COMBUSTION
CHARACTERISTICS

Table 35 summarizes the differences in
seven combustion characteristics which were

found from the comparative tests of stoker
coals prepared from screenings and those
prepared from nut coal. The only signifi-
cant difference shown is the more uniform
rate of heat release (2.9 percentage points)
with the stoker coals prepared from Madi-
son County screenings than with those pre-
Jpared from nut coal from the same mine.

Tapre 35.—Summary or Comeustion CHARACTERISTICS OF SToKER COALS
PrePArRED FrROM NuT CoaLs AND SCREENINGS

Improvement of screenings over nut coal
Vermilion Franklin Madison LaSalle A .
County County County County verage
Heat obtained, B t.u. per pound 50 180 0 —10 55
Uniformity, percent variation from
AVETAZE. .ot e e —0.1 0.8 2.9 0.0 0.9
Responsiveness®. . ................ 0.02 —0.03 0.02 0.00 0.00
Pickuph ... 0.02 -0.01 0.01 0.00 0.01
Overrun®. .. ..................... —0.02 0.00 —0.03 0.00 —0.01
Clinker rating.................... 0.0 0.0 0.4 —0.2 0.1
Minimum +average rate of heat
released. ... 0.03 —0.06 0.03 0.04 0.01

# Ratio of rate of heat release during the first 30 minutes of stoker operation following the hold-fire period,

age rate with continuous stoker operation.

b Ratio of rate of heat release during the first five minutes of stoker operation following

average rate with continuous stoker operation.

to the aver-

a 45-minute off period to the

¢ Ratio of rate of heat release during the first five minutes after stoker shut off following the [S-minute on periods, to the

average rate with continuous stoker opcriuon
4 With continuous stoker operation.
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CONCLUSIONS

The performance characteristics of the
stoker coals tested were not materially af-
" fected by the size range. The changes which
occurred in responsiveness, pickup, overrun,
and heat output were no more than might
be expected from duplicate tests with the
same coal. The average 14 inch by 0 coal
did furnish slightly more heat per pound
than the corresponding 114 inch by 0 coal,
although the difference would probably be
undetectable with a normal installation in a
house. The most significant difference in
performance was in the more uniform rate
of heat release with the smaller sized coal.

The performance characteristics of the
114 inch by 0 coals which were “loaded”
with fines were equal or slightly superior
to those of the corresponding natural 114
inch by 0 coals. The public rejection of
coals with a large proportion of fines is
evidently based upon prejudice, difference
in quality of coal, or improper dust treat-

ment. The latter two reasons are the most

probable, since the fine sizes as hoisted from
a mine frequently have higher ash, and they
are much more difficult to render dustless.

The removal of the minus 10-mesh coal
resulted in a slight improvement in nearly
all combustion characteristics, but the im-
provement was usually less than might be
expected from normal fluctuations with the
same coal, and would probably be un-
detectable in a household installation.

Although only a slight change in com-
bustion characteristics was caused by re-
moving the fine coal, other important rea-
sons will probably require the continuance
of this practice. One of the primary reasons
appears to be the difficulty of rendering
domestic stoker coal dustless without first
removing the fines.

Coal was obtained from too few mines
to furnish any conclusive data concerning
the relative combustion characteristics of
stoker coals prepared from screenings and
nut coal. Little or no difference was found
with the coals tested.

APPENDIX

TasrLe 36.—OprErATING ScHEDULE For ComBusTiOoN TESTS

Tuespay

7:00 a.m. Start fire on clean hearth. Cause stoker
to operate continuously.

10:00 a.m. Beginning of test period for continuous
stoker operation.

3:45 p.m. Start taking motion pictures of fuel bed.”

4:25 p.m. Stop taking motion pictures of fuel bed.

8:00 p.m. End of test period with continuous
stoker operation.
hopper, and change stoker operating
rate to 45 minutes on and 15 minutes
off.

10:15 p.m. Beginning of test period with stoker
operating 45 minutes out of each hour.

WEDNESDAY

10:50 a.m. Start taking motion pictures of fuel bed.
11:05 a.m. Stop taking motion pictures of fuel bed.
11:13 a.m. Start taking motion pictures of fuel bed.
11:40 a.m. Stop taking motion pictures of fuel bed.
1:15 p.m. End of test period with stoker operating
45 minutes out of each hour. Remove
clinker, fill hopper, and change stoker
oper1t1ng rate to 30 minutes on 'md 30

minutes off.
4:30 p.m. Beginning of test period with stoker
operating 30 minutes out of each hour.

THURSDAY

10:45 a.m. Start taking motion pictures of fuel bed.
11:05 a.m. Stop taking motion pictures of fuel bed.

Remove clinker, fill -

11:28 a.m. Start taking motion pictures of fuel bed.
11:45 a.m. Stop taking motion pictures of fuel bed.
2:30 p.m. End of test period with stoker operating
30 minutes out of each hour. Remove
clinker, fill hopper, and chanze stoker
operating rate to 15 minutes on and 45

minutes off.
6:30 p.m. Beginning of test period with stoker
operating 15 minutes out of each hour.

Fripay

8:43 a.m. Start taking motion pictures of fuel bed.
9:05 a.m. Stop taking motion pictures of fuel bed.
9:43 a.m. Start taking motion pictures of fuel bed.
9:55 a.m. Stop taking motion pictures of fuel bed.

SATURDAY

10:30 a.m. End of test period with stoker operating
15 minutes out of each hour. Remove
clinker and change stoker operating
rate to hold-fire (3 minutes out of each

134 hours).

Moxpay

11:45 a.m. Start stoker operating continuously.

1:45 p.m. Stop stoker. Quench fire, remove clinker
and ash from hearth, and fly ash from
boiler passages. Remove coal from
hopper, worm, and retort.
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APPENDIX
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14 inch by 0 coal

14 inch by 0 coal

Coal . Heati
Series Size Ash, I_}zea;ﬁ:g Sulfur, Size Ash, Veﬁlzleﬂg Sulfar,
fraction® % B.t.u./ib o fraction % B.tt.u‘/'ib %0
20 + 34 inch 9.5 12927 1.69 + 4 mesh 10.9 12764 | 1.68
34 inch X %4 inch 9.8 12944 1.84 4 mesh X 6 mesh 10.5 12854 1.82
3% inch X 4 mesh 10.1 12912 1.78 6 mesh X 8 mesh 9.9 12967 1.74
4 mesh X 10 mesh 9.8 12943 1.86 8 mesh X 10 mesh 9.5 12949 | 1.73
10 mesh X 0 13.3 12442 | 2.13 ||10 mesh X 20 mesh 10.0 12805 1.79
20 mesh X 0 12.2 12401 2.16
30 + 24 inch 14.2 12316 1.56 + 4 mesh 12.1 12620 1.56
3ginch X 3ginch | 11.1 12788 | 1.63 4 mesh X 6 mesh 11.3 12797 | 1.58
34 inch X 4 mesh 9.9 13025 1.63 6 mesh X 8 mesh 11.4 12744 | 1.69
4 mesh X 10 mesh 9.9 12982 | 1.68 8 mesh X 10 mesh 11.2 12756 1.61
10 mesh X 0 13.3 12427 2.13 10 mesh X 20 mesh 13.2 12498 1.95
20 mesh X 0 11.1 12805 1.64
40 + 34 inch 9.7 13028 3.05 -+ 4 mesh 10.0 13039 2.76
34 inch X 3% inch 9.0 13098 | 2.73 4 mesh X 6 mesh 8.9 13206 2.63
34 inch X 4 mesh 8.5 13172 | 2.76 6 mesh X 8 mesh 8.8 13231 2.66
4 mesh X 10 mesh 8.9 13221 2.74 8 mesh X 10 mesh 19.0 13138 | 2.65
10 mesh X 0 13.0 12543 2.89 10 mesh X 20 mesh 9.1 13115 2.64
20 mesh X 0 11.6 12760 | 2.85
50 + 34 inch 11.0 12715 2.11 + 4 mesh 11.3 12856 2.64
24 inch X 3% inch 9.9 12942 | 2.24 4 mesh X 6 mesh 10.3 13001 2.56
34 inch X 4 mesh 9.6 12971 2.26 6 mesh X 8 mesh 9.4 13087 | 2.36
4 mesh X 10 mesh 9.3 13053 | 2.41 8 mesh X 10 mesh 9.4 13129 | 2.34
10 mesh X 0 10.4 12838 | 2.58 |[10 mesh X 20 mesh 9.4 13150 | 2.35
20 mesh X 0 10.8 12902 2.49
60 + 34 inch 10.9 12443 3.82 + 4 mesh 11.0 12453 3.90
34 inch X 3ginch | 10.4 12551 3.80 4 mesh X 6 mesh 10.8 12449 | 3.90
3% inch X 4 mesh 11.1 12537 | 3.79 6 mesh X 8 mesh 10.2 12514 | 3.87
4 mesh X 10 mesh| 10.8 12513 3.58 8 mesh X 10 mesh 10.2 12504 | 3.91
10 mesh X 0 19.8 11103 3.83 10 mesh X 20 mesh 11.1 12389 3.90
20 mesh X 0 16.1 11631 4.03
70 + 34 inch 13.6 12201 3.66 + 4 mesh 10.7 12529 4.17
34 inch X 34 inch 9.8 12669 | 4.02 4 mesh X 6 mesh 10.6 12627 | 4.06
34 inch X 4 mesh 10.0 12718 | 3.81 6 mesh X 8 mesh 10.5 12593 | 3.92
4 mesh X 10 mesh| 10.2 12643 3.91 8 mesh X 10 mesh 10.3 12647 3.87
10 mesh X 0 12.0 12329 | 3.91 10 mesh X 20 mesh 10.3 12613 | 3.93 -
20 mesh X 0 10.8 12526 3.94
80 + 34 inch 8.9 13008 3.92 + 4 mesh 9.2 12946 4.13
34 inch X 34 inch 9.6 12780 | 4.32 4 mesh X 6 mesh 8.9 12938 | 3.92
3¢ inch X 4 mesh 9.3 12802 | 4.31 6 mesh X 8 mesh 8.9 13001 3.97
4 mesh X 10 mesh 9.2 12804 3.91 8 mesh X 10 mesh 9.2 13008 3.95
10 mesh X 0 15.0 11917 | 4.58 |10 mesh X 20 mesh 9.3 12891 3.94
20 mesh X 0 13.2 12284 4.48
90 + 34 inch 7.1 13255 3.65 -+ 4 mesh 10.5 12545 5.16
34 inch X 34 inch 8.2 13064 | 4.10 4 mesh X 6 mesh 9.6 12756 | 4.47
3% inch X 4 mesh 9.9 12867 | 4.52 6 mesh X 8 mesh 9.2 12873 | 4.56
4 mesh X 10 mesh 9.5 12805 | 4.56 8 mesh X 10 mesh 9.3 12838 | 4.44
10 mesh X 0 12.8 12208 | 4.79 ||10 mesh X 20 mesh 9.4 12737 | 4.28
20 mesh X 0 12.0 12316 | 4.92

4 Determined with standard Tyler square-opening sieves.



38 DOMESTIC STOKER COMBUSTION

TasLe 38.—Hgeat OTaiNeD anD Coarl Bur~neD ror Eaca Orerarion Rarr

Heat obtained, M B.t.u./lb. Average Coal burned, lb./hr.
Coal efh-
. No. cienc
N 600 450 300 152 | Average | 0, | 600 450 30+ 150
21 6.86 6.89 7.05 7.32 7.03 62.6 23.76 17.74 11.82 5.85
22 6.97 6.90 6.86 7.17 6.97 61.4 22.97 17.14 11.66 5.73
23 7.08 7.05 6.93 7.52 7.14 63.1 26.68 18.78 12.58 6.26
24 7.23 7.29 7.48 7.86 7.46 65.4 24.29 17.87 11.79 5.84
25 7.24 7.16 7.06 7.52 7.24 63.7 25.44 18.90 13.21 6.33
31 6.75 6.81 6.65 7.12 6.83 59.7 22.46 16.46 11.60 5.38
32 7.07 6.86 7.34 7.70 7.24 63.4 21.46 16.12 10.54 5.17
33 7.42 7.39 6.96 6.97 7.18 62.4 24.54 18.40 12.09 6.04
34 7.12 7.26 7.24 7.67 7.32 63.9 22.55 16.62 11.03 5.54
35 7.07 7.01 6.86 7.23 7.04 61.2 24.03 17.54 12.18 5.90
41 7.65 7.56 7.68 7.78 7.67 63.1 25.09 18.11 12.62 6.53
42 7.40 7.38 7.53 7.63 7.50 61.3 22 .46 16.39 11.10 5.55
43 7.67 7.87 7.60 7.86 7.75 62.8 26 .46 18.70 11.78 6.68
44 7.92 7.88 7.97 7.99 7.94 64.7 23.45 17.38 11.68 5.92
45 7.83 7.93 7:36 7.66 7.69 62.4 24.97 18.18 12.29 6.15
51 7.25 7.29 7.60 7.64 7.45 60.8 24 .44 17.87 11.76 5.85
52 7.34 7.37 7 .46 7.49 7.41 61.1 22.80 16.63 10.94 5.58
53 7.57 7.74 7.45 7.96 7.68 - 62.9 25.76 17.72 12.48 6.36
54 7.52 7.51 7.79 8.05 7.72 63.0 23.00 16.91 11.28 5.49
55 7.32 7.40 7.46 7.41 7.40 60.7 24 74 18.07 12.40 5.94
61 - 6.33 6.40 6.47 6.74 6.48 58.2 24.32 18.11 12.00 6.07
62 6.71 6.66 6.69 7.15 6.80 60.8 22.63 17.00 11.42 5.75
63 6.92 7.02 6.95 7.00 6.97 62.6 26.47 18.99 12.89 6.34
64 6.97 6.89 6.98 7.30 7.03 62.2 24.62 17.44 11.67 5.89
65 6.69 6.71 6.82 6.93 6.79 60.4 25.71 18.85 12.70 6.50
71 6.55 6.52 6.45 6.45 6.49 53.0 21.92 17.11 11.64 5.78
72 6.74 6.68 6.51 6.82 6.69 59.3 22.08 16.56 11.08 5.53
73 6.96 6.98 6.81 6.72 6.87 61.8 25.56 18.17 12.32 6.32
74 7.05 6.97 7.11 7.21 7.08 62.7 23.68 17.29 11.51 5.88
75 7.00 7.17 6.94 6.74 6.96 62.0 24.18 17.99 12.47 5.99
81 6.89 6.86 6.78 7.01 6.88 60.6 23.86 17.86 11 76 5.91
82 6.98 6.89 6.83 7.19 6.97 61.1 22.68 16.74 11.00 5.52
83 7.09 7.14 7.15 7.25 7.16 63.5 25.56 18.88 12.68 6.32
84 7.48 7.35 7.19 7.47 7.37 64.3 23.24 17.14 11.54 5.62
85 6.96 6.89 6.72 7.15 6.93 61.5 24.88 18.69 12.62 6.10
91 7.08 6.84 6.85 6.98 6.94 59.8 22.84 16.54 11.15 5.56
92 6.99 6.74 6.71 6.67 6.78 60.0 21.30 15.87 10.57 5.26
93 7.34 7.27 7.19 7.35 7.29 63.9 23.84 17.93 11.95 5.81
94 7.19 7.16 7.16 7.67 7.29 64.0 22.04 15.97 10.66 5.32
95 7.04 6.88 6.93 7.30 7.04 61.5 23.07 17.58 12.11 5.86

a Minutes of stoker operation per hour.



APPENDIX 39
TasrLe 39.—Miscerraneous Dara on Compustion CHARACTERISTICS
Boiler output with
continuous stoker Uniformity Responsiveness Pickup Overrun
operation

(13\9;11 Ratio of . .
% | Average | Minimum | Minimuam | 475888 v Cnp Ba M B A7erRec) Wi | Average) Mo

M B.tu./hr/M B.tu/hr) +average | i average BOlcfflitn 60ﬁ-frsn'itn M B.tu| cycle |M B.tuM B.tu.

% heat ’ * | per hr. M B.twu.| per hr. | per hr.

output?® per hr.

21 163 149 0.92 5.9 0.89 27 97 41 31 83 104
22 160 126 0.79 5.7 0.85 23 90 37 27 77 92
23 189 156 0.83 5.2 0.85 32 108 47 35 91 118
24 176 160 0.91 5.8 0.87 32 115 51 37 86 109
25 184 162 0.88 4.4 0.87 29 99 45 34 89 104
31 152 118 0.78 6.4 0.84 25 93 36 30 70 84
32 152 130 0.86 3.8 0.90 24 75 36 29 73 83
33 182 168 0.92 5.4 0.83 19 88 38 31 80 103
34 161 115 0.72 5.5 0.83 26 94 41 30 82 102
35 170 152 0.89 5.2 0.88 25 84 39 31 78 97
41 192 149 0.77 10.4 0.78 15 64 49 34 30 110
42 166 86 0.52 14 .4 0.67 14 42 39 28 69 95
43 203 163 0.80 9.5 0.78 16 82 44 27 94 131
44 186 145 0.78 8.0 0.81 21 96 44 31 86 112
45 196 138 0.71 8.8 0.79 18 59 46 34 80 106
51 177 130 0.73 11.6 0.70 19 58 42 32 74 95
52 167 118 0.70 15.5 0.69 18 66 43 34 74 104
53 195 160 0.82 8.2 0.79 17 73 45 33 92 117
54 173 141 0.81 8.3 0.77 22 103 43 34 77 108
55 181 152 0.84 11.5 0.76 19 63 43 32 75 113
61 154 45 0.29 12.6 0.65 17 60 38 29 68 98
62 152 114 0.75 8.6 0.83 19 66 38 27 77 97
63 183 156 0.35 6.5 0.77 22 93 41 28 87 103
64 172 134 0.78 7.3 0.82 34 106 44 33 85 111
65 172 122 0.71 7.8 0.78 20 79 43 31 33 110
71 144 - 56 0.39 20.1 0.63 15 63 37 30 62 79 A
72 149 63 0.42 14.1 0.64 16 70 35 28 64 90
73 178 151 0.85 7.5 0.82 17 95 38 27 84 106
74 167 137 0.82 6.2 0.84 33 119 43 35 84 112
75 169 127 0.75 9.3 0.80 20 82 39 32 73 92
81 165 132 0.30 6.0 0.86 15 53 40 33 76 90
82 158 135 0.85 6.2 0.88 21 78 38 29 76 91
83 181 159 0.88 5.1 0.87 21 89 44 34 90 114
84 174 157 0.90 4.1 0.90 18 83 47 39 85 98
85 173 156 0.90 4.6 0.87 28 95 43 32 85 99
91 162 98 0.61 7.4 0.79 17 63 36 30 72 89
92 149 123 0.83 6.0 0.83 17 53 35 26 66 78
93 175 159 0.91 4.3 0.89 22 75 42 34 83 100
94 158 138 0.87 4.2 0.91 21 77 46 38 81 90
95 162 146 0.90 4.1 0.92 20 74 44 33 86 102

A Average of all operation rates except hold-fire.



TasLe 40.—Heat Bavance, Stack TemperaTURE, anD COs 18 Stack Gas

ot

Results obtained with continuous stoker operation
Heat balance
Coal No. Stack L.

tempslgature CWSZ Heat absorbed Stack loss Moisture loss Hydrogen loss l?];dfgctgii;réd

B.t.u. % B.t.u. % B.t.u. % B.t.u. % B.t.u. %
21 900 11.4 6860 61.0 2830 25.2 187 1.7 433 3.8 929 8.3
22 375 10.6 6970 61.4 2970 26.1 172 1.5 430 3.8 807 7.2
23 935 12.3 7080 62.6 2710 23.9 171 1.5 437 3.9 916 8.1
24 910 11.5 7230 63.4 2810 24.6 160 1.4 433 3.8 777 6.8
25 925 10.5 7240 63.7 3160 27.8 165 1.5 437 3.8 368 3.2
31 900 10.6 6750 59.0 3070 26.8 145 1.3 467 4.1 1004 8.8
32 880 11.5 7070 61.9 2770 24.2 13 1.2 463 4.1 973 8.5
33 930 13.7 7420 64.5 2490 21.7 138 1.2 472 4.1 979 8.5
34 915 10.2 7120 62.1 3230 28.2 139 1.2 470 4.1 501 4.4
35 . 11.2 7070 61.4 — — — — — — —
41 985 12.0 7650 63.0 3180 26.2 97 0.8 480 3.9 742 6.1
42 945 10.4 7400 60.4 3720 30.4 94 0.8 473 3.9 554 4.5
43 1025 12.8 7670 62.2 3310 26.8 90 0.7 485 3.9 781 6.4
44 985 — 7920 64.5 — —_ 91 0.7 477 3.9 _ —
45 995 — 7830 63.7 — — 87 0.7 480 3.9 . —

517 930 — 7250 59.2 — — 99 0.8 520 4.2 — —
52 870 10.4 7340 60.5 3180 26.2 104 0.9 508 4.2 1004 8.2
53 1030 11.9 7570 62.0 3370 27.6 97 0.8 535 4.4 634 5.2
54 950 11.3 7520 | 61.4 3240 26.5 91 0.7 525 4.3 870 7.1

55 975 e 7320 60.0 — — 93 0.8 527 4.3 — —
61 870 9.8 6330 56.8 3030 27.2 154 1.4 427 3.8 1197 10.8
62 830 9.8 6710 60.0 3070 27.5 148 1.3 429 3.8 830 7.4
63 980 11.5 6920 62.1 2960 26.6 137 1.2 443 4.0 677 6.1
64 920 10.8 6970 61.6 2940 26.0 135 1.2 435 3.9 829 7.3
65 955 10.2 6690 59.5 3220 28.7 134 1.2 440 3.9 752 6.7
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TaBLE 4l.—HEeaTing VALUE, AsH, AND SULFUR o VARIOUS BASES

Heating value, B.t.u./lb.

Ash, percent

Sulfur, percent

Mois-
Coal Analve; ture - )
il B N County Seam | as. Mois- | MO gnie | Unie | | Moiss | | Moise | Mol
. o > | As-fired ture and ash coal, coal, ﬁ ‘d ture a bd ture . (lilreh

/0 free anf as dry moist re free re free and as

ree free

21 C4129 Vermilion. .. ... .. 6 13.1 11239 12931 14362 14556 12436 8.7 10.0 1.53 1.76 1.96
22 C4189 Vermilion. .. ... .. 6 12.2 11349 12926 14334 14515 12545 8.6 |. 9.8 1.58 1.80 2.00
23 C4206 Vermilion. . . ... .. 6 11.9 11314 12840 14346 14544 12610 9.3 10.5 1.59 1.81 2.02
24 C4207 Vermilion. .. ... .. 6 11.2 11410. 12853 14237 14414 12611 8.6 9.7 1.51 1.70 1.88
25 C4235 Vermilion....... .. 6 11.5 11370 12854 14318 14506 12627 9.0 10.2 1.55 1.76 1.96
31 C4294 Vermilion. .. ... .. 6 10.2 11436 12730 14482 14704 12998 10.9 12.1 1.51 1.69 1.92
32 C4306 Vermilion. .. ..... 6 9.8 11415 12648 14322 14533 12909 10.5 11.7 1.46 1.62 1.84
33 C4360 Vermilion.. . .... 6 9.6 11499 12719 14417 14636 13024 10.6 11.8 1.54 1.70 1.93
34 C4336 Vermilion. .. ..... 6 9.7 11460 12685 14355 14556 12960 10.5 11.6 1.44 1.59 1.80
35 C4350 Vermilion . . 6 9.7 11509 12740 14374 14587 12987 10.3 11.4 1.53 1.69 1.91
41 C4375 Franklin. . .. ... .. 6 6.6 12149 13006 14479 14718 13609 9.5 10.2 2.65 2.84 3.16
42 C4380 Franklin. .. ... .. 6 6.5 12241 13091 14428 14638 13580 8.7 9.3 2.55 2.73 3.01
43 C4400 Franklin. .. ...... 6 6.1 12336 13138 14493 14713 13701 8.8 9.4 2.48 2.64 2.91
44 C4411 Franklin. ... ... .. 6 6.2 12281 13093 14496 14724 13695 9.1 9.7 2.69 2.86 3.17
45 C4424 Franklin, .. ... .. ) 5.9 12298 13070 14543 14768 13780 9.5 10.1 2.61 2.78 3.09
51 C4439 Franklin. .. ...... 6 6.9 12246 13150 14566 14775 13644 9.1 9.7 2.31 2.48 2.75
52 C4452 Franklin......... 6 7.4 12136 13101 14538 14757 13539 9.2 9.9 2.33 2.51 2.79
53 C4468 Franklin. .. ... .. 6 6.5 12206 13053 14564 14793 13701 9.7 10.4 2.35 2.51 2.80
54 C4495 Franklin. .. ...... 6 6.3 12246 13069 14508 14718 13678 - 9.3 9.9 2.28 2.44 2.71
55 C4496 Franklin. .. ...... 6 6.4 12195 13028 14452 14673 13604 9.2 9.9 2.30 2.46 2.73
61 C4512 Madison. .. ...... 6 10.8 11138 12486 14289 14588 12765 11.3 12.6 3.46 3.88 4.44
62 C4531 Madison. .. ...... 6 10.5 11187 12506 14052 14321 12587 9.8 11.0 3.52 3.94 4.42
63 C4538 Madison. .. ...... 6 9.4 11137 12289 13969 14249 12704 10.9 12.0 3.62 4.00 4. 54
64 C4556 Madison. .. ...... 6 9.4 11309 12479 14054 14326 12790 10.2 11.2 3.55 3.92 4.42
65 C4554 Madison. ... ..... 6 9.3 11236 12387 14029 14306 12769 10.6 11.7 3.49 3.85 4.36
71 C4578 Madison. . . ...... 6 11.3 11195 12620 14125 14391 12550 9.5 10.7 3.57 4.02 4.50
72 C4600 Madison. ... ..... 6 10.9 11290 12669 14161 14420 12642 9.4 10.5 3.51 3.94 4.40
73 C4602 Madison. .. ...... 6 11.5 11124 12571 14074 14344 12469 9.5 10.7 3.53 3.98 4.46
74 C4615 Madison. ... ..... 6 9.9 11286 12532 14016 14283 12656 9.5 10.6 3.64 4.05 4.53
75 C4616 Madison. .. ...... 6 10.5 11229 12550 14090 14354 12635 9.8 10.9 3.57 3.99 4. 47

ot
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TABLE 42.—PROXIMATE ANALYSES OF MAIN SAMPLES

+

Proximate Analysis
' . ‘ Moisture and Dry mineral Moist mineral
Coal No As-fired . Moisture-free ash-free matter-free matter-free

* Mois- Ash Volatile | Fixed Ash Volatile | Fixed | Volatile | Fixed | Volatile | Fixed Mois- Volatile | Fixed
ture, o > matter, | carbon, 7 > matter, | carbon, | matter, | carbon, | matter, | carbon, ture, matter, | carbon,

% ° % % ° % % . % % % % % % %
21 13.1 8.7 32.0 46.2 10.0 36.8 53.2 40.9 59.1 40.0 60.0 14.5 34.2 51.3
31 10.2 10.9 32.1 46.8 12.1 35.7 52.2 40.6 59.4 39.6 60.4 11.7 | 35.0 53.3
41 6.6 9.5 33.8 50.1 10.2 36.2 53.6 40.3 59.7 39.2 60.8 7.5 36.2 56.3
51 6.9 9.1 32.8 51.2 9.7 | 35.3 55.0 39.1 60.9 38.0 62.0 7.8 35.0 57.2
61 10.8 11.3 33.4 44 .5 12.6 37.4 50.0 42.8 57.2 41.3 58.7 12.6 36.2 51.2
71 11.3 9.5 34.1 451 10.7 38.5 50.8 43.0 57.0 41.8 58.2 12.9 36.4 50.7
81 11.8 8.9 34.3 45.0 10.1 38.9 51.0 43.3 56.7 42.0 58.0 13.3 36.4 50.3
91 10.6 8.8 34.3 46.3 9.8 38.4 51.8 42.5 57.5 41.2 58.8 12.0 36.2 51.8
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TapLe 43.—ULTIMATE ANALYSES OF MAIN SAMPLES

Ultimate Analysis

As-fired : Moisture-free Moisture and ash-free
Coal No. : \
- 1 - " \H _ ) . T -
Hydro Carbon, Nitro Oxygen,| Sulfur, | Ash, Hydro Carbon, Nitro Oxygen,| Sulfur, | Ash, Hydro {Carbon, Nitro Oxygen,| Sulfur,
gen, gen, gen, gen, gen, | gen,
% o 0 0 ) o, % 0 % % A % % o
o 0] ) o ) o

21 590 | 62.43 | 1.30 | 20.15 1.53 8.69 | 5.11 71.83 | 1.49 9.81 1.76 | 10.00 | 5.68 | 79.78 |- 1.66 | 10.92 | 1.96
31 5.83 | 63.05 | 1.33 | 17.46 1.51 10.82 | 5.22 | 70.18 | 1.48 9.38 ] 1.69 112.05| 5.94 | 79.85 1.68 | 10.61 1.92
41 5.37 | 67.08 | 1.49 | 13.88

[ )

.65 9.53 | 4.97 |71.81 | 1.59 8.58 | 2.84 110.21 | 5.54 | 79.94 | 1.77 9.59 | 3.16
51 5.82 | 66.73 | 1.58 | 14.47 .31 9.09] 543 |71.65| 1.70 8.98 | 2.48 9.76'| 6.01 79.37 | 1.88 9.99 | 2.75
61 5.69 |59.97 | 1.11 18.51 46 | 11.26 | 504 |67.22 | 1.24 10.00 | 3.88 12.62 | 5.77 | 76.93 | 1.42 | 11.44 | 4.44
71 6.35 | 62.27 | 1.21 17.17 .57 9.43| 5.75 {70.19 | 1.37 8.04 | 4.02 | 10.63 | 6.43 | 78.56 | 1.53 8.98 | 4.50

81 5.77 | 62.59 | 1.08 | 18.17 .50 8.89 | 5.05 |70.97 | 1.22 8.71 | 3.97 |10.08| 562 | 78.98 | 1.36 9.62 | 4.42

> L L Ly N

91 591 | 63.68 | 1.07 | 16.41 12 8.81] 529 | 71.22 | 1.20 7.82 | 4.61 9.861 5.86 | 79.00 | 1.33 8.70 | 5.11
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TaBLE 44.—Asu Fusion TEMPERATURES; AsH ANALYSES, GIESELER PrLasTICITY, AND FREE-SWELLING INDEXES

Ash Fusion Characteristics

Ash Analysis

Gieseler Plasticity

Conl N Initial | Soften- ' Maxi- | o | o swirﬂeiixg
deform., ing’“ Floli:id, Si(;)g, Algyoa, FesOs, | MgO, C(L}o, SO, Iglrloi:Sion Fusion, ﬁ‘;};{{? Citlioln, ﬂg}gl’g index
°F oF ) ) 0 0 0 ) %: o Ys o divisions ’
per min.

21 2172 | 2212 | 2245 | 43.99 | 24.04 | 14.87 | 0.70| 6.05| 548| 098 | — — — — 4

31 2230 | 2286 | 2325 | 43.42 | 23.35( 12231 0.98| 831| 7.85| 0.60 | — — — — 3

41 2004 | 2053 | 2124 | 43.42| 19.40| 17.63 089 | 7.95| 8.42| 008 | 400 418 | 445 31 5

51 2019 | 2092 | 2225 4767 21.95| 1668 040 | 446 4.93| 324 4ol 419 448 40 4
61 2008 | 2071 | 2377 | 51.34 | 21.25| 14.96 | 0.81 | 3.85| 3.38| 3.30 | 345 — 438 5 3.5
71 1913 | 2093 | 2363 50.86 | 22.05| 17.44| 0.88| 2.26| 1.37| 1.47 | 39 407 439 35 3.5
81 2068 | 2172 | 2443 | 27.01 | 13.69 | 33.40 | 0.25] 10.27 | 12,70 | 7.64 | — 418 442 4.6 4.5

91 2103 | 2193 | 2589 | 26.72 | 13.41 | 4033 | 0.15| 7.79| 8.98| 4.83| 401 416 449 34 4
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TABLE 45.—VARIETIES OF SULFUR

Varieties of Sulfur
Coal As-fired Moisture-free Moisture and ash-free
No. -
Sulfate, Pyritic, Organic, Total, Sulfate, Pyritic, Organic, Total, Sulfate, Pyritic, Organic, Total,
% % ) % % % % % ) % ) %
21 0.04 0.88 0.61 1.53 0.04 1.02 0.70 1.76 0.05 1.13 0.78 1.96
41 0.03 1.32 1.30 2.65 0.03 1.42 1.39 2.84 0.03 1.58 1.55 3.16
61 0.02 1.40 2.04 3.46 0.02 1.57 2.29 3.88 0.02 1.79 2.63 4.44
81 0.16 2.11 1.23 3.50 | 0.19 2.39 1.39 3.97 0.21 2.66 1.55 4.42
. | ‘ .
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