ANETE

B 2 8k9 305




Tt

LIBRARY  —bt—

OF THE

UNIVERSITY OF CALIFORNIA.

GIFT OF




_ UNIVERSITY OF ILLINOIS BULLETIN
Cvenmt AUG. 15, 1906 | No. 22

[Entered 4t Urbana. ﬁllhqis.— as second-class magter. ]

‘FueL Tests with liuiNois CoOALs

BY

L. P. BRECKENRIDGE
S. W. PARR :
H. B.-BiRKS '



: = fhe anm(,ering E\peﬁi" 101

T HIS BULLET]N is the seventh of a series of bulletins puh

lished by the Engineering Kxperiment Station of the Uni-

versity-of Illinois. The Enginedring Experiment Sta-,
fion wis established by action of the Board of Trustees
December 8, 1908, It is the purpose of the Station fo
carry on investigntions dlong various lines of engineering, and
to study problems of importance to professional engineers and to
the mannfacturing, railway, mining, constructional and mdustrial
interasts of the state.

The control of the Enginecring Experiment Station is vested
in the heads of the several departments of the College of En-
gineering. These constitute the Station Staff, and with the Di-
reetor, determine the character of the investigations to be under-
taleen.” - The worl\ is carried on under the snpervision of the Staff;
somefimes by o Fellow as. gladuate work, sometimes by 4 mem-
ber of the instructional force of the College' of Engineering, but
move frequently by an investigator belonging to thie Station Corps.

- The rosults of these investigations will be published in the
- form of bulletins, and will record mostly the experiments of the
Station's own staff of nvestigators:  There will also be issued
from fime to time in the form of cireulars, ‘compilations giving
‘the vesults of the e:\p(_uments of ‘engineers, industrial works,
- techinieal institutions and vo»emmental testing dopartments
: - The volume aud ‘number atb the Lop of the title page of the
=32 cover refer to 'rhe geneml publlcatlom of the University of Illinois;
~atthe bottom is given the uumber of the, En;.meel mg Dxpenment
;.Abt&ﬁlon bulleting or civeulars, ,
- For copies of buﬂetcms “eire uﬂus or othe1 mformamou addrebq
' :'S’Lmlon Urban'l Ilhlt(}lb.
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During the last ten years a considerable number of boiler
trials have been made at the University of Illinois. Many of these
have been made under the boilers in the power plant of the Uni-
versity. Still other trials have been made with boilers in use at
the plants in neighboring cities. In some instances experts rep-
resenting several special stoker and furnace companies have been
present at these trials and operated the devices in which they
were interested. For the most part, however, the tests have been
‘made in order to instruct students in the usual methods of boiler
testing, and the boilers themselves have been operated under such
usual conditions as happened to obtain. In some of the earlier
tests all of the data relating to the heating value of the coals were
not obtained, and for such tests several items depending on these
values are necessarily omitted. While in most cases these tests
have not been made with the object of making a comparison of
coals or of appliances, nevertheless, it has seemed wise to publish
the results obtained and also to exhibit these results side by side
as they apply to various forms of furnaces, types of boilers or
kinds of coal. It is entirely probable that the results obtained are
equal to those generally obtained under the varying conditions of
plants using Illinois coals. Many more boiler trials have been
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2 ILLINOIS ENGINEERING EXPERIMENT STATION

made than are here reported, but only such are included in this
report as appear to be free from any indications of errors in
methods or results. For the purpose of this bulletin all of the
results of the tests have been carefully rechecked.

The work of the department of Applied Chemistry has not
only supplemented the work relating to boiler trials by furnish-
ing the composition and heating value of the coals used in these
trials, but it has also examined and tested a large number of I1li-
nois coals not yet tested under boilers. In connection with this
subject this department has perfected several new devices very
useful to chemists and engineers, designed for making the ordin-
ary determinations of the heating values and composition of coals.
The Parr calorimeter, one of these devices, has found ready sale
among the operators of many of the power plants of the country
as well as among the consulting chemists and fuel experts. It is
expected that a separate bulletin will soon be published setting
forth in detail many of the new methods which have been devel-
oped by this department, and giving the complete results of its
investigations relating to Illinois coals. It is hoped that the
tables of the chemical composition and heating values of Illinois
coals, which form a part of this bulletin, will furnish engineers
and manufacturers with useful information in this important field.

With the above somewhat general statement in explanation
of the character of this bulletin, it may now be advisable to refer
more in detail to the special features which are intended to be
brought out in the following pages.

BoOILER TESTING

For many years engineers have been making ‘‘boiler tests”
with the object of finding out how many pounds of water in the
boiler could be evaporated with one pound of coal. In order that
the results of the tests might be comparable, it became evident
that some common method of making tests should be agreed upon
and also that the tests made should be reported in a uniform
manner. A committee of the American Society of Mechanical
Engineers recommended to that Society in 1899 a method of test-
ing boilers and also a method of reporting such tests. These
methods have been largely used since their recommendation at
that time. The many expert engineers who are to-day so familiar
with these methods will probably not be interested in the pages
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immediately following. Having in mind the owners and operators
of power plants as well as manufacturers and young technical
students, it has seemed worth while to present somewhat in detail
the following subjects:

(1) Observations to be made during a boiler trial.

(2) Appliances used during a boiler trial.

(8) TForm of report, methods of operation and explanation of
computations.

I OBSERVATIONS TO BE MADE DURING A BOILER TRIAL

In the report of the committee of the American Society of
Mechanical Engineers,! 1899, on the revision of the standard code
for conducting steam boiler trials, two forms of report are submit-
ted, a Complete Form and a Short Form. These are both shown in
Section III, page 21. The observations necessary to complete
either of these formsare given in Table I. An explanation of
some of the methods used in obtaining these observations and
the forms used in recording them follow.

CoAL, WATER AND ASH

The two fundamental points to be determined in every test of
a steam boiler or furnace, regardless of the special or specific
purpose of such test, are the pounds of water evaporated by the
boiler and the pounds of fuel necessary to produce such evapora-
tion. To determine these two points it is necessary to know the
number of pounds of water fed into the boiler and the pounds of
fuel fed into the furnace. The possibility of an error in either throws
doubt upon all the indications of the test. Kach item, therefore,
should be ascertained in a manner that proves its own correctness,
and the records must be such that if errors are made, they will be
clearly exposed.

Coal.—The weight of the coal is best obtained by means of a
barrow or car with a capacity of 500 pounds. The car should be
loaded uniformly each time and weighed on platform scales in
front of the furnace. The total weight and the time of weighing
should be recorded in the log. From the car the coal should be
fired directly into the furnace and the weight of the separate

1See Trans. A. S. M. E, Vol. XXI, p. 34.
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TABLE I
OBSERVATIONS TO BE MADE DURING A BOILER TRIAL

Short Trial | Standard Trial Observations
1 1 Weight of water fed to boiler
2 2 Weight of coal as tired (sample)
3 3 Weight of ash and refuse (sample)
4 4 Moisture in coal
5 5 ‘ Steam pressure by gage
6 6 Force of draft: between damper and boiler
7 1 in furnace
8 in ash-pit
8 9 Temperature: of feed water entering boiler
9 10 of escaping gases from boiler
11 | of external air
12 of tire-room
13 | of steam
14 of feed water entering heater
15 of feed water entering economizer
16 of escaping gases from economizer
17 of gases in furnace
10 18 Moisture in steam by calorimeter
19 Analysis of flue gases
. 20 Smoke observations
‘ 21 Average thickness of fire, intervals of firing

charges and time of firing entered in the log. After the entire
car-load of coal has been fired, the weight of the empty car and
the time should be recorded. The sum of the separate charges
must then be equal to the difference in weight of the car when
loaded and empty. A convenient form for recording the coal fired
is shown in Form I. From each car-load of coal fired an average
sample of coal should be taken for moisture determination and
chemical analysis. The sample of course must be taken before
the coal is weighed and should be about two per cent of every car-
load, or about ten pounds. At the end of the test these samples
from the different cars are mixed, pounded into small sizes, and
then quartered until enough is left to fill a two-quart jar. The jar
should then be sealed, to prevent loss of moisture, and sent to
the chemist.

Feed Water.—The water fed to the boiler should be both weighed
and measured, as dependence upon measuring alone will introduce
errors due to uneven filling and variations in temperature; for the
latter, however, corrections may be made. The measuring tank
or preferably two tanks should be set on scales in such a position
that the water can be delivered directly into the suction or set-
tling tank as shown in Fig. 1. The measuring tanks should be
filled and emptied alternately, the time of each weighing to be
noted when the tank is empty, the tanks being designated as No.
1 and No. 2. In no case should a simple tally be recorded for
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of ash removed should be recorded in the same log as the weight
of coal, Form I. A representative sample of ash should be taken
at every cleaning and saved in order to determine the principal
characteristics of the ash, a proximate analysis giving the actual
amount of incombustible material being made of each sample.

GENERAL OBSERVATIONS

>

Although the main points to be determined in a boiler trial

are the weight of water evaporated and the amount of fuel burned,
the general observations of pressures, temperatures, etc., under
which this evaporation takes place and which tend to secure the
accuracy of these two measurements must not be overlooked. It
is necessary that all available data be obtained and recorded in the
log for use in making comparisons. The value of the observation
will depend primarily upon its correctness and the greatest care
should be exercised in obtaining and recording observations. Too
often the observer is guided by personal opinion and former
readings, and the value of the observation as an indication of some
specific occurrence is entirely lost.
- All general observations should, as nearly as possible, be
taken at the same instant, the exact time in all cases being recorded
in the log. As a rule all observations should be recorded in dupli-
cate, this being necessary especially where several persons are
concerned with the results. Duplicates are easily obtained by
placing carbon copying paper below the original log. The dup-
licates are then obtained as the results are originally recorded.
Forms for recording the general observations are shown in
Forms III to V.

For convenience it is best to have the log sheets tacked to a
board, which may be suspended on the wall at some convenient
point. This avoids the accumulation of dust and dirt when the
sheets are lying around unattached in a horizontal position.

Sufficient time should elapse between temperature measure-
ments if only one thermometer serves for taking several observa-
tions, in order to allow the thermometer to assume the new tem-
perature. Where the range of temperature is large, however, this
should never be practised, and it will be preferable in most cases
tc take only the most important of the readings, being certain of
its correctness.
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Determinations of the moisture in the steam are necessary to
malke corrections in the amount of water evaporated, and should
be made at regular intervals and entered in the log.

The analysis of the flue gases is important as it indicates to
some extent the progress of combustion in the furnace. Notwith-
standing, the general use of this analysis is still very limited, al-
though in some instances a record of the CO: in the flue gases is
regularly kept. The value of the analysis consists in its being
an indication of the amount of excess air being used. The flue
gas to be analyzed should be an average sample taken con-
tinuously over a considerable period of time. This is necessary
as the composition of the gases varies from minute to minute.
Under ordinary conditions an analysis every half-houris sufficient;
special readings, however, may be taken more often. The ap-
paratus for sampling will be explained in the following section.

IT APPLIANCES USED DURING A BOILER TRIAL

Since the corrections to be applied to the weights of fuel and
water fed to the boiler are dependent on the general observations,
the appliances necessary for their determination must be consid-
ered. The correctness of the observations will depend primarily
on the instruments used and their location. In the following para-
graphs these are discussed to some extent.

DESCRIPTION OF APPLIANCES

A list of the apparatus necessary to take the observations
given in Section I is shown in Table II. The apparatus required

TABLE II

APPLIANCES FOR OBSERVATIONS GIVEN IN TABLE I

Short Trial | Standard Trial | Appliances

Measuring and suction tanks for measuring water
Platform scales for weighing water
Car or barrow for handling coal
Platform scales for weighing coal
Standard calibrated steam gage
Draft gages, U tubes or otherwise
Thermometers according to observations made
I'lue gas thermometer
Pyrometer for furnace temperatures
Throttling or separating calorimeter
Orsat apparatus for flue gas analysis
| Smoke charts
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in the determination of the weights of coal and water was discussed
in the previous section and needs no explanation other than that
the scales used should be calibrated so that a correction may be ap-
plied if necessary. The suction tank should also be calibrated so
that the contents of the tank are known for all positions of the float.

For measurement of the steam pressure an ordinary steam
gage calibrated by comparison with a standard gage or other
means will suffice. A good recording steam gage carefully ad-
justed and compared at frequent intervals with the steam gage
provides a good check. Various forms of draft gages are used to
determine the draft pressure. The ordinary U tube is the most
common form and gives very satisfactory results. A gage of the
type shown in Fig. 2 has been extensively used at the University
and gives results which can be read with greater accuracy than
the U tube.

F1G. 2 DRAFT GAGE

In the choice of thermometers care should be taken that the
range of readings will fall within that of the thermometer. Where
thermometers are likely to be handled constantly, a metal casing
is desirable. Where temperatures within a pipe are required, as
in steam or water pipes, thermometer cups, as shown in Fig. 3
will need to be used. '

Either mercury or a heavy cylinder oil may be used in these
cups; the former, however, is preferable both for cleanliness and
accuracy. For the measurement of flue gas temperatures a spe-
cial mercury thermometer is used, reading up to 1000° F., with
nitrogen compressed above the mercury.

The thermometer should be calibrated from time to time to in-
sure its correctness. The location of the thermometer will be dis-
cussed in the following section.
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the steam pipe to within half an inch of the opposite side, being
closed at the end, and perforated with not less than twenty #-in.
holes equally distributed along and around its cylindrical surface,
but none of these holes should be nearer than % inch to the inner
side of the steam pipe. The calorimeter and pipe leading to it
should be well covered with felt. When a separating calorimeter
with attached gage for determining the amount of steam passing
through the calorimeter is used, such gage should be calibrated by
taking readings over twenty minutes in length, and condensing
the steam passing through the calorimeter during that time, the
weight of condensed steam being compared with the indication on
the gage. This should be repeated for the entire range of the gage.
Superheating should be determined by means of a thermometer
placed in a mercury well, inserted in the steam pipe.
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Fic. 5 FLUE GAS SAMPLER, ADVISED IN THE A. S. M. E. STANDARD CODE
FOR CONDUCTING STEAM BOILER TRIALS

For determining the composition of the flue gases a sampling
tube for drawing the sample of gas from the flue is necessary, also
apparatus for analyzing the gas. There has been a great diver-
sity of opinion regarding the method to be used in obtaining the
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FiG. 6 ORSAT APPARATUS FOR ANALYZING FLUE GAS

sample, due probably to the varying conditions in different boiler
settings and at different points in the same flue. In the trials
carried on by the United States Geological Survey at St. Louis,
both the sampler advised in the A. S. M. E. code, Fig. 5, and an
ordinary pipe closed at the end and perforated with holes equally
spaced along its entire length have been used. The results indi-
cate the advisability of using the latter, and it has been adopted
for use in all future trials. To get a uniform flow throughall the
perforations, they are made of such size and number that the sum
of the areas of the perforations is less than the cross sec-
tional area of the sampling tube. The Orsat apparatus is the one
mostly used for analyzing the flue gases, as it is simple in opera-
tion, and with a little care gives reliable results. To insure the
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total absorption of the various gases, care must be taken that the
absorbing solutions are in good condition, and they should there-
fore be renewed from time to time. If the flue gas is to be col-
lected over water, a saturated salt solution should be used, as
water has a tendency to retain some of the COz when a consider-
able quantity is present, and to give it up later when there is a
smaller quantity of this gas, thus causing errorsin the results.
Fig. 6 shows the type of Orsat apparatus generally used.

If determinations of the relative density of the smoke are to
be made during the trial, the Ringelman smoke charts shown in
Fig. 7 may conveniently be used. These are placed in a horizon-
tal row about fifty feet from the observer, and as nearly as con-
venient in line with the chimney. At this distance the lines become
invisible and the cards appear as different shades of gray. The
observer by glancing from the chimney to the cards determines
which card most nearly corresponds to the color of the smoke and
makes a record accordingly.

LOCATION OF APPLIANCES

Of prime importance in taking observations is the location of
the apparatus used. On account of the variation in different types
of boiler settings it will always be necessary to describe clearly
in the report of the test the location of all apparatus. Thisis best
done by indicating on drawings or diagrams their position on the
setting.

Feed Water Temperature.—As the methods used in supplying
teed water to a boiler vary, so does also the location of the ther-
mometer for the temperature measurement of such feed water. If
an injector be used, it should receive steam directly through a
covered pipe from the boiler being tested, and the temperature of
the feed water should in this case be taken from the supply tank
furnishing the water to the injector. It is here assumed that the
heat of the steam operating the injector is returned to the boiler
from which it was taken, so that the supply pipe between the boiler
and injector, if long, should be covered to prevent radiation. Ifa
pump be used for feeding the boiler, the temperature of the feed
water should be taken by a thermometer in the discharge pipe as
near the boiler as possible. If this is done, the water may or may
not be pumped through a feed water heater after leaving the pump.
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It is always essential that the heat carried into the boiler by the
feed water should be known, and it is well to record its temperature
before and after it passes through any kind of heater or economiz-
er in order that the effect of such device may be given proper credit.

The location of thermometers for the determination of boiler
room and external air temperatures should be such that drafts or
heat rays will be avoided. The flue gas temperature should be
taken at a point where the gases leave the boiler and pass into the
breeching on their way to the stack. As the temperature in a
transverse section of the flue will vary, several readings should
be taken at different points of the same section. Observations of
the draft are usually made at several points of the setting. The
one between the damper and the boiler is, however, the more im-
portant, and should be taken at a point close to the flue gas ther-
mometer or possibly in the same transverse section. The force
of draft in furnace and ash-pit may be taken through the firing
and ash-pit doors, but is preferably taken through holes left in
the side walls. The calorimeter and the thermometer cup for de-
termining superheat should be attached to the vertical steam pipe
as it leaves the boiler. The sampling tube for the flue gas was
explained in the last section. It should be inserted in the flue at
the point where the flue gas temperature and draft are obtained.

III REPORT OF THE TRIAL

Forms.—The data and results of a boiler trial should be re-
ported in the manner given in Form VI, which is the complete
form advised by the Boiler Test Committee of the American Soci-
ety of Mechanical Engineers, Code of 1899. The items printed
in italics correspond to the items in the ‘‘Short Form” of report
recommended for commercial tests. For more elaborate trials the
code recommends that the full log of the trial be shown graph-
ically by means of a chart, Fig. 8.
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FORM VI

DATA AND RESULTS OF KEVAPORATIVE TESTS

Arranged in accordance with the Complete Form advised by the Boiler Test Committee of the
American Society of Mechanical Engineers. Code of 1899.

Made by.

determine.

..of

..boiler at

Kind of fuel*..
Kind of furnace... ...
State 0f the Weather. ..u ittt ittt ciiii iiitaiieie o ieneeenisisonsnsosionsasnns

Method of starting and stopping the test ( standard” or ‘“‘alternate’’)
1. Dateoftrial....................
2. Duration of trial

hours

Dimensions and Proportions

(A complete description of the boiler and drawings of the same if of inusual type, should be
given on an annexed sheet

3. Grate surface............. WiALh. . onsonn.e. length............. Are@.......o..une sq. ft.
&7 RO 80 00090 00 6ab0000GE 000G 0EEBOOEEABAE GEECEO BOAGOD DGO . in.

5. Approximate width of air spacesin grate. ..... in.

6. Proportion of air space to whole grate surface. o 00 per cent
7. Water-heating surface..................coeuevenuns 00 sq. ft.
8. Superheating surface.....................c...... sq. ft.
9. Ratio of water-heating surface to grate surface. —to 1
10. Ratio of minimum draft area to grate surface...........oovvvieuiinvniennn. 1 to—

Average Pressures

11, Steam preSSUTe DY GATE. ..o oivie i it ettt e e i e 1bs. per sq. in.

12. Force of draft belween damper and boiler.
13. Force of draft in furpace.................
14. Force of draft or blast in ash pit..

n. of water
0 .in. of water
b6 0600 DACEOA BO0BAGEA0AND OBUEAN EBALE BEECOE in. of water

Average Temperatures

15, OFeXternal @ir. ... cveieeoiunnnonnntioraesoonoes sresanasesasasenscbssneasonssss deg.

16. Of fireroom.. deg.

17, OfSteam. ......covveinenennnnn, deg.

18. Of feed water entering heater deg.

19. Of feed water entering economizer. . deg.

20. Of feed water entering boiler. . ..... deg.

21. Of escaping gases from boiler. ..... .. .. deg.

22. Of escaping gases from eCoONOMIZET . ......cuuuererreererre ceiinieenaeenseesns deg.

Fuel

23. Size and CoONAItION .. ..ouvvuereiiitieiiit ittt ciriieceeieieire e eeeie e eeeaeenes
24. Weight of wood used i 1bs.

25. Weight of coal as fired............ - 1bs.

28. Percentage of moisture in coal... per cent
27. Total weight of dry coal consumed .. bs.

28. Total ash and refuse............... 0 1bs.

29, Quality Of aSh aNA TeIMSE....viiiiiit ittt eitees iieerirerenrnnrenrnreeernnneon  ivineeses
30. Total combustible consumed........... 00 1bs.

3. Percentage of ash and refusein dry coal...........c.uveieiiiiinaereinnrnnnennns per cent

Proximate Analysis of Coal
. Of Coal. Of Combustible.

32, FiXed carboOn......ccov trritvnininiirineiieesenrnnncnnnns per cent per cent

33. Volatile matter.

: per cent per cent
34. Moisture....... . per cent
B AN1600 000000 005 060000 666060 060060 BEEB60 COOGE0 060G 0 per cent =
100 per cent 100 per cent
36. Sulphur, separately determined......................... per cent per cent

*The items printed in italics correspond to the items in the *‘Short Form of Code.”



54.
55.

62.
64.

65.

67.

68.
69.
70.
71.

72,
3.
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Ultimate Analysis of Dry Coal

Of Coal. Of Combustible.

ECED {00000 00000 ca0e 0000 000 6000 6608 6000 5666 9500 GOS0 per cent per cent
Hydrogen (H). per cent per cent
Oxygen (0).... per cent per cent
Nitrogen (N). per cent per cent
Sulphur S)... .. per cent per cent
....................................................... per cent =
. 100 per cent 100 per cent
Moisture in sample of coal as received.................. per cent per cent
Analysis of Ash and Refuse
Carbon.. per cent
Earthy IAEEET - ooe o envvn oeen sessoeee s e e e e e e s per cent
Fuel per Hour
Dry coal CorSUMEADEr ROUP. . ... vevn et iiie eiiie ittt it v nnens 1bs
Combustible consumed per hour .............. 1bs
Dry coal per square foot of grate surface per ROUr..... ... ...... . 1bs
Combustible per square foot of water-heating surface perhour............... 1bs
Calorific Value of Fuel
Calorific value by oxygen calorimeter, per Ib. of dry coal ... B.T. U
Calorific value by oxygen calorimeter, per 1b. of combustible B.T. U
Calorific value by analysis, per 1b. ofdry coal............ 00 B.T. U
Calorific value by analysis, per Ib. of combustible........................ ... B.T. U
Quality of Steam
Percentage of moisture in steam. . per cent
Number of degrees of superhealma eg.
Quality of steam (dry steam =unity). (For Xact determination of the fac
of correction for quality of steam see section on computation of results.)..
Water
Total weight of water fed t0 Dotler ... ...... ... ovuiiiiiiiiiiiieciieesiininannns 1bs.
Equivalent water fed to boiler from and at 212 degrees. 1bs.
Water actually evaporated, corrected for quality of steam. 1bs.
Factor of evaporation.. Ibs.
Equivalent water evaporated into dry steam from and at 212 degrees. (Item
39 X TEOIN B0.) -.eeviiveeeeeaenian it it erne e e e aanes 1bs.
Water per Hour
Water evaporated per hour, corrected for quality of 81eam....................... 1bs.
Eaquivalent evaporation per hour from and at 212 degrees..................c.euns 1bs.
Equivalent evaporation per hour from and at 312 degrees per square fool of
WALET-REALING SUTSACE . cev o evveeetiee carsauesvsssseonsnss ocsnsssonosssansanas 1bs.
Horse-Power
Horse-power developed. (34% lhs of water evaporated per hour into dry steam
from and at 212 degrees, equals one horse-power.)....... H. P
Builders’ rated ROr8e-poOwWer . ..........ocv . ueeeoieen unn .. H. P.
Percentage of builders’ rated horse-power developed.............ccovceevvven o per cent
Economic Results -
Water apparently evaporated under actual conditions per pound of coal as fired.
UT B/ B3 000000 009908 009000 9000 0908 0000098 302090 0596 0000, 040090099 1bs.
Eaquivalent evaporation from and at 212 degrees per pound of coal as fired.
(B R=RATD 89 0 50005 0000 059950 00090 990996 0060 0960 99ECE1 DOEIOG GHOZ GO0 000G lbs.
Equivalent evaporation from and at 212 degrees per pound of dry coal.
(O L £ 18 e los.
Equivalent evaporation from and at 212 degrees per pound of combustible.
(Item 81+1Item 30.) .. 1bs.
(If the equivalent evaporamon. ‘Ttems 69 70 and ‘71 isnot corrected for the
quality of steam, the fact should be stated.)
Eficiency
Efliciency of the boiler; heat absorbed by the boiler per pound of combustible
divided by the heatl value of one pound of combustible....... .....cooiiieeune.. per cent
Efiiciency of boiler, including the grate; heat absorbed by the botler, per pound
of dry coal, divided by the heat value of one pound of dry ceal. . per cent
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Cost of Ewvaporation

74. Cost of coal per ton——1Ibs. delivered in boiler room ............ . . .c.ocoeiinns
75. Cost of fuel for evaporating 1,00¢ 1bs of water under’ observed condmons
76. (o8t of fuel used for evaporating 1,000 lbs. of water from and at 212 degrees,

Smoke Observations

71. Percentage of smoke as observed..............coon il per cent
78. Weight of soot per hour obtained from smoke meter.. ounces
79. Volume of soot per hour obtained from smoke meter cu. in,
Methods of Firing

80. Kind of firing (spreading, alternate, orcoking)............cooooiiiiiii ..
Chle AR RS (0 i §800000.0880 0900 6000 60,0060 000060 AGA0 309000 0AC0GREO00 FIBOT
82. Averageintervals between firings for each furnace during time when fires

arein normal conAition.........ocoivue ittt iiiiie it ittt cies tieties ieon vae
83. Average interval between times of levelling or breaking up...................

Analyses of the Dry Gases
84, Carbon AioXide (CO2) ... vt uier ettt i ettt et e et eee e e per cent
85. Oxygen (O).. *
88, Carbon monoxide (CO)..... "
87. Hydrogen and hydroearbons.. o "
#8, Nitrogen (by difference) (N)......eeeeervietoensooeeneosasonoocacnssnaeoacesean "
100 per cent

HEAT BALANCE, OR DISTRIBUTION OF THE HEATING VALUE OF THE COMBUSTIBLE
ToTAL HEAT VALUE of 1 1b. of Combustible............. ...l B.T.U.

lB,T. U., Per Cent

1. Heat absorbed by the boiler = evaporatlon from and at 212 degrees
per pound of combustible X 965.

2. Loss due to moisture in coal = per cent of moisture referred to com—
bustible+106 X [ (212 — £)+966-4-0. 48 (7 — 212) ] (¢ = temperature|
of air in the boiler room, 7' = that of the flue gases)

3, Loss due to moisture formed by the burning of hydrogen = per cent
of hydrogen to combustible+100 X 9 X [ (212—1)4966-+0. 48(7—212) |

4.* Loss due to heat carried away in dry chlmney gases = weight of gas|
per pound of combustible X 0.24 X (7—¢ o

|
i
5.t Loss due to incomplete combustion of carbon = —————
i CcO., + CO
per cent C in combustible

X10,150.
100
6. Loss due to unconsumed hydrogen and hvdrocarbons, to heating the
moisture in the air, to radiation, and unaccounted for. (Some of
these losses may be separately itemized if data are obtained from
which l;hgly may be calculated.)
@07 l0 6643 0ol e oo0n00 600380 080050 0 606AdI0A604] 000000 0A0a0E

100.00

*The weight of gas per pound of carbon burned may be calculated from the gas analyses as

follows:
11 CO; +80 +7CO + (N)
Dry gas per pound carbon ,in which CO,, CO, O, and N are the
3 (CO. + CO)

percentages by volume of the several gases. As the sampling and analyses of the gases in the
present; state of the art are liable to considerable errors. the result of this caleulation is usually
only an approximate one. The heat balance itself is alsoonly approximate for this reason as
well as for the fact that it is not possible to determine accurately the percentage of unburned
hydrogen or hydrocarbons in the flue gases.

The weight of dry gas per pound of combustible is found by mulmplvmg the dry gas per pound
of carbon by the percentage of carbon in the combustible, and dividing by 100.

*CO. and CO are respectively the percentage by volume of carbonic acid and carbonic oxide
in the flue gases. The quantity 10,150 = Number of heat units generated by burning to carbonic
acid one pound of carbon contained in ecarbonic oxide.
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STARTING AND STOPPING THE TEST

Standard Method.—Steam being raised to the working pres-
sure, remove rapidly all fire from the grate, close the damper,
clean the ash pit, and as quickly as possible start a new fire with
weighed wood and coal, noting the time and the water level while
the water is in a quiescent state, just before lighting the fire. At
the end of the test, remove the whole fire, which has been burned
low, clean the grates and ash-pit, and note the water level when
the water level is in a quiescent state, and record the time of
hauling the fire. 'The water level should be as nearly as possible
the same as at the beginning of the test. If it is not the same a
correction should be made by computation, and not by operating
the pump after the test is complete.

Alternate Method.—The boiler being thoroughly heated by a
preliminary run, the fires are to be burned low and well cleaned.
Note the amount of coal left on the grate as nearly as it can be
estimated; note the pressure of steam and the water level. Note
the time and record it as the starting time. Fresh coal, which
has been weighed, should now be fired. The ash-pits should be
thoroughly cleaned at once after starting. Before the end of the
test the fires should be burned low, just as before the start, and
the fires cleaned in such a manner as to leave a bed of coal on the
grates of the same depth and in the same condition as at the start.
When this stage is reached, note the time and record it as the
stopping time. The water level and steam pressure should pre-
viously be brought as nearly as possible to the same point as at
the start. If the water level is not the same as at the start,
a correction should be made by computation, and not by operat-
ing the pump after the test is completed.

The two methods given above for starting and stopping the
test are taken from the A. S. M. E. Code for conducting steam
boiler trials. When the alternate method is used, several precau-
tions regarding the observations are necessary. The time of
starting and stopping should be noted when the smallest amount
of fuel is on the grate, and when it is in the most burned-out con-
dition, i. e., just before firing fresh coal after cleaning, and when
the water level is in its most quiet condition and the least raised
by ebullition. This condition of fire and of water level can be
duplicated immediately after cleaning the fire, but there is no cer-
tainty of duplication of any condition when there is a bright fire
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and consequent rapid steaming. If the water level is noted at
the starting of the test when it is raised by a bright fire, and at
the end of a test when it is depressed by the stoppage of violent
ebullition or of rapid circulation due to the cooling of the fire, the
boiler will be credited with more water than was really evapo-
rated. As such a fall in water level is easily produced by open-
ing fire doors and checking draft, it should be guarded against
especially when using bituminous or flaming coals. The greatest
care should also be taken that the bed of coal at the end does not
contain more waste material, which belongs to the ash, than it
did at the beginning.

COMPUTATION OF RESULTS

On account of the variations in the types of boilers and fur-
naces, no specific directions can be given for the measurement of
grate surface, height of furnace and other furnace proportions.
The hesting surface should be computed from the surface of
shells, tubes and fire-boxes in contact with fire or hot gases. The
outside diameter of water tubes and the inside diameter of fire
tubes should be used in this computation. All surfaces below the
mean water level which have water on one side and products of
combustion on the other are to be considered as water-heating
surface, and all surfaces above the mean water level which have
steam on one side and products of combustion on the other are to
be considered as superheating surface.

The following directions show how some of the results to be
derived from a boiler trial may be obtained. The calculation of
other items is self-evident.

Item 26, the moisture in the coal, should be obtained by the
chemist by drying the sample collected during the test, for one
hour in a sand or air bath at a temperature between 240° and
280° F. Sometimes the moisture is obtained by drying a known
quantity of the coal above the boiler; however, if this method is
used, it should be so stated in the report. The first method is
always to be preferred. (See Section VI, page 48).

Item 27=Item 25 X (100—Item 26)
Ttem 30=Item 27 X (100—Item 42)— (Item 28 X Item 44)

As this is dependent upon the ultimate analysis of the coal,
which is not always available, the following may be used:

Item 30=TItem 27—Item 28

UNIVERSITY
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The latter, however, is in error, due to the unaccouhted-for
ash passing over the bridge wall.
Item 51=Item 50-+(100—Item 42)
or =Item 50-+[Item 27— (Item 28 X Item 45)]
in which the former depends again upon the ultimate analysis of
the coal.

Items 52 and 53=14,600 C+62,000(H—%)+4,000 S,

in which C, H, O and S refer to the proportions of carbon, hydro-
gen, oxygen and sulphur respectively, as determined by the ulti-
mate analysis.
H—1146.6—0.48 (T—212)
L
lbs. of moisture separated

or =100X1bs. of steam+1lbs. of moisture separated

in which H=total heat and L.=Ilatent heat per pound of steam at
the pressure in the steam pipe, and T=temperature of the throt-
tled and superheated steam in the calorimeter. The first formula
applies to throttling and the second to separating calorimeters.

Item 55 should be taken as the difference between the read-
ing of the thermometer for superheated steam and the readings
of the same thermometer for saturated steam at the same pres-
sure as determined by a special experiment and not by reference
to the steam tables.

Item 56=100—Item 54

For the exact determination of the factor of correction for

quality of steam we have the following:

Item 54=100X

Ti—J1
For wet steam, F——Q-I—P(H_ T ), and _
For superheated steam, F=1—|—%1_8—IJ<1, in which

F' = factor of correction

Q = quality of steam

P = per cent of moisture in steam

K =degrees of superheating in steam

H = total heat of the steam due to the steam pressure

Ti= total heat in the water at the temperature due to the
steam pressure

Ji= total heat in the feed water due to the temperature

Item 59=Item 57 X Item 56
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E%B—.l';l’ in which H and h are respectively the total
heat in the steam of the average observed pressure and in water
of the average observed temperature of the feed. This item may
usually be obtained directly from steam tables giving the factors
for different pressures and feed water temperatures.

Item 61=1Item 59 X Item 60

Item 62=T1tem H9-Item 2

Item 63 = Item 61~ Item 2

Item 64 = Item 63-+Item 7

Item 65=Item 63-+34.5

This is held to be equivalent to 30 pounds of water evaporat-
ed from 100° F. into dry steam at 70 pounds gage pressure. The
former equals 83,317 B. T. U. per hour and the latter 33,305
B. T. U. per hour.

Item 66.—This item should give besides the rated horse-
power the basis (square feet of heating surface) upon which this
rating is made.

Item 67=Item 65— Item 66

The necessary computations for economic results and effi-

ciency, items 68 to 73, are indicated in the form of report.

Item 60=

IV  REPORT OF BOILER TESTS WITH ILLINOIS COALS

The following tables contain a summary of the results of
boiler tests made by the department of Mechanical Engineering
at the University of Illinois. For the most part these tests have
been made, as stated in the introduction, for purposes of instruc-
tion in the method of boiler testing, although a considerable num-
ber were made for investigational purposes or as thesis work.
As a rule, they have been conducted under the direct supervision
of a member of the instructional staff of the department, but at
times when experiments were being made with special applian-
ces, the representative of the company interested was present to
take charge of the test.

CoaLs TESTED

The coals used in these tests were mostly those purchased
under the yearly contracts of the University. In a few cases,
special coals were purchased, while other tests were made on



28 ILLINOIS ENGINEERING EXPERIMENT STATION

coals sent to the University by various coal companies and manu-
facturing concerns to determine the evaporative efficiency or
their behavior on various kinds of stokers.

35 coals were tested, representing 14 counties of Illinois.
These are given in the list below together with the commercial
size of the coal.

County Town Commercial Size

1 Christian

2 Christian..

3 Christian.. 6600 o

4 Coles........covninn o

5 Gallatin.... ...... ...Junctlon ¢o ac= 00agoooas

8 Macon..........cccc.u0s ...Niantic.................. 0 09000000 0GEEO000A0N0 Nut
7 Macoupin ............. . 600000000 000000 G 3 5066 890000 060 0000 ATTITD
8 Madison... Gle 5000 605000 0000 000BEEEEE 0063 00 6000T0 Lump
9 Marion.... 6000000 0000086000 0000 eeaa 0000 0000 000 ..Lump
10 Marion.. i .. Pea
11 Marion Slack
12 McLean T.ump
13 MecLean Lump
14 Menard Lump
15 Perry. Lump
16 Perry. ..Pea
17 Perry. ..Slack
18 sangamon. 500 76000 00000000 00A00 BEOE COEEOCATE00 [ G000 VBIEIN0S 000Y Pea
19 Sangamon.. 50000600000l BEAFE®IN 0006 00 000000 00 0060 0bboos 0000 .. Pea
20 SangamoN.......ceeveevnnnenns IDFATINGIE 6000 0000 0060 0600 066060 0630 .-....Lump
2] SangamoN....eecessseenecsses JEETEP 5000 00 000000 0600 0o0d 360000 0800 00 GEGA 60 G0BIOE 6HOAO Slack
22 SangamoD..........cveeeennus SR IE 00 50 00000000 060000 660000 060000 000000 0 ceie....Pea
%3 SangamoN...............oeeee IR ED 000000000 0000 000000 00000600600 6000HI0OEEEE0 BEEOSH0 Pea
24 Sangamon......... ....... TN 0 000 0000 000600 650000000 9600000000060 60085000000 Pea
25 Sangamon............... a 000 0006 0000 5000 & 00 600BE0 GOBIBO00OO00D Lump
26 Shelby........ Mowea.qua ..... 5600000 0000 KEBEBE06E COGACA BBV 00YES AT Lump
27 Vermilion..... ooaa .Catlin. SO S B50 G000 SEO a0 0a0BBaE CaSH0A B 6aE00 Screenings
28 Vermilion............... . Fairmount........ 00596600 ABOO0CO00 OO _Screenings
29 Vermilion...........cooenn... B000000 0000000000 000G 060000 0000 @060000 Go0ado0aS ...Slack
&) \WEE e 00000 0000 005000 0000 ELAEER 0 0 00000000000 0000 600000 6000 000 6 < 00000 Lump
31 Vermilion... ceeeeiee...Oakwood ..... 0000.0 0000 0o) SEES
32 Vermilion....................Oakwood........ 5 Screemngs
33 Williamson, .. IO 7 o0 0 Washed Pea
3¢ Williamson.. 80 860 008600 008 ooa 0olb cooe 0000 go0000 0 New Kentucky Pea
35 Willlamson.................. J2ETMN0 0 0000 0000 0006 600000 0000000 New Kentucky Sereenings

BoiLERS TESTED

The tests were made at the power plants of the University
and the neighboring towns, under water-tube and fire-tube boilers
of the following types:

Stirling water-tube boiler............... 2 settings

National water-tube boiler.............. 2 settings

Heine water-tube boiler. . ... cierer oo, 1 setting

Babeock & Wilcox water-tube b01ler. .... 8 settings

Horizontal tubular boiler ...............11 settings
The settings of these boilers include the following:

1 Murphy smokeless furnace

2 Roney automatic stokers

2 Green chain grate stokers
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1 Babcock & Wilcox chain grate
1 Brightman stoker
The remainder of the furnaces were hand-fired with plain or
rocking grates.

RESuULTS OF TESTS

The results of these tests are shown in Tables III and IV, ar-
ranged according to the counties in which the coal was mined.
Table III gives the conditions of temperature, pressure, heating
surface and grate area under which the tests were made, and
Table IV gives a few of the most important results. In some
cases the heat value of the coals used was not obtained and sev-
eral of the columns dependent upon it are left vacant. The head-
ings of the tables are self-explanatory. Where a series of tests
was made with the same coals under like conditions, the average
of the series is reported together with the number of tests in the
series. Where the coal and steam have been assumed moisture
free and when the moisture in the coal was obtained by drying a
known amount above the boiler, indications have been made in the
tables.

In the computation of results, the usual correction for gual-
ity of steam by proportional weights of steam and water was used.
The combustible was computed from the weights of coal and ash
and not from the ultimate analysis of the coal, and it is, therefore,
in slight error to the extent of the ash which passed over the
bridge wall. The basis for the rating of the boilers varied from
10 to 15 square feet of heating surface per horse-power according
to the different types of boilers used. The B. T. U. of the coal,
given in the table, were obtained from an analysis of the sample
taken during the test.

DiscussioN OF RESULTS

On account of the wide variation of conditions obtaining in
the tests reported, an exact comparison was hardly possible. A
general comparison of results with different types of boilers and
grates has, however, been attempted. Such a comparison is
shown in Table V, which contains the general average of the re-
sults of all trials made with the same type of boiler and grate,
irrespective of all other conditions. It also shows the average of
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the results of the ten highest tests together with the single high-
est result obtained. The pasis of comparison is the equivalent
pounds of water evaporated from and at 212° F'. per pound of dry
coal. The same table also contains the average of the results of
six tests with Illinois coals made by the Boiler Division of the
Fuel Testing Plant of the United States Geological Survey at St.
Louis. It is interesting to note that in these latter tests in which
hand-firing and plain grates were used, the results obtained are
better than any of the others recorded, including the results of
tests in which mechanical stokers were used. This fact may be
taken to indicate that the maximum efficiency of Illinois coals is
rarely obtained under present average conditions. It is probable
that with a closer study of furnace conditions, even these results
may be improved. The general tests reported in Tables 3 to5 in-
clude a number of trials made with special objects in view. Several
of these trials are described as follows:

1. Tests of a small horizontal tubular boiler of 40 horse-
power, to determine its performance with varying rates of com-
bustion. The results of these tests are given below.

RESULTS OF A BOILER TRIAL SHOWING EFFECTS OF RATE
oF COMBUSTION ON THE PERFORMANCE OF
HORIZONTAL TUBULAR BOILER

Dry coal per square foot of '
grate surface per hour 6.80
Equivalent evaporation
from and at 2120 F. per
pound of dry coal 6.20 6.55 6.57 6.37 5.75
Horse-power in per cent of
rated capacity (40) 52 50 87.50 107.50 115.00 122.50
Temperature of escaping
gases 432.00 447.00 501.00 516.00 553.00

9.30 | 11.00 ‘ 12.00 14.00

The same kind of coal was used in all these tests, and conditions
remained nearly constant. Itis evident thatthe maximum results
were obtained with the boiler running at its rated capacity, with
the flue gas temperature about 500° F. With an increase in the
rate of combustion, the capacity and flue gas temperature increased
and the evaporation dropped off.

2. Tests to determine the effect of soot deposits on the evap-
oration of a small horizontal tubular boiler. These tests were made
on the same boiler as the preceding series and with results as
follows:
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3. Tests of a water-tube boiler with chain grate stoker to
determine the relative economy of a 6-inch and an 8-inch fuel bed
with various rates of combustion. ;
The results of these tests are best shown by the curves in

Fig. 9.
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Fi1c. 9 CURVES SHOWING THE RELATIVE ECONOMY OF A 6-INCH AND
8-INCH FUEL BED IN A CHAIN GRATE STOKER

They show that under the conditions of the test, the 8-inch
fire was the more efficient, giving an equivalent evaporation per
pound of dry coal 10 per cent greater than the 6-inch fire, when
operating at the rated capacity of the boiler. The same coal was
used throughout this series. The averages of the results of these
tests are reported in Tables IIT and IV, viz., Nos. 41, 42, 43 and
44, 1In Figs. 10, 11 and 12 are shown a few of the characteristic
results of boiler trials made on water-tube boilers with chain grate
stokers. These diagrams are plotted from the results of 38
trials, and each point on the diagram represents the average of 5
trials. It is safe to assume, therefore, that the results represent
average conditions.
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coals, that have been made uptodate. During the year 1906 the
Engineering Experiment Station at the University purchased
and installed a plant designed especially for conducting a series
of fuel tests of Illinois coals. The plant consists of a 210 H. P.
Heine water-tube boiler together with a Green chain grate stoker
and a Sturtevant economizer and induced draft fan and engine.
This boiler is a duplicate of the boilers used by the United States
government in the fuel tests in progress at St. Louis under the
direction of the United States Geological Survey. It was thought
that in this way the fuel tests here at the University would be in
a measure comparable with the tests made by the government on
coals from all parts of the United States. '

The rapid growth of the industrial interests of Illinois de-
mands a careful study of the great fuel supply, and no effort
should be spared in the introduction and promulgation of improved
methods and processes in the production, treatment and con-
sumption of its coal. In the tests of Illinois coals which it is now
proposed to make, less attention will be paid to routine boiler
tests, familiarly known as such, and more attention will be given
to a scientific study of fuel treatment before burning and to a
study of those furnace constructions and conditions which give
promise of maximum results. In order that future tests may be con-
ducted along lines which will meet with the general approval of
the various interests of the state, a Conference Committee on
Fuel Tests has been appointed consisting of the members named
below and representing the organizations indicated:

H. Foster Bain, Director State Geological Survey, Urbana,
I1l., representing the State Geological Survey;

A. Bement, Consulting Engineer, Chicago, the Western
Society of Engineers;

Edwin H. Cheney, President Fuel Engineering Co., Chicago,
the Building Managers’ Association of Chicago;

F. H. Clark, Gen. Supt. Motive Power Burlington Road,
C. B. & Q. Ry., Chicago, the Western Railway Club;

Adolph Mueller, President H. Mueller Mfg. Co., Decatur,
I11., the Illinois Manufacturers’ Association;

Carl Scholz, President Coal Valley Mining Co., Chicago,
the Illinois Coal Operators’ Association;

A. V. Schroeder, Decatur Railway and Light Company,
Decatur, I11., the State Electric Light Association;






P‘}ﬁ“ﬁiﬁ“;‘iﬁﬁﬂ FUEL TESTS WITH ILLINOIS COALS 47
L. P. Breckenridge, Director Engineering Experiment
Station, University of Illinois, Urbana, I1l1.
Reference has been made to the government fuel tests at
St. Louis. It should be stated that the work of the boiler division
of these tests has been carried on under the direction of the
Director of the Illinois Engineering KExperiment Station, who
will also have charge of the tests made at the University of Illinois.
Copies of Professional Paper No. 48, containing a report on the
operations of the government coal testing plant at St. Louis may
be obtained upon application to a member of Congress or to the
Director of the United States Geological Survey, Washington, D.C.
It is not the intention of this bulletin to discuss the subject of
fuel testing. A future bulletin will take up that subject and will
also describe in full the plant provided for such tests at this
University. Attention is called, however, to the facilities now of-
fered for this important work. It is hoped that mine owners and
manufacturers will find it advantageous to cooperate with the En-
gineering Experiment Station in the proposed tests. The Station
Staff will always be glad to receive such suggestions concerning
this work as those interested may desire to offer.

VI CHEMICAL ANALYSIS AND HEAT VALUES OF
ILLiNnois CoALS

By S. W. PARR, Professor of Applied Chemistry

The accompanying results of chemical analyses of Illinois coals
may be divided into three classes: first, those which were directly
connected with the boiler tests conducted by the department of
Mechanical Engineering, and which are listed in a separate table,
covering such work from the year 1891 to 1905; second, in connec-
tion with thesis work by Mr. F. C. Koch in 1901, there were
assembled by him the results of all analyses of Illinois coals which
had been made by the department of Chemistry previous to that
date. These results were published together with his own work
in a bulletin through the courtesy of Secretary Ross of the Bureau
of Labor Statistics in the report of that Bureau in 1902. They
are designated in the tables by the letters B. L. S. The third
series of results comprises the work on one hundred fifty
samples of Illinois coal collected in 1904 and published in a
separate bulletin in connection with the exhibit of mines and min-



48 ILLINOIS ENGINEERING EXPERIMENT STATION

erals at the St. Louis Exposition. These results are designated
in the tables by S. W. P. The sum total of data which has thus
resulted, while of a somewhat desultory nature, constitutes a very
considerable contribution to our knowledge of the constituents of
Illinois coals. TItis to be noted that the processes employed in
connection with this series were confined almost exclusively to the
method of proximate analysis. In the future the more exacting
demands of modern methods will require extended data such as
are furnished by both proximate and ultimate analysis, including
of course the determination of calorific units. It may be well there-
fore, at the present time, to assemble the information obtainable
up to the present date, compiling it as in the accompanying tables,
and also to discuss briefly some of the terms which are used in
connection with the chemical work on coals. The chemist employs
terms and processes which are also used by the engineer, but it
does not always follow that their use of terms is in accord.

Moisture.—Moisture in coal is constantly undergoing a change
as to quantity. The percentage contained at the time of break-
ing out the coal from the vein is greater than at any subsequent
stage of its history, unless possibly it be under the conditions of
rain or snow or drenching with the hose. Some of this moisture
which is normally contained in the coal is lost when the coal is
exposed to the air, being in this respect like water which has been
poured upon the coal. But there remains moisture in the coal
after air-drying and which is removed only at the temperature of
boiling water. This moisture is described as hygroscopic. If now
the chemist works upon a sample which is overcharged with mois-
ture, as is the condition when the sample is freshly mined, it will
be constantly losing in weight and modifying his results.  Simi-
larly, if he works upon a sample which has been completely dried
in the oven, it will have great avidity for moisture and be con-
stantly gaining in weight throughout his work. He, therefore, pro-
ceeds in his determinations, as a rule, with the coal in that condi-
tion which is least affected by external conditions, viz., in the air-
dry state with the normal amount of hygroscopic moisture pre-
sent, but without the excess of water, which might be termed
water of saturation.

Therefore, we have three distinctly different conditions: first,
the wet coal; second, the air-dry coal; and third, the oven-dry
state. 'The engineer, however, not having to do with the condi-
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tions under which the chemist works, recognizes only the two
phases, either the wet or dry, and by this latter term he means
the oven-dry state. The failure on the part of the engineer and the
chemist to recognize these terms often leads to misinterpretation
of results. The chemists, therefore, should agree to such use of
terms relating to water as have become firmly established in en-
gineering literature: viz., that dry coal refers to moisture free
coal or to the oven-dry state, and second, that wet coal refers to
the condition as received or previous to any process of air-drying,
and that it is one or the other of these conditions that is of inter-
est to the engineer, regardless of how important it may be to the
chemist to proceed upon the basis of the air-dry condition.

It may not be out of place further to indicate how results may
be transferred from one basis to the other. It is not an uncom-
mon practice for the chemist to report his results on the air-dry
basis, in which case he should also report the amount of moisture
lost upon air drying, provided his sample comes to him sealed in
such a way as to make this factor possible. Suppose, for exam-
ple, that the loss of moisture upon air-drying is 4 per cent, then
all his results reported on the air-dry basis would be changed
to the wet coal basis by multiplying each by 96 per cent; not by
dividing by 104 per cent as is often erroneously done. This will
make small difference in a constituent which has a low percentage
factor, but the error is very considerable in a factor like the fixed
carbon which is from 40 to 50 per cent. This may seem like a sim-
ple arithmetical problem to mention in this connection, but it is
one not always correctly interpreted.

Conversely, if it is desired to change factors to the dry coal
basis, each factor should be divided by 100 minus the percentage
content of water in that condition from which the transfer is be-
ing made. For example, if we are calculating this coal from the
air-dry state, supposing it to have 6 per cent of moisture present,
each factor should be divided by 94 per cent, but it should be noted
that if we are calculating from the wet-coal condition our divi-
sor will not be 100 per cent minus the sum of the two factors, 6 and
4, as in the above illustration, but 100 minus 96 per cent of 6
plus 4, or 90.24. Here again is a not uncommon place for stum-
bling in what might seem to*be a simple arithmetical problem.

Volatile Matter.—When coal is subjected to high temperature
out of contact with the air, a considerable amount is driven off as
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volatile matter. This includes, also, of course, any moisture in
the sample, if we start with a portion which has not been dried in
the oven. Now an even greater discrepancy in the use of terms
has come into use in connection with this constituent than is the
case with different forms of water. One of the oldest terms is
that of volatile carbon. This is both incorrect and meaningless
because carbon is not volatile, and because the constituents of this
material are numerous and complex. The term that is perhaps most
frequently met designates this material as volatile combustible.
This again is incorrect and misleading, as this material in the or-
dinary bituminous type of coal has from one-third to one-half of its
weight made up of non-combustible material. It is evident, there-
fore, that the only proper term among those commonly in use for
this constituent is that of volatile matter. 'The only restriction in-
deed in connection with this term is to understand, as is the uni-
form custom, that the moisture of the coal is not included. A word
may be in place here in connection with a term which is occasion-
ally met, and is likely to be more frequently used than formerly.
This term is intended to designate that part of the volatile matter
which does not burn. This constituent is sometimes referred to
as ‘‘water of composition”. It is not included in any of the re-
suits listed in the following tables, and hence its use does not en-
ter into any of the discussions in this bulletin. It is noted in this
connection, however, in order that it may not be confused with
any of those terms which are intended to designate the water in
its ordinary form and which are capable of being driven off at
the temperature of boiling water. This property does not belong
to the water of composition, as this substance like the other part
of the volatile matter, requires a red heat for its dissociation.

Fixed Carbon and Ash.—Concerning these constituents there
is no disagreement as to the use of terms unless it be the occasion-
al use of the word coke. Coke in its proper and technical sense
should apply to the residue including the ash after subjecting the
coal to destructive distillation. It is, therefore, not proper to
designate the fixed carbon as coke, though it would be proper, of
course, to use the term ‘‘coking carbon” in this connection. The
preferable term and the one commonly employed, however, for
this material is that of fixed carbon.

Methods of Analysis.—The methods of analysis employed are
those in common use and their description is so easily accessible
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that no repetition is necessary here. Reference may be made to
the report of the committee of the American Chemical Society on
coal analysis.! '

Calorific Value.—The determination of heat units in coals is,
of course, a necessity in connection with any well conducted boiler
test. Two systems of units are employed, viz., the kilo calories
and the British Thermal Units, designated as B. T. U. Each unit
is the measure of heat imparted to the water by an equal weight
of coal. They would, therefore, be identical if it were not for the
fact that the one is read on the Centigrade scale and the other on
the Fahrenheit scale. The transfer, therefore, of calories per
kilo over to B. T. U. per pound is effected by multiplying by the
ratio of 9:5 or 1.8. '

There are four types of instruments in use for measuring the
heat value of coals. The first and most elaborate is the Mahler
instrument which has numerous modifications as to detail, but
which embodies the use of a steel bomb capable of maintaining
oxygen from twenty to twenty-five atmospheres pressure. The
next in the order of time is the Fisher calorimeter which burns
the sample of coal in a small chamber supplied with oxygen at at-
mospheric pressure. The third type may be designated as the L.
Thompson calorimeter, wherein the coal is mixed with a chemical
which in itself supplies the oxygen for carrying on the combus-
tion and in which the gaseous products are allowed to bubble up
through the water, thus imparting their heat to the liquid. The
fourth type may be designated as the Parr calorimeter which also
employs a chemical having its own supply of oxygen, but which
absorbs the gaseous products, thus retaining all the heat of the
reaction for more accurate measurements by the thermometer. Of
the second and third types, it may be said that owing either to in-
completeness of combustion or to loss of heat by transmission of
the gases, results are obtained which are not of sufficient accuracy
for reliable work. Results from the Thompson calorimeter are
reported by certain authorities to admit of variations amounting
to 156 per cent. The Mahler type of calorimeter is accurate when
operated by one thoroughly familiar with such processes. The
Parr calorimeter is the one used in connection with the analyses
in these tables of all coals made since 1900, and is now the instru-

1Jour. Am. Chem. Soc. Vol. XXI. p. 1130.
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With certain substances such as coke, anthracites, petrole-
ums, ete., a more strongly or vigorously oxidizing medium is
needed than exists in the peroxide alone. This may be secured
by various additions. The most effective are: A mixture of po-
tassium chlorate and nitrate in the proportion of 1 to 4 and this
mixture used in the ratio of 1 to 10 of the sodium peroxide; an-
other effective mixture is an addition of potassium persulphate in
the ratio of 1 to 10 of the sodium peroxide. Other substances fa-
cilitate the oxidation, notably ammonium salts and certain organic
substances, as tartaric or oxalic acid, benzoic acid, etec. In the
work on Illinois coals, while ordinarily no extra chemical would
be necessary, still in certain cases, such as extra slaty coals and
coals with excessive volatile matter, and also to guard against
variations in the quality of the sodium peroxide, a mixture as first
described above, of chlorate and nitrate, has uniformly been
used throughout these tests.

Further extension of the use of the instrument to other types
of coal and to petroleum has made it necessary to extend still fur-
ther the oxidizing power of the chemicals employed beyond what
is afforded by the chlorate mixture. In addition to this the use
of the residue for determining the total carbon and sulphur has
made it highly desirable in such additional chemicals to avoid the
use of compounds containing carbon or sulphur. To meet these
conditions, the so-called ‘‘boro-mixture” has been devised. It
consists of:

Boric acid. .. .. .......... ........... .....11 parts
Potassium chlorate. . e 4 parts
Magnesium powder. . T T D AT b

Its correction factor is found by trlal with a pure chemical of
known heat value, such as napthalene or by burning with a coal
whose heat value is already accurately known. This mixture has
the further advantage of carrying on a combination with material
so low in carbonaceous matter as to be non -burning by ordinary
methods, such as ashes and coals of very high ash content.

Still further modifications relate to the bomb as shown in
Fig. 14, and have to do mainly with the avoidance of screw
threads on the interior of the combustion chamber, especially in
the upper part, where particles tend to lodge and thus escape
combustion; also in jacketing the lower part of the chamber to
avoid direct contact with the water, thereby avoiding rapid
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] FUEL TESTS WITH ILLINOIS COALS

BRECKENRIDGE,
PARR AND DIRKS
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66 ILLINOIS ENGINEERING E

XPERIMENT

. TABLE VIII

STATION

LisT OF ILLINOIS COALS ANALYZED. ARRANGED BY TOWNS

Ref. Number
Town County in Table of

Analyses
Assumption............. 5 006000 00 DOBO GAAG !Christian .............................. 8-12
Astoria...... . .Fulton.... 28-30
Athens. .|Menard. 185-188
Auburn.. .|Sangamon 252-255
Barelay.. ...|Sangamon.. 256-258
Benton.. . ... Franklin.
Bloommgbon.. ... McLean. . 110-118
Braceville. . 0o '(:rundy 50-51
Braidwood 005 1W111 ..... 327-328
Breese....... ... Clinton. 20-21
Briar Bluft 000 RGN 00 57
Brighton.. ... Macoupin........... 124
Bush, .. ...|Williamson, . 332
Buxton. .|Clinton... 22
Cable. Mercer 196-197
Canton. .|Fulton...... 31-32
Cantrall..... .|Sangamon.. 259 260
Carbondale. . ... Jackson..... 62-65
Cardiff..... ... Livingston. 95-96
Carterville. . Williamson 334-345
Catlin.... .|Vermilion.. =
Centralia . Marion........ 145-148
Colchester. MLDonough.. 109
Colfax. ..... ... McLean.. 117
Collinsville.. " Madison. .. 138-139
Cuba..... Falton.. 33-36
Danville, . |vermilion. . 300-310
Dawson... Sangamon.. 261-264
Decatur.. ....Macon...... 118
Delafield. ... Hamilton. 54
De Soto.. 'Jackson 66-71
Divernon Sa.nga,mon 285
Donkville. ... Madison. . 140-141
Dunfermline . Fulton..... 38
Du Quoin .|Perry..... 210-223
Edwardsville.. Madison 142-143
Eldorado.. Saline 239-243
Elm Grove Adams 1-2
Elmwood .| Peoria 203-207
Etherly.... ... Knox....... -7
Fairbury. ...|Livingston. 97-98
Fairmount ...|Vermilion. . 311-313
Farmington. ...(Fulton............ .. 39-42
Fiatt....... ...|Fulton. ... 43
Flatrock. ...|Crawford.. 26 -
Forest.. ... Livingston... 93-100
French Vlllage ... St. Clair...... . 233-234
Galatia.. . "%aline. 244
Galva.. . Henry 58
Gilehrist. ..... . .‘\'Iercer o 198
Glen Carbon . ..Madison. . 144
Grape Creek. . ... Vermilion. . 314-318
Greenview.... ... Menaxd..... 189-191
Greenridge.. . Macoupin. 125-128
Harrisburg.. . 245-251
Herrin... el 346-352
Holles.... ../ Peoria........ 208-209
Ivesdale. |Champaign. 7
Joliet.... ill... 329-331
Junction. Gallatin 49
Kangley. La Salle 79-80
Kewanee... Henry 59-61
Kinmundy. ... Marion 149-150
Ladd.... .. .../Bureau..... 3-4
Lake CreeK....cooeveiecvitonenananvnenns Williamson 353
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