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INTRODUCTION 

The coal operators of Southwest Virginia and adjacent 

territory have for some time felt the need of reliable 

information oonoerning the suitability of oertain sizes 

of their coal for use in power plants equipped with mod

ern stokers. There has been little development as to the 

most efficient methods of burning the smaller sizes of 

this coal with oonsequent small use being made of these 

sizes. In order to have information suitable for in

structing oustomers in methods of burning Southwest Vir

ginia ooal, the coal operators have oooperated with the 

Virginia Polyteohnio Institute in determining the suit

ability of this ooal for use in present power plant equip

ment. 

The Virginia Polytechnio Institute Power Plant, which 

was completed in 1929 at a cost of ,350,000, was ideal in 

every respect for use in conducting tests on ooals as the 

plant contained modern stokers in whioh the ooal could be 

tested and in addition was equipped with instruments for 

any type of boiler testing. It is felt that the equip

ment used in the tests was similar to that of the average 

small power plant or industrial plant with the exoeption 

of the larger number of instruments available. 

The objeot of the investigation resolved itself into 

the following two parts: 
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1. To determine the performance of Southwest 

Virginia coal in power plant equipment in common use. 

2. To make suggestions as to the use of this 

coal in other equipment of the same type. 

The tests were conducted by the Fuel Engineering 

Fellows, under the supervision of W. T. Ellis, Professor 

of PODer and Puel Engineering at the Virginia Polytechnio 

Institute. 

It is hoped that the conclusions obtained from the 

test results will serve as an index to the coal operators 

and to power plant operators as to what can be expected 

from burning coal from Southwest Virginia in underfeed 

stokers and that they will also serve as an index of the 

oomparative performance that might be expected from this 

coal when used in other equipment of the same typ!e. 
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SUM:M.ARY 

This investigation describes the performance of South

west Virginia coal during a group of ten boiler tests made 

in February and l.1arch 1934. The coal used was nut and slack 

which is representative of tha.t marketed by reliable r

ators in the field. The 354-hp boiler was of the straight 

tube, cross drum type, set 9.33 feet above a four retort, 

68.9 square foot total projected grate area underfeed 

stoker equipped with a dump plate. The furnace was sur

rounded by firebrick walls with Bernitz Block and Car

borundum brick for a height of 19 inches above the grate. 

No special air or water cooling was used. All the tests 

were of 24-hour duration and covered average burning rates 

of from 15 to 28 pounds per square foot of grate per hour. 

A summary of the results is given in Table 1. These 

tests show that Southwest Virginia coal oan be burned with 

satisfactory efficiency when used with equipment of this 

kind. 



TABLE 1 

Summarized Results of Tests of' Southwest Virginia Coal 

1;est Number 
Item 

1 2 10 ~ ~I 4 +-' ~-+-.6_.t-~---L-8 + 9 
BurnIng rate, dry coal per sq ft i I r 

of grate per hour, (pounds) 16.58 15.36 18.42 18.96 23.92 23.68
1 

27.20\ 26.27', 16.321 21.69 I 

Builder's rating, (per cent) 102 99 118 I 120 147 142 I 165 160 100 I 134 1) 
Actual evaporation per lb coal, I I I 

as fired, (pounds) 9.47 9.87 9.76 9.72 9.67 9.33 9.30 9.501 9.64 
Rate of heat absorption per 1b I 

ooa1, as fired, (1000 Btu) 9.901 10.33 lO~201 10.231 10.291 9.92 9.881 10.13 
Efficiency of steam-genercting I I! I 

unit, (per cent) 73.21 77.28' 76.061 75.691 74.95/1 73.56 75.22 
Fuel cost per 1000 Ibs actual I I' 

75.57 

10.14 

74.89 

9.66 

10.16 

74.52 

steam for each dollar per I I I 
ton conl cost (dol1ars)/0.0528'O.0507 0.0512 0.05141°.0517 0.0536!0.0538 

Fuel cost per 1,000,000 Btu I 0.052610.051910.0518 

absorbed by steam-generating I I I 
unit for each dollar per 
ton coal cost (dollarsl!0.0505 0.0484 0.0490 10.0489 !0.0486iO.0504tO.0506 10.049410.049310.04 92 
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EQ,UIPMENT 

The tests oonducted for the investigation under 

oonsideration were made on a steam-generating unit in the 

Virginia Polyteohnio Institute Power Plant. The unit used 

was Boiler No.3, which is a 354-hp water tube bOiler, 

fired with a 4 retort, 68.9 square foot total projected 

grate area, underfeed stoker \~!i th uwn.:p plate. The furnace 

is raade up of refractory walls. Figure 1 is a sectional 

view of this boiler, showing the stoker, furnaoe, and 

boiler. Points at whioh pressures, drafts, draft loss 

conneotions, temperatures, and flue gas s~ples were ob

tained are indioated in this diagram. Details, including 

dimensions, are given as the first part of Table 2, oover

ing data and results. 
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1~OD OF CONDUCTING TESTS 

In order to reduce errors in operating conditions, 

it was decided to make tests of 24 hours duration. The 

ohief error from shorter tests would be that a change of 

1000 pounds of coal in the oondition of the fuel bed 

would be hardly noticeable. At the same time a test of 

say eight hours duration at these burning rates would con

sume about five to seven tons of ooal, which would permit 

an error of as high as ten per oent. The longer test 

period of 24 hours immediately reduoes such possibilities 

of error to approximately two to three per cent. For 

purposes of comparison, and checking, duplicate tests were 

made at each burning rate. The original and duplicate 

tests were made successively, thus eliminating considerable 

time.in preparation for starting the duplicate tests. 

Care was taken to have the stoker, heating surfaces, 

and setting in good condition for obtaining comparative 

results. The procedure and computation of results fol

lowed closely the " Power Test Code for Stationary steam

Generating Units," adopted by the American Society of 

Ivlechanical Engineers in 1929. Several variations were 

found desirable to adapt the method to the equipment used. 

A boiler meter, recording CO2 meter, and several 

draft and pressure gages were used as guides in maintain-
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ing satisfactory combustion conditions. A regulator was 

used in controlling the feedwater and a combustion control 

was used in operating the stack damper and speed of the 

forced draft fan. These were ~he only mecha,ic 

used. 

Duties of Operators: 

reCLlators 

For each eight hours of operation, which made up one 

shift, two operators were assigned. This provided for one 

to operate the boiler and one to record the readings and 

operate the gas sampling apparatus. 

Readings of temperatures, pressures, drafts, and 

rate of blowdown were taken at 15 minute intervals. All 

quantities, such as coal used and dumps of weighmeter, were 

reoorded every hour. 

starting and Stopping: 

A period of four to five hours was consumed in pre

paration before the start of a test at a predetermined 

burning rate. During this time the boiler was operated 

at the burning rate at whioh the test was to be run in 

order to reduoe the ohance for error if previous conditions 

of fuel bed, temperature, etc., were different from those 

of the test conditions. The depth of fuel bed in the fur

nace .as noted at the beginning of the test and an attempt 

was made to maintain this level throughout the test so that 

the ooal used each hour could be measured by filling the 
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stoker hopper eaoh hour to the level set at the beginning 

of the test. The water level of the boiler was brought 

to a predetermined level Bark at the beginning of the test 

and maintained at this level throughout the test. Obser

vations were made of slag formations on the side and bridge 

walls at the beginning and end of each test. 

The operation was maintained approximately at the pre

determined burning rate for a 48 hour period from the 

start of the first test at a given burning rate. The data 

obtained during the first 24 hours after the start of the 

test were considered as one test and that during the second 

24 hour period as another. In the case of Tests Numbers 

9 to 10 this prooedure was varied. Test Number 9 was run 

as a check on Tests Numbers 1 and 2 as their lower burn

ing rates would permit of larger errors due to the depth 

of fuel bed. Test Number 10 was then run at several burn

ing rates, operating at burning rates near those of one 

of the other tests for periods of about two hours and then 

at another, continuing this procedure through the test. 

Coal: 

The coal selected for the test work was nut and slack 

from the Southwest Virginia coal field. A selection rISS 

made from a representative seam so that the results obtain

ed with this coal would be an index of the results that 

could be obtained fron similar coals in this section of the 
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state when burned in the same type of equipment as that used 

for the test work. This coal was being used in the power 

plant at the time and should be representative of that 

normally marketed, as the coal operators were not aware 

that the tests were being conducted. 

The coal bunker, which is of 200 tons capacity, was 

filled previous to the start of the tests. The test coal 

vv-as handled wi th the regular plant coal-handling equipment. 

This equipment included a hopper, connected by a recipro

cating feeder to a crusher, into which the coal is dumped 

by the trucks hauling it from the railroad, approximately 

one mile, distant, to the power plant. The coal is elevated 

from the crusher by a bucket elevator to a position level 

with the coal bunker where it is then distributed by a 

scraper oonveyor throughout the over-head bunker. 

A portable weigh larry of 2100 pounds capacity, 

operating on an over-head track in the boiler room, can 

take coal from any of a number of openings at the bottom 

of the over-head bunker. The coal may be passed from the 

weighing hopper of this larry through a spout into the 

stoker hopper. This arrangement furnishes an easy means 

of determining the weight of coal supplied to the unit. 

All coal used during the test was weighed on this travel

ing weigh larry. The scale of the weigh larry was cali

brated and found to be correct so no correction was made 
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to the weight of coal. As the bunker contained no coal 

but that which was be used for the test no precautions 

were necessary to prevent mixing of the coal. 

The stoker hopper was filled each hour to the level 

mark established at the beginning of the test. Coal sam

ples (approximately one half gallon) were taken at three 

different places from the stoker hopper every hour. These 

samples were kept in a barrel unt1l the expiration of the 

24 hour test period when the barrel was dumped out onto a 

clean place on the boiler room floor and a representative 

sample taken. The sample for analysis was obtained by mix

ing and quartering the total amount of coal collected t two 

quarters be1ng disoarded each time until a small '(half 

gallon) final sample was obtained. This sample was then 

placed in an air tight container and later analyzed by the 

Fuel Fellows in the laboratory of F. H. Fiah t Professor of 

Analytical ChemistrYt at the Institute. The proximate 

analysis t sulfur, and heating value were determined ac-

cording to the procedure prescribed by the American Society 

of Meohanical Engineers. 

The procedure for the determination of the fusion 

temperature of the ash also followed the A. S. M. E. test 

codes t with the exception that the furnace used was the 

Remmey Oxy-Acetylene FurnaceU• 

a. Bulletin of the Virginia Polytechnic Institute, 
Engineering Experiment Station Series, Bulletin No. 12 
tt Rem.mey Cxy-Acetylene Test Furnace for Coal Ash Fusion 
fp1nt Determination, tt by F. II. Fish t F. M. Taylor, and 
J. L. Porter.' 
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In determining the ultimate analysis the apparatus 

shown in Figure 2 was usedP• A sample is exploded in the 

Parr Peroxide Bomb as it would be used in determining the 

heating value with that apparatus. However no stirring or 

temperature readings are required. The fusion from the bomb 

is dissolved and the solution and all washings placed in 

rlask A. After boiling the solution tor a few minutes to 

drive the air from the tubing, concentrated hydrochlorio 

acid is slowly added through the separatory funnel B. As 

the acid is added CO2 gas is evolved from the solution and 

collected in the burette and after being measured it is 

delivered to the absorption tube C. The process is re-

pested until no more gas is evolved. The solution is then 

heated and the gas then evolved is also measured and de-

livered to the absorption pipette. At the end the flask 

is filled wi th dist illed vrater a..nd air is draVln in, thus 

clearing the tubes of gas. ..Lilly not absorbed is then 

measured and the net volume absorbed is recorded. The 

temperature and pressure of the gas is obtained by a ther

mometer and barometer. From tablesP of the weight of car-

bon per cubic centimeter of gas at given pressures and 

temperatures, the total v1sight of carbon is calculated. 

Blanks were run both on rav; coal and also on the sodium. 

p 
See PSl""r's "The ..:illal:;,"sis ot .}~1uel, Gas, ";ater 

Lubricentsi' Fourth i ti0 11, '8.~' cr II. Tables used 
~ere rapolations of the tables Biven in this chapter. 
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peroxide to correct for any carbonates. The net carbon 

and weight of sample used determine the percentage of car-

bon in the coal. 

As the sulfur, carbon, moisture, ash, and heating 

value have now been determined, the ultimate analysis can 

be calculated by assuming the nitrogen. As analyses were 

made on the dry basis and converted to the as received 

besis by calculation, the nitrogen was assumed as 1.25 per 

cent on the dry basis. 'J.1his figure is an approximate one 

but agrees closely with published analyses of coal from the 

same seam and field. 

The following method is used for computing the 

ultimate analysis: 

Heating value = 14,150 C + 62,000 H + 5000 S 

where, 

C : pounds of carbon per pound of coal 
S = pounds of sulfur per pound of coal 
H = pounds of available hydrogen per pound of coal 
14,150 = heat carbon 
62,OOe = heat j"'~ value of hydro2:e~1. 
5,000 = heating value of sulfur 

The only other constituents of the coal are hydrogen and 

oxygen in the ratio of 1 to 8. Therefore, the sum of 

these = 1 - (C + H + N + S + M + A), where M = pounds of 

moisture per pound of coal, and A = pounds of ash per 

pound of coal. Then one ninth of this amount is hydrogen, 

which when added to the available hydrogen is the total 

hydrogen, and the balance is oxygen. 
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Refuse: 

The refuse was quenched for 30 minutes after dmnping. 

It then was allowed to drain for one hour in the ash pit 

and 30 minutes in the refuse car after which the weight of 

contents of the cer ~as found. Clinkers were considered 

to be that naterial v[hich failed to fall through the o-inch 

sCJ.ueres of the dump grating. They 1\'ere pIeced ok in the 

refuse c:::".r and v.ieighed aGain to determine the amount of 

clinker in the refuse. .~:epres tative ssmples of clinl\e::'s 

fines were taken from each cal' of refuse. The s8.Illples 

were ke~t in t~o large air tight containers until the end 

of the test and then illixed reduced by ~uartering, as 

in the case of the coal, to one half Gallon each. The final 

samples ~~;ere stored in air tight glass jars. 

A..l1alyses v!ere made by the 17uel }:i'ellows in the labora-

tory of Professor F. Fish. Fines and clinkers were dried 

separately and the percentage moisture determined for each. 

These two dry constituents of the refuse were reduced to 

10 mesh and mixed in their proportions in the dry refuse be

fore the analysis for combustible was made. 

It is felt that the refuse s~:mple is representative 

of that from the coal fed to the unit during the 

period between dumps. On the other hand, the variations 

in the depth of fuel bed, even while barely noticeable, 

are felt to cause tlle 'weight of refuse as recorded to be 
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much less representative. With this in mind, it was de

cided to compute the weight of refuse, using the actual 

weights only for the determination of the percentage of 

olinker in the refuse. 

Water: 

The temperature of feedwater entering the boiler was 

obtained with a calibrated meroury thenlometer placed in a 

suitable well in the feedwater line olose to the boiler 

drum. The rate of evaporation prevailing during all tests 

was determined by measuring the water fed to the boiler. 

This was accomplished by means of the weighmeter with whioh 

the Cochrane feedwater heater is equipped. The weighmeter 

simply consists of a buoket mounted on trunions whioh dumps 

when a given weight of water is introduced into the buoket. 

The bucket is conneoted by means of a suitable arrangement 

of levers to a graduated counter which records the number 

of dumps. 

The water is pumped from the hot well, where the 

oondensate from the condenser and from the heating lines 

collects, to the feedwater heater. From here it flows by 

gravity through the weighmeter to the suction of the boiler 

feed pump. As the weighmeter is closed, there is no dif

ficulty in handling the water at temperatures of from 

210 to 218°F. 

The weighmeter was calibrated by weighing on a plat

form scale the water passing through the meter for a cer

tain number of dumps. From this calibration and the 
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number of dumps it was then possible to calculate the weight 

of water fed to the boiler during any period of time. The 

counter of the weighmeter was read every hour and from this 

reading the amount of ,va tar fed to the boiler during the 

preceding hour r.ras found. Care vIas to r:laintain the 

viuter level of the boiler the S6.1n.e at all t so that the 

yrei..=hme r would indicate the correct fu'110unt of vrater fed 

every hour. 

Precaution was exercised to avoid any loss of water 

from t.1Je boiler, 'Vi"hich v.ras not accounted for. The boiler 

~as not blo~n down durinG t test t,::.eans of lilo\!-off 

V6.1 ve. 'Chere was a loss of ria t r through t cont i'lUOUS 

~lo~-do~n system whi as c~lculated from the reading of 

the rate of blow-do'vYn taken every 15 minutes throughout the 

test. ::·Joisture in the steam was entrapped by a tracy tier. 

This water, held until 40 pounds collected, was then dumped 

by the tracttier which operates a counter at each dump. 

The nu...rnber of dumps over the 24 hour period enabled the 

calculation of this loss of water. The water column and 

gage glass were blown down once each eight hours but the 

error due to s ~ater loss is held to be negligible. 

steam: 

The temperature of t superheated steam VIas deter

l!lined by taking readings of a dial thermometer of the 

mercury expansion type, which thermometer was calibrated 
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before beginning the tests. 

The pressures of the steam in the boiler drum and of 

that leaving the superheater were determined with cali

brated indicating pressure gages. 

Air: 

The temperatures of the air surrounding the boiler 

and of the air for combustion were obtained by means of 

calibrated mercury thermometers. Wet and dry bulb ther

mometers were also used at the forced draft fan to deter

mine the amount of moisture in the air supplied for com

bustion. 

Draft pressures were determined by calibrated dif

ferential indicati:lG g5.ges which 'were read every 15 minutes 

throughout the tests. 

stoker Operation: 

A revolution counter was used to obtain the nurnber 

of stoker ram strokes. Record was made of the position of 

both the coal feed blocks and the push rod pins. Due to 

the variation in the settings of the blocks and pins, no 

definite use was made of them as an indication of the 

agitation of the fuel bed. The motion of the push rod is 

dependent not only on the position of the pin but also on 

the feed block location. With five possible positions 

for the feed blocks and four pin positions, it gives too 

many combinations for any definite indication of the degree 

of agitation. 
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Flue Gas: 

Continuous samples of flue gas were colleoted. The 

gas was collected over a period of eight hours, and then 

analyzed for each shift by means of a Vlilliams Universal 

Gas Analyzer. The sampling tube was located in the gas 

passage leaving the boiler and as near as possible to the 

Bailey thermometer tube. This location is shown in Figure 1. 

The tube, extending from one side of the setting to the 

other, was made up of 3/4-inch pipe, plugged at the inner 

end, with 3/l6-inch holes at equal intervals along the 

entire length. These holes were 10 inohes apart with the 

first and last holes about 13 inches from the walls. A 

stream of gas was drawn from the outer end of the tube by 

means of a steam aspirator. The sample was drawn ofr, 

between the tube and aspirator, and collected over an oil 

film on deaerated water. 

The gas collecting equipment used is shown in Fig

ure 3. The apparatus consists of a 35-gallon water tank 

to which are fastened two glass gauges, connections to the 

stream of flue dra~n from the tube aud to the 

gas analyzer, a co~nection for filling with water, a con

nection to the atmosphere, and a connection to the 5-inch 

standpipe G. The standpipe is fitted with a drain, a 

syphon, and a means of supplying a closely regulated 





-~-

amount ot water. A 4-inch float I and the oounterweight W, 

together with the pulley, made it possible to maintain a 

oonstant head on the syphon and thus a constant rate of 

discharge of the water. 

To start the apparatus the tank is supplied with 

deaerated water at E, allowing the air above the oil film 

to escape at D. During this prooess the water level in 

the standpipe is the same as that in the tank, the valve F 

being open. When the tank is full the valves E and Dare 

closed and the syphon J started. Then the valves C and P 

are opened, allowing the gas sample to enter as rapidly 

as the water is drawn out. However, as the gas is be-

low atmospheric pressure, some water is drawn off rapidly 

at M to oreate the head required to draw the gas into the 

tank. In order to eliminate dust and to be able to 

observe the gas collection, a bubbling bottle was placed 

between the gas supply line and the needle valve C. The 

syphon J, being lnade of l/S-inoh copper tubing, withdraws 

the water more rapidly than it is desired to oolleot the 

gas sample. Therefore water is a~~itted to the standpipe 

through the needle valve L so that suffioient water is 

added to remove the water from the tank A at the same rate 

at which it is desired to collect the gas sample. The 

water syphoned passes to the sewer. 

at t end of tte eieht hour period t level of the 
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liquid is near the bottol:l of the lower gauge glass. ~:he 

valve C is close:~J. and B opened. .rl. small portion is forced 

into another collect jar for analysis, by permitting 

v;ater to enter atE. This procedure permits several 

analyses of the smaller sample and also more rapid re

filling of the tank, thus losing but little time between 

shifts en no sampling occurs. This period can be as 

low as ten minutes. 

This a.Yr·aratus is but sliGhtly different from that 

desoribed by Paul Speer the Septem.ber 17, 1929 issue 

of "Power '! 

A reoording CO2 meter used during the tests obtained 

samples through two open ended pipes, one in each of the 

two middle ~uarters of the gas passage, located as shown 

in Figure 1. The analyses given by this instrument were 

not used in subsequent computations. 

The flue gas temperature was obtained by a recording 

inert gas type thennometer uhich is part of the Bailey 

Boiler Meter. The tube is located as shown in Figure 1 

and extends across the entire ldth of the setting. 

Jrafts and iraft losses were date d .\. th in-

dic&ting cliffe i8.1 s, connections be e at 

the positions shown in Figure 1. 
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DISCUSSION OF RESULTS 

PERFORMANCE OF SOUTIDVEST VIRGINIA COAL 

The performance of coal in a steam-generating unit 

1s influenoed by the equipment, manipulation of the fire, 

and characteristios of the coal. During the tests no 

changes were made in the equipment so this factor could 

not have been responsible for variable results. Ma

nipulation of the fire appeared. to have a marked effect 

but one which is perhaps itl]ossible to evaluate. This 

is dependent almost entirely on the skill of the oper

ator. Operation during all the tests as well as one 

shift daily for the past year has been st the hands of 

the ers. This opportunity to observe operation 

under varied co:1.o. iO::'lS 1:0.8 r'::'li tt ed the draT" of 

practical conclusions on the burning of this and other 

coals with the equipment used. The influence of char

acteristics of the coal can not be expected to show up 

clearly in the test results as the characteristics are 

too nearly uniform; but the tests demonstrate results 

that can be obtained with this coal. 

Equipment: 

The equipment used is typical of that used in 

small steam plants except perhaps in having more in

struments than some for indicating performance to the 

operator. For this reason the tests should be of par-
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tioular value to operators of industrial and other sim

ilar plants in estimating the performance of ooals from 

Southwest Virginia with their fuel burning equipment. 

Effeot of Burning Rate: 

One of the greatest factors influencing the per

formanoe of a ooal is the burning rate. Here the at

tempt to maintain a high burning rate is apt to lead 

to operating diffioulties. High rates of oombustion 

tend toward high fuel bed and furnace temperatures with 

oonsequent clinkering and difficulty in maintaining a 

fuel bed which is burning uniformly. The test data 

whioh has been obtained in each case while maintaining 

a constant burning rate should give some indication of 

its effect on the various losses. An examination of 

the data will reveal that these losses varied consider

ably for no apparent reason other than differences in 

the manipulation of the fire whioh it is felt had a great 

deal to do with performanoe. However, plotting these 

losses and other indications of performance against burn

ing rate should enable one to determine in most oases the 

influence of burning rate. Therefore figures 4 to 17 have 

been prepared. The dry fuel per square foot of gross 

grate area has been decided upon as being more suited for 

purposes of comparison than the fuel as fired, although 
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it gives the impression of low burning rates. The various 

controllable losses and results will now be discussed sep

arately. 

Loss Due to Dry Flue Gas: 

As the volume of gas passing over the heating sur

face increases there is naturally an increase in their 

velocity. This produces a more intense scrubbing action 

which reduces the thiokness of the adhering gas film and 

increases the coeffioient of heat transfer. In spite of 

this increased conduotivity the time element is reduoed 

to such an extent that the temperature of the gas leaving 

the boiler is higher. This found to be the case even 

when the increased volume of gas is due to an increase in 

excess air with its attendant lower furnace temperature. 

Figure 13 shows the variation in gas temperature and the 

curve should illustrate the effect of burning rate. As 

might be expeoted figure 5 shows that the loss due to dry 

flue gas inoreases at the higher ratings. Again the draw

ing of a curve eliminates the effeot of other factors, the 

most evident of which is change in the per cent exoess air. 

Figure 15 shows that, if anything, the per cent CO2 tended 

to inorease at the higher burning rates. 

Loss Due to Combustible in the Refuse: 

It is practioally impossible to avoid some loss due 
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to combustible in the refuse. This will vary according 

to the equipment used and the manipulation of the fire. 

Figure e indicates no well defined effect of burning rate. 

The oombustible in the refuse seems to bear no relation to 

the peroentage of clinker in the refuse. Although the 

clinker entrapped much coke, the fines appeared to contain 

a higher proportion of combustible. There is no doubt that 

if there is muoh clinkering the proper manipulation of the 

fuel bed is interfered with to such an extent that the loss 

of combustible is apt to be excessive. A dump plate at 

the ends of the retorts is perhaps one of the most waste

ful means of oleaning the fire beoause a substantial fuel 

bed must be maintained on the adjacent retorts to mini

mize excess air. Then, in dumping, a large quantity of 

fuel is often pulled from the retort into the ash pit by 

the refuse on the dump plate. An agitator between the re

tort and dump plate would be expected to practically elim

inate this. Clinker grinders suggest themselves as an 

improvement but the saving must be weighed against any 

additional cost. 

Loss Due to Incomplete Combustion of Carbon: 

Contrary to expectations the per cent loss due to in

oomplete oombustion of oarbon (figure 7) appears to have 

fallen off with an increase in burning rate. IIowever, 

this loss may vary widely at one rating due to other in

fluences. 
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Loss Due to Radiation and Unaccounted for: 

The per cent radiation and unaccounted for losses 

(figure 11) show a tendency to decrease at the higher 

ratings. Radiation which is dependent on temperature 

difference would be expected to decrease in per cent at 

higher burning rates because the temperatures in the gen

erating unit do not increase in proportion to this rate. 

Effect of Burning Rate on Clinker Formation: 

Figure 16 shows that, as expected, there is a defi

nite increase in the percentage of clinker in the refuse 

at the higher burning rates. at no time, however, did 

the amount of clinker seriously hamper operation in the 

range of burning rates used. More will be said about 

clinker formation in the discussion of coal character

istics. 

Effect of Eurning Rate on Slag Accumulation: 

With all coals used from Southwest Virginia it was 

observed that the amount of fly ash increased with burn

ing rate. This of course meant more rapid slag accumu

lation on the furnace walls. Slag on the furnace walls 

gave no particular trouble during the tests except when 

the material on the dump plate VIas allowed to pile up 

against the bri ~all. s had a tendency to fuse to 

the slag there and make of refuse difficult. 
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The slag was removed from the furnace walls just be

fore firing up the boiler for the tests. The boiler was 

then in service for 77 days at an average rating of about 

140%. The walls were found to have slag accumulations from 

1.5 to 10 inches whioh in most plaoes was relatively soft 

and porous. On the lower part of the bridge wall the slag 

was thinnest and hardest indicating high temperatures there. 

In ordinary service the walls must be cleaned about once 

in three months when using coals from Southwest Virginia. 

A determination was made of the fusion temperature of 

a piece of the slag removed from the bridge wall when pre

paring the boiler tor the tests. The coal used previous 

to this was the same kind as that during the tests. This 

slag tused at 2174° F which is somewhat lower than the ash 

fusion temperature. If this one case is significant it 

might be thought that only the less refraotory of the 

partioles of fly ash had adhered to the walls. 

The nature and amount of slag accumulation has been 

found to be dependent a great deal on the furnace draft. 

By reducing the furnace draft excess air and loss due to 

dry flue gas can be reduced. This "'bottling up" effect 

raises the furnace temperature and inoreases the amount 

of clinker. The harder the slag the more damage is done 

the refractory lining of the furnace in its removal. Here 

it might be well to mention that a spray or wash of certain 
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kinds of plastic refractory on the damaged briokwork seems 

to be benefioial and an aid in subsequent slag removal. 

If the slag or clinker softens and runs down on the stoker 

parts, air may be cut off causing tuyeres to be burned out. 

As repairs to furnaoe linings and stokers are costly it 

is a short sighted polioy to go too far in the reduction 

of furnace draft in the attaining of a high CO2• The 

smallest furnace draft used during the tests was -0.061 

inches of water and this appeared to be as small as could 

be recommended. The best value for any furnace depends 

upon its design and the burning rate. 

Effect of Coal Characteristics: 

As mentioned before, the test data does not offer 

much opportunity for making comparisons to show the effect 

of ooal characteristios. In figures 18 and 19 the peroent

age of olinker in the refuse has been plotted against ash 

fusion temperature and per cent sulfur respectively. 

Figure 20 shows ash fusion temperature plotted against per 

cent of sulfur in the coal. The ash fusion temperature 

certainly does not decrease with the increase in per cent 

sulfur and if anything shows a slight increase. The per 

oent clinker seems to vary with per oent sulfur in about 

the same way. If this is the case the per cent clinker 

would have to increase with ash fusion temperature, and 

figure 18 indicates that this may be so. However, the 
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per cent clinker wa.s seen to vary greatly with burning rate 

so the above relations can not be expected to be clearly 

defined. 

While ash fusion temperature in a general way in

dicates the probability of clinkering trouble, for any 

one coal the combustion conditions are more important. 

Where pyrite is present it is easily broken down by the 

combustion of part of the sulfur to another stable sulfide 

of iron which has a fusion temperature of 2l87°F and whioh 

would be favorable to clinkering. However, in the lab

oratory determination of fusion temperature the ash is 

prepared under such conditions that the pyrite is burned 

to iron oxide having a melting point of 2818°F. There

fore the laboratory ash fusion temperature may not be a 

reliable indication of probable clinker formation. This 

could explain the above stated results and also the find

ings of other investigationsa that higher ash fusion tem

perature and higher sulfur sometimes go together. 

Eff~ct of Coal Size: 

Although no tests were made with the object of 

comparing the performance using different sizes of coal 

w. D. Langtr~ Power, January 31, 1928 
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it was observed that this ~as nu.10 al1cl slaok 

segrega ted badly in the bunker and as the las t 00&1 v~~as 

being dra\vn from any chute nut size predominated. It YJas 

found that while the sl~ck caked badly and caused lar~e 

holes in tlle fuel he the n"'..:. t s}::re6.d eas ily and made ma-

nipulation of the fire comparatively simple. Therefore 

where the nut coal might give good satisfaction special 

provision might have to be made for more agitation to com

bat the strong caking tendency of the slack. 

A great deal may be said in general on the character

istics of nut and of slack coal. In underfeed firing the 

coal is fed from the bottom and the plane of ignition must 

travel against this feed and the &ir strerun. The heat for 

ignition must be transferred mainly by radiation from. the 

burning particles above. The rate of ignition or speed at 

which the plane of ignition travels down through the coal 

depends on the air temperature and rate at which it is 

being blown through the bed and on the size of the coal. 

At very high air rates the rate of ignition is lowered by 

the cooling effect of the air. Fineness of the coal in

creases the rate of ignition and at low ratings this rate 

is apt to be higher than the rate of combustion. In this 

case the tarry matter, instead of being burned when driven 

off, will seal up the air passages through the fuel bed 

which is more easily done in the case of fine ooal. 
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Once the air supply has been cut off more tar is avail

able for cementing the coal together and caking becomes 

severe. Therefore fine coal at low ratings tends to cake 

and allow air to pass through only large holes or cracks 

caused by agitation of the bed. This condition has been 

observed with fine coal at loVl ratings. If, on the other 

hand, the burning rate is high the tion rate is 

do~:,~n [LOre neE.rly to t:1G cOfflbustion rate the fine coal 

is li10rG e burn in characteristics unless clinkering 

becomes severe. This suggests that nut coal be used for 

low burning rates as its larger size allows freer passage 

of air a2ld does not .permi t of too rapid igni tion, vrhile, 

on the other hand, fine coal will permit of a higher max

imum burning rateP• 

P Nicholls and Eilers. The principles of Under
teed Combustion and the Effect of Preheated Air on Over
feed and Underfeed Fuel Beds. Transactions A. S. M. E., 
May, 1934. 
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CONCLUSIONS 

1. Performance of Southwest Virginia coal: The results 

of the 24-hour tests herein recorded indicate that nut and 

slack coal from Southwest Virginia can be burned economi

cally at burning rates of from 15.36 to 27.20 pounds of 

dry fuel per square foot of projected grate area per hour 

with an average efficiency of 75.12 per cent, with extremes 

of 73.21 and 77.28 per cent. 

Usefulness of tests: It is felt that information has 

been developed regarding the efficiencies which might 

reasonably be expected Y;'i th South7:rest Virginia nut und slack 

coal. Suggestion, from methods used during the tests, are 

made for burning this coal on oquipment such as .ichat us d 

in this investigation. The results these tests in-

dicate defini tely the II orElance of this coal only on the 

mult Clrt underfeed stoker GquiT-~'l3'_1t tested. II~:r"·-

ever, comparative performance costs are useful 

c.;.n.ticipatint; v!hat miGht be eJcpected on other equipment of 

the seme type. No claim is that the equi~ment used 

is the best for this fuel, but merely that sctisfactory 

results are obtained therewith. 
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APPE.NDIX 

Table of Data and Results 

:r:.Iethod of Computation 



TABLE 2 

Data and Results of Stationary Steam-Generating Unit Solid Fuels (as Fired) 

GENERAL INFORI/.JiTION 

1 Test Numbers 1 to 10 inclusive. 
2 Location Blacksburg, Virginia. 
3 Owner Virginia Polytechnic Institute. 
4 Maker and type of boiler Casey Hedges cross drum, Boilar No. 3, in the 

Power Plant, installed in 1929. 
5 Maker and type of water walls None. 
6 Maker and type of superheater Foster Wheeler convectiono 
7 Maker and type of economizer None. I 

h~ 

8 1Iaker and type of reheater None. (·1 
I 

9 Maker and type of air heater None. 
10 Maker and type of fuel burning Detroit horizontal, multiple r.etort, underfeed stoker, 

equipment installed in 1929. 
11 Test conducted by Fuel Engineering Fellows. 
12 Object of test To determine the suitability of Virginia coals for 

underfeed stoker equipped plants. 



13 Boiler heating surface 
14 Water wall surface 
15 Superheater surface 
16 Economizer surface 
17 Reheater surface 
18 Total steam-generating unit 

surface 
19 Air heater surface 
20 Gra.te surface 
21 Fuel burning equipment 

22 Method of produc-ing draft 
23 Fuel 
24 Volume of combustion space 
25 Furnace, center of grate to 

nearest heating surface 
26 Furnace, volume per sq ft 

boiler heating surface 

TABLE 2 (Continued) 

DATA AND RESULTS 

DESCRIPTION, nD!ENSIONS, ETC. 

sq ft 
sq ft 
sq ft 
sq ft 
sq ft 

sq ft 
sq ft 
sq ft 

cu ft 

ft 

cu ft 

3540. 
None. 
540. 
None. 
Nene. 

4080. 
None. 
68.9 (6ft.8in. wid6 x lOft.4in. long) 
4 retort, 93 tuyere, underfeed stoker with dump grate. 

Furnace construction: 9-in. fire brick except 19 in. 
of Bernitz Block and silicon carbide brick just 
above stoker in front, rear t and side walls. 

Forced and chimney. 
Nut a.nd slac'k coal from Southwest Virginia. 
686.76. 

9.33. 

0.194. 

I 
~ 
i+~" 

• 



Date of test 
Test Number 

1934' 

TABLE 2 (Continued) 

DATA AND RESULTS 

2{2if 2'28
1 __ 3,2 j3ff¥f 3'6 3~9 3'101~3eLJS14 

FOEL - PROXll·!..!;..TE ANALYSIS (AS FIRED) 

27'·· .. v?i;t'i-i~-matte;--p;r cent!I' 30.28j 29,931 2S.55j 29.051 30.0~~661 29.001 2S.S2-r-s::;···o58\ .00 
28 FIxed carbon per cent 57.38,56.75

1 
57c91, 58.15; 58.59 1 57.551 56.111 58.19 v70501 57.38 

29 Ash per cent I 7.99 8.39, 8.07 S.13! 8.80\ S.991 9.97, 9.66 9.20 8.46 
30 Moisture (as fired) per cent I 4.351 4~93: 5~471 4.671 2.61 3.80! 4r92, 3.33 2. 3.16 
31 Heating value per Ib (as I ; I 1 I I 

fired) Btul13t524 113,367'113,410 ,13,518I'13,723;13J4S0 113,135 !13,40S 13,545113,634 
32 Heating value per 1h ; I I I! I 

(dry) Btu!14,139 /14,060114,1861114,180'114,091114,012113,SI5 13,870 13,9241'14,079 
~~ __ ~~ion temperature of ash OF! 2282 2282! 2300 . 2300. 2282 i 2300 I 23~7 i 2300 23~ 2327 

FUEL - ULTI1'IATE .ANALYSIS (AS FIRED) 
-.. ----.------.-- '-"-"-' ---'-"'-'--.--'--'---"-'-' ----,.--.-.-.-'l----.-.----.-~- ----.--. --·--I·----·r·--~---ar_;;:--
34 Carbon per centl 74.031 72.59! 73.941 74.98! 75. 174.14,' 71c61,' 73. 87 1 75eOS 76.39 
35 Hydrogen per cent 1 5.60) 5.73; 5.351 5.241 5.54 5.44, 5.oi, 5.411 5.34 5.10 
36 Oxygen per cent 5.981 6.411 5.241 4.95 5.511 5.491 5,951 5.711 5~56 4.86 
37 Nitrogen per cent I 1.20 I 1.19,1 1.191 1.20 1.221 1.20, 1.19j 1.21 1 1.22 1,21 
38 Sulphur per cent t 0.85 i 0.76 0.74

1

1 0.83 0.881 0.94 i 0.85 I O. I 0.88 t 0.S2 
39 Ash per cent 7.99 I 8.39l 8.07, 8.13 s.sol 8.991 9~97i 9.66\ 9.201 8.46 
40 lvIoisture ____ . _____ 2~~?_~D:~L.~_~5 i 4._9~.l.~. 471 _~_67~~611_ 3.S0~ __ 4. 92 1 3.33 I 2.7.§.l_3.16 

REFUSE ANALYSIS (DRY) 

41--C~mb~stibie--- per ~entt 40.151 35.691: 38.77 31.91132.28140.21
1

37.66 1 32.89

1

' 41.76 42.68 
42 Ash per cent 159.85 164.31 61.23 68.09167.72157.97 162.34167.11 58.24 57.32 
42a Clinker per cent! 14.8 I 12.7 ,13.6 13.5 22.4 15.9 17.2 19.3. 14.1 17.3 



TABLE 2 (Continued) 

DATA AND RESULTS 

Test 6 7 10 

GAS ANALYSIS, BOILER OUTLET 

43 C02 per cent 10.981 10.891 10.83 11.51l 10.86 10.41,' 12.401 12.11 11.541 12.05 
44 02 per cent 7.93 j 6.88 7.36 6.59, 7.89 7.77, 5.98 6.59 7.07 6.55 
45 CO per cent 0.251 0.10 0.00 0.2611 0.17 0.12 0.10 0.00 0.07\ 0.00 
46 N2 per cent, 80.84

1 

82.13 81.81 81.64. .081 81.701 81.52 81.30 81.32 81.40 

47 Dry gas per Ib ruel, boiler I I I I I· 
outlet (as rired) 1b!15.325 l.,15.462,15.946j15.152 16.178116.154 130216114.3 114.800114.579 

48 Dry gas per Ib rue1, theo- iii I I I. 
re~icol (as rired) Ib 10.592\10.4271110.533',10.648110.771110.568.10.2661100530110.6681'10.790 ~ 

49 Dry al.r per 1b rue1, theo- ! : . ~ I I I! 'ji:l 
ratica1 (as rired) IblO.219110.076110.150110.247!1·100384~lO.1801 9.9111100147110.268110.365 

50 Dry air supplied per Ib til I iii I 1 

, w. fuel (as fired) 1bI15.006115.157'115.518114.789115~833115.832112.921114.0331'14.466i13.8~5 
5~ ~xcess Ul.r per cent j 46.8 ! 50.4 52.9 44.3 i 52.5 i 55.5 L' 30.4 I 38.3 40.9! 33.2 '" ____ -_. _____ , ___ . __ ... ___ .. __ . __ .... __ • ____ '---'-____ ,__ _ _ _ ~.._L_,.~ ___ _.l. __ '__,, ____ ._._.~" 1 

PRESSURES .A1\TD DRAFTS 

52 M~i~ture in air 1b/1b air 0.0093IO.0128IO.018011000196IiO.0106!0.0144-10.0135!0.0143 uo0169io.0127 
53 Atmospheric pressure; I I I I 

Ib/sq in 13.98114.01 13.82113.68 13.74115.77113.84 13.69 13.82113.82 
54 Steam pressure by gage, I I'! 1 

bOiler 1b/sq in 175.0 172.7 172.6 173.71 174.01174.51174.81 174.81172.41174.5 
55 Steam pressure by gage, sup- ! j I 1 . 

Grhe~ter outlet Ib/sq in 170.6 170.81 169.9 170.9 170.3, 171.0 1 170.31 170.6 170.1j 171.1 
56 Drop through I I 

" I in 2 • 4 . 1. 9 I 2. 7 2 • 8 3 o~-' 3. 5 I 4. 5 I 4. 2 I 2 .. 3 : 3. 4 



TABLE 2 (Continued) 

DAT~ ~~D RESULTS 

Test Number 1. 5 10 

PRESSURES l.ND DRaFTS (Cont inued ) 

57 Stea.m pressure, absolute ,'-----··T---- i. -rl-----r-- -. I I--
superheater outlet I . I I 

Ib/sq in 184.6 184.8 183.7 184.61 184.0 184.8 184.1 184.3 183.9 184.9 
58 Windbox pressure in. w0terl 0.77 0.69 0.92 1.07' 1.721 1.71 2.01 1.92 1.101' 1.30 
59 Drnft in furnace in. wuterl-O.0731-0.068,-0.069 -0.0701-0.0661-0.0651-0.064 -0.061\-0.094.-0.090 
60 Drnft at boiler out~et ' j I I I ,I A 

(Uptnke) In. wuter -0.1091-0.1071-0.1351.-0.1361-0.222:-0.1821-0.2351-0.246 -0.1401-0.202 
61 Draft loss through first ; ! ! I i 

pass in. water O.OOO! 0.000: 0.003! 0.0011 0.000 0.0031 0.0031 0.003! 0.0071 0.000 
62 Drcft loss through super- I ~ 1 I : I I . ~; 

heoter in.,wuter 0.0201 0.020j 0.018, 0.0201 O~Ol? 0.0211 0.0201 0.017,· 0.0201 0.019 i 
63 Draft loss through ~econd I I I I!. I ' 

pass In. water 0.056! 0.0561 0.055/ 0.057' 0.072 0.064'1 0.0831 0.082, 0.055\ 0.066 
64 Draft loss through ~hird I I 4 ' I 

pass In. water 0.000" 0.009
1

1 0.0131 0.016 0.054 0.0~11 0.063, 0.067 0.008,' 0.032 
65 Drnft loss through boiler ! I I ' .. 

unit in. weter 0.081! 0.0781 0.1141 0.109 0.190 0.1671 0.221. 0.2271 0.100, 0.164 
66 Drc.ft loss through i!, I I ~ : 

damper in. water 0.8531 0.808! 0.680; 0.667 0.647 0.5621 0.5~~?2~L._O.~20! 0.639 

TEIVIPERll.TURES 

.. --·· .. -------·-·--------------,... .. -··--~-·--I·-·-------·-'-'-, .. ------,-.-.. ---, '--'----, 67 Steam tempereture at super- I I I' ! I 
heater outlet of! 436.1 435.8, .9, 443.11 458.01 453.9 457.91 458.9! 432.41 443.8 

68 SaturRted steam temperature : ! I I ! I 
at superheat pressuro °FI375.2 375.3! 374.3, 375.2 1 374.91 375.2, 376.91375.01 374.91 375.3 _____ .... ______ ._. ___ " ______ . ___ . __ ...... ____ ._. ___ ... ___ . __ . __ .. _. ____ . ___ .. ______ .J_ ..1- .• ___ ._.....L--. ... ____ _ 



Test Number 

TlillLE 2 (Continued) 

Di~T1l. l.ND RESULTS 

TEMPERi.TURES (Continued) 

6 7 I 8-, _~=r_~~ 

6~uperhcnt °Fj 00.91 60.51 70.6 67.91 83.1
1
, 78.711. 81.0 83.9 57.51 68.5-

70 Temperature of air surround-. 'I I 
ing boiler of',' 65.8, 71.5 75.6 76.9 1 80.11 74.5 72.1 71.1 73.31 70.6 

71 Tempereture of air for com-. I 

bustion of 111.31 117.31 123.1 120.1 121.7' 121.01 110.3 110.0! 119.0 117.2 
72 Temperature of dry bulb oFt 101.1'1 107.2 1 109.6 112.21 109.31 106.2\ 104.9 107.6\ 107.4 104.5 ~~ 
73 Temperature of wet bulb of 70.4 74.51 79.3 1 81.7, 73.41 75.51 74.4 75.61 78.5, 73.3 en 
74 Temperature of gases leaving I ' I I 

boiler (Bailey Meter) oFI 444.81 443.5,- 470.11 474.71 518.21 500.71 528.81 529.8! 448.4i 488.9 
75 Temperature of feedwater I I I l I I I 

entering boiler OF 223.21 223.61 219.7 218.7 217.1 216.1 220.1, 218.3 215.81 218.4 ~6. __ T_~~~ratu.re of f~~ ___ oFI111.3! 117.3J.J.23'~L~20 •. ~~~.2L?.121.0! 110.31 110 • .9J_l~~.01._~7.2 
TOTlJs QU~ITIES 

7?'--'-Duration-'of ·test'-·' hrl --24-1--'~~----~241 241' 241 24/ 24! 24 
78 Weighmeter dumps 2547, 25011 2926f 29761 3657'\ 3545, 412°1' 39871 25081 3344 
79 Water from continuous I I I I I 

b1owdown Ibl 4118 1 7258 2938 2880 32131 37441 5616 49381 44351 2074 
80 Water from tracifier Ibl 380! 2801 2801 24011 3201 3201 280 2401 280, 320 
81 steam lost by pop-off Ib! 0 1 0 0 0 257 324. 649 93 0 0 
82 __ ~Coa~ burne~ . _____ ~b 128! 070: 20,720 b215 1 32.!...89 0 ~O -,-018140 , 7~5147 ,315 j 44,940 i 27,725137,705 



Test Number 

T;~LE 2 (Continued) 

D.L •. TL. LND RESULTS 

HOURLY QU~~TITIES 

83 Fuel per hour (as fired) lbl 1195 1: 1113 
84 Fuel per hour (dry) Ib 1143 1058 

1370 
1306 

85 Fuel as fired per sq ft of 

'" 

grate per hour Ibl 17.341 16.15 19.88 24.561 24.61 
86 Fuel as fired per retort 

per hour Ibl 298.71 278.3 3,12.5 423.0 424.0 

28.61 

492.8 
87 Dry fuel per sq ft of grate 

per hour 1bl 16.581 15.361 18.421 18.961 23.92 1
, 23.681 27.20 

88 Dry fuel per retort per "'I I 
hour Ib 285.7 264.5, 317.5! 326.51 412.01 408.01 468.5 

1873 1155 154L1 
1810 1124 1495 

27.18 16.78 22.41 

468.1 288.8 386.0 

26,.27 I 16.32 21.69 

452.51 281.01 373.3 
r 

tf:, 89 Combustion space per Ib coal I i I' I 
per hour (as fired) cu ft 0.575 0.6171 0.5111 0.501 0.406 Q.405! 0.348 0.367 

90 Refuse per hour 1b 159 145 i 177 I 164 i 220 I 255 I 315 270 
91 ~ctua1 water per hour Ib 11,504111,296!13,216 13,442116,517 16,012118,609 18,008 

0. 595 1
1 

0.445 'f 
183 240 

91a actual saturated steam per I I I 
hour Ib 11,317,110,9821'13,,094,13,312 16,370 15,842118,363/17,792 

91b Actual superheated steam Ii' 1 I 
_." __ . ___ ~.~!:.._ho.~::._"_., ___ . __ ._ .. _~ b.~.~!.-31 7 110 .~ 98~113 ,.~9~j 13,312 , 16,359 ,15,829 18,336 17 , 788 

11,331/15,016 

I 11,134,14,916 

11,134114,916 

UNIT QUi~TITIES 

by water in 1 92 Heat absorbed 
boiler Ib I~~~-r-~~·;. 51 150• e 1162. 91~-64~ 165.7 1 161. 9 

I 167.31 166.2i 160.4 
92a Heat absorbed by 

boiler 846.9 847.81 852.2 
93 Heat absorbed by 

superheater 

Btu per 
steam in 

Btu per 
steam. in 
Btu per 

Ib, 84.7.5 847.6' 847.71 847.31 847.21847.018.46.9 

Ib 137.3 ~_37.2 45.L41.~ 49 ___ ~L 47~ 4._9_.6 ___ ,1..--__ "---__ -'---__ 50.2 35.41 38.0 



Test Number 

--
94 Rate of' heat 

absorption by 
water in boiler 

kB per hr 1818.8 
94 a Rttte of heat 

absorption by 
steam in boiler 

kB per hr 9591.2 
95 Rate of heat 

absorption in 
superheater 

kB per hr 422.1 
Total rate of' heat 96 

absorption by 
steam-generating 
unit kB per hr 11832.1 

TABLE 2 (Continued) 

DATA .AND RESULTS 

HOURLY QUANTITIES (Continued) 

1779.2 1990.5 2189.6 2718.7 2653.5 

9308.4'11099.8 11278.9 13868.7 13418.2 

I 
I 

408.5 598.3 549.8 814.7 749.2 

11496.1 13688.3 14018.3 17402.1 16820.9 

REFUSE 

3012.8 

15551.6 

909.5 

19473.9 

------------------------------------~--------~------------~----------,-----------~----------_r-----------,------
97 Refuse, per cent 

of fuel (as 

3012.7 1883.2 2408.0 

15068.2 9439.4 12711.4 

893.2 394.1 566.2 

18974.1 11716.7 15685.6 

fired) per cent I 13.351 13.051 13.181 11.941 13.001 15.031 15.991 14.391 15.801 14.76 
98 Carbon burned per I 

Ib fuel (as I 
cen~__ 1b 10.68671 0.67931 0.68831 0.71171 0~71251 0.6809~65591 0.69141 0.68481 0.7010 

I 
(51 
o 
I 



Test Number 

1 

99 Bate of heat absorption per 
Ib fuel (as fired) kB 

00 Rate of heat absorption per 
lb fuel (dry) kB 

1 01 Rate of heat absorption per 
sq ft of steam-generat-
ing unit surfaoe per 
hour kB 

TABLE 2 (Continued) 

DATA liliD RESULTS 

1 2 3 41 -5--, 6-r -7 ]--8' ,- ~9--1 10 

EV1J'0R1~TION 

1 I I I ~--
9.90 10.33 10.20 10.23 10.29. 9.92 I 9.881 10• 13 10.14 10.16 

10.35 10.87 10.79 10.73 10.56 110.31 110 .39 110.48 110.42 10.49 

I I I 
4.27 I 4.121 4.77 I 4.65 ~87 I 3.85 2.90 2.82 I 3.36 3.43 

EFFICIENCY 

-.-.---.--.---------- 73.21 17'i. 28 76.06 75.69 74.95 173.56175.22175.57 174.89 174.52 

I I I 

l02 Efficienoy of steam-gen-
erating unit per cent 

103 Comparative efficiency of 

72.42 176.30 74.96 74.59 73.89! 72.52 I 74.41 i 74.73 173. ~73. 67 

steam-generating unit 
(when not equipped with 
air heater) per cent 

I 
en 
J-' 
I 



Test Number 

-~-.-.~-.-~---.- ... -- -

1 
1 

1 

1 

1 

.1 

1 

1 

1 

1 

1 

1 

04 
05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

Heating value of fuel 
Hee.t ebsorbed by water in 

boiler 
Heat absorbed by steam in 

bailer 
Heat absorbed by steam in 

superheater 
Hent cbsorbed by steam-

generating unit 
Hent loss due to moisture 

in fuel 
Heat loss due to water 

from combustion of 
hydrogen 

Hect loss due to moisture 
in c.ir 

Hent loss due to dry 
chimney gcses 

Heat loss due to incom-
plete combustion of 
cnrbon 

Hent loss due to uncon-
sumed combustible in 
refuse 

Heat loss due to 
rndi2tion and un-
~c0u!lted for - .. -----

T1JBLE 2 (Continued) 

Di.kT~:' l~D RESULTS 

"I" 
I 1 2 3 

'" 4 
5 6 1 - 7}- - S-=r 9- -, 10 

HE~;o.T B.L..LL.NCE (BTU PER LB FUEL ... ~ FIRED) 

13524 113367 113410 13518 I 13723 134BO 113135 ' 13408 13545 13634 
I 

1522 1599 1483 1598 I 1607 1564 1529 1609 1629 1559 

8026 8363 8271 8233 8197 7912 7890 8047 8172 8233 

I 353 367 446 401 481 i 442 461 477 340 367 

I 9901 110329 110200 10232 10265 9918 9880 10133 10141 10159 
I 

I 51 I 58 1 65 58 31 45 60 41 32 38 I 
I 

596 606 570 557 601 587 602 592 565 549 
I 

25
1 

34 53 54 34 46 38 43 43 34 

139~ I 1380 1533 14,47 1701 1675 1449 1583 1332 1464 

I 
156 I 63 0 184 112 79 51 0 60 0 

I 

758 659 723 539 593 856 852 669 93~ 999 

238 P66 L147 36f) 27<C,- ! 203 347 £1:38 i _ 39~ 
--'--

, 

, 
c~ 

l0 
I 



Test Number 

104A Heating valu 
105A Heat absorbe 

boiler 
106A Heat absorbe 

boiler 
107A Heat absorbe 

superheat 
lOSA Heat absorbe 

generatin 
109A Heat loss du 

in fuel 
110A Heat loss du 

from combu 
hydrogen 

lIlA Heat loss due 
in air 

1l2A Heat loss due 
chimney ga 

113A Heat loss due 
plete comb 
carbon 

l14A Heat loss due 
sumed comb 
refuse 

115A Heat loss due 
radiation 
accounted 

of fuel 
by water in 

by steam in 

by steam in 
r 
by steam-
unit 
to moisture 

to water 
stion of 

to moisture 

to dry 
ses 
to inc om-

ustion of 

to uncon-
ustib1e in 

to 
and un-
for - I 

TABLE 2 (Continued) 

DATA ANv RESULTS 

1 2 3 --61 7 10 

HEAT BALANCE (PER CENT) 

100.00 100.00 100.00 100.00'100.00 100.00 100.00 100.00 100.00 100.00 

11.25 11.96 11.06 11.S2 11.71 11060 11.64 12.00 12.03 11.44 

59.35 62.57 61.68 60.90 59.73 58.69 60.07 60.02 60.33 60.39 

2.61 2.75 3.32 2.97 3 .. 51 3.27 3.51 3.56 2.51 2.69 

73.21 77.28 76.06 75.69 74095 73.56 75.22 75.58 74.87 74.52 

0.38 0.43 0.48 0.43 0.23 0.34 0.45 0.30 0.24 0.28 

4.41 4.53 4.25 4.12 4 ... 38 4.36 4.59 4.42 4.17 4.03 

0.18 0.25 0.39 0.40 0.25 0.34 0.28 0.32 0.32 0.25 

10.31 10.33 11.43 10.70 12.39 12.43 11.03 11.81 9.84 10.74 

1.15 0.47 0.00 1.36 O.Sl 0.58 0.39 0.00 0.44 0.00 

5.61 4.93 5.39 4.00 4.32 6.35 6.49 4.99 6.89 7.33 

4.75 1077 2,.00 3 .. 30 2 .. ;S7 . 2.04 1.55 2.58 3 .. 23 2 .• 85 
I : i 

'. ;1 
C~ 

• 
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METHOD OF COMPUTATION 

Item 32 = Item 31 x (1 _ Item 30) 
100 

Item 42a - Actual weisht of clinkers 
- Actual weight of total refuse 

Item 47 = 11C02 + 802 + 7(CO + NZ) x Item 98 
3{C02 + CO) 

Item 48 = 0.1252 x Item 34 + 0.2656 x Item 35 
- 0.0331 x Item 36 + 0.01 x Item 37 
+ 0.0531 x Item 38 

Item 49 = 0.115 x Item 34 + 0.345 x (Item 35 - Itea 36) 
+ 0.0431 x Item 38 

Item 50 

Item 51 

= Item 47 + 9 x Item 35 
100 

= Item 50 - Item 49 
Item 49 

100 - (Item 40 + Item 97) 
100 

Item 52 = Calculated by the Carrier Equation (a) 

Item 56 = Item 54 - Item 55 

Item 57 = Item 53 + Item 55 

Item 68 = From steam Tables by Keenan 

Item 69 = Item 67 - Item 68 

Item 70 = Room temperature 

Item 76 .- Same as Item 71 

Item 81 = Time of pop-off in minutes x 185.5 

Item 83 = Item 82 
Item 77 

Item 84 

Item 85 

= Item 83 x 100 - Item 40 
100 

Item 83 
= ~I""I!"'t-e-m~2~0 

(a) Refer to Principles of Engineering Thermodynamics by 
Kiefer and stuart, pago 204 
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METHOD OF COMPUTATION (Continued) 

Item 86 

Item 87 

Item 88 

Item 89 

Item 90 

= Item 83 
4 

Item 84 
= Item 20 

:::: 
Item 84 

4 

= Item 26 
Item 83 

:::: Item 83 x Item 97 
100 

Item 91 = 
Item 78 x 108.4 

Item 77 -

Item 91a = Item 91 - (Item 79 + Item 80) 
Item 77 

Item 91b = Item 91a _ Item 81 
Item 77 

Item 92a = (hg - hf ) = hrg 

Item 93 = (H - hg ) 

Item 92 x Item 91 
1000 Item 94 :::: 

It 94 - Item 92a x Item 91a 
em a - 1000 

Item 95 :::: Item 93 x Item 91b 
1000 

Item 96 = Item 94 + Item 94a + Item 95 

Item 97 = Item 39 x 100 Item 42 

Item 98 Item 34 Item 41 x Item 97 
:::: 100 10,000 

Iten 99 Iton 96 
:::: Itom 83 

{p} 

(p) 

(p) 

(p) Symbols same as Keenan Ste~ Tables; hI :::: heat of 
saturated liquid at feedwater temperature. 
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METHOD OF COMPUTATION (Continued) 

Item 100 

Iten 101 

Iten 102 

Iten 103 

= Iten 96 
Iten 84 
Item 96 

= Iteo 18 

= Iteo 99 x 1000 x 100 
Iten 31 

= Iten 99 x 1000 x 100 
Iten 31 + tltcn ?I - 70) (Item 50 x 0.24) 

Iten 104 = Item 31 

Iton 105 = Iten 94 x 1000 
Item 83 

Iten 105A = Item 105 x 100 
Iten 104 

ItGO 106 = Iten 94n x 1000 
Item. 83 

Iten 106A = Iten 106 x 100 
Itcn 104 

Iteo 107 = Item 95 x 1000 
Iten 83 

Iten 107A = Iten 107 x 100 
Item 104 

Item 108 = Item 105 + Item 106 + Item 107 = Item 99 x 1000 

Item 10BA = Item 108 x 100 = Item l05A + Item l06A + Item 107A Item 104 

Item 109 = Iti~040 (1090.7 + 0.455 x Item 74 - Item 71) 

Item 109A = Item 109 x 100 
Item 104 

Iten 110 = 9 x Item 35 (1090.7 + 0.455 x Item 74 - Item 71) 
100 

Item 110A = Item 110 x 100 
Iten 104 

Item III = Iteo 52 x Itefl 50 x 0.47(Iten 74 - Iten 70) 

Item lllA = Iten III x 100 
Iten 104 
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METHOD OF COMPUTATION (Continued) 

Iten 112 = Iten 47 x 0.24{Item 74 - Iten 70) 

Item 112A = Iten 112 x 100 
Iten 104 

Iten 45 
Itefl 113 = 10,190 x Iten 43 + Iten 45 x Iten 98 

Item 113A = Ite~ 113 x 100 
Item 104 

Iten 114 = Iten 97
100

Iten 39 x 14,150 

Iten 114A = Iten 114 x 100 
Iten 104 

Iten 115 = Iteo 104 - (Surl of Itens 108 to 114, inclusive) 

Iten 115A-= Item lO4A - (Sun of Itens 10aL to 114A, inclusive) 

= Item 115 x 100 
!ten 104 




