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INTRODUCTION 

In i949, a new Bage Woor boiler, Boiler Wo. 6, was pat inte opera. 

tion in the Virginie Polytechnic Inetibute Heating and Power Plant. ‘The % 

boiler was designed to burn Virginia semi~anthracite culm coal having em 

ash content of 19.6 percent. At the present tine, the Merrimat Mine lc. 

cated five miles from the Plant supplies a large amount of culm for the 

plant, which kes en ash content as high as 24 percent. Barly operating 

experience with the tboller showed that the use of Merrimad oul alone pre- 

sented big problems in coal handling, ash disposal, unsatisfactory con 

bustion, and inability to maintain load above 45,000 pounds of steam por 

hour. hater a nixture of Merrimac culm and bituminous coal was burned 

in this unit in an effort to overcome these difficulties. . The results 

ware favorable. | 

In the spring of 1950, Messrs. 6. Goplon, G. EB. Gottingham, and 

3d. 3B. Hurshy mate an exbensive investigation to select the moat economical 

mixture of Merrimac culm and bituminous cecal for the boiler. Their ge- 

lection was based on boller tests ae well as the costs of operation and 

Goals used. Whey concluded that®: (1) the U2 mixture of Merrimac ulm 

  taehe? 

*Goplon, 0., Gottingham, & #., end Murshy, d. &, Determination 
of Mixture of Merrimac Culm and Bituminous Coal for No. 6 Boiler, Thesis, 
7. FP. T., L950.
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. end bituminous coal wae sroved to be the most economical’ mixture in their 

(firet seties of tests; and (2) the 6-1 mixture was proved to be more eco- 

Homecial then the 1 mixture in their second series of tests. The 1 

mixture ie defined as the mixture in which four scoops of Merrimac culm 

are mixed with one scoop of bituminous coal, and the 6-1 mixture as the 

mixtore in which six scoops of Merrimec.culm are mixed with one scoop of 
A, a 

bituminous coal. 

Their tests were baged on’a eonetant load cf 45,000 pounds of 

steam per hour. Because of the high percentage of Merrimac culm in the 

Gel, mixture and inereased ash handling when the coal is wet and Load. is 

above 45,000 pounds of steam per hour, it wae decided te burn the 4.1 miz- 

ture in Boller No, 6. Yurthermore, with such a wide range of mixture to 

be tested and the time limitetion fer their investigstion, 1% was possible 

for them to test each mixture at only one set of operating condi tions. 

Sinee there are hany factors affecting the operation of a boiler, the con- 

ditions they picked may not be optimum and the results may not be repre. 

sentative for each mixture. ‘Therefore, the authors feel thet further 

investigation of the 41 mixture would be desirable. 

It is the suthors* intention to investigate the effect of the 

fuel bed depth on the verformance of Boiler No. 6 by burning the LL mixe 

ture at a lead of 50,000 pounde of steam per hour. The reagon for pick. 

ing 50,000 pounds of steam per how ae the test load is that 1+ represents 

the avetage load carriéd by No. 6 Boiler dering the winter season.
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fhe KEVIN OF LITERATURE 
  

Boller No. G is equipped with a Detroit Rotograte stoker having a 

forward moving grate which discharges refuse continuously over the front 

end of the erete into the ash vit. The coal is throw out from the coal, 

  

hoppers inte the furnace hy the revelving paddles at the front, The fine 

particles are partly burned in suspension, end the larger particles are 

consumed on the grate. Therefore, the Botegrate atoker uses the combined 

principles of suspension and grate burning. The main advantages of these 

principles are the ability to burn aotisfactorily a wide range of goals 

end quieker response to load variation than any other stoker. The best 

  

perro mea 

  

nce la obtaimed with eoal of good quality end uniform sige. This 

  

method of firing, however, was developed primarily to burn those lower 

eretes of non-clinkering 

  

coals which have high ash contents and low agh- 

fusion temperatures. | 

‘Most of the combustion process oceura on the grate. The fuel bed 

of the stoker consists of a telatively thin, level layer of coal on top 

of a uniform layer of seh. ‘the fuel bed is noh-agitated bat intensively 

  

active. Under proper operating conditions, there is never more the 

  

minutes! supply of coal om the grate. This thin layer of coal lies 08 & 

cooled ash bed, and ae a result of these conditions even though the aah 

fusion + 

  

emperature may be low, few ox no clinkers are formed. Parthermore,



~ b= 

this protective Layer of ash, together with unifern air flow through a1. 

pottions of the grate, keeps the grate to. within 90 degrees PT of the alr 

stoply terperabure. _ | 

Puel bummed efficteatly on & gtate depends oa & manber of factora 

whieh ate so ntarconnected that sometimes they cannot be separated from 

one another. Uhe fuel physical characteristics, composition amt size of 

furaace, methed of firing, general operating conditions of boiler and ite 

equipment exert a uerked infliueace on the boiler econony ard efficiency. 

Aa to the method of firing, nainteinin 

  

one of the Verigbles of great taporbarce. 

In general, the best combustion results ere obteined with o fuel 

hed that has the lowest poasible resistance to air flow which will pernit 

the oily end fuel to combine completely and leave o small proportion of Si 

cease oxygen. vemeloinge in the products of coubustion. | low fesistenece to air 

flow fundenentelly means Low sar veloalty which in, tea rininiees the amount 

of fuel. and ash blown upward into the furnace. fow reatetance should pra~ 

duce a faixly uniform condition over the entire stoker, | 

She resistence of the fuet Bed, be. the air flew ° through it ie a 

fanetion of at least three factore: a). the thickness of the puel beds 

(2) the proportion of coke to green ena; and (3) the amount aud charae- 
terlutics of ash present. Considering the thre: factors, we find that it 

ig necessary to correlate el] three in order to produce suitable resietance. 

“As mest of the oxygen from the grimery alr is congumed ia the first 

fovr inches of fuel bed uessured from the grate, it is not necessary with 

the ordinsry rates of combustion to run-.a fusl bed thigkey then four to



giz iaches. he rate of gasification of coal devends on the amount of 

air that can be prased through the fuel bed. The thicker the fuel bed, 

the higher 8 its resistence %o the flow of wiry through it, ead the less 

aix can be paadad through with a given available dreft. A thick fuel bed, 

therefore, reduces the rate of combustion aud this reduces the capacity 

of the botler. | 

4 thick fuel bed is further undesirable becanse it increases the 

tendency of the coal to form troublesome ¢linkerg. Qn the other hena, & 

thin fuel bed gives less resistance for air to pass through. But, when 

the holler is carrying a bigh loed, a thin fuel bed causes diffieulty in 

naintgining constant oresaure and requires close attention to, prevent 

‘holes being burned in spots. . 

& test” te determine the effect of the denth of fuel bed on the 

efficiency of a boiler has been conducted on a 350. horeevower Stirling 

Boller equipped with a chain grate stoker at the power vlent of the Armour 

Inatitute of Technology of Chicago. The fuel bed thickness was varied 

From two te deven inchés. The reguld showed that 4.25 inches of fuel bed 

gave the highest boller ef flesency. 

for a given fursace and boller, quality and sige of coal, end ine 

tensity of draft, a certain deoth of fuel bed will give maximum efficiency. 

On account of the number of considerations Upon which the proper thickness | 

depends, it oan be determined only by actual test. 

  

*“gebhart, F. 6., Steam Power Plant Dugineering, New York: John 
_Wihey end Gons, Ime., 1917, p. 93. 
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{He INVSstIGsTION 

  

{1} Object of Investigation 

fhe object of thie investigation la to study the effect of the 

degth of fuel bed on the performance of Boller No. 6 at a lead of 30,000 

“pounds of steam per hour by using the lel wixture of Merrimac culm and. 

pitunizeus coal, snd to determine the optimum devth of fuel bed at these 

conditioug. 

  

(2) Proposed Method of Frocedure 

Boller tests will be conducted with three different depthe of fuel 

bed at a load of 50,000 pounds of steam per hour by using the 1-1 mixture 

of Merrimac culm and bituminous coal. he three depthe of fuel bed shall 

be 2-3/4, & ani Se inches. For each fuel bed depth, two boller teats will 

be run in order to obtain a check of the results. The other operating 

factors for the holler will be held as constant as possible throughout the 

entize investigation. 

fhe holler tests will, whenever possible, conform to the A,5.M.2, 

Power fest Code for Stationary Stean~Cenerating Units. fhe duration of 

each tegt shall be five hours. Although the Power Test Code recommends the 

duration of test should be at least twenty-four hours or not lesa than ten 

hourg for stoker fired units, the authers feel justified to reduce the 

durstion of test to five hours with the Ro tograte stoker, The reasons are
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that the coal burns either in suspension or within a short time after it 

falls on the bed, end the weight of coal in the furnace does not vary to 

eny great extent from the start to the end of a test. Algo the facilities 

of the plant demanded short teste. 

In addition to the boller tests, a coal sample for eath boiler 

teat will be collected to determine the proximate analysis. From the 

prozimate anelysie, Evans’ Eupirical Relatiens will be applied to determine 

the higher heating value of coal, and total carbon and hydrogen in coal. 

  

For each boiler test, a refuse sample will be collected. A combustible 

ze of 

  

enely@is will be run on each refuse sample to determine the pereenta 

combustible in refuse. | 

From the test data, the boiler efficieney and heat lossee will be 

determined. | 

the results of this investigation should serve as an operating 

guide fox the power plant when the 4.1 mixture is used and the lead is 

around 90,000 pounds of steam per hour. | 

(3) Apperatug | 

  

The equipment used in this investigation consigted of the following: 

Steam Generator: The steam generator wes designed and erected by 

Edge Moor Iron Yorks. It 18 o cross-drum bent-tube boller having two drums. 

its specification and dimensions of various parts are as follows: | 

1. Maximum evaporation .....ccescceecesseres 00,000 Lb of steam per hour 
&. Operating pressure ...... poscescesnaseone 250 DOLE 
po feted HemperaGure cocscvacccescctescessee S06 dog. F. 
+. Heating surface; - 

Bodler ..ccscceeeeee senescence erecserccsasessscee COM qe FB. 
Vater walle Cece rete mem ane ee ase e ener ena naneereseee 1120 qe ft. 

Superheaher vec cp ecescsensccaceencceccssensscccesn NPG ag. ft. 
Av preheater co.cc. cccesenecerancncenereessesscsese SON) Sg. FE. 
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2° Blemeter of bop Grom ........ cece eter eceeccctececoerse = SM Atches 
G6. hength of top dtum 2.0.0... ccccecceeereceeccccceresens 15 feat 

Ts Dieneter of be tton drum ee ee ee ee 36 inches 

&. Length of bothom dram ........cces cee sese ee ees cect cere UG foot 
9. Taubes: 

Boiler eseceoe Be ia tubes erage z in. dia. eees iz } BvG. 

Water walle .. 46 tubes .... 3.25 in. dia. . 10 BVG 
 Saperheater .. 26 tubes ... , 1.875 in. dia. . 9 BYG 

  

Stoker: he steker is a Detroit Rotegrate Stoker manufactured by 

the Detroit Stoker Company. It is equipped with three hoppers with a coal 

feed and rotor assembly for each hopper. It has a forward moving grate 

whith discharges the refuse continuously over the front end of the grate 

inte the aehpit. The fellewing are ite physical dimensions: 

d. Width .. bee Ree ee rhe rename ean eons 10 ft. 7& dn. 

2. Length .........005. bocce cneensrevccesesere 12 fb. 8 ia. 
3. Effective erate mirfade ........6. avscesses L169 sq. fb. 
4, liffeotive Length ...---0seesreeee coereeceoe LL fb 

Duet Collector: he dust colleetor is Thermix tubular type manu- 

  

fectured by the Pratt-Daniel Comporation. It waa designed to handle 

83,000 pounds of flue gas per hour at 500 deg. F. 

Forced Draft Van: fhe forced draft fan was manufactured by W. HE. 

- sturtevant, a. F. Sturtevant Conpany Division. it delivers 20,800 eubic 

feet of aly per minute at aea level, and is driven by a 30-horsepower 

Lnghouse Induction Mater. 

   fhe induced dreft fen was manufactured by | 
  

Pratt-Renlel “corporation. it is driven by a 75-horsepower motor through 

an imerican Blower hydreulie coupling. The capacity of the fan 1s 36,000 

cuble feet per minute at 425 deg. F. 

Cinder Retura Ven: The cinder return fan wae manufactured by the 

Buffelo Forge Company. ‘tt is driven by a 15-horsepower General Hlectrie 

Motor.
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iilery Air Fen: fhe evuxiliary sir fen was manufactured by the 

Clerage Fan Company. It is driven by a 2-horsepower General Hlectric Hote. 

Ash System: The plant is equipned with a veeuun type ash system, 

which was designed and installed by the United Conveyor Gorporation. The 

vacuum is maintsined by means of a steam jet. The ash system will draw 

the ash from the ash pit after the ashes are palled from the ash hopper, 

from the dust collector hoppers, and also from the downspouts ef the dust 

collector as desired. 

Boiler Feed Water Pump: ‘The boiler feed water pump is a multi. 

stage centxifugel pump and is driven by a 50-horsepower Westinghouse Tn- 

auction Kotor. Ite capacity is 100 gallons ver minute. 

Aaxiliery Boller Feed Water Pamp: The auxiliary boiler feed water 

pump is a multi-stage centrifugal pump manufactured by American Marsh 

Puupa, Iné., and is driven by a stean turbine manufactured by Whiton Machine 

Company. Its capacity is 135 gellone per minute. 

Combuefion Control: The boiler is equipped with and controlled 

by a Hays Combustion Gontrol system. The master control is governed by 

the steam pressure. The master control actuates the forced draft fan con- 

tvol, then in turn acts on the coal feed control. The induced draft fan 

ie actuated by the furnace draft. The fan changes its speed thus holding 

the furnace draft to the required setting. The damper is set on this in- 

ateallation end is not chang ed except for changes in fuel tyne or extreme 

thanges in firing conditions. 

Hieeellaneous Equipment: Fressure gages, thermometers, Oreat 

apouratus, platform seales, weigh larry, steam flew meter, blew down meter,
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automatic recorders for temperature and pressure, draft gages. 

(4) Procedure 

  

In ovder to investigate the effect of the depth of fuel bed on the 

  

performance of Boiler Me. 6 by using the 4-1 mixture of Merrimac culm and 

| bituminous coal, end te ecbtain test results as an operating guide, boller 

teata were run under conditions aimilar to everyday plant operation. How 

ever, some variables were held ag constent os posaible in order to obtain 

comparative results on éifferent depths of fuel bed. Throughout the entire 

investigation, the variables held constant were the test load, the duration 

of teet, the firing method, the method of mixing the coals, and the methods 

of sampling coal and refuse, | 

Yhese teata conformed to the A.8.4.5. Power Test Code for Stationery 
  

Steam Generating Unita whenever possible. Two five-hour tests were run with 
  

‘the 1 alizture for each depth of fuel bed at a load of 50,000 pounta of 

esteem per hour. The duration of test was cut a 

  

hort for the reasérie pre- 

viously steted in the Praposed Methed of Procedure. The depths of fuel 

bed were 2.3/1, 4 end § 4 inches, measured under the front arch of the 

stoker. 

Before starting the best, the overhead storage bins were emptied 

and then filled with the 4-1 mixture of Merrimac eulm and bituminons coal 

to be tested. A payloamer having a twenty cubic foot geoop wes employed 

to mix the coala. Four scoops of Merrimac culm and one scoop of biteminous 

eoal were first unloaded on the ground near the serew conveyor. Then the 

whole nase of the coals was pished through the grate to the serew conveyor 

end was delivered to the etorage bine by the coal handling system.



med in the furnace for about two hours before 

  

@he test fuel was bor 

ene f ue]. 

  

the actual start of the boiler test, in order to allow the furnace 

bed te reach the required, stable operating gondii tions. The load was gle 

    

Justed to 30 060 pounds: of steam per hour by veguilating the lead on one of 

the plant's stean turbo-genera ators ond by rary Ang the enount of steam bled 

to the Low presaure line, The instantaneous ised wos showed by a pointer 

by 

getting the difference in the integrator readings ab the beginning and at 

  

ox the Coohrene steam flow meter, sad the total atean flow was obtained 

the end of exch test. This meter was calibrated to give the correct read- 

ing at @ presente of 250 peig and total temperature of 906 degrees FT. For 

conditions other thea those for which the neter vas calibrated, a correc- 

tion factor was applied to the reading to give the eorrest auount of stean 

flow. The correction factor was the ratio of the specific volume of steam 

at @alibrated conditions to the specific volume of steam at the average 

pressure and temperature of each test. 

  

The per cent of 8g, ae noted. ont the CO recorder, waa kept within 

the range of 10 to 12 per cent ‘ey adjusting ‘ the fuel fecé control. The 

fuel bed was held at the desired thickness as constant ag possible by ade 

justing the ¢ arate spedd. The flypeh was returned to the furnace fer re. 

pernting. The furnace coubustion was elosely watehed to be sare thet a 

“gaffictent omnount of fuel whe burned et the back ead of the grate. The 

gpeed of the revolving paddles was adjusted in order thet the fuel wold 

be thrown to the back end of the grate in cage wisatlefactery combustion 

wae noticed. 

Before each teat, the Oreat apparatus wee checked and ite golutione 

were renewed, the soot was removed from the tubes by the aot blowers, the



boiler was blown down, the flyash was removed Irom the down-apouts, and tle 

adh pit was eleaned, 

At the beginning end the end of each test, the furnace hoppers 

were filled, the integrator reading was taken, the blow-dowa flow meter. 

was Tead, and the boller drum water level was cheeked and marked. Dariag 

‘each test, the majority of the meter and gaze readings were taken at fit. | 

teom minute intervals except those noted on the dats sheets. 

Bach tine the furnace hoppers were filled, a coal semple wae col- 

lected end kept in air-tight jars. The ssmple for each test was then pre- 

pared for the proximate analyeis. he methods of sampling, preparation, 

| and the proximate analysis were those of the A.5,?.M. Standards on Coal arid 

fhe agh semple was collected from the ash pit whenever the ashes 

were pulled. Whe sample was then prepared fox the combustible analysis, 

By using the result from the combustible analysis, the amount of refuse 

was calenleted. ‘the method of calewlation is ghown in the ssumle celen- 

lations. | 

Before and after this investigetion, the pressure gages were ¢alie 

brated by using a dead weight tester. “Phe thermometers were gelibrated 

agaiuet a resistance thermocouple. Corrections were applied to all read~ 

ings befere calewlating the results.
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(6) curves 

“Hig. 2: the curve on this figure shows the boiler efficiency — 

  

egainst the fuel bed depth. The boiler efficiency at each ful bed deoth — 

hag been converted to 23.53 per ceat of the ash content in the coal mixture, 

which is the average ach content of the coal mixture for the six botler 

teats. The reeson for this conversion is explained in the Mseussion of 

Results, and the method of caleulation 4s ehown in Appendix (3). 

Eig. 2: The curves plotted on this figure show heat losses at 

Werioue fuel bed depths. _ 

  

Pig. 3 end 4: The curves plettied on these figures illustrate the 

test results at various fuel bed depths.
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DISCUSSION OF RESULTS 
  

fhe meximum fuel bea depth thet can be obtained in Boiler Ho. 6 

is limited by the distance between the grate and the front arch of the 

gtoker. This diatence was designed to be seven inches. But it was detri- 

mental to the stoker as the fuel bed was increased above 3) inches. When 

the deoth of the fuel bed was high, clinkers were formed. Because of such 

a natrow epece between the fuel bed and the front arch, the clinker formed 

at a fuel bed above 54 inches had the tendency to stick on the front arch. 

The refractory on the front arch was likely to be damaged. On the other 

hand, the fuel bed could not be lewer than 2-3/4 inches at the load of 

FD 000 pounds of steam per hour, because of the difficulty in seainteaining 

the oressure at 250 psig. Therefore, the boiler testa were run at 2.3/4, 

4, and 5% inches fuel bed depth. 

| The prozimate analyses of the coal mixture for the six boiler tests 

showed that the ash content wae in the renge of 19.2 to 30.6 per cent. 

With such a wide range of agh content, it was not justified to compare the 

| boiler efficiencies at various depths of fuel bed. As stated in Fuels and 

Combustion Handbook", for each one per cent increase in ash content, the 

  

‘s¥okason, A J. and Auth, €. Ee ® Fuele and. Combustion Handbook, ist 
Edition, New York: McGraw-Hill Book Company, iac., T9551, Be 40.
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boiler efficiency decreases about one third of one per cent or greater in 

cases where the logs of carbon in refuse ie not carefully controlled, and 

where the ¢oel is of such poor quality that appreciably greater draft is 

required to maiutain the load. The test results of this inveatigation 

agreed with theae reference values. Therefore, in order to obtain & true 

comparison of the effect of the fuel bed depth on the boiler effteteney, 

the curve in Figure 1, showing the boiler efficiency againat the fuel hed 

depth, haa been drawn for the boiler efficiencies based on the agh content 

of 23. 53 ver cent. Ghig percentage aah content is the average esh content 

of the coal mixture for the alx boiler teste. 

| he | Carve in Pigure L illustrates that the boiler ot ftcteney Te. 

maine approximately constant between 2-3/4 and 4 inches of the fuel bed 

depth, and Aeoreases as the fuel bed depth is. increased above 4 inches. 

tn performing the boiler tests at a 2-3/8 Inches fuel bed depth, 

gloge abbeation was netegsary to ‘keep the pressure ab 250 paig. thie Was 

due te the fect that the amount of the fuel on. the bed wan considerably _ 

less and the quality of the coal mixture was not uniform. Im case the 

quality of the oak niztore was poor, the boiler pressure would drop. 

Since the fuel bed wes thin, there was comparatively low resistance to the 

flow of air through the fuel bed. Under this condition, the mixing of air 

end fuel wes more complete, and ag @ result, the combustion in the furnace 

wes better. Because the grate apecd was bo high Less time wae available 

for the fuel to burn on the grate. ‘This resulted in a lerge anount of the 

carbon being lost in the refuse. As shown in Figure 2, the héat loss due
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to garbon in the refuse was the highest less at this depth among the three 

devthe of fuel bed tested. 

  

luring the boiler teste at a 4 inches fuel bed depth, it was re- 

letively easy to hold the boiler pressure at 2 peig, since the erate 

apeed was lower than that at the 2.3/4 inches fuel bed. aspth, and the time 

for the fuel to burn on the grate wad Longer, the heat lose due to carbon 

in the refuse wes reduced, anprectably ag showi by the curve in Figure 2. 

    Bor the boiler toate at a 5h an gee 
faches fuel bed depth, the erate epead 

wae ow and the fuel had more time to barn on. the grate. The test results 

showed that the hent leas ine to carbon in the refuse was the lowest lose 

ah this depth among the three fuel bed depths tested. When the fuel bed 

wad ‘hick, it was difficult for air to flow through it. Under this eondi- 

tion, the temperature of the fuel bed was high. Because of this high 

teuperature in the fuel bed, Clinkers were formed. In general, the sou 

bustion in the furnace wae poor at thie fuel bed depth. | | 

The size of the bituminous onl used in the ¢oal mixtare was 

lerger than that of the | Merrinee oulin. Consequently, the size of the 

coal particles in the mixture wae not uuiform. After being thrown out of 

the coal hoppers by the revolving paddies, the large lumps of bituminous 

foal fell near the front end of the grate. There was Little tine for them 

eo barn on the grate. The remit was that the loss of carbon in the Pee 

fuse was generally nigh. The combustible analyses of the refuse from the 

giz botler tests showed that the percentage of carbon in the refuge wae in 

the renge of 27 to 32.9 per cent. These large losses could be lowered if 

the bituminous coal were crushed to a uniform size as Merrimac culm.
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Another effect of the non-unifora size of the coal mixture was the 

  

ped. from the cosl handling 

  

size segregation. When the coal mixture was dum 

eyatem to the etersge bine, end from the weigh lerry to the éoal hoppers, 

the large lumps of the bituminous coal hed a tendency to separate themselves 

from the rest of the fine coal. Ae the coal mixture burned in the furnace, 

there was’ 6 large smount of the bituminous cosl at one tine and a mall 

amotins at the other. Because of this intermittent chenge of the coghs fad 

into the furnace, the econbustion wes greatly affected. For this reason, 

Gloge attention was necessary to adjust the fuel feed in order to hold the 

boiler eb deeivable conditions.
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in attempting to use the 441 mixture for Boller No< 6 in the 

Virginie Polytechate Tastitute Heating end Power Plent, the problem ef | 

nelnteiniag proper depth of fuel bed hed arisen. tht pre blen acemed to 

werrant an investigation, which was subsequently made. 

Phe fuel hed depth that will give the best reguite for @ boiler 

depends on many factors, and 46 is beet determined by boiler teste. There- 

fore, the authora decided to investigate the effect of the fuel bed depth 

on the boiler performence and to deternine the optimum fuel bed depth, 

when the Hod mixture wae used and the lead was 60,000 vounds of etean per 

hour. 

| Pha s investigation congi ated of the ¢ollection end evaluation of 

deta obteined from the boiler tests 2% verious fuel bed depths. Duriag 

the boiler testa, some of the variables were held as constant aa oogsible 

in order to obtain comparative results. The fuel bed depths tested ware 

2-3/4, 4, and §% inches. The optimam depth of fuel bed is that fuel bed 

whieh would give the higneat hotler efficiency snd good boiler control, 

he reaulte of the tests saowed that. the boiler efficiency remained 

appYoximately constant between 2-3/4 and 4 inches of the fuel bed depths 

aud deereased as the fuel bed depth wag inereased abave 4 iuches. Hut, ab 

203/4 inches of the fuel bed, clese atteation was necessary to ecutrol the
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boiler, whenever the load swung, or there was a change of the quality of 

fuel fed inte the furnace. The authors, therefore, conclude that Boiler 

No. 6 showld have a fuel bed depth between 3 end 4 inches deep when the 

4.1 mixture ig used aud the load is about 50,000 pounds of steam ger hour,
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ECONMEMDATIONS 

  

  

It da recommended that: 

(1) the fuel bed depth be halatained between 3 and 4 inches for Boller 

Wo. 6 when the 4-1 mixture ig used and the ‘lead is about 50 {000 pounls of 

steam per hour. . 

(2) Bituminous coal used in the 41 nixtere for Boller Yo; 6 be erushed te 

ag wiiform e size as Merrimac culm. | 

(3) Investigations be made to determine the fuel bed depth to be maintained 

  

in Boiler No. 6 at loads other then 50,000 pounds of steam per hour when 

the 41, mixture is used. | 

(4) A higher percentage of bituminous coal be used in the coal mixture for 

Xoiler tio. & in case the coals ere very wet and the load ig about 50,000 

pounds of steam per hou, |
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‘Eingaton Pa Peng was born on October 15, 1916, in Helanyiag, Ronan, — 

Shins, Be waa feared and educeted in Changeha, Hanan, frem hid childhood. 

After his graduation from the Netional Hunan University with a 3.5. _ 

degree in Mechenieal Engineering, he worked as e juaior engineer in loce- 

notive design about six months before he went to the Chinese Air Foree to 

take candidate officer's training. — 

Commissioned as @ second lieutenant early ia 1943 after coupletion of 

the training, he was thea aseigned as on aireraft armament and gunnery in- 

atructor for a period of one year and half. While on staff duty in the 

CAF Headquarters tn Chungking, the war-time ¢apitel of the Republic of 

  

up of 

  

China, he was transferred to the United States to command a gr 

Gbhaske ake ondeds who were to receive their training in this country in 

1945. 

in 1987, he was assigned to Washington, B. C., aa 6 procarement officer 

and alreraft inspector. This duty enabled hin travel extensively in tive 

United States ond Canada, 
| | a th 

Later in 1949, efter seven years of service, he was honorably ai scharged 

from the Air Foree of the Republic of Ghina with the rank of captain. — 

He came to the Virginia Polytechnic Inatitute to pareve graduate study 

ia Mechanical Inginesring in January, 1950. Later in September, he reooived 

 



a Power and Fuel Engineering Fellowship. At present he is a candidate for 

the degree of Master of Science in Power and Fuel Engineering. 

  

| inden Tou was born in Kenning, Yoonen, Ching, on March g, 1922. He 

attended various public schools in Kunming and graduated from Kunhua 

fechnic High School in dune, 1940. After graduation, he wae employed by 

the Neblonal 2let Arsenal of Shing. | | | | 

After paseing the examination conducted by the | tunnen Provinei ol 

Government in 1945, he was awarded a four-year scholarship for studying in 

  the United States of dmerica. — 

On August 2, 1945, he lended at New York Gity after one month ef tra- 

vel. He took his wunder-graduabe studies in Mechenicel Eogineeting at 

Cornell University. in dune, 1949, he received the degree of Bachelor of 

  

hanieal Yngineering from Gornell University. 

  

Tn September, 1949, he entered the Virginia Polytechnic Institute for 

  

graduate studies. Dorling the next year, he received a research fellowship 

in Power and Fuel Ingineeving from the Virginia Polytechnic Inetitute. At. 

present he is a tandidate for the degres of Mester of Seience in Power and. 
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EUS? NO. 1 SUMMARY OF Dats 

Repth of Fuel Bed: ge, inches 
Fest Goal Mixture: 4:1 
Pest Load: —§,000 1b. steam per hour 
uration of Test: 5 hours . 

  

  

  

Prozimate Anslyais: Adtedry | As Firea Combustible 
Moisture 0.45 | Bef | : 
Volatile Matter 15.50 ee 1869 
Agh Content 26.25 19.2 | | 
Fixed Carbon 63.80 60.8 81.4 
Ai~edry Loas _ 5.23 

Carbon and Hydrogen: As Fired 
“Garnoa 0. eho 
Hydrogen 0.0311 

Higher Beating Yalu: 11,730 Btu per 1b. As Fired 

  

    

  

Refuse: | Per Cent Refuse Carbon in Refuse 
26,35 32.5 

Average Orsat Anelysis: 0s G do i 
= — 10. 6% 1.3 0.07 82.60 

Average Data: Teen Corrected Reading 
Boller Orim Pressure, psig 26 
Gupetheater Outlet Presaure, psig 2he 5 
Barimetric Pressure, in. He. as 4s 
Heedwater fenperature, OF 227.5 
Guperheater Outlet Temperature, oF 54.0 
Ury-~balb Temperature, °F 62.1 
Wet-bulb Demperature, OF 7.0 
Flue Gas Temperature from Air Heater, OF “he ,g 
fuel emperature, OF 73.4 
Weight of Goal, lbs. 52.373 
Steam Generated, lbs. 241,200 
Svaporation, lbs. of steem/1b. of coal 7.45 
Blowdown, Lbs. 7, {a0



Gus? NO. 1 DATA SHERME 
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[a2.5._ 6.7 0.2 
  

[81.0 

  

“}41.8 6.3 | : 

0.1 (80.8 
  

“1.5. i : , 16 4 : 8.0 0.2 81.) 
  

jo2s5 g oe B40. 
  

10.6 8.0 0.2 81.2 | 
  

| W1.5 410.6 0.2 181.6 
    [1.5 6.8 5.7 | O04 
  

lae.he | 2 as 9.8 162.4 
  

[-2-5 |}   Zz 

  

(ad 19.8 6.0 10.1 62.1 | 
  

“1.5 
~ 5.) 

6.8 0.1 83.7 | 
  

15.9 15.2 [6.8 jO.4 9, 
  

6 3.6 id. <1.5 b5-9 | 18.6. 62.4 | 
  

{1.5 | 5.9 {7:3 0.3 81.6 
  

- «1.5 . 5.8 
  

11.2 7-5 $2.4 I 
  

[4.5 
Ce 

12.0 12 {e2.8   

2.5 | 
te 

12.3 [pe 81.4 
  

[-2.5 f 6 u 6.9 182.1 
  

| 1.6 | [1:5 5 
Ce 

  

4284s 267 |é i. | [-2.5 faa.3 2 81.9 
      25.48   | 265 jax       3 hae |       Lah 5       0.63 {ep.   oor   2.00 |   
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GEST NO. 2 SUMMARY OF DagA 

Depth of Fuel Bedi 

  

  

‘eat 
iuretion of Pest: 
  

  

  

  

kh douches 
fest Goal Mixture: 4:1 

; feads - 9,000 Lb. eteam per hour 
5 houre 

Proxinote Anallyeiet dir-dry As Fired Gonbustible 
“Moisture 0.56 5.8 

Volatile Matter 14.68 13. i 18.4 
Ash Conten$ 20.67 19.6 -_ 
Fixed Carbon, - 64.09 . 6.9. 61.6 
Aivedvy Locs a 5.30 | 

Carbon and Bydrogent As Fired 
Carbon 0; 6280 
Hydrogen 0.0495 

Higher Heating Values. 

  

Refuse: Per Cent Refuse 
os 28.9 

Average Oreat Auelysis? G05 Og 
= : 206.7 

Average Data: tem 
Boiler Grim Pressure, psig 
Suverheater Oubles Pressure, pelg 
Bevinetric Fresgure, in. Hg. 
Feedwater Temperature, oF 
Superhester Outlet Temperature, OF 
Dry~bulb Demperature, OF 
Vet.bulb Temperature, °F 
Flue Gas Gemperature from Air Heater, OF 
Fuel Temperature, og 
Weight of Goal, lbs. 
Steam Generated, Lbs. 
Evaporation, ibe. of eteam/ib. of coal 
Blewdown, Lba. 

11,720 Btu ner lb. Ag Fired 

Garbon in Refagse | 
328 

6o Na 
0.05 81.18 

Corrected Readlag 
261.0 

250.0 
ag. 42 

235.0 
505.0 — 

6L.9 
49.8 

L250 
ome. et 
fae oS 

30,518 235, bie 
t-U3 

@5385
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RY OF Data   

Depth of Fuel Bed: 4 inches 
fest Goal Mixture: 4:1 
  

  

Zest Load: 50,000 1b. stean pexs hour 
Duration of fest: 5 hours oc 

aroximete szalysiss 
 Meisture 
Volatile Matter 
Jah Content. 
Fixed Carbon 
Airdry Loas 

Carbon and. Hydrogen: 
Carton 
Lyare ges, 

    

ligher Heating Values 

Aizedey Ae Fired Combustible 

LB 6.3 | 
Le. 60 12.9 Ly.4 

26.00 eee é 
59. OF 7029 82.6 
k, 66 ° 

As. ‘Fired 

   oo3ii 

10,880 Bou per ib. As Pired 

Refuses Per Cent Refuse Carbon in Refuse 

Average Orgat Analysiat 

Average Data: 
Boller Drom Pressure, peig 

36.0 32.9 

Cop €0. ip 
Qe a Go a7 5.08 Sle L5 

Iten Corrected Reading 

Superheater Gutlet Pressure, peig 
Bavimetric Pressure, in. Hg. 
Feedwater Temperature, oF 
Suverhester Outlet Temperature, CF 
Dey-bulb Temperature, °F 
Vet—bulb Temperature, °F 
Flue Gas Peaperature from Aix Heater, OF 
Fuel Temperature, °F . 
Weight of Goal, lbs. 
Steam Generated, lbe. 
Evaporation, lbs. of steam/1b. of coal 
Blowdown, Lbs. 

bees 9.0 

a7 95 
229.3 
516.0 
81.1 

BT. 
“56 é 

36,378 
2h5 500 

6.75 
3,176
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TEST HO. 3 DATA sHEBt 

  

  

TI
ME
 

  

FU
EL
 

  

3095 
  

[10:30_ go | 58 

  

  

10288 “go. | BS ar fe 
  

| 11:00 
  

21315 jer 59 
  

[an:30 Bt 159. | 
  

LLsh5 isa | 58. | 32. 
  

[12200 g2 | 59. 
  

$2 | 99 
  

12015 
[12230 sk | 59 

rer [5 

  

sh | 59 0 | 
  

12:45 

1200 fee [59 | 
  
  

Lens. 83 | 8 60 
Tio 

  

  

1:30 51s 68 Zio Stl   

1sks 83 «| BT go | | 86 
[so ary: 

  

. 2300 [ee [sr 86 i 3ho 520 
  

| 2235 | 82 | 58 si | 
ae 

Pon 526 
  

2230 ms 6 13 “hh 
{i 

  

1 asks 178) SH 
e Ts 

23 | sua 518 
  

5300 [is | 54 33 
— 1520 

  

179 | 54 go | 
= 

she 512 
  | 3235 
; Ave.           80.6 | 5       gu. 3 | wae       3 feo   [526   

bu.a_(57.9  
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THS? NO. 3 BATA SRELT 
  

  

PRESSURE 
  

  

5.
 

H.
 
P
R
E
S
S
 

| 

    

Go
 

  

l 260 | 254 
  

  

251 |: 

  

  

251 
  

5 | aR 

  

8.6 
    f10.2- 
  

255 | 
  

| 263 j oO... ih i 8.7 | 
  255 20.88 | [36 
  

| 255 | 2. 70.02 | 
  

255 |-0.13.| {au} 9.4 | 
  

255 | ‘ =D 09 1in.6 | 
  

| 255 [-0.20 | [2.3 | 
  

[2.6 T 

|~0.28.|-1 | -2.8. 
  

  

3.2 |2. 
1.3.0 | | 9.0 | 

  

| 255 ~0.20 | | 2.9 | 
  

:15 | 27.94 | 255 2.8 ‘1.0.20 | | -2.3 10.2 
  

3-3. | ~0.10 , |-3.0 
  

3-0 | 1. 0.51 {-1.5 -2.9 | e.g. 
  

  

2.6 0.15 | -1.6 2.5 | 
  

  

255, 2.6 | 2. ~0.32 ~3.0                 
  

  1-60.16   a1 42           
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UNMARY OF DATA 
  

   

    

Te Set Coal ister: 
feet iostt 
Eipabion. of fest: 

  

  

  

  

S inches 
his}, 
50,000 1b. steam per hour 
5 hours 

Proximate Analysis: Aizvdry As Fired Sombustible 
‘Moisture 2.60 6.8 | 
Yolatile Matter 14.30 13.8 20.0 
Aah Content 24.50 2h.4 | 
Fined Garton 58. 0 S50 80.0 
Aix-dry Loas 429 

Carbon. and Hydrogen; Ae Tir 
“Carbon 6. 6150 

Hydrogen 0.034% 

Higher Heating Yelues 

  

  

Refase: Per Gent Refuse 
— 34.85 

Average Oreat Analyste:  Gdg_ Oa 

Average Data: item 
    Boiler Drom Pressure, psig 

Superheater Outlet Pressure, peig 
Barimetric Preseure, in. Hz. 
Feedvater Temperature, oF 
Superheater Outlet Temperature, °F | 
bryebulb Temperature, °F 
Vet-balb Temperature, OF 
Fine Gas Temperature from Air Heater, OF 
Puel Temperature, °F 
Weight of Goal. Lbs. 
Steam Generated, lb. 
Evaporation, lbs. ef steam/lb. of coal 
Blowdewa, Lba. 

10,626 Btu per 1b. Ae Fired 

Garboa in Refuse 
30.0 

GO _ He 
6.06 80.91 

Corrected Reading 
258.0 

247.5 
27.96 
£25 .0 

518.0 
78.3 
9361 
U37.5 
61.9 

ho, 725 
243,250 

ib. 53 
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TI
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WE
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AT
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NO
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(f
ur
 

MA
DE
R 

(R
EC
OR
DE
R)
 

| 
P
y
e
 

” 
CO

HE
RH

G,
 } 

  

  

ft be15 Si
AT

R 
PR
OM
 

25
. 

5 | hoo 
  

42 30 78 vw
i
n
g
 

| 
co
me
g 

™
 
2
4
D
 

A
F
T
 

2 
N
R
 

f
m
t
 

i
 
E
S
"
 

BR
 

Hee
l. 

s
y
a
 
A
S
 

a
e
 

fs
" 

=
 

a
c
]
 

Re
 

Pa
t 

o
m
 

7] 
O
F
 

i
y
 

M
e
 iO

 

4OO 
  

i345 | 79 | Be | 79 [580 | Wuo | 85 | 329 40 
  

5200 | e2 156 | [sao | zo | a7 | 330 Moo 
  

5215 so | 55 | 60 | 575 | 435 | 87 | 330 
  

5250 79 1 53 | L575 | 30 | 85 | 5e8 OO 13 5 
  

ee 78 | 53_ | 61 | 560 | Mio | 85 | 328 | 399 
  

7 «152 | 9 $582 | kha | ag | jee | [399 513 
  

L 6:35 78 | 53 | 62 }580 | ugs | se | 330 HOO SL 
  

| 6330 | 82 | 56 150 | Wo | a5 | 330 1° | 400 | BLL 
  

[ 6 15 506 
  

| 7300 

Lio | 53 | 8% [570 | 430 | 85 | 320 | | 
7 590 | Wa5 | 82 | 330 kao 518 
  “as (580 [ho [ea Pasa 1 hoo 517 
  

400 17 
  

$2 

7 | 52 tL B7S | 435 | BO | 330 | 
76 | 51 | 81 [580 | Mio | 80 | 330 1400 540 
  

8206 5 79153 | 582 | 455 | BO | 330 OO 510 
  

8145 jer | 56 | 82 [575 | 435 | 82 | 330 
00 

sl 
  

£330 79 | 53 | [sao | 435 | 0 | 330° 5 | 4o0 [pie 
  

| 82h 76 | 52 | 83 Ge W3O | 80 | 330 | 
Too 

509 
  

7200 
. 5 

“su |_| 575 | 433 | 60 | 329 | HOO | 510 
  

{9835 _ 5 foo 
    | Awe.   2 | Lz 

7e | 51 | 82 5575 | ge | go | 328 
3 
a   178.3 [33             2 [s2.9 | 580 [a37.5| 2.7] 329 | 33     | #00   [ots |    



4.6. 

  

fuSt NO. & Dats sume 

2-27-51 

  

  

TI
ME
 

PEUSSURE 
— 

  

2
 

onsat 

  

  

8.1 11.3 2[ 80.4) 
  

6.2 13.3| | 80.5 
  

| 10.6 9.0 L | 80.3} 
  

9) 41.6) 7. 81.01 
  

2 i Li 2 13 1 | 81.4 
  

10.9 | 8.5] 2 | 80.5) 
  

26.01 8.0 1.4 | 80.6 
  

  

SEG 
  

=a ~ 

oan 

55 “8.9. 11.0 20.1) 
  

el taste eee i 0 13.6 | 5.31 $1.14 
  

7:00 1 26.0 6.4 81.2 
  

|_215| 27.96 
shiaatot 

| 1.54 -0-32 1.5] -2.   "12.3 
9.2| 9.6] | $2.2) 

  

eo 10.2 “8.8 
  

| et 

knell | 
| -23| -1.3 

5 | -0.40 | -2.5 
a2 

=3.0/ - 10.9 
T. ; 

[82.0] 

| 81.3 
  

| 8:00] 1.3 70.26 ~1.4 22.5) -4. 8.9 | 
s 9.6 | 1.3 

  

6:15 | 27.99 1.3} -0.23] -2.4 2. DL. | 40.8 9 61.2 
  

sol WL 2.3) 20.22 | 2.2] ~2.2 ~42 12.4 6.21 0. $1.3 
  

211.3) -0.12) -1.2 ~2.3 ee | LL.0 7.7 é1.2 
  

8: 45] 

1.2/0.2 | ~1.4 a2. 4! 4.5 11.0 | 8.2] 80.8] 
  

9315 | 27.99 | [2.2 | -0.18 | -2.3] 92.5 4h 9.2 10.0 ; 60.8 
    Ave. | 27.                 2] ale} 0.29 | 12H   255]   A828 |   10,.26°     a7 

0.06   80.91    



    

  

ne ; 
  

Test eteam per hour 
oS eat of toate       

Proximate Anelyelgt A Potley As Fired . . Ganbusti ble 
UU Neistare — 1.55 | 6.0 

Volatile Metter 1, 30 12.2 Gee 
Ash Content 88.06 30.6 
Fined Carbon - 82 69 S168 «89.8 
Mir-dry Lose 4 80 

Gaz bon end. BYES Oe ons. 

“Garten 
Bydrogens 

    

Higher Hout ing Values 9,960 Bia ner lh. As Fired 

  

Refuses , Per Gent Refuge Garten in Refuse | 
42.98 27 «D 

Average Oreat Anolystat 80 O2 00 Ne ceil j : 10.70 9.1 002 BLT 

  

   
    
Average Deter iten | forrected Reading 

Seiiee ‘Sram Freseure, poig eee GS 
Suserhenter Ontlet Freseure, pele ai sb 
tarinetrie Pressure, in. He. ee Ue 
Poedyater Teaperatera, °F 226.7 
‘Serevkeatear Owblet Temperature, oy 16.0 
Sryebuld Peuperetare, OF 68 
HetebuLh Temperature, °F | 59.28 
Wine Ges Texeperature from Air Heater, oF 236.0 
wae) taperabure, Op 
Yelght of Goal, lve. | 
Shean Generabed, Loe. 
Oveporation, Tbe. of steewf/ib. of aoai 
Hlevdewn, Lhe. 

    

    



4S. 

3-6-5 
  

  

2I
Ns
 

      

(R
EC
OR
DE
R)
 

e
e
 

   
  

  

% 
  

  230 |   

226 
    226 | 
  

| 585 | 230 | 
  

  

go | | 227 | 
  

5300 | | 585. | 227 
  

5215 | 
Fe 

| 585 | go | 345 | 227 | 
  

hae 
_80 | 3 227 

  

1 brh5 | 
‘— i: 

_ 80] 

  

  

| 6:00 | | 590 | Huo | so | | 230 
  

} 6:15 | | PT i 5 79 | 226 | 
  

6:30 | 2 | 226 
  

[315 

  

Bio | 
  

7300 230   
  

Cras » | es | 230 | 
  

| 7230 7 | 230 | 
  Tyas Tf 

| 72 | 590 72 335 | 230 | pee 
  

| &:00 | 

  

[eee 3 | 515 
  

| 8235 
TH = 2 

B25 [5 | 
    ave. |76.         2 [15.5]     136 {78     336.5 | 3       lezs.71 
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PEST NO. § DATA SHERT 

  

  

P
I
E
 

  

LA
SP

 
Pa
ss
 

IN.
 

Ho
d 

 O
FF

LE
P 

ar
e 

60
5 

Ge
 

  

“0.20 | 5} 9.2 9.6 21.2 
  

WD.16 7 | 9.8 8.8 g1.4 | 
  

J. of 2 6 | f10.4 | 7.6 82.0 
  

0.23 | | 8.0 19.0 oe. G 
  

~0.13 | -1. 11-3 | P38   

~0.17 11.9 Jb | 81.0 
  

he -0,36 | -1. 12.6 | 6. 86.9 
  

5200} oO, 15 L1T8 7.8 80.8 
  

5225 ; -0.20 ] 
: £ 

& » 4D 11.2 
76 

| $1.8 
  

5230 | 20.25 | - 6.0 | 8.8 9.2 44 82.9 
  

[5245 | ~0.22 | ~6.0 g.8 9:1 | 81.5 
  

6:00 | i =O 32 i ~2.8 5.5 ‘12.2 1.2 80.6 
  

20-15 
«3.5 

  

0.17 0 | -6.0 11.8 7,67 60.6 
  

ers | 2.5/4. To.32 | oa. ~6.6 10.1. “6.6 81.3 
  

7700 | | 2651 3.042, ~0.32 -1.5 -3.0 ~6.9. 12.3 | Sol. 80.6 
  Tas 

2g. 2651 2 13.01%, 0.37 | Lk | PG 121.9 | Tel 81.0 
  

UR 
267] 2 =k | 24 4.5 11.1 1.8 | gL. 
  

l745| 26h 
12.8 |: 

j | 3 2,0 | 
| 0-30. 
6.20 ah 5 -3.0 6.0 2:6 8.9 | e

@
i
o
l
o
l
o
j
o
l
e
a
l
,
 

ce 
  

8300 3.5 
1.7, 

-0.33 “1. 5 ‘ o8.8 © = Gee | 9.8 
: 5.6 

(O
o g1.6 
  

8115 2s. Uh [2.3 14 -0,27 “1.5 ~2.F <5ed 10.2 gah * 

oS g1.e 
    L aves |   26.14   263 | 253:   

  

  51326,   Lye   ~0-23   wh   2.85   [5 28 |     10,7 g.14   0.02   £1.24 
  

 



~50- 

TES" NO. 6 SUMMARY OF DAtA   

Repth of Fuel Beds 2-3/4 inches 
Yeat Coal Mixture: 4:1 
Pest Woadr  &),000 1b. steam per hour 
Duration of Test: 5 hours 

  

    

  

Proximate Anelysis; Air-dry As Tired Combustible 
  

  

  

  

  

Molsture . 0.80 7-01 

Volatile Matter 13.70 12.9 18.3 
Ash Content 24.10 22.6 
Fixed Carbon 61.46 57.5 $1.7 
Aivedry Lows 6.25 

Cerbon end Hydrogen? As Fired 
Garbon | 0, 6390 
Bydroegen 0.0350 

Higher Heating Value: 11,190 Btw ver lb. As Paired 

Refuses Per Gent Refuge Garhon in Refuse 
: BO 33-3 32.2 

Average Great inalysis: 00s ° GO 32 
= —" 740.285 €. ug 9 21.27 

Averege Data: iten Corrected Reading 
Boller Drum Pressure, psig 263.6 
Saperheater Outlet Pressure, pale 252.0. 
Barimetric Pressure, in. Hg. 28.24 
Pecdwater Fenperature, °F eo 
Superheater Outlet Temperature, °F 516.0 
Dey-bulb Temperature, °F 72.2 
Wet-balb Temperature, °F 51.4 
Piue Gas Yemperature from Alr Heater, °F 441.0 
Foci Temperature, °F , 76.1 
Weight of Goel, ibe. 35,225 
Steam Generated, lbs. 250,000 
Rvaporation, lbe. of stean/ib. of coal 7-10 
Blowdown, Lbs. 7 925
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THT NO. 6 DATA SENET 

  

  

maTuRES (OF)      

  

  

  

  

  

  

  

  

  

  

15 | @ 
  

“Z| Ge 
    
  

[8% | 605 [so | 67 | 350 | 325 | 225 [tok [520 
{| 605 | 450 | 67 | 34s | 330 | 226 | yok [52h 
| 20 | 600 | Mo | yo | sie | 325 | 226 | Yok [51g 

[590 | 35 | 70 | sue [325 | 226 | tos [520 
mo | 7o | 352 | 330 | 226 | uoG [526 | 

yo | 382 [320 | 225 | bo6 |ou7 | 
| yo. | she | 320 | 225 Phok |ai7 ) “sa | [590 | 435 | qo | 3¥2 | 320 | 225 | uoh [mo | 

11:30 | 69 | 51 | 62 {5¢0 | bes | 67 | 336 | 320 | 225 | ob [ee | 
| ave. [72.2 | 51.4] 78.1} 598 | ea | 70.7|346.5 | 325 Joak.y how.g [e6 

  

  

  

  

1 82 
  

  

      
  

                             



-5e~ 

  

gue? NO. 6 DATA SHEMET 

  

| -PRESSURE 
  

SI
Ms
 

BA
RO
NP
PE
R 

IN
. 

HG
. 

  

B
O
X
 

a 
ie
 

48
. 

He
d 

FU
RN
AC
E 

TN
. 

H
O
 

LA
ST
 

PA
SS
 

Td
. 

H
p
0
 

QU
TL
E?
 

AT
R 

H
E
A
T
E
R
 

I
N
.
 
E
o
O
 

| 

"6
0 

_ 
He
 

  

| 6: 30 | ag.2h| z 2.5 -0. 32 3 10.0 €.8 ($1.2 
  

6:45) 
i115 

=-0.22 
Er 

| oe 8.7 21.5 
  

| 7:00 a 

[2.7 0.26 | “1.5 10.3, 9.3 80.8 
  

| 7215 2. 1 -0.25 «1.5 | 10.2 8.6 $1.2 
  

7330. 26.24 | 2 To. 9 
1:5 0.26 pak5 | 2110.2 g, 6 ‘181.2 

    

7:45 | bil -0.25 “1.5 | 5.8 3.8 2 782.0 | 
  

8:00 L.& 0.50 F215. yf 5.7 Tio.0- 9.0 81.0 | 
  

| 1.3 ~0.352 | =5.7 | 
Gat 9.1 81.2. | 

  

6130 ~0.32 a1.5 ~5.2 | 10.5 o.5 
  

g:hR | 

28.24) 2 91 2 Bf 4.5 

4} 0.23 | ~1.5 
: ~4.9 | 10.0 8-5 

81.0 | 

{82.5   

| 9:00) 

  

.6| 0. 27 
p-2.5 | 0 | 4.9 | 

2:8 9.1 : 60.1 : 
  

9:15 LS 70.25, ~1.5 | ~2.8 ~5U te | 8.7 $1.0 | 
  

3:30 ag.2h| 2 1.6 90.25 -3.5 * | -6.0 9-7] 9.2 | {81.2 
  

21 Le! =O. 36 -6.0 | 9.5 | 9.3 1.2   

| 92t5 

19200 | i.3 | O18 

1.5 | 

=1.3 ] él 9.7 19.1 
81.2 | 

  

| 10:15 EBL 2 3 
0,20 ~1.4 

. {aig 
94 8.2. 81.4   

| 20:30 2g. ak 270 -0.17 =1.5 | -3. 6.0. 9.9 8.7 82.4 | 
  

10:45 
* 3G 

  

0.30 | ~1.5 | og 
110.0 i .g 

, 
s
e
t
s
 

t
a
t
s
i
=
t
e
t
3
 

s
t
o
t
e
t
o
t
e
t
 
O
[
O
 
T
o
r
a
;
 

61.2 
  

J: OOF 54 2S 20.23 “1.5 | 4.8 | 
  

11:15| of ~0.25 | 
-1.5 | =2.6' =6.0 | 12.0 | 

yt 

6.5 [82.5 
  

21330 28.28) 2 . ~O,17— =1.2 Bs.0 hot 1.9       Ave.       i 2g.28|
 | foe 1 ay of .   
  

    17337   ~1h7 j-2.     455,39.   20.25     gg 

L
s
t
o
t
o
t
 

[ene] 
  

 



  

fhe wethode of calculation shown below are used for @11 tests. The 

Values used here are taken from boiler test Ho. 1 for the purpose of dem 

onstration. 

(A) Deterninabion of higher heating Yalue, carbon and hydrogen in the test 

coal. 

(1) Fuel analysie, per cent: | 

Tienes Altedry Ae Fired Combustible 

Moisture 0.5 aT 

Yolatile Matter 15.5 1.3 18.9 

dsh 20.2 19.2 | 

Fized Carbon — &3.8 60.8 G1.1 

Aipedry howe Bee 

(2} Convergioa ef proximate anelysie from air-dry baaia te as fired 

hasiss 

Mag = Mag ® SEeeE yb 

100 » 5.2 2 A | 

Ona aee 4 562 = 5.7% Wi 

100 =k 
Vat = Yaa * U6 

  

. 206 0 jee ——- at 

15.5 = Oe ee 14, 3%



= le 

  

Rar = 100 - (Mort Var+ Age) 

= 100 - (5.74 UA34 19.2) = ©.8% 

Where: Meg 
ea 

Vat 

Vad 

| bag 
Aad 

me 
ad 

soni 

bead 

oe 
= 

nie 
Sa 

Pat = 

be 

moisture in as Tired benia, per cent 

woisture in elz-dry basis, per cent 

volabile wetter in oa fired beagles, per cent 

volatile matter in air-dry basis, per cant 

agh ia ae fired basis, per cent 

> ash in aly-dry basis, per cent. 

fixed carben in as fired basis, per cent 

fixed carbon in air.dry basis, per cent 

aiz-dry less, per cent 

(3) Gonversion of proximate anelysie from as fired besis to ¢om- 

puetible basiea: 

: nL ae 
* "Waka 

i 

%o
 a 

Where: Vie 

Vat 

cone % LOG 

. za "i x 100 = 18.9% 

   

  

See og % 100 = 81.1% 

volatile matiex in combustible basis, per cent 

volatile matter in es fired basis, per cen}
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WG, = fized carbon in combustible basis, per cont 

Hat < fined carbon in aa fired basis, per cent 

4) Beteraination of higher heating value, carbon and hydrogen of 

| the test Goel fron the proximate analysis to the combustible 

beste by using F. G. Evenet Imperical Relations": - 

16,16 - 2,250, (Ve is. between 16 - 368) 

  

16,160 ~ 2,250 x 0.189 = 15.635 Btu/ib. 

Co = 0.943 - 0.2427 (%p is between 0 - 368) 

O.9ks ~ 0.242 x 0.169 = 0.897 3
 

3
 #8
 

0.0457 +0.0206¥, (Yq is 16% and up) tt.
 

e i 

a i 0.0457 + 0.0206 x 0.149 = 0.011e 

Where: HEV, = higher heating value in combustible bagis, Bea/ Lb. 

Ge uu fraction of carbon in combustible basia 

He = fraction of hydrogen in combustible baeis 

¥o fraction of volatile wetter in combuctible bestia 

(5) Gonversion of higher heating value, carbon and hydrogen of teat 

| goal from the combustible basis to the as fired basie: 

  

  = 15,635 (0s 9 Ca 1) - 11,730 Btu/iD. 

  

— ‘*harnard, ‘U.N. Bilenwood, ¥, ®., aud Hirshfeld, ¢. 7., Heat. 
Power Engineering, Ghird Biition, Mew York: Joha Wiley and Gens, 192 
¥ La likey - 3 bt @ dhe g De 325. 

  

     

   



  

  

    

_ Where: HEV¥., Ge. Be = a8 soseified in (4) 

HEVo¢ = Righer heating value in ae fired basis, Boo/ib 

Gag = fraction of carbon in as fired baste — 

He¢ = fraction ef hydrogen in as fired basis 

  

Mag = moisture in ag fired basis, per cent 

Jaf = ath in as fired basla, per cent. 

(3B) Determination of per ceab refuse. 

fhe per cent of refuse ie caleulated by dividing the per cent of 

agh in coal from the proximate analysis by the per cent of ash in 

refuse from the conbustible anesliysie of the refuse in the anki pit. 

é2 = Sef * 100 
ae 

se e x 100 = 28.35% 

  

Where: G2 = per cent of refuse 

fog = ash in as fired basia, per cent 

dy = ash in refuse from the combustible analysis of refuse, 
por cent
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fhe above method of computing the per cent of refuse has been 

proved te be accurate te within one per cent of actual weighing of 

refuse from the ash pit, refuses from cyelone senerator, and calculated 

weight of refuse leaving the stack.* 

(€} Beet Balence. 

(1) Average Orsat analysis, per cent by volume 

a 10.63 

“0 0.01 

8 7.30 
Hp... 82.06 

  

(2) Average experimental date: 

Eten 

Superheater outlet tenperature, OF 

Superheater Inlet temperature, oF 

Penperature of fuel, °F 

Flue gas outlet temperature, °F 

  

Bry-bulh temperature, °F 

Yot.-bulb temperature, OF 

Feoed-water temperature, OF 

Boiler drum pressure, psig 

Superheater presearse, peig 

PYacorrested 
Value 

514 

hou 

74.4 

432.5 

62.3 

YP.0 

e275 

265 
253.5 

  

“Goplon, Oe, Gobtinghem, ¢. R., and Murphy, d. B., Bet 

Gorrected 
Value 

Gut 

  of Hizture of Merrimac Culm and Bituminous Goal for No. & aetlar, heals 
Fivgtale Polytechnic Institute, 1950, p. 33-55.
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Barometric preadure, in. Hg. ae he 

Weight of coal, Iba. . 32,430 

@been generated, Ibs. 266,200 

ivaporation, lbs. atean/1b. coal nee 

Cerbon in refuse, per cent ae 

Refuse, per cent of coal berned mm 

Blowéown, bs. | | T7720 

(3) Correction factor for steam flows 

  

Where: Oy = correction factor 

88.hg 

Be 373 

aha , 100 

7.45 
32.3 

28.35 

1720 

Vo =z specific volume of steam at 250 paig and 100° F super- 
heat, cu.ft. /1d _ 

¥ = apecific volume of steam at aus. S psig and sue R, 
eu, ft./ 1b 

(4) Correeted weight of steam flow: 

th (weight of steam flow) x ae 

247, 650 & 0.97% 

Ve 

iB 
i
.
 

Where: We = corrected weight of steam flow, Lbs. 

Cr = correction factor for stean flow 

(5) Gorrected weight of coal burned: 

$3
 se (weight of coal) & Oe 

32430 x 0.996 

= 32,373 lbs. 

vt
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Where: Wp = corrected weight of cosl parned , Lbe. | 

te es correction factor wrich vee obtained from the e@alibra. 
(lon of the weigh larry. 

(6) Bvenoretion: 

tee Wg = 241,100 
wie IB « 7.45 lbs stean/1b coal 

   

Where: Wyr = evaporation, lbe stean/1b coal 

We = Weight of coal burned, ibs 

(7) Heat delance: 

(a) Heat absorbed by water and steam in unit: 

Rs Wy¢ (by -he) 
« 7.45(1270.2 ~ 195.5) 

= 8,000 Beu/id 

Weere: E <= heat absorbed, Bhu/lb — 

Wag = evaporation, lbe stean/1b coal 

ny = enthalpy of steam at superhester outlet, Btu/lb 

hg = enthalpy of feedwater entering boiler drum, Btu/1b 

(b) Heat less due to moisture in coal: 

iy = Maell089 + 0.46t, - te) 

0.056 (10894 0.06 x 432.5.- 74.4) 

67 Btu/ib 

gi
 

if
 

Where: ly = heat loss due to moisture in coal, Btu/ lb. i 

‘Meg = woleture in coal, 1b/1b coal



= Dn. 

t, = temperatere of flue gas leaving last heating surface, °F 

ty = temperature of fuel, °F 

(e) Heat loss due ‘te water from conbustion of hyérogen in fuel: 

ly = 9g (1089 + O.46t, ~ te) 

= 92 0.0311 (1089 +0.46 x 492.5. 74.5) 

= 340 Bea/ ib 

Where: ‘a= heat leas due vo water from combuabion of available 
'  Byéregen in fuck, Btu/ly_ 

Wy = ath of hydrogen in fuel, 1b/1b coed 

  

tg = temperature of flue gas Leaving, °F 

ty = temperature of fuel, °F 

(a) Heat loss due to moisture tn air: 

(2) fraction of carton burned in fuels 

Gy = Gye - (HR) (Gy) 

= 0.684 — (0.2835) (0.323) 

= 0.592 1b/Ih eoal | 

  

4 Where: G, = fraction of carbon burned, ‘Lb/ib soal 

fraction of carbon in fuel, 1b/1b coal ti
 

  

per cent of refuse a 

| Carbon In refuse, per cent -
 

: 
ft 

 



 =6l- 

  

  

we a8. * 0. 5206 ee 

= (yes) Cay Cases Ft + 050i) * 0.998 

= 13.89 db/db coal | 

‘theres Ws waight of dry air supplied per pound of éeoal 
baraed Se 7 

Age 002, end. 60 are respectively fraction by volume 
nitrogen, carbon dioxide and carbon monoxide 
in dry flue gas. 

Sp = weight of carbon burned in fuel 

(144) heat less due te sotehare an airs 

es 5.6 £13.89 , dase, 5 2. i) 

  

= 7.95 pale 

“Where: Ty, = Beat loss due to moisture in air, Btu/1b 

Hy, = = moleture dn éxvy aiy at dty-bulb temperature 
| 2.19% and wet-bulb temperature LPP, 

1b/lb dry-atr 

weight of dry-slr supplied, 1b/ib coal e ve
 

tg <= temperature of flue gas leaving, 9F 

it temperature of alr entering, oF 

(e) Heat lees due to dry fiue gas: 

44) weight of dry fiue gest 

Hid, + 2600 + 32 eat ax, 
Net = “12 (602 +60) “2 Gy 

_ ty EE (28) 0. o001).-(52)(0.073)(28) (0.8206), «es 

~~ de (1063+ O. }- 0002) “0, 

= 13.90 t/a coal 
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Where: W. > weight of dry flue gaa per pound of coal burned 

SO, 00, Gg ond Mo ore respectively the per ceat by 
volume ef carton dioxide, carbon monoxide, 

 O€yeen end nitrogen in dmv flue SOS. . 

Gy « frection of carbon burned 

(44) heat Lows due to dry flue gas: 

lig = 0.24 Wy (tg - ta) 
0.24 = 13.9 (432.5 = 62.3) 

1255 Boo/td coml | 

aa
 

Where: Ly = heat ‘loss due to dry flue gas, Btu/1b 

| We = weight of dry flue gas per pound of eos] burned 

tg = ‘temperature of flue gas leaving, OF 

t, = : temperature of air entering, °F 

(f} Heat loss due to carbon monoxide: 

  

39.8 Bra/ is coal i 

Where: lign = heat lowe due to carbon monoxide, Btu/1 

Gog end 00 ere respectively the per cent by volume of 
carbon, diexide and carbon monoxide in dry flue gs 

Cy = fveetion of carbon. burned 

(g) Heat loss due to carbon in refuses 

  

Ler = Wp = 1600 — 

  

0.0913 x 14,600 
1332 Btu/td coal ii



Where: Ley = heat less due to carbon in refuse, Btu! 1b 

Wp, = weight of aurhon tu refuse ver pound of coal - LO 
- burned v 

tf 

ae “ee 

| “Treo 7 _ (383.0 - - 195, 5) 

  

2. 3 Ben 1b. coat, 

Where: ty = heeb lows due ‘to plowdown, Beu/lb 

| ‘Wp = weight of Plowiowa par’ pound of eoal burned 

“hg 2 enthalpy of saturated vaber at bodler drum pres. 
_ gate, Buf 1b _ oe | Be | 

lg 

u
 “enthaloy of feedwater entering boller dru, Ste/ib 

(4) Heat less due to vadiation: | 

Leg 3 (ver wont of radiation Llosa) (env) 

t (0304) (12, 730} | 

Ah Beu/Te 

t 
"i 

° Wheres ya = heat lose ane to. adlation, Bya/ ib | 

oe Jove: Per cent of radiation loss was obtainea 
from Plate 3, A.S.H.3. Power ' fos Code On. 

_ Etattonery heim: Coagiating EabSe. T9HES 

@) Unaccovatedafor Lossest a ao . 

ly = (BRN) . “= (Summation of items (a) through (4). , 

(11,730) =(8,0006 67434047. 954123565. 654 13329. 30138) 

463.8 Beu/ib es 

  

H
e
 

Where: by = waaccounted-foxr lesaea, Btu/lb
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a Boiler ofticheneyt 

  

(2) Bxeess air. os 

  

  

  

there: == oxeess air, per cent - 

Oy, co and Yo ate respectively per cent by volume of oxygen 
eerbon wonoxide and nitrogen in dry flue gas | ween,



  

Thie method of calewlation ie based on the consideration that the 

decrease in boiler efficiency is direetly proportional to the inereass 

in ash content in coal. The sample calculation shown here ig for the 

fuel bed depth of 5 inches. 

(A) Average ash content of test mixture: 

Average ash content = 23: a+ 39.6. t. ah. * - 2h. & wake 6 ze. 6. = 23. 53% 

(B) Boller efficiency st average ash content of 23.53% for § 

bed depth: 

  

* neh fuel. 

Difference in ash content = 24,4 19.2 = 5.2% 

Difference in boiler efficiency = 68.1 - = 6.15 = 2.994 

Mende each per cent of ash content decreases 2 
 efflelency 

Hs By - 0.567 (25.53 - Ap) 
= 68.1 ~ 0.567 (23.53 - 19.2) 

= 65.53% 

Zo or 0. 567% of boiler    

Where: Ur calculated boiler efficiency at average ash content of 
23.53% in coal, per cent 

th, ~ boiler ef Phasenag from setusl test at ach content 19.28 
. per cent. a Lo 

dy = per cent of ash content in coal corresponding to boiler 
- gffielenoy, - | 

(CG) Poller efficiencies. at average ash content of 23. 53% for 4 in. end 2.3/4 

in. fuel bed depthe are 67.56% and 67.95% respectively.



ABSTRACT 

In attempting to use the 4-] wixture of Merrimac culm 

and bituminous coal for boiler No. 6 in the Virginia Poly- 

technic Institute Heating and Power Plant, the. problem of 

maintaining a proper depth of fuel bed had arisen. This probiem 

seemed to warrant an investigation, which was subsequently 

made. | . 

The fuel bed depth that will give the best results for 

a boller depends on many factors, and it is best determined 

by boiler tests. Therefore, the authors decided to investigate 

the effect of the fuel bed depth on the performance of Boiler 

Wo.6 anc to determine the optimum fuel bed depth, when the 

4-1 mixture wes used and the load was 50,000 pounds of steam 

per hour. 

This investigetion consisted of the collection and 

evaluation of data obtained from the boiler tests at verious 

fuel bed depths. During the boiler tests, some of the variables 

were held ss constant as possible in order to obtain comparative 

results. The fuel bed depths tested were 2-3/4, 4, and 5-1/2 

inches. The optimum depth of fuel bed is that fuel bed which 

would give the highest boiler efficiency and good boiler control. 

The results of the tests showed that the boiler efficiency 

remained approximately constant between 2-3/4 and 4 inches of 

the fuel bed depths and decreased as the fuel bed depth was 

increased above 4 inches. But, at 2-3/4 inches of the fuel bed,



close attention was necessary to control the boiler, whenever 

the load swung, or there was a change of the quality of fuel 

fed into the furnace. The authors, therefore, conclude that 

Boiler No.6 should have a fuel bed depth between % and 4 

inches deep when the 4-1 mixture is used and the load is 

about 50,000 pounds of steam per hour.


