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The Virginia Polytechnic Institute ls located in Blacksbwg,inthe

Hontgonery Gounty of Virginia, It is situated in the scenic Allegharq p
Mountains at 2100 feet above see level, The Institute naintains its own
electrlcal system for the college and supplies the town with eleetricity, I
The plant serves net only with its facilities but more in the practical

study cf their experinents,
·

To neet the ever lncreasing denen! of electricity and hosting re-

quirenents, the Institute acquired an additional steam generating unit,

which was plased ln service in 1949, This mit is lmmrn as the Ho, 6 Boiler
and is equipped with a contlnuoyn front·ash diecharge spreader stolzer, It
has a naxljus capacity at 250 psi with 100 depee euperhest of 60,000 lbs,
of steen per hour burning bltudoue coal, and l,5,000 lbs, of steam per hour

e with seni•anttn·acite culn, Freu geographical considerations the burning of
seni-anthracite cule would be favorable since Blacksburg ie located where

senzbanthracite deposit: are prevslent,
l

With this exlstlng unit which has an average use factor of 83,16

per dent for the past three years (1), it was considered of interest to
coxduct a prelininary investigation to deternine the feasibility of burning
different elosely sleed coale,

Beveral persons have eontributed in sone wey that without which
this thesie could never have been perforned, The author ha: taken this
privilege to express his deep appreciation tc the followim nenbers of the °

fasulty, The Advisory Gcmlittee conprieing of Professor H , S, Miles, |r,,
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Associate Professor H. L• Wood, in the Mechanical Engineering Department, I
end Assistant Professor C. Shelton, Jau, in the Mining Departnent, for

their vsltuble criticiem, vorttq suggestions and guidance•

6. K. Log, Associate Professor in Mechanical EngineeringDepart-sent

tor hie unselfish support and eneoursgesenh
G, F, deßusk, Utility mineer and the Power Plant personnel for

“

their willingnese to cooperate in th perforsxancs of this investigstiom
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IV• REVIEW O? LITERATUR!
h

The ever lncreaeing enphaeie en efficiency and ecenew tmrarde

utilieatlen of leerer grdee ef ceel led te the develepeht of the centinheua

frc¤t•~aeh dlecharge epreader eteker• Ä

The fxmdanentale ef a epreder eteker feeder unit cenprieee a re-
ciprecating feeder plate te feed end regulate the rate ef fuel eupply in ß
cenjunction with e roter having two rove ef blsdee which project the feed

iinto the furnace em! distribute it over the eorrespeuilng grate eree.•

Leteral distribution ie achieved W having the feedere in line, while lengt-

tuiinally, the dietributien ie varied W contrel of roter epeed or W
adjuetnent of the still plate setting. Goal ie epilled ever the reter and
cenee in contact with the bladee fer leee than a qurter of a revelutiom
Witldrawel ef the eplll platee gives a high, leng, trajectery and vice
verea• The adjuetnent being very seneitlvn The fuel bed le kept level
by naintelning the preper edjuehent of roter epeed eu! preper peeltien ef
the epilling plate• ‘

A eectien threugh a centiuueue frent·aeh diecherge epreader eteker
ehcwlng the setting of the feeder in relation to the grate which travele
freu the rear to the front of the furnace, where ach is diecherged, ie
ehown in figure l. (2) The grate epeed le variable and regulated te

naintein the required fuel bed depthe at the frent end•

Spe-eader ctekers use the ceubined principlee of suepeneion burning

end nen-agitated type ef fuel bed. The ceal partielee are intreduced into
the furmce at sone diatame above the grate, end at least nene ef lt falle
en the grate, but net all ef it. The enall partloles ef oeel in euspeneien
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are hosted rapidly when expoead to the intense heat of the furnece,

Theeeparticlessoften and ewell into nulticellular bubhlee of coke, known as

"cenoepheres", Genoepheree are new-born cindere, This swellixg action

along with the drivi.ng·off of the volatile pertion of the coal particlea

oauses a eubstantial reduction in its specific density, Thisphenenenonhas

been inveetigated hy Sinnett (3), who feuul that partiolee ofb1tmin·oue

eoal increase in volume up to forty times ahortly after entering a (

furnace at 1100 degree F er hotter, With the average density ofsmallersaw

partloles equal to 1,5 the density of the cenoepheres reduces to a

value of 0,12 to 0,15 and peeeihly even lower, The müden decrease in

density of e coal particle causes it to remain bewant in the gas stream,

end ie carried eut of the furnaee into the boiler paseea, where conbustion

ceases before the carbon is entirely eonetned, As found evident under the

nicroscope, Kaiser (L) report: that whole canospherea and frapxente of

cenoepheree conetitute a eubetantial proportien ef boiler dust or carryover,

Duriug flring, sone large eoal particles reach the grate, with the

ingredients of uh diseminated throughout the structure ef ooal in varying

degree of dispersion, the svelling of coel paeeicles during cenesphare

fornatien further subdivides au! separater the aeh into minute bits of

apache, La me cenoepheres burn, numeroue ninute bits of ash are released,

Part of the ath that is released in the fuel bed is loose ard pmxlery, The

density of the ach likewise ny be lewered to a point where the ash ie

pieked up by the high velicity air and gas stream to be cerried away,

Practically all of the conbustlble in the flue dut comes from particlee

which renain in snepeaaien and never reach the gute, while the non·coe·

bustible or pure ash in the flue dust actually comes from the fuel bed
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after the ceel particlee have been fixed- (A)

Another type ef ach coneiete of layere that remain fairly coeherent
after the conbuetible portion ls burned away, Such pieces remain on the

grete„ An additional portion of the ach einters es it is released end ferne
eäälcmeratee or cllnkers, which are too denee and tee heavy to float in the

rlelng gaeee. (A)
In spreuder stoker firing, enly e. portlcn of the total combuetien

process oceure in the traveling, but nen··egltated bed. Since coel ie p¤·c•

jected lnto the furnace in a trajectery path due to the impact of the blade:
nounted en the revolvlng rotors, a wide range ef sizes nuet be used to have
e unifen distribution ef fuel in the grate• If the coal particles are tee
large, they can not be conpletely coneuned during the burning down period.
In certain types of coale there le that tenlency to encloee the unburned
carbon in the shell ef een- Such leeees could be ninimised by lowering the
nelinm eine ef ceel• (5)

Goneidereble range cf einen le neceeeary for eatiefactery dietribue
tion cf ceel in the fuel b•d• With fuele auch es closely eised, double·
sereened bitxmlnoue coel, there ie a tendeney fer auch of the fuel to fall

‘
cn one pertien ef the grate• If the eine cenelet is well distributed between
cearee end fine, the burning rate and uh bed are prectically uniform over
the entire grate •urfece• There should be very few pieces that require ncre
than one minute to burn. The eteker, however, will burn fuel remix freu *

elack, all through 1/B er 1/A inch screen, to l••l/I, inch er 1-1/2 inch cut
und eleclu (5) In coal having norml breekage charactertetlce 3/A inch to
eero er even l/2 inch te zero will give excellent reeulte. A minimm of 25
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per cent over l/I. lnch la required to ensure a fully active fuel bed on the

grate. A maximum of 50 per cent under 1/8 inch keepe euspension hurning to

reasonable proportions with coals of frlabllity. (6) Bainbrldge of the

Detroit Stoker ¤o¤P¤¤Y (7) recomroends that most desirable slses as 1-1/L

inch over nero, or 3/L inch over zero with about 50 per cent flnee.

The grate ls protected U the resldual coarce ach from combuetion.

It ls generally accepted that if there le a 3 inch aeh Layer at the front
6

dlsclmrge end of the grate, the protection le adequate.

The ash bed also dlninishes the actual upward gas velocltiesabovet

the fuel bed und reduces prcporticnately the carrylng power of the furnece
U U

gaces. an award Velocity exceeding the terminal veloclty of the coal or

ash particle will lift the particle in space aß correspondlngly increase
U

the sau. ams an the gms. (9)
To exsphaelee the effect of coal elsing, de Lorensi (5) obtained a

set of curves from several tests at different rates of conbuetlon with

several tests at different rates of eonbustlon with several different slsed

fuel:. These curves show that the per cent fuel burned in suepenelon ln-

creasee ae the top else of coal le reduced for the same conbustlon rate,

aß that at coabustion rates between 20 aß 30 lbs. psr square feet per

hour, the per cent fuel leaving the furnece ln all the slsee of the fuel

test le at a nlnlanm. This can lndlcate that the carrylng power of the

furnsce gaees, or the vertical gas velocitles above the fuel bed were

nlnlmm. When the burnlng rate le increased in flrlng 1-·l/2 inch top

else coel, the quantity of flue duat leaving the furnace does not increase

appreclably ae with the enaller coals• De Lorensl also states that the
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caxbustible netter 21,, the carryover varies freu 20 te 60 per cent, end

that is ie almost directly proportional to the burning rate, By returnlng

these fines to the furnace, appreucimtely 50 per cent of their heat content

any be recevered,

Holton and Engdahl (8) conducted L7 tests on Wiekee 60,000 lbs, per

hnur, tour-drm bent tube beiler firsd by Detroit Rotoßrate Continuous uh

diecharge spreeder stolzer censicting cf 3 feedere, They found that the use

nf overfire Jets redncee the carbon loss and dust mission fron the furnace

without reinjection, The reinjection of clnder from the boiler hoppers de-

creaeed the carbon loca 2,3 nercentage points whilev,,n—~inereseing the dust

leading 20 per cent, sul A21 percentage points while increaeirg duet loading

by 40 per cent, Rcturning all the cellected ciulere to the furnace gave a

further deereaae in carbon lees of 2,1 to 2,8 percsntege points at the

expense cf an increase in dust loading of 125 to 155 per cent, Halten and

ägdahl further concluded, that the usa ot ceal containing a snall percent··

age of uinus l/8 inch material resulted in lower values of carbon lens and

duet leading at the furnace outlet than were found with the finer cos.1,

and that this decrease vu net se great at either the boiler outlet M the

stack,

Similar comprehensive studies were nade by J, I, Case Company (9)

and found that the gravity system of flyaah return completely elininates

carbon loss from the flue duet carryover cf the spreader stolzer, and that

heller units equipped with gravity flyaeh return system operate with total

carbon lose ef less than 0,2 per cent in boiler efficiency heat balance,
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De Lerenai (5) states that in general, with the use of cinder recovery

equlpent end other favorable conditions carbon loss can be reduced to

an average ef 2 te 3 p•r cent, and without clnder recovery and uuier une

faverable firing conditions it my be as high an 12 per cent,

Theadpetability of the spreader stokcr to variatione in fuel

cbaracterietics is an indieation of its ability to meet extreme changes

in fuel quality, Minor adjnements to distributor speed axzl coal axxi air

controls enable the furmee to reapoul quickly to wide varlation in coel

characterietics and eizing• (5) Because of the very thin, active fuel

bed, the epreader stolzer is therefore very reaponaive to changes in fuel

and air supply. An increase or decrease of fuel supply with constant air

flow er vice verea will produce a mrked change of carbon dioxide in the

flue in a netter of a few eecondm (6) Efficient operation, therefore,

demws that not only should fuel and air supply be varied aimultanaouely,

but they should be varied by correct corresponding increnents, For this

reason automatic control ia strongly recosmended, or alternatively there

should be a eanually operated raster control which will ensure that, by

eperatlm one control, the air ard fuel are veried so that a predeternine

relationship le maintained between then, (6) ·
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V. TEE INVELSTIGATIGH

A• Object of Investigation

The object of this investigation vu to study the effect of

firing three different eoal eines; through 3/16 inch over nero,
through

1/L inch over 3/16 inch, and 1 inch over 1/L inch, in Virginia Polytechnie

Institute Hosting end Power Plant Boiler Im 6 equipped with a continuoue

front ach diseharge spreeder stekexu

The effect of different eoal einen uns studied with reference to

the comparetive potential heat losees, the mount: of flue duet
earryover,

ard the ability of the opreader stolzer feeder to distribute these einen

of cool on the grate•



V
11„•B.

The us. 6 Boiler V
The latest supplsment to the steam generating capacity of the

Virginia Polyteehnic Institute Heating and Power Plant is provided M a
two··dru¤, bent tube beiler designed by the Edge Moor Iren Works of Edge
Moor, Delaware. The steam generating unit was plaeed in service in 1949.
and, fer the past three years, the Boiler lle. 6 has an average use factor
of 83.16 per cent (1)

This unit was designed to burn bituainous cos.1 er semi-enthracits
culn. It was designed for maximum actual evaporation of 60,000 lbs, per

hour, with normal operating pressure of 250 psi with 100 degree superheat
and feed water temperature at 215 degree: F. The steam drum is 5/, inches
in dianetsr and has a length of 15 feet. The mr! drum is 36 lnches in
dieneter end 14 feet and 6 inches long. This mit is eneased in steel

plates with walkways at the upper drum level for proper operation and
maintenance. The instruments are pane1··nou¤ted in the front of the unit
at the firing aisle•

The total water heating surface is 7,155 square feet, which con··
sists of the 'boiler with 6:035 square feet and water walls equivalent to
1,120 square feet•

The superheater which furnishes the 100 degreee superheat has an
area ef 475 square f••t•

An üge Moor stean washer is installed in the steaa drum to wash
and dry the steaa before it enter: the superheater.

The air preheater contains 3030 square feet ef heating surface.
This was designed so that the gases of coabustien will pass through the V
botteaentheinsideefthetubesandtheairisdnitudatthstopard



15,

passen along and around the tubes,

The furuace has a width of ll feet and 6·-1/4 inchee, The sul

druu ls 6 feet from the floor, and the steam drum is 21 feet from the

center line of the und drum, The front am the side walls are water
cooler}, '1'he reer wall is incluled in the heller au} composw of bare

ad araoux-ed tubes, o
The coal firing equiynent censlete of 3 units of Detroit Roto·

Grete spreader etokere with e continuoua front ach discharge traveling

grate, The effective grate area is 116,9 square feet with the effective
lemth of ll feet, Integral with these units are the tuyerea provided
to adult sir into the furnace over the fire ard under the cool stream,
This air ie supplied M an auxiliary air fan in the basement,

The forced draft fan is double inlet type drives by directly
coupled electric motor, Capacity is 20,&0 cfn of 100 degrees F,

against a static pressure cf 5,4 inches of water, 27,8 bhp at 1160 rpm,
The output of the fen ls eontrolled M the position of the radial vanes
in the lnlet sides,

The induced draft fan is a double inlet type and driver: by an
electric notar through a hydraulic coupllug, Gapacity of the fan is

36,000 cf! of flue gas at 425 degraes F, against a static pressure of 6
iochee of water, It requires 61,5 bhp at 1145 rpm, This fan ie located

_ at the base of a 35 foot steel stack which has a diameter at the top of
approxinately 5 feat,

The dust collector was supplied M Pratebaaiel Corp-~ration of the
Thernlx tubular dust collector type, designed to Inßle 83,000 lbs, of
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flua gee per hour et 500 degrees F,

he Beiler Hm 6 is automatically controlled by Heya cembustian
central eyeten, The supezrheeter pressure ectuates the primary element
ef the meter central which in turn releys the reguletien te the steker

feedere end output ef the farced dreft fen, The furnece dreft ie con- g
trelled by the iuiuced draft fen speed, The outlet damper is menuelly 4

edjuated if used,
The unit ie equipped with e cinder return fen designed by Buffalo

Foxge, operating at e, speed ef A380 rpm with 15 hp electric mater,
Refuee from the enh pit ae well es flue dust iron the cellectera

are diepeeed of by a steam pneumetic esh hauiling system, Hefueearedelivered
outside the building, te e tile storage bin, cenditiened, end A

ready fer d5.spesal• Befere entering the elle, the seh cenveying air ie
cleened by peaeing through e cyclene eeperetam
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C• Preparation of the Goal

The fuel selected to be used was in the classification of bitc-

minous coa1• This was suitable since the Boiler Hm 6 was primarily

designed to be efficiently opersted with bitminous coel as shewn in the

rsamtfacturerw perfornance test es shown in the appendix.

The coal eines investigated were below the recommended coal eine

for spreader steker firing. In other words, the spreeder stoker feeder

was ferced beyond its normal ratirg of coel eine of through 1-l/I, inch

over sero•

The einen of coal selected to be Med was within the available

screeniq table in the power plant preniees. This ecreeningg table has

four standard raum hole steel screens, with sizes of l/L inch, 3/16

inch, 1/B inch end 1/16 inch. The effective length: are 7 feet 10 inches,

7 feet 6 inches, 7 feet 2 inchee, am 6 feet 11 inches, respective1y• The

width of all the screens was 1 foot ·· 11 incheu These screens were on

top of one another and 1 inch apart, Also 1 inch above the 1/A inch screen

is a steel bar which will only allow pusage of coal 1 inch in thicknesm

The series of ecreens are supported in navable strape and are tilted at

apprexinetely 20 degreesu The flow of ceal was initiated M an electrical

vibrator installed below the series of scream,

The original coal eine that was uparated was 1-l/I, inch over sero•

In the process ef ecreening, 16 eine consist tests were done during s. good

weather to insure fairly good separatiozu The eine ceneist of the coal

sise 1·-1/L inches over sera was taken from the average ef these 16 screening

tästs, which is es follewez
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Table 1

Siee Censiat ef 1·-1/4 inch ever nero Ceal

Size Range Per Cent
by weight

lhreugh 1 inch aß ever 1/4 inch 48.26
Through 1/4 inch and ever 3/lb inch 15.00
Threugh 3/16 and ever 1/8 inch 10.33
Threugh 1/8 inch and ever 1/16 inch 11.90
Through 1/16 inch and ever sera 9.17

Tetal 100.00

The ceal eine ever 1 inch were diccarded M haß picking the uterial

abeve the 1/4 inch screen. thin naterial did net pass beleu the steel bar.

Before the test, the available fuel was appreucinately twentar tone,

aß due te the limited tiee and labor invelved, it was decided that the

eiaee to be fired vere es tollem:

(1) Through 1 inch and ever 1/4 inch
(2) Through 1/4 inch aß ever 3/16 inch
(3) Threugh 3/16 inch aß ever zero

These were the einen that were tired in the Boiler le. 6 need in this

inveetigatien.
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D, Boiler Test Procedwee

A11 these boiler teste were made under practical conditions F
of power plant operation, with here enphaeie in the deternination
ofhellerheat leasen,

The Power Test Codes of the American Society of Mechanical
Engineers was used ae a basic reference in these test procedures,

1

With complete freeden in the choice of stem load, 25,000
,

lbs, ef stem per heur was selected tc increase the length of the
testceneideringthe quantity af fuel available, Based en theeanufactux-er'eperforunee

test, en efficiency ef &£,86 per cent ie obtained at 30,000
lbs, of etean per hour, burning bitmlnoue coel of eine range free l•1/1,
inch over nero, with the value cf 13,700 Btu per pourxi, The
expected efficienciee in these teste were all below this value,

With the load cf 30,000 lbs, cf stem per hour, the performnce
teet bu;-nim hituaineus ceal indiceted 13,5 per cent carbon diocdde, This
was the naxinm per cent ef carbon dioudde that was to be expected in
nernal firing, The beat velue of per cent carben dleeice obtained during
the etehilieetion period in the first test was maintained. The second
test was run apprexinetely one per cent lower than the first test, The
third test wen rm between the values ef the first end second teet,

During the etabilieetien period, ninor adjuetaesnts were made
en the epreeder etoker feeder plate, the fuel feed and air centrole, The
per cent carbon dioxide and carbon nonexide was used ee an imediete
reference te irdieate the effectlvenese of cenbuetion, Visual obeervation
of the fuel bed in the freut was nade to estimte the cerbon lest, Fuel
bed thickneee prinarily regulated ty varying the grate speed au! by
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adjusting tw fuel feed and steker feeder plate. With eeal sises 1 inch
‘

ever 1//, inch and threngh 1/A inch ever 3/16 inch, the fuel bed depths

were regulated te apprcximtely 3 te A inchee in the frent. with the eine

threugh 3/16 inch ever ure, the fuel bed depth was kept teapprmzinately5

te 6 tnehes in the frent. Each test was net started until the fuel cn I

the grate was replaced by the test fuel.

The air te fuel ratie, ani the grate speed was fixed before eech test and

was primrily naintained by the entenatie eontrel system during each test.

In the preperatien before the test, the thermemter welle were

cleaned and nereury was placed in then, te previde necessary inmersicn

depthe ef the glass therneneters. The pressure gage in the main steam

line was calibratcd as it was te be used as a reference gage. The Great

apparatue was eleaned end selutione renewed. It was tested fer leaks and

aereed befere nee.

hereury•in-glass therneeetera were checked by eoaparieen with

several others in the tenperature ef belling water at atmespheric pressure.

Te prevent nixing the test ceale with other ceals and fereign

materials, the seal bunker was eleaned befere each test.
Imediately before the start ef each test, the refuse was removed

freu the ashpit and the flue due’st rejected fron the dust eellecters. The

ceal in the hepper was leveled, and the weight ef the ceal in the weigh

larry was reeerded.

When prelininary readinge ef the lnetruente indicated falrly stable

beiler operating cesditiene the test was started. Initial readings were

taken, and water level in the boiler was narked in the gage glass, aui re·



eerded as aere• Integretor reading ot the etean flowneter was imedietely

recorded at the etart and all reading: necessary to calculate the heat

balance were taken every 15 minutes.

The duratien of each test was prinarily limited by the quantity of

fuel, but whenever poeeible the teet was eonducted for 5 }mure•

Refuee and Ilm duet Iron the duet colleetore were pulled out and

weighed every halt hour. This wan done ae fast ae possible eo ae to reduce

the leakage ef air inte the Iurneee. Re rainjection nf eindere was done

in all ef these teete•

Plus gas analysia were taken every 15 minutes during each of the

teste, The rate ef continuoue blowdown was taken et the same interval,

Re neaeureaaent of Ieedweter wan pe1~Ior¤ed•

Senples of the fuel were taken M cutting a eroeo section of the

coal in the spout of the weigh larry about one inch er two inchee depemling

en the eine ot eeal, by means of two parallel plates tor each
1oad• Sanplee

were also taken by ecoope in nix strategie points in the coal hopper, ae

einilar to—ASTM recomended eaepling method in the surface of a railroed

car, These samples were plnced in a1r·tight centainere, ein-dried, quartered,

end erushed tor proxiuate analyeim The Aaeriean Standard Method of

Analysis wen eloeely tollowed through the AST! speeitication D 2714,8

(Standard Methode ot Ieberatory Sampling end Analysis et Goal and Coke)•

Ash and Fine duet eanplea were taken and anelysed for eombuetiblee

es in the deterninetion ef aeh, the lese ot weight being recoxded ae per

eent combuetible in the Ilm dnst or refuseu
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E, Data and Results
S

Since all ef the seal fixed was in the same clesaificatien but

of different sizes, the evaluated analysis ef '*¤eistur• und ash free"

seal, shows fairly eenstent pereehtages of velstile matter and fixed

eerbeh, These values ef velatile matter ranges freu 36,11 te 35,97

per sent,

Te ihsure aecurate results in the deterninatien nf the prexiuate

analysis, three eaaples of eaeh size van talmn and anelyud, The average

values ef the prexiuate ie ehem: in Table 2,

The ebserved perfermanse ef the three teste are shmm in Table

3, I, and 5, These are the average values ef reaäinge taken every fißteen

saiuutes during the duratien ef each test,
Th•steamloadflustuatedasmuehas1500poundeperhe=xx·1ntixe

first test and 1000 pmme per heur in the other tve tests es indiaated

by the eteaa flswmeter freu the average values given in the tables,

The values ef the per sent carbon diexide fluetuated te li 1 per

sent of the average value, and the per seat earben uenexide te 0,2

per seat ef the average value as shown in the tables ef ebeerved perfemanses,
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Table 2

Fuel Analysis ‘

Test ls. I II III

Sina of Coal -3/16*5 x 0 •1/L" x +3/16* 1" x +1/A"
Air Drying Less ./..81% 2.26% 2.25%
Proxlmate Analysis of "air-·dx•ied" Goal

Molsture 0.51% 0.59% 043%
Vohtils Matter 31.82 32./.6 32.55
A s h 11.37 9.03 9.17
Flxed Carbon 56.30 57.92 57.85 y

Galsulated Analysis of °‘as•rece1v•d" Goal ß
Moistxwe 5.30 2.84% 2.67%

6
Volstils Matter 30.29 31.73 31.82 1
A s h 10.82 8.82 8.96
Fixed Carbon 53.59 56.61 56.55

Calcnlated Analysis of °'d;·y•• Coal
vßlßtuü Matter 32.00% 32.60% 32.66% '
Ä 8 Ä ueu 9•°7 9•2O
Fixed Carbon 56.58 58.33 58.12

Calculated Analysis cf 'lolstwe and ash free" Goal
° Volatilc Matter 36.11% 35.9/% 36.01%

Per cent Goabustibls in Refuse

20.15% 9.71% 8.72%
Per cent Goabustible in Flus Dust

Rear Hopper 5/..38% 46.28% 52.26%
Top Hopper 27.01 23.9 26.04

Reference:

Standard Methods of Ieboratory Sanpling and Analysis sf
Goal and Coke, ASTM Specification D 2*71-4.8
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Table 3

Qbeerved Performances

Test l

Date Perfermed September 4, 1956

Type of Goal Bitvmiuous eeal

Size ef Goal Under 3/l6°' x 0

Size Gouaiet of Goal

Size Range Per cent Gxmxdative
W weight pereentage S

Through 1/16* ever 0 29.2 29.2 0
Through 1/8* over 1/16* 37•9 8 67.1
Through 3/16* over 1/8* 32,9 1003

Duration of test I, houre

Average Gbeervatiemez

weight et eeal fired, lbs. per hear 2,910

Steam generated, lbe. per hour 21.,500

Boiler drum pressure, M18 263 —

Superhuter
Pressure, peig 257
Steam inlet temperature, d•g• F, 1,00.5
Steam eutlet temperature, dag, F. 506,5

Main Steam Line

Pressure, peig 230,7
Temperature, dag-. F. 1+83

Feedwater kater

g menu. wie $.2
Feedvater temperature, deg. F. 226,8

1
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Flu gas tmperatures

Air bester inlet, dez. F. 462
Air bester, outlet, dag. F. · 3w

Air tsnperatures

Ä}-T ih vindbux, dlge
FeFuroeddraft Fan inlet
Dry bulb tesnperature, deg. F. 83.3wet bulb temperature, deg. F. 71.5

Draft, insbes uf water
Air inte the heatsr 0.34Uirdba! A 0.16Last pass4Gesent ef the hsater -1.Indußed drsft fan -2.64

Flu gas Analysis M Orsst apperatu
per sent M vulxms
Garbun diuxide 8.56
Serben muomide 0.31Nitregen 81.55

Temperature uf the cual, dag. F. 80,1
4 Boiler roen tuperature, deg. F. 83.3

Baruetric pressure, insbes ot Hg. 28.24
Weight uf Ilse dust cullected during the test
Culleoted Iren the button buppers, lbs, 686,5Gellssted {run the top huppers, lbs, 246.0

Weight of refuse uullected during the test, lbs. 1005.0
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Table A
Observed Performances

Test 2

Date perferned September 5, 1956

Type of eeal ~ Bitxmimus seal

Size of Gaul Through 1//,” over 3/16*

Duration ef test 3,167 hours
1

Average obeervetions z

Weight ef seal fired, lbs, per hour 2,555

Steu generated, lbs, per hmm 21,,650

Boiler drum pressure, 9818 262,5

Superheater

meem, ws 266.5
Steam inlet temperature, dag, F, AOO
Steam outlet temperature, dez, P, A96,5

Hein steam line

Pressure, peig 230,2
Teuperature, deg. F, A75

Feedwater bester
6

Pressure, psig /,,52
Feedwater temperature, deg, F, 225

Flue gas temperature

Air bester inlet, dez, F, 462.5
Air bester outlet, dez, I', 381,5

Air temperature!

Air in the wixadbsuc, deg, F, 234,8
Foreed Draft fan inlet

Dry bulb temperature, dez, F, 80,7
_ Wet bulb teuperatrme, deg, F, 70,5
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Heiler ren: temperature, def, F, 8l•2

Tomperature ef cosl, dag, F, 78,2

Draft, inshss ef water
(Air

inte hsater0,38Hindben
0,18

Furnaee •0,13
Last pass -0,60
Gas out of the heater -1,18
Indneed draft tan •2,98

Flua gas analysis by nrsat apparatns
poreent by velame

Carbon diexide 7, 53
¤¤vs•¤ 11,03
Carbon nenexide 0,1,1
Iitregen (100 • cn, • Co • 0,) 81,03

Baronstrie preuure, inehes ef M, 28,236

Weight ef flue dnut eelleetod dating the test

Celleotad freu the betten heppors, lbs, 21,7,75
Cellestad Iren the tep heppers, lbs, 299,75

weight ef refusa eellected during the test, lbs, 367,0
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Table 5
0'bserved ?erformer1oss

Test 3

Date perfemed September 6, 195Ö

Type of seal Bitzmieeue coal

Size ef cos]. 1 ineh over 1/4"

Duration of test 5 hours

Average ebservations z

Weight of seal fired, lbs, per hew 2,266

Steam generated, lbs, per how · 21,2OO

Boiler drxm pressure, peig 263,1,

Superheeter

Pressure, psig 258
Steam inlet temperature, dag, F, 1,00
Steam outlet temperature, deg, F, 490 ..

Hain steam line
S

Pressure, psig 234,5
Temperature, deg, F, 465,4

Feedvater heeter

Pressure, peig 2,48
Feedwater temperature, deg, F, 218,6

Flue gas temperature

Air heater iulet, deg, F, 436,2
Air bester eutlet, deg, F, 381,3

Air temperature:

Air in the wisdbex, deg, F, 253,5
Fereed draft fm inlet

3:3 $2 äiäät SIS: S: 33:32
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Boiler room temperature, deg. F. 81.8

'Iimpereture ef coal, dog. F. 78.67

Draft, inehee ef water

Air inte bester 0325
wiedbeaz 0•198
Fl¤‘E‘lÖ§ *0•126
Last pass -0.4/+1
Gas ent of the heater •0.838
Iulueed dreft fen -2.065

Flue ges analysis by 0:-set apperetue
per sent by volxme
Carbon äioxide 8.37
Oxygen 9.35
Gerbon momxide 0.13

Barenetrie pressure, insbes ef Hg. 28,11,

Weight ef flus dust celleeted during the test

Golleeted freu the betten heppers, lbs. 185.5
Gellseted from the top heppers, lbs. 186.5

Weight ef refuse cellected during the test, lbs. 657
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TIE MAT BALAEE

Classic enong heat power problem in the evaluation ef the

beiler heat balance. Its main object is to determine the thernal

I efficiency au! distribution of heat leeeee of the etean generatirg unit.
In this investigation, it ie lnpertant in evaluation the relative

_ nagnitude of the thernal loeees in the unit.
_ The indireet nethod was preferred in deternining the efficieney

i, involving heat leeees, since the direct nethod is linited by the uee ef
feed water netere which will net give reliable neaeurenent ef input, ard
ecceunting the coal in the grate end hopeers.

ks regards to eccuracy, Dewey (11) estineted with suitable eu!
’

well neintained instrrmente end cereful obeervatione, including calcu1a•
-3 tion, conparee the two nethede.

Direct Method T. 1.9 per cent to T, 2.3 per cent
Q Indirect lhthed I 1.2 per cent te t 1.8 per cent

With the indirect method, the linits of error increase es 60, fall ami
the figuren above will cerrespoui to 10 to 12 per cent and 7 to 9 per cent.

Q3
Therefore, given in each case, suitable end well naintoined instru·•

33 nente end careful obeervatione, indireet nethod le likely to be rather moreQ
accurate than the direct method. The indirect method is also preferred by

”_
beiler nanufactnnwre in deternining the themal efficiency in the performance Q
test for aecuracy ard eeonoq.

The Anerican Boiler end Affiliated Industries, Standards Cemittee Q
hee prepared and recomended a stärderd for eetineting the rediation lose.

Q

This recemnendetien ie shown in graphical fern in meet engineering references.
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Further, the reconnended standard for unaecountable loes ie 1.5 per cent.

In the perfornence teet of the manufacturer of Io. 6 Boiler as shown in

appendix A, the radietion lose is 1.7 per cent et e loed of 30,000 lhe. of

etean per hour. This values will be used in this calculation.

The high heetirg value, carbon and hydrogen content was deternined

by Evans üpirical. Relations (12). These values were also conpared with

fornulu given by M arke (13) and the heating value end carbon content ap··
proachee Marlvs specified accuracy, but the lvdrogen content shows to be

_a larger within Mark°s linite. The heat values recommended by the two

authors was approxinately the sun with the value given in Pewer°s Data

Sheet (14). The value calculated fron l‘Na¤•s Enpirical Relations were

used in this conaputations.

Free the Bulletin of the Bureau of Minee (15), of the typical

ultinate analysis of coals in the United States, fer coals tron Virginia

am Heat Virginia, the weight of osygen and sulfur per pour:} ef conbustible

does not very very auch. These value for ourygen rangee from 8.3 to 2.7

per cent sul for sulfur 1.5 to 0.7 per cent. It would not be far off to

consider the average valuee for oxygen and eulfur. From this the error
would be considered in the plus ad sinus side, rather than the extrenes.

Without the average value of oxygen and sulfur, the weight of ei: would

always be greater to about 0.20 lbs. per lb. of coal fired. Lctully, this

g does not enter into this calculations except in the deternination of the

per cent excees air.
The anount of air supplied for ccnbustion was determined by reduction

‘

free the analysis of exit gases. The per cent carbon dioxide of the exit

4
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geses was used es the indices of exoess air supplied for conbueé ion, nn

the other und, the exoess air was aleo calculated from the oxygen content

of the flue gaees which indicated mmh lower values then deternined from

the per cent 0,, but it shows approxinately the esmc Variations, This could

be probably caused ty the leekege in opening the eshpit durim the test,

And freu the equstion in deternining the mount of excess air with oxygen,

the per cent 00 is too much involved and requires greater eccuracy in its

deternlneticn, The values deternined by the per cent carbon dioxide wae

used in this celculation of heat balance,

In general, a certain aeount of flue dust escapes in the stack even

in the best arrangenents tor its collection.
In each of the test, the ach in the ach pit and the ash depoelted

in the collectors, were ddd and cenpercd with the amount of ach deternlned 4

w the prendnate analysis cf es tired ceel, In Test 1, the total ach that

wal collccted in the ach pit and collectors wu in excess of the ach de•

ternined by the anelyeis, While in Test 2 and 3, a deficiency in the ssh

balance ot 0,18 and 1,68 per cent of coal tired was noted, It, in these two

tests, the deticieney was accounted as tlue dust that esceped through the

etack with a carbon content of tlue dust collected in the top hoppers, this

would enount to 0,101 end 1,06 lbs, ef flue dust per 1000 lbs, of gee, The

efficiency of the top oollectore would be 94,2 per cent es conpered with

42,2 per cent in Test 3, with 122 per cent and 110 per cent success air, et

epproxinately the sans aeount of flue duet entering the top collectors, This

would imlicete that these deticienciee could not be eccounted es flue dust

that escepee through the stack, j
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Prelininary te each test, a stabilieation period wan run to about

an hewr nestly flunttmting high aneunte of exeees air due to the process

cf edjustments, Very negligible monate, if any, ceulä have been picked

up or vu depeeited in the cellecters M the gasee during each test. There

was ne reinjection of flue dnst in all these teete•

These exeese and deficiencies in the aeh balance ceuld enly be

attributed te the anennt ef retuse in the grate at the beginning and at

the end of eaeh test. This can be shown by the quantity ef refuu taken 30

ninutea after the beginning and 30 ninntea before the end of each teet• The

anennt ef retuee cellected was:

Teet 1 2 3

Weight ef refuee collected

in the last 30 minutes ef the test 1+8 lbe• 69 lbs. 92 lbs•

height ef refnae cellected

in the first 30 minutes ef the test 118 lbe• 57 lbs, 68 1be•

Difference in might -70 lbs, 12 lbe• 24 lbe•

The difference indieetes a close relation to the exeeee M defieieneies in

the aeh balance end the ash analysis,

In cempensating these exeesa and deficieneiee, it will be aeeuxed that

the flue dnst thet eecapee threugh the staek will com within the limits ef

acenracy nf the calculaticn. And with high umts of exceea air, the tep

ccllectars will ba very efficient that the ueunt of flue dnst that eecapes

will be negligible since the performance of uechanieal colleetore ehows that

the efficieney increasee with gas flow
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The eerreeted anounte of retuse will eerreepoß to the amount of

xmburned carbon of ··0•2/•,
0•02 aß O•17 psr cent ef ceel fired ezor1·eepondi¤g•

ly, over the actual ameunte in the
r•£uee• The cesreeeted veluee fer each

test will be used in all the ealeulatienn

Freu these teste, the aneunt ef flue dame that esoepee through the

stack can net be determined aeeuretely unless spezial equipment in determining

the amunte et flue duet eeming in er out the eolleetors is used•
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Table 6
Heat Balance

Test 1

Size of eoal find thr·ough 3/16 inch nur zero
üatiag value ef eoal es fired, Btu per lb, 12,860

Btu per lb Per- cent
Loss due to dry flue gas 1328 10,32
Lose due to mburned 774 6,02 6

Lots due te hydregeu in the fuel 473,5 3,68
Leos due to ineemplete eoabustion 225 1,75
Lose due to uezleture in the fuel 62,5 0,48
Lese dm to uetsture in the air 35,4 0,27
Lou aus te bloudosm 7,4 0,07
Lose due to radiatiou

J
219 1,7

Ueaeeountable len 192 1,5
Total loeeee 3316,8 25,79
Ettieieaey by difference 74,21
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Table 6
Beat Balemae

feet 2 „

Siee ef eaal find thmugh 1//. man ever 3/16 inch

Heating value af caal es fixed, Btu pax- lb. 13.545

Btu par lb 3 Par dent

Lau due te dry flue gu _ 1620 12.10

Lou due ta mbumed earban 391 2.89

Lau dua te hydragea in the fuel 497 3.67
Lana due ta ineamxplete eanbustzum 366.5 2.70
Lass due ta aeietun in the fuel 34.8 0.25

Lass due ta aaistun in the air /.3.2 0.32

Lass due ta blmrdavm 6.0 0.05

Lee: due ta mdiatieu 230 ·
1,7

Huaeeamtable lan 203 1.5

fatal lßill . 3391.5 25.18
Iffiaieuey by difference

‘
7/..21

6
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Table 6

Heat Balance

Test 3

Sina ef egal find 1 inch over 1/I, inch

Hosting value ef ceal as fired, Btu per lb, 13,550

Btu per 1b Per cent

Loss due te dry flue gas 1558

11,50Lessdue tn unlvsn earbnn 276 2,0/,

Lou due te hydregeu in the fuel 1,98 3,68

Lena due te iueemplete cmbustien 109,5 0,81

Lou due te ne1•tux·• in the fuel 31,6 0,23
3

Lose due te noisture in the air 1,0,7 0,30

Leu dus te blewdcsvn 1/,,6 0,11

Lou due te rulistion 230 1,7

Unascstmtable lese 203 1,5

Tetal leasen 29614 21,87

htticiensy by difference
3
78,13
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VL DISCUSSIQH

„ eajor variable heat leeeee in theee tests will conetitute

tin
lee!}

to dry flue gas, loss due to unburncd carbon, loan due to

inconplete conbustion, end loee due to noiature in the air and fuel.

Dry Flue Gas Lose
Loesee duo to the heat in the dry flue gasee aseunee a

majorinportancein heat balance work. M other heat lena is so large and
K1,

reodily subject to control in boiler operation. However well the excese

air eey be controlled, oeneible heat will still be lost in the flue gases,

which, apart freu the exceee oaygen, coneiet nein]: of nitrogen, carbon

dioxide and carbon nonoudde which carriee off coneiderable heat. The

extent of thie flue gas lose depends not only upon the amount of excees

air und but also upon the efficiency of the boiler proper oe a medium

for extracting heat freu the gaees tranafering it to the water er stean

in th: boilcr.
The design conditions of the Boiler Ho• 6 in ite nanufactureve

perfornance guarantee called fer, the dry flue gas lossee range: ap-

proxieately 7 to 10 per cent, equivalent tc 959 to 1370 Btu per pouni of

bitllinous cool or heoting value of 13,700 Btu per pouud. The flue gas

exit teaperature wa: to be 345 tc 424 degree: F. at loud rangee of 30,000

to 60,000 lbs. of etean per hm:. The per cent 00, was to be kept at
13.5 per cent with the mount cf exceee air at approxinately /.0 per cent.

In the three tests, using the three different eines of cooltheheat

loes due to dry flue gas rangee free 1320 to l6l.0 Btu per pound of 99
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eoal fired, with flue gas exit tenperaturee at approxlmately 380 degree:

F, with ucess air fron 92 to 122 per cent, These tests were perforned

fer freu the best values of excese air to obtein the adverse effect in the

flue dust carryover, To poesibly operete in the economical range the

mount of excees air should be kept to a aininm where there will be ef-

ficient cclbustion of the fuel, with nlnlnun potential heat loss as um

burned carbon and lncomplete conbustlon of gases, In other words, there

will be always a best value of exceae air for a given type or else of

f coal for econcnicel operation in a given heller,

Unburned Carbon Loss
In these particular tests, where the spreeder stoker was forced

beyond its nornel ratim of coal eine l•l/I, inch to nero, the flue dust

, because an lnportant factor, Prem the heat balance, the unburned carbon

in the flue dert, whichie shown in figure UB-l, constituted 65,8 to 83

per cent of the total mburned carbon in the fuel,
6 By analysis as shown in Table 2, the nnburned carbon ln the flue

dvnt collected in the top au! betten hoppers ranges from 23,9 to 27,01

and /,6,28 to 5l•,38 per cent of flue duet collected ln the respective hop-

pere, Pros these Variations the total mount of unburned carbon will
T

largely depend on the mount of fun dust depesited in the hoppcrs of the

flne duet collectors,
In Test 1, the eine of coal fired was all through 3/lo inch to

nero, The slss consist which was evaluated freu Table, was es folloves



., . .7. .. .4. .... „. „.. ., .,

Ä!
—7

_’ ,
_ ,_

_„

‘• -- 7-7 7 „· ,i ,_ ___

•7 •-••~• — •-• -• ••

., ,.4... A.
_,

4. ..
•• «- »' ·« ~,7 « .... „ . .- .,

,;s7 ,,7. 7 „. .. _, ___ __
Y ,,

__
Y A ___

.;.7. «. .. ..., .4., . .7 ., ..
„•

-.
„. 7, .,7.. .,

.i4„ l•~l .7 - 7 „- .. ,, ,_ ,,.; _.

~«7 „· t.

7 ··
•7.. .. .. . 1 ,..,

.. ,..
·
.„ „„ . , -7.Q,- „,. . 7, ..,- 7 . .•

.„ •~ 7·7- •7 ;, .. , .,.. ,, ’.

4.
•„ ,„ . , „ l, ,,.. .,

...41 ,»L 1... „-74 4. 7
A . 7

.. ., U
•- •- » 7• 7 7 7 •—..•

-
• •..., .7 „.

„. ,4, 7 . . A.
sL,„ ,Ll’ -1.3 ..,7 ,„ ..

._ _ _,__

., . . , · . ,,,„ „„_,

.7;} ,.,. .4+,: mu, A ,„ ..
.. .7.. .. . , .7 . .. ..

„» ,7 ·~
•. •«7- «7•. V~„7 A ,: -. .. ,.-. ..., .... .„ ,. .,

.,
7 -7-7.-

•777•„ 7• »„

1
’ . , ,7.. -·

„„ 4 . .,. . .., „.. .• A ..

' ’IiI
'·

., . .7., „.

.1., :.2 A ..
•• 7. ,7 . 7 .7. , , ,.

1 , 7 A . . „ . ,. . 7 „ , . , 7., . • 7 • , L 7 . 7. 7 , „ 7
>-

„’ .7 . 7 ., ,.., .,
7. A-

-• .. 7. ., ..., .4., ..,,

O ,,.*;.1. A',. 3 pg
•• 7 .‘ „,

-7--
7. .. .. ,.

,, ,, .. .. _. „, . ..
‘·

.. Ä„„Ä 7,..

7.A»
.„

«· -~ •»
.•7Ä .7.. ... 7. 7 7 . $-7 ·« „„ .,

7 7 .. . .. .7 , .. . .. .| .. ,.

.4.,4, «« - ~. „•..i7—~- 7 ,4 . . 7 .. . 5 .„ .„,¤—

‘, •· 4... .. 7. . ,.

.. , ,. , „„ 7 .7 7 ,„ 7 7 ,·

WQ L7-. ·47. .477 A« 4 4 7. 7. 7.
7— •« 7

·’ -.7- 4 7. -7·. „ I: 7 ..¤ .,.. .., 77 .,
,„ . .

f
,, ,,

—7 „.
-· 7 „- 7 .,

x»A• •• 7 7. 7 „. Q. „.7...h)

7... .7.. .. 7. ... .7.7 .„

77. .7 . .« ,. 7 ..7.. .. 7 .7
„„ . 7... 7 7... ..7 ..7 .7.. ..

7 •- -, —„

.. .. ..A ,7 . . .,

.,77 ,„ .„ ,. ..
xyln V.}, ;A.4 1;.7 -> 7 ....7..., ...7 ·«7.es

A 77 7 ..•, 7 ..
.. „. „.,. 1... 7.,. .. ,1}..--

." -..7 . .• 7.,
I ¢* 7••

,..7 .- ..
•. „. .. ...7 ..7, ,»

„— •«
.7,. ..

.„ .1 ..7,

~-
7.

y¤ •«I§ •- «• .. 7 7 ., .. „.
.. .. .„ ..

.L•A AA,. .. . •.„7- 7-7. 7 -. ..
,. .. ,. ..

4, 7 .- .. , , , .. .,, ,;.7. „.
,„ •, 7 .. .,. ..,7 .,

l mir ' · ·
7·y,· ·«••

·
••· •

~·
»· 7 „.

.. .,
-„ 7- ..

•• ' ••„-• •—•— H •-7 —7 -7 7-¢
I.

., , „.. ,. .. ,. .,

»- -7.-
„.

..
.. , . ‘. .. .... ..

,,
•» ..

•· «— »«•• 7 •» „„

-+ +•

,_ •, ,• .. A •,,- .«•7 1, ..

··

6.

.+

.,Z**l •• «· ·
•„ ..

AÄ•&
„,

M-
7Ä~I „„

+*„„ .„ .,.4 .. , ,... .,.. .,,, ... , .,

„,.„,-
.. „. . ,. ..

.7.. .. ..

,;.„ •., .,,,7, .-i7 .;
.,77. .. ., . .., ,.,4

X r. ‘» · „ Y v
,,,. ,,.. .... ., ...,go,. ., .... .„ .Y. .. .,., ..

.. „.

.7., „. . 7.
.. .. ..., ,1,

., ., ,;

l gg ..
J.7. .„ ..7,.'¢

·· — ba ·•• ••
4-+ 7•

•7• 7
„. •, 7t •„ -. 7 ».

A, 7 „' ,, ,..,

O .„ .. ,, ..1

'.
-. .. Q .,

.. -, .. •74A . . -. ., . 4 .. Q . ,· 4, ,_

L.. .L7· ..7 .4., 74 . •‘ ~. L- .,
,, Q. , gg, .... , ,.. gg .. .T. .“. 1 . ....,„. . . .

-. 7,...,7 4
,_

‘- ' I.—7 „7•• 7 .— 4 ,! • .7 ..„, -. „ .‘ „ „..• .. . 7..•€
..

„. ¤ . .7 .. 7 .. .

....7 .... ¢». ,,.,7 ·„., .... .,Ü .,.1 Y. .Z I;
..

.~
n . ¤. .. .. , ..

77 ,.„ .7.. ,,•q I,4• .:7. 4, . „.,. ,7« ..,„ ,..,1 .« Q-

„. ..4. .• .· .. ,. L . .,

·«
.„ ,7 .. I ..‘..., ..

7:.
.• • y «• •7 7, .•

•~ ..

2., .. 4 „. ..
‘.

;• .77 „„ , »T4: .·,- ~.•• 7.. .. 7 ..g..,
.5 . .... . .„ .:

•. , , . . 7 ......A

.„, .... 4... .„.,„•
·I.,..7 .... ..„..„,, .... .„

,‘

,. .. ,. .. ..
„. . .7 .7.. '. ..

4- 7+ --
-• ·• • _ 7 • 7 .7. •„

.‘ LI. ß . ,, ,, {Q __ __•_-·

-·
-• -+ 7 ·

“~ «—·— Q '-~ -- ~ 7 •~ .I
7. . ,, 1 .,„, ..n. .... .,..7.f..

¤,A .,;. .„-. 4... ,.74 . ... .... . .5 4. . .. .. . .. ,i ..
‘~ ..

,. .. .1. :, .. . ..
.,

.„ „. .. .. . „, ..
.„Q-77—• •7 •7• •· „•

.. .. .„ 7 .7 ..
., ,. ..

.» q., .„ „· ‘
:7. X .7

..

·l
~„

-6 A ·-7 ’·AI „7„A .4 g •l7Ä •Qi: ,•J§ • „' .. . •„.. „ •. ..
1: 4 „ .«

~A4'
1•

7.4 -» 1„.s 1, X ga;. ,,aJ ••.; -1}. •.., ..», ,,,7. „.. .... . 7. ..„. •.„„ 4,Ag ,•.,



'v4.
‘t•

'~
·4.

V

7-,

‘·- *14
'*•

.•

v~.-•

Q-~., r·
-. -

•.. 44
4.

—.

·, 1 V-
4 -4

-4
~,

4 N
·4.;$=·4€;·

.;;~ T,
i’·· Yi··

1j·~ Y;;·
._

"44

7 FZ
·44_ " MT; -4,;

1.fj V

t-
'·6 ¤,

‘4
‘- '4

‘·,
-
'~l.

*-4
‘· _

·•

_V

‘l

’«4

4_

·q„ '
4

‘ „_ *
,,

-.
‘ » 1-

'·

'· ,’·4

'4

4;_

.j«4

l f·444
‘ 44

‘-·1._fr—.
"•

·. T

’^
·4

.V«

,V

·'
V4

"•

*-

-, ·
•,_ ° 4

’·
V--,

*6+
"°

·4_V

·g

VV‘ ·4,

*4_V -.,V
4,VV

• _'

-.

·4VV
I,

_VV
·
._

44

V
V

'~

T'.
'

‘ °"-

"~
'4

~.

7-,
>‘ .'

'•4
.
'•

-'
·

.

'.

”‘

Ä"‘v . ,1
·~
*4.
,’

4.
44.

4_
·

‘~• ··
_ -

--

~_VV

,_VV
,VVV

,_VV
,‘VVZ~4VVV

V
VV

VVV
VV

4*.-. VV

4_ V

.V V
V

V, VV-
V

V

•,

._

4

*·

4
•;

•4„ ·. ' ·.

4‘ .'
°‘ 4,

_‘,
‘

‘«=
‘-

4V

,_V
V

'4

‘·

•~ °'

‘·4

-‘••

4_

4 V' .V V
' . V

V
VV

_V'4
V

4.

4

_j·

I
4

*144

U-
_'

Ülfj

“j
·
;j~

_j

4j

4

V

~4_V

4 VV
-4U

·lY;
“—

’*~Äf
·Ül’

i$I‘
..

4,

·~Äj

*‘ 4
"»,

"'

*~4

4,
4
”' ,'

4Z

*·
”‘

·4I ^· j

‘l
’«

*1,

4_

_‘

V *
,V

1

'x'

~4

44

"*

‘4

4_ ·,

U-

lir TT

··ii
4_

Wi

*_

V' V

4
*• . V 4

.‘ ~l,

4V

V-

V·

*-7 *·
T"+

··
-4.

*4.’·4
·4

0-.

'·

'·
‘^

’+

__ ’_ O
v

4•

Ä
„

_
~,

44
4

-_
4_ V 4

~_•-

.V - V

4 VV
4_ V

4 V
VV

+' V
V•

¤z

Ä-4 7
64**

4

"‘

"*

°‘ 4

Y·
lv .

g.

•A4„
·.

-•V
·.

•·

I_

4

_ ·}

_
_ -

V
4

,·

4_ V
._

4,

4‘·

"•

-4

-4_V
V

4,V

‘-

__

V

V

4_

-41*-+,**4;
• • 4; *

¢.‘* 4i'

·4
°— .j

4‘1
.‘

v, V
-„

*4

'·_
·•_

·._V
_V • *4,V

_ V

,_ ' VV

VV-

G!

_V

_V V

4
'4

·.
,V

_ V

__ · VV
VV-

~ V '-
^4

^4 V
v._V

~.VV

‘·
V· V

·, V

V
-4 V

V - - g VV V
g V V

V
_ V

, V
4 *

V
1 ·

V V

‘
· I

_ ‘ 4
' 4

4 V ' · 4 V ' 4 , ·
• _ _

*+--*4
ML;

·44.°
~•;

·e44“
·,

-4

'~

‘·

-4i;
4.

4If*

‘·

.,
944

••.-·~—+_

4

~._‘ ~.

‘- _
•4 _

-
·

-

-_

·-

l ~
4

4
.1* . # ·

+«

·4
4
·,-

„ 4
·.

.4

,
4.

·
.

.
,,

„V

4__V

_VV· V ~ V
'-

_V 4
-, V

, V

‘« V

:·
._'e

4

_V

._

·°i Jh
ÄT" #44

4.
4;

'· 4

ng

__ '- -4}:tV " -4; 4_
V

~‘
‘I'
"‘

.'

Q,
V'

4.V
*4VÄV 4,VV ._V

VV
V

4
V V ._ V ,_

*-4
‘

° ·4

,_ ·-
T

4
‘· ,

‘- __ _'··
‘·-

Ä'; Üfw
v!

·•

L"·4
144

41

Ä.

-4

4.
’* 4l‘-

T‘ ~
’·-_VV

€·
._VVV+

_V_V4 VV
I·

_ V-

_VV•
~,4

V.

-4
,_V

,_VV

•·

4._

·~
_f; _V- V--. f*

._
4,_

,VV‘

V
V ~ VV

·.
4_ V-.

,_VV

4‘_V
•_VV

,_V

_VVV

V
-

VI-

·4_

VL

y,_

„_
‘ ,V

·.V’-4 lf
4;

‘ ,V

·_ - V
‘• V

*4 V

4
1~.

._4,

._ '1·: 4
·._··

g

·~

·4,
-4,*

·4· l"
-.‘· 4§;‘ 4"·

"^
a‘1« 4i'

j··

--7f

·ZI‘

‘·

V
4_V'

V4,V

f·4.

·4
•,V

··

y; V

,VV‘
_V

V

*4 V
·.

f:
VV

·4 ' -.jV 4

V-

~4.

~4

.j'

„-

·,
V‘·•_ V

„_

__ ·V ' „V
_V

,VV
_V‘- VV

‘*
lI‘· 4.

llt·
4, l

’*‘> lf^«

i*·4

44 " ·~lZ

L' _

‘ ,
”' ,‘°•

"

"~
'«

'«

'·
-,
"4

’·
‘^

·.

*4

(

;f‘= 4;--
•-

'·

j·=4

4.
-;·.

7
-—4._‘•·4„

„
‘·4

’·

v,
,•

„ .

_„

*6

,VV• V ·
_ '

,VV
4

V
'·

·,

'„

,Q
.,

‘v

-4
,V

__

·.

Ö‘

7.

.V

‘x V , ^ V
'·

._¢I

i··Z‘r~4
*--2 =·4;

-4
·Y4i

4
” IA 4l:·

·-
i· -.

‘··—

Z

44'·
4
‘·

4i'

‘·

4Ä'

Z

-"

*4

.‘
• --4

l,‘

2*

4,

*4

-_··—._
·_

gg
--4; F-f;

@4
•" 4 -V ·Y;‘ 44

4:*-

·7

'—
ÜZ‘· Ä

·Ü.Q

VV-
V

‘·

4.44,

;·-I ;~4f
·¤Jt

··1a ·-Tt

4

53

r-

·‘
‘·

V *4 _ 4 -
V'--

V*~4

v~.V

4 _'

.ij·

‘·4 j

-4 _QjO

if

Qi

·4 V
‘ 4j

V

NO

lL'· Ü"·

·4

··4l

44

";
'°

Yv

4
‘·„ "·

'·4
~,

~, ' 4, ' 4

·.• '4,

V ~
_V

4_
„.

.V '
_V

V

4

•.

T·
-.‘· 4 ·

:-44;

Z--

[Li
-4I;

_;

V

V

V•-
V-,

Vb

4__V

V

V., V
,_

4. V
4_

-4

‘·

-4
° 4

V

4
4

4

‘~

r °'
·.

4

-4

·~

' 4

4 ' · 4

·. · 4
-„

4

4

,V
v•VV

—.VV

·,

V

4

4

f'

4;;; .1;-
.77

··

f;·
j;·4 _ -4_

I"

-4
4

-44;
·—

.f·

.g· „.

.· I

-4 · ».

--

i, ·.
'·*

“*· .f · .° -
.’

4

-4

i
__

V-
._ VV

li -

4.

-‘

-7

A

*4

°‘

V‘

-‘

4
‘4,
I°•,

'•
‘ '*

4‘
‘ X

‘~ ~

'•4

*-

'·•
·

V
'

4,

4_

_

4_ .
^

'•

V
4X 4

‘· ~,V

4 VV

V'
__V

,_

4

‘·

-.
'Z-.

·”

4

>‘ ."’ ___
t' · 4

‘~ .
l' .‘

·-

-4

-4

4,

»"

‘-

-4

‘4‘.4;

¢···

4 ·~
Q 4, 4

‘·
t·

69 9 4
··

4

-. -4

4V

4 V
·V

_VVV VV

».
VV4

,_
4 V

4 V

V
4V

V

.3

4

_

• .

.‘

‘-

Q

.

._ y.

VV
_

V

·
V'^V

'4
V’•,.

• 4

4_‘-

1;
4•·

4_ 4

·I·

j··

”‘·~·.V

.Q‘4
‘ . -

'·
-- ]·

'4
'.

4,
~

^~
,4I

°
4

' -

,
“ 4

'A.

-4

V
V

4 V

4_ -4_

—. ·
•_V 4VV

~,

__

V
~.

.„

-4

"”

.V
4__

._ V

V

V
.} -4

4
.

VV
-

V
_Vg -

V-

4

V V

V
VV

V

V-

V

4 _ 1

_ ·4

'·

"\4

°*

4;

n, 4 · ,
44 .

=
.··~--*·

·- .· -4i

‘· . « . 4 ~

. VV

·_

_V
_V

[1
_

*·
‘

‘·,__VV
V*4 ·

,_V AV

_

_V 4 V
·,

,_

4_

._ 4
_Q

4

V
._ ,

,_

4

-·‘ -

VV
4 V V v 4 VV ~ . V V

4 V I V
V

•_ V
. _ V

V V
V

Q . V
V

- V V
Ü

‘ «4 VVV
[ V V

V V

4

V V.

'~ V [ V V
_V V

V
V'-

I

VV

V V
VVVVV

·,

V

g
-.

._j ~.

4

4.
-,

*--1

L '··-T ··~4;, 4

ij;}

j- , jV4;
_;

!·

—‘ 4j

-4 1

·_ jg4Z ··
*-44;;-

;_"«
·~»‘ 4

I -4 Z

iz .. 1··

-; pl
‘· 4.

4‘

v4,
„·

4_•
~_V

.·
V

._

V

-4_4

4
.

V

‘·

••

4, '
4_

_·•_

_
·~._’·4 '· ,V

,_ '
„_ '

„_

V
V

_V· V

V
4-V - V

4VV
Vb-•

V-

4

., ·. -
-4

-. · . ·,
.

_.L
‘

+-_ '
‘

"^

._
.'

Q·

'·

Ij

“‘

4
„

4.

__A'

·4 g-.

_j



L2,

äige rege für Gßßt Gtuulhtive
by weight percentege

Through 1/16* to nero 29•2 29•2
Thromh 1/8* to over 1/16" 37•9 67•1
Through 3/16* te over 1/8* 32.,9 100,0

The enount of ach in the coal ach fired was 10.82 per cent. The amount ofineeh
deposited in the collectors wu epprexiuetely AM75 per cent aeshownin

the Mgmt UB-2, et the specified exeecc air. Although it can not be
shown in Test 1, that the enexmt of seh, coneequently flue duet, collected

in the heppere could increase with increeeing neunte of exceae air, Teet

2 and 3 ee ehewn in Figure FB-1, ixrlicetee that the ach cnllected in the

hoppere inereeeee with the ueunt ef emceee air, even at the eine range of
through 1/I, inch over 3/16 inch and 1 inch over 1/I, inch, where there wee
very few coal perticlec below the eine of 3/16 inch, In Test 1, the amunt
of flue duet collected will depend neinlythe mount of operating excees
air, Axel, with the eine ot cool through BA6 inch over nero, there would
elwqa be an ancunt of flue cuet carryever with the lowest mount ef erceee
air to support coehuetiom The flue duet cerryover would be inherent in
this eine range of the coal•

In Test 2 und 3, where the einen ef cecl fired were through 1//+
inch over 3/16 inch end 1 inch over 1/L inch, ceneidereble anount of ach
wu depceited in the flue duet ccllectcre ae graphically repreeented in
figure UB-2, In hat 2, where the lower eine limit of the coal wu 3/16
inch, the uh depoeited in the cellectore wan epprezinhly 51 per cent
coupared with Test 3 where the luder eine lixit wan 1/L inch, the ach cel··
lected was 22 per cent, with redueed aeennt of exeeee ein
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The possible sources of the ssh, consequently flue duet, deposited

in the collcctore could poseibly be the coel cieee below the lower linits

of the eine range of the cool firsd. Thie raw ceal particloe would he the
‘ result due te the inefficiency of screening er eeparation. Since the cosl

was not washed er cleamd, maller coal partlcles were attached to the eure

facee of the larger pieces of cool, even et low neleture content. In these

cases, below 3 per cent. In the process of transporting or comreyirag the

cosl to the grete, a certain Blßlßt of coal belcw 3/1-6 inch could develop

throrgh In-eakege end cruehing between pieces of ceal. From these two

factcrs, it would not probably aecomt the ach deposited in the collector

in Test 2 as shown in figure UB•2, which eonsist of epproucinately 51 per

cent of the total ach. This would les! to the grate es the source of the

esh, depoeited in the cellectore carried M the gaees due to the high

amount of excees air. Fra the inveetigation of Kaiser (l•)• it was forst.!

that a euhetantiel portlon of the boiler duet conetitutes the whole er

fregnents of cenospheres er ¤ew··born eindere, and come part of the ash

that was released in tin fuel bed was loose and powdery. This would make

up the eggregate suount depesited in the collecters•

Inauvsise ofcoalfiredintlaeboiler, thsareountofflzxeduet

carryover would he effected M the operating exceee air and the flue dxyet

carryever would he affected M the operating exeeee air am the flue duet

cerryever will increase with increesing amount of exeeee air. But, the

flue duet carryover can he reduced to a considerable mount with double-

screened coal, as shown in Test 2 and 3 ceexpared with Test 1, where it is

shown graphically in l*D·l. With double screened cool, the flue dust and
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consequently the unburnsd carbon will be reduced considerahly when operating
in the best values of success air to support the conbustion of the coal,

Unburned Carbon in theRefuseIn
Test 1, tg analysis, the unburnsd carbon was 20,15 per cent1/of//’j

the refuse, This could bc attributed to the uneven distribution of
tl;/A

cool on the grate ot the given mount ot access air and else of cool, The

unburnsd carbon loss could be pooslbly reduced lv propcr setting of the
stolusr teeder spilling plate, In this operation this feedcr plate was
peraanently set for aoraal operation of cool eine l-1//, inch to zero, and
adjustuents were node ty the land wheel, which could not possibly aatlsfy
for slses of unier 3/16 inch to sero, At this condition, a certain ancunt
of cool was constantly dmped in front ot the grate, and falls in the uh
pit in the burning state, which contributed to a high carbon loss in the

retuse,
with the three stoker teeders in Bo, 6 Boiler, the cool distribution

ln the grnte would possibly ilprove when the setting of the feeder spilling
plates would be in such a way that, the two feeders will distribute cool in
thebackofthegrateandonefesderwonld supplyinthefrontofthegrate,

In Test 2, where the cool else tired wos through l//, inch over 3/16
inch, themburnedcerbonintherefucewas9,71perce¤taashownint1·•e

fuel analysis in Table 2, At the high anount of exceas air supplied, this

value appears to bo high, This would result Iron the uneven distribution 4

of cool on the grate with the lnproper eettug of the feeder spilling plate,

4This adjustnent could be changed to give a nach better distribution in this 4
sise raue of cool sinilar to Test 1,

4

W
W
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These changes in the setting of the spilling plate could not be

made durtxng this investigation due to the limited quantity of the prepared

fuel an:1 poesibly would intcrupt the operation of the bollexu
U

In Test 3, with coal eine rangirg freu 1 1/A inch, there

was a suitably even distribution of coel in the grete• the top

eine of coel in this case would be effective in reducing the unburned

carbon in the re!‘use• Prem the Inspection of the biggest particlee of the

refuse, it shows that the inside part of these perticles contains or is

relatively raw coal or unburned ce.rbo¤•

Loss Due to Inconplete Cowustlon

When carbon nonexide ie fozsed, the lose which thie would sndicate

ls not linited to the partial cenbustlon cf carbon, but it ls related to

the serious losses tlmt are involved through the escane of bydrocsrbon

gases ef sone heeting value•

In Test 1 and 2, the high anount of Co could result freu the uneven

distribution of coal in the grate, anär censequently etratification of gases

will oecur• At these high enounts ot excese air, turbulenee could be con•

eldered as ineffectivm

Loss Due to Moiettue in the Fuel

The heat loss due to the moisture in the fuel is ccmparatively snaller

than the operating losses. With all the flue gas exit temperature elnost e

conetant in all these tests, this lose prlnerily depeme on the content cf

the fuel, With all the coal having almost the sone degree of exposurs in the

atnosphere during its preparation, the noisture content of the coal will very
f

with its since, and the noisture content cf the cool will increase as the eine

t
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in smeller er finer, as feund in the proxinete analysis of the f‘uel•

Operating Etfieiencles
The etticiency obtainable in these hats will be largely geverned

by the heet leasen due to dry flue genen, unburned carben and incenplete

conbuatien ef the genen, 'me heat lose due te unbnrned carbon will be

prinarilynseurce efpetentialheet leandue tcthe eine efthefueland
the chez-acterintic firing cf the spreader atokcr• With finer einen ef
ceal aa in Test l, this lcae could be reduced by the reinjectien of flue
dust in the fur¤ace„

The heat balance shows, the advantage of double ecreemd coal
even with considerably higher sensible heat leasen in the flue gasee•
With Test 2, where the ceal eine tired was through 1/A inch ever 3/16
inch, the increase in efficiency was O•6l per cent, au! with Test 3,
where coal eine flred was 1. inch over 1/A inch the increase in efficiency

was 3•92 per cent•

_
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VII, COHCLUSIONS

The eeneible heat loeeee in the flne geeee wen exceeding the beet

eeoneeicel operating rengee of the Boiler Ne, 6, Thin was done to etniy

the dveree efteet on the flue duet carryover in the turnece,
The tlue duet carryover in thing double-eereened eoal in einen

through 1//, inch ever 3/16 inch end 1 inch over 1//, inch was considerebly

lese then with the coel in the eine of through 3/16 over nero, The tlue

duet eerryever le inherent in the coal eine ot through 3/16 inch over

nero,
The potential heet loeeee in the coal eine through 3/16 inch over

nero will be greeter then the doubleucreened coale, with the nene opereting
conditione,

With the operating cheracterititee of the epreeder ctoker, the coal

eine through 3/16 inch over nero would difficult to neintein en even
dietribution of coel on the grate, hs with the operating conditions in
Teet 1 ed 2, the distribution could be with the proper setting ot
the feeder epilling plate, but would not eonpare to the poeeibilitiee of
edventagee et thing donhleuereened cool with a wider range ot coel eine
ee in the cue of Teet 3,.
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VIIL REG¤?dd¥lIDA'fI0ß

If stuiles are to be nde in the future ae to the different coal

aiaee to be fired in the Boiler Io. 6, a such better ecreening and ernaeh-

ing equipuent should he available to have a greater output and eff1ciency•

'lh heet eneunt of exceee air fer efficient conbustion in firing

different eines of double-ecreened seal in Boiler Nc• 6 should he investi-

gated tc sonpare their econenical advanteges with the cost of double-

screened coale•

L study should be nade where epilling plate: of the three etoker

feedere ef the Io, 6 Boiler are set to different positlone with coal

eines through 3/16 inch over nero aß threugh 1/A inch over 3/16 inch,

to effect nere even dietritutlon of eocl on the grate•

An investigation should he nade with different designs of the

roter blade: in each of the etoker feedere to gee an even distribution

of coal en the grete in firixg coal einen through 3/16 inch over serc

aß through 1/L inch to ever 3/16 inch,
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APPEIEIK A

Mamnfaotureve Performanoe Data *
‘ Kia! of Fuel • Bitwdnoue Goal

Proxinate Analyeie
!•!e1•ture 3,3 per ¤•¤t
Volatile Matter 34,1
Fixed Carbon 54,9
Ä I 11

” 7e»7

lßtinate Analyuia

Ivdr-ngen 5,4
HTÜTQIB 1•5

Ash 7,7
Anh Sotteaing Teapereture 2,400 dez, F,

High Heating Value 13,740 Btu per lb,

Capauiv, lbs, of ateam per hour 30,000
Stean preesure at euperheater outlet, pd, 250
Boiler drxn pressure, pd, 251,3
Tenperature of eteen at euperheat outlet, dag, L 490
Teaperatwe of feedvater, dag, L 215
Tesperatm-• ef tlue gas leaving the boiler, deg, P, /,82
Teaperature of flue gas leaving the furneee, dag, P, 1920
Teaperature of flue gas leaving the air heater, dag, L 345

of the air entering the air heater, dag, P, 80
Teaperature ef the air leaving the air heater, aeg, F, 269 0

Per Gent 00, in the furnaee 14,5
Per••¤t¢1I0,inth•BoilerExit 14
Par eent 00, in the Air Heater hit 13,5 0
Purnaee Draft loee, inohee of vater 0,15
Boiler au! Superheater draft lese 0,18
Air heater draft lese 0,15 l

~ Dust oolleotor draft lose 0,57Pluee • draft loee 1,18 1
* Freu V, P, I, Heating and Power Plant Reeorde

I
I
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Air reeieteuee • eteker end wiudbcuc 0.70
Air reeietauee • eir heeter to windbez 0.25
Air reeietance • air heater 0.19

Flu gu leaving the Boiler, lbs. per bmw 39,300
Flu gu leavirg the Air Heeter, lbe. per hmm L0.700
Air enteriag the Air Heater, lbs. per hour 30,mO
Air required fer cenbuetieu, lhe. per hour 36,200

Fuel burned, lbs. per hour 2,810

Hut liberetien in the furneee, Btu/eu Ft/hr 13 ,870

Leu due te dry tlue gu F 6.9 per cent' Leu due te hydregen am! ueieture '
in the ful 4.18

Leu due ueieture in the air 0.16
Lee: due Uuburned Cerben 0.70

. Lee: due to Redietinn 1.70
Unaeeeunteble lee: 1.50 -

Tetel 15.14 .

Efficiency 8/..ß
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