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Dr!RODUOTIOJ" 

Before the new steam generator was innalle4, i:n 1939 in the 

power plant of the Virginia Polytechnic Inati tu.te, best opera:Ung 

eha.ra.eter:tstics of the two Oa1e;r-Redges aits had been detemined 1';r 

previous thorou.git boiler tests according to the A.s.M.E. :BOiler <:ode. 

With the new ,m.U, however, generating :tram 20,000 to $5,000 

lb. ot steam per hour on the average, the demand on the older units 

decreased even when the inorea,ed loa.4 wa.s eonlid.ered. It becmn:e nec-

esu.17, thereton, to establish a. new criterion on which to operate 

economically and efficietl7 these l'Wits. 

At present the fuel 'bu in unit No. 5 ie ma.:tn:tlained b7 a tcm.r 

retort unierfeed stokel" which~• secondary~• to a.ssiet in moving 

the bed to the rear. Prima.17 air is supplied tlu.•ough three sets of 

1;~r•• 'between the retorts, and from ea.oh side nll seeo:u.da17 air is 

supplied. !he steam engine drive on the stoker is hant eon.trolled but 

the air S"Qply is governed b7 the HAe,a:n coalm.st:ton control srs1am. If 

lUlit :rro. 4 should need extra air tor combustion., du to a anu'lden in-

crease in load, it is S\\pplied b7 toreed-dr&tt fans controlled b,- the 

Hascm s:ratem. If at the same time, load on 't'QUt :10. S is decr$M4q, 

its air supplJ' ia inerea,ed &a the air npply to both units 11 deliveret 

from the 11u.we air duct. !his 1e one reason wb¥ exeesai ve exeess air is 

IU.pplied generall7 to both :t"u.rnaces. !his matter will be diseusae4 

more full,- later. !his ar~nt of air suppl,- obrtoualy mab hand 

control of the 1toker important a.nd b ma.inl.7 the NM.\son for rapid 

raising or lowering of the fuel bed. 

As the coal moves slowly from the ram to the hand operated ash 



dlll'llP it is volatilised, coked and. nrned.. !he :ref'll.ee is left on the 

dump grates until the combustion is th~t complete an.4 its taperature 

hae decreased to the point where losa of heat in the :rsta.ee is low. 

!he fuel bed in v.ni t no. 4 is maintained b7 two l)etroi t :aoto 

atokers {left and rie,tl:t) which pitch the fine pa.rticles of semi-anthra-

cite culm into the :f'IU'tlace over 1lhe fire, 'llhere they bum in swspension, 

if' the tempen.hre of the fire is sufficient. Small particles, tlu\.t do 

not bu.min the air, are thrown to the rear into a pile. tarp or wet 

particles uuall7 fall in the front with aven.,e particles f'a.ll.ing in 

the middle. !he dap gn.1u,a occu;p7 the entire rear section of the :ful>-

nace. !he ashes a1"e dumped when the7 pile up on the aeh grates at the 

;rear, iihe front of the bed is 1hoved back, spread out Md if the rema!n-

de:r of the bed in the boiler is too deep, the back ie c!:waped again and 

the hot coals are leveled. 

It it a mown fact that the inatallatd.on ot the ntw uit has 

altered operating conditions. It appears, therefore, that a stua.,, of 

present operating practice should be made. It is belieYed that thia in-

formation would help to maintain a more const&ut fuel-cost factor. '1'he 

plaming and per:to~ of the teats reported herein na done with this 

ai.. 

'!'he cooperation and advice of h'ot. 'ff.!. Ellie, Prof. L. I. 

Ootharn, Prot. J. I. Olower and the superintedent and person:nel of the 

power plant weff deeply appffciated by the authors. 



VAJ«U.BtES ~ING !HE FI.IIL-COS'.t' FAOTO!t A'l !RB _ _,..,..._ ............... ____ _ 
VIBGDTU PQLY'J!EOHNIO llS'l'ITUTE PO\ftm 

InES~IGA!IOJl 

l. Pa.rpose; 

!lie Jt,J.rPOlt of this investigation ns to st'tl.dy the replar tlail7 

boiler operations in the Virgini• Pelytechnie Institute power plant~ 

!heJ-e an :five steam generating tmits in the plu.t, which a.re numberei 

cono~utivel7 :f'rom one to five. U:tdts Jfos. l and 2 are only used a, 

1rtandhys a.net are used so seldom that their operation n.s not inveati-

pted. Units Nos. 3 and 5 burn bit'wnin.ous coal and l'o .. 4 bums local 

has been car;ey1ng a fairly cons1umt load, :nnging from, 20,000 lb. ;pe~ 

hour to 55,000 lb. per hou.r depending upon the seasonal lca4s. !he 

rl!llllin4er of' the load. is distributed between 1.1n,itt Noa. 3 an4 4.. '!b.e 

authors believe the flue"tuation of this remai:n.in.B' load betaen these 

1.1n,its accoun·h tor some of the Yariation of the fuel-cost factor, this 

being the cost of steam in cents per million .B.t.a. 

In general, the reeulta obi.aine4 at the v. P. I. poer plant 

froDl tests condueted \Ulder condition.a 1pecif'ied. in codes are_ tar 41:t-

fennt from those obtained under eveJ.!',Yd.q operations. !he loads, 

generally, do not remain constant, tu.el bed levels V&fy w:tthou.t regard 

to load, and combustion is neither economic.ally nor theoretically per-

fect. With high loads on these units, these factors must 'be controlle4 

to obtain the ou.tpu:t desired. With. light loa4s1 heav.r loesee may occur 
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4u to llqplll operation. lla•ef. on the uta d.er1Te4 tnm W• tn•••-

t1pt1on 1t 11 belitTe4 that a aore pnctioal aa4 1ati1tacto17 operat-

ing pl'Ooe4ut aaa be e1taltliu.et.. 

I. Ketllot: 

!he pla of 1.nTeet1gat1on •• to clet•ftd.a• the a•e1·ace opetatin&' 

obabotel'i1tic1 tor the 1U1i ta l'oa. s and , tr• tftl Te 1'ov o'bNnatioa 

t•tt• na Hpatatelt on each. l'o attapt •• -4• to col'.trol ••l'J'b.&' 
taotor, •• reooaen4e4 lt7 the .1..s.K.B. Beilel' cote, nor••" open.tine 

1n1trwnicm1 ot uq ,on -·- tlut operating torce. 

!lle te1ta "" ran tl'Oll aeTa .1..x. 11J1til •eye P.K. At the be-

sf.mdag aD4 eiiAi:n.B ot eaoh teet the ooal hopper•• t111e4 to approzi-

•tel7 the ••• leTel. stanin&' at aeTea o'clock an4 contill'IJ.Jlg eye17 

twat,- ainu.te1 thereafter tor twl.,. hove, :rea41asl were ta.tea ot the 

llt. ooal bUne4, lb. ,t .. CIJllln.te4, tlu ,a1, n,el"heate4 et••• o•-

lnlnioa air, teet•tei• u4 roa teapera'h..N, 'bas-•etrio, ,t ... , tee4-

•ter a4 tran preanrea aD4 Ja1le7 chart 1'&lu1 ot air aa4 atea :t1ow. 

!he tlu.e 1&888 WN aul7Slt fol" COa, 0, ad CO. J'o attempt•• 11848 

to regal.ate &117 ot th••• Ylllua. .&n •••h&'8 ot tJ/le tlaT'• operating re-

8all.Pl•• of tlut ooal a:a.4 z,etue wre taken tor au.l7aea. ( see 

Alla179e1 ot the Coal au4 :aetue). 

!en total• tol' l'b. ot colll ue4 an4 •t•r ,.,.;oratl4 wre taba. 

:DIie to the taooaTeaieace ot raorlac the hot refa.le of the 11111-an.th,a-

oit, troa the pit of tmit ••• ,, th• prooe4ve ot 4etend.mng 1,11Dtit7 

ot n:ta.1e •• nc,eate4 in tlut Boiler cou •• tollowet. • 

• RS! con J'Oil ftl!IOlUJlt S!UJl GllllllltA!DO UJ'ffS ( 1,1,). Pll1'111hetl 
)7 .l.8.K.J141, l'n Yott. P..- 11, It• 86. 



Method of Coal Analysis: 

A one thousand lb. sample ot the eoal burned during these tests 

was taken tram the hopper ot the stoker-. This sample was taken to the 

Fuel Laboratory in the New Minerals Bu.ilding tor analysia. The eoal 

was crushed to ineh size, eoned and quartered to about 

twenty...fiv& lb., The sample was then run through a roll crusher until 

it would pass through a twenty mesh screen. It was then riffled to 

two hundred gram.a.,. 'rhis sample was ground in the ball. mill to 60 

mesh.,. Any of the large partiel.es of eoal lefi were crushed by hsnd 

on th& sur.f'aee plate crusher with the crushing ha'.mmer .. This coal was 

then ready for analysis. The proximate analysis was ru.n on the coal 

in aeoordanee with the A.,S .. 'r.M. Standards with standard equipm-en.t. The 

per cent fixed carbon, volatil.e matter, moisture and ash were nported-. 

Mttthod of Re:tuse Analysis: 

A one thousand lb. representative sample of the refuse was taken 

t"rom the pit during each test. Thia was taken to the Tuel Laboratory 

when ft n.s prepared for anal.ysis similarly to the eoal sample. The 

a:nal.ysis: was run 1n. aeeordanee with the. A.s.T.M. code tor determ.in1ng 

the pereen~nge of eombustible in the refuse. 

3.. Apparatus: 

A. Steam Generators:. 

Both or the steem generators tested in this study w&re CaseY""' 

Hedges, ercsa,..drum., inclined h&ade:r,. water-tube boilers, rated at 354 

Hp. at lo5 lb. per. sq. in. These two units were m.anufaetw:-ed by the 

Casey-Hedges Company, Chattanooga, 'fen.n. Ea.eh unit has 3,540 sq. rt. 
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of heating surface in the boiler and 540 sq.ft. of heating eurf'aee in 

the Foster-Wheeler euperheater. 

:a. stokers: 

Unit No. S ie eqtdppe<t with a '!1'.P• U' Detroit underfeed stoker 

~ving four retorts. !hen a.re £8 sq.n. of grate surface in each 

boiler. 

Unit Xo. 4 ie equipped with a Detroit ltoto-stoker (Wo. lCJl.9). 

!hen are two rotors on this unit with electric drive operated b7 a 

Hasan Com.button control. Both of the stokers were made b7 the 

Detroit S'b•ker company, :Monroe, :W.ch. 

0. FatUU 

ho Wo • 2'f J'D tans ~uf'actured b7 the Clarage Fan Company, 

IAlalauoo. lftch., supplied t)le forced air for com'buftion to both of 

theee units. one :tan ie driven 'b7 an electric motor and the other 1• 

dr1 ven b7 a ,team turbine. 

D. :reed•ter Heaters: 

!he teednter is passed th.l'ough a 85,000 lb. per hou.r feed•ter 

heatel" of the direct contact type, manufactured b7 the Cochrane Corpo-

nticn, Phil&delphia, Penn. 

B. Feed.water Pompa: 

!he ater 1a pumped into the boilers b7 either of three papa. 

one 11 N1 electric, motor driven, centrlf'tlg&l pump of 55 gallons per 

minute ee.paeit7 against a head of 550 n. '!be other two pumps are 116 

pl.lone per mimte cen.trifllgal pumps, one with an electric drive and 

the . other with a steam turbine drive. ill of the pumps wen nianutae-

tured b7 the l)ayton Dowd. Com.p&n7, Q.uinc7, Ill. 



P • Coal ad .A.ah lfaa41ine Blpipaem I 

!he coal lan7, 'tddch n,pll•• coal to allot the fll:rnaces, ... 

-.tao'h.Nd. 1t7 the Jettny Jlll.mltac'h.ring c~. colalnll, Obie A4 

1• •tu1PJ84 with a J'air'banb weiflllin.c , .... 

!lit . ...-a·Ue uh llan411ng e....,tpunt, aich _.,.., the reta,e 

ftOII Nell •f 1;he tunace Jite, •• ....-a.tactant b7 the United Con••J'OZ' 

C01'JOR11ion, Chicago, Ill. 

G., Oeal ad .A.ah !e'"iq Bl,\li,-.t: 

!he •o.iJIHRt 'Q84 1n the JIUl Jllllillteriq lialtoato17 to -1,s• 

tbAf N11Jl•• ot ooal u4 uh ••• 

•il'fn'I.N OYal Jm'Nll StQply Co., PittelnU-1,b; Peim. • 

.uh OYeat Jlelkiu Bleotric :i'IU.'.DaOe oo., J)etroit, ldoll. 

I* 6 Inol1. Jaw CnlJJl.er: J>qftr Bfl111J11tnt co., »eaYer, Colo. 

Jtoll-Cruhera DID.Yer Bq,d.paeat co,, De.Yer, Colo. 

Jar-Jlillt Bu'nll SU,pl7 Co,, PittsbVp, Pemi. 

DllO Pal:nri.aert .... ,. Ce., J.ao• .&asel••· cal.if. 

soreemn •• s. !aylor -~, Cl•••lal:14, Ohio. 

1. Gae saapling .QJU&tu: 

!lie ,u ... ,u.nc a,,an.ru ued. •• d.esipe4 ad 1u,.i.1e4 'b7 

the "1.11 llngiraeei-iD.g fellow of 1912. It ie coape,ed. of four one-

Cl,llarier inch wro•&'b:fl iron pipe• to tate the auple fl'Oll the aeooad • 

paa1 to the ou:tlaite et the boiler wall•• !he•• pipe• on 'fllle intake 

end.t are ••4 on a 'flaper, 10 •• to ez.poee a larpr openiD.g, !hl7 are 

inu'ne4 with the lon, e4glt to the :,a1ih ot the 111••• euh •• to pre1ent 

a battle to eoot u.cl tl7 alh and. preTat their beooming clo8P4. PNll 
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the fou one-quarter in.oh pipes, tour three-eigl:l't,hs inch 'lffl\n18ilt iron 

pipes ••re nn 4cm the outside of the •lls to a point abo-ut ten feet 

from the floor line to which the,- are connected to M'!leller streamline 

one-half' inch oopper tubing. !.he Joints cf this ooppe:r tubing a.re 

tol4eNd, thereb7, g:1.ving a1suranee against air leakage., !he pipes 

:tram No,. I and 4 1mi ts nre rm the same to the wall in 'back of the 

Mita. Here the tour pipes are corm.eeted to four, three,....7 valves, 

to which tov, one-eipth inch copper ta.bee are connected amt •xterute4 

into a watett Ju, where the gase, are bubbled throus;h •ter. Ifl. each 

o'! these copper tubes is a. needle valve which tmablea an a4JllJ!J'blent 

to be ma4e in order to obtain equl flow th~ each line. !he jar 

it filled approximately- one-half Ml of •ter, thenb7, providing a 

storage for the gases. !he p.1ee an pulled b7 an ejector which has 

the suction line in the top of the Jar. !hi1 enables a :rapid chance 

of charges of cas••• '!he charges of gas are the ctram iD.1io the oi-aat 
equipnent to be amal,sed. 

I. Flu aa. Analysis Bqv.1:pments 

'lb.e flu gas equipu111t used in these teats•• purchased fl-ea 

the J'i,her Scientific OoaPU7., '1tta,burgh, Pena. 
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Location ................. v. P. I. Heating s.n.d Power Plant, Blacksburg, va.. 
OWner •••••••••••··•••••··•••••·••••••••••••··•~;. Commonwealth of-Virginia. 
ltake ad ~e of Boiler .......... 354 Jrp., CtM,Ht7-Hedges; Cross l)?"WJl Boiler 
Jfake anil !fy:pe o:t~erhes.ter , ....................... !7PeS, JIOster Wheeler 
Fuel Burning Equipment ............... :Detroit Underfeed Jiul:U ... Jtetort stoker 

:Boiler Heating Surf'aee ••••••••••·••···•••••••·••••••••••••••••· 554-0 sq.ft. 
SUperheater surface ·•••·•··················•··••····••·•·•·•···~sq.rt. 
!otal Heating Surtaee •·••··•••••··••••··~••·•••·••••••••••••••· 4080 sq.ft. 
Grate Surface••··•·••·••••·••·•·••••••··••••·•••••·•••••••·••••' 68.S sq.ft. 
Vol'Wll& ot Combustion Space •••••••••.•.•••.•••••••••••••••••.•• 614.'l cu.ft. 

,., Ftl.rnaee, center of grate to nee.rest heating surface . . • . . . . . . . • • . • . 9 ft. 
li'urrl.e.Ce volume per sq.ft. boiler he-.t1ng IUrf'aee .•••.•. 0.1'14 eu.tt;./uq .. ft. 
Method of Producing Draft .•......................•.•. Foreei (Ola.ni.ge ft.ns) 
Fuel :BIU'ned ••••·•••••••••••••·•••••••••••••••••·•• Clintwood bt ad Slack 

lloi sture -................................. . 
Volatile lfatter •·•·····•···•·••·••••·•··•• 
Fixed carbon•••••••••••••••••••••••••••••• 
Aeh ••••••••••••.•••••••.•.•••••••••••••••• 

Heating Value as Fired 
Heating Value Dry 

•• Ultim,,.te Anal,.ais 

:a.t.u./.lb. ••••• 
:a.t .. u./lb .... •. 

Carbon ...................................... . 
ffy'dropn ••• • .............................. . 
OX7gen , ...................................... . 
lf 1 trefll!ID. •••••••••.•••••••.•••••••••••••••• 
SU].phur ................. .................. . 
A.8h ............................... •••••••• 

l4r055 
14580 

5.0 
6.0 
1.2 
0.9 
5.9 

• Pro:d.ma:Oe ooa.l analyses, District fa, National Coal Pu.blioation. 
•• 0alcula.ted f'l"om. 'fable DX., pap 325, Vol. II, Kaat-Powr Engineering, 

llama.rd, Ellenwood and Kirshfelcl. 



Ga.a .Anal.ysia Boiler { . ... Steam Wind- Fire. Stack Front Bear .Air Steam Flue Super- Feed- Comb. Tille Flue Feed- Wind-
Test #l •• oea 00 1'z Press. water) box box Draft Draft Bed :Bed Rate Bate Ge.a hea.t water Air 
Boiler #3 .Press. Bear Front Depth Depth Temp. Te.mp. Temp. temp. 

% by Vol. #/sq.in. gage in. of wa.ter in. in. H20 % o:r 

'1:00 10.0 10.a o.a 79.6 168 a 1.a a.a -0~05 -0.30 6 Yedium 5~-6 115 '540 480 219 '11 
7:20 • 9.5 9.5 o.o Sl.O 1'15 3 1., 3~5 -0.04 -0.30 8 Hi,:gh 3.6 150 540 4'75 220 74 
'1:40 10.0 10~0 o.o ao.o 173 :t l ~'1 3~5 -0.02 -0.30 8 High 3~8 150 560 475 22:0 '76 
8:00 a.o 11.0 o.o 81~0 170 l.'1 3.5 o.oo -o.ao 6 High. 5.8 150 555 480 220 ,o 
8:10 9.0 11~0 o~o 80.0 17'0 3 1~, 3.5 -0.01 .. 0.30 6 Medium 3.5 150 555 480 220 68 
8:40 10.5 8.9 o.o 80.6 165 

H 
1.5 3.2 o.oo -0.25 6 Jlediim 5.8 150 560 480 220 '12 

9:00 9.0 1.1.0 o.o ao.o 165 1.5 5.5 .. 0.02 -0.25 8 Medium 3.8 150 560 480 220 72 
9:20 10.4 9.0 0.4 ao.2 168 1.5 3.4 -0.02 -0.25 8 liedima 3.9 155 ·560 485 220 '14 
9:40 9.2 10.6 o.a 86.2 1'10 l.5 3.3 -0.05 ... 0.25 6 Kedium. 3.9 150 555 485 820 74 

10:00 8.4 11.8 o.o '19.8 1'10 3 l.5 3.4 ... o. 05 -0.2.5 8 Med:f:um 4.0 l.60 555 48-0 220 76 
lO:iO 9.2 9.6 o.o 81.2 165 If 1.s 3.4 0,.05 -0.25 8 Medium 4.0 160 560 485 220 '16 
10:40 8.4 11.8 o.o "19 .s 1'10 3 l.5 3.4 0.05 ... 0.25 8 LQw 3.8 156 5'10 485 219 78 
ll:00 9.0 10.4 o.o 80.6 173 l.5 3.3 0.05 -0.25 8 Low 3~8 150 5'10 490 211 78 
11:20 9.5 11.1 o.o '19.4 175 l.5 3.2 0.05 ... 0.25 ,.,.6 Low 3.9 145 tno 495 219 78 
11:40 11.0 8.4 o.o 80.6 170 2 1.5 3.3 0.05 .. 0.25 Low 4.0 150 570 490 219 78 l 06 .., 
12:00 7.0 u.o o.o ao.o 180 2 1.4 3.0 0.03 -0.25 .g1 Low 3.8 155 570 495 219 80 

.., 
I 

12:20 ? .o 13.2 0.4 '79.4 175 2 l.5 3.3 0.05 -0.25 r:tl Low 3.9 160 1)80 490 219 80 
12:40 8.5 12.7 o.o '18.8 180 2 0.9 a.o -0.08 -0.30 ol Low 3.2 100 560 50'5 219 80 
l:00 9.8 10.4 o.o '79.8 l?& a 1.2: 2.8 -0.03 -0.30 :;:: l Low 3~5 130 540 485 219 80 
l:20 8.2 11.s o.s 79.2 166 2 l.6 3.6 0.05 -0.15 :6 Low 3.4 170 530 475 218 85 
l:40 s.a 12.0 o.o 79.8 168 a 1.5 3.6 0.05 ... 0.15 '18 Low 3.·& 165 545 475 21'1 83 
2:00 ,.o 13,.0 o.o 00.0 1'11 2 1.8 4.2 0.15 -0.10 :a Low 3.6 1'15 565 480 21, 84 
2:20 ,.a 12.8 o.o so.o 1'15 2 l.6 5.6 o.og -0.10 .06 Low 5.7 185 575 480 213 86 
2:40 7.4 J.3.6 o.s ,s., 166 2 1.6 5.8 0.00 -0.15 0 4 Low 3.'1 160 5'10 485 214 84 
3:00 9.5 10.7 o.o 79.8 170 2 1.6 3.6 1.01 -0.10 ~4 Low 3.8 135 560 485 215 86 
3:20 8.0 12.0 0.1 '19.9 175 2 1., 3.8 1..00 -0.10 01 Low 3.7 155 5'10 485 215 84 
3:40 8.2 ll.4 0.1· so.s 176 a 1.8 3.6 0.06 -0.15 r!:1 Low 3.8 1'15 560 485 21 "I 86 
4:00 '1.9 12.3 0.1 '19.'7 185 2 1.9 3.8 0.08 ... 0.10 ~l Low 3.5 135 560 475 218 86 
4:10 14.0 5.1 0.4 80.4 180 2 1.4 2.a -0.0l -0.20 o2 Low 3.0 140 550 480 212 86 
4:40 9.2 ll.9 o.o '18.9 170 2 1.9 3.9 0.06 -0.15 ~4 Low 3.4 155 560· 485 217 86 
5:00 9.0 10.8 o.o 80.2 170 2¼ l.8 3.'1 0.07 -0.l.5 8 Vediu:m 3.5 175 560 485 218 88 
5:20 12.5 ,., o.a 80.l 1'75 § 1.9 3.8 0.05 -0.10 8 Low 3.4 165 555 480 218 90 
5:40 11.5 7.5 o.o 81.0 178 l.9 3 .'1 0.0'1 -0.10 6 Low 3.f,S 160 560 480 219 91 
6:00 ll.O 9.0 o.o so.o 180 1.7 3.'1 0.15 -0.10 l Low 3.5 125 560 485 220 90 
6:20 11.2 s., 0.1 ao.o 170 l.8 3.6 o.oo .. 0.25 l Low 4.0 125. 560 480 219 90 
6:40 J.2.8 ,.o o.o so.a 1'15 2 1.5 3.5 -0.05 -o.a.o 2 Low 3 .a 125 560 490 215 90 

Avg. 9.3 10.6 0.1 80.0 172 2½ 1.6 5.4 0.12 -0.21 5 Medium 3. '1 150 559 484 218 81 



1:>"ea:m 
Tiae J'lue Gas Analyaia Boiler (F~etd:-) 111nd- Wind- Fire Sta.ck J'ront Bear Air S-team :nue Bu.per- :reed-- Comb. 
!eat 12, OOa Oa co Ba Presa. wa er oox box Draft Draft Bed Bed Bate Bate Ga.a heat· water Ai:r 
Boiler f3 ·P:reaa. Bear J'ront. Defth Depth Te!J?• Temp. T•~• Teg. 

• by Vol. f/aq.in. gage in. ot water in. in. H20 • o::, 

7:00 a;a 11;~8 o~s 79; 7 1?3 :t 1;a 3~7 o.o, -0.10 5 ll'edima 3.it 150 560 '80 21'1 81 
"/:ZO 13~8 a.a o.o 80.0 169 a~o 4.0 0.15 -0.05 6 JltdiUll 3.6 155 560 480 219 80 
7:40 i.8 ,., 0.1 ao~a 1'11 a 1., 3.3 0.06 -0.10 6 Jledla 3.3 140 550 4$0 316 sa. 
8:00 10.0 9.9 o.a .,,., 174 a 1~6 s~a 0.05 .0.11 ., Kediua 3.4 135 555 480 a1, 79 
8:10 '·" 10~6 o~o ao~o 170 a 1~6 3;1 0.06 -0.10 6 Kediua 3~4 145 5155 '81 219 76 
8:40 10~6 8~8 o~o 79.6 168 1~5 3~1 0.12 -0~05 4 Low 3~6 145 550 481 aao '18 
t:OO 8~5 11., o.o .,,., 173 l.4 3~1 ·~09 -0;10 3 Low 3~4 145 550 481 219 '16 
9:10 10~0 11.0 o.o 80~0 1'15 1~4' 3~1 0~05 -0.15 4 Low 3~3 140 550 486 218 '18 

• 9:40 '1.5 a.a 0.1 ,,~, l'lll I~S 3;0 0~05 -0.15 4 r..ow- ··- 3~3 iao Mi 480 119 '79 
10:00 10.a a.a· o.o 81~& 175 I~a 2~9 0.05 -0.15 ·5 Jfei.11111. 3~3 140 KS -18& 211 ea 
10:ao ,.a 10.1 0.1 80.6 18& I l~I 2~7 0.01 -0.15 6 Ke41Uii 1;1 100 &SI 495 120 83 
10:40 9.8 10.0 o.o 80~& 175 :t l.3 3~0 o.oa -0.15 ,. •as.a s.s 166 fi65 475 218 85 
11:00 10~8 8~8 o.o so~• 174 1~5 a., 0.04 -0~15 6 Jlietllua a.a 160 560 Ut 218 85 11:ao 8~8 11.0 0.4 79.8 l'lt a. l~-5 2.9 0.04 .. 0.1-5 .,.a m:o.·· 1~4 116 560 481 218 84 
ll:40 11.a 7.0 o.o 81.a 1'14 a 1.6 a.a 0.0-4 -0.16 oa Jlediua· a.a 140 550 480 217 85 ... 
18:00 12.0 ,.a o.o 80.8 175 a l.8 a., 0.04 ... 0.1·5 .ga mg11· 1.1 155 '550 4'15 ai, 86 
12:ao 10.0 9.5 o.o 80.5 182 1.5 s.o 0.04 -0.15 ,::S' Jredium s.1 uo 550 -ta5 218 86 
18:40 10.a 9.8 0.1 79.'7 1'15 1.5 s.o 0.05 -0.15, 06 lfigh s .. s 145 550 475 213 85 
1:00 10.6 s • .& o.o 81.0 179 l- 1.3 a.s o.oa -0.15 ~8 Jlediwn 1.1 1·10 550 '80 215 86 
1:10 10.5 9.5 o.o 80.0 167 Ii 1.8 3.5 0.12 -0.10 :a Jled.1ta a., 110 660 475 218 89 
1:40 9.0 11.0 o.o 80.0 166 2 1.6 3~3 0.10 -0.10 k8 Loy 3.5 171 MO 475 220 89 
1:00 8.6 11., o.a 79.8 1'70 •¼ 1.5 a., 0.10 -0.10 :a Low 3.4' 160 560 48'0 ao 88 
2:10 8.4 11.6 o.o 80.0 1'10 a 1.i a., 0.05 -0.15"' i• Low $.4 uo MO 486· 218 86 
8:40 9.2 10.8 o.o ao.o 1,0 a 1.1 a.a o.oa ... 0.15 6 Low 3.4 130 540 481 219 86 
3:00 11.a 8.8 o.o 80.0 lff a 1.a 2.9 0,06 -0.15 ~6 Low 3.4 135 540 480 219 88 :s:ao 11.4 8.6 o.a so.o 115 a 1.4 3.1 0.08 -0.15 oa Loy 3.4' 150 550 480 aao 86 k 3:40 8.0 12.6 o.o • 79.4 1"12 2 1.4 3.2 0.06 -0.15 'H6 Jr.dia 3.4 145 550 485 817 86 
4:00 7.8 a.a o.a 79.8 1?0 at 1.4 1.a 0.05 .. 0.15 .,6 Jfedia 3.4 140 1540 480 220 86 
4:10 11.0 ,.a o.o '19.8 168 a 1.5 3.4 0.04 -0.15 ·~6 Jladiua 1.4 140 550 480 218 86 
4:40 10.0 10.0 o.o ao.o 17$ 2 l.'1 3.4 O.Ol -0.15 ~· Jradiua 1., 150 5·50 490 219 86 
1:00 8.8 11.6 o.o 79.6 1'10 a 1.5 3.3 0.05 -0.20 8 Low 3.4 1315 650 481 aao 86 ·&:ao 10.0 10.0 o.o 80.o 178 a 1.6 3.3 0.01 -0.15 8 Low 3.4 140 ·&50 4815 aao 85 
5:40 10.a 8.8 0~4 . 80.6 175 a 1.5 3.3 0.04 -o.ao 4- Jrediwn 3.4 160 150 480 aao 86 6:00 11.4 9.0 o.~ '19.6 1'15 a l.4 1.1 0.02 -0.20 6 Low 3.3 135 MO 485 21, 8·5 fh80 s.1 11.9 0.6 '19.0 . 1'70 a 1.5 3.4 o.o.. -o.ao 8 Low 1.4 146 540 480 216 81 6:40 9.2 10.8 o.o 80.0 175 2 1.4 :s.o o.oo -0.20 8 Loy 3.4 150 540 485 216 85 

Avg. 9.9 9.9 0.1 80.l 173 2 1.5 3.1 0.06 -0.14 6 Ddiua 3.3 144 549 482 218 



( Steam 
TiJDa nue Gaa .A.nal.yaia Boiler :reed• Wind• Wind.- l'ire • Sta.ck J'J,-ont Bear Air Steam J'lue Bu.per- hed- coa. 
!eat #Z CO 02 00 Ba Presa. ·wa-&erl "Qox box Draft Draft Bed Bed Bate lta.te --- • heat· water .&ii-
Boil.er ft 2 · ·Pres•• Bear :Jront Depth ~pth T!5?• h!i• Te5?• te;g,. 

I ' I 

bz Vel.. IL'!'.S•in•· e,e in. of water ·J.B. in. B.go j o-, , I tt" .,J f \ I .. I T 
,; •' . , " , " ' i .... 

7:00 9;7 11;1 o~a 78~5 117:f& ff :L4 aa, -0~04 .0~30 s Jfti41wa s;4 130 530 4'11 Dl 74 
'1:20 t;8 10., 0.$ ,,.2 lff :5 1~7 3~1 0.04 -O~l'I " Jriila a., l't6 540 4'11i 221 ,, 
'1:40 10.s 9~1 o;o 80.1· 1715 I :i:., a;t o.oo -0.1& 6 Jla&tma 1., li& 660 485 216 .,. 
8:00 11.1 ·a.s o~o 80~5 174 2· 1;5 3;1 o.os -0~2() 6 • llic111iit 1.& 160 M5 481 815 74 
8:10 10.0 10.0 o;o 80~0 x,o 1;6 $.3 0~05 -0~15 8 •a.tua s;s 130 118 '81 aao 76 
8:40 a;a a;o o;o 79;1 x,o 1;6 1;2 o;o. .o;ao 8 High 3;9- 120 540 "80· 220 '18 
9zOO 9.9 • 9;9 o;a ao;o 1,s 1;a 1;0 0~03 .o.ao 8 Hip &.G uo 160 490 819 78 
1:10 10.8 10~0 o~a ,,.o l,O 1~3 s;1 0;09 -0~10 8 Low 1~3 14:t5 M5 485 aao 79 
9:40 11.a a.a o;o 80.6 1'15 a l~'I 3.9 0;15 ... o;oo 9 Low 1;9 l·G& 570 490 21'7 '78 

10:00 11~0 9.0 o.o 80.0 1'75 a 1~6 a.a 0~1- -0.10 9 Low $~8 160 ff() 490 81'1 81 
10:80 9~5 10.$ o;·o 80~1 1'1'7 a, 1.1 S~it 0~10 -0~15 6 Low $~8 115 555 500 115 8$ 
10:40 ,.a 10., 0~3 91;9 170 a· l~4 .... 0~08 -0~15 e Le'' ,~, 1,0 MO 48'0 811 86 •• ll:OO 10.1 10.4 o~o ff.a l'la g 1;,- -~, o;oo • -0~10 5 x.ow· -· s., 14:& MO 48$ 219 84 
ll:80 9.3 10~5 o~o so.a 1,0 l~I .. 1~• 0~03 -0~15 I »edia , ... lt5 555 475 120 84 
ll:40 10~0 •• 9 O~l 80.0 1'13 1., 3~1 O~OI .o;ao ~. Jreclia 3.4 160 5$0 480 aao 8'1· J. ll:00 10.a 9.S o~o 80.5 1,0 1'8 s~s 0.01 ... o.ao ~3- Jfelia s., 110 510 '80. no 86 • . . I 11:ao a.& 11.a o.a 80.0 170 a 1., 3.l o.oa -o.ao 6 BU• 3.4. JAO 545 486 ai, 88 
11:40 a.a 11.a- o.e 80.5 1'15 a 1.a a.a o.oa .o.ao fa lfedla s.s 140 MS 480 115 88 
1:00 a.s la.6 0.1 ,a.a 174 ! l.'1 s.a o .• o& -0.11 .,..8 JINJa 1.4 1.40 535 485 117 88 +t l:80 5.5 14.5 o.o ao.-e 1'10 1.8 3.1 0.06 -0.1·1 

=· 
ac1J• 3.4 118 MO .u·o aao 88 

1:40 ,.a 18.4 o.a 79.6 172 J.; '1 3.3 o.oa .0.10 '48 ao.1• 1.4 16$ 510 4U 220 88 a;oo 10.0 10.a o.o ,,.a 165 a 1.8. 3.~ o.o, -0.16 :a )flicU.ua 1.4 145 1150 4811 au 86 a:ao 9.8 11.a o.o '19.0 1'14 •· 1.8 1.6 o.oa .. 0.11 .08 LG'ir 3,6 140 610 481 214 86 a:,o 6.a 12.e 0.4 80.6 174 1;, s~a o.oa -0.15 08 Low .... 180 ffO 480 aao 85 s:oo a.a 10.6 o • .& so.a 1'15 l.8 s.1 0.10 ... 0.10 i, Jadiua 1.6 lff 5-60 481 220 85 
3:20 7.6 11.0 o.a 79.a 170 1.a s., 0.10 -0.10 oa B1&h s.-t lG& ·&60 480 uo 84 
S:40 7.0 13.0 o.a • ,, .. 1'10 a.o S.6 o.ia -0.1.0 ::. ll1gh S.6 180 · H& '81 uo 84 
4:00 s.o ia.o 0.4 79.G 174 a.o a., 0.12 -0.10 i• Biih S.-6 190 ·&70 486 220 86 
4:ao 9.8 10.0 o.a ao.o 1,0 1.8 , .. o.u -0.10 o-6 Jl1gb. s.1 180 ... '80 uo 84 
4:40 12.0 a.a 0~8 ,,.o 171 1.7 1.1 0.10 -0.10 ~& Hip. s;, 180 HO 490 aao 81 
5:00 10.a 9.8 o.o 80.0 175 1.a s •• 0.10 -0.10 6 matt 1., 100 650 '81 120 86 t:ao • 7.9 11., o.a so.a 1'13 1., s., o.a -0.1• a Hip S.5 1,a 1,0 '80 120 81 
5:.&0 10~• ,.a o.o so.o l,S a+ 1.-,. 1.s 0.10 -0.10 a High s . .& 1,0 ••• 411 aao 85 -6:00 10.0 t.8 o.a so.o 171 a 1.-6 a.a o.oa -0.10 10 JU.Ch S.4 160 ·HO 485 aao 84 6:80 t.a 10.0 o.o so.a 170 1.6 a..s o.es .. 0.10 18 High S.4 140 HO 488 uo 84 6:.&0 ,.o 12.0 o • .& '8.6 170 1.6 s.a o.o, -0.10 10 Blah s •. , 166 150 480 aao BG 

.&q. 9.S 10., o.a 79.8 178 at 1., 3.3 o.o, -o.u '1 High 3.G 114 5&8 48' 118 83 



( Steam 
Thia l'1ue Gas .Anal.yaia Boiler l'e.ed-~ Wind- Wind- Yire S'tack :rront Bear Air Ste• nue Bll)er- J'eed- Comb. 
h•~ f4 CO2 <>a co li2 Presa. --· box 'box J>raft ])raft Bed Bed Ba:te Bat• ---- Mat· a'\er Air 
Boiler f! .Pren. Jtaar '.lront- Depth Depth temp. femp. '•!f• r••• ' by Vo1. #/sq.in. gage in. of •ter in. in. H20 - OJ' 

' • . ,~ . 

7:00 -5~0 15~'6 0~4 ,,~& 1151 3 o~o o~o ... o.,s -o.,o 10 Jledla 1~• 60 440 '40 822 88 
'1:10 1;0 U.6 o~o .,,~, l-65 s o;o o;o .. o;li .. 0~40 IO lfed1Ulli 1;4 55 MO "40 - 88 
'1:40 ..,-.o U~6 o~o ,,~, 160 s o~o o;o -O~« -0~15 12 Jredim l~S- 55 4$-0 «o 132 86 
8:00 6.0 1&~8 o;o ao;a ITO s o;s 1;a -o;u .. o;a1 11 lfe411Di I.6 '10 4-tO ,so aaa 85 
8:10 6;4, U~8 O~G '9;8 l-6f I o~, 1~5 -0~10 -o~ao la llicU:ma • 1~6 70 4-60 410 122 88 
1:40 1;0 1-1.a 0.6 99;2 165 s 1.0 2~1 -o~oa -0~10 1• Jljdium 1~6 - '15 460 4N 221 88 
9:00 ,-.a u~a o;e 79~0 l'IS l~O i;o -o~oo -0~10 14 Hip 1., 100 500 460 aao 88 
t:ao -a;, u.a 0~4- 80~0 17'0 0~4- 1.0 -0.1, -0.11 14 B1gh 1;, 80 490 46& no 88 
9:40 ·~· 14;9 o;o 79~0 171 o;, 1~8 O~la 0~00 u }Up 1;9 110 580 475 aao 88 

10;00 •~o u~a o~o ,-~- 1'1$ o~, 1~5 0~10 o.oo u lU.gh 1~9 100 .·qo 4'15 no 88 
10:10 •. o 14.0 o~o 80.o lTS 0~8 1~, 0~10 0~00 u BlgJi-- 1~9 90 510 4-80 aao 90 
10:40 6~0 u.o o.o 80~0 170 0~6 1., o.ot- -0~10 la JtaUUili *·' 90 110 481 820 90 
11,00 ,~o is., 0~4 ,,;o lf.6 ·~· 1~3 0~01 -0.10 10 )ljdita a.-. '10 sao 410 aao 92 
11:ao 6.4 14.0 0~2 ,.~. 1'10 0.6 l~I 0.6"1 -0.06 10 Jliidimi. -~6 ,o '116 4:91) aao 91 I 11:40 , .. is.a o.o ,,., 17'1 0.1 l~O 0.06 -0~10 k 8 lfedia a.1 '15 &ao 495 2:1,9 94. t ' 18:00 T.O u.e o.o 79.0 180 o.a o., -o.u .o.ao 0 6 Jredla a.a 90 626 49'6 219 94 
18:20 6.4 J.S.6 o~o 80.()' 178 o.a o., -0.11 -o.ao ,g a :vaa.1• 1.a ,o 600 4fS 219 ga 
12:40 ,.o 13.4 o.a ,,., 176 o~a o., -0.l.6 .o.a& s:t l Iedillll 1.,- ,0 480 465 219 92 
1:00 6.8 is.a o.o 80~0 1'10 o~o 0~4 -0~10 -o.so 0 l Jlediwa l.6 65 450 466 21, 92 .,.. 
1:20 1,2 16.4 o.a ,,.a 174 o.s 1.0 -0.11 -0.16 i l lild1a 1.8 70 486 4:5& 819 91 
1:40 5,0 11., o.o '19.5 170. 0.4 o., ... 0.12 -0.lt l Jled$um 1.8 70 480 460 218 96 a:oo , .. is.a o.o '19.6 165 0.1 o., -0.11 .o.1a k 4 Ln 1.9 'IS 48& ,&&I 219 96 
a:10 ,.1 a.a o.o -,9.1 170 o.-& 0~9 -0.10 .. 0.11 : . Low 1.a ,6 480 .... 218 96 
8:40 ,., a.o 0.2 ao . .& 1'14 0.6 o., -o.a -0.11 ,g 6 Jre41• 1~, '10 ,1'15 4i50 219 ,., 
3:00 ., .6 13.0 o., '19.1 176 0.5 0.9 -0.U .0.11 .... ' Ln 1., ,o 4'10 46<> 219 9'1 a:ao ?.5 13.6 o~o 79.0 llfO o.e 1.a -0.0'1 -0.16 s:I , Low a.o '10 481 460 218 " S-:40 1.a 13.8 0.1· 80.9 168 0.6 l.'I -0.05 -0.15 0 9 lfedium a.o 'll 500 465 218 " k ,:oo a.a 12.6 o.a ,a.a l'IO 0.9 2~-0 0.01 -0.06 ,...10 Low a.a 100 511 4'10 218 96 
4:10 8.6 12.1 o.s 78.9 1'76 o., 1.6 -0.()l -0.10 =14 Low a.a 96 620 4:76 218 9' 
4:40 6.5 13~5 o.a ,a.a 170 o., 1., .0.01 -0.15 oU Jre4ium a.a 80 600 476 218 96 1:00 5.8 15.2 o.a '18.8 170 o.a 1.8 -0.03 -0.10 ~u Lew··-- a.a 90 610 ,166 219 M s:ao 6.2 13.'1 o~o 80.l 180 o.s 1.a -0.19 -0.11 14 Jra41a a.a 90 520 471 219 92 ti:40 ,.s ia.s o.a ,,.a 175 o.a 1.a -0.$1 -0.11 14 Jfedia a.o 90 500 465 218 92 6:00 6.3 1,.1 0~4- ,,.a 180 o.o o.a -0.4:0 -0.26 14 Bed 11.Dlt a.o 90 491 4&0 218 92 6:20 ,.o 1,.0 o.o '19~0 1'5 o.a 0.6 -0.lS -e.ao 14 Jlld$.Ull l.7 60 ,so 4-60 219 92 G:40 ,.o 16.a 0.6 79.2 145 0.1 0.5 -0.13 -o.ao 1, l(edium 1.8 '10 470 460 219 90 

Avg. 6.4 lS.9 0.1 '19.6 171 at 0.5 l.l -0.10 -0.1, 10 Jrediua 1.9 '18 495 4-66 219 



LOG OF RJBULTS FOR ON BOILER & 

................................................ 

1. Carbon. Dioxide •.•.. _.. . . • . . .. . . . . . . . • • . . . . . . • . • . . • • • • 
a.. O~geD. ........... • .......... • .................. • • ._. •-. • '/t 
s. C-arbon.. .lfc)noxid.e • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • 
4-. llitl"ogen. ............................................ 'I, 
5. Dry- gas per lb. dry tu.el •••••••••••••••••••••.•••• lb. 
6. Air required per lb. dry fuel••••••••••••••••••••• lb. 
?. Air supplied per lb. dry fuel••••••••••••••••••••• lb. 
S. 'kcseaa Air . . . . . . . . . . . . . . . . . -• . . . . . . . . . . • • . . . . • . • . .. • • '/, 

9. 
10. 
ll. 
a. 
a. 
14. 
15. 

~trio pressure • • • • • • . . . • . . . . • • . • • . • • • • in. ot !Jg. 
Steam.p;i,eaau:re .••.•.•••••.•...•..•... lb./sq.in. gage 
Air pr••~ in :t.ront wind'bo:x ............ in.of' water 
Air preaaure in rear windbo:x ............. in. ot nier 
Fire, ............................... in .• o't 11a.ter 
Stack draft .... ., •.•.•.....•..•...•..•• • •• in. ot ilater 
Preasare in feedwater beater ......... lb./sq.m. gage 

Temperatures: 

16. 
1,. 
18. 
a. 
20. 
21. 

Steam •penture at aupel'heater outl.et •••••···••• °1' 
Su.J)er'hee.t ot stesn • • • • • • • • • . • . . • . .. • • • • • • • • • • • •. • • • • OF 
Tampen'iure ot air surrounding boiler .............. °F 
Temperature of air tor coabuation •••••••·•···•·•·• o.r 
Temperature of gaaea leaving boiler ................. O'Jt 
T~ture of teednter entering boiler ........... 0., 

l 

4/9/41 

9.3 
l.O.& 
0.1 

eo.o 
20.9 
10.6 
ao.s 
9S.5 

28.0l 
172 
S.4 
1.6 
o.ia 

• 0.11 
21-

484. 
108 

78 
31 

m» 
218 

2 

4/10/41 

9.9 
9.9 
0.1 

80.1 
oo.o 
10., 
19.5 
88 .. 8 

28.04 
173 
3.1 
1.5 
0.0& 

• 0.14 
a 

482 
109 
ff 
84 

541 
218 

3 

4/ll/41 

9.3 
10.'1 
o.a 

'19.8 
21.2 
10.e 
20., 
91.f 

28.16 
1'1! 
3.5 
1., 
0.01 

• 0.14 
at 

U4 
108 
'1t' 
as 

555 
218 

4 

4/19/41 

6.4 
13.9 
0.1 

'19.6 
19.9 
10., 
89.4 

1'1'1.4 

28.04 
1'11 
1 .. 1 
0.5 

... 0.10 

... 0.1, 
al 

46& 
90 
98 ,a 

415 
819 



J>ate ot Teat ............................................... 

21. Duration ot Testa ................................... br. 
25. :ruel per hour as :fired • • . . . .. • .. . • . . .. • . • .. . • . . • . . . . • . lb. 
u. :fuel per hour dry ................................... lb. 
atS. 1)ry' tu.el per sq.ft. of grate area .•.............•. lb. 
2.G. Rafuse- per hour ............................. ., . . • • .. . lb. 
2f. Actual water per hour•····•••••··•••••·••·•••••••· lo. 

Unit Q.wmtities: 

28. Heat absorbed by steam generating unit .•••. B.t.u./lb. 

lletua.e: 

29 . Betu.ate, per cant of dry :t"uel. • • • • • • • • • • • • • • • • • • • • • • • 
30. Percentage of combustible in refuse•••••••·•·••••••'/, 
51. Carbon burru,d per lb. dry tu.el•••••••••••••••••••• lb. 

32. Ba."8 ot heat absorption per lb. fuel as fired ...... . 
. ., ........................................... B. t.u./lb .. 

55. Bate o~ heat absorption. per lb. dry f'uel ••• B.t.u./l'b. 
M. Bate ot heat absorption per eq.:tt. of' heat ... 

big surface per hour·•••·•··••••··••··•• B.t.u./sq.tt. 

lttticiacy: 

35. lltf1oiency ot steam genera:ting unit •.•••••.•••••••• 

l 

4/9/41 

12 
1658 
1598 
23.4 

12& 
16000 

1076 

10584 
10773 

4219 

4/10/41 

12 
16'15 
1615 
23.& 
106 

16083 

1075 

10312 
10705 

4/11/41 

12 
1633 
15'14 
33.0 

98 
17083 

10'16 

4505 

80.1 

4 

4/19/41 

12 
825 
'195 

11.6 
59 

8585 

10&4 

'1.4 
21.1· 
o.79 

110&9 
11487 



-1'7-

Dil'A AD RmSULTS OF CASXr-D.OOES S~ G~ING UNIT TES'!! 

lioeation •..•...••••.••••• v. P. I .. Keatine; and Power Plant, :Slaouburg, vs.. 
Om.er•••••••••••••••••••••••••••••••··•••·••••••• Common•alth of Virg.lnia 
JraJce and 'fjpe of Boiler . . • . . . . . . . 35' Hp., case;r-:e:edges, Oro1ni Drum l3oller 
Mab and TY,pe or SQ,J>erheate:r • • • • . • • • • . • • . • . • • • • • • • • '.bJ,e • s~ ··Foster·· 1.heeler 
Fu.el lm.ming Equipment•••···•••·•·•·······•·•······••• Detroit Rote stoker 

Boiler Beating SU.rta.ce •••••·•···•·•·•••·····•···•·•••••·••••••• 3540 sq.ft • 
.Su.pe-rheater su:rf'ace . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 540 sq,., n • 
'!oial _Heatin.g Sn.rface • ,. ......................................... 4080 1q.n. 
;rate SU.rfaCe ••·•••••••••••••••·••••••••••·••·•••·•••••·••••••· 68.S sq.ft. 
Vol'Ullle ot Combustion Space•••··•··•·•··•·•··•••······~·••···•• 614.7 ca.ft. 
l!'a.r:r.ull.oe, center of' grate to nearest heating surtaoe ............... 9 tt. 
J'u.r.rlaee volume per sq.ft. boiler heating surface ....... 0.174 cu.ft./eq.tt. 
Fuel Burning Equipment •.....................•......... Detroit ~oto stoker 
llethod of Producing Draft . . . . . . . . . . . . . . . . . . . . • . . . • . . . Forced. ( Ola.rage J'aNt ) 
Fu.el :Ba.rn.ed . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . • . . . . . . • . . • • Brttsh 11:01.lrlt&in. O'tllm. 

Anal1ses •• a. Slueser's Brush ?iountain Semi-Anthracite Coal 

* Proximate Analysis 

l(oiatlll"e ...... ........................... , 
'Volatile Matter············•··•······•·••• 
Fixed carbon, ••...................... , •••. 
A.all ••••••••••••••••••••••••••••••••••••••• 

Heating Value as Fired 
Heating Talue Dry 

• Ultimate Analysis 

B,t.u./lb. ••••• 
B.t.u./lb. ••••• 

Carbon ............. ., ...................... . 
Hy'drop:n ••.........•....•..•....... " • ., .•••• 
OX7"pn. .................................... . 
-itrocen, •·•·••·············•·••··••••··••• 
Sal.ph,11..r' ............................. " •••••• 
.A.ah .•.•••••.•.• ,. •••••• ., •••••••••• • •••••••• 

12420 
12950 

* A:nal~••• taken :f'rom Virginia Geodetic Sa.ney on Valley coals 
published in 1925 - pap 109. 



Steam 
Tim :nue Gas Analysis Bo11er ( :reed- Wind• Wind- ::r1re Stack :rront Bear Air Steam l'lue BUl)&r- J'eed- Ooab. 
T•at #5 •• COa 02 00 Ia Press. water) box lfox Draft Draft Beel Beel Bate Bate au· heat •ter Air 
:Boiler f.!. . Preaa. Right Lef't .. l>ep'Ul Depth Temp. !amp. !emp. femp. 

bz: Vol. l/•1•1n. gage in. of •ter ·1n. in. H20 - OJ' 
. ~'- ' •• 

7:00 1.8 14~2 o;t ''~" 1-80 0~·1 0.1 ... 0.1, .o;a5 2 Jlilima 1;5 50 465 4-65 22!5 '13 ,:ao 5;3 is~, o.s ,,;, le& o;s O~l -0~18 -0~$0 a aai• 1., 60 4-66 4i50 223 '14 
'1:40 -,.;o 13~1 0.2 ,,., 165 o~s o~a -O~lJI .o;so a Ddlum l~I 80 46$ 460 73 
8:00 6;8 a;s o.o '19~9 1'16 0;4 0~3 -o;ao -0~30 a High 1., 70 4'16 461 au 73 a:ao ,~. 13~0 o.o ,1;a 160 Ch4 0;4 -0.28 -0.40 a Hip a~o 100 470 4GI 223 .,, 
8:40 8.o m.a o;o 71.a 155 o;a 0~6 -o;aa ... o.,o a Hip a.o 91 4'10 460 218 ..,, 
9:00 a.a u.1 v.o ao;s 180 0;5 0.5 -o~aa -O;;&O 1 Low a.o 95 4'75 4,a 219 .,, 
9:10 ,.8 11.4 1.0 ,,.a 1'15 o.a o., ... o.n -0.30 1 Lo'tr'"• 2;6 110 480 465 220 .,, 
9:40 a.s 11~• o;o 80~0 1'75 0;4 o~, -0~10 -0;11 1 llad'iua l.8 8G 481 485 215 '15 

10:00 9.0 11;6 o~a 7t.a 160 0;4 0.4 .. 0;1& -0.40 l High a.3 101 490 4'15 221 '15 
10:ao 8.8 11.a o;s 79~7 165 0;4 o~• ... o.a, -0.45 2 High -~· ,o 4'10 4T5 221 76 
10:4.0 ,.a 12~4. o;o ,,.a 115 o.s~ 0.3 -0.28 -0.41 a High a.it 90 4'10 460 221 76 
ll:OO 10~0 t.a o~o 80~8 185 0~6 (h5 -0~1, .0;30 ,_.I ll1gb. -~- lJ-0 4ff 4,0 all '14 
U:ZO ,.o la~9 o., , ... lM o~, o;7 -0~1'7 .o.as o3 Hip 1~• 60 4-60 ,l-6() aao '15 
ll:<10 ·5.5 u.1 O~l 79.9 166 o., o., -0~17 -o~n 03 JU.gh 1.,9 60 460 461 220 '16 /., 
J.a:OO 6.8 u.e o., 78.8 lT5 o.a o., -0~10 -0.25 't'l l Low l~& 85 461 468 110 76 • I 
12:ao fi.-5 U.6 0.1 79.a l-68 o.s o., .o.oo -o.ao gl Lot a.a 66 '80 451 219 80 
12:40 6.3 1,.1 o.o 79.4 18 0.1 0~4 -0.08 -o.u ~l Lo,r a.a 50 -475. "80 219 80 
1:00 1.8 u.1 o.o 80.l 18 0.1 0.5 -o.o, -0.20 =1 Low a.o 61 • 480 "80 Ill 80 
1:20 ,-.1 u.1 o.o '19.0 1"68 o., 0.1 -0.10 .o.a& ,-.a Low' a.o 80 ,,o 480 aao 80 
1:4.0 6.6 14.4 o.o ,,.o 1• 0.4 o., -o.ao ... 0.10 :a Jrediua 1.9 71 ,,o '"° aao 80 a:oo ,.a 10.e o~o so.o 160 0~8 o.a -0;01 .o.ao .g4 BS.gh l.9 90 470 4•1 220 80 a:ao a.o 11., o.-e so., 162 1.0 o.e ... o.oa -o.ao 4 Bish 1.6 81 4f0 460 210 80 
8:40 s.o 12.0 o., 79.4 155 o.s o., ... 0.15 ... o.so i;a L81r a.o 100 480 460 aao 80 
1:00 ,.a 10.8 o.o ,,.4 1'10 o.a o.s .. o.a ... 0.15 oa lltdia 1.a 10 480 480 aao 80 
3:20 ,.o 11.8 o.o 99.a l'N> o.s o.a -0.10 -o.ao l:s JrecU.1m a.<> 50 4'70 4'10 aao 80 
1:,0 ,.o ia.o o.a· 80.8 1-6'1 0.5 0~5 -0.08 -o.ao :" High l.6 ,0 '80 476 uo 80 
4:00 ,.a 12.a 0.2 80.4 169 o.a 0.6 -0.10 -o.ao o4 High • l.6 '15 480 475 210 80 
4:10 8.5 11.9 o.a ,,., 170 o.t 0.9 -0.06 -0.25 ~· High 2.i1 105 490 4'70 aao 82 ,,,o 8.8 1.1.a o.o 79.4 1"10 0.1- 0.4 o.oo -0.20 a Le,r l.6 100 490 470 ao 82 
5:00 7.a u.-e o.o '19.6 1ft o.a 0.1 o.os ... o.ao a Lew a.a 90 490 475 aao 88 1:ao ,.o ia., o.a so.a ltl o.s o., -0.0'1 -0.30 • LOW s.o 100 500 480 aao 80 
·5:40 ,.o ia.a o.o so.a 16& o.a o., .o.oa -0.21 • I.ff a.a 110 500 '86 210 80 
6:00 ,.o u.a o.o ,,-.a 165 1.0 0.9 0.04 -o.ao 5 Jredi .. · Ull 1.7 100 500 486 220 80 
6:20 1.5 13.5 o.o 81.0 168 1.0 o.a o.oo -o.ao 4 lit41tm 1.9 ,o 490 486 aao 80 
6:40 a.o u.a o., '19.8 172 o.a o., -o.o, -o.ao 4 Kedia. 1.8 90 490 481 aao 80 

Avg. 7.5 J.a.6 0.1 '19.8 166 o.s 0.5 -0.11 -o.a, a JrediU'll 2.0 82 4'1'1 471 aao 78 



( Steam 
Time Flue Gas Analysis Boiler Feed- Wind- Wind- Fire Stack Front Bear Air Steam Flue Super- Feed ... Comb. 
Teet #6 CO2 02 00 Preas. water) box box Draft Dra.ft Bed :Bed Bate Rate Ga.a heat wa.ter Air 
Boiler #4 Pree.a. Righ't i.rt Depth lleptll Temp. tamp. Temp. Tamp. 

!ll Vol. #(sq.ill;,• gage , in. of water in. in. n2o " o:, 
Ill I . ' . - ........... ' . .... . 't • . . IF 

7:00 9.8 10.2 o.o 80.,0 l5'5 3¼ 0.4 0~4 -0.0? ... o.ao l Low 1.6 80 470 4.70 222 67 
7:20 9.6 10.,6 0.1 79.7 165 3 0 .. 5 0.3 -0.05 ... 0.20 l Low 1., ?0 470 4?5 222 68 
7:40 10.0 ll.S o.o 78~2 165 3 0.4 0~4 -0.05 -G.15 l Low l.7 ,o 475 4'15 222 70 
8:00 9.0 11.2 o.o 79.8 170 u o.s O.t; o.oo -0.2:5 l Low l.9 ,o 480 475 222 70 
8:20 8.0 ll.9 O.,l ao.o 180 o., 0.6 0.05 -0.05 l Low 2.1 80 485 4,5 220 '10 
8:40 a.o 12.4 o.o 79 .. 6 165 s 1.0 1.0 1.00 o.oo l Low 2., 105 480 465 222 69 
9:00 10.0 10~0 o.o so.o 161 3 0.9 0~8 1.00 o.oo l lfedium 2.1 75 485 485 222 68 
9:ao 10.2 9.8 0.5 79.5 160 5 o.t o.a 0.70 0.06 l Yed.iwn 2.2 90 480 480 221 68 
9:40 9.a ?.6 o.o '19.2 162 3 l~O 1.0 1.00 o.oo l Kedium 2.5 90 4'10 450 221 70 

10:00 11.a 9.6 o.o T9.2 180 2½ 0.9 0.9 o.ao -0.10 2 High l.9 70 485 485 219 '10 
10:20 8.0 10.8 o.o a1.a 1'12 3- 1 .. 0 0.9 -0.12 -0.25 2 High a.3 '75 480 4'16 220 '11 
10:40 10.a 10.6 o.o 79.2 169 at 0.9 o.s 0.02 -0.15 2 High l.7 80 480 475 220 72 
ll:00 8.0 12.0 o.o so.o 180 3- 0~5 0.5 -0.17 .. 0.25 a High 2.1 120 480 455 220 73 
ll:20 9.8 10.2 o.o ao.o 175 2 1.0 1.0 0.08 -0.20 l Low 2..4 100 485 470 220 73 I 

11:40 9.2 11.2 o.o '19.6 170 2 o .. a 0.6 o.oo ... 0.25 kl Low 2.a 85 486 4'10 220 '74 
..., 
'° 12:00 10.0 9.'1 0.1 so.a 165 2 0.6 0.6 o.oo -0.15 o2 High a.a '15 490 490 221 74 I 

12:20 10.1 10.1 o.o ,,.s 160 o.o o.a -0.25 -0.25 ~2 High 1.0 65 486 490 218 '16 
12:40 10.0 9.6 o.o 80.4 1'10 O.i 0.5 -0.05 -0.15 i:::3 High 1.6 80 4'15 4'10 212 76 
1:00 9.0 11.0 o.s 79.? 1,0 0.8 o.a o.oo ... 0.10 o4 High 2.4 95 4'10 460 213 76 
1:20 9.5 10.5 o.o ao.o 160 2 o., 0.8 o.oo -0.20 ~6 High l.9 80 460 460 21'1 78 
1:40 9.0 11.4 o.o '19.6 165 2 0.4 0.6 .0 .. 15 -0.25 rA'1 High 1.2 VO 460 460 219 '18 
2,00 s.a 11.s o.o ao.o 165 2 1.2 1.2 o.oo -0.20 ~8 High 2.9 90 460 460 220 78 
2:20 s.o 11.0 o.o 81.0 158 a o.o o.s .0.20 -0.25 :1 Low 1.4 90 4$0 445 220 '18 
2:40 10.0 11.a o.o 78.8 163 a 0.5 0.5 -0.05 ... 0.25 P2 Low 2.0 80 4i60 455 220 76 
3:00 10.0 10.5 o.o 79.5 150 2 0.3 o.s -0.05 ... 0.25 02 Jledium 1.4 70 450 450 220 76 
3;20 9.2 11.2 o.o 79.6 165 a 0.5 0.6 -0.05 -0.25 ~3 Medium 1.6 70 470 4't0 220 76 
3:40 8.5 ll.3 o.o· so.a 175 2 1.0 1.0 o.os -0.20 03 Low 1.7 '10 470 475 220 76 
4:00 9.0 11.2 o.o 79.8 170 o.s o.s -0.05 ... 0.25 ts Low 1.7 70 480 4?1) 220 76 
4:20 10.0 10.0 0.4 79 .. 6 168 0.7 0.7 0.02 -0.20 1)5 lfedium l.'1 70 480 480 220 76 
4:40 9.6 10 .. 0 ().0 80.4 163 0.,4 0.4 -0 .. 15 -0.25 ~5 Kedium 2.2 100 480 470 220 78 0 5:00 ,.o 10.0 o.a so.a 163 o.a o.s 0.05 -o.ao ~3 Jleditm 2.4 85 480 470 uo 78 
5:20 10.5 9.7 o .. o '79.8 163 o.s 1.0 o.oa .. 0.20 4 High 2.3 80 480 475 220 78 
f>:40 10.6 9.4 o .. o 80.0 168 0.8 1.0 0.02 -0 .. 20 4 }Ugh 2.3 85 480 480 220 78 
6:00 10.s 10.0 o.o 79.2 175 1.0 1.0 o.oo -0.20 5 High 2.4 90 490 480 220 '78 
6:20 10.8 9.4 o .. o '19.8 180 0.7 0.7 0,.05 ... 0.15 l Lo• 2.0 80 490 490 220 76 
6:40 10.0 10.0 0.2 '19.8 175 o., o.s o.oo -0.20 l Low a.2 80 490 490 220 76 

Avg. 9.5 10.6 0.1 79.8 167 2½ 0,.7 0.'1 0.08 .. o.1s 2 Medium 2.0 82 476 4?2 220 '14 



Flue Gu Analysis Boiler ( Steam 
\find- Wind- Fire Stack Front Bea.r Air Steam Flue Super- Feed- Comb. !be Feed-

Teat #'l . CO2 02 co Ma Preas. wa.ter) box box Draft Draft Bed Bed Bate Bate Ga.a heat nter Air 
Boiler. f4. -~- . .Preas. ~~!__~ft Depth Depth Te!J!• '!S"ft'!JJ .. • __ ,fe!92 • . Te§• . , ' .. --··• -

U• :t>z ,_V,ol .• ' , __ #/ag. in. gage_ in. of water in. in. »2o. 'J; o:, . . __ ..,,_ 
oil 111 

,:oo 6.8 11.0 0.6 81..6 165 2¼ 0~5 0.5 -0.10 -0.25 l High l.8 :65 470 470 219 70 
'7:20 7.0 ·10.0 o.o 83.0 163 3 0.9 0.8 -0.05 -0.20 l High 2.0 65 -t1·a 475 221 68 
7 :40 7.5 10.5 0.8 81.2 160 3 1.2 l.l o.oo -0.15 l High 2.1 '10 475 475 2~1 68 
8:00 9.0 9.2 0.3 81.5 1'10 a 0.2 0.2 -0.20 ... o.so J. High 2.0 85 485 490 216 69 
8:20 9.0 10.0 0.4 80.6 170 3 0.8 0.8 -0.50 -0.20 a High 1., 90 485 465 221 69 
8:40 s.e 9~-6 o.a 82.8 l?O 3 0~9 0.9 -0.50 ... 0.20 2 High 2.0 80 485 475 Ul 69 
9:00 8.6 9.6 o.o 81.8 155 3· l~O 1.0 ... 0.50 ... 0.2,0 2 High 2.0 85 480 4?5 221 68 
9:20 9.2 9.8 o.o 81.0 170 at o.o 0.4 ... 0.15 .. o.as l Low 2.0 105 480 465 221 69 
9:40 9 .-e 9.4 o.o 81.6 170 $· 0.5 0.5 -0.02 -o.ao a llfed.ium l.9 10'& 485 460 221 'll 

10:00 1.6 8.9 o.o 81.5 l"/0 2½ o.o 0.3 ... o.H -0.30 2 :Medium 2.6 105 495 480 211 81 
10:20 9.4 9.4 o.o 81.2 150 a 1.0 1.0 0.05 ... 0.15 l Illgh l.9 llO 490 460 215 sa 
10:40 12.0 6.4 0.2 61.4 165 2 o.g 0.9 o.oo ... 0.20 2 High 2.0 100 490 490 215 sa ll:OO a.o ,.o o.o 81.0 :L'13 3 0.2 0.4 -0.14 .. 0.25 l Low l.V 75 490 480 215 84 
11:20 9.4 9.4 o.a 81.0 165 2 0.6 o.~ -0.03 -0.20 2 Low l.8 110 485 462 215 85 I ll:40 10.0 a.o o.a 81.8 160 2 o.a 0.6 .. 0.05 ... o.ao t-t2 Medium 2.1 110 490 480 215 85 
12:00 l0.'1 '1 .3 o.o 82.0 180 a o.o o., -o.aa -O.s·& g2 High 2.6 125 500 480 215 84 I 

12:20 10.8 a.a 0.2 80.0 1'13 2 0.6 0.'1 .. 0.0'1 ... 0.15 'd 3 High lo3 ,o 460 ,,o 215 86 
12:40 9.8 9.0 o.a 81.0 160 2 0.6 o., -0.8'1 -0.15 s=l 3 High 1.1 60 4-55 460. 215 86 

l;OO 9.8 8.4 o.o 81.8 155 2 1.1 1.4 -0.02 -0.10 .~ 2 High 1.1 60 450 460 214 86 
1:20 10.s 8.8 o.o ao . .t 162 2 1.0 1.a ... o.05 .. 0.15 +> 6 High 2.2 80 460 460 215 86 
1:40 ll.2 9.0 o.a '19.G 165 2 1~2 l.3 -0.0i .. o.ao :, High 2.l 100 460 45-0 214 86 iuoo 11.a 9.0 o.a '19.6 168 2 o.5 0.4 -0.02 .... 0.20 ~l Low 2.0 100 4'70 445 215 86 
2:1-0 9.4 a.6 o.a 81.8 165 2 o.a o., 0.10 -0.10 022 Low a.a '10 480 465 214 88 
2:40 a.o ,.o o.o 81.0 162 3 0.3 0.3 ... 0.10 -0.25 .g 3 Jfadium 1.6 '10 480 4'15 221 88 
3:00 10.s s.a. 0.2 so.a 165 3 1.0 1.0 -0.08 -0.25 ....,4 lfedium 2,4 40 450 475 221 88 
3:20 9.0 9.0 o.o 82.e 155 3 1.0 1.0 0.08 ... 0.25 s:: 5 Uedium a.o 60 450 460 222- 88 
3:40 10.0 9.2 o.a· 80.6 175 :t 1.0 0.9 o.oa ... o.ao ~5 XediUJn a.6 50 4?0 480 220 88 
4t00 9.4 8.a 0.2 81.6 162 1.1 1.0 0.06 -0.15 CM 7 Vedium 2.4 50 .u;o 460 220 72 
4:20 10.0 8.2 o.a 81.6 1'13 a o.o o.4 ... 0.20 -0.25 :1 Low 2.4 40 450 465 216 72 4:40 9.0 9.0 o.a 81.8 163 2 1.0 0.8 0.10 ... 0.10 01 Low 2.4. '10 470 465 217 '12 
5:00 10.0 8.o o.o a.o 1·70 2 o.a 0."1 o.os ... 0.1·0 ~2 llfeditm1 2.4 70 4.60 4'15 218 '72 5:20 10.() a.o o.o aa.o 168 2¼ 0.9 o., 0.05 -0.15 3 lfediusn a.as TO 470 475 uo 72 5:40 9.6 9.4 o.o 81.0 170 a. o., 0.'1 -0.04 -o.ao 3 Jlediwa a.a 70 480 480 216 72 6:00 9.8 '1.2 o.a 82.8 170 at 0,.5 0.,5 -0.13 .. 0.25 5 Jlii:dium 2.0 80 480 475 219 72 6:20 ,.o 9.0 o.o sa.o 1'10 a 0.5 0.1 o.oo -0.20 l Low a.o 80 4'10 465 217 '12 6:40 9.5 s.o o.o 82.5 1'18 21 o.o 0.4 -0.30 -0.30 2 Medium. 1.0 50 450 470 220 ,a 

Avg, 9.'1 8,7 0.1 81.5 166 2+ o.o 0,7 -0.07 -0.10 3 High 2.0 '19 473 4'10 218 78 



01.eam 
Tu. nue aa. Analyaia Boiler (Feed.; Wind- Wind- Fire Stack J'ront Bear Au Steam Flue Super- l'eed;. Oomb. 
T••· fa • OOa Oa 00 lla Preaa. •ter) box box Draft Draft Bed Bed Ba.\e Rate Ga.a .• heat •\er Air 

. Boiler ft ... Presa. Right Lett. Dep1h l>epth femp. Temp.· femp • fe!W• . 
j by Vol. #/sq.in. gage in. ot •ter in. in. ~o oy 

.7:00 8.t 11.a o.o 80~2 160 l O~& o;& -0~10 -0.$1 l 1ow··· S.4 95 sos 480 214 '86 
7:20 8.6 11.a 0.4 '19.8 1,0 l 0.9 0.9 · -o. 08 -0.$0 a )ljd11Dll 3,.3 1ra 505 500 217 86 
'1:40 a.a 11.4 o., '11.'1 l-65 l 0~5 o.-& -0.15 -0.31 3 Jtlgli s.1 ll-0 ·100 470 217 86 
8:00 ,., 12.1 0.4 ,,.s 168 l 0~6 0;6 -0.1'1 -0.40 3 Bitli s.1 101 500 '80 217 86 
8:20 s.a 11.4 o., '79.7 170 1 o., 0,.8 -0.10 -o.ao 3 Hip $~1 110 500 4'10 217 86 
8:40 8.6 11.a 0~4 ,,.a 1'72 l o., o.s -0.10 •0.25 • Hip s.o 110 600 470 81? 86 
9:00 9.8 10.a o., ,,.a 175 l 0.4 0.5 ... 0.31 -0.4'5 6 Bi&h s.o 180 600 470 216 86 
t:ao ,.a 12 • .t o.o 80.3 1?4 1 o.a o.s -0.18 -0.45 cs )Ugh a..a 90 490 485 816 86 
9:40 8.6 10~6 o.o 80~8 168 l o.s o.s .. 0.15 -O.a-5 9 Bigh l~a 86 <&60 410 ai• 8'1 

10:00 11.0· ,.o o.o 80,.0 1'10 1 0~3 0.3 .. 0.11 •0.21 l lAw 1.a 80 ,,o 440 816 86 
10:ao 10~0 10.0 o~-e 80.'0 1,0 l 0~4 0~5 .o.os -0~20 a Low a.o '16 480 475 815 86 
10:40 9.a 10.9 0.6 79~3 lts 1 o.-& 0~·5 o.oa -0.10 a Low a.1 85 ,,o 4'10 al.$ 88 
11:00 8.0 11., o.o 80.$ lfl 1 o.e o.6 0,.04 -0~16 a Jfedla a.1 llO -190 4'10 215 88 
11:ao ,.s la.4 o.o 80.3 lff 0 0.'1 o.s .. 0.10 -O~U 3 Jredia a.s 100 ,,o ,,. 815 88 I! 11:,0 6.8 is.a 0.8 'It.a 165 0 o., 0~8 -0.10 -o.a5 kS lfedia a.s 100 ,,o 466 214 88 
12:00 -1.1 is.a o.s so.a 1&5 0 o.o 0~3 ... 0.30 -0.31 08 )ljdil1lll 1.5 101 490 46$ au 88 I 

ia:ao •• 8 a.a o.a 79.a 16a 0 o.s o.-a -0.14 -0.30 05 JredilDl 2.6 95 "85 466 214 90 
J.a:40 ,.o u.o o.o 81.0 160 0 o.a 0.6 .0.10 -0.25 'd5 Jrediua 2.3 sa 485 4'15 21, 90 
1:00 ,.& a.o o.o ,,.1 166 0 0.9 o.a o.oo -0.20 5·5 Low a.a 90 480 470 213 90 
1:ao ,.o 12.0 o.o ,,.o 161 0 o., o.a -0.11 .o.as j& Low a.o 90 480 4'10 aa 90 
1:40 ,.o u., o.a '19.4 lfi 0 0.5 0.5 .. o.ao -o.aa cd6 Law 1.6 80 480 4'10 au 90 
a:oo 9.8 11.a o.o ,,.o 1e1 0 1.e 0.9 -0.10 -0.al ta Low 1.a 80 480 4fl 214 90 
a:ao t.o ia.o o.o ,,.o lG 0 0.6 0~3 o.oo .o.ao a>3 Low, a.o 80 480 461 214 90 

· 2:40 9.2 11.4 o.o '19.4 ltm 0 o.a o.a .0.10 ... o.a1 ~l Low a.a 90 480 4'10 214 90 
3:00 8.6 18.4 o.o 79.0 165 0 o.s o.s -0.10 -0.85 oa l,oy a.a 100 490 ,,o 114 90 
a:ao a.a 12.e o.o '19.0 l&G 0 o., o.s -0.08 -0.2:1 ...,. Low a.a 90 481 4?5 al.4 90 
3:40 9.0 11.6 0.2 • '19.2 163 0 o., o., -o.oa .o.aa sa Low a.a 80 490. 4'7S 114 98 
4:00 8.8 12.0 o.o ,,.2 166 0 o.s o.i& . -0.09 -0.25 ts Low ••• 90 -190 4'16 al.4 ,a 
4:ao 9.0 11.1 0.3 n.a 161 0 0.6 0.6 -0.0& -o.ao ii> 4 Low a.a 96 490 4'10 llS 92 
.&:40 11.0 ,.a o.o ,,.a 166 0 o., 0.6 -0.10 .. o.as t> 5 Lo1r a., llO 180 4?8 aa • 0 1:00 11.0 t.5 o.o 'It.I lil5 0 0.6 o.o -0.015 -o.u ~· LOw a.a 110 ,490 461 815 91 t:ao 11.0 9.8 o.a ,,.o lG 0 0.6 o.s -0.06 -o.ao a Lew a.4 110 490 ,,1 216 M 
-&:40 9.8 11.a o.o ,,.o 161 0 o.a 0.4 .. 0.01 -o.as 3 Low a.a 110 ,&90 465 '214 M il:00 9.5 11.ts o.o ,,.o 166 0 0.1 o.s .. 0.10 -o.aG ' LO•-. a.o 100 490 ,,e au 94 •:ao a.o la.I o.o ,,.a l-65 0 o., o., -0~06 -0.8-5 , Jlt411Dll a.a 100 490 470 au 94 '''° 9.0 ia.o o.o ,,.o 165 0 o., o.a -0.10 .. o.aa 3 Jredillll a.o 110 490 466 814 M . 

Avg• a., 11., 0.1 79.4 166 + 0.5 0.6 -0.10 -0.26 3 lfediua a.a 100 489 4 l 



LOG OJ' RJBSULTS FOR TESTS ON BOILER /14 

Test No. 

Date ot Test ................................................. 

1. Carbon Dioxide·•····•·······•········•·······•·•··••~ 
2. Ox:y-gen • • • .. • • • • . • • • • • • . • • • • • • • • • • • • .. • • • • • • • • • • • • • • • • • " 
5. Clarbon. Monoxide . . . . . . . . . . . . . . • • . . . . . . . . . . . • • . • • • • • • • '1' 
4. Bi trogen . .. . . . . . . . • . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 
5. Dry- gas per lb. dry fuel ............................ lb. 
6. A.ir required per lb. dry tuel ...................... lb. 
?. A.ir supplied per lb. dry fuel ...................... lb. 
8. Bx:eass Air ... " . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Pressures end Drafts: 

9. Barometric pressure ......................... in. of Hg. 
10. Steam pressure ........................ lb./sq.in. gage 
11. Air pressure in left windbox ......•...... in. of water 
12 . .&.ir pressure in right windbox .....•...... in. of water 
15. Fire draft ............................... in. of water 
14. Stack draft .............................. in. of water 
15. Pressure i:n :feedwater heater ...•...... lb./sq.in. gage 

Temperatures: 

16. Steam temperature at superheater outlet ............ °F 
1'1. Superheat of steam .................................. °F 
18. Taperature of air surrounding boil.er .............. °F 
19. Temperature of' air tor combustion•••••••••••••••••• °F 
20. Temperature or gases leaving boiler~•·••··••···•··· °F 
21. Temperature of feedwater entering boiler•••·•··•••· °'F 

5 

4/22/41. 

7.5 
12.& 
0.1 

79.8 
15.:5 
6.6 

15.0 
127.0 

28.27 
166 
0.5 
0.5 

- 0.12 
- 0.2? 

2i-

471 
98 
81 
78 

47"1 
220 

6 

9.5 
10.& 
0.1 

'19.8 
10.9 
6.0 

10.6 
69.'1 

28.23 
16'7 
0.7 o., 
0.08 

- 0.18 
at 

4'12 
98 
83 
74 

476 
220 

7 

4/24/41 

9.'I 
8.'1 
0.1 

81.5 
15.2 
7.1 

15.2 
114.l 

28.1! 
166 
0.7 
o.& 

- 0.07 
- 0.20 

!½ 

470 
97 
81 
78 

473 
218 

8 

4/26/41 

8.7 
11.'1 
0.2 

"19 .4 
21.0 
9.3 

20.3 
118.2 

28.19 
1&6 
0.8 
0.7 

- 0.1 
- 0.25 

i 

471 
98 
82 
89 

489 
215 



Y!!..2! HISUL'l'S !Q!. Tm'i"S Q!. m:wm J!. (Continued) 

Date 'feat 

22. Duration ot Testa .........................•••.•... hr. 
8-3. l'uel per hour as tired .••...•... ,. .................. lb. 
24. hel pe-r- hollr'- <1ry ••••••••••••••••••••••••••••••••• lb. 
25. tlry tuel per aq.tt. of grate area .................. lb. 
2.6. .Betulie per hoUl' . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . lb . 
2'. Actual water per hour••••••••••••••••••••••••••••• lb. 

Unit Q.wmtities: 

as. Heat absorbed by steam generating unit·•••• B.t.u./lb. 

Betuae; 

29. Betue, per cent of dry fuel ••••••• " ••••••••••••••• " 
30. Pvcentage ot oo:mbutible in retuse .............. ,. • • • " 
Sl. Carbon bu.med. per lb. dry fuel • .. . • . . . . . .. . • . • • . . • . . lb. 

lmlporation: 

32. Rate ot heat absorption per lb. fuel u fired .....• 
. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . .. . . . . . . . .. . . . B. t. u. /lb. 

53. Rate of beat abaorption per lb. 4ey fuel ••. B.t.u./lb. 
M. Bate ot hfltat abswption per sq.ft. of heat-

ing surface per hour••·••····•·····•·•·• B.t.u./sq.tt. 

:Btticianoy: 

55. Erticienoy ot steam gene:rati11g unit•••••·••••·••••• 'I> 

5 

4/22/41 

1a 
1375 
1519 
19.3 

621 
841'1 

106'1 

6532 
6809 

2ao1 

6 

12 
1275 
1223 
17.9 

645 
841? 

2199 

'l 

4/24/U 

-12 
1300 
1295 
19;.0 

437 
8333 

1072 

al.89 

8 

4/26/41 

1.:2 
U$'1 
1215 
17~8 

809·· 
10416 

1069 

16.3 
21.:f 
0.'15 

8788 
9164 



'Pest No. Weight of Weight of weight ot Per Cent Per Cent 
Oo&l J'ired Steam Refuee Refuse Combustible 

Generated in Re~& 

l 19,900 lb. 192,000 lb. 1512 lb, 7.9 25.4 

2 20,100 lb .. 193., 000 lb. 1!72 lb. 6.6 9.8 

5 19,600 lb. 205,000 lb. 1176 lb. 6.2 5.5 

4 9,900 lb. 105,000 lb. '108 lb. ? .4 21.1 

'!'OTA.LS FOR DS'l'S O:W BOILER #4 - - -

'lest Jro. Weight o:r Weight of Weight ot' Per Oent Per Cent 
Coal Fired Steam Ref'tule Refuse Combustible 

Generated in Jteta.ae 

5 16,500 lb. 101,000 lb. 7458 lb. 45 .2 65.4 

6 15,500 lb. 101,000 lb. ?'140 lb. 50.6 69.l 

"I 16,200 lb. 100,000 lb. 5244 lb. 32.4, 51.'l 

8 15,200 lb. 125,000 lb. 2484 lb. 16.5 21.3 



B.t.u. Per Cent 

36. Heat absorbed by water and steam in boiler•••••••·•··•··•···•• 10773 '73.9 

37. Rsat lou due to moisture: iD. coal ...........••.••...........•• 47 o.s * I se. Heat lou due to water :rrom combustion of hyd.roge. •••···••··•• 565 3.9 

59. Heat loss due to dry ehi:mey ga:na: ••..•.•.•••.. ,, ............... .. 2398 16 .. 5 

85 0.6 

28$ 1.9 

iD. air, :radiation, and unaccounted tor ....................... . 

45. Heating' VS:lue ot tuel .......................................... . 100.0 



HEAT BAL&Nelt !Q! IA BOII.lm ft 

36. Beat absorbed by water and steam in boiler••••··•·•••·•·•••·•• 

:n. Heat loss due to moisture in coal.•·••••··••··•··•••••···•••••• 

:58. Beat lou due to water 1"rom combustion of hydrogen ............. . 

$9. Heat loss due to dry ehbmey gases•••••••••···•·•••·•··••·••·· 

40. Heat loaa due to unburned gaseous oaml>utible ••••••••••••·•••• 

41. Heat loaa due to combuatible in refuse••••••••····••••••·••••• 

62. Heat loaa due to uneonS'Ullled hydrogen, hydroee.rbona, moisture 

in air, radiation, and u:na.ecounted tor•••·•••••••••••••••·•• 

43. Heating value ot tu.el••••·•···•••·••••••••••••·•••••••··•••••• 

B.t.u. 

10705 

47 

562 

81 

Per Cet 

0.3 

15.3 

0.1 

o., 

5.8 

100.0 

I • Ot 
I 



Rll'l' BALlfflllC FOR TIST I§_ BOILD 

36. He.at absorbed by water and steam in boiler··•·•·••·••••·••·••• 

WI • Heat loss due to moist.ure iD coal ..••..•• " ................... ., • 

38. Heat loss due to water :trom combustion of hydrogen••·•••••·••• 

39. Heat loae due to dry chimney gases••••••···•·•·••••••••••••·•• 

40. Heat loass due to unburned gaseoua eombwstible ................. . 

41. Heat loaa due to combustible in ref'Wle ••••·•·······••········· 

U. Heat loss due to uncon.aumed hydrogen, hydrocarbons, moisture 

ill air. radiation. ant unaccounted. tor••••·•·•••••·••••·•••• 

-43. Heating" value ot :tu.el ••••••••••••••••••••.••••••••••..••••••••• 

11678 

47 

563 

2408 

174 

43 

... 317 

Per Cent 

80.l 

0.3 

16.,5 

100.0 



!11.lt MI,f.ll!P lP!. l!l!t 8, BOILllt I!_ 

B.t.u. PeC•t 

•• Heat al>a,orbecl by •tel" aac1 steam. 1D boile •••••••••••••••••••• ll48'1 ,a.a * 3'1. Bat lou ctua w moisture 1B coal••••••••••••••·•·•••••••••••• " o.s I 

•• :ae.t J.oaa due w water :troa cahutioa ot hydrogen •••••••••••• 54'1 3.8 

•• Beet loaa ctua to 4ry' ohi••Y gaaea •••••·••••••••••·••·•··•·••• .... a.a 
•• Bea'\ loaa du to ml'b\U'IUNI gaaeoua ocabutible ••••••••• •••••••• 1D ·o.a 
41. Beat loaa 4u to COlibuatible in retuae •••·••·•··••••·••••••••• Ill 1.5 

a. Beat loaa 4ue to meoJlRll84 !IJCNpa, )ayiN,earbou, aoia"11re 

i1l air, radia"1on., and lm&CGOD"94 tor •.••••..•...•..••••••• • fill -5.0 

a. Jleatlng 'l"&lue ot fllel ••••••••••••••••••••••••••••••••••••••••• 14880 100.0 



B .. t.u. Per Cent 

36. Heat absorbed by ater and steam in boiler••••••••••••··•·•••• 6809 52.6 • ., 
I 

'lll. Heat loss due to moisture in coal••••••·••······•····•···••••• 53 0.4 

58. Heat loss due to water tram canbuation of hydrogen•·•••·•••••• 599 s.1 

39. Beat loss 4ue to dry chimney gases•••··•••·••··••••··••••••·•• 1470 11.4 

40. Heat loss clu.e to un.bUl."!Uld gaaeoua ccmb'wstible ••••••••••••••••• 63 0.5 

4.1.. l!eat losa due to eombwstible in retwse ·•••••••••••·•··•••••·•• 4089 :u.e 
U. Beat lou due to unconsumed hydrogen. hydrocarbons, moiatun 

in air• radiation, and unaccounted tor••·••·•••••••···•••••• 67 o.s 
43. Heating value of tuel ••••••···••·••••••·•••••••••••·•··•••···· 12950 100.0 



B .. t. u. Per Cent 

56. Beat absorbed by water and steam in. boiler ....................... .. '1336 56.& I 
3"1. Heat loss due to moisture in coal•••••••·······•·••••••·•·•••· 55 0.4 

I 

38. Heat loss due to water from combustion ot hydrogen•·••••••·••• 400 3 .. 1 

39. Reat loss due to dry chiml'1ey gases ......................................... . 1053 8.1 

40. Heat loss due to unburned gaseous eombuatibla .................. . 44 0.3 

4853 3'.5 

42. Heat loss du.a to unconsumed hydrogen, hydrocarbons, moisture 

in air, radiation, and unaccounted tor•••·••·••••··••·•··••• - '789 - s.o 
43. Heating value ot fuel••••••••••••••·•••••••••••••••••••••••••• 12950 100.0 



B.t.u. Per Cent 

36. Heat absorbed by water and steam in boiler••••···••••••••••••• 6898 53.3 

37. Heat loss due to :moisture in coal••••··••·••••··•····•··••·••• 176 1.4 '-1 ..., 
I 

38. Heat loss due to water trom eombustion ot hydrogen·•·•••·••••• 398 3.1 

5-9. Heat loss due to dry chilm.ey gases ............................... . 1441 ll.l 

40. Heat loea due to unbUl"Aed gaseous combustible ................... . 68 0.5 

41. Heat loss due to combustible in re:tuse •··•····•••·•••··••••••• 28"!8 17.5 

42. Heat losa due to unconaumed hydrogeD, hy4rocarbons. moisture 

1696 13.l 

100.0 



,, 

DAT B&L&ICI !!!! .DE #!. B>:n:a f!. 

B .... u. Pu Cat 

•• Heat a'baorbed by water mt.d a"9ala ill boiler •••••••••••••••••••• 91M 19.0 

3f. lteat lo• 4wt to llDiature 1D coal•••••••····••·••••··••••••••• 1?6 1.s ' •• Heat lo• 4wt to •te:r troa ocabua1;1011 ot hytragea •••• •••••••• ., s.o 
•• Heat loaa clue to 4:ry obi•.,- gaaea •••••••••••••••••••••••••••• SIS ... , 
"°· Beat lo• clue to alntr.ae4 a,aeeou ocmbuati'ble •·•••••·••••••••• 1,1 1.1 
Cl. JIMt lo• 4ue to oaabuatible in retuae •••••••••••••••••••••••• 509 a.a 
41. a.t lose clu to lDlOOUUM4 11y4rogea. ~. miature 

:lJl air, radiation, u.4-UDaocouaW t'or •••••·••••••··•·•••••• 19'15 l<&.t ... lfaattag ftlue ot fuel (111:ad) ••••••••••••••••••••••••••••••••• ll88t 100.0 



~IO?iS USE]) I?i :DlfflBMtJD'G !D :BJ:e BAW'OE ~- ----~ 
Ii.•• l to 4 inclusive are the &Yer&ps for a 12 hour test ta.ta fl"OJI 

the log sheets of the flue ps analyses. 

Item 5 t "111:7 flue ps per lb. of a.:.,. :fuel. 

llC@a 80a t 7(00 • I 1 ) 
"• • ------------ % "1. 

$(00! CO) 

,lhere 1fg: lb. of 417 flu ps per lb. dry ta.el 

Dl, :: lb. ot oa.rbon bum.et per lb. dry ta.el 

Item 6; . Air required per lb. of a.:.,. ta.el. 

It• 9 to 15 hclui ve are obt-.hed f:Nml the log sheets. 

It• 16 to 81 inelui Ye ( except Ita 17) are obtained from the log 

Item 17: !he S11Perilea.i; is the difference in temperature of the stea 



at the boiler ftl:Pe:rlleaiutr o'1tlet at the absolu1u, boiler 

pressure and the saturation t•pera.ture at that pressure. 

the 1956 edition of' '!BllfflroDY.QltIC PJ.'tOPIE!IES OF SftD by' 

Item 21: Selt-npla.natorJ1• 

Item 2S: Fuel pe:r hO\U' ( as fired ) . 

Fa.el per hour :: !otal ml oon&'Qmttd duriJ:lc test 
Length ot test 

Item 24: Ftiel per hour dey. 

Fuel per hour = !otal, tu.el ooni:mme4 during test x ( 10~ .,1_,;tlU"e) 
:Lengtih of 1seet 

Dey t:u.el/sq.n./hr. ::; !?: h.81 per hour, 
Sq.ti. of gra:te a.re& 

lte:tuse per hour ::: .~.uh x d& fuel per hour 
(100 - i combustible 1n refuse} 

ater/hr. :: !oW wailer ev,.porated during tettt 
Lengtil. of ten 

Item 18s Heat absorbed by the steam genera-t;ing unit. 



11here h1 is the enthalpy of the steam at nperhea:ter outlet. 
' Jaa is the enthalpy o'! the stea at fee4•ter heater. 

Item a,, Refuse, per- eent of d17 :f'tlel. 

j ntwse = lb. of ret'U.8e per hour 
lb. of 4r;y tul :p&r hou 

It• so, Percentage of combustible in the retuae,. 

Reported on the log sheet of test totals. 

Item 51: Oau-bon bumed ;per lb. of 417 tu.el. 

Ct, : % C - (~ refuse z j coalm.atible in refuse) 

Item Rt Bate ot heat absorption :per lb. ot tu.el u fired. 

_ Heat absorbed. 07 steam gen.ere.ting u:tt x lb. eteaa per hov .. 
lb. ot fuel per hov ... f1N4 

Item. SS: Bate ot heat absorption per lb. of 41'7 fuel. 

= Heat absorbed b7 neaa generating- ait x lb. steam »er hov 

l'b. ot 41'7 ta.el per hour 

It• Ht Bate of heat absorption :per sci.ft. of heating surface per hour. 

_ Heat absorbed. b7 steam gen.eating ,m.1:t z lb .. st•• per hour -
9q.tt. of heating BU'faee 

It• 15s Bffieieney of' the steam &'(tller&ting llnit. 

= lat~ ot heat ab11orpti~ per 1lb. !1!'l ,fuel 

Heating value of the 417 :ta.el 



Item 37 t Heat lots due to moiature in the cea.l. 

Item Ith Heat loss from eombbtion of ~pn. 

where ep is the apec:U'1c heat at constant pressure. 

Itea 40: Heat loss to 00 in flue 111'1"'••• 

-- :r: 10, 160 

Item 41: Heat loss due to combutible in ret'o.N. 

:: ~refuse,·~ aa :r: 14,160 
100 

Ites U: Heat loss due to vncon8\lllle4. ~pa, ~carb01'1S, moisture 

in air, rati&tioil and ,:maccounted tor. 

= Beating ff.l.u of ta.el ... ( l'Ull ot Steu from 16 to 41 inclui Te) 



A· 'UBL'!! COIIPOilf G l!'mll.-008!' FA<1.00R 

htt Bo. 1 '1 e 
tfnit llo. s .....,.__ ........ -
hel/hr. 1525 1625 1660 9!5 660 1000 1~5 1050 

ste•/hr• 15615 16115 1'1125 6500 6315 88?'5 10400 9875 

lb. st.ea/ 
ll. Fa.el 10.2 9.9 11.0 9.2 9.'1 8.9 8.,5 ,., 

i l:la1iing 141 145 154 76 57 80 94 89 

if, !otal load 12.1 34.9 57.S 22.6 14,4 19.9 19.5 l?.7 

h.el-cost 
factor r,.s 17.8 16.0 19.4 18,1 19.4 ao.o 18.? 

Un1t Bo. 4 -- -
h.el/b:r. 1690 1&25 1615 775 lSlO 11!5 1490 1110 

S'f;Najh:r. 10250 113?5 11500 5250 8250 8500 10600 10625 

lb. st../ 
1). :Fael 6.l 6,1 7.l 6.7 s., '1.6 7.1 9.6 

% Bating 92 1oa lOS 47 74 76 95 96 

'I, !owl. load n.s 24.7 ,25.1 14.0 18.6 19.8 19 .• 6 19.l 

h.el-ooat 
taetor 8.2 s.o 7.0 7.5 7 ., 6.5 7 .o 9.7 

um:t we. 5 -- -
Fael/hr. - - 2360 2860 2$40 5300 3400 

st•/hr .. --- -- - nsoo 29500 15600 36000 55150 

lb. Stea/ 
lb. FUl - - - 10.1 10.s 10.9 10.0 10., 

.'I, fotal loa.4 - - - 6$.4 66.9 59.6 61.1 65 .. 2 

Fa.el-cost 
factor - - - 17.! 16.8 15-9 l?.$ 16,? 



BQleatS.on et «;rapha 

!he \altle ot ooaput1oa, ot tul-oon tacton tor the three \Udt1 

•• oaieuiat-,. tNllll the 4&117 power plant lop tor the 4a7e •• tlle o'b-. 

,enation te1t1 were OOIUl.utff. the •l•• ot n ... -4 coal are 1n lb. 

,er llov t:lpreA tra tile ehift totala. the eaporation t, t...« 1t7· 

tin.tug tu •i&ln ot riNli oneme4 97 the •i&ht ot coal nme4. 

!Ile tul-oo•t factor 11 ca.lcal&te4 accor«ing to the prooetve on ,._ tt. 
tW&ph Jl'o. 1, on the following Jall, fllow the :rapid n.te of Taria-

t1on 1n the tul-con tactor with alipt ou111 in e-,oratt.oa. 

6- heat alt1or1Mr4 per lb. of ,t ... in ,mit Jl'o. 5 t• on an. aTen,e 

1$ B.t.11.. !dpei- tllan 1n uit ••• I tu to the Mp.er t-,e:ra'hN ad. 

pre,sue. It all other cOIUU.tiou •re oou1Jaat, th11 wtil4 Mb tu 

eaporation 1n unit ••· 5 lower than that 1n wt J'o. 1. !he !dpe:r 

eapoation in wt :ro. 6 t-41 to proTe that opeattAc eoditione ta 

tll11 1111it are 'batter OOlltrolle4 than are tlloae ot wt l'e. I •• 'Ille 

... coal ia ue4 ta both. 

fte tul--oon t&o'tor 11 tile con 1n cat• J4t!' 111111on B.t.11., a'b• 

,orbed b7 the n ... per ton. ot ooal and. ftri•• 41rectl7 •• tu con ot 

tu coal u4 inffnel7 •• tlle eaporation., 





0.&.Lel.JLMIIO?i OF J'OEl,...fJOS'f FA~OR ------ - - ---

Ba = total heat of steam at npEU!•heater ouiilet minus the total heat 

of the teednter entering the boiler. 

Evaporation = lb. of steam generated divided b7 the lb. of coal used. 

Coat of coal : $,.79 per ton for bituminous coal used in this test. 

: Jl.05 per ton for semi-anthracite coal used in this 

teat. 

Fu.el-cost factor for bi 'iuinou.s coal: 

-- S?9 
a,ooo X 

1,000,000 
Bax evaporation 

h.el-eost factor for semi-anthracite coal: 

105 
a,ooo z 1,000,000 

11a x evaporation 
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DISCUSSIOI" OF BBSUL'!S ------, , 

l)Qring the first three ot these eight obeervation boiler studies, 

unit No. 5 was off of the line tor repairs to the superheater. !he 

total plant load was carried by the four, 165 lb. boilers. !l'he portion 

of the load considered in thi1 stu.~ ns that on unit Nos. s ud 4. 

l)Q.e to the fact that none of the variables were controlled, it was 

practically impossible to correlate a relationship between boiler char-

a.oteriaties, such as, effieienc7 vs. load, or 062 vs. load for given 

ta.el bed depths, but this atu.dy ns not made to establish these rela-

Prom the renlts on the soft coal stoker, 111 -.s found that in 

fen !lo. l, the bed. decreased from 81:x: to two inehes aboTe the front 

ob1enation door. In !e1t !lo.!, the bed increased from three to eigbt 

inches above the tront obsena.tion door. In !eat !lo. 3, the bed in-

creased from three 1.o ten inches above the tront observa,Uon door. !he' 

excess air increased as the average depth of the ta.el bed increased with 

the lowest CO2 being recorded on !eat No. 4 where the excess air ns the 

highest and the load was the lighteat. !he 001 ran fairl7 constant for 

the first three tests when the beds were more nearly constant and the 

steam and air pens of the 'boilemeter we:re on an average close together 

or as close as could be expected under ordina.17 operations. If the fire 

lanes were 'broken and rough or cool ashes left on the d;amp grate, the 

002 dropped appreciably .. It was observed that conditions of refD.se &1:14. 

periods of dllllllping ffl1'ied with different opera.tors. 

:Du.ring the first three of these four tests, unit Io. 5 carr1e4 



from. 145 to 155 per cent rating on an average from which pod Etvapora-

tion and. smaller losses could be expected. In 'l'est xo .. 4, the ,m,it 

averaged a load of 77 per cent Md rail at a very aood efficiency of 78 

per cent. 

!'he heat added to each lb. of steaat ns constant at 1076 B.t.u. 

per lb. for the heav;y ratings, but dropped athar,ly- to 106' :1.t.u. per 

lb. in Ten l'o. 4 when rwmin,; at a low rating. 'lhia waa a definite 

:reason for a variation in the f'rlel-cost factor. !'he weipt of carbon 

burned per lb. dry fuel was fairly constant for these testa and aver• 

aged aro,m,4 o.ao lb. per lb. dr;r ooal for a coal that had only 0 .. 81 lb. 

carbon per lb. of dr;r coal. 

!'he ta.para.tu.re of the air for combustion varied mu.oh 4ependin& 

upon the method of ventilation to the room. When the General Elec-

tric Tlll"bine ns on the line, the generator air na blown 41reotl7 into 

the f'an room where it •• ued for combustion purposes. When this •• 

not the case, the air for oombuation ns drawn from the boiler room or 

:from the outside atmosphere, depemting upon wh.ether or not the windows 

in the fan room were open or closed. Di• variation in temperatUNt 

•• trom 10 to ao°F. 
Unit '.lo. 6 carried an aven.ge of 60 per cent of the load ea.ah 

dA1' a test was nn on unit l'o. 4. !he first three tests on 1U1it lfo. 4 

were ra using local culm. :For theee tests, it •• foun.d that the ex-

cess air •• lowed when the best evaporation and OCJa were obtained. 

!'he air flow on this unit •• much more difficul:t to adJuat 11:n.ce the 

bed varied., from time of cleaning the fire to time ot duping the back 

~in, as mu.ch a, tou.r inches in the :front an4 18 inches in the rear. 



!he oca'natioa coatrol •Yfl• took can o:t W• to aoae meat ht the 

hand controlle4 U11pen on. the •it alao reci,ured. a4J--•t to oon.t•l 

tu ezc••• air tNn aore. Hip. Yalu.ea ot exc••• air 1n. th.He ot th••• 

t1n1 on 'Ulit ••• • u.ow tat 11h11 it• nee41 oon114era111on. 

!he heat ala1or1-84 1-7 tu atua in. this loller alao TOie4 eon• 

a14erable atteot1ng tu tul-00111 tacrtor u4 ettioitllOJ' to• appr1oi• 

a'ble 4epe•. Jeoaue ot the hip pe1'Centap ot ooabuti'ble 1n. the re-

tue, appl'Uillatel7 :so per cat ot the heatu, Tal.111 ot the coal _, 

lon. 

!he 'ben efflcieno7 •• o'btatne4 aea tu exoe11 ail" •• the 

lo••t u4 the :rating about 10 per ceat. 

!he lan teet Oil unit••• , •• oon.4\1.Ctd uma a~ ot 

hard ant ,on coal•. !.b.11 ,.. tone 4111 to the t•ot that the haH eoal 

cont&f.ne4 11., pei- cent aoiature (u lteo'4,) an4 nul.4 not teell throq!h 

the atolter alone. !b.e :ratio ot the ainve •• appMz1Mtel7 two ot 

hard to one ot the 10ft. !.b.11 mizin& of coal• pTe a tlininot 

csltu,. 111 renlt• f1'0ll the preced111g ,,na. !he per cent nrue ot 
the ta.el 4ecnate4 tr• u. a'f'taae ot 40 per cent to abnf; 16 per oent 

w1 th a ,o per cent 4eona•• 111 the pel'Ccmtap cabu·H.ble in the n-

tue, !he oar1to11 content ot the tul •• 1JLcnaae4 atoll renlte4 in 

an. tn.ona,e ot OM...-nft' 11,. more oarlton n.n.et per 11-. ot uy tul. 

!he ett1o14UIOJ' 1Dorea1e4 from u. aTtn&e of 5' to 69 ;pet oe-.t, wh1oh 

·cn.14 pro'baltl7 be raised. couiclera'bl7 aoN nth olo1er control of •-

•••• air an4 tul 1,e4 thioJme••· ill ot the caloulatioD• tor th11 

ten •r• o•pute4 ooaa14er1JLg the ntio• ot the two coal, Id.zed. 



COl'OWSIOlfS 

It cannot be definitel7 stated as a result of thest observation 

teats that any one of the boiler variables varied directl7 or inversel7 

as one ot the othe:r variables •• held increased or de-

creased. It can be stated that the variations in the tw,l-cost factor 

are dependent on certain items that can be controlled to some extent. 

'fhe t\lel-co1t factor oan vary with the cost of the coal and the 

heat added to the steam in the urtit due to the heat a.bserbed from the 

coal. For unit Ios. sand 6, the cost per ton•• the aae and for 

1U1.it l'o .. 4, the coat •• approximatel7 one-third of this uiotm.t. !'he 

cost of the coal remains fairly constant and even though it 1hould 

vary, it would not affect the fuel-co,t factor from dat to 4a7. It 

would raise or lower it depen41ng upon the cost perhaps fl'OII month to 

month. As this ns a variable ever which there ns no control, e1 ther 

b7 the personnel or operation ot the equipment, it will not be con-

sidered t\:lrther .. 

!he heat added to the steam can easily be controlled 'b7 main-

taining the pre1sure at a ~imwn without pop-off loss and keeping the 

feednter temperature and presaure as high as poslible and remain a 

liquid. 

fte evaporation, expressed as lb. of steam, pnerattd per lb. 

of tu.el as f'ired, otters a. Yal'J'Ul&' faeto:r which is the real caue of 

variation in the tu.el-cost. Keeping this evaporation constant tor 

eithe:r boiler is q'ldte a problent. Even during the tests the evapora-

tion varied. !he values of evaporation obtained for the eight hOlU" 
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shirts on the days the Yarious tests were nm. varied as much aa one lb • 

. trom the test evaporation. '!here a.re man,y thinp affecting this fluc-

tuation and some of them cannot be controlled. The amoMt of coal in 

the hopper at the beginning and ending ot the test• the level of the 

-fuel bed, the combustible in the refuse, quantity of a.sh on the dtap 

grate and the level of the wter in the drum---these are items which 

can be controlled by careful vigilance. !O provide the desired. •ooth-

nese ot daily opera:Uons, this would be neceasar,-. one of the possible 

variables, which ns not studies during this test, is the aoeuraoy of 

t.b.e steam flow.meters. These meters may be more aecura.te at high loads 

md at 165 lb. per sq,.1n. than at liB,ht loade and at 150 lb,. per sq.in. 

In Febl"WU'7 the :Bailey meters were cheeked but :tt is considered BQOd 

prao1d,oe to eal.ibrate these meters periodically. 

It i1 th.e practice in the plant at presem.t to operate the soot-

blowers on the ·day shift. It was observed during their operation that 

the boiler room became envelope4 in a eloud. of du.at, Which indicatee 

that there a.re holes of smne nature in the top of the boilers. 'Phis in 

itself "11JA;y· account :for some of the higb. percentage o:r exeese air 4u to 

infiltration. 

It iJ shown by the last test on Mit xo. 4 that its effioienc,-

ean be inor,ased oonliderabl1 by mixing the two coale. fo what extent 

this can be done would have to be determined by hrther 1tud.7 on this 

subject. It is known, however, from expei-ienee that 'the son coal 

bu.nu, with a longer flame and clinkers are more re&dil7 formed in this 

boiler. If too high a percentage of soft coal is used, the chanc&s ot 

overheating the ref'l.'acto:ey- walls and eauing them to :tlow is inoreaaed. 



It •• 1'0'Dt tlsat the OOllbu11on ot tu ta.el in the ~" M4 

11111• to to with tu tl'RC'fnlatioa ot the f'Ql-oqlt :raotor. file 

t1a 1• 4U •f.nl.7 to PJ111"'1 coau,1oaa ot o,eftl111a. It--~ 4ai1J 

•»••-U.ag 4a• an 4tta1n4, then natK low, 18fll• ot lets, ood.1-

tia• ,t beta on t,uq, crate•, caanti t7 ot ccpal left u4 reoelTet ta tJlt 

Ju>J,er, mut be 1et an4 rigUJ.7 tollowt.. 

!lltH ten, alt.ow tu.t 1111tt JJo. S opent•• 'beat witll 115 to 17& 

per oat ntinc amt Jo. , opent•• 'beat at SO to 116 p1r cent tattac 

_. .. pnant con41t1on•. JIN&ue ot tll• _..,. 41ttenaoe in con pei-

m1ll1cm B. t,u., the 1011 4u to lipt loat.a on •o. I oaa 'be abaor'hl 

'b7 tu eanag wJt.en OJ8r&ting JJo. 4, at ntinp as atatd A°btT811 



1 .. 'the plant p,trsonnel should agree on a d.e:f'inite set o:r conditions 

by which the units in operation Will be rendered md recei'fed at 

the beginning or each mitt. Such i tams aa fuel bed depth, quan-

ti ty of' coal 1n the hopp&I"8, condition of the. beds on the dump 

grate section or the units. and exact time of' readings tor the 

ftrioua meters should be specified and posted :for the operators 

use. Incoming Op&r8.tors should not aeeept the responsibility 

under any other conditions. 

2. '?he leaks in the settings or both unit Mots. 3 nd 4 should be re---

paired to decrease and it possible eliminate air :infiltration. 

3. The combus:Uon air tor u:n1 t Ro. 4: should be regulated for varying 

depths of the !"uel bed. 

4., Unit Ro. 5 should carry em,ugh o-.r the plant load to ~nerate be-

tween 25,000 and 35,000 lb. 111team per hour. 

5. Unit No. 4 should carry a load betwee:n the limita of 8,800 ud. 

13,700 lb. 01" ateam per hour at all ·U.mes. 

&. The remainder or the load should be earr,ied on No. 3 when it is 

needed. 
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