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v.;Iaa 1'%3&?;, s new v;‘?ﬁigﬁ Hoor %ﬂé&f, ‘Eﬁi}“ar"iﬂ?z}.- 6, Qas pat ii:.;@"egéezfa.
 tibn 45 the Virgiais Polytechnic Inetitute Hesting and Sower Flant. The ¢
boiler was designed to burn Virginia s&emiés,ﬁ’éhracite culm coal heving e
ash content é.:f:‘ 19,6 percent, A% the ;:;:pmemﬁ ‘hiéma, the %igr:_imae Mine low
cated five miles from the plant supplies o large amount of culm for the
;mat',swhich kas en ash content as hig&z as 2k pereent. ﬁgriy't&?arafsizag
axg:eri’mm with the boiler .~shme@” that the use of Eﬁiaérimaz%’ calra alone pre-
sented bigz probleme in c¢oal hendling, ash éiﬁpéml, ~uagati gfmiwg COMim
bgs'éian, end inability fe maintain léa@ :;é,b:;'mk&&ﬁi} pounds of steam DeT
hour. Later am&xmré of Merrimac culm gmi bituminous cosl was bnme‘&
in this unit in an effort to overcome these aifficulties.  The resulbe
were favorable.

In the spring of 1950, Messrs. 0. Goplen, G. H. Cottingham, and
J. B ¥urshy gaaﬁe an extensive investization to selec% the most sconomieal
mixzture of Herrimae culm and bituminous é‘eal for the _.bailér. ‘i‘mir 88
weﬁon was based on boller tests as well as the a:asi;g of ﬁgemﬁian end

cosls used. They concluded that®: (1) the Bl mizturs of Merrimac culm

*Coplos, G., Gettingham, ir. #., snd Murshy, 4. B, 33@1.@1'2:&1&&%#1@33
of ﬁixt&m af Kerrimas Guim and Biwmmeus ﬁaa}. for Ho. 6 Boil er, Theels,
T. F. 1., 1%0 '




“le

: a,n@ bmmmaag» coal v}ga proved %o be the most economical mizture in thelr
first series of teste; snd (2) the 6-1 mixture was proved to be more eco-
homoolal then the Ul wigture in thelr second series of t.as%a. Phe Hel
mixtore is defined éa the mixture in which four 800018 of Merrimac culm
gre mized with one stoop of bituminous coal, snd the 6-1 mixture as the

mixbire in which six scoops of Merrimac culm ave mixed with one scoop of

bituninons fz;ml..». ‘

v*ﬁmir tests were based an‘(}‘ﬁa constent losd of 45,000 pounds of
steam per hour. Beceuse of the high 'gﬁrcm%g;@ of Merrimsc eulm in the
61 ﬁ&xﬁwa‘ and ineressed ash handling when the coal is et and leoad iw
sbove 45,000 pouads of steem per hour, it was decided to burn the %1 miz-
ture in Boller Fe, 6. Furthermore, %éim sueh a wide range of mixture %o
?:sévte--s%aéi gnd the time limitation for their investigetion, 1% ;fasas possible
for them to test cach mixture at only one set ﬁfay@iating conditions.
Sinee there sve é&éw factors affecting the operstion of » b@i’ler, the con-
ditions v%héy pleked mey not be opbimum and the resulbs nay not bo repre-
sentative for each mixture. Therefore, the authors feel that further
ixwestigaﬁicea’ef the 1’%—.3, mizbure wonld be &egizi@bie.

It iz the suthors! inteantion to investigate the effect tséf the
fuel bed depth on the performance of Boiler Ne. 6 by burnisng ﬁhé 4.1 mixe
ture &t & load of H,000 pounde of sbesm per hour. The reason far';;;}&ck»
ing 50,000 pounds of steam per hour as the test load is that it represents

the averpge load carrisd by No. 6 Boiler during the winter sesson.
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THE REVID OF LITERAT

| | Boiler Mo. 6 is equipped with & Detzoit Rotograte whoker ia‘aving o
 forwerd moving grate which discharges refuse ecsen%inﬁ@wiy over the front
‘end of the grete into the ash vit. The cosl is thrown out from the goal
hoppers imto the furmage by the revolving paddles st the front. The fine
particles are partly burned iﬁ;}_sﬂﬁyﬁﬁaiﬂﬁg snd ﬁm larger partioles are
@ﬁ%ﬂmrﬁé on the grate. q}h@lfﬁf@?ﬁg 1‘;2;& :&a%ﬁgmﬁé s.imkaf w6 the combined
principles of gnapension and grate burning, The pedn sdvantages of these
prineiples are the ability to burn ﬁ#ﬁ&iﬁéi’&@'&atﬂy e wide Tange of @éﬁ&ﬁ
snd guicker response %o load variation than any other stoker. The best
verformance is obtaimed with coal of good guelity end uwaiform a?&lm. This
method of firing, however, was developed g:giméwﬂy to burn ’;&‘kﬁam_: lower
 grades of ymn—-ﬁlix&;wix&g "a@a&lsﬁz which have high ash econtents and iw a8he-
fusion géemwraﬁwas{ |
E@ﬁ- of the combustion process oecurs on the grate. The fuel hed
of the stoker congists of & relatively thim, level layer of cosl on top
of gmi;fwm layer of aek, The fuel bed i non-agitated but iﬁ&msi'maﬁr
active. Under proper eyew&ing mmw&eas, there ig: never more then & fou
zxzinuﬁ%? supply of coal on the grate. This $hin lsyer of coal liég o8 &
cooled ash ﬁ@&,, and a8 & result of Shese conditions m&n though the ash

fusion temperature may be low, few o no ¢linkers ave formed. Mﬁhmw@,



b
this protective layer #ﬁ' auh, together with unifera alr flow through @il -
porsions of the grate, keeps the grate %o within 50 degrees T of the ale
sonly temperabure. »

Fuel burned efficleatly on & gﬁli*&;?%é depeads on = muwber of factors
whieh ave »;;za"i interconascted bhat ‘gometines They cannot be ‘woparated from
-ész%)’:azsu%i%@r.: The fuel physlcsl choracteristics, composition ead size of
*f‘;’urm:zw. method of mmg. gem’mfz aﬁeﬁ*@ﬁﬁ@“ﬁé&éﬁ%&amg of hﬁﬁ;@# and ﬁfﬁx
egquipment v@mﬂ g nerked in;gl*amm& ma the %milaaf econony and @i’fiei&m@y.

m o the smst»@ of i’uimg,. mainteining

th@ gx‘amr é.a@th of fzm‘i ‘iws‘s is
one ef the v&rmmm of grest imwrwa%. ,

In geuerel, the best combustion resulte sre obtained vith a fuel
bed that has the lowest possible resistanee to elr flow mewm pormit
the sir end fuel to combine completely snd leeve & susll @éﬁmwi@ of ez
cess oxygen remelning in the products of combuation. Jow resistance to air
#loy fandeneatslly mesns Low _aiz?,vsa?lwiw!fﬁslf%;i{@iz iz&f@@é& B R o—

et fwiﬁaé mh hl&m%ﬂm& infw ,.‘§h=ﬁ fﬁ:’ﬂaﬂe ‘.if,zw i?@‘&?i-ﬁ%@mg ahould pro-
duce @ fairly uniform Va%mﬁi'ﬁim,é%ﬁ the mﬁﬁré gmm |

The mﬂmﬁmw of the fzwl bod, %a %hw afr ﬂ»w ﬁﬁww@k it is &

fanction of ab leand three *‘@swm, , {i} %b@ %hinkzmm of t}m ém&. Eeé;g

{cz} t}:m %ﬁzﬁmmxﬁ@a @f &mk& im ggz‘mm mal; aﬁé {3} t;lm z&mwmz gm& &Ma@-

. lgié_%z?‘ijgﬁigg;,gf ,;@ah ,yxﬁﬁﬁsﬁt_ %naiammg ism threa f’mtmaw, w fﬁ,m ﬁmﬁ iv
is nm@amrg %o eemm" &:ha &11 tm’% in ax&w b0 ;waéms ﬁuﬁa@z@ mgig*ﬁ«awa.

(;;ﬁﬁafﬁ@%ﬂ% of the oxygen frow the mimarg‘ afi.r’ iz mmm in the Tivet

Hfovr Sachew of fuel bed messured :ﬁ’wm ‘the @,::'aw, i m wod m@e}ss@m with

the ﬁr&i%ﬁr rates of mm&sm%im £6 runca f‘twl bed thickey ﬁm fam;' B0



gix inches. The rate of gasification of coal devends on the amount of
xair taaz ean Be paased through th@ fuel bef. The thicker the fuel bed,
the hzghaﬁlia ite aagxg@aaagvte ﬁ&a,;i@w of air through 1%, end the less
air @au:§@ §aﬁ$a& tﬁ?éughfwi%h a,giy@ﬁ av%il&%l& ﬁiaft. A khéck fuel bed,
%hargfa?é, %ﬁﬁngsﬂ %ﬁa rate af’cém%mﬁﬁiﬁﬁ_aa& Bron rgﬁaa@& tha‘aaﬁaﬁiﬁy
Vaf %he ﬁmiier.} | | ‘

& taiak f @l kei ig farther am&esirabie h@eauﬁ& g in@&easag the
%ﬁnéﬁﬁﬁ?‘ﬂfrﬁﬂa gg@i ﬁgﬁzaym_traﬁbgaggmﬂ glinkers. On the other hand, a
$hin, fusl bod glves less reslstance for aly Yo pass Hurowgh. Bus, when
the boller is ecarzying s bigh loed, = thin fuel hed causes ﬁifﬁiealﬁy in
mainteining constant pressure and requires close atitention to prevent
holes being Burned in spoba. .

ﬁf%ﬁgg* to determine the effset of the depbh ﬁfﬂfﬁﬂi bed on the
efficiency Qf a boiler has been c@mdﬁ@t@ﬁ;éﬁ‘& §§b$hsraeyawér Stirling
Boiler eyuivped with & ahaia.gxaﬁ@.ﬁﬁakar:at the powver vlant of the Armour
Institute éf,%@ehﬁﬂiagyref‘@hiaagg,_xﬁhﬁ fuel bed thickness was varied
rom %@@ tc'é@v@n inches. The regult showed ﬁh&tv%nﬁﬁ iﬁeﬁ&a;af fuel bed
gave-%hé highest bollewr @ffiﬁianay;

@ar a.givaﬁ furnace amﬁ-%aii&r,,ﬁﬂ&liﬁy snd size of coal, =nd ine
tensity of draft, » certain depth of fuel bed will give maximws efficiency.

‘@n~aae@nat.a? ﬁh@‘ﬁﬁm@ﬁ“ of &Gnﬁi&&m&%i&ﬂﬁ mnca wﬁﬁah, the proper thickness

&@@@nﬂa, it cen b& ﬁsﬁ&rﬁia&& umlv by wata&l test.

*%ebhar%, ?. ﬁ., saaam,yawer flant Engiaengng, Hew ?arkx John
ﬁiiay end Sons, Ine., 191{, Po U3
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B INVESTICATION

(1) Qbject of Investigation

The objeet of this mvest\ig;amm is bo study the effect of the
depth of fuel bed on the performance of Boiler Wo. 6 at a load of 50,000
pounds of sbesm per hour by using tsw Yel mizturs of HMerrimac culm and
bitmimm& sozl, snd to determine the opbimum depth of mea} bed at these
conditions.

(2} Proposed Method of Prmwdum ,

Boiler teebs will be een&mta& with three different deptbs of fuel
bed at & load of 50,000 pounds of sbeam per hour by using %he el mixture
of Merrimac culm axui mmmw eosl. The three depths of fizel bed shall
be 2-3/%, b and 5 inches. For emch fuel bed é@pthg bwe boiler tests will
be run in order %o obiain s check of the results. The other operating
factors for the boller will be held as constent as possible throughout the
entire invesbization.

The b@iier ‘her&% vwill, whenever m%ible:, aoaf@m to the A.8.M.7,

E?ﬁ“awr Test Uode for Siatlonary %eamn@ewmting Units. The dursbion of
a’&;{:‘h test shall be five hours, @meﬁgh the Power Tesd ‘@aég ‘rssgm‘maméﬁ the
durgtion of best should be st leasgt mm#y@fﬁm’ hours or not less than ten
‘hours for sboker fired unibs, the authors feel justified to reduce the

durstion of tesd to five hours with the Rotagx‘éte stoker. The ressons are



=G

that th@vaaai-ﬁuras either in suspension or within a short time after it
fells on the bed, and the weight of ecosl in the furnace does not vary to
eny grest extent from the start to the end of a test. Aleo t&é facilities
of the plant demanded short tests.

In addition to the beiler Yests, a cosl sample for eabh.kailerv
test will be collectod %o éﬁ@ﬁfmiﬁﬁithe»@rﬁxi$aﬁﬁ'ﬁnﬁlﬁ&iSb From the
proximate anglysis, Bvans' Bmpiricel Relatiens will be spplied to deternise
the higher heating value of coal, snd todal eavbon and hydrogen iﬁ,aea;.‘
For esch haﬁiar test, a refuse sample will be collected. A combuskible
enslyels will be run on each refuse sample %o deﬁerming the pargeﬂﬁage of
combuetible in refuse. | |

From the test data, the boiler efficiency and heat losses will Be
deternined. - |

‘The results of this investigation should serve as sn opsrating
- guide for the power plant when the bhel mizture fe used and the losd s
sround 50,000 pounds of sbeam per hour.

(3) spperatus

The equipment used in this investigation consisted of the following:

Stosn Generator: The stesm gemerstor wes designed snd erected by
Hge Moor Ivonm Works. It is o cross-drum bent-tube boller having twe drums.
Its specification and dimensions of verious parts are as follows:

}-o ?%&Kiiﬁﬁm W&@Q?&&iﬁn €0 P TP L OB IO LU LN AL RN é&:@ L}a 5f ﬁtg&m pﬁr h@w

2. Operating Dressure ...........cosv..00000 250 polg

3. Total LEmpETature .....i..cecncesscnnises 506 deg. F. ,

k, Heating surface: o ,
BOALOY ovvsnveevcasvsonnnsononescanasessuasssnases B0 gg. T4,
Yater Wailﬂ s.--...cs,a-ucfo«-..o».u.-.-._‘.'Qs:.¢g‘.-o, 1120 ﬂaa fﬁc
SUPErROAOT «..viiceririanionasnerreranaseaneeeas 475 sg. £5.
ALy preReater ...o.c.voicnnrsarnsescrnsassiscssonse 5030 sg. T4,



. Dlemeter of 30D APMR .ovvvvarroiinrarsonianasicionaess 54 inches
o 3&%‘&1’&3@ %ﬁmQv&wou;Ibibrﬂuistﬁl##atﬁ~‘pyo«oOiaoota‘ 1§ fﬁ'ﬁt
. Mameber of BOYOm dPUR o.vvivrrisiocrrvinceiavossnean 30 inches
- Lengbh of Botbom Arum «..c.ioicivriiiiiiiiiiinieionss 16 feet
. Tabes:

Eﬁil&? srecone § t@héa ssen g in. ﬁia- eses 12 ;ﬁwﬁ‘

Yater walls .. L6 tubes .... 3.25 in. dis. . 10 BYG

Superhsater .. zﬁ tubss ... 1.876 in. die. . 9 BWG

‘.ﬁgﬁk@: Phe gtoker is & Detroit Rotograte Stoker manufactured by

the ﬁéﬁ*@iﬁ Stoker Company. It ie equipped with t%we'é hoppers with a coal
feed and rotor amssembly for e@h hepper. It has & forward moving grate
whish discherges the refuse continususly over the fron% end of the grate
inte the sshpis. The following are its physicel dimensions: |
1- Wié:khb !v“’»'."ﬁq'."’v."ﬂ."‘,Q'i'?v"ﬁ‘ SRR la fgu 7% ins
VE. E}&ﬁgﬁh R N I I I O T N S T T ) e s s LA 1& ftﬁ 5 in.
3. Bffective grate smri’a% P S RN 3.1&.‘3 8g. fb.
b, Bffective lemgth ................ ERTOU PP - I < N

Dugt Gollectors %?im dust collevtor is Thermix tubulsr type manu.

foctured by the Prati-Daniel Corporation. It was designed to handle
83,000 povads of flue gas per hour at 500 deg. F.

i@‘@meﬁ %aﬁ is*sm* The forced dyaft fan was menufectured by ¥W. H.

_ Bburtevant, B . mwﬂemm ﬁmzsany mvs.ma. x-z; &slimm 20, aﬁﬂ cubie
fw& of alr zzar mi;mm at ses 19%1, and is driven by & m-hamammr

‘@eati‘an@e Induction Motor.

Induced Draft Fen: The induced dreft fan was msnufactured by

Prabi-Deniel Corporation. It is driven by & 75-horsepower mobor $hrough
‘on jmericen Blower hydrvaulic coupling. The cepaciiy of the fan is 36,000
euble fest per minute abt 425 deg. ¥.

Oinder RBeturn Fan: The einder return fan vas manufactured by the

Buffalo Forge Compeny. 1t is dviven by & 1;5;};35"@@6%:* General m;;m%.?i%:é‘

Hotox,
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puxiliery Adr Fan: The auxiliary air fen vae maszmtﬁreé by the
éiax*aaga& Fen -ﬁaﬁwﬂyg It g driven by & %thar‘s;epwer' General Flectric Note.
Ash System: The :glmxt is agmimzaa with a veeuum type ash system,
which was migm kaﬁﬁ installed by the United Conveyor Corporation. The
vecuun is maintained by meens of a steam Jet. The zsh system will draw
the ash from the ash plt after the ashes are pulled from the ssh hovper,
from the dust cellector mmam. and algo from the émnsmw‘aa of the dust

colliector as desired.

Boiler Feed Vater Pump: The boiler feed water pump is & multi-
stage centrifugel puwp end is driven by a 5@-&3@1‘#@%@ Westinghouse In-

dustion Motor. Its cepaclty is 100 gellons per minute.

Auxiliery Boiler Feed Woker Pump: The auxilisry boiler feed water
pump ie 2 multi-stege centrifugal pmp manufactured by American Marsh
Pumps, In6., snd is driven by = stesm turbine menufsciured by Whiton Machine
Gompany. Its capacity is 135 gellons yar minute.

Goubustion gontrol: The boiler is equivped with and controlled

by a Haye Combustion Control system. The master control ie governed by
the stesu pressure, The master control actuates the forced draft fan con-
#rol, then in turn acts én the coal feed contrel. The induced draft fan
is actusted by the fm’nme draft. The fen changes its speed thus holding
the fgxﬁwe éra:f;; to the required setting. The damper is set on '@ms‘ in-
stallabion snd is zwt ehaa@:eﬁ except ‘ftar changeos izi fuel %ype or extreme
ehanges in firing conditions.

Hisgellaneous Fouipment: Fressure gages, thermometers, Orsat

apparatus, plstform seales, weigh larry, stesm flow meter, blow down meter,



S b

aﬁﬁam&eiﬁ regorders for temperature and pressure, &Mﬁé’ga&ﬁs-
(4) Procedure |

| Eme wﬁ.éé % imesfkigat@ the effect af' ‘$he depth of ftagéi bed on the
paﬂaﬁméé of Boiler ﬁc. 6 by using E_}m i‘n-}, m%xﬁﬁm of %erriam culm end
| bi&mimm ecosl, and to obtein test rﬁﬁ&lw @s en operating guide, boiler
| tests woro TR under conditions similar to everydey plent operation. Howe
ever, some varisbles were held ss constent zs possible in order %o obtain
é@aa@waﬁw results on 4ifferent depths of fuel bed. Throughout the sntire
investigation, the verisbles held conatant were the test load, the duration
of test, the firing method, the nethod of mizing the cosls, and the methods
of sempling coal and yefuse, '

These bests conformed %o the A4.8.H.B. Power Test fode for Stationery

Stesm Generating Units whenever possible. Two five-hour tests were run with

‘the 4.1 mizture for each depth of fuel bed &t & léaﬁ of 50,000 pounds of
| shesm per hour. The duretion of tewt was cut short for the remsdis pre-
viously stabed in the Proposed Method of Prosedure. The depths of fuel
bed were 2-3/4, U and § & inches, meusured under the fromt arch of the
stoker. | |

Before stariing the éegﬁn the wéxhea@ storage bins were emptied
end then filled with the Y.l mixture of Merrimec culm ,af#é, bituminons cosl
T %rg@ tosted. A péyloafier having a twenby cubic fool secoop wes gm@iam&
to mix the cosls. Four scoops of Merrimec cvlm and one scoop of bitumineus
copl were first unlosded on the ground near the screw conveyor. Then the
%fmle pass of the cosls was pushed through %&iagmi&a o the screw donveyor

end was delivered to the etorege bins by the coal hendling systenm.
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s iw:% ia the furasce for ahaat $wo mwa hefore

Phe %est fuel was by
-%3:‘*5& gebual start of the boller %mﬁ», in wﬁw to allow the fw‘ﬁma and fuel
mﬁ to reaeh the m@zim&, smwz ag}amﬁng ﬁaaﬁitﬁsm. The laaét was ol
31&%&& to 59,“53 pounds af g%&m g;»w imw ZW z*s»gmaﬁiza@; the lead on one of
the plant ‘e atean wr%aog%%mmm m& by varyixz&: isha essmmt af gtaam 2:3.&%,
%o the low . pmgsum hm. The iﬁﬁﬁmﬂ%&ﬁ&&ﬁﬁ l&aﬁ Woe ﬁiw%é. by & pointer
on ‘ahe Qaﬁh&‘@:ﬁ.& atm fiw m&%w, &m& the 'B:;%sa?i ﬁt@w fiﬁ%‘ xms a&%&inﬁﬁ. by
gmmng %zhm &ﬁ.ffwma@ iﬁ the mwggmﬁw m&&ings &t t.%m h@gi’ﬂniﬁg snd al
the end of @‘ﬁa& test. @zm meber was asm‘&m%eé *hﬁ gi‘m %@ mrmat read-
ing a% & pressure of E%0 ;gs%g_an@ total mxzﬁmmw&s of ﬁ% degrees ¥. For
 conditions other thas thoss for vhich She meter wae calibrated, 5 Sorres-
tion faetor was epplied ;vﬁgaﬁ ‘i‘z&m‘mgﬁm@ o g;;i#‘é 'ﬁ%m é@‘i‘_‘?;ﬁ@%_ gmount of stesm
ﬁm@. The correction fastor was the ratie of fhe gpeeific volume of sheam
at ealibrated conditions to the smaiﬁ@ volume of m; sam a% the aversge
| wwgw&& and temperasbure af eassha %ﬁt. ‘ ‘ |
| %«% per cent @ﬁ fﬁ%, as m%& a# tém f;}@g mmré.@m wag ’mgst within
the range of 10 %o 1& @&‘f cend &ﬁr Wm%ﬁ,&g ‘&h@ f‘m& feed e&a‘&ml. The
fuel bed was mm aﬁ *ézm &@aimé tﬁia?mmg a8 sem%aﬁt as m&ai’éls by ade
'_g%ﬂm the ;gmﬁ@ ssp%ﬂ. he fleam wos mkzmwﬁ ‘tm t;ha f‘am&a» for rew
%Mﬁizag. wl’m furnase esm%sm%ien wase aimael;g ﬁa’bﬁhe& to be sure thet &
| sa;t‘f&eiam maw% of fu@l was burned ot the back end af ‘%ﬁ& grate. %?em
speed of the revolving 3}@&@&-&%& was a&ﬁmm@ in order that the fuel would
, | e ﬁimama. %o the back end of m@ grate in cage ﬁﬁs;aﬁ.‘s;ﬁg&mrg .%éﬁk;m%im
wae noticed. -

’;?ﬁesfé#a @aﬁ% test, the i?i*’sa% apparabug was ahéeka& and ite solutions

- wers reneved, the sool was rexoved from the i;a?waﬁgz the soot blowers, the



‘h?g,iieﬁ wae blowa down, the flyssh was removed from the down-gpoubs, snd th
- ash pit wes eleaned.

4% the begianing snd the end of ‘sach best, the furnace hoppers -
were f41led, the iaﬁ@gwa%ar'ﬁﬁaﬁing was baken, the blow-down flﬁw:ﬁaﬁ@f
wae réa&, and ‘the boller drum water level was checksd aﬁﬁ~mgﬁkﬁﬁ.‘ Daring
| sach test, the majority of the méter snd gaze resdings were taken at £if- |
%w@@mﬁ:m@e mgxms -meapﬁ{,ﬁh&ée aoted on the date sheety,

Tech time the furnace hoppers were filled, a coal semple was col-
1ee¥e&~ggé”kag% in airfﬁighﬁréags. The ﬁém?1§ for each test was then pre-

pared for the tgz?&xiimat;e anslyeie. The methods of sempling, preparation,

| and the ‘gsreximaﬁe analysis were those of ﬁm_f&.spﬁf.:!@ég._s%;&xﬁ@é@?' 0:3&%1 and
Gotce. : : . , : ‘ :
| Phe &shﬁém@le wag collected :E‘z'ém the ash pit wﬁaﬁe%ﬁ ﬁ%m aahéﬁ
were mea. }*i*.he gample wae then z;?a;gamﬁ for the ezommwiﬁla snalysls,
By mi;@ ‘Ezm resguli jfmm the combustible &ﬂa&ysm, *s{}zzé pmount Qf‘ rafuéa
Cwag ﬁalmﬁl&%é. :*ﬁhe iﬂ@*@hﬁ& of aalmﬂats-iw%a shézm in the sgaple velev-
lations. |
Before and after this investigebion, the g?esgure- gagea were ¢alie
brated by using a dead weight tester. The thermomebers were calibrated
sgained o resisbance thermocouple. Corrections were applied to all resd.

ings before celewlsting the resulis.
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(6) gurves

g figare shows the boiler efficiency
d@&iﬁﬁﬁ th& fﬁﬁi bed ﬁeytﬁ. The bsxlsr effiaieﬁaﬁ’ét‘eachAfﬁéi bed &é&%ﬁ
Lag been eaavarteﬁ to 23, 53 per cent of the ash content in ﬁh@ aa&l &ixﬁure,
which is the avsraga &ah @cﬁtmnt ef the eaai &ixﬁare for the six heile?
 besmts. | The m&mg;ﬁw tm.a- em‘?&wﬁm .ig @xplaiaeﬁ in }s%m Biﬁzm;a%mz gsf
‘Eﬁﬁﬁlﬁs,A@né the method of aala&léﬁiaﬂ i& aﬁeﬁ&,ia é@?%ﬁﬁiﬂn£§}4

- ?ﬁg. 2: The eﬂrvaa ylm%teﬁ,sn ih&ﬁ fig&ra show heaﬁ 1@5%&5 a& E

v@r§ﬁas f&ei baﬁ a@@%hg. .

T_&aa ﬁf ﬁhe eurves ylatteﬁ on these f:gurea illugﬁrate the

test resulis st various fuel bed depths.
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DISCUSSION OF RESULTS

| . The maximum fuel ibe& depth that can be %shtaina& 1in Boiler So. 6

is limited by the distance between the grate and the front arch of the
' stoker. This distance wes designed to be seven inches. Bub it wes detri-
mental to the stoker as the fuel bed was increased sbove 5% inches. When
the depth of the fuel _heé was high, clinkers were formed. ,Bamse of such
& narrow ﬂgmcébﬂm&n the fuel bed and the front arch, the clinker formed
éfk’ a fuel bed sbove 5% inches had the tendency %o étia‘k on %hé frexﬂ arch.
»’fha refractory on the front areh‘wénv likely to be d&magei. On %hﬁ cther
hand, the fuel bed could mot be lower than 2-3/4 inches af the load of
50,000 pam&g. of stesm per ;zwz-, becausge of ;‘tm diffieulty in meinteining
the pressure at 250 psig. Therefore, the boller tests were run at 2.3/Y,
4, and 5% inches fuel bed depth.

» The proximate anslyses of the coal mizture for the gix boiler tests
showed that the ash @n@em was in the renge of 19.2 i;o‘ 30.6 per cent.
ith such a wide range of ash content, 1% was not Justified %o compare the

boiler efficlenciea atb vaﬁa&a depths of fuel bed. 4As stated in Fuels and

Combustion Hendbook®, for esch one per cent increase in ash eontent, the

*&ahnsgn. 4. J. end suth, G. E.. Fuels and ﬁmhnaﬁmn ﬁanﬁboek lst
Edition, New York: Mclraw-Hill Book Compely, If., 1051, D. W0,




beiler aﬁ’f&ﬁmﬁxé@rmgas sbout one third of one per é&ﬂﬁ or grester in
cases ﬁher@ the loss of carbon in refuse is not carefully controlied, and
where the cosl 18 of such poor quality that sppreciebly grester dreft is
required Yo :mmmi:x the load. The test results of $his investigation
sgreed with tkem reference mlm ‘I‘hamfew, in order %o ebﬁaiﬁ 2 true
aam;aaﬁma af tiw effec# of the i’w}. im& aeptﬁ on tha Eaeilw %ﬁ‘ficiamy,
the curve i:; @igﬁm lf eaimmg %ha ha:iier effiﬁaiawy @@;@:}.ns% @ha fuel b@a
émmh. iiaa %&@m éram far the ﬁanez eifmimme@ kaﬁafz‘i on %.sz aah mnﬁe&zt
of 23, 5"5 peir aexx&. %ia parem%aga m& wmm& ia ths awrage aﬂh aaméﬁt
of %hez eea& mixtw@ far the siz boiler wtsy. -

ﬁm cRIve :m Z%’ignre % ilmﬁﬁratea that the Eaiier efficé.mwy T
m&im ap@rwﬁ.mately constant %pewe@m B Jﬂ% and b ixwhes of ti@e fuel bed
&ﬂﬁﬁi, azlc% &eera&%s 28 t:h@ :f“ael ha& ﬁe@;iﬁh is mmrm@e& a’ba% 4 %mﬁm&

xm pﬂtﬁami% $he bailex ws%s at a 3-3/2% imhss f'c‘%mi b@é d@mi;h,
’ﬂlﬁaﬁ% &%%ﬂkian Was NetesaEry %o Imep t}m :g;msawe aais 250 psig. ﬁ‘hﬁ.s was
due to the faci; f«}m% the amamzt of isiw fuel on ﬁm Yed was emmmerably
less snd the quality of the eﬁal mizbure was not unifors. In case the
quality of the cosl miztore was g:oéx,-, the boller fgz*és.@me would drop.
8ince the fuel I%méi was ’chm, thw@ WS egm@&mﬁvaiﬁr Lw :e-sﬁi}gigwe §a the
flow of alr through the fuel bed. Uader this ~em&éﬁiaa,, the mﬁzﬂ.ﬁg of air
zami fm:i wes m@re wmplets, and a8 & raau:i,t, t&w wmhmum in %kw fmae
wes baswr. ﬁmww the grate sw: d wes m high leds time wes a?a.izable
for ﬁm,g@i %o burn on the grate. %ia mmm@é in o large amawﬁ of the

ssrhon being lost in the refuse. As shown 1a mgam i’a.? the heat loss dus
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o carbon in the refuge was the highest loss at this &@g&h ‘among ﬁm ﬁhrw
| depthe of Pucl bed teated. —

During the boller tests ab & U inches fuel bed depth, 1t vas re-
latively easy Ho lmlé the boiler pressure a% Eﬁsﬁ m&g, singe the gra*ha
speed was lower tiaaa that at ?;lza E—.ﬁﬁt %mkas fuel hasi &@pﬁh. and $he tsima
i‘{m hh@ mal o 'tm'a on the gm’m woe 10;&@@3', th@ heai; loss due ta aaﬂwn
m the mfma ves m&w@é a@gx%&aﬁw us shoun h@r the xmrv@ in ﬁig‘m‘e 2.

 For ﬁha ‘%wim@r teste 2t 8 3% ;tmshm fusl bed d@th, ﬁm grate agmi
was .‘»‘:.sw &aéﬁ %i@.m fae:t ha& nere time to bm on. %hfa gmta. ‘ ﬁw testx Mm?.ts
sﬁwwmi @ms ‘the hm‘% lasa r:m to am‘bm :’c_n the refuse wes %%w lowest msa
ab tais &&yﬁh among tha thwa faez *bsﬂ deg@tha tested. %}hﬁn the fuel bed
- was ﬁ%xm}c, i% wag &ii‘fiw&ﬁ for ai&“ w f}.aw mmugh i%. Under tit&:ls condi-
‘&ian, the %e:&gawaiwa a*‘ %@a f&iﬂl bed was high. Because of %hﬁs high
taﬁywaz%mm m %«hﬂ fusl bta&;, aliakem were ferm&. Xn gmeml. the Gom~
hmtim in t}w fmrmaa wES pﬁmr &b thm fu,el bed é;@;&'bh. o ‘

%e sim of tiw biﬁw;zmm %&1 umi m t}w ¢onl m&xﬁwe was
lerger *;I*;‘aa %ﬁm?}% of ii&s %@rmm gﬁ.;’s.m; Congequenkly, the ﬁi-w of ﬁhe
corl particles in the mixture was not wuiform. After being ﬁhmm vak of
the e:aai hoppers by the revolving paddles, the lerge lumps of bituminone
gosl fell near the front end of the grate. There was 1i%tle time for them
o ‘bam on the gmﬁe. The reéﬁm Wae %é% is}a-a loss of és&%@ in the ree
fuse mz—xa gemmlly high. S‘Shﬁ mmﬁm%hﬁla azmiyse@ af‘ %ﬁze mfum from the
six boiler twts s&zweﬁl that the aem&m&gs @f a&rbm m the vefuse was in
the mn;,,a of 3‘{ to 32 9 per cent. These 1@?&@@@5@5 could be It_m;em«& if

the timmwg ;\’313‘%1 were crushed '&a a' ﬁﬁifem size as zéﬁierfime' culm,
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 nother effect of tho non-uniform size of the coal mizbure was the
 size segregetion. Whem the eoal mixbure was dumped from the cosl handling
syatem $o the storsge bius, ané from the weigh lerry %o %;hé aﬁéﬁ. hoppers,
the lavze lumpe of the bituminous ¢osl hed a tendency %o '@é@aﬁmﬁa, i&kéms&&mg
fmm»tm rest of the fine cosl. 4s %he coal mixture ﬁuﬁnﬂé in tkafnmms,
there wag 8 largmamem% of ﬁhe vituminous cosl et one time ami# smg’,u |
smotnd @,asm :é,i:;_her‘:; Beeovse of this intermittent ﬁ%;avamgﬁé of the ve:.m;ifs fed
into the furusce, the combustion wes greatly affected. WFor this reason,
close shtention wasg nocessary to adjust the fuel feed in order to hold the

boiler &t deeivable sonditions.
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I sﬁé%ﬁﬁ%ixz@ to use the 41 mixture for Boller Woo 6 in the
- ”&"iz‘jgini&' %&ﬁaéhﬁf@ ﬁnsﬁiftﬁé Hm‘hing end Power Plent, the gz’éblm of
m;mm@ rorer é.@?ghﬁf fuel ‘,E@ﬁ‘ had gris:ezx; This problen éé@ma- to
werrant sn iﬁw&%@gaﬁ%ém which was mﬁézéqm&gt&y made. |
‘ 'ﬁh«e fzwl bed é@;@aﬁ; that will giv&: the best results for h@ﬂé:
depends on meny factors, and it is beet ééﬁewiﬁeﬁ by boiler tests. There-
fore, the authors decided to investigate the effeat of tégé: fuel bed depth
on the boiler performence sad to ﬁe-ﬁa{miua the optimum fuel bed depth,
when the i&-l mizture wos used and the losd was 5(},{& vounds 'a:t—" us%aém ey
k;;aar.‘
| Tnig inveebigetion consiated of the ¢ollection end evelnation of
date obteined from the boller tosts ais#méimé fuel iasé‘;v depths. Durisg
the %ﬁi‘iﬁar‘ tests, some of the varisbles were held as constant as possible
vizi arder to oblain éﬁmﬁarahivewﬁsmw, %e fuel hed depths fested were
£.3/%, 4, nd 5% fnches. The opblmum depth of fusl bed is tha fael ded
| zf}zi#h -wm};ﬁl- g;ﬁma the highest ,ﬁaii’;eﬁ %afffi@wwy snd good mi;;.;@ mmm::..
| The resulbs of the tests showed thub the holler ,ﬁ:{fiei-awyﬁma&w&
aﬁ;@iﬁ@k@%%iﬂy constant betwesn 2-3/% and 4 inches of ths fuel bed deptha
and deersased av She Tuel bed depbh wes ineressed sbove 4 inches. But, af

2.3/% faches of the fuel bed, closs sthention was necessery fo control the
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boiler, vhenever the losd swung, or there was a chazage’o‘i’ the gquelity of
fuel fed inte bthe furnee. The suthors, Shercfore, conelude that Soiler
Yo. 6 should have a fuel bed depth bebween 3 end % inches desp when bhe

hoi mixture 18 used and the losd is about 50,000 pounds of steem per hour.
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RECONMENDATTORS

It is recommended thab: | .

(1) The fuel bed depth be helutained between 3 and % inches f:ﬁ* Boiler
¥o. 6 when the Y-1 mixture is used m& ‘@hé‘leaé. is about 50,000 pounds of

stean per ;Eaéaz*; - |
| {2) ‘Bituminons ﬁe&l#&a& in the k=1 faiaémm for Boiler ¥o: 6 be 'erm&maﬁa
&% mmm,g size a8 Merrimac oculm. | -
(3) investigations be made %o determine the fuel bed depth to be minﬁgimﬁ
in Boiler No. § at loads other then 50,000 pounds of sbesm per hour when
the .l mixture is used. | | | |
lfiﬁ & higher mamﬁagﬁ of m%mﬁm%haal be used in the coal m;i:xi;ﬁia for
‘E@ﬁer "ﬁﬁ.i 5 in cage the coals k&re very web and the load ig about 50,000

pounds of steam per hour,
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el M@%w% 4nd-poastretive or iﬁifﬁim_hﬁ% made this thesis possible.
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- Eingeton %?@% was born on Octoher 15, 1918, m ﬁﬁimﬁﬁﬁéﬁg Hunen,
Ohine., He wey Pesred and educated in Changeha, Human, fmg& his childhood.

After his gradustion from the Natlonsl Hunan University with a B.5.
degree in ﬁwh&iﬁﬁ Engineering, % worked a8 8 smarmsmw in loco-
motive design shout six months before Ezé went o %_ha Chinese s;aiw Foree to
bake mgmgg. officer's training. |

ﬁéamﬁzﬁmiwé?‘fa@a second lieutenant early iam 1943 ,ﬂf‘ﬁé&*"éﬁﬁpﬁgﬁ%iﬁx of
%hé%#aiﬁhig.; he was then eseigned ss sn aireraft amész&m@ &nd gupnery in.
gbructor for 2 pericd of one year nd iaalt. %ﬁmia on staff duby iz %h#
-Emﬁm&ém in ﬁhmﬁ:&.&g, %h@ mm&m@ aa@iﬁel s‘:&f %hav Republic of
China, he was ttmafarrw %o the m&m& States to command a gmma; of
Chinese mz\ caé;em who were bo r&&&i"d’ﬂ their %z'aining in thia @em&@y in
1945, | _ .

In 1947, he was assigned to Weshington, D. ﬁ’:, 8s & prosurement officer
and sirereft inspector, This ﬂM‘y mahiml him 4 travel Mwaﬂaly in tks
‘mwa stat% end cm

Later in 1%&9, efter seven years of service, h@ wag mm:my 8l scharged
from $he Adr Force of ma ;gemma of Ghina with the rank of aaptaﬂ.a. )

He came %o the ?irgm&a %wtmhaies Inetl twa to pursue m&a&t& ghudy

in Mechanioesl Dagineoring in J%W, 1950, Leter in September, he received
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& Power and Puel Bnginsering Fellowebip. 4% present he is a cendidate for

f ﬁm degree of Master of Science in Power and Fuel Ingineering.

Pu-den Tou was born i:z Eunning, ?mm* Ghine, on ﬁaﬁahs; 1922, He
&%mﬁsﬁ véﬁwé y&b&&é schoola m Kmiﬁg m& gm&%i&eﬁ. ‘i’ﬁeﬁé E‘?ﬁﬁhﬁ&
| Technic ﬁ!.gh ﬁahaaa. m June, 19%.‘ After graﬁm’eiw, }m vae myzﬁieyeei by
i:&;a Z’&é&“kiaxm}. 21s% Arsensl of ﬁh&xxa. :

After 3{:&;&;@%& the 'exaﬁz@imﬁ-&m maﬁ&a@éﬁ_w %he"ﬁﬁm ?wﬁnﬁiai

Government im 1943, he was awerded a four-year scholarship for studying in

the United States of imerica. / ,
On August 2, 1945, he landed ab Wew York Gity after one month of tra-
' %vei. Ee twk fm m@er—gm&mw Maﬁiw m E@iﬁh@ﬁiﬂ&l Engimewmg efs :

s@mz.x mvwaﬁy@ ia. .éfma, 19%%,; .:m mﬁa&m& the degres of Eaéhalw of

2h, '}‘_,’-cal me.;an%m@ fmm Gornell ‘ﬁmimmi%;r. _ ‘
In September, 19%, he entered m@ ?&rgiaia %wsemm Eaatituize fe:r
 groduate studies. During the next year, he raeeﬁiﬁé & research muawsh&p
| in ?mm* #nd Fuel mgiaswmg f:mm ﬁw v‘mgmm Paiﬁwlmm znaﬁimta. .&s‘
wagmnt he is = candidate for the ﬁgg;ee of _;,‘*%miza%r of %ﬁ%aﬁma in Power and

Puel Eﬁg&%ﬁn@;
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TESY NO. 1 SUNMARY OF DaTA
Depth of Fuel Bed:

g,,é inches

2est Ooal Mixture: #H:l o

Test toadr 50,000 1b. steam per hour
urabvion of Tesh: 5§ %smws - '

meimﬂte ya‘ix&.. Aly-dry  As ﬁig@@ Gombustible

stars AR 0.45 T ¢ »
‘ %lm&ia Hatyer 15,50 S 14,3 C 189
 Ash Content 20.2% 19,2 o v
- Fized Carbonm 63.80 60,8 o Bl
. &imry Loss 5.23 o ‘
Sexbon and ﬁy&mgm. 4g Fired
Garbom 0. 6840
Hydrogen 0.0311

__ghw &a@aﬁnﬁ Velust 11,730 Btu per 1b. A Fired

ﬁefwe' . Per Gens Befuse Uerbos in Refuse

28,35 3
&vex%e Orasat ésm}.fsis. % G w0 By
- %) ?;% 0.07 - 82.00
Averege Data: - Item Gorrected Repding
Boiler Urum Pressure, psig 260
%&yerhemew Qutlet Pressure, ;zsig ‘ 2us.5

tric Pressure, in. Hg. 28,48

5‘@%@1&:@%@3* Pempersture, ,oF 227.5
Superheater Uutlet Tewperatuve, OF 14,0
Dry~-bulb Temperature, °F 62.1
Wet-btulb Temperature, °F L7.0
Tlue Gas Temperature from Alr ﬁamm, oF Whp.g
Fuel Temperature, °F LR
Wolght of Cosl, lbe. | 32,373
Steam Generated, lbs. _ 241,100
Bvzporvation, 1bs. ef steem/1lb. of coal 7.45

Blowdown, lbs. _ 7.720
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TIS? NO, 1 DATA SHEPT

2-16-51
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TESP NO. 2 SUMMARY OF DATA

Depth of Fuel Bedi U inches
Tegt Coal Mixture: Bl

Fost Load: % 00D 1b. steam per howr
Durabion of Test: 5§ hours :
mxiﬁam ,&mlysm. Alr-dvy Az Firved - Gombusiible
Tioisture 0.56 . 5.8 L |
Yolotile Hotter 468 13,7 N
Ash Content 20.67 19.6 o
Fized Carbon . &4.09 0.9 - Eleb
Ar<dry Loss v B30 ' o
, f;‘%arhm m& Hydrogent As ?iraa;
=T Gawbon ‘ 0. 6280
Hydregen o 00495
Higher Heabing Velue: 11,720 Btu per 1b. As Fired
Aefuse: . Pexr Cent Refuse . Garbon in Befuse
T - 25.9 - 32.2 ‘
'.Ws;%@e Orent Anslysist ¢,  Op e By
S C 2.0 6.77 0.05  8L.18
zwer,,_,e Iia’@m Lo Item » : ﬁarms%s& Reading
' piler Urum Fressuve, psig A 261.0
%merh%tw Putlet ?z"ssawxas psig e 250.0
Barimetric Fressure, in. Hg. , . E8.352
- Feedwater Tempereture, 9F L &33%.0
 Buperhester Outlet Temperatuxe, OF 505.0
Dry-bull Temperature, °F _ 6L.9
Wet-bulk Temperature, °F - hg.8
Flue Gas Toanpersture from Alr ﬁmtara og 425,00
Fuel Temperatuve, 9% - Ti.8
Welght of Cosl, 1lbs. ‘ , 30,518
Stesn &eﬂﬁm%ﬁg b, 235,648
Evaporation, 1bs. of steam/ib. of eml . 7.7%

Prowdown, 1bs. 7.385
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ARY OF DATA

FEET W0, 3 SmO

Depth of Fuel Bed: U4 inches

Test Coal Nixbure: Hil

%e@& Loads 50,000 1b. stesm zmr hour
'ﬁmra*k éem of Pest: 5 hours ‘

Brozimete Analyesisy Adr-dry he Fired Combustible
“Holsture 1.73 6,3
Volstile Matiter 12,60 12.0 17.M
2sh Content - 26,00 21,8 )
Fized Carbon . 59,67 56.9 g2.6
féir-éry Lioag L 66

@Mb@n nd. Hyarogent s :ﬂ? ol
Carbon @-éaﬁ”
Hyarsgen ' 6,034

Higher Hesting Valuet 10,240 Btu per 1b. As Tired

Refuse: Per Cent Hefuse Carbon in Refuse
o 36,0 32.9

Average Orsat Analysiss €0 O2 W
T T 9450 9,87 0.08 8115

ﬁw@r ge Detas - Itew forreched Reading

"Boiler Drom Pressure, pelg ggg-@
myﬁrﬁﬂauw Qutlet Fressure, peig 248 .0
Barimetric Pressure, in. Mg, 27.95
Feeduater %mmmtwee op 229.3

Superhester Outlet Temperature, OF 516.0

- Dry-bulb Temperature, °F 811

Wet-bulb Temperature, °F 5.9

Fiue Ges Temperature from Alr Heater, ©F - 436.6

Tuel Temperature, OF
Weight of Coal, ibs.
Stesm Generated, 1bz.

- B0.B

36,378
2hi, 500

Bvaporation, 1bs., of steam/lb. of cosl 6.75

Blowdown, lbe.

3,176
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TEET WO, Y SUMMARY ©

Depth of Pael Bed: g% inches

ot T e 21
Teat ic 50,000 1b. steam per hour
Iure ‘;:;E,am s@f‘ Test: 5 hours

fmximaﬁ@ Anslysis: Alr-dry As Fired Jombugtible
Toisture 2.60 é.s o
Volatile Hatter SO0 1%.8 20.0
 Ash Content ' 25,50 %?%-.i.& L S
- Fized Cerbon 58. &0 55.0 80,0
M‘x&-ﬁm Loes. : 3 L ‘

ﬁar’t;en m& ﬁy&m e : s&.m m&
"Gerbon - 0. 6150
ﬁy&r@gm - - 0.0%43

By her Heabing Velue: mﬁza Btu per 1b. As Fired

%@fmm Per Cent Refuse  Oarbom in Refuse
PR 34.85 30.0

Aversge Grast mzyﬁim Cog O3 go By
Ca ' 10.26 B.T7 - 0.06 80.91

Sverage Dater Tten Gorrected Resding
Boiler Lrom Pressure, pgﬁ.g o 258.0
Superheater Outlet Pressure, paig . 247.5
Barimetric Pressure, in. Hg. 27.96
Peeduwatey ‘;@mmmture, op : 225.0
Buperhester OQutlet Temperasture, oy , K18.0
Fiy-bulb Temperature, °F 8.3
¥et-buld Temperature, OF ' 53.1
Flue Gss Tempersture from Alr Heater, ﬁ*f k37.5
Fouel Tempersture, °F : ‘ B1.9
Welght of Coal. 1bs. R 40,715
Steem Generated, 1bs. - 2h3,250
Eveporation, 1bs. of steam/lb. of coal 6.3
B&wawa, l’b&. 2,990
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TEST §O. 6 SUMMARY OF DATA

Devpth nf ¥uel Bed: 2-3/4 inches

Test Ooal Mixture: Ul

@@st Tosds ‘ 50,000 1b., stesm per hour
ﬁaraﬁiaﬁ of Test: 5 hours

%raximata Anelysiss Air-dry Gombustible
ﬁ@iﬁﬁure o ' 0.80
Yolatile Matter 13.70
Ash Gontent 24,10
Fixed Carbon 61.40
Mr.dry Loss 6.25

As Fired

0.0350

As Tired
ﬁ'?
22:5 o
57.5 81.7

18.3

Gawban;am@ ﬁy&rqgaa.
Garbon
~ Hydrogen

‘Higher Heabing Velue:

Refuge: Per Cent Refuge

33:3

Average Orsab inslysis:  00p °2

Average Eata. Ttem
Boiller Drum Pressure, psig
fuperheater Outlet Pressure, peig
Barimetric Pressure, in. Hg.
Feedwater Temperstuvre, OF
Superheater Ontlet Tewperature, °F
Dry-bulb Temperature, °F
Het-tuld Temperatore, °F
Flue Gas Temperature frow Alr Hester, OF
Foel Temperature, °F
Welght of Qoal, 1lbe.
Stesn Generated, 1lbs.
Bveporation, 1be. of steam/1b. of ecosl
Blowdown, 1bs,

11,180 Btu per 1b. As Fived

Sarbon in Befuse

32.2

6o ~ H2
0 £1.27

Correctod Heading
263.0
252.0

28,24
-5
516.0
72.2
;2583
11.0
78.1
35,285
250,000
7.10
7,025
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APPENDIX (2)

SAMPLE CALCULATIONS

The methods of ecaleulation shown below are used for 211 tests. The
velues used here are taken from boller test Ho. 1 for the purpose of dem-

onstration.

{4) E?e‘.&amim%iw of higher Maiﬁiﬁg value, carbon and hydrogen in the Sest
cosl,
{1) Puel enazlysis, per een'm _
Iteme Mr—-éry As Firved %mh&sﬁiﬂé
Yotsture ‘ 0.5 5.7
Tolatile Hatter 15.5 W3 18.9
Asbh 20,2 19.2
Tized Carbon 63.8 €0.8 - 8l.1
 Air-dry Iosge 5ol

(2) Conversion of proximste smslysis from alr-dry basis to as fired
basis:

100 - 5.2 , .
ﬁ.ﬁx"*ggggw +5.2 2 5.7%

ll

100 - L
Vor = Vg = 3060

lﬁﬁxm—-wﬁﬁ



m‘af = 100 - (Map+ Var+ &gf}
= 100 - €5 T+ 1k, 3+ Iﬁ.’%) = é& &4

Where: Maf

Hag

Vot

Vad

| hag

moisbure in as Tired besis, pezf @zmt

~ll

woishure in mi’r—-ﬁry basiz, per csesz‘& o

4

i

volebile mﬁt«gx_ -;;a a8 fired basis, per eent
= volatile matter in air-dry basis, :g::.af cend

= ash ia es fired baeis, per cent

RS

ash in éiﬁ‘-ii%??{ basis, pey émi}_

lar = Tived carbon in as fired basis, per cent

T0ga = fized carbon in sir-dry bﬁaia, per cend

B

= sir-dry losa, per cent

{3} Gonversion of presimsbe anelysie from ps firved basis to com

' bugtible basia:

Yhere: Vo

= wolatile matier in combustible Sa:&gis;,,_, per cenk

Var = %@1&%&1@ matber in se fired basis, per cent
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¥0, = fixed carbon ia comsbusiible dasis, per cent

Four = fixed carbon in aa fired basie, per cend

(4) Determinabion of higher -maﬁag value, carbon and hydrogen of
the %ea% aaaz fvam the @r@ximaﬁe aﬁalyaia @e the camhwwﬁ&ble
h&aiﬁ by ﬁﬂiﬁg F. €. Evepe' Eﬁn&riﬁal Ee&atians g

16,360 - &,zzswa (Ve is betyeen 16 - 36%)

3,5 160 - 2,250 x 0.169 = 15,,;65§ Btu/1b.

G - 0,43 - Qg&k&@g (¥ 18 between O - 368)
0,943 - 0.242 x 0.189 = 0.897

o
&
T

He = D.OMST +0.0206V, (Ve ts 16% and up)
: f}.@%ﬁ? +0.0206 x @.139 . 0.0H1M

m.
B

¥here: ﬁﬁ?@ = higa@r &@&ﬁi&g va&a@«iﬁ combustible basis, Btu/ib,

Ce fraction of carbon in combustible basiae

L]

He = fraction of hydrogen in combustible besis

fraction of volabile matter in combustible baeis

1]

.g{:

{ﬁ}=ﬁ§ﬁ?aﬁ%ﬁ@ﬁ.éf higher heating velue, carbon end hydrogen of test

¢oal from the ﬂ&@ﬁ&@%iﬁl@'@&&iﬁ’ﬁ@ the as Tired basist

Ty = RV (100 Mog = dar)

= 15,655 (102 ?,g“ 19:8) - 12,730 Bew/1n.

""ﬁwma, %. ¥., Tllenwood, 3? 0., end Hirehfeld, €. 7., Hepte
r Engincering Third Zaltion, ¥ew York: John Wiley and fSons, 197
, {8 k-] mw Pe 3350




N (100 = 5.7 - 18,2
= 0.897 (<2 3= ,2 s-@ ash

Bae =i§ (3@' Jeg= %ﬁ;

= a.@m (m %3 = 19-2 } s m:m

.. Where:

Cos Bo = a;&%.ggwif&sé“'m {4y

1]

hizher hesting velue in oy fired basls, Bbu/lb

: fraction of cerbon in as fived basis

i

freotion of hydrogen in as fired basis

| L

- moisture in as fired basls, pez cend

it

hot ash in ss fired basle, per cent

{B) gﬁ%ﬁﬁﬁi!&%iﬁ#éf per ceant refuse.
The per cent of rvefuse is calewlated by dividing the per cent of
ash in coal from the proximate analysis Dy the per cent of ash i
refuse from %i;a combugtible Mwam of the refuse in the ash vi%.
! ;i3 M x 100 | |

n'

x 100 = 88.35%

Yhere: *}%% = par ee@ of refuse
By = esh ia as fired basis, per cent

by = ash in refuse from the combustible smalyels of refuse,
por cend



57~
The above method of computing the per cent éf refuse hag baen
proved to be ascurate to within one per cenl of sctual welghing of
refuss from the ssh pit, refuss from oyelone senurator, snd ocaleulabed

welght of refuse leaving the stack.”

{¢} Hest Balsnce.
, { 3.) ﬁ@raﬁga Orsat aualysis, per cent by velume
A 60z 2063
60 0.0
0 T
D - S 82.06
{2) 5&%&&@& sxperimental date: , - N
: , Uncorrected Gorrected
B T ' Value
 Superheater outlet temperature, OF 514 51k
Superheater lnlet temperature, OF Lol - W
%ﬁ&@@f&tﬁﬂ% of fuel, °F },, ~ Thol Thol
¥lue gee outlet tempersture, OF %3&,5 | h32.5
xw?;kulh‘ﬁaw@éragﬁragrﬁﬁ o 2.1 62.1
%eﬁ_gulﬁwﬁsmygrature,/??' o 47.0 47.0
Teod-water tempersture, °F 227.5 221.5
Boiler drww pressure, psig - 26 : ,agé

Superheater pressurs, pslg 253.5 : 2hg. 5

| *Gopien, 0., ﬁ@tﬁi&gﬁam, g. ﬁ., and ﬁufyhy, J. B., Determination
mf Hixture of Merrimac Culm snd Bituminous Coal for ¥o. 6 Eﬁflﬁwnfgf
irginle Folyteschnic Tastistute, 19%0, 3.%1-%5,
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Bavometric pressurs, in. Hg.
Welght of cosl, lbs.

- gbesn genersted, lhs.
%ﬁﬁbﬁm&i@m ibz. stean/lb. coal
Corbon in refuse, per cent
Refuse, per cent of coal burmed

Blowlouwn, 1bs.

(3) Correction fastor for steam flow:

Where: O = correction factor

2848
32,430
266,200

17ee

28,48
33! 373
241,100
7.55
5.3
2¢.35
1120

VYo = ﬁﬁe@ime volume of stesm ot 250 psig and 3;%" ¥ super-

heat, ou.ft./1b

¥ = . specific volume of aha&m m 52% 5 paig and 53}@ 7,

eu. T, /1%

143 Gorrected weight of aﬁmm flow:

Uy = (weight of amﬁm flow) % 'ﬁff'.

i

247,650 x 0.974
241,200 1bs.

"

Yhere: Wg = corrected weight of stean flew, 1bs.

Cr = correstion faetor for stean flow

{5) Corrected weight of cosl burned:
 Wr = fw@iﬁﬁ%_ of goal) x O |
= 32430 = 0.996
= 32,373 1bs.



Vhere: Wy = corrected welght of cosl burned, 1bs.

Op = correction factor which was obtsined from the ealibre-
- tlon of the welgh larry, :

{6) é?ﬁﬁ%?“%i@ﬂ'

W= ﬁ.? ?3*1}“ 7.45 1bs stmajw eoal

Where: Wpr = evaporation, 1bs steam/1b coal

Wy = weight of edesm, lbs

We = welght of coal burned, lbs

(7) Hoat balance:

(&) Heat absorbed by water snd stesm in
Bz Wpp (by <hy)
= 7.45(1270.2 - 195.5)
= 8,000 Btu/1db

Where:

L
B

by

s

heat absorbed, Btuflb

evaporation, lbe stean/1b coal

_enthalpy of steam at superhester outled, Btu/1b

enthalpy of feedwater entering boiler drum, Btu/lb

(b) Heat loss due to modsture in coal:

{13

A

BET

Where:

Mg

-
=

o
-

Mqr (1069 + 0. h&é e = )
0. 356 {1089+ ©. ﬁs % hg,a 5 - T4, h-)
67 Biw/1b

koat loss due to wolsture in coal, Bbu/lb.

moisture in eosl, 1b/1b coal
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by, = temperature of flue gas lesving last hesting surface, 9%
#p = temperature of fuel, °F

’;{-_‘»ﬁ? E@aﬁ ia% é% ‘%o water from éamk&is#&m 'ﬁ%f; hydrogen in fuel:
Iy = §§§ (1085 + .46ty ~ bg) |
= 92 0.0311 (1089 +0.46 % 333:2 5 fia 43
= 3% mu}m
Where: Iy = hest loss due % waber from w&h&aﬁw of aveilable
. bydrogen m fuel, amf i ,

¥y = Wig}m of kwmgaﬂ in fuel, l%a/ 1b cosd
tg = temperature of flue gas maﬁns, oF

%y = temperature of fuel, °F

{d) Heat loss due to moisture in air:
(1) frection of carbon burned in fuel:
Oy T G = (8B) (0p)
= 0.68% - (0.2835) (0.323)
= 0.502 1b/1b eonl

Where: €, = fraotiom of carbon burned, 1b/1b cosl
Cae = fraction of cerbon im fuel, 1B/1b cosl
AR = per cent of refuse

&p = carbon in refuse, per cend

(41) welght of dry air eupplied:
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. _E&xﬁsﬁ% . i
768) (12) (1063 % nﬁ"‘?"‘ 0.552

1%.89 i‘bfi‘b mas.

B

L

‘%;&%; ¥, = *mig}a@ of &r’v gl mpp?aizeé rmr ggaam of éﬁ&i
7 bmraed _ R

Hy, T0p, snd 00 ave resvectively frection by volume
nitrogen, csrbon dioxide snd aaﬁan monexide
 in dry flue gas

Oy = welght of carbon burmed ig fuel

{441) heet loss due to imé‘ﬁ@mﬁe in air:

'1% a&&%ﬁ“sg-nﬁ} | o
236 x 13.89 (432.5 - 62.1)
= 7.95 :@w;ﬂa

:ﬁhem-z- Iy, = hest loss due to moisture in sir, Btu/lb
. My, = miét&m in dry sir at dry-bulb tea;mratwe
- £2.190 and web-buld tempersture UWT°F,
C1bfiy é,ry-air 4 ‘
Wy = welght of dry-sir supplied, 1b/1b eosl

%y = temperature of flue gas leaving, 9F

1]

temperature of air sutering, °F

{e) Heat loss dne o dry fiue gas:
{1) welght of dry flm gam

W

063)+(28) ! 23 (0.0 ?’Q);—#ﬁﬁﬁ)&af-.%ﬁ% , '
T1Z(0.3063+ 0.0000) s0.52

13.90 3.?9/1% coal
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Where: W, o welght of dry flue gas Mf mmi of soel burned
00p, g;;) %?n éa:aé Ho sre mw@etiwz;r the per cent by
Wl’am of carbon dloxide, earben mem:‘:iie,
- oxygen and nitvogen in dry flue gas.

Op = fregtion of carbon burned

{13) hﬁ&%l@:&s éﬁe,ia éxyﬂﬁe gas:
Bg = 0.2% Wy (4g - tg)
ezkmz,jg(&gﬁzﬁ 621)
1&35 Z&tu/&k w@:a:z-v -

'M

ﬁsmm. Iy = heat laag due to dry flue ges, Btu/1b |
% = wa&gm of éry ﬂm ges ver pound of copl burned
%g = %emmm%ws of flue gas leaving, °F

fsa = %m&mme of air an’se;rix:g, og

: (fi Best loss due to gmhm ;Wuﬁ@aﬁm

'y

‘Where: Igp = heat lose -é.t"w %0 carbon mm@sméa,» Btu/1d

ﬁ@g end 00 avs re@met’i%m the per gent by volame of
carbon é;iemﬁ de snd sarbon mm}xmﬁ in dry fime gs

Gy = fraction of carbon burned

(e} Zﬁaﬁflﬁ@s due ﬁmv csrbon in mi’iiaeﬁs

bop = Wp & 1HE0C .
= 0.8 QES.B ® 154
= 1332 Btw/1b cosl
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 Where: 1., = hest lose due %o esrbon in refuss, Btu/lb

mi@“& af gavbon in fﬁfﬁ%ﬁ* wey pound of coal
burned /“

) ()

U

Rl

£

& {k} :ﬁa&% loss due to mm@;
g&{% ﬁf} Ll
T2 (363,00 - 195.5)

‘:‘i:;lmgmn;wmm

. Yhere: ;i;;é mw 1@% eim m hiwéam, 3&%&] lb
a ""fsg) = welght of %mwé.sw gfw pound of wa‘i mamaé

B '3;;;%.* m}a&wy af mﬁumwﬁ mawr at aaizer ﬁm m‘m-
 sure, f%n/}_% KT

T @f = _mﬁha&zzg&ffm@mﬁw wéariﬁgb@iwr drum, Beu/lb
(1) Heat loss due to redisbions

. Q:gw? eont of mﬁi&%m losa) {?Eé%i?j

=z fo.o1h) .4::@.,;...?3&}, |

L= A%k 33—?5’@.![17@ :

¢

3

' Yheres zﬁ,& = heat haa é.wa tm mﬁiaﬁmp :ﬁiaf 1 |
B Note: Per cent of mé;iaﬁim lose was a%&imé.

from Plate %, A.5.H.3. b Uode O
rhienary &sﬁaﬁmémamﬁ g Units, 1946

{%} m@e@mm&-fw aassm: : o
&ﬁ, = imy - (Mm&ttm of mm (a} thrmgb )y

m,?mnis. 67-»3? ama:@m 65+ 1332414, m&n
= 6. g Btu/lb _,; L

‘%m'm ;ﬁ@ mwwn%aﬁ-—fw nsses. Ew/ 1b
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(k) Boiler efficlency: |
Boiler efficiency = Beat sbsorbed

(2) Bxoess air. .

ﬁi@-&me x= ax@ags a&r, per. am‘& o

03, 63% axz& E;a_ are msgawtivaly 13&? eszs’s bgr mlﬁme of axygea,
carbon mmﬁ&e and pite .gm in dry flue gas




NETHOD PO CALGULATR BOJLER NFFICIENCY BASHD OF

TRAGR ASH CONPINT

Tais method of esleulation is based on the consideretion that the
decronse in %»&1@ efficiensy i &iﬁ%ﬂv proportionsl to the incresse
in ash content in cosl. ;’E?m sasple csleulation shown here 4s for the
fuel bed depth of §§ inches, |
QA) kversge ash content of test mixtuz‘w

Aversge ash m%eﬂ% = 19.2+ 19 6+ 2%, %;' 2.8 + 3@ 5+ 22.6 23, 5.'55

(B) Boiler efficiency st sversge ssh content of 23.53% for 5% inch fuel
B bed depths ’ |
&ﬁferm&a in ash content z &4, E} - 19.2 = 5. ai@
mffwema in boller aﬁ’f&e&m&y = ﬁsr 1 - 65.15 = z 2,956

'Ema m@k per cent of aah wnﬁmﬂ- desreases g  or 0.567% of boiler
- effieiency Ao ' ~

Bz Wy - ‘3557@3&*53 - %}
= 68.1 - 0. 567 (23. 53..192}
65 ﬁﬁ
Yhere: B ealmm%ea bosiler éiﬁ‘;ﬁ‘ifaim@y &b aversge aaeh content of
23.53% in coal, per cent 4

By = boiler eff&aien&y from sotual tw% aﬂk ash eoxa.msﬁ 19.2%
- per genb , o

&y = per cenb of ash ‘content ia coel emrmsmmimg to boiler
' effici&my, Eg, ) L

(G‘) Boller efficiencies ab average mxx content of 23. 5,‘5% for 4 in. snd a_gja
in. fusl bed depthe are 67.565 and 67.95% respectively.



ABSTRACT

In attempting to use the 4-1 mixtﬁre of Herrimac culm
and bituminous coal for boiler No. 6 in the Virginia Poly-
technic Institute Hesting and Power Plant, the problem of
~m§iﬁ%aining a proper depth of fuel bed had arisen. This protliem
seemé& to warrant an investigation,‘which was subsequently
made.’ | _

The fuel bed depth that will give the best results for
a2 boiler depends on many factors, and it is best determined
by boiler tests., Therefore, the authors decided to investigate
the effect of the fuel bed depth on the performaﬂce of Boiler
§0.6 and to determine the optimum fuel bed depth, when the
4-1 mixture wes used and the load was 50,000 yoﬁnds of%étéém
per hour.

| This investigation consisted of the collection and

evaluation of data obtained frém the boiler tests at verious
fuel bed depths. During the boiler teéts,vsdme,of the variables
were held‘as constant as possible in order to obtain ccmparativé
results. The fuel bed depths tested were 2-3/4, 4, and 5—i/2
inches. The optimum depth of fuel bed is that fuel bed which
would give the highest boller efficiency and good beiler control.

The results of the tests showed that the b@ilér,efficiemcy
remained approximately constant between £-3/4 and 4 inches of
the fuel bed depths and decreased as the fuel bed depth was

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



close éttention was necessary to control the boiler, whenever
the load swung, or there was a change of the quality of fuel
fed into the furnsce. The authors, therefore, conclude that
Boiler No.6 should have a fuel bed depth between 3 and 4
inches deep when the 4-1 mixture is used and the load is

about 50,000 pounds of steam per hour.



