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. · 7Er;!br€_, 02 ;Uf5phd o)-r* lo.bl:=. JD.5:s1!3.i! 
.. A/so,q s~p//e:c{.==0.237(-13,67::::: 3,l'-1Jc3. ::; 

" 
~ _, - ~·:! 

• . Jn. Jhe f2c~c6 f)ioL,_;}_;5 .ohhined .. . ______ : .. 
I· - A-1 === ID. 15 3 -r 0 .. 01 =-=· 10. 5L/ !!J~ . __ . -~ , 

-· i·Othol; -~ ... - . · -~ ' -- - -- . --·--·-- ~ - -· - . ·_ .:·: 
ex~C?z = 3.llf --:262:::. 0.52~. · .. : 

f) -1.. _ L · JL. ~ /t,,r....,.. I o/ f'rJass M J J J JL '/ · o/ 7),/ o/ Po(, 
. . .• t'f'Oo..tu:.15 . "1'B.S5 ~u..vt{ ;o .· W IV/o es ~ ./?>Wei /D ~Y:!j ·· < 
. .;; .. co-2 ---~· .. 3.~ 22.5 . YLf. _ o. or5 t6,0T- tb.6J~ :.; 

'. ){ '2. 0 0, 2 7 --- J_~~-- - J<b 0_,_015. _3, 21 . .'. " :1 

. 502 0 ,0 l : . 'IDD1 6l/ . 0,.000 lb Q03 O. ·-r:r: 0 ::: 
1:: 

i 02 0.52 3.b 32- 0.0163 3.5 o,6./ ,, 
.. N~ · · ID.SY . T-2 __ 2'D _0,316Y '60.61 <:g3,3S .: 
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" 

.--e.:::l!f.6~~ . . l:Jtj D.Yb.bb , 
(-H~OJ= 0.015 '. 
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Toh1-~ ·==- D.451£ , i 
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Lef -1-M rdaJ-tve mo!ecvkvr ma~ses of f-M gases /:Je Jv!A !-

:: OVYJol A4s, respecJ-1vef:J. ; 
\ 

; 
. ' 

. I 

' 
' By Avo3adro IS H!Jpo+hesfs 1 f.lw_ masses c;f e.c;v.af [ 
•i vofv.wus of al/-Pferenf-9~ ad- +h-e :saY11£ presst.tTe :, 

I 

·-~ ~cd~ are fr0Frt/011_a/ +o t-Ju.,lr ! 

rela+lvf (}1()/er_~ masses. Hence)· it follows I-roll{ !: 

elf· 0 fh_af 5'tncf, 
1 

Jr{A ~/f -= J/tf_ 8 ~13 f · 

1 ! 1-hen, . ;. 
i ! ,4,4 /} . ,,// ;J 
~: /1'1,4 fV/j- ==== II// B !Cf3 ~ __ .. .__._ 0 '. 

; I 

1: F;om -!+vrs) 1-Mn, If- a,J(>effr5 f-Atvf- /-hi_ producl- of M}a)-rve. 

• 

1 

JrU?l-tt-ufPW mass and c~l~·>sl;c: gas conskut:f ofait~cu/{1 63 
rs ~s ct ctJMfctn;/. I 
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lh?s CC'~;+a~\s ~+tu_ ~rnv~a) D'f ~-~~ :, 
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<J 0.5 co nst Ct-YVt, £ ""'-, 

· ' Hence, .. 
/W~ === £/7l I 
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~r O&ir> owvrqge v~ of . 
.. £ ;:::= o,2.ork-!/&·K;o.nd /ii!== 2~q513, ;:; 

v0h i'c h Is 1 W-.o}e o~ Q;f y _( _d,,. e p:&r- ~ fYL<) Lf_) 

,';, ~ = o.2'C1-r2<t'/J5 ~ 0.3lBkJJ&IUQk)l,, 
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;; lh-t mol(: (s~~bolth\: rnol ) 

i 

I -I .: . 

. ; A l'V\OI ~ oP-Q s u.b~+OAA.ce ·rs Ck ~i 1-'Q_d Ol0 ·Hi~ m o.ss o )l 1-1\~ : 

'i 

'i : i 
I 
I 

ovbs.\--OM.c.e -9~ m ~ ~)i.:;e 'tf)C)\-\:.l~ W-0SS. . ; 

\ ~ t~~ uvni- o ~ moss.\'& bk.en °'s 111~ Ri\09Y'Cl~~J ttv~Y\, : . 
i ViA.o\~ O.:z -= 32. ~ D2- ,~ 1 w..ol~ c = 1ia c ! . 

,. 1 YY\ole. H::i._ == Z ~ rl.z - j 1 \'\tok 6 :: 32 ~ 5 -·~;· ' \: 
1 mole.. CO~== Yl/ ~CO~ . . _ __ _ _ _ __ . . _ -- --- ;: 

' 

; 1 
i ! 

:Since tht ~1 \031"C<WVce hrJ be:n wd, .\\~ w-ok \s referred '., 
:. to D.S the__ fk11l03m~\A~WOI(, vVY'\lh:V\ 5 fY\ol, O..Y\Q )Y\ +'n~ :, 

CD-.se. ot- 0-<) ·1-t. ~vovJcl h~e Dru\ 3Z kil~rovAW\~ ot u.z· :. 
- ' 

Ta oldtrM)'v\.Q_ +he numkr ct rnol~s <::>~8~ ~or-e.~k ·. 
'1 t- -1. s nece~sQ~ +a d1viol.t th~ rnO.s$ o~ 90~ -b3--i1s -~cJ;~ . 
rno\eoJar ~s.s. /h v-.s, _ . - . : 

_ Y7-= m//11 -~0 
tAJ hex-e__, n == "rJ \Nv'v\beir ot mo\es, 

'rn = r<) o:ss o ~ _3 C<..S 1 

: IYf = ~\ad:Jv~ W'IDkcvlovr VNX~s ot '3~5· 
' )=r;M th Is , - ---
; i n 'J r;:;-..,... 
1 : ;1/f__ ;:=::: . /V/ _ -- _ \:2-1 
i ! 
, 1 Als0; 5/ncr /tf J€ == £,# 
i ! 

i Ii 

', 
. ' 

I-hen,) £ = kl' I /JI/ --- ® 
'i 
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P\/ = WLR-T --~® ! : 

I: 
, I 

i 0\Abs+ih,Al)~ ~:V-OJioY\s © ow.cl ~ 
f V = n/lf g_M T _ l 

l 

ivd-o ©, 

or, M 
PV-=== 11 R){T ______ <D 

- - ' 
I . 

. \J~\u~ o~ o~ '{r)Ole o~ 3~ 
-\ -=s \Y'\C.~ - p \J = (l KMT 

'-.j .; +'h~Y\ ' 
'f-nRuT ~ - p 

v-J __ h t c.,~-) ~or 1 rno\e c~ 0o.:s_, 6ec.oN..es, 
\j = _f2.J.\ T s=\Y\c.e n ::: 1 . - p 

~s ~v-D-ih'oV) \s 'tndependent ot- On~ p0tr-Hculo.rgcxs1 

, D-ncl )t s'ho0s +-hd- +h~ Do\um~ ot OT\~ mo\~ at- QJ.W0 
. · 90s cx t- +ne cSen'Y\~ pre<ssu.:re OA"Y\~ te~ro.*ul'€ fs cornstcmt, : 

I 

, lh"\.S, ~or °'12'.:l 90.s at o._ pre.:55vvre of 101.S25 k,Po. ~ °'' 
1 
+~~ ofQ°C, the voJv.~1AL 0 ~ OY\{ Rj· MO\ \S1 - -· _ 

•'I \f ~ <::(,5\1..\ '3 x '2.::r3, \ 'j == 22 l.f m3 

I i ~ 10 1. '32 Lj • 
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i 
: ; 
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I• 
' 

mt't.Jvvre ~ ~. 

'' /if .=- -· /')(_ ~ ~- @ 
1 n 

! ! . .. . . . . - . . . j: 

; /Or a. 3ro !YlJ.d~ .fJi,rs eqt1£:d1on ® .can be usdlo : 
. : . ol.de;r;rviY1£ +A.e OViJeyqje rdcuf-rue -molecubr JnasLof i; 
: OL !)C0 .. m:iXftHe. --- -

} J1 mtM.S r:;f a gao lkrfJy;fmr- Is~~ of /:M_ i 
r;uvssc5 of fw 1ndY1ofu.cv( ~~of 9as.prie_.seltf~ i: 
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' . 
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! l 
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w kre/ ~~ JJ ;ti @ 

J JiAfas /-let Ind DS CJ I a gas Hh'x,/u-re 1 

/J1:!? -- YJ I /1,1, +--J1~ L1!1~ -j- - ~.]- 4-t- ---
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:: Hence, Pro~ eq~'oYJ ® 
1 t-1i-7eryx~~re - rel.Cttfve mote.culc.t.Y' ~s oP a.. 3ru wut{;-\t~ 

==== /({ 0t0:J . .:= 111111/, + n~1£1't.- + n3i/3 -r, --
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~· .. 00 ftlavf .::: -<:. n,41/ . ~ --- (Z) 
Zri- _ _ 

: Si-V1 ce cm e. YVLOI<: at ~ 9ClS o.t tlu. 5 °'1M t f'teE.Swt<' 

ovnol +~ynper-Ctt~ oa:::upres ~ eCvtMZ. vo!uWL( +-~ ·rt
. ~oHovvs t-h.cJ- a-.. .p-€J(:"cenJ~at.a( ~-sis bj vo/V\Ylile. Is 

I' ruso Gl peY'cemcx.ae ~-s)_s ~ - motf_s. \~cx.p-emn~~ 
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~ ., 2 -1°/-v _o~-7 - :1<:&.0~ ~l-0 LJ-<) __ C:L95°}0 C9tke~9o__ses 
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: l 

.. ; 
I 

I 
; 

ii 

' 1 
-
j 

l ! 

'I '. I 

i ! 

! i 
i 

i 
i 
I 

I 
! 

. ' 

I 
; j 

---<n ·. 
- _.,. - - -- . - -- - i I 

. i 

6.J def;14tifio11, one mole e;f f-he gas 1n-/xhvre wil! i 
ha1/t . a . mCJS".5-of 41a:Y_g .. .f3._ ------ . - --- - -- ·--- - .. ;

J V\-t vol\AMl1( o ~ ord: ww I~ o ~ tk gas Y'Vvi~~ ovf- ;. 
r+s pre6sw-l'€ ~ -+~~~ _ CCvitt )of ccJ~. 
~ J V ===- ;e/t1 I -- -- <;?~ :. 
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[) elerWilinR:-+~ cw~e --~cJftJ?e mo Jecukr.r- mass D f fk . 
9 O!J 'n14x fure , 

4-f a-ra. === ~n£f ~ 
v Z11 

'" ~ - ---(_.Y 

hr a [1a6, I 1- hC0 been 6haW'rJ +hat; 
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;;ClWJ e.tuaf'i&rtS <!) fJlrLOi@ 
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' Cv) is cl~}jy\~ 0.>.S +'h~ QJ.w,owv-Jr:; ~~ he..rJ.>k wh \ (_ h 
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,, +-YO!n5~e'fs +o cYr ~'f'OV\J\ Of\€ W\C)\-e._ o~ 90.s VJ"')\~ - :i 
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i l 
'I . 
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~nc~~\~~ M~ jn OAf~>WJ/, f-he.¥1i\-~[b.,~ 
t"'-afi, /Vf·cv .=- C v , - --- ([) .. 

OUL-d M· Cp ::: Cp ~~- - © i' 
; t hos been :showY) --\-~o.:t; ~-o.r 0-. 3o.s :> - : i 

c=?p - _c:::.v ==- 12:_, - -- --® ,, 
Mw)h~lj-h3 9v..cc,\k>\I\_@) thY-o~bD~ b~ MJ t'n'€M, l: 

AA· cf> _ McD ::::: Al /2_, : . 
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q -~-= ~ 3/l/0 - ---- ~ 
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, A/so,, Cp lcv = ~ . th~ od,,·°'-\ci av\; c_ i l'\ o\ ~!)(Jo r spec/ kc: 
. heal raft CJ, 

: ;(}uJ-fip/j;~ fop &.Yt-c/ bo-l+ont b3 At +hen, 
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· l 

~/Cp ~ y 
/YI cv. 

or/ feo m eq u.£tAl'on 5 (j) -Oh-td @ , 
Ce ~ Y · _ ·-~-@ 
C-v 

hol'Yl 6f· ©) c'° ~ cp + r: }J.Lf 3 __ <a 
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kr .any 50.s rnJxf P£e lelj _ _ . _ . . 
. --io+Dv{ n1~0-nbero~ mole5 o.t 90..s \Vlli.1Vvt€. - Yl, , 

il tJ~e rnolcvr h ecJ- ~ci-}3 o:t @ns+CPn t J)o/t<W i 

o~ th_e ~Os m1%~ == -C-vt:W!J · i • 

I 
. -- -. - - ·- ~- . - ----=------- -- - ... - i ~ 

W tNWtber o~ 'W\.D\~s o ~ ~c.h )nd?vic!wJ ~CAS 1r\ +Nl_. 
M11x+wre ::::::: n 1 , Yi... 1.. , Yl3) ,. , ,. l. 
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}Ao I (').l}r h uzd- CC\fO-.c ;.\···re~ ext CCV\ s tovu;t vb\ \A '4\AQ_ '. . 

af ~c_~ \Y\olJ-ix~Cl) 9c.s 1Y\ me. W)..\-tt()lff~C..v,,Cu2..,Ci-hr--
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Jo vJ t ri e. Dlr»Vwn+ o t- he.ad- 'rQQf IM~ +-o Y'OU se_ ~ V1A.V ~. _ 

o~ 9o..s thl"C?~h . C>Y)f o1E?8N:~ M5e_ ot teWvjJ~ !! 

VJ'rrik tk volv..~ ~YLS Con~tCAM:f ::= 11 Cv) :· 
Her\c_~, lor f-h€. ~QS Wv1t~1 ~ ~UMf oP. ·koJ- !' 
r011Ml'Zd to · rc.M~ +k·+ewt{J~ t~~h o V\Jl ; 

~rte ri5\ Dt ~·, I. 
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! ScvmplE::: :· 
::r a) GrveY) thoot -st-(UM~ p~oS~ owd ~l{y\((_ j. 

!1 .~be_ toJ<en o5~ 101.32 k~ DM..~ 0°C) K:speci-111~ 1 j . 
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l ~ cW..ait +n-t volvtM$Z_ o~ one k4 lo9Y"C\M\Vd~ t'YJo lt cf°" : 
. ! pe.tr~e_c+. ~ QS . i · 
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1
: ( b) A~IA'fvi/f·r::!3 +hat OJ.r ronkMl'\s 21 '/, o} C'X.!BE.'.Yl b3 j 

· 
1 vol1AMQ. , th~ ~te.:MJXh'nol\'.r bcit9 'YtHY03e.Y), tcJ Q/A.)_cut:e),~ ! ; 
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:! (iit) th~ ffiCl05 d~O)I~ c.ub1c ~ o~ 0-0r &J- s. TP. !· 
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6odeY Burner [/fk·1~ 

~o". ler bu01ev ~~; c·1 tYIC~ OJ n be expressed. M 
te-rMS o t boiler burrrtel}'·-~ eo.* \o sse.s. \N'nttvi tt~e 
\o~~s Ort _if1 Btu pf;'( po~nol o ~ ~~e) buY'l'led 1 th~ 
~ ~' c ,e n~~J ) 5 c_u-l CJAlo±e_Q\ ~ 

i bb -= H H V - iota.J losses X JOO 
· )-{HV 

There o.-re_ siL<. major boiler bLtnwr losses indlA~: .·. 
i, the_ ~---<1as lass ( DG.L )) . · 
2. +he mo\stfxre loss (ML 11 

' 3 . th~ moi<S+ure )n combu.s+)on o.\r \oss (ft!( AL ) ; 
4. +h~ il'\compld:e combustioYI loss OCL ), 
5. +he unburnd cn.rtx:Jn \o ss (UCL \ OY\q 
6. +he. rad;ol>a V) and UY\llC.COLAntecl Loss (QUL J # 

To dtlt'ltWV1{ The.sf. loss~s ~ ~IAJ ancl ~uegos OYL~l.S 
must- be OltJaJlab(e. -in{_ equ.olions use.cl J0r +n-e.se ~cc,t-

. culcltlo Y\ s o.re. h s-\ecl i Y\ Th~ k \lo \,\) ~ ~°'-8 e.s . 

~B-l 



·!" • . ... ~_:;.._:.....,.. -~~ - ____ .. _... ___ "'~--- ----- ~~---- - ~----
_ _... ,... .,_.,r,. _..,, ....... .,-~ - ---~ ~~--- •---- --...- "";• _ _,.~~"'"":"""~-·-~~- .----~-

____ --- -~ - - - --- - ---- - ·-- - --··-·- - -- ~-. 

l.D~-Gia.s loss ( DG:l) 

DGl = W~ Cpj ( -b- -LJ --- r1) 

wheire_} IAJ~ : olry fl~cio.s weaM- (lb I Ibo~ t~b~r~), 
·it-cewi be obt-cMNUf ~~· .:s~+t-ach~ ~roM. .\-ht toW s~s .. 
l'J~ht-1 +ht t.mb1ArY\~ 1V\l!\ CUF) ancl th{ l'l1D isture OV+ 9H) . 
\n 1-he 3o.ses. lhol i-s · 

Ash 
V\J~ = V',h+ \_A- L\F_ ( \V+ qH) -----(2) 

· Ash 
lM- cornblfta±ioV\ o ~ (A t-UF) is h('.91v.wt~ rt~rrerl to 
~s the sol>d rehAs~ ( YVT') ~hich }s h1 Ct uni+ o~ poand 
petr rou.ml 0 ~ kt el bumecl .&e.o:iuse 0 ~ Ofr {' Ir\ ~ I rroJ 1"0 Y\ to 
the bo·der s~steYl\, the o..cfucJ. oAY' ( l.Vct) )Y\ above.er+ 
CPlnro+ be aa:.wvul~ e5f1 M.cxte.d.. 

As o. n OLlferroll ve 1 #ie w~ M- oP ~ ~\ ~ ~as i"::> ('fflt'&ol 
in fen«.5 oP ~I~~ cbJo.. Corsc.k ~sis +est), - lh:Q. 
clexivolfoY\ ot +r\e_ el\uatiovt l's \f\ t~ ~llow\~: 

'v\)"5-= Wf!8h+-o~c!'f:j3as6 X lbotcar~tfd -{3 ) 
J b o ~ c.urbon burnci . . J b o ~ . 

C1 J C2J BB-2 



' . 

... 11\.Q. ~f~sF+e~ i11 +he r19h+- hund.t>ide_. f~iMp~ ~~to ; · _-:.--== 

c 1 J = qq CtJ,_ +3202 +~CO +2FtJ~ ___ m 
J 2 CGz + l2CO , .. . .. 

lhe secoY1al krfl,l Is +he carbon iY\ n pourtd o~ ii.tel rrtif\\lS 

rhe urtbu.rnecl PllJ. -rhcxt \s,"' · . 

L 2 J = C; -== C - U F - '. < s .5. . . ,., 
== C - < kJ-Ash) ----- Cs) :, .. ~. 

Subsl-ihJi'~ -these e.quab'ons itl1o ~· ( 3) 3we:s 

kJ~ _= Cj X ··q-uT0-<+320;+feCO +?b~~----- rt) - ... 
l 2 cq-r-J2CO . · 

l[e_ ~-so.~ loss (DG_L) is the l°'{9esf o.mol'_9 th~ srx: 
losses. 

. 813-3 



,, 
- - -· - - -- -- -- . 

2.Moistu~ loss (/vfl J 
Ml= :: \ VO-tC1tl) l ·D6-\\w) -----<6") 

lh e , krM ( W + 9 H ) ~resents, H:i~ O\MClli!Yl:lc ot h'lo lot!A'l'e 
tor med_ ol UYi r;3 CO Y\ll b LAS f i 0 Y\ . ) } i S Qj J..1.t \-o Y\\ ('.C \-) a YVic av{ \'li\0- . 

rstu.re onci combus·HoV) ot }he ,~dm8~Y1 -e\eMent- iV1 +ht 
~"ti . ---rhe terYV\.. ( hs - h w ) i S +-?-e en +hot!p~ chaw:ge o~ 

- +he. morsttA~ and. >s. o.ppro~_H'vta.±e_d cxs __ . · 

. . hs ~ h 2<-1 _ I 0 M+O. 5 b-· ts JP b)5T5~~~) 
Qn~ ~ 

~~hLV= IO'i59+D.%:G-tJ- _!! 1j<(5T5f-[~) 

6. M oi6t~ )~YI Comtus+JoY) Air loss (MCA L ) 

ACAL:= Do. 4JCp
1
w ( f:J --t~) --~ <9) 

. • lAJ he. re. < w ) 1 s +he hitm i ~ \"Ovh'o o ~ a.\rCTJ ter·i!:9 +h~ 
tD1 k:r ~Bt~VV\_ O:iA..ci ho.s Q UY\ i +- oP: poMols o ~ ~ 
~r per P'OLLY\d o ~ d~ ~V', I he. num·1cl±1 TUtlo )5 0-. 
+Ll.nc+\oY\ 6t+h~ ~-bt:ctb orrd wtl-'ovlb~~:s1 
()'Y)cl COY) b: , -e.os~ d~Y\ed ~ U--& T~ C\p~ehroWQtrlc 
chew+. . 

fj3-q 



oVhe;re) ~°'= J~"t- ?;( H- i )-Cf-5-10-(IO) 

w!wre CJ 15 deP1.~d ~ ·.&i· C5;. VoJiAes o~ U; 0; Sjal\d 
t'0,o~ obta)~ ~W\_ the~ uJt)M.°'*e C\Y\~61'5 0tnd_ 
sho~ol h:wve o.. un1+ o ~ pound\5 per f?oLAnd~ ~~. 

. ~· ( Ja) f3 bcxsed_on }he pr1Y1 C\P>\e o~ nuss G:>nserrutor1. 

Y. lncompld::e_- Gm hAStlOY'\ \._ oss ( IC L ) 
. x • 

!CL= ~x . 2bCO x43'b0--(ll) 
Y4C02+2~C0+2SD2+320-< . 

· 5. Un burned Carbon Lass ( UCL ) , 

UCL= (UF)(l4bDD) ---7{]2) 
o~ == <Wr) ( c*) ( /4600) _/' 

6. 4rhai:ron anal Una.ccou.nkP!-forlo'ss (R_UL) 
I I-vis loss Is YrrM~ d.iA.Q_ l-o rOO.xx1>bY\ o.nd_ 5nco!1Apld:e_ 

QJmbus-l-1on resulh~ 1ri hydro3en and. ~olroan-boYJs 1Yl 
the flv..Q. 30..-s . l t\ pn::uJi u 1 f-h is loss ~e:s ~roM.. 3 -lo 5 •/". 

* Q=- 0ombuf>tibk \V\ :soli cl re~~ 
= L\F l \/Jr. 

~------~-& 

·4~41/z Bt-5 
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. Lrx; An old boiler -!eo+ pwvlo.ks th~ dol0-. o.sfu\\owb: 
~~ u1+1mcde onab:sis: . 
C = 57. 7/o .f'...J = 1. 0 ~ '4sh == 16.5 ~ . 
H == 3.r-·1o '5-= 3. 3 Yo 'rV-= l 2. 0 'lo 
0 == s.~ ~ 
H.H.V== 111000 S}-u/lb" 

Ff iu. ~ cm~ls: 
co~== 13.o j O:i. ==7.D co~ LO ~-= 19.o __ _ 

R~e. QY)~is: 
Cr=== 20 'lo 

FT/Ac 3C\5kmpe:r01.+ure.:: "360 F / Av-~~- ::7{tF 
. /h, -lemfle.roJ:l)l(ts: ~-6lb = 10 F } tiJ::: o.ooii Lbv. /LbJcN-

VJa- buJ b = bO F . 

. ~t-6 



So J Lt+)oY\ : 

firs+; +he so\iol.. reJtAce Is est)mcd©\ petr pou.~o~c.t!J · 
burn~cL. I+- j s e9uo.A to +he SU.Ylil o~ +he Lln rumcl aurboY\ . 
onol tht a.sh Cbntru~ Sn t~e coal. rnctt- \s; 

)V, === UF+Ash 
rVr= C ~r--+- fish 

== 0.2 Dr+ 0. \~S 

VJr= 0.21 lb/ lb o~ cro.J. rcip~Y01-i~vD<keJ 

&co11d , fh€ ~ ~\L\9.. !)CAS is estiMolec{ ~ Usl";'.3 Erj· (5
1

) 

Clf\d. ~,( 6), li-j\ves 

iJ:;= ( 0.511- 0.2DC+U.\b5) x 44( 13 )+32 (1)+ JO{i)rlCt?J 
)2(13)+)2(1) 

~= 9.fi~ lb/ /b o~ cod 

~ o_c_tu_av{ arri:s olclwmintcl 1Asl~ ~- (10). 
5().b7 f; h.Jr~ +he num.0YI ccJ va.lues ivW:> +-he -e>j1A.ovi:loK 

9sves 
\\Jo--= 9.bq+ <y; (0.03Cf- 0~7<6)_o.53b_0,033_D.Ol 

.• 



vJ ;+n ~hese results) tk boil« bur\'\~( ruro.Y\ce.) los~es 
Ol'Q eoJQ_ul_a*@ bdow; 

1_t)GL ~ (9.bq)(0.24) (~0-70) 
~ 67Y. L/ B+L1 I lb o~ ma_,( 

2- ML== (O,J)-t-g f0.037-)(JOi9+0,~6* 360-70) 
_::= 536. 6 e+u JlboP cocJ. 

3_MCAL :::::(9.35)(0.00rt) (0.~7){ 21J0-10) . = ll.21 B+\A/lbofCbaJ ~ 

w_ 1 CL~~, bg * ~(1.0) -*45Ko. 
4 4 ( J 3 )t 2S ( t 0 )-+ 2~ Cl9 )+ 32 (r) . 

~ 311. l/ blu / { b o t cooJ. 

~UCL== (o.2JJ (O,JJ (}L/600) == 613.JBfu/!b 
of, 

(OLV\ 

6_ RUL ~ (0.03) (//000):::: 330B+u//bo~co~. 

88-'6 



... 

I hen1 +h{ +otaJ I asses O>'e colcuioL:ted o.s 

JotoJ losses::= DGL +ML+M cAL+ !CL+ UCl:RUL 
== 614.4+ 536.6 + J L 2 l + 31t -~+~3.Z.,_330 

== 2556.'b &l,{/ 1b o~ nxJ . 
' 

Ji~, the batlt7Y Pu'fCW\ce Jl1'c~ is 

JI}/ V +ofov{ tosse~ X /00 
JiHV 

== 1\000 - 2556.'b x JOO 
. J !000 ' 

:=:: 76. ~ 'Yo 
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/. Orscd Ap;tn0bs 
lJle awovrcUus usd !'or +he volu~lc Ot~sls J

d _0 ~I i.u.. 90.s "". ~ 'i.s _ Rno iA) Yi 0\ '& Or oo.:k: Ol?flawod:tAS Ci s 
6hovv n btlo\10 )YJ ~i3· ( 1 ) . 

Three 
! way valve 

1 

Wooden frame 
Front header 

Flue ------. ---'-"-~------'-----'-....__-----1':><--'-'---' 
gases in 

-· I ' ~ing,e way ........ ---· .· 
glass valve '. 

'• .'I 

Single 
way valve 

r 
J 

_ __ _ _ _ __ Eudiometer 
------------- ---- ---------------------- _..___ __ ____, 

-- ---·----·-··------ ---- -·-------Aspirating------"--------~------· 

Rubber tubes bottle 

§. ( 1): Ot0o:t Appotmh-1s. 

rt-consists ot -J-h~e ~\C\sks a, bCAnctc e.Q.c_h 
Q)(\\-o..\¥\\~ d.\~~'A_\-- c\\~'M\c_o)s ~O'l <\\0so1bh~ C0,2; 
02, OS\~ CO.lhl_ ~e_rre_Y\\-o..3~ o~ w~ \~ 0\)fu.\V\~. 

~- .. : 

1;-1 



- -··· .. -· _, . .. - . --~ - .. . -- ··- . . .. . . -· -- - -

~Y'O W... th~ \'t "\IA.~ V\ ti\_v.,r, l'M_ ?eyo,','I\ '-°'8 "._ O~ "(}a ,;c \Y\ th 
<jcxses CD.Ywco-t- bt:wros~ ~McJ-:~ 'oj %~~~ 

Absorb:rrts used )n ~lcxsk 'O: Q~ tVa_Dti or KOH soL 
u.110¥1 O.r\cl th1s 501 \Al\ OV\ 0-bs:; rbs CQ r lfu_ ~\ t\sk'b) 
conlcdY\S olWifl.l $Ol~io'V\. a~ PJ rosoll_J( a..cld O/Y\d 
+h\-s solwt10Y'i °'bsorbs 0 2 .Tu ~la__~k.__rc) contc.AV\s 
c_Vf>Yc.XA.S chlorid~ voh1ch QA.bsorb5 CO. 

ke<ep i~ vcJ.ues -x, ~ Qnd z dosed, -1-hd-h r-ee- 'N~ 
"-fcJ.ve. is ~ned oY\d +he os~IAAor boHk 1s movd 
dovor\ 00 1-hoct th~ f \tA,t 30-s en+er-:s -the eudlo~ ~. -m ~llA-t 90.s )s drQV.)J) )V\ uYlti l ~he. 1€.vd. )f\ th{ eu_clio
MM-er re.ads zero. lft t}}f{e -vJ~ voJJJe Is dosedcmd 
the_)) +h~ va\1)e PC o~ +)J~ P~sk r ex) l 5 op€.ne.d cxno\ t\\\ 

· -tAspiroJor botl-l~ ~,s move_d up C\Y\oA o\ot0n swexovt 

~~.t~hd,~~~~:~~~~~~~~~{~~~-·----------
j5 the_n . ~keh 1M:o +he ~lAclio~cler ~ 'owerl~ \-h~~fi~ 
l::oft\~ oN>l th~ vcJ.v~ ~ \4S c::los.~~e,~\tj 1-\\{ or19\'r\.~ 
lw<l c~ :solvl3oY), -m_ 0>-.spl~or f-s +hen bro~rJ: nW'r' 

to ~lA.olioYv\Q.t~ OY\cl -pJo_c_~a\ o-.. t- ::S\i\.C'_"" °'- f=>Ds -; t\ ~V\}h~ 
th~ 'Nok~Y- ltAJel )l\ 'ttJth ,~"S ,, SONA{ ~ +f\~ ~cir)~ o~ 
e~~Dfi\Q.-tcr tl.lbe_ ) s bJ\:z..ef\ . 

FG-2 



lr('. ch-l*~1VA\{ 1i\ teoolx"'S btl'ort o.bso'!bl~ OMd ~\if' 
~bsorb5~ co2 91i>~:s the peY'Ce.n~e_ c~ CO~ ln +h~ 
~1~00.11\-t procedWte. is rQ~ w1Fn +))~ 
tlCAsb rb ,1 o..nd 'C ,; +o ~lf\.cl -\-h~ pe.1rceY\-to8~ o+::-
OR. OJ\o\ co. lh~ ttrnCM1\cle1 D~ +he ~I~ 9o_soJW 
th{ ~bsorp+-ron ot CO 1~ fO\R.e_n o._s w-<-, 

A h:mrhfr:J the jo..se:s shovJd ~ CD,,,_ ~irst; O.._ 
~econcl °'-Y\~ ~IA~ CD CY--s ·,-\- 1s ntcess~ be~ 
the DbsDrbeYlt tASe~£~r02 ~ ~bsorb soM-t ~ ClY\~ 
.\ti~pe.-cel\~~ ci~ CO,, 31ven b,,, the ~~s VJov.bl.. 
Dt \~ss \~ ~-2- \-s absor\:)~ ~)rsf ~Y\cl... · ~ C\~ttrw~s, 
Co~c_.\: ~w:_"'--c_~ o~ O.b5e'f\J-\-\oY\ ~\h\l)Y\Ov\eS tl\)<:> 
~)\\\c~. H°'.-s'R_ CA,\) °'"ct c. ()..~ "l~ 1>/\.~-?\'~~ 
jo\~ ~~.,.- \0\t'-" ~\~ss -\ub~ tor \)fO?e•Witi~ 
C'l\: ~ses \-0 I th t \\{ i:;_\:iso1bt:l\:b, . \1.\.2_ ~u..clJ o~e-r \ s 
-:SLff'fDW>'\~-~ WW:_e,y- -\o R_~~p {N._ ~~ tp)\StaJ, 



• •• • • - · - ----·- ... ·~- -··· · •• - """·' -· · ··-·· -·- ···- · - · - -· .. . - ·--- - -·-···--·· - • ••• · · ··-· .-<,.- .. ·-·· 

. . -- -- · · - ····-· - . - •.. 

-· -·-- · · ·-···· -·-- ·-·· ·~-· ··· -·· ········- ...... .. . •• ·· ---
.. -·--··---~-·-·· · ·. 

,ex: An CJrsai {])YJaf!;s/s a r /--he e;(hws+f'vont QVJ 

engil'LR runr7i'rlj' c:m henzo/e s-howrri Q co.2 conleni 
of 15(1/oJ but no CO# Ass-umi~ fh~ !he rtmovi11o/--e,,r 

-of I-he eihau5f confafr;s onjy oxygen O/lJdnifrv!}PJ; 
caf cdafe:fhe A /F raf;o of fhe e03Jn~ ./he uJ.hU(_cde 

. anal:!Jsrs of ben;zo/e I5 qo' 0fe C and 101- H.:z.. 

. ... ... ------ ........ . . ......... . 
. -

Sold1on.· 
15i of fuel; (J]n51~f1& of 0,q *3 C Clnd 0.1 !:9 H,., 01n be 
w r 1He n Q'S 0. 9 /J 2 mole) C and 0.1 I 2 rnoles H2 7here

fr;re. Cbnsldut15 I rmk of dy exkutf"f 9a5, wh&re 
fhe eomb~fv'on equ.olJon is wr/ffeh G<s Iv/lows: 

X ( o.9 C+ JU~ ) + ~ 0 + 79 y J0 
12 2 ~ 2 21 .2 

~ 0.!5C02 +-a Q +(OJS-q )N2 +loH2D , 

~~ .. -whe-re) X. : IS-~f,i mass -o t-~v:t-pvr m0Je-B:E~- 6.--------··-------·-~·-·----··--·-
- Y : Is t-he moles o ~ C1 pe-r mole D. f.n Gi-

a : is +he moles o~ excess O.z perr riole D, £.G. 
b : is +he moles ot rl~O pu-- mole D.E,4. 

lllen I c~Y) blcwtce; ~ x == O,J 5 £:} x = 2 ~j~~~ 
a:-~ 



-- -- ·- --~~ ····- ·-· ··--···-· ..... -· ·., ·- - --·· --·-· ·-·· ... , _., _ , 

.... -······--·· ·- - · ·---- ·- ·- ···· ,. .. ... ' ··- · . ·-

~· Af::iciro3en bJmce: 0.05 X = b ~ b :: 2 * ILD 5 
··- . ::- ~,l 

- Ott!j3en Wei.nee ~ 2Y === 2 *- 0.15+ 2 a+ b 
. 'Y === Q +0,2 -----(]) 

• 0.-+ro201 bo .. kmce: 0 .n-x: '2.X'i = 2*(0.~S-a) 
.-: r~- 'Y-== Q,22 6 -0.2G60z. ----eJ 

·.· EjuoJi18 f-h~ eQjVlS. CD cmol ® ~r Y, 3ives 

0.226 - - 0,266a == 0,2+a 

,,_r,. a-== 0,0}06 

Y == 0.2 +D.02D6 == 0,12 \ 

_ __ ,_: G = 0221-x- 32 43 /mole D.EG. 
·-----------------·~ - ---~-----~--

r:. e . Air fftfjJld = O. 22/~32 == 30.75bhno/eD.f.G. 
0,23 

$/nee x~ 2, +hen, fhe fuel 5UfJplied 15ermo!e o,£.Q . ):> 

. 21:3. ' , - . - . 
-1.,l.en . 
~ ~ . 

/1/Frvfio ~ CCJ~ ?-5 == J?. 315/1 
2 FG-5 



., 

,, c:_~)~!)f 

-__ ----C~r;~\A~-~~;·~~~ ~f~' ·c· .. --- ---,-, . :--··-. ·-:-::-·--~-=--=--=====-~ 
I 

;_-~~k ::\IAG.rlh~ . L:J\-t 9'"-c!_~\\ o~ G\l?nn\~ to 
_ . i Y\ ~11.21 -sp<(.c\ ~ c.CJ:) o Y\ s ~ C\ V.OJ\ t; \H s etxlld O'Aiorl h_ 
., vak<(o wh1c_h a~ obtoJ~ Dj 1-fl~ CbrnOvs1\oY\ o~ -t-'rr\. 
--~~<ls lV\ CA sw-\-ob\;: °'W~lAS .J1\i~ fl\~ bcC)l .. 
t-h~ consto,f)t ~o\IAlM.l t1p~ ( Dom'b CO\lcrr\n\11-GY-), oY. 

<com+cm--t pf\J_iSS~, .:sk~ ~\ovV f~p\'. ( f?~s'CctlfJr<VJJli~ 

_ '- lh-t. enerq l1 +mris~~ o..~ hed- +-o lh~ s1nrpvu~s 
_ c Cc::D I~ vJ'"ctk:e,r ') ~ UJ'\ I \-- 9 V\O.'Y1 tit~ ei ~ ~~ \0 h tY\ b1,-1 r-i\rj 
~*=- (brys-tONJc \IC'.)\v.Vv'-~ Y01+~ m~ )-tD prodAA.cto~ CCJ>teb~t)o)I\ 
11\ +h~ I~ wcl \\0-st 's Ct>Jld th~ ~eY' (or- Gross) 

. . Wor\ · i~t \!oilv.~ ( H, C, \/,) oi- Const~J= \Jol ~ot/Ll Qq'r', v. 
. lh1 j 0tpp~"il~~~ +o - L.Uc a*- 2s °C ~·, t'h ltJ( Jl~6 .. 
i0 th~ \IC\ v.;d pro.o"-, 

- lhf_ enea'.:1 +ffiN\.s~e:rrd 0--0 hw*- +-o the Gl!/n'UW{\()(,;,v13 s • 

_ ( c= I i!':?J VJo}:J__\' ) fRN' w.fr\' q l.\PMl I~ at' ~-~ VJ hVVI- b IA rVciCJ CJ±
•, c.ons-\-~ \-J~o~Vft( vJ1 H, -th~ }{D procLvci:-s o~ cwm.ous-t-\oY\ . 
. h'\ ti\ t ) 1 q \/\.\cl p ~& '<. 1 :s rnfu.ol J-h ~ )-lj hVf (a r Gro5' ) OJ." r:~ 1c. 

: \fOJ~t ( )-t. C. \J.) cM- C1tts+~~~ss 11vrt, 0 0 p,- Jl~~s ctpproXJ~ 
tv -~He 01Jt °' ~t~YVAC~ ~enN+v«e ot 25C w·1+h tM_}lO 

·. ii\ t-h~ l1qV;\ol p~e, 

Reh eeM Q) <AS.~ 
Lf+l ~~<-

U ~ b~~ 

I-25 



' i 
i j 
'i 

i: 

-~'Tf.fhe-- K~O -producl~- ~~ J~lhe ~~~ p~;-~~~-----c 
,,~~d ·rs rnU.d +hf. Lav'Vel'(ort0tt) GJor1P1c;_ \J~ , . 
. /L.C,V, )o±-Gns~~ PJ'((SS~) Q~+;~· 
:; . ,..., 

i . · \;V h ~ I ro r ~ns tevvv\- 170 li1Av..l process 
: i 

1 Qr, v = °'1ef, v + me L\f9 
. .. 

' ~ 
; ~ 

! ! 
W Consfanl fJ r-essure precess 

. ' . ~r,p ~ Gmzf;p + !l{c h13 - -~ ('22) .. 
~ 

. ; . 

' . 

.. w)wrf,; . Mc = )l{a65. ol cond4fJ5i::tie j)t//'t4n;1-9111mfJj;; of-J;d, . 

. Ur!J ==- LfJ (qJ 25 °C for f/, 0 = :25Cf/.1/ kJ/1r) .. 

~ :;:. htJ@25C for »,_o ~b 
'\' . 
;Q.t2-P 

. T-2-b 
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