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Tokal ext CYTEVN “@\W\“’@L 2,35 o0, 3‘4‘-{ o.ol - O,C}‘-(
1.2 Mg amount of aiv- ra/zmw/ = 266 kg x \OD |

=, 73”155

| Go: T perortage mposttion of seonple of coalls

- Nelel —  |-oioY — | — =
H, OC.o43 | ¥ | 0XY — — |7
N}!z 0,00% — — _ c.oof
S ool | col | — |ooz|—|
Ash jee2 | — | — | — |—]—]

COy |00 | N|

1




(bY A5 407 excess aiv-is 3@9 *ﬁolj
e'c MA WA Q&L‘\\/\OLkOMY‘" Q»@?I = \\ 55)(6 TFXl‘i
=125
o2 Teta WA OSRAW - = 1D 4\ o.oc@ = 11 ‘507&:3

, = WAY x 23, MH=1.065 )@ :
LACCSS  CMYGER - X A°

| ébﬁ[ﬂ%( ¢ Wk ﬂd’ fe r@ /’Z’éﬁﬂ'é’/ / W/)’ / IZ /m /‘gitf/’r @
oFcse Weioht el © 5
co (3.3 4 |BMeas| 1390
| 30, | 00| 64 |eoco3 | a5y |

| ©. | Loes| 32 |co333 | &0
AN, | 1240 2% Le.4s | SO.%5 %
Ce 55F |

Te +ca&
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H
!
;

1Z=1-200, Sweademsy
__ SJroiQ\!\iomdriQ7 or cl’\CMM‘QQ@ corre,dr, O('nr‘/ {\_ij YO\})O}
/f s+oiahiom,0frn‘q MAYE ©F o™ ool ?l,uz,f s ong
H\Od‘ COY\JrOu"\V\S J'uerl Sf\AXS‘r\Q'\QVt OX59€Y\ ,¥OY‘ H\Q OOMP\QJCQ
' combustion o} the fwak, 4 midure which has em excess
ofairis bevued, o woesk_ MATEIN. , ondl one Which
' hoas o d‘i?icien\cj of Qi is termed o Hc\’\ M\)d-um
The Pemen@e oF excess Qir is Yiven bj the
~ Pollowing, | - | I

| S Fachiomebric AIF rato A

; (where A clenotes otir pmd F olrots /)w/) ‘

| For gomcous huls the rodios o expressed by
voluml, omd For solid ocmal lfq,uﬁo( FKAQJS+M muhos

QN 6}(PY\Q$SQQL b\b moss. F_HA—_Q te (PEA) ,97\77CS Qxe- B

, Posﬁéﬁue resudt wohen He miyture is wecd&,@ﬂ\@{
O noertiue resudk wohen the mivture is mchrorf
~ boiler p\cm+ H. miyture s usmol@ oyrecckerthan
R0k voesk ; For gas hurbings iE can be aswudy
S as 200 weale, pehrol engings howe to waeet
pomious conditions of IOQO{ M g?ﬁggk, ou\,\o{

opergfg ODVEY T WFOLL mm@( olP MMQCJFI/‘W S’+W71L\5;,
S E




| Lohowst ond HM QoS O(Y\%sis'

_YKQ Io“ovo{vlg O)Qs—?vﬁjﬁov\'\s u&sgdy ,
; M?HW {717\@1”) 4}7 -~ {folch;omﬁfr(’ /4/[3’&}[/0

Actual A/; roio

TR vuor)@g valus romge hetween T2 % (wea)dwwol
3(120/ (rahn)- ,

™™

V\)km Ms ConJrCW\ some OXYgen H'\«s oxggmms

i,cn/\)owlctlﬁ’e ;OY H’)(’ c@mbus{"ld\/\ process, amol SO ‘H’\Q , —

szl reQuings e swadler swpp\ﬁ of Cuv,

=

TRL proolLACJrS o¥ combustiown O WMOUV go*sﬂoms,
when o Sowv\,\)lﬁ s tedeon For anoysis i+ 1s MSUL(I.L\LB

cooled down o o Femperatine. which s below :
the sadkpwrakron temperodure. of the steoms P»esewk T
T steomn contenk = Yherddore wot includedin

$ —l-\(\.Q O\v\%s\s V\)thL\ s then U\CH'Q_D\ as  Hhe
- anodwsis oF dhe dry produets. §w\ce the proo\u&s
Lo goseous, ifis usuod to quote fhe w@s\s
- \QJ volume . An omodysis why c\’\ neludle s Haa S‘l'ep\w\
i the exchanst is codlasl o wek omody sis,

i




&de&f( 7%6 {bich}ome%)’ic A JE rz:dio /L;)r 71}76
mbustion of ot sarmple of 0/3 anthracite of the
Sfollowing composition @ mass.

CCUWH H 3D, Q255 o {5 SO
;/5% 3. :

Detormine e Alfredio and Hhe oy and wetomhs
of combustion prodlucts @ volume, when 20%.Cues

oir is supplied. o

 Solubon o homt P el

- C 09  09xE-2¢  09x2-=33k(0,
H. 0.03 0.03x%-024  0.03x9=0.77aH.0
O 0,025 . ~—0.025  ~-———--—=
. 000 — 00t
S 0005 0.005x1=0.005  0.005x2= 00y
Ah o 003 —— | 5%
. Totod 0, = 262%

Pmm‘}aﬁ)lﬂ 3

. Qbeqpfyrbgopmal:,?éz)fﬁ e
A v per kg o feoal = 2.62/0.25
: o = //,59%4/@25
O, associatec with this cur = OFF XA A oo
| =S 7T 4. B




Ten, fotad 13, in products— B 77 +0.01 = B’?Zé
- TThe stoichiometric A/F = 1.39 /1
faffo ,

f; /5”0)70/)"521/7/0@ WA/CA/S 20/’ n €XC€55 L{S/)zg

e L(OU(‘IOI/ (PEA ),
,44%(4/;%0: 139 1 0.2 % 1.39=| 2%}} 39
= 13467/

Thorehone, N, pr/@/ 0.77% ]3.67= /055@
- Also, O, 5%0/0/, =023 x13.67=3 L{ }gg

/)7 71})6 roo&cﬁ 7%617 J7L/§ 057[(9‘4}760/
/\)2 /05‘3—1—001 = 10. 57@

vy
; ,.Produdrs %S/@COQI /"7@3S M@ /”oeﬁ/écml /W%/L A Z“‘
L CO, 33 225 44  0.075 1607 [6.6]

CH.0 027 U84y 8 0DIS 32—
s0, 001 00% 64 0.000K 003 0.0%5

e 052 36 32 DO 35 3.6

D 0S4 72 28 0EWY 306 9335

Zombl TR 04k
. o (—Hz—o) 0.015
lq(’al@ =10 L{B(é




”ﬂd“é Umf\)efscd Gras C@Y\S%GMNH

4627»/)5/5/5/* tw'o 92525% Aand B both with e IQM
preswre b, volume Y, end femperdyre T |
Lot their masses be m 4 anol mg, respectively.

gﬂ the chamucter fﬁ% C;{Mﬂ/ff()ﬂ of o /Oﬂ/féf%gaf;

\/ _—L‘%:)ﬂﬂléﬁzm‘gléé ----- @

whert £ = Chaacteristrc gas onstant,
et +he wiative W/ewfwr masses of Hhe gases be My
ool Mg, repectively.

B y %/@adm & Hypo%be;is , the masses 07[’@%@/
volumes of different goses ot~ +he same pressure
ool rempoeratwred ore /0}”0/00/”7‘/"011@/ +o thefr |
M/L’M‘/"V( /w/ecu/(mf ASSES - H€}7C€, it ;[o llows zemx«( |
eg- & that since,

My = g Kp

then, |
M,q /éﬁ- —_— M@ /ég e @ |
From 75, then, i+ oppenrs that pmduc%o/ﬁhdwﬁyé

 olecdar mass omd pharacteerstc gas onstuut of all gas 63
; /’5&@5%@%7@%‘- - ; :




| This constantis colld e universal or woloa~
80\5 COY\S’\'OAV\J%, iew\_ ;

Hence ,

/M}é:/éﬂz

Por oy, Ovverag? Volluks of
K= 0. 257 kT K and M = 22,95 k.

j: which is 1 woele of air («.¢ per @rno/e)
8 Ky = 0.287x 2095 = B3IBET kyuok X




T mole (sl he'wol’)

A mole ora substomce s delived ais the mass of Fhe
- substanee equod to s ot nolkwwon wass. s
IR Hhe unid o moss is doken as the kilogrowue, thon,
Twmde O, = 32 \3@1 v dwole C= kg ©
fmole Hy = ZkgHy 5 Amok B = 32)36 SRt
fmole CO; = 44 ka (O, . T

| Smce H\{ \Q’\ \ograwmke }\o\o) been @‘, lr\\e wole is r@}ermd

to as the kilogrommawold, woritten koymol, and inthe
st OY’ 02 ; njr Locsvdd }\o\/\)e \OG‘LV\ 32 )aln\cigrawma o¥ Oz,;

7; determiing the number of moles ot CENS %r@@w’c:_
1T is necessary +o dividle the mass of Qos by isledie
moleconr mass. Thus, | |
 N=mN D

Cwohere, N = mumber of moles,
m = mMoss of 9cs,
M = wlodive wokador mass of gas.




Mo the Charsdenshic Ryohion of o Redect Gos,

P\/ = WUQ—T ~-»——@
Substituding eguodions @ owd @ o D),
PV —nMEuT
or, "
PV:: ﬂléﬂ-r —Aw@

Nolume oF ore mole o?go\s !
= {nce P\) = HQM—T—

~ then
‘ \[:_ﬂ_g-éﬁl——

~ which, for 1 mole ok gas, becowss,
] N = M_S\"V\CG N =4

TR‘.S eizlmﬂah‘on s ’mdepeno\axjr of Oa‘v\\ﬂ PCWHCLQO&‘FQO@, ‘
~omad i+ shows thodk the volume oF one mole of anvy
 gas ot the same prssure omd temperature s onstont.

_M, For Gy gas ot oL pressune of 101,525\@0\ Mo\
: temporodure of)°C, the volume ot one %‘MO\ is,

(= TRNDXRTEND = 2 Yp?
! 101325 ==




_ AO@?\C@E el ative ,molécdar- Y‘nass*o%x o )

YA TIME

YOumberor moles ot = Mass of gas

. Qo Kool atie maleadom mass ofgaa
o = e O -
From 7%5,

Colodie /”a/fméfmgy — %&J;a fjw , or

& /[ ﬂﬂj | /Uumbﬁfo/ﬁﬂlﬂks 0{@@4

A = K @
7

‘or a. gou WM his egwmo Con e usedlto
dletorming e cwerage reletive moleadsr mass of i

o gots mEXIN.

Tt mass of a Jet§ m7xtzrre /SW o%#w.
masses of Hu mdiyioke Mmﬂ% 0 / gexs present- .

M/W m/—ﬁww @

- TThws /’M mass of a ges I

M= 11, M, 5 1. My %3%+~~- &

>




WW (4,3 <tc., @msem the &;MM gé{ses M

the mincture .
Also, the nwmber of moles of oo wixdure
Nlg = N4+ x4+ Neg - —n (D

H(’,MG ?row\ e@mm)oy)@ |
/7¢emg«< relodtive woleculay miss of a. ges mihine
= M. = 77;/141 + NaMle + Vi3 3 +--—
}7/ +}42 -+ ﬁ3+»,-,_

- or, /{/Wj “?”/ﬂ (&
7N

, Sﬁnce one mole of oMy Qqas o the souue pressre
- omol temper ot eccupies Hhe scuml volume  Hien it
Rollovos Pkt o vercentage Moy sis by veohw 'S
Uso o percentoge omedysis b& MolRs. ¥OLP€YC€I\J@€
@W\o@s:s is used Then =n =100, “Thss, Yor cur, ir\uz
VO![M/VL&{'Y)C Q/VLM/{@S\S 1S,
21% &, 7% OF)O/a NN 0859, oter 9&565
“The relakive moletudlon masses ane,
C2 = 32, v =%, Other gases 39. 9

@; cuir then,
/WW _ Zm% . /2/%32}1'(75’057\‘257)—/—10 75 %59.9)
| = 100

o — 2B Py




T2 density o} o ges Wizt ;
From W/WC Omw@y/‘& of a gas mixhme
oledormine 108 awvergge Wlative ingle cular mass

Mw—— — — @
S

/&y dé/:m%m, one mole of Hl@ gas Wmﬁm wi 1/
hawt o mass of Havg ks

T volwme o F one mole oﬁjr\ml Qcus VVW)C{'IMFM
its pressure omel remperoture cam be Oax(adw‘r@(,
2s, V= £Lal __

F
};"7% %M/bﬂ @ OWLO/@

05/25{@ = f= //Mﬁ,/\/,m »%/nvg
Jfrom s,

5,&6(/’//*( Vo lume = 10 = __V__ , /723/ %95
ey
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70

TM mez@e vodue of the ohwm.df/ns%c 9&5 onstordk

 Pora qog minture

D eterming e owmuge Wlorve molecular mass o H)t(v
9as Wx}m, .

Mg — =2 S
= =, -
For a gas, T+ has oeen shown That;
ey o
From %W/@WJ@W@
/éamgg — /4,,;/ NNED,
May.




Molor heod Copality

| MOl&T )’\QSM)L QA{BOLC'\B ot onstamk yoluwwwy,
Co, is drlinrd as the amownk oF heok vohic ly
bromsters +o or From one mole oF gas wwle

the temperodure. chomges Dy on’ degree amol The
volume remains Cconstemt:

Also,

Molavheat coporcity ook constont presswre, Cp,
s dﬁtwwl os the omounk o} heode Ohsey tromshers
to or from one wolt oF gas while th temporakmwre
c\mw\ges b\\ﬁ one O\Q\%\(\Qﬁ OM\O\ e Prﬁﬁsw& M MAS (Pt

In both %QSHA,Q ww:% e kY Rgymol - W
Sf;xce ‘H\F’A\Q e M@ Jn one }?ﬁm@/ , H\QJA&;O“DW

Y, 2, = Co N €y |
Md M'CP = QP —~ e @ r
it hos been shown Yhed, Por ou Qo

—p — o == . ——A-«-~®

Midbiplying =suodion B> throwghout by M, thay,
Mcp — Mcp = MR | |




27

 which Yom eaodions @ ond @ beowes,

o e T o= ME @

Crow ME = Ry =¥ 3143 anol swbstrtuking
' ‘H))S MJ(O QQMC{;{()OH @J

IO C;&/ = B 3198 e B

4/50, Cp / Co :Y Jr\AQ colioh otk ¢ mokex,or s,oec,'ﬁ.";,

heat rotio.
///w#{p/j,’g 40,0 anel botton by 4, then,
%C,o - f
e,
or, from eguations @ and O
ETTTT e

er. ®, To- G T3N3 @)
Substituting @) ko 9. &,

~ = T+ L D\N3 I
T o
| //50 ffomeq @ - |
-, = < - 73493 - - — - @
| =bstituting (5D st 67@

. <p &
C; —g 3N




/47)61@@@ mﬂ/wf/yem‘ C%aao'fjo;f a gas 1 IXHNE | |

Jfor any gas s e let
~Totod numberof moles o GO WKW = )ﬁT

/z/&)@e rolar %eaf Qacity Hy ot constont volums
OF HLQ 905 !’Vh%ﬁ/‘”f( —_ Cva,u_g

mebexr OF WLDQS o\\' ee(c)\ mdﬂ))w 90\5 m H\L
W’)&W — n:,V\z,YL;;;

MOIW \W Cq{:cxm)r;es ot constowt '\JO\\AW\(L
oF coch indivicduod ges in the mittwre =G, G, Cos,

ow the omownt o} heort reouired| to rouise wuules |
of gos through one degree rise of temperodnre
~while the UolwWL ewains Copstomd = 7 Co,
Hence, Yor the gas mitdure, the cumount oF heat
reguined +0me Fhe. Mm&wre trough owe
¢ st © |
N/wj ——ﬂmﬂzcv+ﬁgc1/5+
= N ooy = (V1) + N2+ 785) Cﬂ@
};a—m, this, ‘

C@ — 2 CV/'7‘—/7; Cz&g —+ 173 Ca)_g._;—“,,
/71 '1"}’27\—/-/@3-{— ~nm——
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~

- or,

<

By sinsilor analysss, i+t be shown Hed the

erage molar head™ capacty ot 80/45%M/or65m1’
j5 given by,
| C =,
p v
' z/?

-




o ,62% le: |
(2 )Given that stundord presswe owdl mwp@rcu%%w{
oy be token as 101.32 k\%\ omd 0°C | respectivelay,

Qadoulade +Hhe volume of one hlogmmw\f Mole oo

pe/rlPech yas. |

(b) /75$MW\9 ‘H’\od‘ Our COY\‘\‘CMV\S 21 "o o;\- ax&gey) bj
| volumg , The rewmcunoler bwg vitroQey), tod awddake s
(<) the O«A)e/r&gewwlemua/rwass ofoiry
L (44) the veuue of £, T thormcteritic c oos Onstowt in W@K
i) the mass oF one cubic witre of ir ot S. TP }
O Upiversd o constomt, Ry = %343 ngmo

Solukion s (@) Pl ﬁré I omd for H’:gma | PI- 76,4/

oo N KT _ 3WM3¥273 = 22.9%°

2 101,32
: (b)z/{ — =l _ (/% 32) (7IHRLE)
| Y =n 100
— LR+2217 _ X¥¥9
100 100
b Mg = fn . T I _ 4 255 kT /K
zz 7597

ﬁm: 2E8Y - 4.29 kg
(((/ ;,ZL/ =1 @m 75
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o

601 ler Bumm/ [;mof/\nﬁ

\&o':]eﬁbumef eﬁacm\c con be expmsseo( mo
terms ot boiler bwmﬂr\“\ide&i |gsses. \m\f/v\ Huese

losses are sn B per poundl oF Puel bumed, the
g {cieng\j 1S @.{wﬁﬂc(&@\@
“{bb _ ﬁHH\/ — bl losses
HHV A

There ave six mo\/jor boiler bumerlosses ')ncludirg: |

{, the dD_ as loss (DGL)Y,

2. the mois loss (ML),

3, the maisture 3n ombustion air loss (MCAL ),
4 dhe 5ncomp)&€_ mbustion loss (ICL ),

5, +he umburned crbon Yoss (UCL ), and

6.+the POLDUO\,fioV\ Oﬂd unoccovntecl Loss (QUD

—E deiﬂmfdvte these losses )r\ne ‘}Md Cmd Hw&g&s a@v,ﬂs
must e awallole. The eouoakions used Jor +Hhese col-

culebons are listed in he Yo \\ovu&«g Ybaﬂ(&

BB_‘\




e T

,1'0\9_6“15 Loss;(DG\.\ -
DG\_: \(\)dj C%(J(J-—Jca) —-(1)

wohere, Wiy = oby Mugqrs weiht (1b/ 1o N burel,
~ itcom be obtoined by subbactivg Mom the Yotal qos
welght, e u“bm\td;gm (UF) and e moisture (W+H) .
~in the goses. Thot is | .

Wi = Wap 1 A _UF— (W, 9H) —-(2)

Ash
“The combinodion o} (A+UF) is ?rw\uenjrlj Perred 4o
as the solid refuse (YOr) which is incu tnit of pound
per pouncl oF Ml bumel Gecause of qir inhlation o
He pailer systen, he achied qir (W) in Othovceq. |
connot be &mum}% estimoted .

As an oblernative, the soeght of diy Mg gas i epraed
in derwms of Huﬁg(ls doda. (orsaxk OMG\lys{s test), “Tha
deﬁvaifon of e equakiovx 1S N H/\,Q %leX@ ;

wdg _ wephtofdnygages ¢ b of aarbon b 3)

| )bopcar%on burmd | “oopM
c1) C2D BB-2




(1] — 0.+320,+KO+IZ 0w
o 1200, +1200 +

A

[he second term is the carbon ina pound of Feelmims
Fhe unburned Fuel. “Thott is,

[2]=C=C-UF —5)
| = C—(W~Ash)--—-—-(s>
SubsH%wEf@ these equations into £3. (3) gives | |

Wda — Cj s WCOA+320, + B0+ )
12 (O+12(0 -

_ﬂfe 0{8 —gas \oss (DQU IS Hhe )Ov(gcslramo@ er S

losses.

BR-3




. An—

2'. MOI‘SHAM Loss (ML)
MU = WAy (g —hw) ~-——(67)

The ferm (W+9H) rep resents Hie amaunt of moisture
formed. during combustion. |+is Yo mech anicomo-
isture and combustion ot Hhe hyooyen element in the

Fuel. TThe derm (hs—hw) i3 the €Y\‘H\0Qpﬂ C'h()mge of
- the moisture onal is opproXximoted o

g s —hu = 1086+0.54 — t5 iF £ )57

3. A//oishﬂm m thusﬂon /}ir \_oss (/M[/ﬂ >
ML = Wa 0G0 (4 ~ta) ——(9)

wOhere (o ) is Hhe humlid@ ahio of oir entering the

boiler” system. omd has o unit of pounds o woder
opor= per Pound oF dry ai T The hum'\d@ raxio s O
Rinction of the oy~ omol wet=loulbtemperovtures,

m o) b eosily detormined iy ueing opsychronetric
 Chont |

2




Where, Wi — 5}%%*(;/_ _g_)_C}ﬁS,;\J#/o)

hore G i Gebrad by . (5 Nabes o 0 Sd
nI,ore Sbteine] Fom The bl wibmode QY\%\SES and,
showlel howe oL unit oF pounds per pound ot fuel.

£y. (0) 15 bused on +he princpl of noss onsernodon

4. )ncompl@te— Qﬁmb\)\i’ﬁon Loss ( )C L)

(L= ~5C0O 30— (1)
B X (O 250 260+320,

5 Unbumed C(lrb@f\ l__055< Ul ’.)

UCL= (UF)(14600) --~(12)
or, = (WG (/4600)

6 Kebodion andl Unaccountel-torLoss (RUL)

" This loss is er@ dut to yadioction ond, Sncompleke
combustion resulting mdfmgcm' and }yolro@rbonsm
the Flu gas. In prachice, Hhis loss romges Frow S 4057%.

= (ombustible in solid vebue | é;/_/:!i

., /3~ )2~ DK




Ex: Anold boiler test prozides the dokor as ollows:
Fael wltimode Qna@‘sis: —.
C=5%F% r~=10% Ash=16D%
He 3F% ==33% W=12.0%
UO=5%%
HHV = 11,000 &/l

Hugasano@sis: |

Q?R\SQ an@siﬁf : |
. r hSu— 2 0 b/D
| fgf:ﬁﬂ% . "_ZC%L

AN
Flue gas femperodure = 360 F ) 1 V)

| A Jrempemku/v{s : QD— hulb =7Z0F } w=0.003% Lbv. /UOAW
Wek -bully = 60 F |

The vodiodion ond unoccoumted - for loss 1s assumed
to be 3%. CO{/( Cbkidiﬂ ‘H)Q boﬂw Qs\r\fcw %r burnen
“Toke S%M;Q (oo o5 O 24 Bju Jlb-Fomdl0.47 B[l F

s pec L

BE-6




50] wHon

First, the soliol whuce is estimoted por pound ofeal

bumned.. I+is equad to the sum of +he unbumed, caxbo
and the ash containedl i the ok, “Thakis,

Wr —— UF")’A{S}’\
W = G W4 Ash
= 0.2 - 0165

W= 0.21(b/ b o} aol. (approyinstesl vodue)
Séémd, e 0)@ Ml 90s is estimoded| by using &, (5)
and eg.( 6 )7} gives

i — (0577 0060155 )y W(I3)+32(Fe (15
203120

]

Dp= 4671/ |bob ol

The actued aiiris detormined using X, (10).
Sabfﬁfw}f@ the numaricad vodues ufo +he equekion
gsves

Wo = 969+ (0 03?-%22?)_0,536_0.033,0,01_

Bt




Wo = 1301 /b ok cosd

With these resutts, the Yoiter burmer{( Furance) losses
one Cakeudakedh beow ; |

LOGL = (9.69)(0.24) (360—-70)
= 67F4.Y Biy /lboF coa

2 ML = (0.12+930.032)(1089+0.46 % 350-70)
— 536.4 Bt /lbot cal.

3 OAL —(9.35)0.00%) (047 (30 ~70)
| = 11.2] Biu/ b o} coald

4 ICL =9 4 =%(1.0) wY3R0.
4y (13)+.28(1.0)+ 28 (A)+3R (F)
— S4I.4 (gﬁ{/(boFCoal. |

5 UCL = (22)) 0.2) (M500) = 61328/ 1o
Cooq,(
6_ RUL = (0.03) (11000) = 330 Bhu/lboteoal.
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“Then, Hhe doted losses ane alowlovted s

TStad losses = DRL+ MM CAl 1L+ UCERUL
— §7YUL 53661121 L BN Y H53.2,330
— 2556, \Bjru/ﬂ)oF oo,

Ho@, the boiler Furomee Qw\‘c'r@ﬂﬂ E

_ HHV — ol losses 100
AV :

’HOOO — 25565 x 100

11000
= 7. %

/|
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he apperous used For He voluretric ooidysis of

Olg Flwg case< 1= knowny os Orsok Q&pPOWOdfMS Gs
=hown b OVO v )::g( 1 )

o Wooden frame Single
hree Front header way valv
; . way valve \ / /‘ Y !
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e — e s e As.ph,ating.“,,, e e

E’S.H ): Orsat /}PPNMM&

[t consists oF +hree Flasks o, band e cach
CoN ’cu‘w\'m\oj ditevewnt chemicols Tor QhSOrbiv% CO,,
Cr, o CO TR percentogr of N, 35 obfained
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e T OEESSRC

?mM H\{ Ve WACU V\Q}\W : ’W\Q PéYCCY\&VO\%{ of %@1 W H\(

Quses comnat breweasured, sePQWO\)C% by \MQ}@PW\&

% bsorbenjﬁ used in NOS\{ ‘o an T\hOH or KDH so,

Loy ond this solukion obsorbs COzmeO\Sk/b)_

contains adkading <olutiown oF Py rogodl?q acid omd
his =olution obserbs Oy TRe Mask "¢’ contins
CUPYOUS chloride wohich absorks CO.

Keepiﬂj vodves Y and = closed, the three- o)
valve is cpened and The aspirator botle s moved
dowon, =o thok the Flue gas enters he eudiowseter tuke.
TR P, gaus i drawen v until #he Teved in the ewlio—
Hater readls =ero. T The e —Woly vooe is closedomd
Fhen the valve z¢ oF the Flask “ox” i's opened omol the
aspirodor bote 15 moved up anel down severod
Fmas pvshi H}Qg,s into Mosk 7oL’ Con’rcuv\A‘@KOH

is then Foken into +he cucliomerer by lowering heospired
botte anok the vodve =< is <los b&pﬁ@ A or mqu
lewel oF solukion . TRL Oispirtdtor™ s then b‘mmgﬁ% ner
‘(‘O ?MOUOMQF O\Y\OL P] O\QQQ\ ot =waln o ‘bOS\ N csv\”wut
Ihe vaokey™ gel in both i, somwe omal e noding of
eudiontter™ +ulbe 1S falken.




e o

he dithevemct mohwg bebore absorb g omd, o ter
oh&::rbir\\g C0O, gives he pefcen‘rogt of (O, in the
Mue qos. The procedure i repeaked with the
Mosks b7 ond 7C 7o Find he percentadr ok
O, anal GO, The nmavinter o the Flwe gasatter
the absorption of CO is+oken os Ny,

/4 bSorbj,:ﬁ ‘H)Q Joses <honld e ®2 y‘nrs{' ) Oz
~econal anoh YM CO os it s T\QCGSSO\/U Decowse
the obserbent used For s now obsorb some (O, andl
fhe percentoge of (O given \ZQ the a@g%ms yowll
b( kss ix O, s obsorbed Fiyst ool ), Odkerdorols,
Covgect Senuence oF cbsorption eliwdnodes Ts
N\ ECA@. Fosk o, Dondic ore M0 in duplicoke
ot Tooeiher Wit oy sjoss 4ubk for properkiting
af oS Wit e obsorberts . The eudiowsker Vs '

 survounded By voodey” Yo keep T Tompevoung onsid:

S @Mm

e, /]-12- 20/1
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Zx: An Chrsott 0__/}’]%95/'5 of the exhausthom an
enging runring on benzole showed a i 02 Corten
of /5%, but no CO. /%fﬂfm‘/g thot #he remoinoler
of the exhaust contains only oxygen and nitroger,
caladate the AIF ratio of Pe engine " The ultmed
onalysis of benzole is 0% C and 107 H..

JO/ML;‘OV): |

1@ of huel, nsisting 0/[0.9% Cond 0] Jﬁﬁ/‘/z , aan be
Lomter as 09/12 moles C and 0.1 /2 moles H,. There-
fore Considlering ! mole of aéry exhost gas, where
the combustion equodion is written os follows :

(04 . q
X(O1C+ IR, 0N,
500500, al)~(0.85—a N, bH,0

W }Wg} X 1 isthe mass o b Mlpw mok D.E G

Y i is the moles of O, per mole D.E.Gu
a : is the moles of excess O, per mole O.5.G
b ;s the oles OF HQO por mole DECI

T, Corbon Wl : L Y= 0.15 =5 Y = 2y bl

AR




Hjolmgenbabﬂce 005X —b =b=2x005
= 0.]

Oo@gen bcdomcc 2N = 2%01512a 4+ b
— Q4+ 0.2 - @,

f\)+ragen b(ﬂomcc’ 3?6%2%7 24(0.¥5- 0)
N — 0.226—0.2660 ~--

,gqua})rg Hhe eyus. @ ondl @ Por\/,gi%s

0.026—0.2660 = 0.7+0
. a— 0026 |
Y — 0.2+0.0206 = 0.22)

- (0221 32 kg /mole LEG

-~

0. 23

ce. A amphed = 0221232 = 30, 75@ hokDEG

fnce)( 2, then, 7‘756 fuel 5%0//50//0%/77&/6 0.k G J5

" b — =077 = 153751
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“"_W\;\ \)\OJ\)C'\‘\F Ai\i\o Qny Q\Xo Qe mwwk&d er
N R«.qu SPQ@%QCQ}% OND @ qme %\3;9 PCCAMQ@I alori e
wadues which are obiouid by Hie combustion of +he.
Tuds in o switoblk Q?Pmms “This may be of

Mhe constant voluwe ot ¢ Bomb Colorineier) or

Constant pressut, = teady Flow Hype ( Pooys loriudr)

= T enerau transterred as heodk Yo Fhe surrouidlags
(aoling woder) per unit quomity of Pl when bumed
ok constomk volume with the KO productof conbustion
in e liguidl phose is alled the Higher (or Gross)
'Ta,qoﬁ\\‘f( \ouue ( HC\/> ot C’onsjf();«/jf \’olmwt( quzvf 5
“his mPPrcm‘Moie:s Lo —AUs o . 25°C woith the 1O

in the !iC\‘wal' phose.,

- Ik enengy trapsterred os head +o The surrounclivgs
- (ceoling WO o™ wit qw;wd“@ oF el whow bured ok
constout pressue With the RED products of combustion
i Fhe \wam\ phaust 15 cafleol Hhe iJ\WW (or Gross ) (loric
Nokue (.G oot Constonet Pressvrt, Gl p. This uppropiuates
Jo =M ok o reforence Yumperokwt of 25T with the HO

e l";qw“oi phose. )

R@\O EeiA @c&&e,wy ' . ::I~25
L{H«, gx\o\%«: |

QVNA& Z évvurcbul |




7t H’\e H Q r@ot(kcjrs AR it H\Q va{:owf“ pl/\@\se UZ%
N’)ﬁszsegl \s QdMQDL the Lower(orfet ) GuoriPre Vadwa
<L C.V. )oat @r\sjrowuﬁ‘ PrQSSWK) et P .

T T

' 5: \A))‘\QXQ ror Cibn&)r@vt)( 3%, MM Ncess

Q r,Y = Q A L, : | %\ H

<itke ety ¥ - e Ugg e (\\/)
Sor Constant pressue Process | o
ngp = Q/fé%,o+/%c )ﬁﬁ ——— (,2é )y

\_,_w/

{ (;/: e = wass of condersate por 7)) #szb ¥, oﬁ;@/
W% Uy @ 25°C for Hs O = 254 Y xRy

by = @ 25C Jor JO = LB
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_ .

}}\e methodls bor ofeierm’mi@ Cﬂloﬁb)c vole degeﬂof_ on .

| the type of Lue(,' §E_|_§‘9Land l%qu‘zd Fuels ame uistieully fested
“na PBomb cedorwater; and Qaseous Fuels in O\\fon%{nm
“How « M/ﬁb such Oks'%hewco&lof)wm&f/ﬁ o

VS S T R

~ T The bomb is o small shainless steel vessel i which
o small mass of he hual is helol nacrucible, as shown
in g (6 ) . [Fthe Ml s solidd, 1 His usmod@ crwsheol,
passed Fhrough o sieve, ondl then pressed! sitko ¥ Form,
oFa pelle.% m o sp@mai press.  Tha. P@M&%s “)\9)’233(@1 @

R&si@ o piﬂCQ of p\cutm wil er ichrewd. wire Which s

in contact with it TThe wire Foruts ponrt oF e eleciric
~circuit which o be completed] by o Privg budbon, udhich.
s sibuodedl in o position yewmote From e bomb,

~ With o specicel Jorut o press the pellek o be
Forudl voidh Hhe Fuse woire passing Fhvough it " This
Tacilttedes the Firing , porticudarly with som of the

ore difbewlt Prals, TThe crucible covtying toe pellet 1s
locerted] in the bomb, o small quamtity o olistilled woder

115 put stto the bomb to absorb The vapours Forueo] by

" comhustion and +o ensur Hhet the wodor Vopour

5 Po@owced IS @ﬂdﬁﬂsﬂi, Qr\Ol The %P ot the bo%(D .

s =crewed dow. | ~ | 1’2?
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 Ozggen is then aduitiedl slowly kil |

\Q prR— .
LSsure is bove 235 a%moa%}\@&sfm—e homb is loaded

~n the caloringter ana on measured q uomtity of
waker js poured itto the cdernmeter. The Collovhudier
is closed, the externol connections to the circwit
- are made , and an occuroke thermouater of e by
o or the Beckmaut type s juutersed to the proper-
~olepth in fhe werten T woarker is stirred n o ey
~wouner by o o for - olriven stirrer; and e |

. AECD)SSP/ﬁ?C&%)“oY\% ouﬂmtahen every Miyue. ;44%6 end 01\\‘\Lk{..
BMh winwke +he ehomge s‘sﬁéd ond femp exodune waoigs
o taken every +en seconds durirg this period. When
:,H\{ Jrempemwrf mdi@5 begfw to M Fhe ?mqum% mﬁ 4_
- reodings com be reduced fo every minude. : )

. W&L mqp(swed MWMW Nee 1S corrected POP earions
losses. T ceolivg loss is He lovrgest, dut-corrections
~cue also necessony For e heak teleased] by Fhe combustron

of e wire itself, omd Por he Tormethion ofacids on
combuston. The aooling correckion can e Oiddermined
'mph?cc{/{\@ or by use of a Formula. developed by Regnouwth—
..f,%?mmo{)er., For most purpases only the correction for
oliyg need] be appliesd.




ﬁot i wd pm(;sbezgg +€5+Qd s Con%flmvuzob o
9elouhvuz Ctlpsvtle and Jaeh,%g mew bp assisted by

- Inclu g in the crucible oo [ pom@%\ oF knowon
IRle

] ol VOL&K

o

Mess il Cobifc satbe

T T

T}\i celewlotion for Fhe destis %hen oS Pol lo»os : /

—%ﬁasa%%%f‘uﬂﬁm@m&%ﬁﬁ%kmé)f

N LA, et erzatonre 1 RIpEcFiC Mol

of water: -~ (2T )

N Srom Fhs Equation Do tulridyc wertee of ;%z/u/ 7%4%@/
o be fwm/
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BT Tollo ou)ng %oblegmes the resudts oPotbomb abri—
Tder test on o sample of coal. The mass o P coal bumed
was 0323) omd +the loted woder equvalent oF the
epporotus was cleterwined QS(25003) Codendote
e cdoriB e Volue o Hie coal sn K /ke. W%@mwuﬁ/ﬂ/\o
rise js to be corrected] acoreljuny 1o e Formudon @ :

Qe:qr)ouj&komd Plonundlexs bk mo orrection need He
mﬂd& Por Hu ocios Powu@(

. \M(,Q W{) C il W C "M -——m"c :
0 25,730 |t 6 27340 | 4,10 27,50
] 25,737 |t,F 27, €80 11 2%, T
2 .74 L 2R83| 11 2787
3 25,73 |t, 9 27%ED | 13 2FgH
Y 25, 73% 9 27.%¥
5 26,70 B 2730
J

W Q‘So)vg CQ)WEQJNOY\ w@&d xS,

Covvedcm\ )ﬁ)+<7)4 D)gZ(i“M- (t +t/;d®

e

\_\;’b\
NW AW 1S H\!& muubf/foP wimtes between the W{OP Qﬂ
ownd Huz szlr reoob ter Fhe WWO\)CWN s fo |

Frowc e mongmi ; dw tonp, per
- minuke dumg the pre;fm@ pamool 2, ishe rdife of Pl
,, —— T3
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Lo Jrempemkwe p@rmmﬁ oJUrerH& oAU Jrcw«pemiwg |
tomd £y ore the overage fomperodures dwriyg VU
{N@}ﬂ oww{ pmov( ;ods resPeCJr\/ %}Cf) is the
L DU ovaL Q reod/f S OIU/P)@ H\R W)od be)m)eer\ abmv\«g
“ond Hhe skt @FCC@))@ (e +vaQ s e waotie
o P Y Semperukume ot Hhe moweck o} Boring omol The
vt Fomperoture offor Hhe rde oF chonge of lauperdhire -
W ?m@ QL@O@M ,Wmools |
arre of the soml Owrokion . )
Sl.iin H\nj exonple,

. = 10—-5 = 5 min
o= - (BBFHO =25430) = ~ 0,0 Oz%/,am
5

(Hhe negobive sign snolicottes Hhok the Hempertkinre we
. WS|7\9 e pre~ ﬁmw p@fﬂOd)

D= RESO =R2EFIO = 0,002 K/uiv.
| 5
JC 25.935°C owmol JC1 :2’7‘%75@

Cn 'l)
~ (t)= 11 OQ%%”C ow? L ertl)= 25’?‘40*1?330 243l

Subsh erb@ He volues mmequovx gfves,

Correchions - 5x0.002+ (2 2:00z+g.0a {110, 264 5425

| @rmc%ion:: 0,00%05 X | | ..I-SZ
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UVLcowchced Jrempem%ufm rige = tp 4:
: — 2F RO — 25,740

_,?/LIK

Correctecl fenp.rise = 2.1+ 0.00%07 = 2. HEK.

JW

H@dt relesised] ou 0 ?25 q cook = 2250044, /8?‘%)0
’ R A
e, Cobrife Vehe = 225 = 27293 k;\’/lg |
. NBBO ‘
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 For a_gaseous fl a wnbinueus supplyof thae
gas is metered and passeol At whstanl pressre
Tnto the aubrietor; where itis buried n an auple
-,54{/9/0\/} ofair: The products oF combustion are .
- woled as nearty as /Oossfb/e 4o the jnitiad WMW
Lof the reactants by o ontinuous! circuloding syply.
Z;o/ﬁcvo//y witer> The f%é’} of Flow ore agéﬂ‘ﬁd,
Ao bu gas ax abowt 236 L win, with waters
| C/)’Cc‘a(a(/ffy - 2780 (wmin for & gas of oleclowed]
H.C VB0 k)1, | -

. 'B& gas pressure ool %wpemu&w are weats wred
as at 1013 whor owdl 15°C. The fempercture vise
oF the circuloting watteri s meotstiresh  omel Hha
cononsouke From Hhe pT‘OdMCJrS oF mbustion is
collected. A4 test is carrieg| out over o~ |
Prxedl i Peﬁool: The worker Mow rode 15 W]

ool Hh dlensode i weighed, ~Then

u S 0 ‘ N\
 (Noluwae of hurd @ 1015 whor o 50 ) ( Goribrcwlue)
: C
= ( mass of wadtercireuletted) )%Specfgcmii% /
( temperodure rise of water ) n (21 ) /-
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| | /.
I3




v

!

The calom p;c vedur of the bl 15 obtained in X/(J//a

oP\gas All oF this done by Boys’ Collorimater

as ShCDU\)Y) belownD , - AN

Constont
level tank

ing coil

— Flow restrictor
Overflow —i

1 Water frum
main supply

cyllgnde:

Coliectin

Goas pressure

Gas s pressure

<= requlator
=
Gas from the

main afier a

qguadrant
' valve
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5 T abriMe value of o supply of fown gas
was oleterwined| Using a Booy s’ caloriwmeder ang
was Pound o be 20 ”’/wtg.’*f%a condensoite collected
during the fest amounted fo TH0q .Jbr\@)ey w3of .
| ységumed, Cadewdade the LN, OF Hhe 908, )

ol i o
. Using =g, (<6,

Q"ﬂf/P: C%r,p — ‘/%c% @
v Cppp = 20 — SHOHIO F IS
" _ 195 HThE.

5 In o boub caforimeder dest on pebrol the H, CV s
debornivaol el Fownd] fo be 46900 KiJks, I Hha bl conties
CHY % H, @ mass, calewdate e L.V, . )

Jol 4 Combustion eqv(ﬂ%iow of Ha s,
: ZHz'ﬁ“ O, —?-2}67,@ ‘
of Yk Ho 52k 00— 36 ly O
or, 1k H gives Qks O, B
L 0.4y @%/7_}/;/55 2 /Y 7\‘7_ o /,Z% é/ﬂo
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Ten using <. (25)
o (Bt = Y6900 — 1296425044
= 43800 Kk




