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GIVED: A)r (AJ;‘”\- &~ W\a,a\r COW\Pos;";\'O'V\ OF 772 U2 av\i Zl7a OZ

Find: The mass Gackon 01( 0, amd Ny om the  our

APPROACH T)q,‘,g G SnMPfg CONVErsion Pmue/yy\ Msm%l

. Py
MWy = Z % M, and Y‘.: X MW i
C":"V\%\ +}\-E_ I"\G’N C,GY'\/)C)S)‘J{M : XMZ: O,7‘f OWOK on: O,’Zﬂ

Mmixctue  moleculor we;jH-i
’Mwm,x= s X Mwy = Xuz MU‘)&& + X% Ml/k)o-c

= 0.79(23.013) + (0.2 (32) = 23.3s %ol

Ma.$3 Q’Ac:(\av\ QF OZ Owcl N-
ML&)O'L 32 -
Lo X"‘(MMJ "o (Zg'%) SO
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For = %na ( ) 77( 38 ;s ) =077

Cowmex{s Mole Fhot ){, > Xa Sthee MW, > M(U and
7%61'}' Z)/ = | as WOM(& Le, €XPQOM
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PRoBRLEM  2-2

GIVEN:  The g//awmﬂ mixtuse
S

* MorEsS
co 0.098
€O 6
H,0 7
IR 3Y
NO 9:995
TemAL - H7.1

X;
0O.ook
0.127
0O.149
Q72
10K x10°6
1.0

Y}.
0.Coz
o.145
0,0
0.707
M x 167
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2%.010
4y, ol
14. 014
2%.013
20,006

Frob: 4) TLe W\a‘e Q;\Jmn mJeZ/amA PPM O'F /UO M 'H\e M1.7(1LMJ‘€

D Dekrw\m\e 'H-Q M)IA-) of +hs. mchuee
<) D@ll'ﬁrm.\,\e the prass GRC:"IOA GF Gact\ Cay\sz'\"['W\_]-

) N ; No _ 0.00S8
DT TEN T g+ M My + Ny, 0095 + C+ 7 +34 40,008
XMQ = /Oé X/O’é KMOl KMQ“MIX
MOET, = X -100 = O.0106
_ _BNO MUO.A ¢\ . ¢
PPM = (”"06> TN A (/"/O) - 7(,0,,(/;/0> = /96 ppm

whese A= Avoqades’s Nuber
L) MUy = T MWy = X M, KeoyMo, T 2G P ‘I%zMwwz  XoooMloo

wl\ere xco/ sz/ XHZO}CW\J X’UZ Are qu\a\ m ‘H\e Saumvie
Manne— oS ’)(UO LoaS 'F;wmcl

MWy = (0.062)(28.019) # (0,127)( 4ot + (0.149)()5.01€) + 0M2(29.03) 4 (106 x/&%?ax)
MUy = 2.6 Ki/(ml-mx

) Yi= X ::))L co:  Y=( O.OO@(Z?.ot/z?g> z 0.002
e 0 Y = (0.07) (4400 fr36) = O-19S
=0.,094

(“% o) Hoo Y = (0049 (13.0¢/23.6)
Nyt Y= (0722) (2o /owe) <0707
not Y = (Joexis®) (30-006/2%.€) = NlIxIS

Note  Fhat
Ow\ci ZY; = f

FPM,: XL (/X/Oé) Ow\@{ 'H\oj—
Can od‘@« be useil ko c}\eck Yo Ca/coJaJ'o‘ons

COMMERTS -
z 7(,"-}



FPoBcEM 72 -3

G WER Mixtura Lu"é\- < lenele /"Lz and T Erote O,

FIND %/#,_)/)Co,_ , MW

S0LOTIOMN |
. N 9 |
N A= ey Ay = 2= =0 6s]
)T e 7T 5w C
/7(6?/:/__ /KA[ = /’*0,62-3—. =1 0.375
b> MLUH/U)( = 2(2(0 MLUL: :/X(/%?/M/cb,{;/ - ﬂ(a_,__ /h«wd‘g
= 0.625 (2.006) + ,375 (31.999)
MWy, = /3260
_ Mo, | 2,006
< - = Y e— ‘ = < — = P
) Yo A T YHL,, 0,623 2200 | 0.03S

Y, —i= S = /0095

OMMET F  Eyen %vc%é T2 prole. ;mqu'n 474\,
H o /mf/"ﬂ e i meliesdon W@'/‘fb'{@—
T\€—§w/7/‘s /N /\-/5 é/w/;; 4 5/;44// el _74)%&75%’




PROBLEM 2Z-4

GIVEND ¢ Oy = Ccly mixture @ F00 & 5 Joo é;%;)' '
qéaz_ = 0. -

FINTD ¢

YC#’% 5 A/Ch‘v /V’

ASSOMPTIONS ¢ Jdead. as mixture.

SoLoTION
Ml(/g
) Vo =1 —
Y Uy
= A, — MW ctty
= 0,2 le.0%3 _ 0.2 (/6.0%3)
0.2 (16.043) +0,8(31.999) 28.03
Vwy, = O, /"

D T ¥ M BT By =%, P
/,\}c#y/v _ Kew, P

‘ =2
=(6.2)o-0” | g ol
83/S (300) ‘ v

commeny : Ql’éﬁc/ Freatrmeont a—F un')‘(‘S IS
»féu‘m\o.i, . part +.




PPOBLEM 2 -

GIVEN = M, - A myxture ag /V,VZ = 3 Mo s
7= Stok , P=250 RR

P 2 T MW > o, My

ASSOMPTION ‘c\ dend (/ms /}1/)(711(?{.,

e uTI00) |
. V, e
TMIX 3/\/&/ —+ Ny,

Ypp= 1-07% =025

5) Mgy = 2% MW
| = 6,75 [28.0/8) + 6.25(39.94%)
MWy = 30.998

_ Mo, 2x. 04 ’
qp) m—mm - @,7§— 30?98’ - 0! @7’8

~ Y. = 0.322

2,

2

v

C(> Ef 'VL;NUZ?&//_ > ?/U,,{’rxuv?fat

2.

Ny, /W = /M - (073’ 250-00° - 0 0T
(Euv—T— &31S (5-063) ’fin'w'e— /M

(Omm:u?“ @nefa/ Freatmedt o vnifs mjuzreé,
in Far“ﬁ‘ o .



PROGLEWN 2 - @

Gived ¢ £y =0, mixtuwe withe Ay =01 5 T, =03
= o &
FIND 5’?(mﬂclav&!39c£ éﬂ'ﬂ/w{&éf @Z/H/X\Alre,

ASSOMPTIDAD Idealrfa, be havior—

SOLUT7ON ¢ 77)73 'S a- ﬁra/yﬂ‘é‘—/‘grww\c& apﬁ/\}(‘a‘éav\__
0‘( fi/l-‘ﬁ-/S’ci combited wﬂzk " Q(QIG\'AWQ‘M

g ctoradoad ped eyvﬁxm@pau (7/1, 2.34 ) .
ECo-g_ = é‘;éob + A/’SJ@_: =393 Sar + 4003 (7able »4—,2)
=-389, 5¥3 £T/pmel

6 + 503/ = 303/ E/bmt,
(Tuble A 11)

—

—

N

}]07_ = A)O>+ A'{SJ b2

—
—

hm:x = é?g{ = "/X—Cog/z‘co -+ ’7(0-,, Aoz_ (6?,1 ,Z,KOD

2

= 0.1 (-3%9,5%3) +0.9(3631)
hi = -36226 AT/ bmeblny

IX

COMMELRT 777(_ a@se 6('%?\.0. ﬁ;ﬂ,&eﬂd/x A ‘/‘/24,6/6_3 ma.([f,
This /roéém, Simple. Note_ Thet—"The  sume_
/7::(%:’/7\0:—7[0571/ 1) &uau(a()-ée, as Curve,ﬁ‘t" é’fuo)d?b—»s
in Table /4-—/3’



PRo®RLEM  21-7]
Given: A 5‘|'O|’<‘\fome.+rf¢ MDC‘*MPQ O-F MQH\MQ ond aiv
Fiod = The mixtae malecular wefal{l’

ASSUMPTIONS: A consists of Ny and Oy and  has  the %//ow.hj
Compasfﬁan~' U7 O and 797 K L)/ Volume

Approach: Delermime the storchiomebric mhie of ar and fiel  and
/{";\QY\ ‘F;V\ojx 'H‘le COV\S{‘;‘AA%'T" role ‘guc%‘ons andl Mwm,x

Shoichiomebre relationt  Cx yy ta 0,y + 3 ek, —> X (O, + %#20 3%,
ethane + X5y @FXE S =2
sa  the air-fuel stichiomedre mixboe i

| CHy + 205 + 7.§2 N,

N X Mo ah | 0,09
:l = = = < ,
C”’-{ CHL} A')'TOT MCH'{-IL &OZ-‘. M”]_ /O,gz
| X e, - 0.190
Ny, =2 o, ° = e T O
P} 2 Nror 10.52
Mo, 7.52
N, 752 K, = D T Josz G 0.71S
MW, = TX MW = Koy MWy, + X MW, Ky, MWy,

(0.095)(16-043) 4 (0.196)(32) + (6.718) (29.013)

MW, = 22.6 Yimols

CommenTs = 5 This was o fuel-rich  or fuel- oo Mictrre,

/i
a = ;X-?TL‘( (A.)lqere 9[)5 e?uiuq/&p\u, rcdw‘c



PRORLEM  A-®
GIVEN: A stoichiometric  air - prapare (C3Hg> Picnee
FND® The  shichiomebric  AF o (moss
ASSUMPNONS* Air s comprised of  79%N2 and 217 G, by volume

APPRoACH - Dekrm1ﬁ€ H\e MOIO\F‘ A/F f'O:Ho Q,V\c{ Cov\ver'(' 76 mess
A/F oo
Shichiomebic relation: Cg /-La t & Oy *32a N, — 3c0,+ ‘#/ZO +3.% A,
Xt M

T x23, )%, 4l

Molar A rabio:  AfF = ] -

| A M Ma- )
Mass UF miio = (/F)mme /Mwﬁae!) - L/jéa(Mwﬁxel

2%.35
(é>mAss = 0K [§> (Z‘M-O?C )

)(%)MASS i /g'é/




PRORLEM 2-9

GIVER « Propo,ne (Cg”ﬁ’) ))urm\l\j 0&4 Gn  awr ‘Qe( {‘a:|'\‘o (Mo..s&'} O'V /?;I

Fod: The eﬁwva\’%ce roHo ) ¢
ASSumpnons: A s cwpm’se& o 797 N, and U 0N b\/ volume

APPRoACH - D&‘Lermw\e H\é 54‘01’ck€ome'!'ﬁ'c A/F réﬂtfo ano{ +hen

7"}'16 eiw\/cxl@nce m)rfo
Soichiomebric relockmal (3 H? + a0, + 3.756\}\.)2 - 3C0,4 L//-IQG + 3% N,

AV 7c=3/y=2’)c}5=l az=§

——————

¢
A/F)STD)CH = Y Ka [gi)):;l) =4 (§> (%} - IS4

Equvalonce oo
Juivalonce °¢: (A/‘:);ralcﬂ _ /1S.€ - 0.8
(A/F )ACTMM /%.0 |
G097 [

Smce ¢<[ 7L)-,is Com):usfv‘cv\ Pmcess iy
Also nole  Fhot </§ odees not d T on whether

e& " 7LQPMS gf Ma/es N~ IMasS Since

COMMEIDTS -
?Mel*/eam.
the AF rokos are express
qﬁ is also 4 tako



PROBLEM 2-/0

GIVEN: An €7u:‘vm]@nce rabio O‘F 0.6

FiND: The corvespond mey A/ rakos ( mo.ss) 'F;sr methane ( CHy)
/
propane (Cg H?) 0»"\0\ gkecane (CIO H22>

ASSUMPTIONS: Air s can«pﬁ's&)\ a'F 79 7s /Uz anA 217, 02 Ey Va/ume

APPROACH = Use H\e rela.'(’\‘anstwf’ls :
Y/ MW i
A= P ond. A/r)MaSS= Y. e e,
Qb fue
methane (CHLO x=| ; yﬂl , Mwd = J6.043 ’C%Mole

y AN 28.%5)
G = ’;64 = 333 — /F)mS L/*74{333>(/4,oq3

A/F>rv\ass ® £8.50 kj%%’)“’q‘d

propane (C3 Hg) x= 3/ >/=‘8/ Mw = 94.09 k%/v\o/e

A 24 % 25.88
a= —5 T 3.3 —> A%)Ma&:é/jé (333> (m)

0.6
™ 257 i

0{ Econe ( Clo#z7_> 3
7 2%.
ot /7* -

A/F)MS = 24T T fel

COMMENTS = Role  hao  The /‘Mf ratis (Mais) c}mwjes OV\/)/ S/ﬂ/\}'/y
‘F;'DV“\ ane }\yG{mCOU‘)lovs 'F’:\Q( 713 QM'H\QF- W)q\’e ’H\Q
A/F radfis (Molm‘} Vanres from AN (M@‘H\a\r\e) fo 123 (o(eme),
This diffeonce = behavior is Jue b fhe Mg, mcreasing
as the maar A e  meveacec.



PRORLEM 2-/]

Gven: X7 [/: volume) O  measured in  the exhaust of «
prepane (C#/g) Fueled +ruck

[SINDHE ﬂ\é ou‘r--puel ra-(w‘o (massx 5{/1/5/3/"30‘ 7‘0 f/»e enal‘ne

ASSUMPTIONS * CGW\PleLe COmLumL\‘m with no ofr'ssocfajn'm

APPRoAcH T Use Cowser\/oc\‘iavx o-r O otome o ale"'erw\me the
A/F rabo ﬁw« the exlxowts'f' GX)/jezV\ mole ‘C;D\QLMV\

assumed  Combustion reachiont G Hy +a 0, +32%aly =3 30, +HH0 + hoy #3%aky

COV\SQWW'('TOV\ OF Oa‘(‘U\MS: 26& = 3(2) + LTl + A(l)
o= Srb
b= -
exhaust O, mole Comclram *
Do, _ 1
Aoy = Moo, + Ry, + R, #R), T +Y + b+ 3%
(./15‘)3/\4'3 l).' Q’S :
o-% _ g+ 29{01
Koy * 4%a + 2 TR K,

QX‘\o.us'{’ 02 370 (Ly VGIU\MQ> EE— XO = 0.03
2

o= S+2(00®
| = 4.7 (0.03)

= S.90

MU, 29.95
/J/E)Masg - 4'%“(,%0 ): 42%($:39) [ 4y, o‘?éj

COMMEMTS ¢ TA)’S enﬁme i< rMm\Mi cuL a \quf-/eam Cano{7'1l7'07\

AR/ X+ 5
ar T o ¢ s 22— -0




PROBLEM  Z- 1%
GIVEN = | mole O'F a[co‘\o[ (Cx A’y O%) um‘ei‘rjowl COMPIQJQ CO‘MLMS{W‘OV\

Fab - S‘!‘bic‘q\'aw\e-(-m‘c b&’ﬂw\q eanJn'cm and Number owC MOIBS G'F aie
‘fo [)WN\ 1 Male O'F‘ °~|cal‘\c\

ASSUMPTIOVS © g o’»’Ssoc\‘o;Hov\ o‘mo( arv H\a\‘{' N 7‘7701\-)1 ond ZIZOZ (Vo’)
APPRoACH * [fse COY\Seer‘HQV\ of elemw+s Bor the kaugrtiov\ of

one Ma/e O‘IC\ alCo"\o{

§7Z0i¢['\"owe+wc Aa(aw\ce T
CxHyOp + a0, +3%ah, = hCo, + CHO + 3%a N,

COWS‘C.N@,'}"‘GV\ Gp o }sov\ : xX = A - L: X
conservahon of H ¢ y = 2c — (¢ = )’/2 |
ConSCrVGJ‘To“ of O : 2+ 2a= 2Zb +C = ZAx + yz

o= X+ W-%

nuw\Ler o1f mo]es o'r At "'0 ll)vwn lmo'e of OJCOL\OIC

Nae - &+ 3Ka Y%
")&@( [
Nare -_-9.76[76'*%{"%/2]
Neel

COMMENTS © Mofe that storchiometric combustion of an alcohol (Cx#ydz)
reguires Jess Xy om fhan the comhushon of @ comparnhle Aydmcarl:m
-Cue} (C‘x H/S due o the presence of oyyﬂw M -})\e FMel



PRoBLEM  2-/3
GIVEL: MQ'H'\OW\ol (CH3OH§ av\a( ‘Hx& rQSuH'S o‘( pmﬁlem -2

FIND ¢ ﬂe S‘}U\‘ckiow\e‘ff\'c A/F Fa{‘\'o (Mas&) O\V\O{ caW\Pod‘e Wl.'H\ +;\o\,+
o~p mé‘H\aV\Q.

APPROACH:  (Use the relakanship a{erlcFei m problem 2-% for Aotk
me‘l’l‘\mnal O\V\al N\3+L\ouf\9

meﬂ\fav\o\ (CH OH) . C /‘/ O; X = N 9’ Z = |
MW = 32”7/{5.6& Y A

MWy e
I%)mss R [X +%— 2/7‘ ] (Mw&e\ )
an (18- A1 (55 = ¢

/%)MASS 6

methane (C/—Iq) : CX 'L/YO% x =l ) y=Lf/ Z=0
MW = 16 ¥/kmole
Mwa'\r

A). = 4 [x+ Yo - %2 | (747);:)
=4g¢ [ 1+ Y -0](272%>

%)= 7.2 }

COMMETS = Tke lm‘cse ﬂ\'p'gmm N 7")\@ A/F r”w'-\‘os 'gr N\e"']'\ﬂml
and methone 15 /or,mar.'ly Aue to the o(.'ﬁ’émws in fuel Mo,
On & molar basis  the AF raho for methand ¢ 7/4 and 9.52
‘IC;r Me,#wme..



FROB(EM. 2 -/¢

GWEL 4 ShichismTt» < mxture.

ISooctswe. £ gir

FIND /*//oer* kol 37 Cg /'(élz ] Am/y\ 3 A/mx .
AssomPTIoNS [ i b 797 Ny 5 217 0% | Ziealgoas

APPELOACH ; Wz start (? fFiloxy e =bicbiomatrs e
Prc/érﬁo’)’lS g’-ea,c(ff_, @Yﬁ/onen.?é‘;

(5#/? 7@@(0;—{—3,7@,()15 — Prado,c:@s '(E‘fn\z,.so_)
o= A+Yly = ¢+ i84 = 2,5 (5?4.‘ 2.5/ |

ol (/) %f/y@-# /2, §OZ -+ 4‘7A[2_ - ?koiuc_'jig

Ahs 74e 466@-&:\,0 wr\rﬁgn_ 7@1’ /émm,‘;,%(’gﬁ(/g 5

) H:(/) A + /Z,S’/)OL ~+ 47 A’Vo_ =7 j/tmr’l—Cgf'hg

gty
278 = -2t4 (09 £77 Evabu fed -
i ) ° ém& . /ém(ré (C:r V&Cfi\i t Z?»:ﬁﬁfce)ds
h e - in Tabke B.2 )
O = 7(;02‘ = O
A/(’E/kmé "Cgf":<.5>l = (QGZZ‘fJIO‘j ).,c nR~(o)+ 47 (03
= —224,109

L .
h T e A =M |
b> /}mm = i“/XLAé h) g2 ‘//Vr‘ot ;
7<caz6<s= (14125447 ) = Hos— = 0.0/65 i
‘7%2 = /Z,YZ/ #/Z,§+L/7) = 0.2066 1

,7(){17, =/ - /2(58?’792 - /2<07_ = 07769




PROBLEM 2 —14 CCM?‘mueé,>

——

Amx = 0,0/(93‘[— 214,109 )—f- 0.2066(0) + 67769 (0)

=-3700 /éd*/émo’e'mx

hivuy\

<) Ny = 2%, A; = /;ux /Mw/wx

MWm,x = é ’XL‘ MWL .
= 0.0/45 (1'4,230) + 0,2066(3/.999) +
0.7769 (28.0/%) = 30.260

l

_ —309% |
| A | == 5 -/ 47 /g i

commspaars [ We mJ‘IZE, ’/24;1" a/ﬁoagk o7t /lfaa[qme_
and iSosetane. are represested. << Gplhg ’/2?
/)4#{, (JT\G/%N/d' ma/écwzdr- ff‘ruc‘([ﬁt?'ES as

Jiccassed . The C/mmzér 2 /‘)ppo/zl/‘)(,
Beawsu &F These 57‘ruc\[urol/ if—ﬁ%rame:) T3e_

e/lﬁaflbg —f“ﬁrm:q[;ons =~ Tre Zhs c‘am/gouﬂcls
have dvferentylues . Tg4fe £ 2 wns ated
7 cndevdote. 4[ o Tssochie avr “ra mhie
gver . Jible B/ i« for N-sedane . Spred-
6/}26(’ {pﬁwart. 57m//77[7<§ (A,(cW@a:{?y/ ',Dfo/efﬁ’?g
frsm, Th Table B0 cwoeft 506(-(\/-,\@1/:/"{,




FPPoBLEM. 2-/S

Cived : Tsoactne —aws | P =/ | 7T = Spoks

J
F-/m : P//Pef b—r\Nr’Q sz‘{‘z) 3 Eml)( R }'\Mlk
ASSoMPTIONS | P o 799 No 3 270y \/Jzaﬁ_gu_ .

APPRDACH @ We need only evaludds, —+he en*/‘haﬂpieé <=7£
The 507&‘5%\"\[9(90\7{5 SEOK and The n -é//ﬁ&u The
solutron & Prob. 2 /4.

he ph @ Seok  h(Swk) |
Tsoosture-  — — — s go7 ¢ TAbe BEZ
Oy o) L0097 5;097 Table Al
Ny o 59 2.0 s920 Table A7

Yeraluated sy speadsheet SplFunre

8 H (2T e ipug ) = (1)(175807) + 1.5 (6097) # #7 (5920)
H = #1718, L46 BT (for /m&%ﬂm)

b\> l/\ e “ = / ‘8) é4‘; = ‘)?s 3 é——r//tmoé—mfx
mix /| + 12.S +47

C) hmy\ = T\m& /M\“lwx = ?a’jijo = 19759 é:r/ﬁvﬁ—mfx'

CommesT ¢ Mofe. The use of~ Table B. 2% in combiration
with, Tables A7 < .




PROBENM. 2-16

GIVE ¢+ Iseoctane —air @‘:072 7 =00

Pt 1 H (pertmol Gtlp) A K

ASSomPTIONS | see_ Frob. 2-/%

APPRoACH ¢ After cleedats T2 'pmfor%;ms VA

Tra corstrtuents foe =07  we o llus TR
curme solotson. as For Freb 2-17.

(Gts v BE (0ar 3Tl = Poduds

N ¥ A (0K )
Co Hrg / 00l S LY,
O 17.8¢6  0.2077 6097 See P, 2-15
N 67.0% v, 7201 920
éNg = Zé/ o0

&) H o= (-175,807) + 17.86(6097) + 67,14 (5922)
H= + 330SS% tT| Ghr ¢ bmel Ghu)

B h =H _ 33,554 e
maye Ny 20 ' 38 44 "é\//b_m—e.‘mm

C) MWpe, = % MUy = 0,016 (114238)+0.2077(31.999)
+ 0.7807 (28.0/4) = 29.842

}Tmm - 384%¢ -lL kT y
i = 2 = Sgg. s (288 /k&fm:y

C&/}’ImIEIAJT' /(/afe hoow «ﬁy/ﬂo"\—?ﬁ'dl’()ﬁd_fl(/ Coméu,d?%tm,
a/gﬁ’ s sabsttuted For'a i 6?'1 2.3o0.
As expec‘fed the rixture e’fﬁ”’d,ﬂj, increases wrth The
addi e 015 excess air .




PRoBLEM 2-17

é/VfM 7 «nghw/éw— I "] BL—LQY‘Q, d—‘ﬁ Cg{’(‘ﬁ "q'\ C_[-l-q_ ‘};u-r»,\l\%/ UJ"-H/\. GL\IY\‘
Firt : MMy oo Q=) and P08
BSSomoTIorns ; Bie s TIG N, 5 21 % O

APPRoACH

< /4/ 5 O elemet-bolo nes are »e/’a/_
% determmte Ty (ae{—}‘)crem}'é" “e "

Cotly + CHy + a:(OlJrB,%N}) =
h CO, +

2~

c o &+ 3740 Ny

C: 347 = A (£=4>
He g+a4 =2¢ (c=¢6)

D, D2a. = z2zb + C

=aC4)y+ ¢ =17
oo =7
a.> For ’@'—:—- )
ﬁ\,-/f. - \_/_'_/—_/_,,,__ :l: 0.0600 75’*‘"0*?“61.‘
NA’ 7(4’/7é) | QMU’Ca?Y"

$> For I—:.é,@

I
Ne & ( _ 0.060) = 0,048 @F}
Y & (F//\/A’JI;./ = 0.%( | 03 | Bl o,

: del re. i

CommMeaRT ; An Q/7z€rna14w /Moacﬁ\, would be & 74
Omo\ tomposite Huel (GHg +CHy = Ca h‘,z) md caleelite
Ia" rora EDM' 2.31 (o= x+j/4 = 4+ =7 ) )




PeopLem 2 —18

sVEN): Tdead (ro QFQSOCFCMAMD o mbusts o /ora Juets
of CgHhg-ar for  F = 0.7, 7= 00K

P = st |
PN o H g (per Emde Goths )
Horod (per 7501 Gty ) |
Aprod
ASSomPAT?ONS ¢ Mo dissociati p [;Iz/en) , idoct gas
4

BPRpoACH . We first— (ind Tae moxFune Ccmﬁasi‘r[fcv\.
£ hen. rlec @IS Tra_ puxtua— -ertﬁa/,vy/.

ff'np/o;/ g é?/l\ 6% | oo ;(x —#;1/4)/Q—J

- —
a = - /2.5
017 6??‘ : 7%%_/

Gty + 22 (0,370,

boy+ d 10 + L0+ /,O%% 3.76 No_

Cv ¢ =1 (b=2)
W 1€ = >d [A ;9)

o []2.5 )\ — Jd ‘
O ((5’/7—)2. 25 + + z;[

£ = é %57;2 ——/e—c)> = 57357



PROBLEM 218 (Continued )

Nfoé‘ b+d+ L + 326
- § +9 + 357 +~ 370 1ES

0.7
= 89S0
/na/ff “[T;“*CV[”UV\E , /)([ = Nu/Nfa.(__ /
Vo, = 8/895 = = 0.0%7¢
Yo = 9/€4.5T = g 06

Y, = 5.357/845 = 0.0599
N, = 67 14/60.5 ~ 56,7502

{ = /, OO60O
jijaécies " Ay Jﬁ{ . A/k,é (fveak) M, Ao (1000 K.)
? 02 g 393506 33,425  -2$809:
/%;o 7 —Z4/, 345 25,993 -1,9%2, 66
O §3%7 0 22,72 121116
Np el O 2L |l 3e2

Z/V‘; = 89,497 a

/’/ b j, L .
(peg 2ot ) | = 2N 5 % 200, 552 BT

Hre bj} éNA s e
|

H;g 4,230 R T




PRoBuEm 2-18 ( Comtmued )

_ ENh [N
Pm& Mw}))’écL
Mot = 572, MUy

= 0.0894 (44011 )+ 0. (006 (13.0/6)
+ 0.0599(31.999) + 0.7502 (28-0/4)

= 28.6%

h

— | ,
3,200,858 _ hap M/f?g—fmd.

R
A/Jroi, "T
89.497 (28.68) L_

CommenT ¢ This probleme /‘//usﬁw%s‘ vale ubetron
mﬁprothc‘f"pra/)erﬁes o o "ﬁ&/ 64975;/'
L,oe., per rite bfz@w& oF sess of Cuel.




FPROBLEM 2 —/9

G/Vé)&}f 54/4/{) — i R Q‘;O,7§’

FIND Mo/ N

SOLUTIORN ?

Q/-#/O + & (OL+3.76NZ) =  products

For &=/ a = X+ I = FOMH =

4

— —_—
= e

A/,f 4769 . 276 (65D ]

Me & 675 |



FPROBLEM 2-2o

GIVEN 7 - )
ENT  GHy-G & =09 | M, = 30 tndlir

J

FIND 0y & (=, LHV)

S0toT768d 2

N £ = ’(thq [ = /ﬂ/c}ﬁay MV\/CLHV‘L(‘-/L\/

- 3n bnd [he gposw R 47067 AT
Ry =y

Ar 34605
27;5/4»,‘5./
= /025 &L
— =
E = /[0TS gV
é = oS BW /oooW 342 & E‘m//u-
Eokl W

£ =512 0° BIU |~ FilemmBra/r |

-/>> 7o r Shichiomatri (cmd,i‘ﬁ‘aﬂj
Cothy + a0 —=> 200, -+ 24, 6

O-bdmea.: 2= ¢+2 ; a= 3

/\/O:, - A/(ZHLHL /de. /\) 2‘:
N(:,l“Lc/ oty @
—_— |
_&u; 30 bpet 2 = o bmed
| e 0.9 ' —

/721 = /Q MW& — J00 é,m,& -} i 2.9 s
. = olme = BL97A =0,
2 S So0s 3 10%99




FROBLEM, 2 -2/
GVEN:  CHyOH-aiv (B2t ) 5 AE =8 ko [y,
FIND ¢ Q— , Ko

ASSOMPTIONS ¢ no T eSociats g P

SOLOTION ¢ For F=1

*) (#3014 + 4(0,,4—3'76)N2_ - C0, + 3 /Ao. + 376a AL
>
O*ﬁa@zme_: [ +~ 20, = 7 -+ /s 5 G = 2‘5‘/:_ = /25
é/@ = 76 a MU (‘7," 2,32_)
4= mwzd3o¢/
= 226 (125) 2885 | ozo4

32.0%4D

= @F)<ﬂ=—l - 5,35% __l O 670 ‘-Eéf/l’ 9’334‘

—— (A/F) R Eataninids |

) CHyoH + L (0.4376N > oyt 3 U0+ b oyt 576uh,

——

o/

Z

O-beame ; /+ %% =2 +/.S +2b

= 2% = X osT= LI 25
° 2( g ZS) g 0.67

b =06IS7
%Ko = /‘_‘NCOZ/ = : -
Ny [+ LS+ 06057 + 376(/.2€)/0.67 /013

(O”’MS’UT'f O —element bals rces rast-accoart o~
oryen- contesti1n +pe fuel.

ar @ 7970NLJQ~/Z 0, .



FRoBCEM 2-22-
GWEN: n-deane ¢HV = 44 s957 &7 Lvepor)
n-decane by = 27¢.8 &Iy
wifer  hy = 24422 é7/7
FIND = &) LHV p-decgne (/7-) h lio th, G

) HHV N-decane (m,o.) C::*—;’:O(M)

A\

SOLUTION + / Bod (Heo(a))
sy L0V (1) = LHV (vap. ) “%fa >
(see jmp’b) |

|LHV() = 97697 — 27¢.8 = 44320 ér/,7J

b) HHV(nmp) = L[HV(vap) 4‘(_/\1“,19 MWitso )4

[

Hs o
Nclé#nmu)%lﬁ? ﬁ) >

]
where the. Ferm jn brackels i mass of tho per mass
5 C/O hL)—-L . 7; 7["7'1& N”;O/NCIDILZ-:, )(/Uz.’, LL)/“;_,LC 7

Loty + 15,5 (6,+3.7¢ N, ) > /0C6, + /1 Ko + 15,5 (3.7¢ )lop.

L f
L G 118,04 42 N &7/

LoMMELTS ¢ l/ffucl,{gﬁy, LHV M G rephica (o greatly ails
‘n pel"ﬁrmﬁy/ These @7,,/@14::.&;@«?. Mote ~hoor
The cmuersum /ﬁwv\_, LHV & ' invslres The
mass rafic of water—formed Gfiel Barred

The. HH/ - value of 47,999 157/1); is e
pm@qc&i parpeses TFhe Sama as Tho V‘a/é%
Giota Table B (HUV= 4¢ 002 ézr/n}) ,




PROBLEM 273
GEn: The lower heting value for methane | LHV= So016 Yo @ 29K
Fod: The enthalpy of formakon of methane of 298k
ASSUMPTIONS ¢ Complek  combuston of methane o foem oy HO and N,
APPRoACH : Use the shichiomebric relation fo odefermme  The proper AJF

rotis omA comLus{‘)‘cv\ /smaluql-x ﬁrlkwle on mechme. Tken use H\e
erf' /au.) O‘F ‘H’\emmiynm\‘d ‘lO eV&lua\[e ‘H\_e Pead"ﬂ\m'{' er\‘H\a)F\/,

= [HV
S‘/‘oicl\iwc‘*fc re]cdm\ / &
HQIZQ3 / HP/'ZQX
C”q + aoz‘fg.‘?(a U.L'-;’ COZ‘I“ 217’20 +3Ke D’Z —> cVv SRR
az= X = 2

BASED oN FIRST LAW AMALYSIS OF  ComTRaL youme (CV) ot sqLe@clY—s%a{e

Hz/zqg = HP,zqs; T LHV g

/4’72‘7,? = [g;ﬁg f (; - R{‘qu‘)]coi ’ 25;-? +(1\—~ I};;%)_J/} o+7'§2[gr;%+(g_ﬂ£2;9]")2
usn\3 appeﬁaf)x A - T=2%K

Hppg = | [3535H +0) + 2 [F24187 46 ] 4 752 [ 0 +6] = ~9772%0 KT

HR,Z‘)‘( = [Eﬁ;g t (l:’-‘ H{oquB—}CHq * ZD{C %E‘A%’l‘?‘&)?oj 7’52[1—\{;8 +(L—‘ ‘-I:’-EZ‘/s)]Ni
agein ushg eppendix A = T=292K

Hroms = | L A%m ro) palotel, +7alord),, - 1 hg 255 Loy,

He= I[L‘élﬁjcy% B Hp}m b LV = ~S77240 KT+ (So0 %) (%J (I k”"/e)
”T 1= - %34 Thonde
‘E‘Lﬁ Cl'{z,




PROBLEM 2-24
GIVENS: lee mn(‘;w*e composi#oy\ " Prcuem 2-2 ad' T = ]ooo K
FND: The ahsolute enthalpy of the mixhee (FVoml-win)

APPROACH * Dd‘ermme ‘f‘Le aLSo/mle @y\-l—}\alpy o‘( eacl\ species w fAe
mixduee using appendix A and then calealate Fhe mxcture
lsole-t en‘H\Q\Py ‘F‘rom T

A =X hy

mMixture COW\FaSI}io»\ (‘\:‘om Pm‘;(ew\ 1-2.3 and., species er\H\a]Pr@s (&PFemJ{x A)
—E—g Ceies # MoLEs X hfozq? (Vi) G‘zooo ~ ;293 ) (Finde)

CO 0.09¢ 0.002 - Jlo g4l 21697

(02 6 0.7 - 393546 33428

H, O 7 0.149 -241347 25993

M2 34 0.72% O 2144%

MO 0.00S  joéxloC 407297 2224|

LM,X = 2K, [’\—i Lhere l:i. = [lj);?ﬁ? + ([‘\—,%O‘ ]’-\—;2%)][
o™ Ochi) 4 (eb)y o (k) o+ (B, #GeRe),,

);m'x = O.002 [‘ oS4 +7Jé‘i7:) + 0.17) ["373‘544 +33425 ] + 0. 149 [[241347 + 25993
+ 0. 722 [O + 21468 + 106 x)5°¢ [90297 +21qu]

ho = —625¢€3 hkndle

mix

CoMMENTS: Dole Row much the N, conbrrhules o the mixtuse
Spec{g‘c &\H\odp (15500 KT/(mk*MX) JeSP:'le havine  a f‘efml\\/e
Spall a,‘)So/u,\LQ ZV\-{'LQ'PY ;1‘5@!{ (Z/L/é? K%Mo/e—bz). iﬂix IS olufz +
+he )”3?' mole fackon of N, PreS@n‘f' M The  mixdure .



PRORLEM 72-75
GIVER: Methare  [ooer he&mj value ) LHV = §q0:é KT/%_R(Q‘ ok 29%K

Aud: The  lower L\eﬁww\i Value per - &) Mass of  fuel-air mixture
b kmale  of  flel-aic mixduee
c) CML)’c mder o'r ‘ﬁe'*au‘r M;xﬁw

ASSUMPTIORS * -Fue(-cx?r Micae hehaves as an ,‘a(eq( gas and  P=latm

APPROACH Dblexmme ‘H\e S{'ofckiome-ulrfc_ /)/f r‘auLfd gr Me‘f‘)\qy\e cmo(,
(AS)‘hj +his mm'}%re radse pergms a unh’x Conversion

Shichiamedric relodion * CHy + 0.0, + 37%a '\‘)Z — O, + ZF/zO + 37660 N1

Sor g=l a= X+ x=l Y=

a= R
/Vu/k)a{r 2%. Ay Kj- arr
0.> I%>MA55 = L/'7é<1 I:\——l:-);—- = 474(2> €. 0‘43 /7 12 Kﬂ F'uel
- Ka-fuel
LHV[ /éjmm‘] = LHV[K% 'ruef’} ( I+ A/F )[ K- mix

fuel
LHV [ Kx/ki*‘mrxj = (50016 /‘(3‘()( /+/7_11 %ﬁ*h«:k)

LHV = 2760 KJ/((j‘M\’x

KMo’ e

L\ /L%: MOLAR : L{-7éﬂ. L/ % [2) Ci gz’ Kenal~ "FMQ'

'FM } KHOL‘ ‘FI:(AQL
LHV[ /Km( mx] LHV(K/"j @20 M, [;Mc]ee ) 1+ A/F EroL -

|
LAV [ Do ) = (56016) (16613 (57, «7,52) = T2 ondem
LHV [ KS K nol-wix | = 76 274 /dkmle'mx

N r«k I rai
C) LHV [K‘Y/V\ hmx,’:) = LHV[ %MOL Mix i) ) _-%'3—1)
F [0].325 KMoLs

IqSSU!M\‘/\i iAeal qess JI/Q_ = = 0.0409 3

LT (3319) (29%)
LAV [ i) = (%27 o) (0:0907 3 < 219 V2,

LHV [ K%?-mix] =319 m/m3~m;x




PROBLEM  72-1b

Given: The higher heating value of figud cctine ((CoH ) ot 293 K
, 3 N ] g e
/s 4Y7%a3 KX/}%‘F and the €n'“\a(lx>y of V“POFYEOCHOY\ s 33 %ﬂ_ﬁd

Frop ¢ Tlse en'“\o\(P/ of  fomakon of ocatane Vapar «t 29% k
ASSUMPTIONS ¢ COMP(de COMJ)UJIZ)'GV\/ a” HzO ex;sfs N })‘7u{a( Férm) andl na J{:Soc,‘aq[{ow\
APPROACH De\lﬁi‘m\‘r& + /16 }av’boluo'!/“ C,ovm/}ogﬁlfoy\ (a’r S‘}‘ofc“\\'omd‘r\‘c CdMLmsvlicv\

a‘F ouLzme . T}\en use o QV‘S‘IL /cuu aM\{ysr’s 7’0 Ca.fc.u.lmze. 7‘/\6 en+}\a{p)/ o'F
Gemofion  for I(iu,‘d ochune | from whid the vapor en“dfy con be found.

SHorchiameteic relofion /Q:HHV
oM t 20, +3%aN; = 8co,+ THo ) 13 %k | He Hp

T=29%¢ T=299 K
S Mce 7L}\€. V‘€Qd’&r\‘l’$ C\n() P‘"OJMC;,:Y Gve a_‘!"

298 K/ the SCY\SI'HQ enH\mlpies o‘( ofl
Species owe Z€ro and the OZ O\V\A I\)z }'\ea(}‘s
of formotion are zer. Covwse7ue«\+/y O, andl
My can he neﬂled&l m “\\'S Co,]cu[o,‘koh,

Firet Jaw analysis Hk,zqs = /*]).> + HHV at steady ~state

HE”‘?’ 3 [’“r]coz + ﬁ[h}wm - A%Hzoj :203735441;7 [241847 -L/%HJHLO »

)’]20( 2)

HP'ﬁ? = = 8.721 x16° KT (e,\{-quPfe; From appendix A)

/7112,2-’1% : (/) [}W_Fo ]CXH,g[,Q)
ARV [ KT - ) = HAV [ Vg6 My [ %ﬁéﬂ = U773 (14:23) = S xi0° iy €

Hosg = Hpzag t HIV (i kiotfue) —— hfchrgw‘* ~S220x00° + SHN I KT o
= = 250273 KVfkmdl -fud
5 Kaf

KT
z =2507273 K%wl'?‘ T 363 -5 [HL(‘Z /CMoLJ

- = _ KY
I’]ch Hm(‘\r‘) 208 {07 //CHOL

—

he h

= ° + "\
SHig() F%”rg (R %53//;2

COMMERTS ¢ The  absdule ev\“\m]w of @& species m The Vapor -phase
con he found  From FHe /)‘7m.b’.—)akue GY\‘H\«IP\/ :

Resalts agree well with aPPei\O(W B.1 A['\J') = L‘(ﬂ) + }j“[j



proRLEM  2-21
GVEN: The 'Fo”owmi Feactions © CHy-air J HZ’O'L ) ond  C(D -aie

FIuD: the ’1607" of reackon 0"\ I Kl/ Fuel /CT/IG:J«mx and  the A/F (""“55) rovia
(OW\Pou\Q the resulds with Fahle 2’

ASSumPnonNs cm\,\P{e*e COMLMS('!'GY\ , no species d{fS'SOCfa\'kOY\

APPREACH: CLalcunlate the A rabo using conservotion of elements  andd Fhen
die"‘erm ne él‘\ ‘FPOW\ ‘H\€ Frg{' /mw O‘F 7L/\6Maa{yr\ommd

. sh. o
I\),a"‘*‘ ‘—74 s <He = "\)PL‘P—NFH«F d'U*L‘m
P

T=29%K —>
T=29%«
O, b,
%) methane = oir CHy ta0q +3UaRy —> CO, + 2/"’20() 3702
X1 YH
Q:T: 2 v<=f/ y=d, ¢=1
!/: Wa, wa 2 Y%(2) /6 > /7.2

~ Y l\) ~ -
Qrs"’ law : élﬁr - i}Hr - Z == 1‘1 L,F RN 1'101 - 3.7éq )'1,0
F z
ékr = | [- 393544 ]Cdz +F 2 FZ?S%sg]#ZO&) - [— 74?30 -2 [0 }o; 7.52 [o]qz
‘For Pmo{m:('s and P@a&mﬁ ot 293K (i'e‘ = }:;; )
She= -0 91 g — sh [MY r] she [ Vhdeo ] Mw_',_-[ quf)

th = —?%[7,27[/4.043) 5 -55803 %-? l

é)}’\ [ //(—Mx} Ql" [K% :]/+H/,:[z,3 va]

|
éL\,—[K/Ki‘)mx] = - 58603 - 1+1702

sh. = -3063 %-M,x

(Cowhv\u ed)



PROBLEM -7 ( cont mueoD

L) H2‘07 H.2 + 6{02 - HZO(A
Y
Q ‘X;A = 5,: FC‘W' X:O/ y: 2, gb:,
AL - ﬂ)_ol L/ 3N . Al -
F QMwH1=Z(1>‘§ /F Y
- ,\')-L —_ — — — — —
sh= Z,g—); L‘PI; ) G\LOz - L‘-F = l"Hloaz) -2 AO) B L’H—L

= | [~285956] -2[c) -1 [o)

ahe = ~28585¢ KT

mole =

b = sh, - ““; = ‘Zﬁ%ﬁ —— | gh= - 42923 "T/%-,C

| [
&he [Kf/lcﬂ-mx% 6)%["‘//(3_;] TemE = 2M272% (T3 J
dl"n‘ [KT/L'3~M1’C] = -/ ¥¥o K%j— miX

D Ly t a0y +3%a Ny => CO, F 3 AR N,
. Wa, 2%.%5
o= xq‘)V/q = 1 for el ye0 ¢l Afes 4 2a, (M ) 1. é()( )

/}/Fz/_

Ry - -
she =z 5 he; = qko “3‘76“'"»2"

he = 1[-3935% ), - 1[e)s ~3%[c), ~1[c]
he = -39359¢ Yolo-£

)
OL‘W [!6/55-15] = AL:,—’ ',:llz)_p = =3938Y¢ T
éL‘r [%*M\x] = h

= —32795 K%j--r 6)’\’:' -307% %‘“F

) 1
A e) TR = 30% (7 ) =263 i |ohes 263 A




PrRoBLEM  A-28
GlvED: A Sfaiclﬁame.‘l’rfc mixture o1f prepane [CZHX) and  aic
Fd: she ("%3-;)/ She (i’f/;_/ﬁ -m:x)/ and. VF (mass)  rako

ASSUrPTIONS - Cow\Ple\(e cgw\&us{-,m wnZL no AISSOCIG\,{\oV\) cuocfer in CoMAuSon\
/)mJuaLs existe i /)7u /:J\ase Smce 77298 K

APPEOHC"" C«/w/m(e H\e A/F (‘fk‘r/v'o (/S;\«cj e/eme,.du! amse,waffm anJ H\ef\
JerLerMme OL\)_ (row {Ae ‘F:Y.d’ /au a'F +Ae%fiyv\mcoj

combustion equation + GHgt @l + 37%aN, —> 3CO; #4H0 +3%al,
a: XYM 342 =5 =2 Af: 4 ¥a MW
¢ ’ MLl

A q%/s’)( 29. ?5) = 1559

—

'F:VS'I- IGAUJ an l i< > ’
mys:s X, -
Me o5

T=243K

ME o

aHer ~He = ): L Nole * of 29 K 1:2& *m
o, -
AL., R = 'Q }/L/%

ahe = 3 LF“z e A:‘,” o)

she = - 22202 <105 KT, foor

- . e —
()Ls [Kj/ﬁyﬁtd] = 6\’\1- (NA/Mk} ;.TIu.T_F [ T%% ] = 2702 XIOS [QZ{,OCIC]
sh, = -s034q ’Q%(j-(: ,

AFF = 3[393545:)f9’[2?5856] [-102347)

/ k- & l
AL\. [ M/Kg'mx] o éL\,. [ KT/«S—F] T+ Ak [ k,;mx ] = 50459 ( /+)$,57)
she= ~3029 57

COMMENTS © Note  +hat thie él\r is hased ow  condemsed /JZO M the

preduct mixhoe . Ao ah, (K%i'd =~ HAHV  Frow Pppendin B as
woudd he expeo@ei.



PROBLEM -9
GlvVEn: A /)‘7mo( Lael WJerﬂomﬁ combustion

Fb: On om  hoT skefch ilustake the followns  guantihes 5 b, (7)
1/] (‘r) Ev\‘H\aJP\/ a‘( VaPa{fiq‘lLde\ }'\ EY\'H\GLIPY o'F F&\'Ma,‘kay\ FO%" 5:!,(6‘
Va;for/én‘i‘ka‘,)\/ op gm%av\ Far)‘ﬂij/ )/;’7w‘0( ) Jower htwl‘\\'\i \/mlué,o\"\i

l’\fﬁl\er heox{-w\cﬁ \/Gu(uﬁ

L\ /! 1’!«("')
Iy (7)

i
|n¥(«r> - - - /‘/?/
° - | L_HV
h‘F (D for ’fiuicq

fuel

s

COMMETS = Mole ‘H\od' the 3‘"3“1{5{" QY\H\ale c"\omﬂg o T const (cr
?QAL&"’ Femperechue dwmﬁe for h=const) occurs cohen  fuel vapar
is  burned awd the Pmalw_‘f's contaim /;701;0( Ho. Alsa, The
Jower  and lwijker Aea:/-w\j values  for  fud’ vapor can he found 'Ly
ao{o(mj H\e er\'H\a/ o‘F Va-/:oﬁ?a‘}'\'aw fo f’}\e ‘FMQI Iwa‘J /owe{- an
L\\j})@r ;‘Iea“\'hi Valles,



PRoRLEM Z-30

GlveEd: A §*}'oicL\fcme,1Lr;c propane (Cgh/?)'al'f‘ mixfure af 293 K

FIND * The aa‘l'a.ba‘}'k ‘F‘/N"‘Q '/'e""PQ'?TWQ) 7;1
ASSUMPNONS T No ol\'ssoc,‘al'\‘on/ cov‘\S’n»\‘(‘ g/)ec{gc I\&L‘I’S e\/a/umIE‘aL ot 29% K

APPROfACH = (fse e/ew\e»:(‘ consenation o a‘exlerw\me ﬂe @wec:(' fuel-air mix
and Pma[uc‘{' COMPOSHTGV\. Then Use a 7E:'FS‘]’ /atw a.na[ysfs ‘7L0 CVa[MOL‘Le 7:0[

S‘lLoic‘\Cow\e:l'r{ c rda:{fovx :
C3 Hg + Q01 + 3-760\ MZ - 3C02 + L/H;_O '/'3-760& Nl

at P=| a=xVy<=g5 Mz i
-5 CV I

(§Mca the readants gre of 7298k Fhe 0,
c‘ww{ /U,_ conlﬁ J&w“imx fo +Le PQQQ‘('mn+ En'H\q{P}/

GvEe Zer‘o>

‘QPS'{' |1 ‘F;H‘ ao{iqka\.{ic COV\CL'"/'I‘GY‘S : /Ll)pz = IL'[P

. 5 2493 Td
o L [ (1 o080,

—_ = - = — _ Pmper'{\‘es Qow\
where b= he v (hohe ) = he G (T -298) =7 appendix A

() [-103947 +0) ey = 3 [-3934 + 37,198 (T4-29%) Qo: 4 [-241947 +32.448(Tog ‘2‘73)],410

+ 83 [o+ 1.0 (T -209)],,

S‘alvmc3 for 7;4 : 7:0[= 2979 Kk

COMMERTS ©  Mote + I\o:f this -C /awe premﬁfe_ /s much 3&@1@3‘ +thean
tHhe adiabatic Flame {‘&MPBM‘ILWVQ m appena({-x R.1. This s due h
the assamphion of Ne specres  dissaciakon  and  the assumpbon of
cons fant spec.'ﬁc heats eualuated ot 298k. An exammotion of a,]b/ﬁemlw( A

SAOWS ﬂ\“-‘l' 'H'e SP@,C,;G:Q }\Qm’:s con ch/ S»‘jr\{gcuw]r?}/ GUW\ 293 k ‘}D
7374 K .



ProBLEM  2-3(
GUER : A shoichiomeric  propane (Cifla)-air  mixhe of 299 K
FID: The adiahotic flame W«hrﬁj Tol
ASSumPTans * no disssciation, constant specifrc heak evalmated ot 2000 K

A PPRAACH = Use elemen+ co‘nser\/a'l‘ian 7% c[e,{-e:-m\‘we, The Cor‘f‘eo"' ‘Fue{"air m:x‘ﬁz\ve
and product compasifon. Then use frst o analysic 4o evaluate Tad

S‘f'oick:cme“‘rm reJc\,‘Hon :
CHg +20,4 3%y, = 300, +HH,0 +37%a Ny

a'_lL ¢_', &= X‘?L% =4 H J
Collgt S0y HIB8Ny —> 3o tyo +183N, | 14T 7T

(Sm:e the reac,(‘mx'}'s avre cC" T=79¢2 K 'He, O,
and L, contribuhons 0 Fhe reachant
enthalpy ave Zewo)

fiest Jaw for ao’fr:lw'ﬁc @v;o({\(—iov\s : HEZ%’ z #PTML
[0R)y, +OFL, + D97, = [0R), + [WR),, + [nED,,

ou)ﬁere ):: L—;}B: ().\_‘ ;}ﬁz) = /—);_ + CP (T— ZC;?) A — }W’E and EP ‘F.ram al:’)enalfx A
() [F1e3947 40 o 3[3738H + b0 4R (Zd’”“)]coz + Y [ + € (Q—qu)jyzo

+19.8( 0+ 38R (Ty-29%))
2

So}vm:j {;r 7;( : 7;0{ = 2222 K

COMH:EDTj: fOote +ku+ +his *ﬂo\w\e ‘LQW\P@“'OJ'\M ;s much  closer o the value

/{YL&Q ™M QPPeMJiX R.1  than the +6Mpemm Ca.)cuiq&eck In Pm“ew\ R~17,
This is due f o more QLFPPoPrIq+& estimate of +Hhe constont specific
heoke. The edfects of G(;Sgo Q;,,J-{m\ on  Fhe ‘)Qouwe #eM}h@«ro:}'w:e are
sl unaccounted  for



PRoBLEM -3

GVED: A shoichiometric propane (C3Hg)'6\{r mixfure
Frad: T;w. ao{fc;)lm‘l‘rc -F}cxme ﬁmpemﬁre/ TooL

ASSumPnIons © o dissociakion, species themmsphysical propechies e7ua/ t those n
aPPev\G{?y, A

APPROACH = Uce element cov\servoql{cv\ » determine. #he correct fuel-air mixdure  and

Pmo\uc‘{' composiHan, Then wse aliPev\chx A T evaluale the Species ﬂemqa)\ysrm{
PmPer‘[‘\‘eS avxd( o 1Cn:rs1L )o\w a.y\a,/ys;'s 76 ale“ermme_ f}\e ﬁow\e f'e,mpe,m‘.\lme.

T/-.is IS an f‘l‘@m‘l‘f\/& process n !ul\icl\ a Qame %emloem{'we s 3uessea\/ 'H')e {r&
Jaw s C/yeck'eo[ , Ow\a[ /"F neces:u}/ a hew ‘)C7ame feMPem')ure, i< ckosev\\

See P%L/ems 2-T and 2-1% -gr corvect  fuelvic Mihure  omd PmJuc_‘F
composition, A control velume cletch for The ereryy conservation ic alse chawn

'F\'rs"' ’aw ‘For aw{icd)oc"ic. COV\JHTOV\S : /'/E/zqg = /7,)37:4 - HP— LI/R =0

[0R )+ (95T, PO, = R [oR), 5 (o],

wheee h :«L’;ﬁ: (R-here) = hi + chs  +— vakes From appendinc A

(1) [F163347] = 3[z35%6 +h | o, L2430 +hs ) b T198[0 +ahe ]y,
/Zeaﬂ'af\ii\rxi n 1Cm'vv\ HP—HE:O \ 30“\:}601+ L(bquh’zo + ]??6)'\5“2 -2.047 X}Oé =0

T (k) Alqs/a,z (/Q/Ktm) A]—\% Ho ( K%Mou.‘) AH“, o, ( k%moz_a HP‘HR

2000 G420 72380S S6130 -42347%
2100 Noley 77982 S973% ~3168%7
27200 103562 33/€0 £33¢60 ~20%70¢
2300 109€70 g842L 6€997 —161MY2 | LwgaR
2400 11793 GRIHY 7064S 6234 } I TER oL ATion
USROG
Tod= 239 K HpHe= 0

Covaments - Nole 4hot  Fhis Flawme %QMPQ"QJJ'U,'.Q < S'!ﬁ}\‘“}/ ip@a}e‘,— Fhoon +l\%+
/{sv’-vJ A QPPcmalu‘x 8.1 o(ecpf'\'e usimf) accwm‘Lﬁ +}\e"'\'\oP"\L/sica,' Pm,aerll\'ej ‘FJ‘OM
apperdix A. This s due 4o neafed\‘wi species dicsaciation .



PROBLEM  2-33
GIVEN: A Stoichiomedric prapane (C3/—/g)'Mn7<7‘W€ ot 298 K

FiuD: 7/}-,e aa(.’abcc’-\'c ‘F/QMQ ‘LQMPQNL‘!‘DWQ, (,{5)\'\3 7LAQ CGM/DIA\ZCV Codle HPFLAME

o O'H'\ar‘ So-p/'bdcwe- COW\Pare ava Cof\‘]‘ﬂxff ‘/'Ae PQSuH’S O'F /)ral)(’ems 2-17 o
2-20

(Asm3 HPEUME - [7:01 = 2267 K which  matches oxppena(ix B.1

The adrabotrc § lame vlém/;emﬁtres calealated Pml;le,ms 2=
+Arm.<f]b\ 2-20 dArffer for tfwe mam reasong the Me‘“\cal of
evc\|ua!/‘ﬂr\c3 +)’\Q +l\€rMoPLySfca' Pmper‘[‘re& GW\O{ wl\@‘-}-,er a‘fSS'dcfa,llio\J\
of the Pmoiuc‘lL Specres IS Considered . In me(em 2-17 the specres
sensible enthalpres wmfes{—\-m”\fzec’\ usmq constant specific heats at
29%8 K . TL\L&S) Ol'\ge,\s -’,,gdépon_ — OL‘SenS = Cﬁ'zqs (L’A- Z‘\i?),

2498

Swce SpecfgL hea‘f increases wﬁlh %&«Penm(ufc/ we  we eﬂCr@c%\Ue/y C{SMf)
too  Jow a\f‘a gPQC;QC }\ea“') rﬁ_guH‘M i 7Loa Arﬁl\ cnrcw\ ao4;qlm"'7c
Clame 7L<:.-«Pem+we g’- Q 3“’"@‘\ OL\SCY\S-

/Y\ Pm‘:)ew\ 2-1% fke qa(fa/fmﬁ'c C/ame +@\’h/3€.r&7[u'€ was covlcu/“;f’dl
usmi cov\s{‘cm‘(' Spec{Cx Fec\-f-s eva‘uau a+ 2000 K. (/Ulﬁfle L{Sﬂ’\j erse
5Pec:€¢ heots >/1e/af< an odiahabc Flame kwlaerwpwe close 4o +Rat
isted m afﬁaml%x B.1, the +L\em0,>l\ysfc»\,l prope,r)‘\‘es ore Lu*‘tw\j, Th's con
be seen }:\/ Comparing the adibatic Llame -/e.M/AervcHwe caleulated M
poblem 218 (above) with that colewlabed n problems’ 2-19.
pm“@w\’ 7:/‘5?/ faﬁu/mle; values of sensikle @n‘}')\‘»lP“e‘ /APP&"J;X A)A wtre
(AS&% [DMWL ~H~.e ca/cu{cJ\eJ F)QMQ )le,m’uem‘)uwe IS munch 3&«%&» 'H\om 'H\a'f
caleulated Usmq HPFLAME o lisfed in G»Ppemal)‘x B.). 7This difference
can not be atheibded b /'“Fmi(' 71“¢”“°FL‘75"°0\\ P”’Per#m and must
therefore  be due do oAissociation of Ffhe Prwlud’ species .

From +he vesulds of th]e«wu 2-17 H\reuﬁl\ 2-20 +  hecomes G.PPOLPQV\‘}'
ﬂ\o_‘ll accur&k evalua(—:m q‘r mMix ture /%@mo}s]'\ys)‘cq,' Prope,rk\es ow\oL ProJ(ic,‘(’
Of{f_{i‘goc';an‘on ar&-‘recluf;e.i 7LO obfain a  close Ca'cu’ml\‘m\ 0€ GJ\\O&hw}ﬂ‘c
'F/O\ me ‘I"‘?/MPQFCL}MJ'Q .




PROBLEM 2-3¢
CIVEL < »f wimeldr ﬂe,é blead of Csﬁ% $Cthy Jurns
in air (0= 0.8)
Tr = T = Z5EK
P = ratn = cnstont

aQ

pssonlrons ¢ No Lissociatron (7702 ‘
Grstomndt S @ (2004 Cgivens)
A = 797, Mz_) 2t 775 Da

7‘- -
Soturoey : ﬁ/)pé? /i —/4@) 6/9/1» 2. 4oa

/”/K (7;/7;> = %F(Z:d/jb)
7o fz/a,éccm[@/ e above , we /«aecﬁ‘éje/@é&/MM¢
77\2, 567>7/O§}—76\0/L A_'ﬁ 77& }{adﬁ&.njﬁf on oL prd Jac/fi:

Gty + CHy F F(0r3T6) >

1oy 6o (i), ¢ 3R

?eac;ézmﬁf -
N i) M Tablle
C3 He ! —103,8%7  —/073 §47 B./
CHe [ 74,93/ - 74473) ®
O~ 875 o o) _
Ao 3290 O -

o
M = SMH = -118,678 [T b




PRoBeEM 2-34 (conFinued )

Froduets :
% % =
N é[ 0 1200k /\/A; Ne Ta ble
£Oy + —292 54g  St36o  ~,574, BY 2440 po
Uy 0 6 -2/, 945  43.874 -L4sh ot 263244 4.c
13

02 /75 o 34, 93¢ o chi3g A1
Ny 32,90 > 32.762 o fo1LE0 4

—-3,a25 25y /619,692

i

Ho = SMh =< Nb[éé +?;;(7;¢/29,X/’/57]
= SN Mg 4 ZN Gy (T - 2ags)

/Lé,» = 305254 + /6/9.692 (7;[-2:78//3‘)317%3’
/,é,\ = Avé, (Ef'z Z,L/Oa,>
— 178,678 = —3,02525Y + /6/7.692 ( Tad - 29815

T - 2ag0s = —/785678 £302T T 5q

? 16/5.692
| o ~

|7l = /57%.1 + >2F€.(53 I 2276 K

(O/W/Mtf/UTS p 7?26%/& ANeeded //\, r‘mcﬂgmgr /"@5«6‘742»17[5‘

g/o;—ao/ac-#s Ae//) ‘é-étyéa'je_ Ca/(a/zdéms qf
7ATS ?PC—



FPROBLEM 2-35

GQIVEN [ (3 Hy -qir™
5=/ , 7=298 , P = /atm

et

constart— mlome mmbw}‘é‘cm

ASSOMPTIONS ¢+ Alp ngsoam@ st ;iven)
C’o/\S?ZGAj" Z @ 298 K

SoLuTIord 5 ﬁppéﬁ/ 158 Jaws g/qn,z,w:
7D =, (T 7 )

5
’473 “/'ér — 2 (M T7 - My 7o ) = o 57/1,2,%3

Z) c’v&fu,a)[e n-2 Y’é we. peed %p_cow/oosiﬁma% 56741_
The Mq'[a;r/? /Dro([M.C‘IZS'

C3by + S (O+3.76h,) —> 3C0, + 440 + S(376)M

/?Qaclén—[s o
N K=Y N Table
GHo ) —103,547 - /03,847 ./
& L 0 O —
Mo /3.P % O -
% 24,2 bt —/03 847 pI

Ho= SN b = —103,927 =T




PROBLEM 2-35 (Continued )

ﬂadam& : -
To CP @ -5
N e 248K /Vé( ‘Né Table
€O 3 -393,546  37./986 —/,180,63% /1.S9%  n,¢
40 4 -24484s 33,444 —961,380 /337,
4 .8 0 - 29.07/ o 546:535 4 7
> 258 —2,/48,0/% 7992
R .
Hoor- :5/‘4}7{; = Z /V&[il;v‘ Go (Tad - ‘771-./)]
= fNL}}{vI +Z N E;g (7:4,‘7;’5)
/7[pr- = =242,018 + 79/, 92l (Tou - @)
ﬁésﬁafry o Bp 242 wh Ty =T,
Aé‘-#pr— EByNg T, + Rl T =0
/0%, 647 — |-2,/m,018 #79.521 (Toy *7Z§7
— B.314< (2,%) 29645 + 23145 (258) Ty =0

2,218,804 577907 Ty
7;/4 = 3gy3 K

v = MAT - M2 -

7 7 M

B= fabn 258 3343 1 5.4 am
I 24,3 29€.(5 |

=D

LoMmENT © As ex(aecéd) The copstant—vol, adio. Atume Lemperature

s Sijr\?—@ aw\{-:g greater —than7he_ orct- P vplue
ol 2879 K from. Probles 2,50,



FROBLEM 2-7b
GIEI | Caty —air ; & =14 T 5298 K ; 2= Jatm
FIND - 7{& o Cons-téﬂrt’tL Vo/uz)ze_ , 7:(

/N

ASSOomMPTTONS ) Iiwa/fa{)- frmfuc:vl— \Zc‘g‘sac>47ﬁ} o> .

SO 072080 % To wsSe QVFC/?’/W‘g/ we raed _éqc/e%?fm?/u’_
Ho (por bmoffuel ) | Ng ) and MW :

Cstp + S(02 #3776 1y) = Products

, D O
- . o - = -
b= (D[ G * Sy ] + %A ]+ s AJujAzﬂ:J
Hy= =100, 548 ET/emst, g (72bleB.1)

Nop =1 + S(476) =24g ¢mt

MW, = () ‘/‘{:0‘% + 23,8(28.85D
24,%

= 29,445

OVTPUT From WWFALAME ©

Constant-Volume Adiabatic Flame Calculation for Specified Fuel,
Phi, & Reactant Properties Using Olikara & Borman Equilibrium Routines

Problem Title: PROBLEM 2.36 (2nd Ed.)

Data below are as read from the input file.
Compare with INPUT.UV. If they do not agree, your
input data have not been entered correctly.

CARBON ATOMS 3.0
HYDROGEN ATOMS 3.0
OXYGEN ATOMS 0.0
NITROGEN ATOMS 0.0

1.0

EQUIVALENCE RATIO .000
FINAL TEMPERATURE (K) guess 2500.0
REACTANT TEMPERATURE (K) 298.1
REACTANT PRESSURE (Pa) 101325.9
ENTHALPY OF REACTANTS (klJ/kmol of fuel) ~-103848.0
MOLES OF REACTANTS (kmol/kmol of fuel) 24.800
MOLEC WT OF REACTANTS (kg/kmol) 29.465

— lontinued —




Introduction to Combustion Concepts and Applications Turns 3rd Edition Doane Solutions M anual
Full Download: https://alibabadownl oad.com/product/introducti on-to-combusti on-concepts-and-appli cations-turns-3rd-edition-doe

' : |
PROBLEM, A-3b (cwﬁnued) ‘ |
-
|
|
FLAME TEMP. & COMBUSTION PRODUCTS PROPERTIES J

Const-vol Flame Temperature [K] = 2631.53 ‘
Pressure [Pa] = 0.946107E+06 |
Mixture Enthalpy [J/kg] = 2.5593E+06 :
Mixture Specific Heat, Cp [J/kg-K] = 0.255109E+04 !
Specific Heat Ratio, (p/Cv = 1.1531 ‘
Mixture Molecular Weight [kg/kmol] = 27.8520

Moles of Fuel per Mole of Products = 0.03809654

The mole fractions of the product species are:

H: ©.00104322 0:  ©.00033162 N: 0.00000026
HZ2: ©0.00538231 OH: ©.00664940 (O: ©.02220778
NO: 0.00594248 02: 0.00910174 H20: 0.14315753
C02: 0.09208184 N2: 0.71360183

From. above -

7; = 2035 K

2

%,,,j, = 9.9107.4° B IL‘- 9.337 et

Compara d ¢o o reswdlts o “p's valioted o= 29RQ KL
Mé/,ﬂ,m_j Jdresociatfion [%&? M 2. SS‘) These—
rlaes arkd mych Ao s (Tad =2632 < vs. 3843 K).
“TArs a as Zx/oecﬁd s7nce. /, ‘s @ 2984 dare mucle o
lbovs and dissociabp » //n/)o?véu;(\

CommensT ¢ /{/07/&“7%&/}77717/;20,4, Cozv;om[ﬂ[?m afmé_ 153 l
wae UWARLAME b alewlate  constant- Me_
ttd/ta.é@[/ovﬁ& e ’én,ptrmiu res. |

Thisis sample only, Download all chaptersat: AlibabaDownload.com



https://alibabadownload.com/product/introduction-to-combustion-concepts-and-applications-turns-3rd-edition-doane-solutions-manual/

