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PeogLEM A~ 37

GIVEn: A s\/$7tem G'F F{xeo& oSS ac}' CoY\S?LdMWL PreSSur-e awo{ %empem\lum

Fiubd ¢ Eu,‘\/a’&/\‘} Syfl‘@""\ Q"m Q‘F\ E?7Ln 2.3%5 (/C:‘FK‘; Lo«)} w}‘\fc}\ Ky
usa—l +o G(Q‘CV\Q H\e ’weo& G-C reacka»\.

ASsumPTIoOS * eXPoms{av\/ch"‘mc‘l[fov\ of +he SYS‘L@'W\ AoMnJar\/ s a reuersikfe
Pmce,ss ) onl\/ work olone b\/ s\/gf-em\ rs /aour\a(a.ry €Xpmnsz‘av\/ ca»'\‘f‘mciﬂbh

APPROACH © (rite  the (it Jaw  Sor  the System ,  Substitute  The
appropriote expression for constont pressure  ork and  solve for +he
Spécf‘rfc Aem"' +MY\S'(cr .

Ry
Ske‘#c_k o‘F S}/SILQW\ : /

S)/5+em

first Jaw for a  system

Gy i = m (ug- )

for « Syd—ev«« ot canstont pressuee the reversible work can e e;zp«—esseA
As 2
W, ,gPa\V = P(%-V) = o P(vy-1) V= specific

volume

Su,):s-)'i'lu{\‘\ws into the Firet law
Qy = mPG-U) = (Ug-u)
o= ml(us ) = (Ut Pr)] = m Chy-h)
T Qs fon = hy-h,
i stabe 1is the readueds and thie 2 ks Hhe prducks then

ﬁ: L\P—L\'Q Gt Same -Qxﬂv\ Qs EZ""‘ 2.3¢

COMmMmETS ° MoWLe 'H’\ox+ #e ‘F"f" /auJ ‘For o cms*('m“' Pressufe sym"cm |
%Q Sarme %ﬂ'\ as ‘El( A CU"\M\ \/GI\MV\Q , ﬁ\{j 'S ay\l\/ +f‘u.e -Cor msﬁy\"' P‘rﬁSSbU'C‘
/4/50/ the inkernal enerqles Y, ar\ol Us  are M;x‘/u,re ,'\/\{’ema»( eneies.  Even
a,:s‘wamj )a‘ea( Qﬁqs Eé;\av\‘or (/{} F U, at constort %empem}wwe F e composi Hon

changes? (see Joules experrme)d' with goses and, internal eneryy)
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PToBLEM 2-38

GIveEr) ! Al = Popfthe =12 G = 3500 J/s-K

yp = (200 :7‘//2_‘;—/(

p,pr > 200 T/~
P = Jatm - Y, /OQJ/
- — =/lE o

FIND @ Toy for P = labm

ASSOMPTIO LS+ Air = T9%K, [20% O 5 properies as Jren -

SocoTr00) 7 Write 3 G (mass dasis ) recognZmg TP

’
5 W =o
. ﬁ a‘ ‘E‘—;:’ n%"})f’r- QJ
Ne =

Vil +0ip b =y i) iy,

Dwide 4 o e § 6aéa¥n[»<"€2pmpérﬁcs (ﬂ/ b+ G0 (77— Z;())
8/, Ay |
(5 F) 0+ 4p (5 Tr)) +(0) o e (T —@)]
Lt ri)(0 o (Ty-Fp)]

/i///ZOO[@o ?00)) /”é “ , s (%‘0*3‘06))

= égf—d (/Zoo (T ’3&0)}
56/’42 lé"

Ld




FROBEM 2-38 (Cortfipued )

Vs
1080007 + HoS2sle’ = 2,280 (7Y - 300)

742& = 225/ +3s0
od

P A YN

COMMerTs = L) Use of Srmplified ;:ro/oé’r‘/‘ifs Ffocuses
az‘/en-z[?m s energg - conservalr o . i) The
use of < mass—based /L Lo spypiifes

To solibions (He =1 ).




pPROBLENT 2-39

GIVEN] : /44/q(:>45¢,; onsT, - P crmbuc e

(ﬂ—/F); = /5 y -Z:—/ J 7):‘9% ;?OO/
7—’ Z; = (ookL 5 S/‘/np/}fiec{, 7;—o/o,ey7‘;es‘
FING 7 @ hd L) HV® ¢ook
ASSOMPTION S = Al e 727 2% 0

S0LOTTON) ¢ a) h[g :%k- e 4 = 4

R Pr
6{&%&0/&6‘7&/ :
/é;,;: 7+ /fi?;}. —= /4 éﬁ)’r

M = My + e by = Mp (A{l,nr*,cﬁ“@:r“ﬁw
* m*:(& + @FCTF‘_@—Q>

map1m —_
( F F_)/)P” {mﬁ'rm’f)(/, “ G, (T&A‘luﬁ»

5!1651[ '{:‘4'&9: Pro/ﬁ@g VanU.es 5 /z:"LL /77P;/J g =75 -

#/Z =15 (0 -+ ;/ZOo(éOO»BDO)) +/ /;2 '/07 + 3500 (éoo —300))

e = S 4008 « 20050 = 204507 T

H’Py— = /¢ (—/,Zb"/oé + /5‘03(@&—300))

Hoo = =207 +2.40% (T - 00 )

ﬁ— ‘L’[l/;#pk— 2\ Solve —’ér 7;&;

2645007 = ~2 007 « 1407 (T3d —Foo)
a) Z;{/ = 7235 K '




FPROBLENM 2-29 ( Contrnued )

) BV = Hy - B 1Ay e @ oo

From ;/@f%a)) Hotect) = 2, £4S -0 7T (per é@:) -

hf”r (ééD) =/4 /égpy a CP/’}~ (7—’ Zﬁﬁ))-:.

= /¢ /*/,252/0é + /500 (500’50@)
Hop = )28 6" T per é;,:)

oo

Hv= Hy = Hop = 2045207 = (/28007 )
- 7
HV = 3725007 T (pertspe)

CommenT : This Fetichus ﬁe/ Wi ta simplfred
Ppropertics hao a bes HV (2 40,654 Ef‘//éj,)
Cam/)ar\ecr/ 7o most- read 71:«16,/5'( HY 45 000

e 3fby , of. Table B./),




FROBLEN 2-90

GIVER); §7L€4QL 7£/0u\) reactor it AZ O, WD =9. g" P = 74,,)
C@/m = /87 é‘\///éf 5 Tero—K  reference 575.746.

éj{é S 2 éI[O) = 75‘ =&
‘1(# = —238 000 /T
W ok = 39,60 KT/ 6ol
I &) ML%\ (C«//o dTSSoc‘cQ%‘M)
A JS) %,Pr‘ éa)/o QZFSSOC)Q{?M)
4) 7;;(_ (wﬁ) Q/Tgsoc,) Ca Z,,:,,:}r 300 K [T, =T <,
all Sy = 90 ET/ ol — K

A> /QJ& O#"‘J’Praduc‘k‘ ? wr, fu.méons
needed 4 d 77,

SO0LOT2083

a> 2;/ + O > 2/,[0+ x Oy
- 7 2 _ . :-_,/...¢ .‘:—L_ =
O éaﬁqncé E__ A4 22X X @ / ot / /

M), - = Z MM, 2 1
_ afi%.u6) + 1 (34999) 'i;:z,es by [emot.

3
5y Ay Do M M 31599
S MW, T ST . T Z 22.6¢
NPr /MUPV g3 2%
= 0.470|




FRoBLEM 2-40 (Continued ) |
O s bW ik — k)
Bl +hg = Apr _
ho = Yo Py + Vo le o By = e - Foks b

Woly MU, + oo MLy,
ﬁeaaﬁdrnﬁs . -
N _t)é h /ZJ/L;’Y@-—Q, |
# > oS O+ F0(366-0) = TZ060
O 2 O'S o + Yo (§66 ~0) = 32) ooo

m'wkrag(;,&/é) +63 (3L%77) = /7].008
hp = 0

S (12000) +0.5 (32000 = 22 000 P\T/)’Lma-(b

b = Z2C0C. ogg ET

e /7.0 4}

Pdect oy B (= ke ep(T0)) e

5.0 2 066z (-238,000 + 90 7, )

02 | 0333 (0 +40 T, )

b, - SUh _ O.LE (23500 + 07 Y135 (407, )
M, 92,62

b, = -L95.98 #7637 7, (&= T )
Returiing & 1% b o B +hy = 4,

—I1€7 + 294 = = 6995.8% + L7L37 Ty




PEIBLEM R-40 (Continued )

50/V7/1J/ o1 ’77—;; 7
_ K
(% - 594

J)

2#2*?01%@420_*.:40&-#(’05/

Element conrsevrvaticn. : rafro of H-5% O atoms ‘m "?@C{é‘lﬂ[S
7ng H-T- & ratio /‘meduc&J (e,
£ Flhatoms _ 4 - 2 %p + Tou

= — =/ :
A& atoms 4 Yo + :2’)(07_ + Koyl

Ly Yo+ Yo, + Koo = 7

A
.%a,\/iﬁriaw\_ ; IL/ZO f-éé,_ = 204

wty Tou (") R
! e I/Z
»7(#20(73/ 7;0) fxaj;@/?o‘) 7<#7/o %

Il

A
Fre) = «
here 4, - e (46 Jr.7)

= exP[ - (Qj:# ) -—5#}0 -dsgazCT))]
'
ff'f& (~de c/eyffnf: ﬁxe,fhodncf'mlwﬁv\e, (mnposi#m) ’
/X#zo ) Lo, | % Yow . A nsco 7 ﬁesﬁJ 72 ‘
/if//w\s IS %rmda‘l[eé/&a\ e /JWV{"C ‘

i) O+ by =

Pr



PRoBLEM  2-+0 (Contin ued )

The (HS off Eot. LV W unc&Qn&eivﬁoM Dart¢_
Tha 25 becomes

AR i /‘% B /X%zo ;1;‘10(7_) * T 4;(7)  Yon Z’::H(7)
" Fo MUlgo %, MUy, + Yoy MWyy
where
o= fyy* 5 (770
by D= K\ G T )

with e albove subshttos mis Ep v, aun
?ﬂ- 5‘8'(’;5 /Mp/ete’ ’,742 AL o w/ﬁ\ oA s

apamm—

(7%0 , Fon Yo, & 7

QMMETS & Part 4 Shews, M a §/7>7,0/€ manner,
Aawo (jKSoc?a‘![?‘M &F 7>rot[ac7£: 2 (ou//étl
& o« 7% hw 4/14,4?57_;.



PROBLEM  2-41
GIVEQ: The efzuililw\‘uM F&ac“ﬁ‘cv\ COZ &~ Cg + %Oz

FioDd \/Cf‘g/ Hhat ‘H\e resalts of Fable 2.2 So&:s‘a(‘. E?f'ns 2.4 and 2.4S

'rof ﬂe Q cwmj CGV\O( '/wm ; a) 7 =2000 /< P O.1 ot
L) 7= 250 I< P =100 atm

c) T= BOOOK P /0\'7Lw\
ASSUMPTIONS = jdeal gas be haviae (7( P/P)

APPecAcH Colcula {e 66-,— usmj foxpe,r\a[x A ancf Compare Lu, 7LA ﬁﬁ/e
2.2 C//Sm 66 , cal cu»/q\le /CP CO‘W\Pq,M 7o) ‘H\ 'H\e Val ue o‘p
/Cfa CoLf cal G,LeoQ o\,sw\/\j fhe Mol (mc:‘?om Jisted N tahle 2.2.

&) T= 2000 K , P=al atm _ _
a6 = [EMiger ) - [Zni g6 1

wlxert ML' Y‘epveSe‘d‘S er S\loicl«:cme{-rfc cce,\cﬁciem*h q-F
he eimli&fw\ reackon

oGy = [Nj; +[Nﬁ" ]O [Mé:ﬂ@z: /3"2€° +%j?° ‘lﬁng

AGF = 1(-236948) +3(0) - | (-3¢d10) =| )104E2 KT cﬁ)‘:f, with
&6r” - 10462 ]
K= EXP [ ] - S [m = )30 x /0

1 12 |
K= X on/z (i)é . (0.0%9) (o.o:ss)/ O.fa\lh)/é: /30 x1673
P - %co Po (O.?SZ7§ ] atm

Z me_'H\aa(s o‘g 04e+e¢w\mmc\ KP Mai‘cla Se ‘ﬂxﬁ a‘o}c« M -que 2.2
5%4'1'31‘:/ Ei'Zn' 245

b T ZSOOK/ P= | atm
AaGe = /j‘;c.a +—7L~j1€0 - li:gco = /(~32‘72q5) +'1![0)“)(‘3‘76/52>: 63707 KT

Gy £Y907
'(P'-' €xp [ ] P Q??IS)(KOG) ] = 0. 033

\ 7z
Ko = x,, Xl (i)/’*_ (0.02%) (0-0145) (OOK
Ko, T (0.95¢0) 159)

= 0.0363Y%

(con 1L'wea( )

)



ProBLEM  2- 44 [COMT)UMAT'!OI\))

b (conbnned) *
The Vq'ua o'F OG;— ca/cu/c\\led{ l\erﬁ Mc»\tcl\es éG'lo’ ™ 7L“L]e 2.2 <o
hn. 2.4 s Skﬁsge& ond  the ke calenlated $rom 667 matches the Kp
determmed From the mde frackms in fuble 22 <o E?}n 2.6 ;o satisfied

¢y 7= 3006k P=]atn
N /ﬁ?@ + 2 cj’;% .y ﬁ;dcoz = 1(-367¢3Y) + 3 (&) -1 3955c2) = 27973 KT

27973
K= exp[ Rt ] 6773[ 62.315)(3oac)t}= G.32707
K- Ko Ko? (—;>E> L (CD.S’SSI)(o.l?‘?o}y2 (M__)/z = 0.32730

XCOQ (0.4629) ) atn

/'\equ, these calcwlations  show that  the resulfs m fable 2.2 sabsfy
57%5. 2.4 and 2.4S



PRoBLEM  2-42
Glven: A c/osea\ VeSSQ' cavvl-ammi /){male op O2 w}\en ‘H\em S ne stauml\‘ov\

Fikd s The mele Frochions XQ OJ\O( Kay, ot The 1[;//00-)\\3 conds ans
&) T 2800k = Pl atm
by T=2600K | P=3 atm

ASSUMPTIONS : /a‘eaJ ﬁas ) Sys%g,“ IS fa c/\em,‘w\f ezw'/f&rfb\m

APProAcH: There are  hoa unKnowns (‘)(a andk ’onJ so Z ejm#am must  he
(/Sed{_ The ﬁm‘ is fhe JQ‘FM?{\'W\ O‘FKP and ‘”»e {ecavm{ S ZDC(':/

a) T=2%0 K Oz <« 20

860 P, - 056, - 2lewem) =0 = st K/

) -8G 7 _ (400 A ¢
K= e"P[ RuT e)‘P[ (3as) (250 | - 2047 X0
2

X
KP = (PPQ> = 206,2;(/0'4 «——— FIRST  EQuATION
e,
‘F‘Bm Z‘X, = = Xo"" ‘Xo,_
7((32: J-X, < SEconp EQUATIOY

5u‘>sﬁfu‘lﬁh3 H\e sacay\ol eiu.a;‘io»\ :‘v\f-o ‘H\e Cirs'f' and rearro-naw\f\ﬁ YIeldlg
(%O)on + KP Xe — KP:Q (Zuaa(ra."k G?M«\lfo\

- - KP’ _i' \/kP‘L+ H‘(P/F’CJ ((P) /\-Hf: Ov\\y + )/)’&]AS P)\}'Siaa”y

SolvMﬂ for X .
¢ 2 (P//%) f‘CalfSII‘\'c result

T:ngcK/P: Jatm © (P-.- 205.3)(/0'4/ %: ] —= |X,= 0. oMz/ Koy = 1= X = 0.9%57

122800k P23abm kp72063x16 Jh 23 ——> [X,20.00526, X0, |+, = 0,997

COMMETS * Note how 7L1'>is S/vsf“em g//ows H\e Pf‘ﬁ\c_ip/e op [e Cl\a‘/-e/z'ér,
/ncreasmﬂ the syshen pressuce  Causes Fhe f}/S‘L\“.M o shift Fwards More O

Heweby reducing the number of moles fn the s}/s% (Rt K5,



PRORLEM  2-43

Given: The e u{/f Er‘\'mw\ rch\Lﬁov\ 02"* 20 in a closed vessel (,ov\‘}nfm‘ﬂﬁ
| kmole of fner+ o{i/ued‘ and | Kmele of O with  po J\'sso.f_n‘a:‘w‘o\\

£1oD: The male 'ﬁ‘acfims X, and X°z' Compa.rc 7L)wese rSSuH:c w,'# ‘H\osa
Lound in problem 2-22. Discucs,

ASSunPTang "oieaf ﬁas lae('\avrav/ 5}/5';'210\ 'S Mm chew‘ca( e7u{/;’1m‘uw\) Mer"'
d{f/hev\'{— (Ar) Aees nat p/a/ a rde in +he e7uf’\‘£m'm,\ reaction

APPRopcH ¢ (o\/cufmte AGr and Kp. Msmj the delmibion oF K ool Canserva bran
61(‘ e/ew\eﬂ'h) ja/ve )Cor 7%4& ‘/ch u,nklnowr\s 'Xo ana‘ Xdz

cmserua\,\zfm\ o‘( e/emen'('i’ __Q_Z. o /qr'
}ni‘]’)’q[ ! o ’
E?uflil)rium dm-ﬁ‘ -2 +22 O
foval stade -2 22 | < For mous
mole ‘Fr'o.uliav\g : = Nor - |2 N L2
*or Morsr 2+2 e /\); T o2+2
)
a—f //—. 2506 K ¢ Nole: Ar is not Pa\“" o +he eju)-’{l:rfwrv\ reactron

a6i s (0F) - (051, = 2[smer) - 1 [6]~ P KT,
X 66T . 178404 - -6
Kp* e"P[ R.T ] o [ ﬁ-m(zsw)] T e ki

4
L= Ko (f, - 2063 x15°¢

Xo, \PR
sahsﬁﬁ«h«ﬁ £ X oad K, i tems of 2

2
s [236)) < 066xta® for PR [abm

[(l-‘-z)/%.%j)

(#7" KP)'Z-_L +Kp 2 ’2}\/;: =0 — 2=

~K, L Jk2 ~4(4+i) (26
2(’7’+KP)

g:or FJ\yg;cq.”y rea\fs{w'c_ ’h‘.SuH’S

C ‘% (Contrued )



proBLEM 243 (comtnued)

SO,VM3 %r z 2 = 0. 0lo|
=2 )-o0.00 4q
z = L= = = 0.992
xo‘z 2*2 2+O_O]OI O.L{?z zol O
Y. o= AT - 2(099 | oo X, = 0.0\
2+ 246.0\0\
_ | = OH4TNM Koz O HH
Xpe® Z+z " ool

Ts compare the resulds of PmE{e,m 2-72 with +he ahove tesulls  we must
/OoK a'f’ Y\lAW\lDtP oF mo’es ﬂqslecxo\ O‘F\ Ma]e_ (mdscm,s Since 7‘)»@»6 IS /arﬂa\«\
Prﬁsen‘f' in Fhis Pml:fem (i_e\, cven with no dissociobon of O, P fonm o,
/ﬂ:e ma!e Fmd’iaws wau‘oq be O{ICJFW'{‘ ol?Slsf)lQ 7”\@ }C;C‘/' qu‘]L %Aere a)Ou/g(

ke 1 kmole of 0, PreS@\'\' in Aotk Pml:l@n«g)

Probleen 2-22 Problen, 2-23
O N,= XoNer = 0.014 Mo = XoRpr= X (242) = 0.0 (2002 0.02
O, Moy X, My = 0.9926 No, = KXo, (2+7) = 0492(2.0)= 0.9§9

COMMEIDTS /\.)O'I'e ‘H\a:f' ‘H\e g((/ue“‘)' 0/0@5 V\a% a‘ﬁ@c‘f AG; or the
formulation of Ky m terms of ole frackons  smee it does net
/Za.r(\‘cf)b@"e in The e7uf/i}>rm,w\ reacizfm\. The diluent a(pes/ /\awever; affet
T he Sydfeﬁ Il\/ a/7"ermj hows +Ae Ma’e 'ch{w‘am are a'Ze‘rQ\\eJl,

For exampie , the Rhl numher of W}é’s I /.\NHGM 2-22 could be
writlten as  [+Z  whik wm this prblem N = 2+% due to

Ae diluent. ThiS result is cnsistert with le gt liers princigle in /A

Feducng The mﬁﬁéPreesaf—es (wl'ﬁ\ Fha di/qekf) roSubls in more

Lissoblation.,



FROBLEM] 2-44

CIVEN : A4t P= /1 m‘mJ T = 3000K =

Yoo = O-67¢3 | K, = 0.7 Ko, = 01072
FIND v A for (0, = CO + U 0s

ASSomPTIONS LJZ@Z gcu/ Xt re

SOtoTrord v TAis s as Z/u%@rwcui applicatson
s

o~ The o/e( ynition A (Epn. 2. 65) ¢
/G = (p(o/%o><62/?c)’ = /yCQ o;/_x(lp/ )
(/%"L/Pb,) /7{60
o= O 2 (o, /072) -/ _ |
[ Vere / /éy 0./s35 (3./623)
| £ = 0.3273

CommENT 1 MNote 7he infAuence of- The Fota!
?)/-efsar-& o The resutt . Mote also WTL

since The z‘@,n/epawﬁa re M;:IN/L we_ (oa,/d Aloe
calealeTed £p From. exp (=46, /2,7 ) =

mark. comp l7ca fed approach. From 4/#’4&//3 A
Tables 1,2, 100 AGy, = 2307 (85« 4f0)- (-395,552) =
Z1,677 Blfemet 5 £y = exp(~27%77/8.315(3000)) =
0327, The same tesuttzo sbove .




RoBrem 2-45
GIVER ¢ At P=0.Fatm, tho, Hy, 0, mxture Aoz
Tha_ (am/oﬁ'ﬁﬁrou 4 '7(#7,0 =0.9 ) //(4;: 6'0'3‘) g

/7(01_ = 0.07.
FIND . K For HoZ Hy + % bn
ASSumPATIONS éJfaﬁ faf moxture

S0coT70p L This e &sﬁasz[ﬁrwrd 4/),0/,(474071 a,f
7He o/e-]éhném AXJ /{" [57/; 2.67) ¢

*(?#/P)('/%A/p) Tty T,
<P42«0/7‘4) : 'X((io

(7’/?)

B 300,
_ 0.0 ( 07) (059 = 4. 0088/ (039‘/4)

£, = 0.00789

Comment ¢ Mote Jow The éé/f‘wssare enters
ints This calew (oo .




ProBlem 2-46

GIVED Waﬁfhjgas\fé e reachil @ T 5 enthalpies cof -
’érnﬁa ey, at— T2

h€ e = = BH7°0
NC o = —il€, 200 bT et
h—ﬁ o, = T394,600

e, 7o
FIND ¢ &) Effect-of P st arlibrivac
3) Tt of T o0 7a;//‘é;»;oM?
AsSomprrors 7 ;Jeal/oap bebdyior

I#1—=1=1

SOLOTION) . o
¢ > /‘TDCT> - e, %<P/¥§)
’7(#,;) o
The net ey/ocme,«‘;ﬂ' Q—F P/ s 3ero. Jhere /5
1o efrect-<f P.
5 =K =+ N [
ARSI

%CO),

[~

‘\-6 2

= ~39¢ oo + o — (25,700 ~ (-118,700 )
Ay = -267200 = exoThermie @ T
/{, C/W)L@//\Cf.(s /Cwu 7w Tﬂcé\rcalég Mﬂe
leachion will SAHEE T /. reao'@:ﬂcs s/de
with j1ereasS7Ag- 7 o+ co = (o0, /—#Z_

Commerst . TA7S problen demorstates The
Qlo/)/>(‘d7£?0%, &,C Lo Chotelier's Trineiple.



PROBRLEM  2-41

GIVER): T)we Ftac%ovx /—("’ ’LOz ""”HZO and oand & rangm OF males
of elemental H % e(emzﬂﬁ\ @) e7m b one

Find: The €7w {kr,\,uv\ compos;h’ov\ ot 7= 2000 K omd P=/a-;v»\
Assumpnans The aboe reackon 15 the ov\(y reachon Mvo{ij H ¢to

APPROACH = Evaluale LGy deternme K owi usmi the defn hon of Kp ovMi
consevakon of few\@,\fs G(QL?I'M‘V\Q X, on fX;/z

o A °
Evehiatio, of 6G," © 46 = I( 3‘[/7>H10 =~ (35, —Z[jFT>oz
Usmq Appendin A o6, - | (F135¢43) =1 (o) = 2(0) = - 135643 KT/keml

s Bs¢3 ) 2
/ e)ép[ ? T exf{j{?'ﬁ’&)(wa) ] = 34896 x/o
n fems o X ¢ -L
In feoms ‘. 7(4-17_0 b \'% [’)
P Z3 P
X#z X°7. °
Conserva&:"m of  elements
o W + 2%, (2
;-O— ) X”zo + ZXO'Z

andl by defmihon 3
D T T A
SO‘\I"\ (’l) av\@t (3) 'E;»r X”‘L ?’ X}/o g} 71€rw\5 O? Xo-,_
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FPROBLEMN. 2 -48

GIVERD ! 7u}/r'éw/om: Lo =2 H 4L Op (@ 2000 & s atom
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PROBLEM  Z-46 (Confonued )

= Yo, Kot O
0.5 0. 6OOO O, 000/ 46 O, 39982
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FPROBLEM 2-49

EIEL ; .Eﬁu," / reocl 2 ;(L;O = /4;'7"‘%_02 @ 7= 2000 &K

w = 2 C-E_Z-)
“mel

FINTD 7 f)(!é %, 3(%20 fore o) P:O,TMJ |

b) P= /et <) P = 2atm

ASSOMPTIONS / clﬂaﬁfw e A1 07—

<oromons 1 Hhe S/a.teatij/fa{' Q/Pdé/épecL i Praé/c”/?/ casi °4

15 used- here wfp qﬂép Z/gryes OFPan Tt S
Mowo |, P /s prarjed Whi b 2w F1x4d.

Pakn 1. %y, Too

oS O, OC343 O.06686 6. 9857 /

/1O O, 00273 0,005 O, 99/8=>—
2.0 0. 00217 0. 0o ¥3% O, 99350

COMMENTS . A< fx/oecﬁ[ec(J “Fhe dissacratror, 07[ HO

decteaSes gc m/}essar& Moweels . At Zodoks
. N R J
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PPoRLEM  2-5D
GIVEN: The species /—/,2/02 , OH} O/ H avxa\ HZO

FinD : ﬂ'\e Sdlu\('fov\ ‘Fdwalq{'ioy\ fna)[{cav‘hk +)\€ nme@r O‘F‘ Mr\knownj amol,

the ecludw‘ov\s that will he )uSea( b fnd +he unknowns |

ASSUMPTIONS : /oleal gas l)e"\qvfor ) Sy:wLev« ) cAeM\‘c«] eiu{/{lwiuw\

APPROACH . There gre € species and canseczuem%ly 6 unknowns . Theefore
there must bhe 6 e:zm%;om b fnd a Solubion.  One equation comes
from  conservation of e{eme/v\"'s} one from ZEX; = y and the othec four
Fom  the defnihon of €7m{/{1>n‘um cons fands &

consecvation  of elemedts © FH afoms - Ay, + Xy + Xy 27(;,/10
7O ahoras 2 + + =2 0O
_)<02 XOH u 7Co X}{zg

Swmmation of 3 I e Ky # KXoy + Xow 1t Ky 4 K= 1 @
equi [ beivm  reachans » e . " 5
Hy <> 24 (@)H=exp[—§%£]H - ;f ('E} @
oo e[ £ () 6
H+o <= oH COMENE 2—?—76-5]014 ) 'i% 7’::)‘) ©

%Mﬂ-ﬁ“\ﬁ I-6 coan be So{vedl ‘fo ‘Fn«cl the six Mnknm—«ms :
XH XO?—/ LH/ XOIXH/ x#zo

ty

COMMENTS = NOk *H\ML o-H\er € u{{ik Crvm r‘@achians Mua/vm Hw Species
Y/ 3
of inlerest cmfi have heen chosen for ecLMo\}{ons 3¢, For e’campfe)
The e7m;l,‘lomw reachons OH +H <> Hyo = or 2"#2+ou & HO  wauld
Z’\owe heen eiw:‘//y Valid cAofces.



PROBLEM 2- 5|

GIVEN: An H-O system containing one mole each of elemental hydrogen and oxygen at a
temperature of 2000 K and pressure of 1 atm

FIND: The complete equilibrium of the system

APPROACH: Using STANJAN with the appropriate inputs

Computed properties

Independent population element
atom potential

H 1.00000000E+00 -13.7382

o) 1.00000000E+00 -14.9286

Products at T = 2000.00 K P = 1.000E+00 atmospheres

species mol fraction mol fraction mass fraction mols¥*
in the phase in mixture in mixture
phase 1: molal mass = 22.635 kg/kmol
H .29482E-04 .29482E-04 .13129E-05 2.21525E~05
HO .58544E~-02 . 58544E~-02 .43988E-02 4.39892E~03
H2 .33139E-03 .33139E-03 .29515E-04 2.48999E-04
H20 .66217E+00 .66217TE+00 .52704E+00 4.97540E-01
o .38202E~03 .38202E~-03 .27003E-03 2.87042E-04
02 . 33124E+00 .33124E+00 .46826E4+00 2.48887E~-01

* Species mols for the atom populations in mols.

Mixture properties:
2000.00 K
U =-4.7862E+06 J/kg

T =

Made

P

0 (T,P) iterations:;

molal mass

22.635 kg/kmol
1.0133E+05 Pa
H =-4.0516E+06 J/kg

V = 7.2503E+00 m**3/kg

S = 1.1988E+04 J/kg-K

4 equilibrium iterations; v 3.95

IBM-PC

COMMENTS: Compare these results with those obtained in problem 2-24 to see the effects

of incorporating the additional species H, O, and OH.



FlosEmM 2-52
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SOLUTION : =02 7, = K g=12,% - K
specres K Specres 29
N5, 6.737 Ny 0,69
/}Z 0 o125 4o 0,185
Do 0/0?/% DO é,o’/i;
02 0/02% CO 0. O)é/
—_— . - - /‘A} é OZO
NO 83&9/)/9/7’7 i T T <Lo /,vm
m‘lnor\ OH /800 {C/,\T{‘a f——,l g@@ ,Opn,\
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S 252 ppin C?)Z _7223 PP
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Problem Title: PROBLEM 2-57 PART A

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

CARBON ATOMS 3.0
HYDROGEN ATOMS 8.0
OXYGEN ATOMS 0.0
NITROGEN ATOMS 0.0
EQUIVALENCE RATIO 0.800
TEMPERATURE (K) guess 2000.0
PRESSURE (Pa) 101325.0

ENTHALPY OF REACTANTS (kJ/kmol fuel) -103847.0

FLAME TEMP. & COMBUSTION PRODUCTS PROPERTIES

Flame Temperature [K] = 2042.03
Mixture Enthalpy [J/kgl = -0.1151E+06
Mixture Specific Heat, Cp [J/kg~K] = 0.160011E+04
Specific Heat Ratio, Cp/Cv = 1.2282
Mixture Molecular Weight [kg/kmol] = 28.3900
Moles of Fuel per Mole of Products = 0.03146029

The mole fractions of the product species are:

H: 0.00003419 O: 0.00017639 N: 0.00000000
H2: 0.00025351 OH: 0.00180270 <CO: 0.00088887
NO: 0.00372180 02: 0.03750533 H20: 0.12466922
CO02: 0.09349201 N2: 0.73745598

Problem Title: PROBLEM 2-%Z PART B

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

CARBON ATOMS 3.0
HYDROGEN ATOMS 8.0
OXYGEN ATOMS 0.0
NITROGEN ATOMS 0.0
EQUIVALENCE RATIO 1.200
TEMPERATURE (K) guess 2000.0
PRESSURE (Pa) 101325.0

ENTHALPY OF REACTANTS (kJ/kmol fuel) -103847.0

FLAME TEMP. & COMBUSTION PRODUCTS PROPERTIES

Flame Temperature [K] = 2201.09
Mixture Enthalpy [J/kg] = - =-0.1685E+06
Mixture Specific Heat, Cp [J/kg-K] = 0.166262E+04
Specific Heat Ratio, Cp/Cv = 1.2304
Mixture Molecular Weight [kg/kmol] = 27.1613
Moles of Fuel per Mole of Products = 0.04407123

The mole fractions of the product species are:

H: 0.00080465 O: 0.00002376 N: 0.00000001
H2: 0.02031565 OH: 0.00085746 <CO: 0.05358114
NO: 0.00024014 o02: 0.00007722 H20: 0.15513821
CO02: 0.07863255 N2: 0.69032921



PROBLEM 2.53
C10H22

Tad (K)

h (J/kg)

Cp (J/kg-K)
Cp/Cv
MWmix

NF/Nprod mix

XH

X0

XN

X H2
X OH
XCO
X NO
X 02
X H20
X co2
X N2

Ci10H22

Tad (K)

h (J7kg)

Cp (J/kgK)
Cp/Cv
MWmix
NF/Nprod mix
XH

X0

XN

X H2

X OH

XCo

X NO

X 02

X Hz20

X Co2

X N2

COMMENTS:

Problem 2.53

PHI = 0.75 PHI = 0.75 PHI = 0.75 PHI = 1.0 PHI = 1.0 PHI=1.0
P=1atm P=10atm P =100 atm P=1 atm P=10atm P =100 atm
1973.2 1978.5 1980.8 2276.6 23301 2365.6
-8.38E+04 -8.38E+04 -8.38E+04 -1.10E+05 -1.10E+05 -1.10E+05
1514 1462 1441 2287 1941 1728
1.239 1.248 1.252 1.163 1.188 1.210
28.67 28.68 28.69 28.37 28.48 28.55
0.00962 0.00962 0.00963 0.01248 0.01253 0.01257
1.43E-05 2.70E-06 4.93E-07 4.69E-04 1.49€-04 4.14E-05
1.18E-04 3.89E-05 1.25E-05 3.42E-04 1.11E-04 3.08E-05
5.25E-10 1.80E-10 5.87E-11 2.57E-08 1.46E-08 6.70E-09
1.13E-04 3.73E-05 1.20E-05 3.02E-03 1.75€-03 9.52E-04
1.26E-03 7.28E-04 4.15E-04 0.00320 0.00193 0.00105
4.55E-04 1.51E-04 4 88E-05 0.01380 0.00850 0.00481
3.51E-03 3.56E-03 3.59E-03 0.00263 0.00222 0.00171
0.04787 0.04784 0.04786 0.00634 0.00361 0.00186
0.1051 0.1055 0.1057 0.1325 0.1351 0.1367
0.0958 0.0961 0.0962 0.1111 0.1168 0.1209
0.7458 0.7461 0.7462 0.7267 0.7298 0.7319

PHI = 1.25 PHI = 1.25 PHI = 1.25
P=1 atm P=10atm P =100 atm

217%.0 2186.2 2188.5
-1.35E+05 -1.35E+05 -1.35E+05
1604 1525 1500
1.238 1.251 1.255
27.26 27.28 27.28
0.0148 0.0148 0.0148

7.60E-04 2.50E-04 8.02E-05
1.40E-05 1.54E-06 1.59€-07
8.01E-09 2.77e-09 9.00E-10
0.02331 0.02326 0.02325
6.09E-04 2.04E-04 6.57E-05
0.06847 0.06844 0.06844
1.54E-04 5.23E-05 1.69E-05
3.54E-05 3.93E-06 4.06E-07

0.1385 0.1391 0.1393
0.0793 0.0794 0.0794
0.6888 0.6893 0.6894

1. At lean, stoiciometric, & rich conditions, the effect of increasing P is to suppress
dissociation and, as a result, flame temperatures increse slightly. This effect on Tad
is greatest at phi = 1, where temperatures are highest. We note that pressure has a
negligible influence on the major species [CO2, H20, N2, 02 (lean), and H2 (rich)],
while the minor species mole fractions decrease greatly with pressure.

2. The most significant effect of equivalence ratio is the lower flame temperatures

at rich & lean conditions. The CO2 mole fraction exhibits the same behavior as Tad, while

the H20 mole fraction falls at lean conditions only, & shows a small increase at the rich
condition. For the lean condition, H2 & CO are minor species & 02 a major species; at the rich
condition, 02 is a minor species & H2 & CO are major species.




PROBLEM  2-&4

GIVEN: The Pronc+s og dem“c (C,oun)‘aii‘ COMLU\S“TCM ad AN e?uivqlence
roo of /.28

Fiod: The mndure compos{\l'n’av\

ASSUMPTIONS *  jdeal a5 Be‘\avfor) OnI\/ Aissacf«‘l\‘m s H\e wa\l'ex- ~qas 9:2«; /z‘fm‘uw\

shf‘ﬂ‘/ Ko is net o dmﬂ funchon of temperature in Femperature fomge
of tntevest

APPROAH: orite the  gvermll covabustion ecluwf-{ah ) determme the AfF FOJ‘\'O,
avxo[ Solve {::Jr ‘H\e Species CanemLﬂmLicY\S ASTW Cov\Serva."‘on\ O'f
elements  and +he eiuf(a‘lm‘uw\ coater “gas shiff o+ H,0 = co, t Ha

combustion eguation ' Cxth #6002 432N, = bC0,+CCO+dHO +eH, + £0, 13N,
o= Xt YA 10+ 22/

QD - 1.2 = /Z.“{
C I ol lb = Will solve for MSMC) OUOLTLtr ~qas shift ke
onseuatican g1 ~

< C= x-b

o d= Za-2b-C = Za-b-x

H e Y2~k = Yz -2a+h+x

=0 Since  Comhushon s fuel-rich

/oo/(M3 at  wote -qas eazmi/;lsriuw\ : Co+ H,0 <> co,+ K,

KP= Xcoz?C—H-;_ - Be ./anr)? B} B~€
Xeo Xifyo c-d kl//\)m» c-d

Ko b(h-a +b+x)
(x‘-b) (2e~b-%)

l‘eqrra.«\ﬂin;) : (/"/(P> bz+(y/z'2m + ZGKP 7"76) 13 '/"(XIKP‘ ZQYKP) =0
So‘vfm’3 this 7uaa\ro$'¢ 6‘7%17‘5“ for b ¢

(2o (kN + x+YA) /L2 (6 + xt¥a )" =4 () K, (o)
: (Ko ~1)

b

where omly  Fthe negative oot y/'elols o physicall realistic  value
O'F }: (iey h mus"‘ Leﬂ /303711\“\!8) y
éon'lﬁ'nuefi)



PROBLEM - 54 (Con"'wwleal)

ﬁwe preceoﬂ{r\@ eclm%d"\ Con ‘)Q Solv&;\ by SuEsH-’w){hi 1C;r 0\) 'X)y ana\
KP ((«)‘\\‘uk rust SH“ he determmed

QGO
K= o [~ 2

%uessmj an appraximovl'e \C/ﬁme +€Mperamre 0‘F 2o K o.vxat aSSU\W\ﬁ\3
+Hhot )(,, doeen’+ vary Much over « few }'\W\a\rei oLeﬁvee: K

865 OV, +(V 9y, ~(D 5., - (D1,

«t 2200 K *
oG5 =(-3%634) + O = (- 3625%) - (- P4030) = 36260

3ou0

56 )
KP: exp [‘ Pﬂ'] = exP[ (3,3;5)[2200):] = 0,918
solving foe b asid | XFI0 Y22 K< 0.0N2S

b= £3i

C= k-b=)o-SXl = 4638

A= Za-hx=2(128) - Sac 10 = D439

e= Yo =20 +h+ = )1-2(q)+ $.361 +o = /.81

XXy, (00793 (0.023)

ggec:es # Mores X Choek s Ko® o < '
(02 §.3% 0.079 P XeaXiyo 0-06%9) (0 13%)
- e 0.9 = o9l
H1O 9'4# O.'LIO
Hz l.$¢ 0.023
s “.€2 0.6%6
67.62 1.0

COMMENTS = Frow\ ‘H\is Pmk(em we See -H\o:J' a(fSSoc;o}iov\ P/a,y_g an
fMPor+an+ Fale e determinm the combustion PmJ.uC(’s ) and. H\e\reﬁre)
adiahodic Flame Femperotner in o Suel-vich process, Co»«Pme these resuls
T P"’ue"‘s 2219 and 720 where Ow}y S(\‘ik‘f‘ ol»'ssuia.['iov\ dec,re.qSe@L.\He

aotl‘akmjﬁ'c 'F)a,w\e +€MP6\”0,+L~F€ B\// O,FPronma.‘LQlY 130 K .



PRaBLEM  2-5%

GER® A naducel gas - fired industrial  botler opecates with excess air

Suc)\ -Her ‘H\Q 0.2 COY\CGV\)YVOL']’I'OV\ in ‘H\Q -ﬂue 36\,565 is 27« (VO\) aﬂe‘— Femova\
of the moickure in the combustion Pma\uc:l‘s, The Flue qas temperatue  withad™ air
Prel‘\ea*’ is 700 K.

Fiod - QS ectuiUoJence et o*F sys{'em &sswmmj r\ocl'zmal 345 i< CH!,

L) H\erml e.-s:ﬁ‘ciev\cy o\c the hoiles ;’1(‘ anr cu\a\ @el emler ot 2% K
(ro air. Prekeaﬂ

¢) With aic preheat, the flue qases exit the Pre}\e&er at 433 K.
Determine the +herrmal efficiency it fuel enters at 298K and air
enters  the Pf'ekeo&er at 293K

d) QSSMMMj Prempce,\ Bwrner opercdiov\ /es‘f"im@;‘ﬁ ‘H\e MAX TR, ﬁupem‘l'MN‘e
in the combustion space with aie preheat (P<) atw)

ASSUMPTIONS = o onafbtcf" o{fsSoc{au‘ch\, all ene y Jost By QUQ 3:15@; iw 'M\Q.}\eo\‘l’cr
s tFransfered o air @V\-l-er{v\j ];‘o;le,./ QKE £ OPE are ﬂeal{bx.ls}e, S+eaaly state

APPROACH : DQ'ILQFM\'V\Q ‘H)e A/F f'°~+1.° Q‘OW\ 8)81‘/\&/&'/’ CaﬂSQWQ\lﬁ‘Oh 7‘/\@1\
Use conservadion of enerqy h determme the  porlen efﬁc,ie/\cy

D Comhuskan afzmka“: CHy + a0, +37%aN, —> COL+21,0 +40, + 3%,
in PmcLMC+S E /Xo = 0.0 = Moz - l)
2 /Ucol-f\/\l%{:— )\)02+ Ny, | + b +3.%a
remaveci
O atom conservaFon }J = a-1 -1 = a~2
Pt
o, Ho

no‘}'z +)\a\+ ‘H\e WQ‘LU" 5y S*\'” ;\c{,ua‘e& /N 7LLQ C)"OJ'OM COY\SeNv\‘}'\‘O\x
even N\oucjlf, X S MQ(MJQQQ " the measured OZ mole Frnchon

§uLSH‘ilu1Lﬂ\.j b=a -2 ints  The defniton of he a, mole  Groction
-2 ) a-2 -5
oy | +(a-2) + 3%, 4Tl = ooz
Y
o= 2.1 —_— Q:M X"l) v =4
L= a-2= 0.9 ¢
A/F) ‘ : Y a = (0,42 ¢ = 0.9

(Con+fﬂu€A)



ProBiem  2-5% (cw'}-\‘ﬂueﬁ\

Gl)au.k
L) d\eCMMo& Fhe Bar ler Fhermal ep{;‘c{e,\cy : ’7 = _&z_i__i_

where Q&mgz is  +he }\eo\Jr ‘l’mn;gereci Ey the  hoiles ansk Qm\x
Nprw‘\-:, ‘H\g PO MU Possfuﬁ Aeoﬂ‘ +Froans for [,Oma(uc]‘g ot 79% }()

SCJ'\@MOL{"_(_ ‘(;\’ Gm‘f’ }o\w CU\OJYS')‘J:

QBOILEZ
r--—=---=--=--/-=- " - - = - - = —= -
i .

’FEFS-F /a_w -g,f- Cm"'&‘o[ Vo!b&""\ﬁ E

Q k)\ EZM ’m pfbcl —‘[NL] - [NA]o&w
Q_ _ A _
7~ Nl ) N0 \[ Zh:h; :)wa( = hpe F),,w haie

7 } [Z'Nﬂel Al]P“‘A B }"‘ﬁte, -é)wme I"au“r

for 7mx (7;r¢4 =2‘?8’1<) : z + [A /"F ) =
Ni - - - - _
ZI’;‘;' ‘7‘ ) , LLFCOQ + Z L’FHzO + b AFOZ * 3‘763- LF '\)z - TC’_OM CM"’“‘#M

27 naton

=) [[3Bs96] + 2[2997) +0 O = 997290 KTl -fi)

S0 7’4% = - Y7740 — [ 74?3‘) - /O Y2 (0) —-¥oz2409 Kj/(l’mo,»:"rue})

/ arr
for no PNJ\eaCI' (ﬁmd = J0o K} : }: = K.FQ 1L(L:~A-Fu>

N
S = L’i - ,[_373 UL + p7qq}%+ 2[~2uu'?cn F14209) + 0.9 [0+ /2§03]02+ 923 [o Hlm]“z

Neel
= 73045 %M]e “fuel) (contmued)



PRoBLEM - K (Conﬁnued)

b contnued) : Famen = = 730415 - [-74831] - 10.42.(0) = - €SSS Yo *fiel

~ QB@)LER - ZBau.ER - ’éSSSXLI - O' 87\.
7 T R Jruare 302407

%
>0
~

without Fre)\eoc]’

’7

O with air peeheat  (Towd = 433K) = | =hi +{h-h)
/C)f B To -
7&1L£Q= Z IE);LQ{LL - I/\-F - A/é)/ua.ﬁﬁ La;r

N
Sﬁfu\ = /[—3‘73 SH¢ t 5'12/102 + 2[‘241%‘1‘7 + L/éo‘i]ﬂzo + 019 [o +</o‘f‘§]al+ 37_-13[5 {.394@0

2

= 7 ?2?357 /(I/kkcle—-pud)

7&"@: - $293$7 —[* 7%31:)1%' - 042(0) . = ~7595% K%m}e-;ua

= T/8M5% . .94 = 0.94
/)7 - o409 7

with Prakcof"

0[) Estmate the MAX Mg 3&5 ‘)‘e,w\pemzl'me i the Cowxl:usllfcw\
sfmce, CU\"H\ aie P“Ql\em‘l',

Assume that Hhis 7Lc)~«}>em¥urﬁ s the adiabatic Flawme f@ml:e,rmhrg
anol that 7%9 F/ue as f’aw\pem\‘u:& Ae@m en‘}-erm enterin +the
Pi\c"\ew‘-er i 700k (i.e.) Fhe fempemllwe of the Flue qas Qx&mﬁ the
boiler  remams Cows"‘cw\’l'/fﬁqu”e‘gg of whetherm air PPQ*‘I\&D» Is usea{)

Ert Jaw for +the Prekeo}er
M He
bho * Fregy = P * B
Hagy = oo oy * Mo
per kmole  of fel burned ) .
ah, + 3% I:u,_ - z%’;:;,m _= ﬁ;l hi s +[%+ 3.7ea}@m,<

(CanTuED)



PROBLEM  2-85 (corbinued)
- - KT,
ahg + 3%ahy, = -7304is ~[-829357) = FIML " fde-ficel)
Hm‘r (K%Moie'?q'@b
a{&'l'em\vxe &A\"&Lo}fc \C/Gme famperoﬂl‘uref
/-/p= /‘/;z° /"[;M( + HCxN‘
Ho= [-793310 +0] + 99942 SO0 il = 29000 Vot el
oo Theoy + Zhy, + cathy  + 9.23h,
= ) [-39359¢ + okmjmz + 2724139 + ahgon, ) o O [0+chen | ., 83 oml\w"jnz

KT -
Akxensjcai‘}‘zé)ﬁseml)_{zo + 0.9 O}ﬂxey\s'o? + 422 é)"SMS/IUZ - ‘701351 %/AGL"’:\AQI - R

a)l\are aL‘Sens = ;:;'—l'\; 0\“4[ R:o ‘F;i‘ Cofv*ec?{' So{u,‘[‘icm

Using appendix A T (k) ‘R_C K%Mole'fwz‘)
71200 ~97329
2300 - Sco13
2400 - 750% Lmﬁa«r M‘I'ef‘Pal&{‘\'m\
200 4S23Y for  R=0 yelds
T= 740§ K

COMMENTS © Meas ur—d Ccm\!:w A‘a\'\ /br'oa[ uc,‘ll' mole -chﬁ‘:ms are 75,/3,'¢¢/ /),
based o o \\0{'7 " it Since '47,‘9 7S usua //7 com/@msga[ out of
the mixtee befoe Fhe mixture entes  Fhe measuem inshryumentk, T his
Pre.\/em{'; #2 0 frow Crma(am mj M ﬂ.e i As#umem*ls av\i oto\Maj Mf} ‘H-\@m R
Also noke Hat +he 7L€MPera:1LL~re. M P ast A T3 the “pper /va T smce

of:'SSa:.‘aJ\‘m s hejlec}eo\ And the COMLLAS!\'M\ Process rs asswuea‘ 75 Lc
ao’i-’a‘sm{';(«.
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FPROBLEM 2- 56

GIVEN: Cghhg  products @ Ny =006 (wet) s Ky = 007 (wet)

Fnd ) F b A,

AssumOTIONS ¢ Al of The carbon TA The fuel is conerfed
% Co % Co, and Q//cﬂL’ﬁ:e, /L7Q[qoyg¢§ Aé/@, T< |

S6Lo770M) =X+ Yy = B+ 84 = 28

al
%[(2/%3 + %,-?(0;,+?,76NL> = L0, + 1 CO 7 JHO ~ {02
- » (2776 (25 ) Mo

C-balance . 9= 6+ (rbe = 100 éy»\o—@s)
' = = 7/g
H— balt nce. v _,Z‘_/g—_: 24 = o4 = %3 = 7S
O-balence 1 Z 1252 = pg s + 63 + 2L
g8 & 21
L) 09375 L jp 4375 =L
2
. - _ 125 -
Orerall : ZN, =100 = ¢ +/+ 2 e + Z 376 5 = ee
oF A = $S,125 ~ /25 L)
Substidute L) > il)
—
/6.5375 S AT
120 e, s = g es LT, = 52.00%% = o,SL/‘f"zl
@ o437 2 sy 95 surs L
B L= 85IeT- Z/S’{/Z%; = 9.6360 | % =l = 0.056%
1 F44Y,

COMMERTT ; !o/mLBﬂa Dorce off (O alan Droductmpxlu 7

;Z?’r)lqps /%(cw/?/e'v[e XL, or f'\ch‘%?cfénj- reciw Eirne
G coneast €O = 0, (See ch, S‘)




PRoBLEM. 2 -57

GIVEN ; CA/L/ /o?— durned. 'sz/;e/{, Co, C02 h‘zod ﬁ@_ Y =r5"

FIND 2 &) Myture (mfus)vcz‘m ,4; T = IS0k
ﬁ) n\:)‘-‘\LuAL—Cbeﬁ'\'?L/‘M ﬁr'c/ 7= 2300 &

ASSUMPTIG'S b ol dcww._ st re

poPROACH ¢ hjater —go0- 5hHE" Zﬂa;/,"éh;m woill contral Fae
Grmpositien. T geliels ik, Tae relative proportions
K, O DT tetedut STrean— .
644"" % O —> b Cop + ¢ CO +c//'7lzo ""QA[)_

ﬁré,ﬁar-‘é;/ reterence G "-:t# atems

b Pcatme 0 gyt e,
*bhlztr%ms
Q/XAL?D + Z’)C;lz »
£ 65 ol '
o) yr= - = j_{-_ - L2 _ /X@f-zﬂ(dozj/){ééo '

i) 1= Yo+ Yoy + At Ty
.Eiu}/léh‘m ; o+ o = cop +4,
) hord= et
Yo W0

&) D//'muél{:»mcwéf/ St Eops o -t A £ €7D
erabpotnd od—T= 1580k, Frm Tabke 2.3
Ko (1550 ) = 0.3887.




- PeoSLEM  2-57 ((om‘i/zue«i) [
A/ﬁmaﬁﬂfjxj Efms 2,72, X733 2.7¢ .75 27¢
can be emploged ZZ‘-ﬁ/uc. 4 /QN//L‘% (% 0) |

|

Us s 5/*64(.{349@6' 54757‘/,«)4/«@, we sbtam e
g/ﬁ / /—f§w/’é'

7 (K 4% Bc0, o F A X e ‘
IS6O O.3887 /3,4 20. o' 42,2 245 ‘
2500 O./622 2./ 24,3 4L 20. 2

CommersTS = Bolatroely é/]%, g mponts O and
,L/} are.- ?»oﬁ/uceé, + These. /cmqi;'/%@\'g . ﬂ’—’-

éﬁﬁaﬁp‘a.rﬁ 72-/)1/9?4#[0}"6_ /< /70—/;/')&#79‘6’«/417;/
47%7,



PRoBLENS 2,99 — Q.62

THIS SERES o PRIBLEMS <A BE USEDN
AS A BINeLE  PRoTECT



PrRoRLEM Z2-05

GIVED: A ‘ﬁ«rnace zm"v'/f%m Pf‘cl‘\ea{'ecq oiv oma( cPergd-mﬂ ot a Mass

air - fuel rako of K. The aic s PFE)\QO\“QA to 600 K and the fuel enfers of
3w K.

FIOD:  the adiaboakc Flame 7Z€MP.ero\')lZAre,

A SSUmPNINS T]’\é’r?’cw;z KS.‘MP/\'-G‘&Q %)\ermoa(}’nam,'c propec hres O"IDPI)/
ret T 300

MW * MW, 2 Mgt = 29 Ve
G ™ Cpaic T Gpprad = 1200 VhiyK
hfaic = Pgped = O
%Z,’F = Y xio Tﬁﬁ

Mg

T=30ekK ’;\P"‘A
APPQOHC'—{ < 7}] v$ a (:FS‘I" /&w afV\al)/-S{S ¢ V

T\;\a'r T:TO‘OL

T=600 K

/@(/,{: H',,"/./,a - /L/P:}:/R
‘Fa" A/:)Mass Mprgé\ = VV‘\‘C (/+ A/F)

Mae = g (A
rmg= me (1)

My b= ehe 11, by > (it W0 (046, (1)), = oy ()[04 (T Tod)),
* "3;:[}\; +§[E'TNF)J_F
(/'+/é)[o +1206[Ta,(—3oo)3 f(/é)[OHZoo(éoo -300)] +(1) [4x107 #1200 (306-309 )

Sobng oo Ty T.4= 2843 K

CommenTS :  bBeause of e S}Jnf/}ﬁec‘ ﬂ@mdﬁmMC PWPQFHQS and —n\’*"([@&
Thod imp//‘c,‘-ll%‘(-heve._ 18 o disSeciafon , prerading The aic (AT=300 )
resalts v T4 beth r\eq\-h%_ 20606 kK /\/}iﬁer /A'Q =283 K, TL£
The fuel were F&Maﬁ‘eé ®o, Ther A7, =3Zoo K )@@Cf/%‘



FPROBLEM -6+
NOTE ¢ This prodlem 4n bo used a< a S”W//P/q/eaﬁ |

GIVEN ! Ty, = 299 K 5 F =325 K Wy =002

FIND ¢ Combimtins of BFAR S Tmp Tt
resuft sn [y = /950 k.

AsSomerions ¢+ 76 camposném Based ot ro
4:<50a4740m) /Va[amljas ot C/-éLJ

RPFRSACH & 1) Use o, & determine. Shichiometry

) horls 17 Ly (Bpn 298 1y detrmore

0) Relode Hey, & R 7 7,

SoLUTION) *
For- na c[i‘ssoc}éﬁm) Flue go<- Corn,ooshém ann be oézémzei: |

CAQ, + —;;'/0),4— 3,742\!;) == Y, + 2#,,0 -+ 620;,1‘%3/76/\/;_

o-balitee ! 2(%) = o+2+ 20 3 & =Z-2 (B
GvenBle 1 0,02 = /(1 42 ve + 2(5%) (z)
Simultarecns solwbion. er i 710,/14,

a = O. 2325

@ =0 6958

— _ — , 2(376)
’\/pr‘.‘ /Vdoz;*‘/\/m;,o +/\/0Z 'f‘/\/,«/?_—— / D4+ 02323 4-0,6959




FesRiEN 2-64 (Gatinued )

Nféot =) 2T = F&ar Cc,/»pos};@'pz_ 2

'”7((0‘,-: 7'2—57 = 0.0860 %, = %"-010200
Yo = 7%7= 6.172-D N, - _%%?% - o720
/5 S s 7 HZR = #PK(/?SBKD |
or iA—;H? - A; 4 /\/@/A /;Ge‘c—/%\m} 27(#‘}\;‘(/%‘0&)

| (o)
Mo A/;,r~ depends. o1 bota Tha combuchon ot The
‘éﬁ*@./ Md NFéR_ , (,‘,-e.,)

A/ /\/ CIE)
AL = A _,er) <ﬂ L
Pr = Me= + A/FGFZ_ Nezp ; FacH

We use TPEWIL_ to determine Npp [Aj= -

Output from TPEQUIL
Equil. Calc. for Specified Fuel, Phi, T, & P Using Olikara/Borman Code
Data below are as read from the input file.

Compare with INPUT.TP. If they do not agree, your
input data have not been entered correctly.

CARBON ATOMS 1.0
HYDROGEN ATOMS 4.0
OXYGEN ATOMS 0.0
NITROGEN ATOMS 0.0

EQUIVALENCE RATIO 0.8958
TEMPERATURE (K) 1950.0
PRESSURE (Pa) 101325.0

CALCULATED COMBUSTION PRODUCTS PROPERTIES

Mixture Enthalpy [J/kg] = -0.5328E+06

Mixture Specific Heat, Cp [J/kg-K] 0.158621E+04

Specific Heat Ratio, Cp/Cv = 1.2360

Mixture Molecular Weight [kg/kmol] 27.7295 /
Moles of Fuel per Mole of Products 0.08594273 = N




PROBLEM. 2-Ld (Confinues)
or M Me = 116357

e Nop/Mewre = //{-2____’557;7 = (0oo] v [

fulgs%'ﬁ"ée, W itk I %( salve —6/— /\/F‘sg//\//: ;

Moo ( Nﬁ*//\/,g) ;;» - /TF.(;z?é R) - é(/k//v,;) /’a);»(ng K)( )
vl - - i
g /’FGP\ - (Np”/M'—‘G/L ) AP}—
| See TPEQUIL.
Where /[/ outpat™

(Mor I by, (19501 (4. /M=) b, Mt |
=/, . S32.% &L ‘
/357 (- S £l );7727( ﬁu

= ) T909  10° #T]tmete .
= A;L(/ (294) = ,.74;23/ f{}ﬂwe (725/@ 5, /)J

- o,j/(_’]f;? )#—0,79(783 ) = 76773 %G.L 5
(Tables Al 5 47 )

(Morfhiese) By = (1)( 532.8)377295~= -1 774 €T/ kmee

ha} r

M/ = 2(476) _ '}é\g—;(;% Sy

§u£5'/5"la"£7y/ pomerical values from sbsve ints T

Nrse =, T1909-10° ~ (~T4,$31) — 0,627 (784.3) = /05,43

—

NE hesn — (74774 ) b + /57714

(zz) |




FROBLEM 2~ 64 (Cam%aec{_)

To comphete. sve 5a/m4m_,) Wt calrnldte Z%z “or 4
Vaye od[ﬁ@ﬂperzzé{reS‘ (330 - /200/<')_j Solve /A

fov Mee/My § and WM? 7A€ oSolon 7 sm_ ﬁ/‘/"ZFéQ :
7()7:62-; "/I(#'M_’/Dﬂz = M ,/OQZ

=(/VF@/¢/N;=> //7?‘%7 - 46 ~/A;6A//u,.>

hrseCTor) = Z Uy A (72, )
For evample | ot~ /12004
/m:% (rRookd = 0,08L0(-393 5S¢ + w4, 48 ) +
n
0. 1720(-24, YT+ T g )+

5.020( O + 29715 +
0. 7220 (0 + 28,115 )
= - 447182 £J/brmt

T KD ’\,ca,é%ra) Thaet  Mop/Np Z F6R
330 —74 Y09 [.763 /5.1
tYele; - 63, 658 2.0 64 177
Jod - 5, 669 2,578 29,2

/200 — 4y, 78> 3573 30, -

commae7 ; Ps ex,oec'r‘@oﬁ) less  BFER. /s rx‘?uh—e&
15  cooler r‘ecedded/ qases.




