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A mxture of one mole of gareous ethene and Fhree
mofes of oxygen a@f 298 K redck In @ constant volkume
bormb. Heot js Franrtérred wit! e progucts are cookd
b wob K. Delermine e omount of heat released jr7

CQ//j’/T/ "/770/8 07/ 7%,6 7[08/, Assume no dessocsdbon 06 /)roclucfs_

The chemcol! reactior? IS

2C0, + 2/, 009)
Jhe 4red low Hr reactin g J}/J*/emf VAR
AQtip = |
where fhe "Lp" 1S intermal energy of " reactorn?s apd "t 15

Ahe Internal energy of proaucts 5 Since it IS o constont
volume  process:

T T

A9 + Enfnt +[or- RT) = Zndh; %;;«7—&%7)

7 ‘ '
Znfih} +[c,4r-/a,r) =t “R Ty, - o, (T Doy (A b )eyyy - 4 RT
= /2540 4Xx1.987 x 298 = /077 ca//gm—ma/e of fuel

A
Z e} + Zc,ar-,a',v: 2ehp) coy + 2 By, 1 2RY), 0 # 0 0 ~HRT
= 2(-94054 +3084) + 2(-57798+2515) - 4 x /767 X 400

= ~/8I940 - 110566 ~ 4769 = -2972)8 col/gm-rofe of fuel



777::’/"676/"5 3

AQ= - 297275 - Q171 = - 307446 09 fom-matk Fue!

7Ris analy.sis attumeo /7@9//9/25/3 changes i Ainet/c
ond /w/en//(?/ EICr Gy«

/. 2

We have alreadly considered the Frst low of Hhermo-
dynamics for a System, which consists of o Hxed guankity
of mass, and nofed, ZFy. (/-22), Mt /f may be writfen

A~
1Bz = EZ— E/ +/W2

We have also noted thol this may be written as ar
average rare equotion, over #e fime mlerva/ St by diid-
ng by S 7 R

J&=£2—5+ Iw | (/1)
gt~ dF 17
/n order fo write e First law as @ rafe equation #%r a
contro/ volume, we define a system and a contro/ volume
shown 1 e followmng Frgure. Jhe System consists of off
7he mass mitially i the Controf vokime plus the mass Smy.

Conssaer e changes hat 7oke place 1 #ie Sys/em and
contro! volume adurirg e fime inferval 5F  Ouring 1is fime
01 1he rnass Omy enfers the contro/ volume fhrough 1he ais-
crefe areq oy, and 1he mass me leaves the contro/ volume
through the area A .

17 our analysis we wrll assume Hat Hhe icrement oF
IS, dmy HaS LniForm properies, and Sinry #arf dme 425
Lmifor/m poropertes. R

Tre fotal work done by the system during s process, S,
15 that associated with the masses Sm, and Sm, crossmg
the contro! surface, usua/ly referred 7o as Fbw werk and
the work W, , Which mcludes off otber forms of Work such
as work associated with o rotating shaff 1ol crosses e




5)‘5 7‘6/77 bO un a/ar )/ 7 66 = heat transfer 1o system during 8¢ g A

skear forces, electincal, A I ey o g s
7 zg 7 67& /‘C orSu ,70” e or magnetic elfects) that crosses the control surface during 8¢
eftects, or expansipm

or contracion of the P
confrol volume. An v
amout of tegt 58

Crosssthe boundary

—_—_————

! my = mass in control volume Controt surface
at fime ¢

E; = energy in control volume
at time ¢

O/&’f/h_q ot S ;‘

et us now o=t oosms==sl T
conssaer each of Hhe it o ety o e s e £ -
ferms of the first low i

WLy,

Wy, includes the work associated

as 11 /s written for
e 5}/5;@/)7/ dﬂﬂ/ rons- . :;:tr? a; displacement of the con
form each ferm ity N s i ol =
an egurvalent form Ti Eran m ey i ool v
that agplies fo the “ time t4 1
contro/ volume. Consider
First the ferm £ -£,.
Let & = the energy Uit T,
/77 7he Co/)/m/ Va/ume E::c:+e.6;le=enerzv of system at time ¢ + &¢ ce
071 #Hme z‘) é_t 2= e masssc:;z:;g: :!hlggcr::t\rfoc;: 2 ri:::tel.awanalysisofacontrolvolume,showing heat and work as
7he energy in the
conitrol volume at time t+Jt. )
7hern
£, = £, +€:8m; = energy of #he system al fime
£z = Fpust + € Eme = €NeErqy of 1he system af time t+8t,
Therefore
E2- L) T Eppqp+ Codme =&t - € 0(”7/'
=(Et+<{‘g - £, )+ (Ce é—me—é’,'cf/ﬂ,-) (2)

™ e e e e T ——
——

time = ¢ + &¢

— e =

The ferm (€.86me— e i) represents the net Fow of
energy 1hat crosses fhe contro/ surfice during St as e
resi/t of the masses Sme and Sm; Crossing e control
Surrace. .

Let ws consider i more detar! the work assocrated



with the masses Sm; and Sme Crossing e controf surfoce.
Work /s done by #he rnorma/ force (rormg/ 70 oreq A ) acting
orr Smy and Ime. as ese masses cross we contro/ surface.
7h15 normal force 1segual fo the product of Hhe rorma/
fensile stress, -a,, and the areq, &. THe work dlone /s

— G, Al =-q,8 =-c,vém (3)

A complere analysis of the nature of fhe normal stress,
0, , 10r an actual Fluid involves both stotic pressure ang
viscaus efrects, ond 1s beyond e scope of ths Chaoter. We
wrll assume i Hirs Chapler fhat 1he normal stress, o, , ot @
point 15 equal fo e static pressure at s pomnt, P, and
simply note #hat m many applications s 15 a very reasonable
assumption and yreldls resulls of good accuracy.

With #s ossumption #he work done on mass Sm; as i/t
enters the confrol volume 15 K dm,, and e work aone by
mass ém, s 1¥ leaves Hhe confro/ yolume 15 Rve Sme. We
shall refer 7o fhese terms as e flow work. Varous oftber
Terms are encountered 1 e literature Such as How energy
ond work of introducton and’ work OF exoulsion.

Ihus #he fofo/ work dbne by the system auring fime Ot is

IW =W, + [ RoVe &me = Frv, 87y] (4)

Flow “work

Let us now divide £gs. (20 and (4) by 5t and sub-
stitute into the Frst low, Zq. (/0. Combining Ferms and
rearrang /'/79,

5&\ fm,- Ervdt — E(- Sme JV{/:'V

8 B (o) - (G252 5) o B

We recogrize #hat each of the Pow Ferms i s exoression
can be rewrrtten in the form

v, .3
29¢ + Zyc

=h+ L + 7 = (6)
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using the definition of the thermodynamic property enthalpy, £
(1-70). It should be apparent that the appearance of the combina-
tion (w+Pv) whenever mass Howsacross a control surface 15 1€
principal reason for defining the property enthalpy. [fs mtroduchon
earjier in conjunchion with the consionf-préssure process was 1o
fac!fifate use of e fobles of thermoaynamic properties af ot fme.
Ulhzing £q. (6) for the masses enfering and leaving the conto/

Vo/?ge, Lg. (5) bggomes PN c oy sk

58 . Smy (4 V2, 5 9 \_ ([ Ersst—Fs),Emely . Ve by

—3? * ¢ (/7'+29c+ 4 Y )—( S¢ )+ Jt (/76+ +Zefc)+ dat (7)
In order fo realuce s expression fo a rate equalion, letus now examne
each of 1he rerms and establish He limits as 8 15 made 7o qoproach zero

As regards e feat fronster, as 8t ggoroactes zero fe sysrem
and the contral volume comncrae, ond e heol rramster rare o the
system /5 also e heal Franster rate 7o the control volume.
/terefore, ;. 49 _ 5

w0 J f c. v

e rate of heat Franster fo the control volume.

Furf/)ir omEo e

i 6t )2 v
d{;i”o(J?;c'VJ: Wc.y, |
lim (G (e 2 L)) =y (h+ 2o 2 )
é/;/fo ( i/;?e(/’e-l'zj;%z +Zc%)) = /e (/'cv‘-Z—V;E + Ze %C—)

We origrnally assumed umiform properties for e incrementa/ mass
Smy enfering 1he confro/ volume across aréa i, and mode o
Simifar assumplion Ry Ome [leaving across oréa Ao . Conseguently
i faking e limts above, WS reduces fo e resrtrichon o
warform properties across area Sy and also L, ot an mstw
of lime. Jhese may of course be Time devendeny.

/n ulilizing these hmiting values fo exoress the rare eguarion
of 1he Airst law #ra confro/ vorume, we agoimn inckide Sum-
mation signs on the 1w ferms 1o account For rhe possiinty of



6
addrtiona/ flow streams enfering or leaving the controf volume.
Jherefore, the result 15

VZ

’ - h- ﬁ'_z ,_-Z_ _Q/£c~v. . Ye _\7__ H
&c.y.'/'z-m/ (A'+2jc+z’ 2 )‘— e + 2 e (/]"’Lzyfz"yc )'H/Vc.v. (8)

Which /s, for our purposes, 1he general expression of e first law
of Hhermodynamics. 1n wordls, #us equation says #at Hhe rofe
of feat fransfer ito 1he control volume plus rote of energy
Flowing i as a result of mass Fronsfer /s equal 7o e rafé of
change of energy msile The control volume plis rote ofenergy
Tloewing out as a resc/f of mass fronster plis #he power ousfput
assocrared with skol?, sheor, ond electrea! effec’s and other
factors #at fave alreadly been mentioned.

Equaton (8) can be integrated orver #he fora/ fime of @
process 1o grve the fota/ enerqy chonges 1ar occur arin
7at period.  However, 7o ab sp reguirs kKnowledge of 7t
fime dependency of he various mass Flow rafes and the states
ot which mass énters and legyes He contro/ volume,

/. 3
Glven :
7, =290 K
Cpm_r= 0.2¢ %{K R =/2atm a'r _——a.[" |
Vo =/57/s

From problem 2, we have
e e, N N\_dEL 2 vl 2 ;
&, +m ( i,+; +7%)_. +m ( Carrs +ﬁ%)+ % v
0 0

' steqdy state given in problem statement

V steady flow
/\/0}!'6 /7;/)7; /7;0”,:= /);

After rearranging , we fave



. . Iy~ ik
G, =m{(hath,)+ —/—2754’—}

=25 &2 {024 cal (325 -290) K4 1822° 7t ! o
S T gmk 2 st 9&0.55L___]”’"S”: 426649
7=
_ /500" / / }
2 98065 426649
— gm cal
= /25 “— [5.4-/-( 0.03872—0.02689)} o

= 705/. 5 cal/s
= 440/.3 Joules /s

tlby — ) I em K

MNote 9e= 32174

lbg-5* dyne 5* N-5?
— Slug £t gm em
= | — — =98065 ———
/ /bf S? 7 9f ~-5?

]/ col = 4./8585 Jowles

/. 4

he condition for chemical eguilibrium at constant Tand
P s Z dpdn =0 Whch inclides 1he alf components ond
ohases. /F the Fola/ number of spec/es /n 1415 egqurlibriinm
reaction 15 N, Some of them haove rhree prases (specres/
L), some of Hhem have 2 phases (pecres L#) - L+M)
ond F#he rest of them only have one phase (EAMAL, - N)
Then the egurfibriam conastion becomes

A, (L)oln, (L) +41(9) dn, gD+ L4,()an,(3) ]
*ly (D) dlny (8) + Uz (9) olay (§) + o () () | 3 phases

: : : (say, £.9.5)
+ i, () ofny (B) + .40,(9) dln, (9) + 2y, (5D @nys) )
t d ) (D)l (D) + 2, (9) 0, (3) )

: : L 2 phases
* Upppy (£) d”zw(‘e) Tl (f) dnyem (90 ) (say, £.9)

+ 'L/L*M’_/ dﬂ‘fM"/ + """ + »‘/” dn” = 0 ( /)



. 8
na closed chemico/ egnlibriim system, the mass (mote) of
every component /s copston?, ol /s

an,(£) +dn, (3) +dn, (5) =0
dn, () + a’p£:<j) +dn, (5) =0
@rpy) (4) tdn,,, (9) =0
Gy g0y (€) tdn,,,, (9) =0
0/’74:*M+/ =0
dn,, =0 (2)

by £g.(2), we Find fhe variation relation among every phase
for each componen? /5

0//3 (s) =—0/<7/' ([)—a’ﬂj () J= /
dne (9) = —dpg (L) k= Lt), - LtM
dn, =0 L = LtM 4] N

Substitute mto equation (1) we get

(et 2) —tt,¢s))dln, (0)+ Lty (90 = ety 050 Sy (9)
+ . :

+ [, (e)~u, (s)) dn, (£)+[ 4, (j):—,é/L(s)] dn, (9)

+( Ay (€)= Ly  (5)] Anppy (£)
+ s :

+(»U,_+M(;e} -ﬂéﬁ,,(j)j an g, (£) = 0 (3)
/n order fo satisfy £y. (3) any arb/frary valuses of o (2),

dn;(g), and dn (L), 1t 15 necessary 7o reguire Hhe coelfreient
of each ferm be zero, 7%al /s

/C/J‘ (l)—4//-(5) =/(,§-(j)—_4{/-(5)_—_0 J':/ ..... Z

i (L) -y (9) =0 K=LAt) o LM
Therefore , we have
L (2) =y (g) = 44y (S) for three phases

My (R)=tdy (9) for #wo phases




/5
N, voo,
46°=2 Viag, - %"%’A?ﬁ/
AG° of 50y, == 05 can be computed by seffing
/=1 For O, , Then 1),‘—'—2— L, Wi=o
/=2 for Os then V) =0 , V=7

. AGO =37.06_§‘X0 =37‘06 k’Ca/

/

or 49°=23906 keal/ mole

g . 4 mole
K, = exo (- 24 — _ _39.06 keal/mo
r /0( /PUT) eA;O( /9572—:7;’7;—?275()

= 2 (~639590 _ /
2422 x/0%%

= 226/ xs0-2%?

/T means that af 298 K, #he chance of O, CO/IVEN‘/'ﬂy /nto
O 15 very small. Also. since Ap = Py, /;Jo‘f‘/ very smal/
/(p means hat the concentration of Oy at 298 K /5
regligréble in ComparS/bﬁ writh that of O .

/6 |
The regction /s

CO +0.455 O, + /.71 Ny == V1, €O +77,,CO+ 17, Co 1.7/ NV,
Grven Hhat products tave 9.228 moles oF CO
Pep = 0.228

p=826 B\ conservation of afomic species yrelds
7 =555 K

N = /7 /
compreze v carbor / Peo, + o (/1)
gas betors, N My =/-0.228 =0.772

L

oxygen 1 | +2x0455 = 2/, * et 27,, (2)

S L P = 2x 0772+ 0228 +2n,,
oo o, = 0069



