SOLUTION TO ASSIGNMENT4
(Equations refer to chapter#4 of Principles of Combustion by K K Kuo)

4.4 Solution /Ve\g/ecf//?y dissociotion, e 7[5//014)/719

Chemical regction oclurs:
2Hz+03 +3N;_—>-2/7/30+3/\/2
A ) Prior # so/V//Zg, we wont fo s/m/o//f)/ eon (4-r04)

7o solve for T The approximate ' Ronlovie- //{/9017/'07‘
eyuof/on /s given by egn (4-10¢):

R: Ta
2 Y,

€.,- e, = (assuming P> p )

Know/'ny :

Q2-€,=(}’l,~ K,)—(J% - 5)’, (67/7(4——4-1))

ond

: N
0= CPT + N where }’l°=z Y, A}’L},‘- egr (4-7)

subsfz‘fuf/‘ny : . .
¢, T +hz-c,,,7, -h,-(g -

/

put T ferms on LHS:

Rz 0 ° -+ __P’-_._.__P_’_
T,(cﬂ~ 2Y2)=(k,—h,)+CF,T, ()01 s

P=FRT (ideal gas assumption); ond agoin puttin
T. ferms on fZ//Sr F o P

T(cp-Re-p)=(H -k T -RT,

L R0 S]-00-K) 1 TG R,
for ideo/ qases : C
C

Cp-Cy =K ond Y = —6-
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s/m/o//f)//}yy : |
LOY,Cp- RoCi+ 55 )) (h; -k, TCV,

a//V/o/e b)/ C\/z-'
h!o'hzo_’_ C\//
T, [ -—</ ))}= ey T

n.-hs Cy, ] /
Tz { Cy, CV:. T Yz-(ﬂ—l)(-/+3—'r—

or sunlp/n[)//ny‘2 heekt C
72_ Vot [ Cy, N Cy. T'] @

B) Solving for W'-h:
he- W=~ & Hyq,  (of stondard state T=298.15 K)legnC-]

N y 0 N ! 0 ]
TUSRS DRV ERUPN PR

- Ao H, T, =-[2(—57. 798) * 5(0)}+ [2(0)+ O+ 3(0)]

= //5. 595 Kca/

= 4§3. 654 KJ

—, AN 483.45¢
on g molor basis 4W° = 1, == =973 KT /mo/

C) For #e reactonts:
- s/oecif/'c heot on a molar basis :

” ——
= Z X CF{
=



reactonts tota/ moles = 2+ 1 +3 =4
Xy =Y = 33333 Xo= b= 14887, X\ =Yy =5

ot 298.15° (From Table 1.4 ):
7COI" 0, : CP = ] 0/] car) mof-K = '19' 357 j/MO/— K
for H: : Cf’ = 4.802 co%no/_ Kk =28 §36 Jr//770/*’<

for M. Cp = 4.940 M//m/_K =20./2] " T/«
?{, =(33333)(28.834 )+ (. 14667 )(29. 359 )+ (.5 )(29. 12/ )

= 2] 064 T)%m?/— K
—C_“:,I =EF, - R, = 29046 -~ 8314 =20.752 T/ mo/-K

D) For the products : Since To s not known, we will have
to rferate. Assume T.= 3000 K for #he First iteration.

proo/uc‘?‘ fota/ moles = 2+ 3 =5
5 Ko = 2/5 =.4 , Xy, = 3/5 =. 6

ot 3000 K - E;;Hao =72.9 ofpo)-k =53.974 T /mol-K

Cpy, = 8841 colfmol-k =3].074  7/mo/-K

C_P =.4 (53.974)+.4 (3).0]4)= ¢3.83¢ 7 /mo/-K

Cvi= ¥3.83¢ - §.3/4 = 3552 %/ mo/- K

Cp 43. 834

E 3

2 - p— - —————— sy = i 2

14 Cy, 35 52 173

rewrif/'zzg egn @ in ferms of molar /or‘o/oerz‘/'es:

-271 ZE°+(CE/W/)J
r‘-” -C_,;:. (CVI/M/I)

T, -



where W, ;s e moleculor weight of the unburned
mixture and W. i< +he molecular u/e{gﬁf of he

burned mixture .
N
WI = % X{ Wt
=(.33333)(2.0/6 ) +(.16467)(32.0) + (. 5)(28.0)
=20.005
W, =(.4)(18016)+ (. 4)(280)

=24.004
50/[///73 7%)" Tz :

_2(1.234)( 94,731 . (20.752/20.005) /5J
[ 2.234 35.52 +(35.51/z4.ooé)(2%' )

= 3239 5 K

E ) Second iteration, 7‘ry T. = 3250

al

Il

4 (13.0)+ .4 (8.900) = 10.58 calfy sk = 44.28] Vpmol-i

Cy,

It

44.26)- 8.3/4 = 35.953 7 /rmoi-k

Cp 44.267
= =t = /.23)
¥, o 35 953

2 (7237 ( 94,731 . (20. 752 /0. 005 ) 5J= 0
[ 2.23/ 35.953 ! (35.953 /24.006 ) 276/ 77

/'n%er/oo/o%/'/zg from te secont method :

32395 - 31970 _ _ . - - 3197
3000 - 3250 ' 7. - 3250

Tz = 3204, 7



F) For T: =3204.7

Cpo=-4(13.04)+.4(8893)=10.54 olfyosi = 44,182 I mol- k
Ch = 44.182 - 8.314 = 35.268 T/pos_x

Y, = 44 /82 = /232

35. 84¢

T, o 2(f232) (j&, 73/ (20.752 /20. 005 )

298./5 | = :
2.232 35.868 (356’56’/J¢.aoé) 78 /5] 3205.7

B COHVergeO/ T, = 3205.7

G) So/w)y egn (4"’09) '/‘Of%

f: 3 i RI I
wt xoh o e e AT

K _ 8143 7
R, W = 24004 = 346.34 /"9“‘

~83/4.3 _ 7
R, 20.005 4/5.60 //<.9"<

RiT, _(415640)(298./5) _
R. Tx (346- 3¢4) (330.5. 7)

L1114

. not
X LXK =120 roots X= 1.763 , *ﬁd’{ possible

" %- = /763

5106’80/ of sound ”
C, =,/3’, R: T =[/.232 (544.34)3105.7] = //69.5 m [

Uy =Vy = ‘% Co= 1243 (1169.5 )= 2041.9 m/s s (e7n (4-100))

.)0! Ra TZ / —
a/so p.= 7 (W)P, = /-743( g )/ = 15.79] atm

Note: The measured U, given in Combustion Flomes ond
Exp/osiom‘ of Gases (Lewis ond von Elbe) is 2055 "/s
indico 7‘/'/39 that the assumption of no disseciation

is not significant becouse of the reduced Ty dle
# the o luent.





