Assignment Il

Combustion, Explosion and Detonation

1. Solution:

Species Conservation Differential Equation:
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Species Conservation Differential Equation




2. Solution:

The continuity equation is given as,

6@—’? +V.(pv)=0

Integrating above equation in the control volume v

{ﬁaa—fdv +fH{v]ovhv =0
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fHfv.Fav={F.ds !

Using divergence theorem, Y cs lm e = 1

P _
j&vﬁa—’t’dwﬁpv.ds -0

fﬁi—/t)dv + [,o+v+ Sh,—pv .§ﬁ7]+ ﬁpv.dg =0
A4 A

As, dA 20 =>dV->0
Therefore, P+V+ S, —pv.Si =0
ngfgvg + ngagvg + ngigvg = pszsvs + psYasvs

Now, the species conservation equation for the same control volume
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Using divergence theorem,
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Hence for component (f) and (a):
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3. Solution:
The energy equation is given as:
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For component f

For component a

Now assuming adiabatic, inviscid, no body force, we have
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Integrating over the control volume,
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Applying divergence theorem,
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Energy Balance at liquid Interface:
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Pure fuel only & No
absorption of outside
gases

No temp. gradient
inside liquid phase
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Recall Species interface Boundary Conditions:
m'Y,_ =m"Y, +p Y.V,

i i i+ i+

Summing over all ‘1’
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Substituting (2) in (1)
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4. Solution:

Given, I =300K P=1latm=10132%a

oy, =2.827 o, =3467 Oy, =3.758
m 597 ‘o _106.7 far 1486
ﬁrB er er
-1
3/2 1 1
Dy = 0'02616/{ 2 MW 1 = Z{MW - MW, }
P(MW )" c2,Q, H, 0,
L _0uta, Qp-tsC o F o, O
AB ) (T ) exp(DT ) exp(F T ) exp(HT )
A=1.06036 C=0.19300 E=1.03587 G=1.76474
B=0.15610 D =0.47365 F=1.52996 H=3.89411
T kT _ KT

e (e45)"

a) Binary diffusivity of Hydrogen in Oxygen

1 ] 1 1]
MW, =2 + - 2[— + —} —3.7647
MW, MW, 2 32

_o,+0, 2.827+3.467

T == =3.147
. ik, T T T
T = fp oK 72 . 2 LY 7 = 3.7588
€ 4z (gAeB) (5;12502) (59.7ch ><106.7KB)
q._. A4 C E G
P (T*)B exp(DT ) exp(F T ) exp(HT )
1.06036 0.19300 1.03587 1.76474
D= 01560 T + +
(3.7588)" exp(0.47365x3.7588)  exp(1.52996x3.7588)  exp(3.89411x3.7588)
Q, =0.89746
3/2 3/2
D, - 0.0266T 0.0266 x 300 79099 x 10"

S P(Mw ) 62,0,  101325x(3.7647)"% x3.147° x0.89746



D,y o, =7.9099%10°

b) Binary diffusivity of Methane in Oxygen

] ] 1 17
MW, =2 + =2[—+—} — 213333
MW, — MW, 16 32

_o,+t0,  3.758+3.467

T = =3.6125
T KT _ KBTl/z _ KT - 300 x 23824
E4p (5A53) (8CH46‘02) (148.6KB ><106.7/<B)
g . A, C E G
P (T*)B exp(DT ) exp(F T ) exp(HT )
1.06036 0.19300 1.03587 1.76474
D= o1set0 + + +
(2.3824) exp(0.47365x2.3824)  exp(1.52996x2.3824)  exp(3.89411x 2.3824)
Q, =1.01564
3/2 3/2
D, - 0.0266T 0.0266 x 300 — 92980 x10""

S P(Mw ) 62,Q,  101325x(22.3333)"% x3.6125% x 1.01564

Dy o, =2.2282¢107



