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Module 4: Chemistry of combustion

Lecture 21: Chain Branching Explosion

The Lecture Contains:

B Chain Branching Explosion

B Muliistep Reaction Mechanism

B Quasi-Steady State Approximation

B Partial Equilibrium Approximation (PEA)
B Global Kinetics
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Module 4: Chemistry of combustion

Lecture 21: Chain Branching Explosion

Chain Branching Explosion

Explosion:

Hy — "1 o a— 0,
Very rapid combustion of fuel and 1 b
oxidizer, leading to violent release of
energy. Temperature bath
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(Figure 20.2)
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Lecture 21: Chain Branching Explosion

Chain Branching Explosion

e To begin with, stoichiometric mixture of H, and
O, is kept in a container.

e Temperature is increased beyond 773 K.
e Result: Very rapid chemical reaction with
explosion.

Low pressure High pressure
(No exlosion) (Exlosion)
(Figure 21.1)
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(Figure 21.2)
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Multistep Reaction Mechanism
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Quasi-Steady State Approximation

o Radicals are formed during combustion
« Half life period of radicals - Very small
« Rate of formation = Rate of destruction

Relate radical concentration with
measurable concentration of other species

Consider the two step chain reaction,

kg . kg .

Al —}A: ’ A: _}AE ?

Reaction rate of the three species,
dl,

—& =k
dt 1hd.

dac dac
d;z = klcﬂa_ _ kg CAZ AE -

Initial condition, @t t = 0; C4, =C4, ;5 Cq, =0; G4, =0
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Applying initial condition, 0
Ca, = Gy o7 | :
ke po. . 0.8 .
Ca, = Ca, P [e(—Hat) — g(—kat)] |
T 0.6 -
g I !
E 0.4 -
ky ka 0.2 i
CAEZCA;D 'l—kl_k:l‘?,* kat) 4 ﬁg‘ k—t}] | ]
0.0 -
0 2 4 6 8 10
Times(s)
Applying QSSA method to Ay, (Figure 21.3)
dil,
dtz - klc‘q‘_— k:CAz b ﬂ
dl .
k1 Ca, = koG As _ kg Cy inet ¥t
dt =
dc i
d?s = Ii‘:1{-:-4-_ ; Cﬂs = Cﬂgin[i —e k-_r}] ;

QSSA method predicts the concentration of species especially when k4 = kq
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Partial Equilibrium Approximation (PEA)

PEA expresses concentration of unknown species in terms of known concentrations.

Consider NO formation mechanism,
0+N, = NO+N k=2 x 101 g{~318/AT)
Reaction Rate (RR) for NO species:
dCyo
di

Note 1: O and Ny concentration are required to determine RR

=kColy,

Note 2: Rate of formation and destruction of O is very high

Difficult to measure the concentration of O!!!
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Step 1:

Assume partial equilibrium for O»

molecule

Step 2: Reaction attains Species attains

steady state steady state

Relate O, molecule to O by

0, <20 " Note! b
Equilibrium constant
2 » Thermal NO - Less dependent on CO,,
Ke=2 - » Thermal NO -~ Temperature dependent
Oz ;
» NO reduction — By reducing combustion
L temperature )
Reaction Rate (RR) for NO species:
dCyo b5 4 '
ar = (K Co) Cx Caution !
0 In real situation, particular reaction may not
attained equilibrium
0 PEA provides satisfactory results only at high
temperature !

S
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Global Kinetics

Single step methane combustion:

k
CH. + 20, - €O, + 2H,0

Overall reaction rate (CHy)

dCCH‘ -

— s (—E/RyT) rm pn
P Ae u IE',_-H‘&C'E_,1
Global kinetic scheme for an arbitrary hydrocarbon (CyHy):

K
f
C.H, + (x +7/4)0, 5 xCO, + (y/2) H,0

Overall reaction rate (CxHy)
dC. H,
dt

— (—E/RyT
= —ApeCERIICE, CF
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