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m Second Explosion Limit

= Chain Branching & Termination

» H+O2 = OH+O

s H+02+M = HO2+M
m Third Explosion Limit

= Formation & Decomposition of H202

s HO2+HO2 =H202+02
s« H+H202 =HO2+H?2
s H202+M =20H+M
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RIGEBEO AR
H+HO2=H2+02, OH+OH, H20+0

Extended 2" explosion Limit

(2) H+02=HOH+O HES) + HOOPAY) — S = Hy('S gh+0,(S ¢) R’
(15)H+02+M=HO2+M . k
(5) H+HO2=H2+02 HCS) + HOOCA") —2—» H(Tg)+0,(4) e
(6) H+HO2=0OH+OH ; ) ks
H('S) + HOOCA) ———» H,0('A)+0CP) R3
ks+ks 2k, s . kyo ks .
2k kig[M] H('S) + HOOCA") ~— Hooi* ——=20u¢m R4
10 T T T T T T T = w
reat” — = HOOH Rdw

kj a

H(’S) + HOOCA™)

k -
H00* 2 =y o'ap+0(D) RS

ksy
\—-"’ H,00 RSw

kg kea

014 T vt ] HOOH* —£2 s 20H¢1) R6
& Heipheand Lowis [46]
& Baldwinetal. [18] ®
o Baulchetal [45] HOOH Réw
b Mousavipur et al.(2007)
0.01 . i
850 700 r:'»o stltu B:'Iyu sl;n BGQIEIIW‘IDGO
temperature [K]
Al i ek 3 FERZARNRA
CFF TenhS e AT Y e anapac inin —
Muller etal. (1999) Rocket Engine Modeling Laboratory

Missing Reaction?

No model includes O+OH+M=HO,+M. Production of electronically excited species:
(Burke et al. 2010) H+HO,= O('D) +H,0
4 -150.76
H.0+0(D) HOO + H
-150.80 -{
-150.84
HOy =
1p-10 >
-150.88 -
10-11 -150.92 -
HOOH
5 4 3 2 4 o0 1 2 8 & 5

-12L
1o Reaction Coordinate (A)

K(T) [emi®/ molecule / ]

O(*D)+M=0(P)+M
M=Ar,He,H, :slow (spin forbidden)
M=0,,H,0,N,: fast

10-13L

o] m T T Toooc O('D)+H,=OH+H
atm]
) O(*D)+H,0=0OH+0OH
Germann and Miller (1997) ’ o#0 K #ﬂ FERTARRAN
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H202(+M}<=>20H(+M)

H+OH+M<=>H20+M

H+02(+HE}<=>HO2{+HE)

H+02(+H20)<=>HO2{+H20)

HO2+HO2=H202+02

0+HO2<=>02+0H

H+HO2=H20+0

H+HO2<=>20H

H+HOZ2<==H2+02

OH+HO2<=>H20+0

O+4HZ<=>0H+H

H+D2<—=0H+O

OH+H2<=>H20+H

$=0.7, H,/0,/He

H202(+M)<=>20H(+M)

H+OH+M<==H20+M

2H+M<a=>H2Z+M

H+02(+H20)<=>HO2(+H20)

H+02{+H2)<=>HO2{+H2)

H+D2{+Ar)<=>HO2(+Ar)

H202+H<=>HOZ+H2

H202+H<=>H20+0H

H+HO2<=>20H

H+HO2<=>H2+02

OH+HO2<=>H20+02

0+H2<=>0H+H

H+02<=>0H+0

OH+H2<=>H20+H

$=2.5, H,/0,/Ar

= 100 atm
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BERRIBIRORITHIE : Stiffness

* Recent chemical kinetic mechanisms for H, combustion tend to have
more and more stiffness.

» Under the rocket engine conditions (high pressure and no diluents), it
becomes more stiff.
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Fig. Time variation of temperature (a) and time step (b) required in the Runge-Kutta-Fehlberg (R-K-F)
methods, for the adiabatic constant volume combustion: H,/O,=2/1, T;=1000K, P,=150 atm.
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RCCE (Rate-Controlled Constraint-Equilibrium)ik
-Stiffness D EF]—

Gibbs Free energy and chemical potential
N

g=> un; (1) N:number of chemical species. Ny :mol/g
j=1

uy=p5 +RTIn pj/p°=;?+RTlnnj/n (2) p° :1bar
p0 = +RTInp/p° =H°-TS°+RTInp/p®  (3)
n=2,n (4)

Constraints

b=>an (i=1..M,) (5) M.=number of elements

N
de =Y cyn; (k=1...,.M,) (6) M_=number of constraints

Lagrangean:L L=g+Y Ab+Y Ad,

o
% =0 =n, = nexp[_ :‘:’J exp(Z- A48 >8Xp(zk ﬁkcki) )
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]

A =-AIRT, B =—pIRT
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Thermo‘dynamic h= Zj Hn, (8)
constraints b= neRT )

Kinetic constraints d(d,)/dt= Zj Cyj (dnj /dt) = Z,— ijWj (10)

W, <= From detailed chemical kinetic nechanism

Kinetic constraints: 193

Constraint Al1: H,, O,, H,0, H
Constraint A2: H,, O,, H,0, H, OH

Constraint B1 (3-constraints):
TM (total moles)
TM=H,+0,+H+0+0OH+HO,+H,0+H,0,
AV (active valence) AV=H+OH+20
FO (free oxygen) FO=H,0+0OH+0
Constraint B2: TM, AV, FO and H,0
Constraint B3: TM, AV, FO and {H,0+H,+0,} 10+ . ™
e Pr;gsure (atm) !
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o H2/02=21, T0O=1200 K

Red curve: Direct integration
Triangles: RCCE (Constraint: A2)
Circles : RCCE (Constraint: B3)
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