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Flame Propagation within Hydrogen Premixed Gas mixture
According to Ignition Condition

Cho Young Han, Jeong Soo Kim, Kyun Ho Lee and Byung Kyo Kim
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Abstract

Flame onset and propagation within hydrogen premixed gas mixture are numerically investigated in an

rectangular enclosure. A detailed chemistry for hydrogen reaction is applied to anticipate the thermochemical

behavior of intermediate species appropriately. To facilitate computation, 10 species and 16 elementary

reaction steps for hydrogen combustion are taken into account. On the basis of 30 % of hydrogen
concentration in hydrogen-air mixture, the effects of position and quantity of ignition sources on the flame

evolution are analyzed. From the simulation results, the means that can lessen the possible hazard caused by

flame propagation are suggested.

JleMdy
Co A<
Dy Ak A
L
g THEE
h ol et
p S
R 71 A
t Eds
T 25
U é:‘};;
v, Gl
Wi A
X %Z_l— = ,;:.JL_
Y 3}stE
T

o

YA, B9, FAGFTFA
R R R R e Rl B b e B B g g e Ay
E-mail : cyhan@kari.re.kr
TEL : (042)860-2033 FAX : (042)860-2603

e sFadTd Ad7IR7IE 1w

350

J2|A ZAt

P AR

¢ 71&d7 (=09

I8 A=A

u A AT

p IR

o < HElA

(Q)% tﬂ:%%

1. M2

e ARt AbstAl= A7]AQ 23t
4, A3t Ze1 e 7tEd Wy 59 954
¢l | AZE Zhelld W £9=e] e A
A& Adiste dfF 3 #4F 5o olsd I 4
s}at4] Sl Ase] dado] fFtEwHA] o
T A ane] A Age] AshAl debdd o
5 2rg-o] Z<d(deflagration)©] 1 %33 (detonation)
°f da3g s zZ=E F A=y e wAs
QoA Foj A= oA A, AL Bl
Al 24 Foll o8] AAdr E3 AL



2003

A4 57|

stAl7F AgE AEjolA dojue &
© 2 o] & (transport phenomena)}
HA JA &2 384 QA= & At A
Hj ¥k =1}

oJEH oz ARAHI FAH AEY ]
A AxAYL AT Aol FssAw
of Wi§- Be o b4 BeEe B
Aeje] ANS Maw dnw, Az
A7 8 7 o

o]

N >

N
e ey 2 5
g
i
%
)
=
i
ol
2
7
3
2 Mook S TR TN

Ol B o e % ofo w2 My ot

fu
ol
Lo
rlr
i)
=
olo
o,
td
i)
i
“F
s IF
o —
o

L0 ko & 2 o A2 % o oX off of

At 9 AT HHE HAdES A
A0 WHE oy} o2 HoRE AAGS A
TEo] &3l Lewis and Von ElbeV= 7] 2] 2]
23935 Hsldo=R sto] Hed gl s 4
93 A2 E AA ST Yo, Merzhanov?E

&9, Aduet 73 e - o &

o] dojuh= dAXRTS FAAH R ALl
Dixon-Lewis and Shepherd®= A|7le] w2
HstE a8t 39 2dS A&sA 27 A
7)(radical) =] Wt} 7] HEe 7|
A Wsle] e JEs AT, ddEA C
E3E o] &= 60 % FAa-FV] EFECAA oY
A7V FadAre] A7l FEek 2k FHE
A% Bol Y AFEA, 4 A4 457
gl o ux|7} 3ds A= ol Buh &

H49e nelFa gk,

¥2 Md g

gh7 Xiong and Law¥= A7 H 22& A%
7] ¥ (perturbation technique)S Al 7Fd T A&

AAI A 7 A= 2H AA 279 2EE O
=&, 7hd® W FAE AAF A9

Azt Al el A& Cairnie et al.Yo] T390+
4 ol5L AAUF AAS ZEAA dR-F

fu.

ZqEel Astel ek GAE o] rhed A

d

351

494 7%s ANst
maolA Qe Avsh vms
@ 7 wdo] HAAHYL

olze] Aol ABIHHL F

{122
2
=
N
N
N
Ho
i
s
£
=R
=
o
o
e

7]

U 1:13

MoHr oo
fr o

o,
o
o,
e
B>
e
o
filo
2
|\
o
ol
Y
i

o] 3l 5} &
Roforyt g}
2 AlZE et gekEe
v~ o e dolw 9
CmEkA o] AZAA Y] B A
oldly-%-2~ & El(Arrhenius
o] glehh-g-o = heslaA AL ol
. Kumar®= 245 thdwhg-o] gehikg
| 2bste] AR A vlastgl ot de
3] A d9s AA =Y 1Ak
TahE 75 gIri
7P AL ko] wE o= <l
FoHA] & Avke 8 E4S
AbaLel fl@dE AYar
Tt 7Y oEgTAE a9
AbE A3} (ignition source)oll =E
-9 Azt & ST FAE 2 2 H
B2 o Sgtth o] & 93l AlitelA 7HAsHE
ste] 9A H FFE WFE st FA A A
o= 39 ¥H Aes nEFoRHN, B9
o] Abar WA st A Kol wE Q1A
EA Hasts 7sty] & Rr=EA
st AFdZFe 7|2 ARE AFstaAt

0w o |4 o (2 M 2 ope
mlerSL‘n

e opoh R 2 Ko o

(o

= we
o,
N
:
off
o

b

<
o
(¢}
~
1o

o] 2

&
o
=

b r-
iy

v

Lo
b
&

°

ali

L
R

Ir
ooz o fdorlr X0 & Ho

o X2 o
IFox T

.27

S o

o

21 RlfuE4
Ax ARANA Sk g FEY B 2
Ao g NS A R S BE Mg

o tedt 2ok

continuity equation

9p_ Opu;

ot ox, M



2003

momentum equation

opu; OJpuu, ouo
+ = % + +pf 2)
ot 0X, ox; 0x,
energy equation
@4_%:&(7\/8_1‘)4_@_}_1% @-FMCD
ot 0x, O0x, 0x, ot 0X,
a X7 o
+§(pZ_kakhk)_zAhﬂkmk (3)

o] 714 A& == Fick's Law & W&t

= oY,
Y, V,=-D, axik “)

species conservation equation
opY, OpuY, 0O
—— k4 T i k—_— (pD ) 5
o e o PPt (5)
equation of state for ideal gas

p=R,pT (6)

where i, j =X, y; k = chemical species
2 @9 = s g ool
o

c

dAolm, 4 (3)9 of ANgrEoR
g3 pe Aoz maw,
f =—gsin
ff{ : “D} ™
f =—gcoso
Ou, ou . 20du
] i 1 8
! (6xi axj) 30x, " ®)
ou. ou au, 2 Ou,
O=c, —L=2(—2)’ +[(1-6. ) —]-=(—2)* (9
o ox. (axl)l [( J,)ax_] 3’(&) )

9w 9 NALFE 27}
.
enthalpy

h=>"¥,h,=> v, [ C, (T)dT
k k °

gas constant

(10)

— Y
R =R : (11)
u u; Wk

22 €95t & ol 2E

7} stetEe] Aol Wetngr E9r]A ¢
A= o]E 43S LysFolor gt
221 HMetd|d

Anlde 220 gk ow yehfxith

——=a, +a, T+a, T’+a, T +a, T

u

(12)

352

s

=

N
>

T o
©

300K ©llA4] 5000 K 7}4]
2 McBride et al." <]

H9lel ew
g5t go|

e =
o=
o o
ofo
o)
v

[\
fo
o M
o ne
r
Fn
o
fo
>
X
4>

L
&
N

ﬂ‘ .
o

1]
FuAS B ol

gk QAo ALkel A
L EAAHew

ne of
rir R

o

)

>

hat

o ﬁo‘_t':
o O&
s

o

jus)
==

ol
-

-

4 o 2t
>,
N

oxl 2
1> o
cx "

o
)

p

of

-
o -

i
ol

o Warnatz®7

i
it

_XLE:%FEE&EOH‘IJ}L

D
W
i
o
L

o
=2
R
il

A 213 gao
< 5} 84 (thermochemical) 7 K.
mdo = w2 wi/RR ske] Al
L Asehd AHe= s
T 7HA =2 gdE
T-oF o] 1o FHstgomi
< Aol o deH= A5E
gt dEF=E Thegk o
g3} o 4 X (activation
&o] AlZrETE 1 whg
=9 Ay do] AFHWA, Ao FolA
& A7 S

Fa@

ofN B o
Lo gt

B 2

rlr oi‘l ko
N &
2 T
oy ol
gt
i)
o

IS
™
o

Ao OERFE
(Y ho )l YAz Q13
Hi= Zlo] dststd Shd
ok thg wkgRde] 1 g Ao
712 Aeshs sl

s o

EARE, ke AFoA FTF ALstE 9
WSR-S Ak dslshd agHgs 24 4
o] 97 AugtE Q4TS uEdEE YFo R
A 2] o] E(thermal theory)®] ©] &% (& ©o]FH

FAhE B3l4a7 dEEt g9y nf$-
=S ALES Wtk FA9 s WSS 9 )
o] Wk }8FS JFA A 28 U HEe I o)A
o] FAINEGo]l dojdriar deA S th(Rogers

and Schexnayder?”). =12y} 28 7} H& 1 o]At9]
steabg-S fr5dy) A Fobd ASFE AR
S Blgo] U Beo] So7tRRE g&4
o[#A] Zstt}. ol g off wiimol & AFelA=
10 7H‘g] ﬂ—ﬂ%—(Hb 029 N27 Hs Os Na OHa HOZ’ HZOs



2003

Table 1 Rate constants for elementary reactions
:k =aT" exp(~E/RT)
No REACTIONS a b E
1 H2+02=20H [ 1.70E+13 0 47780
2 H2+OH=H20+H [520E+13 0 6500
3 H+02=0OH+0 [1.22E+17| -0.907 | 16620
4 O+H2=0OH+H [1.80E+10 1 8826
5 |[H+02+M=HO2 + M| 2.00E+15 0 -870
H20/20./
6 |OH+HO2 = H20 + 02[ 1.20E+13 0 0
7 H+HO2=20H | 6.00E+13 0 0
8 O+HO2=02+OH [ 1.00E+13 0 0
9 20H=0+H20 | 1.70E+06| 2.03 -1190
10 H2+M=2H+M [223E+12[ 05 92600
H20/5/
11 02+M=20+M [185E+I1[ 05 95560
12 |[H+OH+M=H20+M 7.50E+23| -2.6 0
H20 /20.0/
13 H+HO2=H2+02 | 1.30E+13 0 0
14 O+N2=NO+N | 1.40E+14 0 75800
15 N+02=NO+0 [ 6.40E+09 1 6280
16 OH+N=NO+H |[4.00E+13 0 0

* M stands for the third-body
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Fig. 1 Instantaneous hydrogen reaction rate contour when 1.525, 1.545, 1.565, and 1.580 seconds respectively: (a) top
center; (b) left side; (c) two points ignition sources
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