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1. Mild or flameless combustion

2. Periodic repetitive ignition/extinction
3. Steady symmetric flame

4. Steady asymmetric flame

5. Tulip flame
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Figure 1- The schematic of heated micro channel with temperature distribution on the external walls [11]
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Table 1: Detailed reaction mechanism for H2/02 by Yetter et al. [22]

No. Reaction | A(molecm.Ks) | n | E (kcal/mole)
H2-02 Chain Reactions
R1 H+02=0+0OH 1.94E+14 0.0 16440
R2 O+H2=H+OH 5.080E+04 2.67 6290
R3 H2+OH=H20+H 2.16E+08 151 3430
R4 0+H20=0H+0OH 2.95E+06 2.02 13400
H2-02 Dissociation/Recombination Reactions
R5 H2+M=H+H+M 4570E+19 -1.40 104000
H20/12.0/ H2/2.5/
R6 0+0+M=02+M 6.170E+15 -0.50 0
H20/12.0/ H2/2.5/
R7 O+H+M=0OH+M 4.720E+18 -1.0 0
H20/12.0/ H2/2.5/
R8 H+OH+M=H20+M 2.24E+22 -2.0 0
H20/12.0/ H2/2.5/
Formation and Consumption of HO2
R9 H+02(+M)=HO2(+M) 452E+13 0.0 0.0
LOW /6.70E+19 -1.42 0.0/
TROE/ 1.0 1E-30 1E+30/
H20/12.0/ H2/2.5/ 02/0.78/
R10 HO2+H=H2+02 6.62E+13 0.0 2130
R11 HO2+H=0H+OH 1.69E+14 0.0 874
R12 HO2+0=0H+02 1.75E+13 0.0 -397
R13 HO2+0OH=H20+02 1.90E+16 -1.0 0.0
Formation and Consumption of H202
R14 HO2+HO2=H202+02 4.200E+14 0.0 11980
DUP
R15 HO2+HO02=H202+02 1.30E+11 0.0 -1629
DUP
R16 H202(+M)=0OH+OH(+M) 3.0E+14 0.0 48460
LOW/1.20E+17 0.0 45500/
TROE/0.502 1E-30 1E+30 / H20/12.0/
H2/2.5/
R17 H202+H=H20+0OH 1.0E+13 0.0 3590
R18 H202+H=HO2+H2 4.820E+13 0.0 7950
R19 H202+0=0H+HO2 9.64E+06 2.0 3970
R20 H202+0OH=H20+HO2 1.000E+12 0.0 0
DUP
R21 H202+0OH=H20+HO2 5.800E+14 0.0 9557
DUP
Tf_Tin
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Figure 2- Variation of velocity (a) and temprature (b) alonge symmetry line of channel for Hydrogen-air mixtre (phi=0.5);
comparision CHEMKIN code with OpenFOAM
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Figure 3- Variation of species mass fraction alonge symmetry line of channel for Hydrogen-air mixtre (phi=0.5); comparision
CHEMKIN code with OpenFOAM
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Figure 4- Repetitive extinction-ignition dynamics using OH mass fraction (Yon)
(channel width =1 mm, inlet velocity = 10 cm/s and equivalence ratio = 0.5)
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Figure 5- Temporal variation of temperature of point A for different inlet velocities
(channel width=1mm and equivalence ratio=0.5)
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(channel width = 1 mm and equivalence ratio = 0.5)
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Figure 7- Variation of FREI frequency with inlet velocity
(channel width = 1 mm and equivalence ratio = 0.5)

(18 2y 192 (339 )0 (535l Commad 9 VMM (5 56 b JUI) (63959 o o b 5550 Jlaih (obigols ooy (udlS )8 ol i -V S

B+ /) OIS 5l 65555 by o pms ialdl b aS 355 o oomlive V 5 F (sla IS5 o oadionls oylis zuls 4 azmgi b
b (oml 63958 Dbz S s 0 il oo Lial33l aslS OFF e B slS VYE Jlake 5l azels e )+ CMUS
ol 1 e alsl b o e sty aliime 5 &l BT e el slise Gial3dl b il o
S reS aeld (mly 69959 Ol S s )3 358 oe Sl ol (al aS Wb Sl alad iy slos (3l 2o alaioee
9 oanlice aless gl

Y


http://www.sid.ir
http://www.sid.ir

YYAF lies) 9 5mb ¢poo ojlod (et Jlo (Glyml g g Lt - cole 4,05

obyr e ¢lp )6 Jih bsels onsay (uilS 8 Olnss wal oo caalin VO ISE o a5 jebles
(§95y5 bz oy Rl L O CM/S I 1aS (6399 Olyz Slace ju ;o 0o (Lialibh cialS (518 walie (5399
U’“"‘)S‘ L;& cm/s )| ).....M.u 59,9 Ub)} LSLQM.C).MJ 6‘)3 as kS‘l? ) J.:LLSA u..&ls ))ia JL:......J‘—G.AB.A[D o0dudy w._vlSJB
Ol S Gl L b plo oS jebples aboe (Rl S Jlaidh (oBgals odsy (S8 (6099 Ol e
Sled (539)9 Gl S (I L a5 porde oy liee GRIBl o)lsen ;S JLAk (Lhgels osnay aals (5999
Py &S del a5 ab oo Gl 50 Aled e S alad aiiiog gles il Lol o iali8l Al aacy
sl sl s eS Gloj einlple oS oo Ty 8l alads agez Slod S 9 Sy o0 (6995 Oy bsle 4y e aleds
ol o I (8359 0 e GBI oy ol S B 5 Sl 5 JUBh gl 45,2 S,
odudy uwlfjs 5999 ub;}- ) Q,.Jb[f L as 05&4‘54 canmlie O CM/S )’l )..J 5999 ul‘)’ dlﬁd&)ﬁu o
g RIS (53359 ez ke 0I5 b 1y, Uil pbgals sapay aiels tleige Sl e JUAB bgels
J oigy0ee mbles slaclain by glod malf b aboo (ials alad agex aniin lod a5 pogie (po
LS 5,900 HOp (oS5 55,000 03], ol 5 0eSon SlaaisS bl 4 sytie hled 635,9 byl 5 wisdise
GalS eVl bed slacSiiiw @ bgpe a5 OH 5 H O b 5w sloaisS e a5 Jb> 50 o)l &1 5 H0,
g a3 a4 bgye la STy ST gl alhize 9,0 Sew sla Jl0s), 3gueS cdeas s opl o [V o
Syl alaize (5,0 g | 6 FESES s nlnle Wlege (BL JUBT g0 (STy bl o cS g ) (25
0900 5o Sl padelil 5 bl s S olerd slaiiSTy (il bl bl Ojso 0 05 e caalis
abaize 10 JonSiw glaaiss a5 bl del el co 6 5ESESS Sl e obml el aS Wigd o ovalie JUIS
a byls pl il oo BL ol Lo yar obye accion sl wijls gyiin Ol Cdo 4y bles g aijle 092 3l
WVl Jlw Cwlll Sloj (wlie 09Vl cledy alaams 51 &)l B aS Sl 5l el Kooy Mild 5l st Ll
9O B gl O yg0dy Egus | idu a5 Sl el b oo 2alS dlads sled g 05 oo BT e sy saiolyT )l
Sl S Jlik Jhsels oasay g Mgl oo ST base b j2iSTy dajlgps 5l LS i b wyls o9y 5l il adaiss
oy pl il 8 e iali8l saias plis a5 Wb pe rals S Jleiik Jheels evay Sley o3l oplpln ol o
Saed 4 a5 WS o0 OS> bl gysalad a> (SKop 0 Ll laalad sl Cyz jo el )l ol o el
el 00l o)L.fJ‘ L)T 4 de L;Lm)lS BEE) Cnl s._és)m \;w
Ol ot calaions 4 (639)9 S g Sloreds (H2) (39,00 495 Dlpis (JUI (9 alad )18, 5385 (o) 2 jslaieny
(H0) Ol 4355 L3, piomed g alad ag> ooidolis g alad g ;0 Jbd 4565 ylgeas (OH) oSy 000 G0,
S re e S alold j0) JUIS 9,0 b ya cewdVl o aseine ahts S glp oy cudS L STy Jeaxe lgiea
Srae § e e b (jg)ded S gw 163955 Olyr S GBI L A4S 990 o0 saline A SO 4 4z L
Ce w0 Hy CB g e jrals a5 (g 9bas ol oo ol 38l ()l > (60959 S s ol 38 L Hp 45T aeS g At
($99)9 Ol Sy ke AL oS (b 3 w00 jho (Soo U alad agz jsee 5l am N CMS 63955 L

1. Weak flame

\Al


http://www.sid.ir
http://www.sid.ir

syollhe & 5055 g 50 e Lojple

Sb STy plonl Ggoy aladzes (9,0 (39908 Sl (gl BB iSu o)) CMIS e p 50 45T (5 j5boay w09 oo feS

0.01
~ Uin=0.1cm/s
jl < Uin=0.5cm/s
0.008 f/ = - Uin=1cm/s
= - Uin=5cm/s
. i por Uin=10cm/s
S | ! |
© 0.006 i | / |
IS 1 |
5 : 1]
g b : : !
£ 0.004 I ! W
N ! | I 7
= My A ,
g b . g
i : A B A
0.002 i 1 Pas ,:, .
2 / Il I
[
o ¥
g
0 1
0 0.02 0.04 0.06 i 0.1 0.12 . 0.16 0.18 0.2
t(s)
Figure 8- Temporal variation of H, mass fraction of point A for different inlet velocity
(channel width = 1 mm and equivalence ratio = 0.5)
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Figure 9- Temporal variation of OH mass fraction of point A for different inlet velocity
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Figure 11- Variation of reaction rate for fast reactions on symmetry line of the channel for different phases in FREI phenomenon
(Left column for 0.5 cm/s inlet velocity and right column for 10 cm/s )
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Figure 12- Variation of reaction rate for slow reactions on symmetry line of the channel for different phases in FREI phenomenon
(Left column for 0.5 cm/s inlet velocity and right column for 10 cm/s ) (channel width=1 mm and equivalence ratio=0.5)
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Figure 13- Temporal variation of maximum value of H mass fraction and their locations on midplane for 0.5 cm/s inlet velocity
(channel width = 1 mm and equivalence ratio = 0.5)
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Figure 14- Temporal variation of maximum value of H mass fraction and their locations on midplane for 10 cm/s inlet velocity
(channel width =1 mm and equivalence ratio = 0.5)
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English Abstract

Numerical Study of the Inlet Velocity Effect on Characteristics of

Repetitive Extinction-Ignition Dynamics for Lean Premixed Hydrogen-Air

Combustion in a Heated Micro Channel

Alireza Alipoor and Kiumars Mazaheri
Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran

In the present study, the effects of inlet velocity on characteristics of Repetitive Extinction-Ignition Dynamics
are numerically investigated. Hydrogen-air mixture (with equivalence ratio = 0.5) enters into a heated micro
channel with a prescribed wall temperature. Low Mach number approach is considered for governing
equations in numerical simulation and also detailed chemistry, and different mass diffusivity of species is
utilized. The dynamic behavior is studied by two parameter, amplitude and frequency. The results show that
the amplitude of repetitive extinction-ignition dynamics increases with increasing the inlet velocity, while the
frequency has a descending-ascending behavior. For detailed study of this phenomenon the chemical reaction
approach is used by considering the reaction rate parameter. The results illustrate that for high inlet velocitis
the reactions tend to produce light species such as O, H and OH. The effects of inlet velocity on flame
propagation velocity are also studied. For lower inlet velocities, flame stays longer in an extinction-ignition
period in the channel, while increasing the inlet velocity causes the flame to extinguish faster.

Keywords: Combustion in small scale, Repetitive extinction-ignition dynamics, Amplitude, Frequency,
Reaction rate
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