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Chemical Effect of Metal Wall Surface on a Methane-Air Premixed Flame in Micro Channels

7 NI S 7 NI
SAIKI, Yu'* and SUZUKI, Yuji’

U Bl BT RS KEGE T AFGER T 466-8555 B2 HIILA i B i A1 X (IS Ty
Nagoya Institute of Technology, Gokiso-cho, Showa-ku, Nagoya, Aichi 466-8555, Japan

RS RAGELARTER T 113-8656 HUHESCH XA 7-3-1
The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan

2013 4E 6 H 4 H3ZAF ;2013 49 H 21 H3Z#EReceived 4 June, 2013; Accepted 21 September, 2013

Abstract : To give an insight into wall material effect on the chemical quenching phenomena, a methane-air premixed flame
formed in narrow quartz channels with metal wall surface is investigated. In the present study, stainless-steel321 (SUS321)
and Inconel600 are chosen as the surface materials for high oxidation/heat resistivity. SUS321 and Inconel600 thin films
~150 nm in thickness are deposited on polished quartz substrates by using vacuum arc plasma gun to establish equivalent
thermal boundary condition for different wall surface reactions. OH-PLIF and numerical simulation with detailed reaction
mechanisms are employed to examine interaction between the gas-phase and surface reactions. When the wall temperature
is higher than 1073 K, the wall chemical effect starts to take over the thermal effect. It is shown through the PLIF
measurements that OH* mole fraction near the SUS321 and Inconel600 surfaces becomes significantly lower than that near
the quartz surface. By using a radical quenching model, the initial sticking coefficient S, associated with radical adsorption is
evaluated at the metal and the quartz surfaces. It is found that S, are estimated to be 0.1 and 0.01 for the metal and the quartz
surfaces. A series of numerical simulation is also made to examine the effect of S, on the methane flame in micro channels.
It is found that the wall chemical effect becomes of great importance for the gross flame characteristics such as the initiation
temperature of the chain reaction and the heat release rate.

Key Words : Micro-scale combustion, Wall chemical effect, Metal surface, Thin film technique, Plannar laser induced

fluorescence, Numerical simulation
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Schematic of experimental setup for OH-PLIF of a methane-air
premixed planar channel flame.
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Fig.2 (a) Test coated quartz plate and (b) Principle of vaccum arc
plasma gun.
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Table 1 Elemental reaction for radical quenching [22].

Adsorption Recombination & Desorption

5. CHi(s) + H(s) = CH.+ 2B(s)
6. 2CHy(s) — CyH;+ 2B(s)
7.2H(s) = H,+ 2B(s)

8.20(s) = 0,+ 2B(s)

9. H(s) + OH(s) — H,0 + 2B(s)
10. 20H(s) — H,O + O(s) + B(s)

1. CHs+ B(s) = CHs(s)
2.H+B(s) — H(s)
3.0 +B(s) — 0(s)

4. OH + B(s) — OH(s)

(B(s) denotes bare sites.)

TOMIBIEDHER I N D[24], %8B, L—Y—>— KD
MR E S OMIEX, L —Y—mEICNT 5 7k b
VHOETRE DR % & & L, acetone-PLIF I X D{To 7
[25]. PLIF Hi{fld, REEEREDLDDOTH 7 4 L5 —
(A=307£10nm) Z#EF L2 UV L X%Z@L T, ICCD 7
A 5 (LaVision, Flamestar2 576 x 384 pixel®) (¢ X b B3 L,
TR 1L, 24.5%24.5 um” ICERE L 7=,

2.2. BIEMIRFE

2 RICEATER T * + VN KR DTRENIS E & V& - &
I S @ fi# BT 12 1, Fluent 12. 1 (ANSYS, Inc) & & O
Chemkin-CFD (Reaction Design) Z it H L 7. EC I,
LD, Navier-Stokes R, (LA ERN, = =1L
F—HERE LI OREAFEANTH 5. H) L HE oI
1%, SIMPLE #Ez2fH L, sz, —XJE -
o vtz 770y FEUE, 192x32 (o) ICERE L 72,
AY v BRBEARDOBAGEE, FBEOR—F A N—
F—m Bl TR E L, YEkkEs X CREE, ¢9=0.95
BLOT,=1T, L L7 RAEXOMAEE U, 13, EREHK
WHEBEFL B LR XHIITHREL, HIZIET,=293K
TU,=022m/fs, T,=1273K T U, =097 m/s TH 3. i
IR LT, 2 C oW Ic MR S 2 i L 72,
/e, BEEICIFERAGMZIT LRI, REOSICHRT
ZEEMREPER L2, 8, RO RD % K
FEIN TV B ASEROMHEIZE T, PLIF B X OEHT
B L 72 OH* DAz 2EERICB LW TR —%T 5 2
ERMERL TR D[23], ARFHEE TIVIC X b B O BWED
REe#MyIcHRTE 3,

LAHSOGHERE 1Z, GRI-mech3.0 252, ZFH5-D/INE W Ar,
CiHs B X O CH7 ZBR\ 7270 (50 {L2ERE, 309 )
E L7, —77, FRIMKIOHERICIE, Raimondeau et al. [22]2°
REL AP R o T S 2 8H L7z, £ 1 b
WEIROFZRICHEZTRT., ZOETLTIE, X %
RFPIRAKREDE K - RIS Z LUET CHs*,
H*, O*, OH* DWLFE[19]8 & WLELEFETH 5 CHa, CoHe,
H,, 02, H20 D% %9 %,

A (1) 12, Langmuir & FMICHES T2 AV O W
BE W, [1/s] 2R,

_ P

‘/‘/(1_7.0 s .S 1
r-\2aMrT, *° O

(82)

HABE & 5556 %1755 (2014 4F)

ERicEBWT, P, I, M, R Oy BEV Sy 1E, ZNZEh
7Y ANFEDIE, RV A FEE, oTE, BREEE
B, HEYA POV A POEBLXOWIARERETSH 2.
KA FEE &, SREM O RERE> S
B L, %, SUS321 ¥ & U Inconel600 12X LT, 24
Zi131x107,322x10° £ X 8 3.26x 107 mol/em® & L 7=,
CITAWIEREOBEESM BT, R Q) Y TP AL
FEOWAHEE L, AT ~10°s' THh5. —F, FHiEe-
il D SOMEE X 7 L = 2B X Tib S N 5 23, E
IRAEBI 2 & B X N 2 RT3 107 s TH D,
DAt IE LRSS N WS R IC W LT Faric kR E v, $77,
RIS T2 107~10" s R EEFR 12 3EE L 72 T
fHFHRICB VT, [MHO KRS ICE BN wI L%
R LTS, iEo T, AFRDOEMIE W TEEm DL
REhBERE RSICHR SN B L&A oD, 2 2 TAHR
T, PLIF 8 X OAFHETHUS L 7288565 D OH* A D
Fele 208 U T, Hh7p 2 BEE C 0 WS E & Sl 3 2 Wk
HIREL S, %, SEBEHICE TR L 7.

-
—

3. EBb JUHIEMITHER

31. &EEAEOLENHE

K31z, T,=1073K, 1273 K IcE 1} %, f1dE, AT L
2B XA v a2 VB FTo OH-PLIF ZHIFS R 25T,
B, BEROAZIEIX, y=0mm MY 5, Z4E, OH* €
WIH xop V&, RO 7% DR ARETHBI L 72, BERiofk
ERIFE, T, =1073 K OFEGRSEETHIL, A7V LR
BIOA a3 UBEANEG T, A 0EBEH & R L, xon
DI BT (XA, B, C) 3005, X412, Xxoy D%
KERDWMNFANIETO, KEEM LSBT 2 xoy DRETE
EAAZ AT, WimERE, 7,=103 K 8LV
RIBKICBEWTZNZN x=07mm 8LKX 05 mm TH
5., ATVYVLVABIOA v ax)VEEENCE T B xoy DD
BOIINIW—T, INoRERELE HRBETD Xy T
DEALIE, y=0~04 mm DEEEFEOHEBKTKEL, T,
1273 K 2B 2 BBEGEED xop (X, AJEREIZRTL 40 %
RIS CHF ISV T8 00 %, i, ZnokE
2B 2 EDRIRIZ, Miesse et al. [13]1C & % i 4 Wik
DOHET =% & b EWMIIC—T 5.

2 IC, PLIF & X OBl CHUS L 72 xop S A ICHE
SEF, BEERTO I Y AN ORISR S, % i L
2. 512, T,=1273K TD S,=0 (FiEME), 0.01,0.1, 1 12
BT 5, BEEGE xoy DO RZRT. KD,
A%, 27 VL ABLOA v az L BETOHIER S ffe T
Juy bL7% 9, AEBEAICE T 5 OH* 5fhlE, S,=
0.01 DAL R\ ZR L, HI87%055 G5 bR
BIRPHEBT 2 2 03000, TUEMEiomE231E b
—HT 5, —HT, ATFTVLABLUOA v axIVBERITD
HEMEE, S)=01 BION1 OOMEIFIF—KTZI LR
93P 03, BEH 2 COREED X oy DA RKGMHEZE DI L5,



PR IS, oA 70T v RVNAY Y

(@ Quartz () sus32i (©) Inconel600
9 9 9
FTw = 1w = FTw =
81073 K 81073 K| 81073 K|
7L L L

’E‘ ~
E
=
1.0
0.8
0 0 0 x
0.0 1.0 0.0 1.0 0.0 1.0 0.6 S
y [mm] y [mm] y [mm] =
d (f) S
(d) Quartz (© sus32t ) Inconel600 S
9 9 043
Flw= FTw= B
8 1273 81273
7-_ 0.1 7-_ 0.1 0.2
0.0

1
0.0 1.0
y [mm]

)
0.0 1.0
y [mm]

Contours of normalized OH* mole fraction X /X oy, max in planar
channel with different wall materials at 7, = 1073 K and 1273 K:
(a) quartz, 1073 K, (b) SUS321, 1073 K, (c) Inconel600, 1073

K, (d) quartz, 1273 K, (e) SUS321, 1273 K, and (f) Inconel600,
1273 K.
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Fig.4 Wall-normal distributions of X oz/X ox. max n€ar the quartz,
SUS321 and Inconel600 surfaces at x = 0.7 mm and 0.5 mm for
T,,=1073 K and 1273 K, respectively. Note that X ,;; becomes
maximum at these streamwise positions.
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Fig.5 Wall-normal distributions of X o;/X o7, max near the wall surfaces

with Sy =0 (Inert), 0.01 and 0.1 and 1 at 7;, = 1273 K. The
distributions near the quartz, SUS321 and Inconel600 surfaces
are also shown here.
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Fig.6 Maximum value of X o, X1 X0 and X ¢yy3 near the wall surface

(y = 0.05 mm) with S = 0 (Inert), 0.01 (quartz) and 0.1 (metal)
atT,=1273 K.
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Fig.7 Contours of OH* mole fraction X oy in 0.7 mm-wide micro

plannar channels with S, = 0 (inert), 0.01 and 0.1 at 7, = 1273 K

and T, = 293 K: (a) Sy = 0, (b) S, = 0.01, and (c) S, = 0.1.
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Fig.8 Streamwise distributions of temperature and heat release rate in
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Fig.10 Contours of heat release rate and streamwise distributions of X cx4, X 02, X co2, X120 and X o in 0.7 mm-wide micro plannar channels
at 7,,= 1273 K and 7}, = 1273 K: (a) S, = 0 (inert), heat release rate, (b) S; = 0.01, heat release rate, (¢) S, = 0.1, heat release rate,
(d) streamwise distributions of X x4 X 02, X co2» X20 and X co at Sy =0 (y = 0.35 mm), and (e) streamwise distributions of X ¢y, X2,

Xcoz Xroand Xcp at Sy =0.1 (y = 0.35 mm).
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R10: O+CH, = H+CH,0
R98: OH+CH, = CH,+H,0

R58: H+CH,0 = HCO+H,
R101: OH+CH,0 = HCO+L,0
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Fig.11 Wall-normal averaged streamwise distributions of reaction rate
for typical elemental reactions in 0.7 mm-wide micro planar
channel with Sy =0 and 0.1 at 7, = 1273 K.
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Fig.12 Variation of CO emission for different channel width at S, =0
(inert), 0.01, 0.1 and 1.
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Fig.13 (a) Variation of normalized effective heat release rate (HRR) for

different channel width at S, = 0 (inert), 0.01, 0.1 and 1, and (b)
Normalized reduction of HRR by radical recombination.
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