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Numerical Study on Ultra-micro Combustor with Considering Radical Quenching on the Wall
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Abstract : In recent years, electrical devices like cell phone and laptop PC have been downsized. So, there is high demand
to develop smaller and lighter electrical generator than it is, and many researchers have studied ultra-micro generators.
Ultra-micro gas turbine, that is one of ultra-micro generators, is expected to have the energy density of several ten times
higher than lithium ion battery. But, the smaller combustor is, the stronger the effect of the wall is. Therefore, thermal
quenching and radical quenching through the wall cause combustion more unstable in ultra-micro combustor. Most of
researches consider thermal quenching effect, while they ignore radical quenching effect. Moreover, a combustor is too
small to measure combustion condition experimentally. This paper describes the result obtained by the numerical simulation
for Ha-Air premixed gas combustion considering radical quenching in a simple parallel plate channel and a practical ultra-
micro combustor. The numerical model has elementary reaction kinetics considering adsorption and desorption reaction on
wall. The details of combustion characteristics, such as temperature, mole fractions, surface coverage, reaction rate and etc,
are obtained. The effects of radical quenching are especially examined by comparing with combustor considering surface
reactions and one not considering surface reactions. Through these examinations, the effects of radical and heat quenching
and radical quenching mechanisms are made clear.
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Fig.3 Schematic of analytical models
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Table 1  Adsorption reaction on wall

i Reaction i* Ooi n
H H+*—H* H* 1.0 1
(0] O+*—O* O* 1.0 1
OH OH+*—OH* OH* 1.0 1
HO, HO,+2*—OH*+0* 8&” 1.0 2
H,0,  H,O0,+2*—20H* OH* 1.0 2

Table 2 Desorption reaction on wall

i* Reaction i Vi Ef n
H* 2H*—H,+2% H, 1.0 10" 0.0 2
0* 20%—0,+2% 0, 1.0 10" 0.0 2
20H*—
* X 10
OH H,0+0%++ H,0  1.0X10 0.0 2

2% Smooke & @ Simplified Transport Model [12]7% 3 H 4
%, XL I3 A RERE 2 v, Bl L
JE DAL IC 1 SIMPLE 5[131% V> 72, RIS 1&— K JE
e, WERERICIE A A 7 — Dk 2 @A L7, W
1% A 13 10° s 123 T SOR I X 220 R LM 21T -
7-.

SHIDACE GRS I 1F, K+ 225 R TR 3 SO
[14]1% F\v>, 9 fHfl2EfE E 21 HOFKIG TR I NS,
B EESNE CHEMKIN 7 — 8 X— Z[15-161% 2 %

2.3. BEEmOFXERD

BEARIIZIE S S DWRET A PDFEEL, & A Mo
E 1 OO EREBMLAFESIC X DIRET 5. ZOWEEY
A b1 OPEREEZ SO ZHE 4 1%, ShlE Si DIEF
FEAEEH 100 pm TH 2 2 EZHEL, 1.0x10°m” &
L7, Was¥ A4 Fa3dh 2{bef i ThHAEIN Gz 0, T
KT, REFTILTIE, BEMYME LT, H O0,0H® 3 fll
ZEEL, * 2L THRRT S,

2.31. BERIE

Table | ICWRFESIEZRT. T 2T * 13294 b E2ERT.
[EARRIICWE T 258121, BPRREIC X 570, £
HIZ 1L 25 L2\ E LT, Langmuir DWEE TV %

A2, 2ok EROGHEE we 3SR o, L BN Z,

DETEYE, ZNZNUTDL) Ik S,

VV,-”ZO'I-Z,
g :O—Ol(l_zglj
1
P
Z = L N,A

HABE &5 555345163 %5 (2011 4F)

22T, oo SWIIETER, P 3E, M, 130 THE, R
I3 RARER, 4 1 3REY A 1 OY) OmE, N &7
R FafTh 3.

2.3.2. BBERIG

Table 2 I Wit S %2 739, 2RI RIS L 7 Ab2ARE R
WRIGT % 2 LC, FRERm>»oBEEds. 0L EWE
FOG D SOEE wé 127 L= AR EkFEZ R L,
RATHEZLNS,

E¢
W[d =V, exp| ——; o7
R'T

22T, v BB SEEIN T, ES B0 L 2o
X—%RT,

2.3.3. EWELERICH T2 ERFER

BB AV AR D W R DR 28V U [ e i D WA 3 A
M2 BT 2 A AR O WA - BLEESOE O BOGH I X >
T, ZRFNRATEINSG,

00,.

=we 2wl
ot i 2
06,
§’=W3+WQO+Wﬁh—2mi
Q%%i=—zwgo+2Wﬁﬁz+W&{+ﬂﬂ%2

2.3.4. Kt & BEREEE O RIS DERR
LG X BEUED 1 YA b 240 o5k ok e
W R HOWTRATEREL 7-.

= pPDi| — =
ay surface ANA

TIT, pldEWE, M MMt EoSFRS L IRETE,
7, ENED s 3RS a 30 22T, Zhick-
T, BAICTOIC AN IV F U TR2BEHL, BOIAA
ELTHRBELZ, £, No B L TIZBERIICRE S 104
iizv¥ot 7,

2.4, BYBEEOFES X

SEAT AR IS & 7 L1 3\ TR BLR o 31 12 S ELAE
A OREZ VS, LivL, &I X > TREDIFR
POEPER D, —HAiHfrTcE R w», 22T, BEH L
DISE ARSI 72 5 550> & EFIAN 0.4 mm, T~
2.0 mm % FEAfEREL & E D 7z,

FEBGHIE 0 XA NI 3 \F 2 Fe PR E D RE /0 fiE &
L7, £, AT PHRERIRIC B 2 ATRE, WA
DEFENIZ XD, BB > T v ¥ )L E—PKR
Bo®siih s, 22T, WAL LH—DOIRE, HAR
DIRGRADMCE RIS ECIcBTs2 v o0

(48)



SHBEE D, HNYRBERICE T SREMITO 7 P AN T v F v 7 2 BIE L I BT

49
(¢) Ty=800K (¢) Ty=800 K
(d) Tg=1000 K (d) Tg= 1000 K
—— ——
0.0 25X 1010 [W/m?] 0.0 2.5 %1010 [W/m’]
(A) Active wall (B) Inert wall
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Fig.15 Distributions of H mass fraction and velocity vector
(¢ = 1.0, Active wall)
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Fig.16 Distributions of OH mass fraction and velocity vector

(¢ = 1.0, Active wall)

Table 3 Relations between inlet velocity and inlet mass flow rate at 7g =400 K

Inlet velocity [m/s] 10 15 25 40 50 75 100 125
Inlet mass flow rate [g/s] 0.0024 0.0035 0.0059 0.0095 0.0118 0.0178 0.0236 0.0296
Table 4 Relations between inlet velocity and inlet mass flow rate at 75 = 600 K

Inlet velocity [m/s] 10 15 25 40 50 75 100 125 150 170
Inlet mass flow rate [g/s] 0.0016 | 0.0024 | 0.0039 | 0.0063 | 0.0079 | 0.0119 | 0.0158 | 0.0199 | 0.0239 | 0.0270

(b) Inert wall

0.0 2.0 X 101 [W/m3]

Fig.17 Distributions of heat release rate and velocity vectors
(Ts=600K, ¢ = 1.0, uo =15 m/s)
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(a) Active wall

(b) Inert wall
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Fig.18 Distributions of heat release rate and velocity vectors
(Ts=600 K, ¢ = 1.0, uo = 100 m/s)
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Fig.19 Distributions of coverage
(Wall 1, Tg= 600 K, uo = 15 m/s)
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Fig.20 Distributions of coverage
(Wall 5, Tg= 600 K, uo = 15 m/s)
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Fig.21 Distributions of temperature and velocity vectors

(T5=600 K, uo = 100 m/s, Inert wall)
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Fig.22 Distributions of H radical mass fraction and velocity vectors
(Ts=600 K, uo = 100 m/s, Inert wall)
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Fig.25 Distributions of temperature and velocity vectors
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Fig.26 Distributions of H radical mass fraction and velocity vectors
(T5=600 K, uo = 100 m/s, Active wall)
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(a) u, = 50 m/s (Mass flow rate 0.00788 g/s)

(b) uy =75 m/s (Mass flow rate 0.0118 g/s)
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Fig.28 Distributions of hear release rate and temperature and velocity
vectors (7= 600 K, Active wall)
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(b) uy =75 m/s (Mass flow rate 0.0118 g/s)
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Fig.29 Distributions of hear release rate and velocity vectors
(Ts=600 K, Inert wall)
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Fig.30 Distributions of Hz and velocity vectors
(T5=600 K, Inert wall)
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Fig.31 Periodic variation of distributions of hear release rate and
velocity vectors (T =400 K, uo = 75 m/s, Active wall)
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Fig.32 Distributions of various quantities
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