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Abstract

To improve the efficiency of the micro-thermophotovoltaic system, the radiation energy output of
micro-combustor has to be uniform and possibly in the short-wave photon energy range, which requires
high and uniform temperature along the micro-combustor’s external wall. In order to further optimize the
micro-combustor, different porous media combustors with the inner and external diameters of 2. 4 mm and
3.0 mm were designed. After stable combustion of hydrogen and oxygen in the porous media combustors,
experimental investigation was carried out against micro-combustor with different hydrogen-oxygen volume
ratios, mixing gas flux and porosity, the combustion performance and external wall temperature
distribution under different conditions were analyzed. The results indicated that the porosity, mixing gas
flux and hydrogen-oxygen volume mixing ratio had significant effect on the mixture combustion in micro-
combustor. When the porosity, mixing gas flux and hydrogen-oxygen volume mixing ratio were separately
0.50, 750 ¢cm’/min and 2: 1, the micro-combustor showed a better combustion performance, including
high and uniform temperature distribution along the external wall of micro-combustor, which was suitable
for application to micro-thermophotovoltaic system.
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Fig.1 Principle of micro-thermophotovoltaic system
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Fig.2  Configuration of porous media micro-combustor
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Fig.4 Temperature distributions alone the external wall of micro-combustor under different hydrogen-oxygen volume mixing ratios

(a) LB 0.50 (b) fLEEH0.66 (c) fLEH0.72

W8 i e, 2 A o (] v O e ARG Y 0 A . 3 A
RO AT, SRR G Lo 20 LR b 5 e
T it 5 i , Bl TR A AR MR B & AR R I R 0 o
XS T HABE SN A it b R AR S RO, AR R
TERBURG o 20 LI SO fe 5870, Rl 2
DEAFI TR A TR . A ARBUR G L
/NE] T TR bE N R R e
PR /D DR I BE TP 2 A T R AR . 2 R
BUR A LI R E) 3: L, B SR MG 2, |
SORTEMABE 2 AR B8 5L B 45 HE R 8 2251, [R] I 3
AP T — AR A DT AR T ROHA J58 = 1) B Tl

i P 4b AT L& B, 2 LB R 3G R H) 0. 66, TR &
AT A 600 em’/min B, AR A A& AT T
(1 B T 3 2 A R R A — 2, [ N AR 5 = R i R
JiE W 5 S5 FLBR R A 0. 50 I AH LL AR X AT , BE 1
JEE KRR AN A IY 8 T ey, AR B B AR bR A 1 Ak
6 mm ZE A7 fie i, SR 38 W AR, FE R BRI 1AL R
JERRAR . Horp 2 VI K b8 5 BE ThT il JBE ey, JC M2
TEMABE S G BB L 1 TR 3 I AR 2 0 X 2
T REA FLBUAR A3 K B 2 AL A OWHE 5 S
A B T3 P IS |, TR AR MR 08 3 T ) A o 2 1] 3
KRB I R BRAT, TR BEAEMRBE A TR I A%
Beo ARIZ ARG LARIET 1 1R 30 LIy ke
N A RO S I R TR AR L 20 LI 2 R 4
KRRV T 16 50 53 4K e 1A ads Bl R AR TR & Ui HE
45 2%, P AR R e 2 )i o Bl L 2 T IRAR 2 .

il e AT RUR B, LBRF N 0. 72 R 5 LA H
itk 600 em’/min B, KRR & WA 1F TR bE =
P B T 3R 2 0 A e A — B30, AR A A 1 B AT BE i R
JEFEAA IR, 76 B B AR B 35 A T AL 6 mm 72 A7 BE T
il o R, R 2 WA, AR R 08 & 2 B 20 T A
be s BE IR 2L 10 1A 3= L iy, S HORAE MR e =
HH T B SRR TR e i 100 K e Ao TR b

25 BE Tl FE 5 A RDR & 2 AL %R 0. 50 i)
HHEE B S R AIG, (B L LB 0. 66 I A i T, X
JEPITT AR A5 2R . —J7 T BB FL B AR A4 Ok,
PRI N 22 AL A ot 10 &5 BR3P T ) S il 5, 2
FLAN ORI S 0B TR FH o R Rk 55, B T 552
REAHREBE R, AR TIRG T b, 7
— 5 T, LB 5 A 48 o felt 9K e s 2 AR DR, AT s 494
R B IS A3, XA A T SR AR RE

i HORUE 4 T AR I, AL R T, 2
FLA BRR B 28 1A [) S0 SR PR FRE 5 B Pl B T i, 82 )
A B AR — B0, A0 52 I 1) e M AR A e, I
o R be B TE A U BUR & L o 20 L BE T I BE O
w L IRG RGBT I) o
3.2 BRESANOREMNEIE

SARBURA Ll 20 L, R LB R & 0T
Z AL A BORBE 28 AR AN )R 5 U 10 B B B TR i 38
oA L an i S B o

Hi Sa T LUE L, fLBRE N 0. 50 i, Z fL A it
R JGE = 11 BE T Ul B2 0 A IR BE TR & A i e A
i AE A o I U T S 600 em®/min I 44
o8 25 BE T JRE 23 A Oy o ) e A A0 ARR, B Dl RE A
FAETF 48 32 8 Tt e, FEBE A F AR 29 10 mm b BE T R
g, ARG B W AR BEE R G A B E A
600 cm’/min 3 K 3| 650 cm’/min , Bk 458 25 BE T I 5
B8 Z T, R O3 A AR D O TERR R = T AL TR
JIE fcm ARG W B be a1y R BRI, X R
s 1T 2R A U R ORI, AR TR A R
R YR G A AR = i 2 LA BT i B 1
ARG A H R i R s RE IS RIS A FE#E
TERRBE T A F AR IR I, PR IHG R 458 3 A 1T T 3 it
JEAEH R o T A0 e R U O T IR A MR b %
PR 5 B I T AR L, BT LATE SR B = 5 E BOR IR IR &
SANBETE /1R G MR b, A b =8 BE T 3L B LU B0 . 24
BESA DA ZE 700 cm’/min fl 750 cm’/min



196 o Bl B ¥ iR

2010 4

INf AR5 4 BE T it B A 2 TRy, BE THTI RE O A LA S
650 cm’/min i B A — B, YW FE KRG LR IR A
B PAEMRBE T A BT R BN, TE MR e &
Ja 2 B B R AR 1) A R AR D A B A A H AL
B T I i o, B S O W R AR . 4 AN [) O R OO
T 750 em’/min B #4585 RE IR E B, HLoh A B

o1& 5b aJ LA th, 2 fLor B be = 7E LRy
0. 66, Z AR FRIIR A LUy 20 1, A [ U 19 00 #A 5%
5 BE TR 70 A1 5 LB R 05 0. 50 B A —F, HU2
P EE L 0. 50 WP X 2y T BE A AL B R A 1
O, B AR 22 LA B o 25 A AR B0t/ , 2 LAY
T A 2 BRI 5 AR B 22 0l 381 , A e 2 AL R B

2, i BB AN L 300 K PR S B T IR R A
——600 cm?/min ——600 cm?/min 3
1500 —-650 cm®/min 1400 —-650 cm®/min 1400 o o em /min
3 3 — cm?/min
w4 1400 —&—700 cm’/min ., 1300 —&—700 cm?/min y 1300 700 em? /min
> 3/min = 3 /mi —h—
21300 —%—750 cm?/min 2 1200! —%—750 cm?/min = 1200 750 om>/min
22 1200 zE 1100 zE 1100
= 1100 = 1000 = 1000
= 1000 = 900 # 000
900 1 . ) ) 800 L L 800 . :
2 6 10 14 18 2 10 14 18 2 6 10 14 18
5O\ D1 3/mm 5N B /mm 5O\ C1#E 3/mm

(2)

(b) ©

F5 N [RNR & SO I fak IR J68 2 0y BE TAT 31 B2 A 2k
Fig.5 Temperature distributions alone the external wall of micro combustor under different mixing gas fluxes
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Fig. 6 Temperature distributions alone the external

wall of micro combustor under different porosities

SR LA 6 W LA B, B A L B A< A 38 O, R
e A BE T I B K AR, 3 M AR E TR LB RN
0. 50 I8 = BE T I JEE i vy, i 2 B A A )N, B
K25 0 300 K Ze Ay, S8 5 U HOL B R S8 AR
TR o LRI K H) 0. 66 i, b2 BE i iR 3 K
R BEAR, FL3 B2 A% B2 1 K, oy i 22 1% 400 K ZE 45 .
MALBR AR YR LI K] 0. 72 [, JRBE 5 BE R 4k 22
WAV, T 0 B2t i i o X B B L BRI K
ZALA o A SR E IR T IR I AR ) B 0, A
T 1 R e 7 A 1) A i AN RE AT 280 1 328 ) BE T, i A8



%5 1

WO AF . MPOLR RGP 20 BB E PRI 197

[i] 3tk J3E B B R, R 8 3 AR P BE BRI, A A T R
T R GURGE R A T AR .

LR R, Z LA R b A AE FL B &R 0. 50, &
FRBURA 201 RA A LR 750 em’/min fif
BE TAT il B2 A e, 0 AT d 2 50 IR R R RE A A, B
B MHOEHL R G 8 = RO TAE. 498, R LB
FA /N ARG = N IR G A R B 4T B
[F1) AR o8 25 1), o AN BE 1 0 BE T U B2 73 A 3% 3 4 1
ROR

K7 ik g 1 2 1 2
FLA AR BE 2 e AL B R
0.50, A\ A RES LA
221, A AN
750 em’/min B} 4 1R & <
A I D < T
A58 2 T A Bl B2 W L
Whbe = Jm F Brer, UUTR

B 7 MREERA
AREEAERIBEZEAT LB Fig.7  Photo of combustor
BRBE 1 5 HI A A 40 B A SRR — . B AROk UL, 2L
A TR EIEFLIR AR 0. 50 A A KHIEA L 2: 1 R
AR T HE A 750 em®/min B #45 Be sk 52 bE 4 B
R AT A R OB R TERE

R MR AR A DS /NTF 600 cm®/min
R TF 750 em®/min B, IR SR RELE MR BE E N FA
FERBE X P RE 5 0 RS Rk e = SE A O

4 £ig
(1) IR A U 2 LA RO o8 2 N BE S B
e RE MR B o

(2) E AR A HXF 2 1L A B ik e == 1 1k
RUBE R ey TE 252 ), i 36 i 9% 45 SR 3R I, 7 L i %
FRASA N & — i, R 8 RBUR A Ly 2:1
B 22 LA IR TR e A9k 8 5 SR e B, B T 9 B S L
S E A TR RS,

(3)IRA AN H 2 25 W 2 LAY T Ok e
HREMEE R R, I UE, 2 LA i Ok e = 4
RASA DR RN 750 em®/min B BE [ 5 B 5% 6
A T 58 R TR R Y A A R e DA B i R A
T R G R R RRCE

(4) ZALA0 5T AL B 238 0 TR b2 5 A 1A % e A% 4
SUR ¥ RS A I U S Uy NI U N | B N
e FE Y BE i A Ak, AT S e B O L R S UK
o I g AR, Z LA BT LB 0. 50 B B b
A TR R E Rk 5 PO R R .

& % x Wt

Laroche M, Carminati R, Greffet J. Near-field thermophotovoltaic energy conversion[ J]. Journal of Applied Physics, 2006,
100(6) :1 ~12.

Xue Hong, Yang Wenming, Chou S K, et al. Micro thermophotovoltaics power system for portable MEMS devices|[J].
Microscale Thermophysical Engineering, 2005, 9(1) .85 ~97.

Basu S, Zhang Z M. Microscale radiation in thermophotovoltaic devices[ J]. International Journal of Energy Research, 2007,
31(6 ~7) :689 ~716.

Pan J F, Huang J, Li D T, et al. Effects of major parameters on micro combustion for thermophotovoltaic energy conversion
[J]. Applied Thermal Engineering, 2007 ,27(5 ~6) :1 089 ~ 1 095.

TN SUEE  BER  SE BETRON R DL B Sl AR B R R B [T ] /NN AL S BE HE 4 ,2008 (4) :88 ~90.

Li Detao, Pan Jianfeng, Xue Hong, et al. Influence of energy source on internal combustion engines and other dynamical
systems[ J]. Small Internal Combustion Engine and Motorcycle, 2008 (4) :88 ~90. (in Chinese)

Cook-Chennault K A, Thambi N, Sastry A M. Powering MEMS portable devices

a review of non-regenerative and
regenerative power supply systems with special emphasis on piezoelectric energy harvesting systems[ J]. Smart Mater. Struct. ,
2008, 17(4) :1 ~33.

Loy Chuan Chia, Bo Feng. The development of a micropower ( micro-thermophotovoltaic) device [ J]. Journal of Power
Sources, 2007,165(1) : 455 ~480.

Zhang Z M, Basu S. Entropy flow and generation in radiation transfer between surfaces[ J]. International Journal of Heat and
Mass Transfer, 2007 ,50(3 ~4) . 702 ~712.

Brenner G, Pickenacker K, Pickenacker O, et al. Numerical and experimental investigation of matrix-stabilized methane/air

combustion in porous inert media[ J]. Combustion and Flame, 2000, 123(1 ~2) ;201 ~213.



