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Improving Design of 1-D Photonic Crystal Filter in
Micro-thermophotovoltaic System

Tang Aikun Pan Jianfeng Shao Xia Liu Yangxian Hu Song
(School of Energy and Power Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; To further increase energy conversion efficiency of micro-thermophotovoltaic system, a 1-D Si/
Si0, photonic crystal filter was set in the system to ensure recycle of long wavelength radiation energy.
The basic structure design and corresponding optical characteristics were obtained through optical thin
film theory and transmission matrix method, and an improved design [1.10(L/2HL/2) ] (L/2HL/2),
[1.10(L/2HL/2) ] [0.95(L/2HL/2) | (L/2HL/2),[0.95(1/2HL/2) ] was developed according to
the narrower first reflection band of basic structure by method of multilayered film superposition, which
could extend the first reflection band to 2 ~4 pwm and also had a transmission of 0. 95 in the pass band.
By perfecting the energy transition computational model, calculation results showed that the using of filter
could effectively lower the burden of cell cooling, while at the same time boosted the temperature of
radiation wall so as to raise system output performance. System output power density and total efficiency
reached to 5.46 W and 2. 6% when using the improved structure filter at mixture flux of 1 500 ml./min,
which was 5. 7% higher than the result of using basic structure filter.
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crystal with basic structure
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Fig.4 Reflectance of superimposed filter by central

wavelength 2. 34 wm and 3. 0 pwm multilayer dielectric stack

RN E 2 ~4 wm, TEB N 1 ~1.5 um {8
Fil N B S Dt A T — 8 B2 (AT A AE P
AH S 00 S 0, Xt T AR A N2 B KA 2 A
Z 2RSSR fIH R [0. 95 (L/2HL/2) ] (1L/2HL/2)
[0.95(1L/2HL2) ], 31453 H B 5 BT 7w 59 2 553 2%
4.

MIES hrl BB, M FE L IESTE 1.1 ~
1. 78 wm PN EAT JE 5 45 0038 S 1, 71938 S Rk 5
T0.95,MM7F 2 ~4 pum JE NG REE 1,76 4 ~
5 wm 78 N 9 SO 3R AR LSS R Y (L/2HL/2 ) S 2544
ARiEE ML T BB EEHT TPV R4ti8
TG



282 £ Bl % R 2013 4
1.0 — P
o.sﬂ n, = Pf" (5)
5 06 ~ &
&R 0.4 ”’hp - Pen (6>
02 K Q—Hi ABREH {22 hE
0 P, — R T A& R S e

i3 3 67 3

i s
WHK/pm
K5 Botsi i r s iRt R
Fig.5 Optical characteristics of improved

structure photonic crystal

3 ALGpeEEHRER

VT BRI EE ) i BB i B PO L R
G TAFPERERIRZ R R Hoz I — P R OB L &
4t ( Micro-thermophotovoltaic system, MTPV System )
Hr, MTPV ZR 582 — M LRl i) B -1 fORU B R A9 L
TAZ) 1% E, n] 58 S R HUBCFIATL L ™ i 1 3 ) At
oy, BEMEXHZR G ARG R T R
S FVEEAS I 5T, I 16 75 R S BE T il 2 73 A1
AEIPERRTER A T RS RER A 2 B AES 1
) BE S e A R T ST -1 RS 1 R 3 B
e PR TR, DRI, AR SCE XX — R 48
RE R T RO E A T 58 s B IE

TEFHR R SR AN 6 Firzs A Al FLrh ok be
wr DO BRI B R T i O A v
A3 T A BT B AL - R i S B TR A
FYTRCE 6T AR DB WU B A F T 3 1 5 A%
AAMEREEARA (o J51) 10 mm 58 (y J57i0) 8 mm &
B (z 1)) 1 mm , 3858 5 5 0. 6 mm, BEJE 0. 2 mm; H
W 9B AR ) SN RS 5 R b 2 A1 IR, G 1) R

1 mm,

Ko IHRXREMRER
Fig.6  Structure diagram of computation object

L ARSPREm 206 3. PAREBURBERs 4. b uEAR

MTPV F SR i 5 e B A el WL SCiik [ 11 ] (H
HTFIA T o Ess , IHT R G RY RRCR 7]MTPV@1§J—£
WA BERS RMABERR SRR 0, L UB)Z OGS RCR
1, W B AR TR B

Moy = s MspMee (3)
P,

Horp 7, = 6 (4)
f

P, ——iE a8 A8 B K T AR Y T R Y
R RE
P, —fi th HLRE
R SR T S R S RE A TR AR TR A Xl mT
ZWSCHR (11 ], M, B TFERGETIMA T i iE
i, FE T A YR A 0 T R T AR T R Y A S R
B L T AR A SO R A IR AR 1O
BRTFRE, JIA, G HL I ¥ F A far SR iE I
T B AR SRR G T Y B R LD FEL B Y 22 (EL
TEHEAT RGRRGE AT BRI, A TE
25 B 3oL U8 A X AN R TR SR RE 64 [ s A AR A
Matlab 718 H A9 I8 28 G2, 76 Fluent 55 545
R B T ORI R X Y 10 AN, Bl SORE B
79 5 1 I 5 R H 2 X bR % “ DEFINE _ DOM _
SPECULAR_ REFLECTIVITY” & A, DL IE i1+ 8 t
At S RE TR VR oA, LA 3 DL SR [13 ]

4 FREGMHREXTLE DT

1 oaala TR R
(L/2HL/2) FEARGER 15 98 2% DL KR AN [R] e 3%
K2 JZ M E 0 B it 25 40 2o 8 2 1 % S 80y 1+
(B, TR, A M BIR G AU, T
91 s 1500 mL/min,

£1 RAFEEMITIEHATE RIS MR LE
Tab.1 System performance parameters comparison
using different structure filters
ATFR RER PR OUESCE dmik RER
RETINE T T E S T S
RE/K /W VI =% & VL VL R
ToidERs 1516 48.57  23.15 18.88 19.14 0.84

FEARLZEN 1840  100.15  47.74 25.76  20.01 2.46
kSR 1889 113.66  54.18 23.22 20.68 2.60

451

MR LIE Y —4E Si/Sio, e i ik ik e
BB T RGREARPERE R E AR R W 2, LA
(L/2HL/2) JEARGE R L g 45 R ), AR T IC L U 4%
BF S SR A YR EE B R T 324 K BE TR 4 RE
By 1A% X 5308 ] A REVE R, KA
JE FALSIE 1A G R s SR B A TR
T 68 S RE 1 185 10 %) T 2% Gt vl BB o A 4 s AR B
i,5.163 W YR LT 8] T TGl JE A 1. 756 W



oM

JEEI 45 MEBOE R RGP — 40T S A B kBT 283

(1) 3 5 s N EN AR I EUE R |, R A S5 F 1 08
W RGAL LT IR R G T 3 W, 8B WAL
HRITPIEA L H B — T R R A
T for 5 R HR TR AY LLAEL, SRAR 25 5 & L B 45 1Y
TR Tt SR a2 L Tt A 0 A7 AH A B A

Xof AR S5 R B 2k BB A, PR T AT A B s
s HOGTEROR R ARG/ BHIE T 2 A
o3 R AR TR — R R SEAE L ANRRIEA TR
S R S RE A ISR A, DTG AN AL R S ¥4 200 171
ap A 3] T R 0 % i, o A A A S R 1T
PIEE =z w49 K, RER M BESE N T L 14 W,
XAUHT R T BRGS0 | ML ASOR AN [ B JEE 114 42
L I R G BACRIBRN T 2. 6% , R FASEALEFy
YRR T 5. 7% , R U R ik 8] T
15.86 W/em® , X B E 48 543 3 B T eleafk 2o 8 45 X
THRI RGPS BRAE

5 ZEFRIE

BEXHROLIL 3 520 19— S LB B Si/Sio,

DG A A U A AR B 15 B AR [ 1 D7 v RO A7 g
BT RIS, ARE T (L/2HL/2) FEAR GEF4 1 JE A% )
2R s 5 SRR A M 5 — IS 8 B R B A
K FPRE AN AN R o P 2 R & N T ik, 3645
T 5 R pE AR A=K [ 1. 10 (L/2HL/2) ]
(L/2HL/2),[ 1. 10( L/2HL/2) ][0.95 ( L/2HL/2) ]
(L/2HL/2),[0. 95 (L/2HL/2) |, HE— S S i) 58
JEWHREZE 2 ~4 pm, [FAFE 1.1 ~1.78 pm N E
A 0.95 [RiEH%

WX MTPV 2 G5 68 2 55 5 71 54 R0 (1 58 3
TR B Si/Si0, 06T A e 25 AT L
KIFHET RS0 TAEMRE, 76 1 500 mL/min f#ES
T T, BE T OF YR HIC i uE AR 4R R T 373 K,
ook A (L/2HL/2) (S5 it g A it B2 =530 50 K, &R
GLRACRIRF 2. 6% , LR FEA S 4 3 JE AR 12
T5.7% BRI

& % x #t

1 BRE, Bl POUIREOREAR G SO B[ )]. FSROLH ,2006,27(4) :353 ~358.

Chen Xue, Xuan Yimin. Principle and progress on thermophotovoltaic technology [ J]. Semiconductor Optoelectronics, 2006 ,27

(4):353 ~358. (in Chinese)

2 Sullivan F O, Celanovic I, Jovanovic N, et al. Optical characteristics of one-dimensional Si/SiO, photonic crystals for
thermophotovoltaic applications[ J]. Journal of Applied Physics,2005,97(3) :033529.

3 Liu Guangping, Xuan Yimin, Han Yuge, et al. Investigation of one-dimensional Si/SiO, photonic crystals for thermophotovoltaic
filter[ J]. Science in China Series E: Technological Sciences, 2008,51(11) :2 031 ~2 039.

4  Mao Lei, Ye Hong. New development of one-dimensional Si/Si0O, photonic crystals filter for thermophotovoltaic applications[ J].

Renewable Energy, 2010, 35(1) ;249 ~256.

[cBEEN BN e NV

E: Technological Sciences,2008,51(12) : 2285 ~2294.

MRZE. AL B AR M. B WiV esF i, 1996.
Born M, Wolf E. Y2 JEHE( F)[M]. 7th ed. db5T. B 7 Tolk il ,2005.
A, I, XA, & SREEMIEER [ M. UM . WL 1 Bk, 2006.

Chen Xue, Xuan Yimin, Han Yuge. Investigation on performance of a solar thermophotovoltaic system[ J]. Science in China Series

9 WEGIEE, RIMR, RN, S MUUERRE R RGN BT[], AR HUAER, 2011 ,42(12) 1197 ~201.
Pan Jianfeng, Zhou Jun, Tang Aikun, et al. Analysis of criterion number of heat transfer in micro combustion process [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2011,42(12) ;197 ~201. (in Chinese)

10 Pan J F, Yang W M, Tang A K, et al. Micro combustion in sub-millimeter channels for novel modular thermophotovoltaic power

generators[ J]. Journal of Micromechanics and Microengineering,2010,20(12) :125021.

11 FEEhh, eI, B, AF MMRESHXT PO RS

RE ARV AT [ T]. Je T 2842 ,2011, 32(7) :866 ~871.

Tang Aikun, Pan Jianfeng, Xue Hong, et al. Analysis on effect of combustor structure on energy transition in micro-
thermophotovoltaic system [ J]. Introducing Journal of China Ordnance, 2011, 32(7) ;866 ~871. (in Chinese)

12z, whit, XUf. SoNREERBEI M. dbst. Bhegii s, 2012.

13 WEIEE, FIRE, BEMN, 5 WATHRUAbe R R R ], P EPLK TR ,2010,21(17) :2 119 ~2122.
Pan Jianfeng, Li Xiaochun, Tang Aikun, et al. Research on some effective factors of sub-millimeter plane cell micro combustor

[J]. China Mechanical Engineering, 2010,21(17):2 119 ~2 122. (iin Chinese)



