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Optical Analysis of Nonimaging Fresnel Lens with Negative Index Layer
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Abstract

The conventional high concentration nonimaging Fresnel lens tends to require a long lens height over
absorber level and allows small deviation angle, ie., tracking error. Therefore, exploring a new lens
which breaks though the limit of the conventional Fresnel lens is an important issue. In this study,
optical performance of nonimaging Fresnel lens with an ideal negative index layer was analyzed by
ray-tracing for geometric concentration ratio of 500, 1000 and 2500. The result shows that the lens
height of the negative index Fresnel lens can be a half of the conventional one, and that the
acceptance deviation angle which retains optical efficiency with 80% of that without deviation angle
can be approximately two times wider than that of the conventional one.

X—TU—F R, AoEEE, JUHEENE, kG
Key Words : Concentrator, Negative index layer, Ray-tracing, Optical design

1. #&

PR, TV F —BIREREANORIEHR & L TR
IANVF—FIHOEREL - KT 2 Mok s
T, ERFEREED (PV) VORI ED
LA, EEINENLA BBz 5PV VI L
TWw5s, LaL, &Biithdsrzn, 35— LU X
LEpEEEE (Concentrator) # FV7-@sh#AL - K
a2 MEpED bR Tws VP s BRI
536387 (Concentrating Photovoltaic : CPV) 2 3#
L72ENEHD 1oL LTIREBER 7 L AV L v XH3H)
HENTWS, G 7 LAV L Xk, 2zt
Peatrkte L, ECBET A ENTE, HoWH
R EWEN BB —DoTHS -7 L

il

T R B

2 EREMTR R B R A v T AR
(T 940-2188 #rif R i i - & [l H] 1603-1)
Tel & Fax:+81-258-46-6000
E-mail: noboru@nagaokaut.ac.jp
(52t 1 201142 H 14 H)

Vol.37. No4

o

L, BELEETHLHITE, L X -NERMEE
BE (DL v XS LER) R RY), £h%
Va—VHEL BT, ER, I AN, A
4 BIRPIAEART B. F R, ARG
WNEL Y, IVEREICKREZERL 2L
HHRv, 252, Bl TO AV F —EmER
¥R oS EE (IO B
kB mER EOMBEELEH LYY s, I
BT L ANVL Y RIZCPV 2 CTldZe <, g
/N B O £ K B 24 %8 B (Concentrating Solar
Power : CSP) (2b@H &n<THY Y KBkEo
FN /BB CEELRERFMTH L LT 2
5%.

—F, A, NEF O E TIERE 2~ O
WCHWSN D F < A 7 Tt rs - MR o
ZERSICE BN, ARFIHEL 2 WHEHOME
MEEHTLAISTITN 75 b=y 7HEER
EORESHED SN TVE. T TICADRIIREE
B 50 0D OREEAEBRREE S LT g W02
JFHEMICIIWENOBRE, BLOFEEY AL

KB T A F—

2011/07/26 10139115|7



W AT 204-LUEFEA. indd 42

——

I - hEA

B ET 5 2 L TADBITERIESNS. 72
EORITREAT LM E 7+ b=y Z7#E bt 5
ZEILEST, B bADEITEREET L L) B
LR SBITE D 2 AR SN T @ W ®)
%1 2 13X Valentine & 12 & - T, & #ipH 1600 ~
1750nm 2BV T — 05 ~ — 15 OE DRI EER
flcs s nTws P F72 Rajput SIZFITIC
L DI T 0~ - 15 BEOADEITEIE S
NAHZLEHEL TV YW Z3ns 2Rk
TP % K CENGICHEA T2 2812k -T, &
DE)BIEPESNLOPEBEEL TBL 2 i
HEHZTHDLEEZOND.

Z 2 TR, BN LB OBITERE % AR S
£ TOIEFEER 7L AL v RIEA LA oWn
T, 1DO0OREAZIREL, RO DIZHRT,
ED &) R - B S I D HE AT IC
L OMEE L 7RIS OWTHET 5. &I, itk
TLANVL VY ATTL—27 A=K O LN T W5
SATA G2 500, 1000, 2500 & o 7224t
BRI BT D IAIIRIR O AF SR, BXOL Y
AEm & e EE L7z,

2. BOEHREIEGEREN

2.1 BOEHRR

TR A DRI HL ny <0 DIFIZAGTT 2 &,
B 1IRS &) ICIEQEIEROYE (s > 0) L1
BB/ (=0 W) ~DIEFPEL L. Z0Y;
FIZBWTH AGA, Eadf, AL OBRIZIE

fEkROBMIFE I EHTE S Y. 2%, UTO
Snell DFERIZNEH S 5.

sind, _ ny

sind, B n, W)

L7235 C, JGHBHNE (Ray-tracing) (2 & %%
WEITH ZENTES.

2.2 IEREEREN
7 AT 7 EO—RI 2 TR RO 5B MERE

1 BolErEkmEc
Fig.l Refraction in negative index layer

BT BT

Journal of JSES

7427

o

TEHITRDO SN DL HREILE W IEFIRIZRNTH B
(CPV TIIERH TO T AN F =454 DIg—1EH 3K
HHNA), ZIT, HEFEMRIENIZGEA~D AS
IANVF=DPERIPR SN L E G E L TERS
N5, 20X REXRROZFHIIIEREEEFHH
WHENG. IERHELFETIIRAEAS AT EE L%
RN LD, BERENDLFHEAS A LT
KRR R % 550 B WA IR DR ET DT 2
5. Fako X9 IZEDIEITITH LT H EMEEEA N
HTEL720, RFBETIIIEHE 7L AIVL VXD
RETHEG & L CE BRI D4\ Edge Ray Principle
DAY

3. BRETIVEXUFE

M2 ICADEEE 2 EA LIERGE 7 L AV
~ X (Negative Index Fresnel Lens : L F NIFL),
BILUOERROEHKGE 7L AV L v X (Positive
Index Fresnel Lens : LT PIFL) Of#HT €7V % 7R
F. X2 (@) BLY (b) 3K L v XTI
RLTWA, Ly RdZ oW % B fr &5
P—F25—TLANL Y ATHY, M2 (¢) 12
AT LIS L O (K Cldgtm%
Kt v EMKEL, PV cell &FEHEL72) 2%E
FHZ DI Ly X &Y YPHL TWw5b. Edge
Ray Principle Ti&, L v XA %4 514 D7)
A LEICH O YR F O RE L 727 A AG A0,
DA AFT S, & OGN IS F)E L
]85 7)) ALFHHOBEEZ RO TN, FETEMEE
F 112" 9. NIFL B £ O'PIFL & & 12804
Lt Cg( = A/B) = 500, 1000, 2500 ® 3 /%% —
PR L7 &L v Rc@oststte LT, L
YRAEE =05 FUALEw =05 $£XHEIZ2
x2& L7

A ETIRE O RF AR NS0, 13RI v
025°& L7z, L»L, C,=2500® PIFL T30, =
025° i 72 TR ZAER T E Loz L 60,
=005" & LOIREZREI L. 2B, 22 THZ
720,133 < T3 Edge Ray Principle % j#H 3 5K
DFEINT A= THY, EEICRESNIZL VX
TEIRTIE, 6, LNO AFHERIZT LTS 7 LA IV
FHZ L 2L EI2ED 100% DEIZ L 22w,

P LEOREEIFC ST, F9, £L U AES
d 2B TR R’R. (D) E5H L2 X
EREFE L7, 2OB, R1IIRTE/ YT A —
¥ x5z, Ly AEEONHREERC & 2 65RhE
DRI 7% IR % Edge Ray Principle (2355 < K

2011 4F

2011/07/26 10:39:15'7



BAOEITRE AT HIERE T L AV L ¥ XOGEENT

DV cell

S —PV cell

(a) Cross-section of NIFL (b) Cross-section of PIFL

4
-0.25
0.25
[ [ R e s
——

+ PV cell

(¢) 3-D view of the model (d) Deviation angle due to tracking error

M2 JEEGET7 LAV L XTIV
(M OOILBIRRFRAES, + 025 (T RBHERRIAYS 3 4 M EEEI % 7R §)

Fig2 Simulation model of nonimaging Fresnel lens
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Table 1 Design parameters of the simulated Fresnel lens

Lens radius r 32 45 71
Lens aperture area A 45x 45 63 X 63 100 x 100
PV cell area B 2%x2 2x2 2x2
Design acceptance half angle 6, 0.25 0.25 0.05
Prism width w 0.5 0.5 0.5
Prism number 64 90 142
Thickness t 0.5 0.5 0.5
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Fig3 Relationship among optical efficiency (top) , deviation angles which performs optical efficiency of 80% (middle),
Nmax X Os00, (bottom) |, respectively, and lens height. Solid line : NIFL, Dashed line : PIFL
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