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Optical Analysis of High Concentrating Optical Geometry
Coupled with Diffuse Solar Radiation Absorber
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Abstract

This paper describes the result of ray tracing analysis of four high concentrating optical geometries which are
proposed to utilize not only a direct solar radiation but also a diffuse solar radiation. Effective use of diffuse solar
radiation is one of the key factors for concentrating PV systems and solar thermal systems to expand their installations
to the place where the ratio of diffuse solar radiation to global radiation is more than 0.5 such as in Japan. Four types of
fundamental optical geometries based on Fresnel lens, cylindrical lens, water cylindrical lens, and parabolic mirror are
examined by ray-tracing simulation. The results show that the proposed geometries have a possibility to utilize diffuse
solar radiation without aggravating the concentration performance for direct solar radiation.

ok, WHEY, TR LR, BV X, B T —, JEERBER, SRART,

Concentrating optics, Diffuse solar radiation, Fresnel lens, Cylindrical lens, Parabolic mirror,

F—J—K:
PEROESER
Key Words :
Ray tracing, Optical analysis, Diffuse solar radiation absorber
1. # 8

T, =xF— - REMBEOREMS RS LTKREBT
R —OE R FEA O LEESREOMBEL 2o
TWd., KBEEERBR IOKBARER ST, VAT
Lm A MEHSEEEREZERT L 5E L LTRB D
BN - ERREERBEEFHWNO1 2L R->T WS, T
12, ERAKERE (CPV) B & UK BV & (CSP) &
AT LN I, BRAGEGRES £8F LT,
BIZHENFR EES) BTV 2~ b B~ A DI
ATND. L L, EROBEREELENRIT, BRICK
T%ﬁiﬁ&@%wﬁéﬁmﬂﬁ%%h_ﬂﬁénfw
D7, FREHO#ELL (ERBEREICSD 2GR A
REOEIR) MRESEOOL K& \DH UL b HIE DS 4
NTCHUE I, BRFHRZED 5 2 R8T, K& AR

AUy EBRESNRVERIZH D
T TARMETHE, BEEEARICBOTEBELST

Tl HEEOLE B RKRCA DR A T E 2R DOBE
REBEE L, EHFLNERLIBOLE M (Diffuse
Solar radiation absorber, LAMEZRICCIL Absorber A & 3 30)
%u%bﬁ#@@%iﬁ WX LT, 2RITEET M LD LA

<T9m2m8ﬁN@EMWLmF 1603-
Tel & Fax: +81-258-47-9762
E-mail: noboru@nagaokaut.ac.jp

(FfE44 1 20090 4E 12 B 19 H)

Vol.36, No.3

_45_

hL—v 7 CifiBsn) Mt 247\, EECR R
PEROER A DR PTG RIZ OV THRET .

2. BWETILSLUMETER

21 BWETL

Iu@w®’7v*wvyﬂw%mﬁvyf,mmw
Ly XB LI T D% _— X L R TIRNTET

f%ﬂ%ﬂmT.%ﬁtﬁ®¢b%CL_HMﬁt%

HET 27D, EILOIEEEZ A (Absorber A)
BRLDEETICHRA L TH D, ST, EENIEN
TAENEBA T LENC M U TEEIZHBELTH S, &

%ﬁ?i#%%%%ﬁA@Féi@ﬁ%’ﬁuab 3
7o, KBBBERIIEAICKBAME L EXT 5 X5 I1C1Tbh
HBHDETH. OEE‘O, H L OB CIZ ST A S
T5. TALOBITET VT, EERE, EEEZ
ROBEANEROENFR & RFICENTEBIZRE L, Af
BVRE WIREOE O —E T IO S AR A D T H 1o A
THZERRAEND. Em@ﬁiwwiaw~®ﬁm
ERRELTEY, G202, WEEZ ERADMEIZTH
&ﬁi;tkﬂ“afﬁJ(@‘et,TW&ﬁM%fhﬁﬂ%f%éztinn i
RN L) 2EE L, £hmBlERdEZ2ELE
N ERRET D, —JF, Ml(c)B L T)IFCSP, W

KT A F—




W - &H

(a) 7L HNL X
(a) Fresnel lens

(b) IFEL > X
(b) Cylindrical lens

(X 1

() 2 o —

(d) Parabolic mirror

(c) AKHFHEFEL X
(c) Water cylindrical lens

ke L

Fig. 1 Simulation models
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Table.1 Specifications of the simulation models

Model Parameters Value

Lens height, D [mm) 200
Lens thickness , 7 [mm] 5
Focal length , f[mm} 250
Length of absorber A , L [mm)] 200

Fresnel lens
Acceptance half angle , £ [deg] 0.5
Prism width [mm] 2
Refractive index of PMMA 1.483~1.504
Absorption coefficient of PMMA [mm™] 0.27~5.1x107°
Cylindrical Lens diameter , D [mm} 200
lens Length of lens-absorber , X [mm] 30
Lens diameter , D [mm] 200
Length of lens-absorber , X [mm] 73
Water Refractive index of Water 1.327~1.339

cylindrical
lens Refractive index of BK7 1.507~1.530
Absorption coefficient of water [mm’'] 0.0058~0.27
Absorption coefficient of BK7 [mm’'] 2.0~4.0x10™
Aperture width , W [mm] 200
Pii?l:?)lric Focal length , f[mm] 250
Length of absorber A , L [mm] 200
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