20124 S 57% 5228 2127 ~ 2136

a3 b &
3

it www.scichina.com csb.scichina.com

@( R R ) Jeidil
SCIENCE CHINA PRESS

AR Z 355 MCRT At 588k

REFR, ATIES, EAEK

PORRR S TR M SR, PR A R RE IR S 3 ) TR

* It Z& N, E-mail: yalinghe @mail.xjtu.edu.cn

2011-12-22 Yicfi, 2012-06-15 %52

B%, P22 710049

IR A SRPBL2EFE 4 (51176155) 1 E K & 4 3Ll iF 58 & B 11X1(2010CB227102) % B

% AT AMERR RS P ERRAEERRELLA
BT —MHWE—AERTEUXGEA NN ERER — KT P L EELEMCRDITHE
Tk HARIER G RAE S AT EBE At RR N, b b F B 4R & E 4 &
WENTFREER, RAK—W 4 MFTREBERETRTHA. KEHES LFSEL
E4ETHG-—WARANMER G LFHEA R AXKEASL-—RBERR. - ¥ EH
AW GitH . - EERFRA KNG — MCRT E 7k 5#2)7. Eiliah b, %

RREHANEHRERLE, £

Kt
RAEENZAR
G—HEF %
REFZ L&A
P i S

A R oA

WS —MCRTHE ik 527 NH TIMBRRAERRS, HHEREREN, L F &
SR)F AR AR AR E ER M, TRR RO — AT AMA THT A

b AR f RO S R L R S A T

R VIR SR b A R 5 A 17 B 5 [ L 8 By
il 24 AR 2 B Fah 2 2 R R L O, ARk
B AERRE. N T RX — R, 220m
AT F A BE VR A4 T & AR R T R PH AE B K L B
RAER—FPiE T e, nIEE . BA T RN RS
st ] PEA BEURFE R, i o 0k R A AL & R B AR
JEPRIER. EIRE, HATRR IR AR IR, A
FLA T & 0 7 e V08 S B 58 R K 3 5 K PHRE
SR S TR, X R P K PHAE PR L B KA R R
B TR AT REMED. HREE R E CRARBGER ) 1Y
8 (PR NRILAE T A RE R ) B IER
wh B D E R IR 5 AR SRR, Ik
I E IR BH BE AR A H A AR A A el 2 3k e ) Py
i, ESBE 2006 AEMAR SR EZR K R
AR KL R EE (2006~2020) ) A M B K% Kk k7
2007 AFEMAR ) TR BRI K 2 LR ) #RKE
KBHABE S BB ARIIA T Aok iy & R ALK, I35
YRR R B BE & H 4 R — 00 B AT 55

L nl W, KRR BHREIM A AR, 16 E KR

TR e F 2 —, 33 T E SRR e, kAT
$ VS ki nl g TR IE A i B A (R S S S A ESE N
FH BE # A i BRI A bk A7 AR 19— BL 2 205
VFZ R HE B2 MR )L 75 23— 2D E e . Horh,
KB —Ff e G e s e i, FLAe RPN AE R R 4
ARG B N RO L P 7 2
— N IIRBDLRERE | B UL Z A AT
FECL RABFIEH A B AL R A AR DL B
PHREAR 20 R 2 2E 17 R B RE A A B R G BRI 5T
I BT, JE RGO TR RE AL S HAR
BB S RGK BRI L LR, R, XA

SEIRTER T —SeSeiE i ROLE IR G o Hr s R R 5
¥, ] UHC, DELSOL, HFLCAL, MIRVAL,
HELIOS, FIAT LUX, CIRCE, SOLTRACE™’'}J
HLFD'*%. {HJ&, H#ih 1k K2 5 Hae 4t % —
iR ERRE A TR SR, B%A —f
RERY AT DUAE b SEREAIF ST 5 Tl R R %) 38 FH b ofE T
FL R LA SR ATIE A 2 G5 K P BE R 435 Y

FICHIHBA: Cheng Z D, He Y L, Cui F Q. Studies on concentrating solar collectors with a new modelling method and unified MCRT code (in Chinese).
Chin Sci Bull (Chin Ver), 2012, 57: 2127-2136, doi: 10.1360/972011-2629




a4 % B & 2012488 574 F22H

75 ) J@ P,

SR, A SCEDER X K BH fig #OR] H A A R O 4R
HMAGNOCHERE SO i Je i 8, 720t il
AR TAER A 2% 88 — R e REER R R
HIERAZHR . ZRAME LR, 1T —FH
1) 48— AT ¥ DL S 5 HX B Y B AR S — SRR
W2k 383 (Monte Carlo Ray-Trace, MCRT) {15 ik,
FEK N 2 T 3 MR R SRE MR G, Tk T ik
B R, AR T AR SO A2 3 e 52 0 1) 7E 58—
Wit ik it — WA TF RIS, X HES K FH
BEIAH FHAH CH AR R 5 ff e SRR R I R S i i
NG A EENE L.

1 B g5k

1.1 L] gepss

— MR PHAE R R R R G (i = I Ukt
AT LA SR AR Z 4 B S H DU AN [R] B vk 2 T
HAEMRMEIRZAZG, AR E 4 s o1
i TR e N I S R B o R N B & g
HWI ST RG)ZR. NET U, EIELE 1
TR B AR SC 22 1 SE ) R G AT R AR U .
BRI, AR RO R G R 4 F R
SRR, BERDBE 1,8, 2, 2 K, KiEX
WERERRFE R0 R TAFREZ R, BEK
SR L, 3, 3, 3, 4, 3, 3K, TR R ORE
MARGE "R H 3 ATFRERR, BERSNAE
1, 6, 3/, JfH, B—A-FREHE A RAWT EMH
ER R NG — 4 BB B R R GA:

35
ﬂ(x,y,z)zZCnxiyjzk =0. @))
n=l1

R BRI A AR, A AT LA Bh IS AR S PR
ST AR R 400 T (91 o K B ' A D ) AR TR o 1
HFFR RN R T R Z YOk, WPHE e TF1L
R RN B8 5T R G2 OE R T RE A B
SiZ R 2% Th1 B 40 3% 10 B4 R A, EL P T A
JoT A R B[R] — 3 5 A BT, DL SO [R] B B K FH
WS 5ES5ES 5PN,

SRIG, X 45F R 50 )2 W % CH: 41 Rl 3k TR 42
— iSRS X . 4R R S 3R S SR
h: BRGEAGHE INTREZKAENSTR5)Z
WAl H NEIARTEARL, WF RS2 RN 2 5] 1+1

2128

RIEEE 0
RAAE N\

IR

B 1 3B KRHERARARAEE T ER
(a) K (o) RO (o Bl

Iy, M1 — R A KRR B R S
ZANB T A 8], s — N RO T T
FETHI R SR A R U Ak IR 3R 58 M 45 o HGR R
B M R G)Z R R I 4  — ] R L it
NS WAL= as Wl W PN (e )
N[, HAA T 2Z BB AR5, T, 15 R8¢
AT o] — A~ 3R AR AT — X R S — R IA B 5K
{EGF T B5 45 P A 7 R G0 = U 28 5 T (£ 45 1 $D%
TET), YU 7 G i #9028 8 = U R 0 0 i
=, PSR T Z A AR X OE AR



Hit, WEL g 7 RO AR G IL T
B, AR 0] RIR ] —Fh Gt — B A4 e iy
AEo3S HEAT E AR AT 3. fildn, nT i g —Ar i
UL A ) R A 2 THT A S B 7 K P 3 T AR
AECHNSPTET . MTEDRYS T, A5 AT AR A LR
W a TR S e R T A R ST A SR B A
S, ST OB B S T REE RN E
T/ T A S G AE G — R A i R P S A
RIS R

1.2 ARl

1 BB LR RE b, T — BRI R
GLObAERIRL 5, R G A R E R
“PRPRPy R I SR A WO R < — B R
17343 A <Ak 37 B 3R 1 5 - — s B T 3R 1) I
“REHULE 1 R E LRME T4 — MCRT IHRERF X
SrHANIRI 200, BARFL N F

o =1 (CRARY TR H 58 AU K T,

| {r =0 (IFIE WY ik m)

T # 0 (—RIEY ),

T =1(ERLE LK)

K, o AW, ¢ HEH .

RIE, R —Fh g — 728 5 Rk Lk 45
T RG2S R RS 5. Rx 4
— BN FOEE R R B M AES 5N
BEZ5WA TR E, FEEERE—NITHE
DU ES YT CiES S G E-SIE S S R 37
A A2 UL BRI 22 e DU SR 58— B i i
o, IR p U RELF r £LXERX, HOBEHRIE
74— BN % 100%.

@

a#l

1.3 %i— MCRT Jjik

B b iR Gt — HEARE Ty vk iy S LA B R Bl
B, AT R SN A A RS — SRR
H£kiEE MCRT 57k 58, DR E
GAGRE IS FE . EINE I 5 R o A SRR, A 2
FioR.

& 2 0] W, %% — MCRT 5 8 552 5% th o
ANEIRALRK, Hed PG R AT TR ) A e 2R
S 5WA S /E8HES 5N T RG22 XD REL
RGBT . X — B IR RS e T, FE IR

AT RARIRAES T AL T R G022 RN (MR e
A ZIRAR G AR, KRR T8 AR
A, W% A R — R B Lk iR A AR
G0, SR, BRI E RAF IR L AL, (Ef R i
e+ EW T ROk, TR R, A
SO TN TS — MCRT J5 A RN%E,

P op T B A A T S R A TE M TRA, 3 W]
PAZ25 SCHR[4~7,13~19].
(D) S5 POCLERRS . ik 2 T,

AR AY DG T 7E A B g v Ll AR 5 DA AL
B IR X AT IB I 5. 1 e T WO 5
BHGEAES SN R T REERERES SN R T
AGZRN. ARBEZ SN TR TRERZRES I
B2 A sy), T —mRDes s HEBIAA T R 5%
JER M L, AR AN 3 5778 B G —oR i
A A0 BT 3-5 4 % D' 1 i 1) ik R v e HC A
AN DAC

HITE 3 AL, 2% 0T 5 35 AR 4K 1 i e
TEMA A HFOR. RIS, B —RTRESS AR
fifp it FEHR SRR AR AR I 2D AL HE RS B sl

X, =X +u, L. 3)

5XFRiEE 4 Brg— (DB S B X N 5 — S
BT R

ﬂ@ﬁiﬂ%ﬂzo, (4)

It — R A ik sk kR i s i, 0, @ 2%
T L2, 300X T x, y, 2 JT I iR, I HR SO
i AR 0 U DA 3 78 R TR S T o, i) 3
IR ICER A I 2 e S 0 A AR bR AR, S
SEERALRE I &3 ik, D, MBS G — S0 R4
EY 8

TESRAG 5T R G0 )2 WA 4R T B A7 n] RESZ
MU R T B AR, ARGE— MCRT Jiik 57
HE 2 TS AL S R 87 A G S B PO R —
A3 A SR AEC LA HE T . BB OLL K B
A B S P A R AR R A ) 5 il R S BRSBTS
R SR AT Fre/INIE S8 o BT o8 I R T FAB AR AL . SRS
SRHTANE 4 P (58— G2 S 0F P 7 5 530 A
ok A R SEAE ML B A AT RO A AL 3 i 72

Bl 4 s A e S P E 22 T RE R R T 5¢
Rk B REHLGE TR S B, BRI S g8 - i

2129



il

20125 8H #H57% HF22H

B KT NS 7 ot
EENESMNEI RARR ?
+E §¢
\ HEREOESRALH }—A RS K F——— HESHES | | HEEaR |
- AARERE || SRHEHE
e -
et | | HUHSERERSEBIE
(RS . B, B8)
yalo
HEraE 7Y
Sig y
B3 St HERIRII R . RN
RRCERES
e ) ; >
IRBRRD [ ma | | ﬁ? RE s
—[wEras
REREE? gt || Crama
= R ESIsER1?
B = v = e

»ld
L
==
= ===
SRRE

EE/O

& 2

B3 RARRAGH—RBZ ISR |

I
WERDIRS M 1FHEER

&
*‘

RBALAEBE SO SREHEA
(RINAFERE )

v

KRBERODRUNER R RS REINFNER

- 0% ulo i B

(IR
TF5nit)

REHEES
RELRW

|H§%§%%ﬁﬂ&§ﬁ@%§ﬁ%ﬁ

ES A RREE— R o

fiD

%gm@%&mﬂmmgwﬁﬁmg%ﬁ|

23]

2130

3 Gi—RMER R ERSRRR

RA?

£ p mam | sxis )

G—FIF R RRB LT & 5RF BIEE

W W S5 A B R il B R R W A G — LT
PLEUH 1 5 45 3R B O R G — R A 2 ]
AEXE DG Z R FIWT Y. I, BEATLE Y 7 A 2 R T SC
HRI19] 0 BT L 2 SR REHL AR A A= 2%, A =Rk
AR EAE AW R SR I, AR kAR E
A Kb 1 2 o i R A% K 7 [ i) 2 D AT 56 T XoF i 2 T
g — T FEFUDG A g — HE ok, W HRAE
JHPE. Hy 4 Birii 205 8 B dfe 5 3R i 2 ) s 48— 3Rk X
W

_BR(u02)
B Ox, '

LA 2 A R A 1 4 — Rk, i
LGS AT 75 1) ) R R
ﬂreﬂecl,x, = /'lx,- +k01un,x,- 4

®)

n,x;

(6)
Iurefract,x‘ = kl /ux,- +k2/un,x,. s (7)
X RE k=242, k=nin ., k=kx|Q|-



RS T 17 =

B NS BIHNTS T SR -
BHEETF 07 =
=
B ERET 17
\ 4
e — HEEOS
Bt ale
HEEOES +é;m ¢ L4
TWEZEOES HWEEOE N =
ESII SREM alia 1
WRB—ER
>
\ 4
WETEE | B—RRABTZAS
R e YL D e AN O3 =3 «—

B4 G—tZEEAHER T ERER

JLO—k < (LO—[ Q') . m 55 my 5 3 4 75 b 28 16 47
ST FETH 5 B 07 RS Z R TR, Q=(u,,
B 1) (o fh, o, ) R G ER AL 5 7 ) 55 2 THI 125 1]
AR, % 2 >0, WFHS —p, . BUR g, AT
T

Q) MM TOLLERESRE. HRks5%
NTFRGE)ZRES WK 2 25y, BRI —
26T KA B, WIAEAS I 2056 B e o7 B s &
MW7 ) 5 A 20 6 AL R 7 1) BRI SRy A EK A
br 2R EOEFEUE Ty M, nE S s, B
2R B Sk R R AR ZDE AL RE 7 M), TR AT Sk S
R £ 8 3k 40 o0l 2 7= B T 1) 76 Ry B BR AR bR 2R (5) 5 it
LA AR ZR ()N T )

TEM, R4 — MCRT FESEFPEELKRIE
GRIMIE L IR ERST L B Y R S B
DL x BhVER RG], H Y || = VB a4 S8 7
w) ) i3 A A

B s

/’lx, = T;clux, X;

He —

J91.0— 42

H M,

0
—H,

#YJLO—yx

2

N

H M Hy

_ﬂz \/I.O—yf

\/l.O—yf ]

Rk R S EA LR A NEE

cosf
sin 8 cos @

sindsin @

|

], ®)

2131



a4 F B & 2012588 #H57H F 228

N I3 BN R TR ER A s 28 R B 7 1) 45 0 4
055 @ 53 5 R B 5 10 78 JRy #R BR AL s 28 vh i 5 1 5 07
FLAA, Toe N JRITRER AL AR 28 51 5 A A s 2R B B G

£

| =180 |1 ]>0.99999 , MG —% T
TR SO T 1) o)
#, = 1, /|4, [cos,
U, =sindcos g, ©)

M, =sinfsing.

() G HEEARR.  %%— MCRT J5
EETFPER TR IE L RN L i b, iE
TR A A bR FROR ST O B e 5 i
IR SRR, (EETH IR A R A v A B R SR
JeF BB RE TR ST RIS BO SCY, HLAEX 7 1 B
W B — D — BRIk, X T AR RS
(SRR 5 BT 4 2 2 LA R i O T 419 38 A
—HE, — X P SR A A — R T B
Wbk, B B G AR B R A O AR B
AN VBT H AT G 3 B 445 SR TG PR B RS 0 A, T B R ST
T P 3] ol 240 o T 4R s GE TR R A 0 N T
{ELR] Af -t 15 BT B 23 B, W R BT AR
R S ORAE TSR AT SRR, ARk
HSEFOLS I T — MG — I8 TR E
BRI B O T S B R AL AL RE R ST S K. B
SR LTS )36 78 T S (% 10 BT LE L
IR T RGNS RIS ity 2
500 C RE R F AR R 2 B, LARARE
G AR ECRILERT 4R PR KL 92%30x55 F&fifi A
] AR S AR A AR R DN ARAE) T L AR
5 B i) B 2L 45 7E V) R oF- 1L RE R ST B A AR
E,, F3RIMEE E, 5 E, BEAEE T S RE R SE 1T
o0 e 58 ok A A8 A B, T AN SR L i
SR E o oAV S AR . S R, A
JESE T TR R A AR KB 25~ G RACR
IR AT o i — AP BE 5T

2 WS

2.1 HXEOREMARGN

RAE F HE B IE, SR SCHR (81 BRIE 4 AR
ARUPEAT T e, Wl 1@pR. HHE AW 0°
NG 20 5L ROGHE . 90°11 %% £ . 0.0075 mrad
KOG CHEff. E, 5 E, BEBTE T REBMAE RS
Do A% B i B ) A2 AR A I 6(a) 5 (0) TR, A
AL, T R AR B LR BB R L fL RE T 4
T R KA S R 1.0x107 F1 DN = 6.5 (WA
598x195x357)RIn]. fELIERmE b, 1150458 7 5 3k
HEURT 7 4D TR A0 5 A 78 T ] 1) L 7 J 350 5 S B [
JE A @ B3 A TS OL, AN 6(c)Fin. Rl 3O
¥.(local concentration ratio, LCR)E X} JR#R A IC N
RAERHBERIR % E S KSR EEZ
Ho. O, AR SCS SCERITT 25 /AT B 300, 3o iE
THIERTE.

S ARAG T TS PR R G B G o A e, AR
SCHE— A SCHR[917 LS2 UMl 326 R vEAT T
e, BRSHSIE |, HESERNE 6(d)iixs.
AR UL, WV R AR T g, 40 B R4
S0 7S O 51 o o RV A 7 | 0 NI o 2 7 NS 5
177 A ) 728 AR SR LN

2.2 BEXBOREMAZ NN

TEME, RHASCHR[10, 119 IR B AR A &
s A 75 AR X IR AR S 50 R G5 IOE MBS AT A
RIAR A2 1 2R G5 R 58 A R RR I TE % PR 2 48, an &l 1(b) Fir
N Ey 5 E, WEEIEE T B RE 48 1T RS £ in
AR AL AN 7(a) b)), AL, B RS
10 3B I A S B B L AL BE 1 G T AR o il i
M 1.0x10° fl DN = 2.5(M#& % 230x75x137) BT .
R 2 FPISCRS BT, AR A S &8
540.90 kW, W HRES BT W ISR BH i 48 O 1 S 3 55
JHELER 358 372.10 1 419.40 kW, [fii4A~ MCRT

F1 BALBRRAZETETESH
Bl W AR S AL =27/
LRI (m) 5.000 YIS SME (m) 0.115 e PR LIRS 0.930
RN (m) 1.840 BERGE AR (m) 0.110 DY IS G R 0.950
I E (m) 7.800 W S8 S (m) 0.070 W FAEE T A 3 0.960

2132



S
b

0.38 S 8.0
a b
0341 720 ®
0.30 6.4
026 56
ol 48
1S g 40
018t & 3z
0141 2.4
010 16
0.06 - 0.8
002 L 1 1 L 1 1 L 1 Il L 1 00 Il L L 1 1 L L 1 Il L 1
25303540 455055 6.0 65 7.0 7.5 8.0 85 1.0 1.5 2.0 25 3.0 3.5 40 45 50 55 6.0 65 7.0
B3 22K (1g) DN
72
© - EHHESER ?
63F i g, (W)
— AMCRTIHE 4R w
54F 43000
. 37000
45t 31000
@ B 25000
G 36f 5 19000
27 12000
6000
18 0
or

0575050 60 120150180210 340 370 300 330 360
? ()
Be NMATHEARZITELER
(a) B (b) MABEHE; () X HLIGTE; (d) & REH I % B 430

0.036 120
0.032 © 1.08| (b)
0.028} 0961
0.84|
0.024}
< 0.020 072}
= ool & oeol
oot w’ o.48l
o 036
a
0.008}- ool
0.004} o]
0.000 I 1 1 | I 1 0.00 1 L L | ) ) ) ‘ |
55 60 65 70 75 80 85 90 10 12 1.4 16 1.8 20 22 24 26 28 30
B3 S # (1g) 29

(© T ]

q, Wm™) i

6.0x10° a

’ 5.0x10° -

I 4.0%108 -

3.0x108 3

l 2.0x10° 2

l 1.0x108 g

1.0x107 i

l 1.0x10° 3

l 1.0x10° F

L 1.0x10* 3

" - 1.0x10° z

E 2

/- _ =

é \ P L - P A A R O :

0 010203 04050607 Py . «i—

X (m) 0 015 030 045 060 0.75

X
7 METELRGITEER
(@) JCEREE R () WIASEE R (o) AR AR5 (d) IR A B 50 Al

2133



MG h & 20125888 %5745 £28

F2 EXLBRRZFEITESH
JIREE 2 JINCIE = S
FEHEER (m) 0.750 WK (m) 0.035 R AT 0.930
JEJ A (m) 0.760 W AR FERE (m) 0.075 YIS A R 0.950
BHHBIFT (m) 1.200 YRS R (m) 0.008 Y B 7 5 R 1.500
RIBEKE (m) 1.000 RSB RIA (m) 0.840 i AR S5 0.900

ITE ST AR N 377.54 kW, M T SCRk a2
5 5 R RAXHR Z AT 10%, 78 TR RN H
RGBT, Bk T L IER .

FESE IR 1, TEEAR B T R A AR A 2 B K
W HAR (S 5 A B FR G0 )2 ) K BH AE A 0 % i
Sy, AN T)RFTR. BT, W P45 R
A K PG T g, RIRE SRR, BRI
A PN A K B A O 28 8 0 3 w85 T BB 7 1 R T
FRBET, A% 5~6 NECRG. e ISR YK BH G
WREUY Y 7 R SE X FRI, RV X 7 ) 5 S
RS, k2 B R PH e 25 B VAR 2 T X
D5 Tl B WO, LA B HE)Z IR T R K P

0.18
0.16}
0.14} -
012}

§ o1op

u 0.08f
0.06}-
0.04}
0.02}
000!~

(@

L 1 " 1 L 1 L 1 " 1 " 1 L
55 60 65 70 75 80 85
BT 2 (19)

—o— MEONTITEER
—o— RITAURER

LCR (/1000)

0 &
-0.015 -0.010 -0.005 0.000 0.005 0.015

Z(m)

0.010

DA A PR v, B S BRI B AT
A e A ' 2 /A D) A s R ARl 1] i T DL A
A P A5 Ak B IR T R AN A, R T
RO IR BOLITEL

2.3 BEREROLEMARZ NN

RAE T LRSS IE, SR SCHR[12]H 38 o B e A
PEATXTLETHE, A 1R, SRS 1000
mm FEHF | 45°3 % £ DL K 0.0075 mrad K BHGGHE .
E, 5 E, B8BTS RE I GETH AR £ fin B i)
AR FEAANE 8(a)M(b)i~. HET W, TR ERE
18 38 I G 2R B EORT B AN Ak RE B S8 T A% £ Sl ik

8.0
72L ®
6.4
5.6
48
?im 40
W32
2.4
1.6
0.8
0oL
10152025 3.0 35 40 455055 6.0 65 7.0 7.5
DN
0025
0020 F
0015 F LCR
g 23228
0010 | 21000
ool -
S oF @ 13
—0.005 9000
-0010 2350
e

-0.020 F

l025ZH‘.|.".|‘.H|‘.le.‘l‘.ul.‘.‘lu.‘

-0.024-0.016-0.008 0 0.008 0.016 0.024 0.032 0.040
Y (m)

B8 MATHARGITHEER
(a) JEHCE; (b) MBS (o) W LLKRIE; (d) A1 R ROt Lo A

2134



BN 5.0x10" F1 DN = 7.0(MH8 5N 644x210x385)
BIRT. AR RS b, %FE T A S0 SCHER R RO
LCRITRAZR, WK 8(c)FiR, ol W H 18T,
IOk T HIE A .

B 8(d) i k45 F i A7 T Jmi 3 3R Ok e 4y
MG, R RTAL, AR AR O E B — A
4220 8 mm WY FEJE RE R GEE, Hi KRRt
FLak B 23228, 78 40t /IN B AR TE R SR A itk
(1) K B RE #A I 2 BE, UAE 1 4 A X R g s o A4
RRE AR W AT RO I AR K BH i, L [R] Bt A A
NN AN N 5 R A U B WL WD v S s
Y B T H S ER SR E. T Eas Rt —4
A S T8 5 R G000 A v A sk 55

3 5iR

BE XK BH AE 8 A L ol rh 2% B RO R VR 4
HAZHrk ., 23Rk OB R E 5O
B R, ARSI T — MR RO 5 — BT ik
A S 5 O A 4 B O — 5 R PO ZA i
WRINE. fEMEERD b, R g — @A S A S
PG — SR B OLLB IR P T L 3%
AR 3 Fhlt B RO ARG, TR E L
FW], 7R AT B 00 3 R v A T
JIr AR A5 B O6 e A T 58 45 R — P s T A O T
35 3 45l K BH BB 2R Ol B £ R G I e 2 i et
.

2PN
1 Qu H, Zhao J, Yu X, et al. Prospect of concentrating solar power in China—The sustainable future. Renew Sust Energ Rev, 2008, 12:

2505-2514

Liu L Q, Wang Z X, Zhang H Q, et al. Solar energy development in China—A review. Renew Sust Energ Rev, 2010, 14: 301-311
Kalogirou S A. Solar thermal collectors and applications. Prog Energy Combust Sci, 2004, 30: 231-295

Garcia P, Ferriere A, Benian J J. Codes for solar flux calculation dedicated to central receiver system applications: A comparative review.
Sol Energy, 2008, 82: 189-197

Ho C K. Software tools for analysis of concentrated solar power technologies. Technical Report, SAND2008-8053, Sandia National La-
boratories, USA, 2008. 1-35

Yao Z H, Wang Z F, Lu Z W, et al. Modeling and simulation of the pioneer 1 MW solar thermal central receiver system in China. Renew
Energy, 2009, 34: 2437-2446

Shuai Y, Xia X L, Tan H P. Radiation performance of dish solar concentrator/cavity receiver systems. Sol Energy, 2008, 82: 13-21

Jeter S M. Calculation of the concentrated flux density distribution in parabolic trough collectors by a semifinite formulation. Sol Energy,
1986, 37: 335-345

Dudley V, Kolb G, Sloan M, et al. SEGS LS2 solar collector—Test results. Technical Report, SANDIA94-1884, Sandia National Labora-
tories, USA, 1994. 1-32

10 Buck R, Abele M, Kunberger J, et al. Receiver for solar-hybrid gas turbine and combined cycle systems. In: Proceedings of 9th So-
larPACES International Symposium on Solar Thermal Concentrating Technologies, 1999 June 22-26, Font-Romeu, France. J Phys IV
France 9, 1999. 537-544

11  Buck R, Liipfert E, Téllez F. Receiver for solar-hybrid gas turbine and CC systems (REFOS). In: Proceedings of 10th SolarPACES Inter-
national Symposium on Solar Thermal 2000, Sydney, Australia. 2000. 95-100

12 Jeter S M. The distribution of concentrated solar radiation in paraboloidal collectors. J Sol Energy Eng, 1986, 108: 219-225

13 Prahl S A, Keijzer M, Jacques S L, et al. A Monte Carlo model of light propagation in tissue. Dosim Laser Radiat Med Biol, 1989, 5:
102-111

14  Wang L, Jacques S L, Zheng L. Mcml-Monte Carlo modeling of light transport in multi-layered tissues. Comput Meth Prog Biol, 1995,
47:131-146

15 Carter L L, Cashwell E D. Particle-transport simulation with the Monte Carlo method. Technical Report, TID-26607, USERDA Technical
Information Center, Oak Ridge, TN, 1975. 1-123

16 Hendricks J S, Booth T E. MCNF’ variance reduction overview. Lect Notes Phys, 1985, 240: 83-92

17 He Y L, Xiao J, Cheng Z D, et al. A MCRT and FVM coupled simulation method for energy conversion process in parabolic trough solar
collector. Renew Energy, 2010, 36: 976-985

18

Tan H P, Shuai Y, Xia L X, et al. Reliability of stray light calculation code by Monte Carlo method. Opt Eng, 2005, 44: 023001

2135



M 3 BB 2012%F8F £57% %228

19 Knuth D E. Seminumerical Algorithms. In: The Art of Computer Programming. 2nd ed. Reading: Addison-Wesley Publishing Company,
1997.25-113

20 Vince J. Mathematics for Computer Graphics. 3rd ed. London: Springer, 2010

21 Kravtsov Y A. Geometrical Optics in Engineering Physics. Harrow: Alpha Science, 2005

22 Raol J R, Singh J. Flight Mechanics Modeling and Analysis. Boca Raton: CRC Press, 2008

Studies on concentrating solar collectors with a new modelling method
and unified MCRT code

CHENG ZeDong, HE YaLing & CUI FuQing

Key Laboratory of Thermo-Fluid Science and Engineering of MOE, School of Energy and Power Engineering, Xi’an Jiaotong University,
Xi’an 710049, China

In this paper, a new modelling method and homemade unified code with the Monte Carlo Ray-Trace (MCRT) method for
concentrating solar collectors (CSCs) with the involuted solar concentrating and photo-thermal conversion process are presented.
According to system characteristics and the principle of simplification for photon propagation, the CSCs are divided into a sequence of
subsystems/layers with different numbers of surfaces. Corresponding geometrical models and optical models are built up by unified
forms of four order equations, layers/surfaces numbering, variables of geometrical characteristics and optical properties, etc. Based on
this, the corresponding unified MCRT code is developed, mainly including the unified solving method on intersection, unified
judgment and calculation on optical events, and unified criteria of code checking, etc. Then the proposed method and code are applied
to simulate and analyze the involuted solar concentrating and photo-thermal conversion process in three typical CSCs. Numerical
checks and results show that the proposed modelling method and code are reliable to simulate various types of CSCs or design new
CSCs.

concentrating solar collectors, unified modelling method, Monte Carlo Ray-Trace, photo-thermal conversion process, solar
flux distributions
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