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Radiative and Conductive Heat Transfer Simulation of
Window for Solar Receiver

FENG Yong-Liang YU Zhi-Qiang LI Zeng-Yao TAO Wen-Quan
(Key Laboratory of Thermo-Fluid Science and Engineering of MOE,
School of Energy & Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract In a solar tower receiver system, window for solar receiver emits radiative energy and
absorbs radiation from concentrated sunlight, ambient and itself .In this paper, the radiative heat
transfer of a semitransparent quartz window for a solar receiver is simulated by modified Monte Carlo
method and finite volume method (FVM). It is found that the maximum interior temperature and
temperature profiles are very sensitive to the depth of window and the inside temperature of air.

However, the convective heat transfer between window inner side and air has a minor effect on the

maximum interior temperature and temperature profiles.
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Fig. 1 Solar collector system
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Table 1 Optical properties of quartz glass

k A /pwm ng PLk = P2k kk/m~*
1 0.40~2.65 1.45 0.03 1

2 2.65~2.90 1.434 0.03 1000
3 2.90~4.2 1.42 0.03 5

4 4.2~.7.00 1.35 0.05 5000

5 7.00~11.0 1.3 0.05 5000
6 11.0~20.0 1.3 0.07 5000

2 BBEH MDA LM

R A A OB, HEALIRR
TSRS TR

9] oT 0 oT 0 oT
7 (52t (5 )12 (0 oo

d)r = Qbsum + ¢A1 + ¢A2 + ¢pt (2)

K, N ASRARE (W/mK), o HEH T EHTE
I)F\f (W/ms)v Psun da1, a2, (bpt ﬁiﬁ'\ﬁi’iﬁﬂi‘ﬁ\ j(
RIREE . TR S B B PN R A SR R R T

NP

Ssun
(Z)sun - Z RDp (sun—i,3,k) ¥, V ke Bp,Tsun : Isun (3)
p=1
NP
pa1 = 5UZRDp,(A1—>i,j,k)'
p=1
Sar g 4 B T
7 _k( PTar " Tar — Bem ;- Tijk) (4)
1,7,k
NP
¢az =0y  RDy(azijk)
p=1
Saz g T, - B T4
‘/ijk( PTaz " LTag — Bet, ;. Tiji) (5)
NP V
1,57, kk
bpt =0 24’% ~ngy - RDp (13 55 kk—i,3.5) - VJ—;k
p=1 s
(BP2yisun - Tisjinn — Berige-Tiyy)  (6)
Tar HYBEINREEFTEE, Tar = VeI, B

VERSTER ¢ MRBRMIRESTH oy B ST R
FE. To AFMAMBRE, SCHEL To = 20°C, € =1,

Tao NAOEFBAARBRMUREOERE. EEX
(B 55 RAARRIA B P i o 1R 7R TR B A
W, #FORMRERKTRESEE, Taz = 600°C;
(] 42 2 o S R PR I T R B BRE AN 3R T, Taz =
1000°C,

AR ER AR THRIH C=314.
FHRR, EEHN 10 cm, FEEH 2~10 mm, HH
MIFEHEL 10 x 10 x 10, RAANTEE., L TTEREHE
ZRNAFRM, EAKETERTALERSZM, FH

FER AR AR R T, kA gk
T: 1) MCM 455 larrl?*%ﬂﬁ‘ﬁiﬁmfﬂﬁﬁfﬁ\ 282
RS, RIS RO B R B A TR S R A e
BEHEEE T RD; 2) FIMESHMEEN T, At BT
BEGH TSRS IR 3) RIG RS TR R S 1,
REHR BRI At H A BRI s 4) ER
TR 2) IR 3) HEICE.

3 BAGRHr

K PHRE #R & B IR 3R B/ AE A ] B9 7B 2 LA e A ]
1 TARRSL T, L?xiﬁlﬂﬁﬁﬁfiﬁﬁ%ﬁ%ﬂﬂﬁ
BRFME. IHHEBERETAMESIERE T W
1000°C, 800°C, 600°C, 400°C, QOOOC‘ 20°C, AN
KEERRH by = 10 W/(m? K); FMUZEIEER
R, SMUREER AR T EIET b ]
5. 10, 20, 50, 100 W/(m?K),

TEMRIRA R FMET, XM AREEEEES
H% 2 mm, 4 mm, 8 mm, 10 mm, FEEHHNITEE
WEE R B E R K TR A RO, B
TR e R L T 2 KPHAR ST, BEE SRR R,
Bt B BT A NS, JEBEN 10 mm B, B
FE AN T AEREE L, WA 3. 4 B,

HEmt (BHHEA) WRE (Taz = 600°C)
BBl B N AR A A A B B IR S R E Tnax
SN ZESRE Tro FAMUREAERRE by KR
& 3. 5 s, 8 MM AS (Ta2 = 1000°C) £
LB B PN R ENRLEE A A A A DB R N B S TR
Tnax FHMEZIRE Ty FSMUSRE ERRE M
KRWAE 4, 6 P (RESAAEBRALA K).

60 750— 700—=—-600—-550
\)50"‘\:“&\ " S f o~ /
::,'“_:—h_____\____\_-:_-:j‘o\«-!ﬂ

Bl 3 HiEES AR A g B IR E
(T =673 K, hi =100 W/(m?2-K))

Fig. 3 Temperature distribution in window for

directly-irradiated solar receiver
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Fig. 4 Temperature distribution in window for

indirectly-irradiated solar receiver
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Fig. 5 Effect of convective heat transfer coefficient on
maximum temperature in window for directly-
irradiated solar receiver
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Fig. 6 Effect of convective heat transfer coefficient on

maximum temperature in window for indirectly-
irradiated solar receiver
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