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Research on a novel rotating cavity receiver for solar dish thermal systems

Wu Jiarong®, Gu Zhengmeng?, Jiang Shixi?, Yang Yu?, Li Hongzhi'?, Yao Mingyu'?
(1. Xi’an Thermal Power Research Institute Co., Ltd., Xi’an 710054, China;
2. State Key Laboratory of High-Efficiency Flexible Coal Power Generation and Carbon Capture, Utilization and Storage, Beijing 102200, China)

Abstract: [Objective] To improve the efficiency of concentrated solar power (CSP), a novel rotating cavity receiver
was proposed for dish-type solar thermal systems. [Methods] The Monte Carlo method was adopted to develop a
precise ray-tracing model that comprehensively simulated the entire process of solar rays from initial emission to
final absorption. Based on the ray-tracing results, the solar radiant energy absorbed by the inner wall of the receiver
and the outer wall of the heat absorption tube was mapped onto each grid cell of the corresponding wall surfaces
via a user-defined function, thus obtaining the thermal boundary conditions of the wall surfaces for subsequent
import into computational fluid dynamics (CFD) software. Accordingly, a three-dimensional numerical simulation
model of the receiver with its surrounding computational domain was established regardless of wind effects. The
optical and heat transfer characteristics of the novel rotating cavity receiver, including optical efficiency, heat flux,
temperature distribution, and various losses, were systematically analyzed under different operating parameters, in
which the direct normal irradiance (DNI) ranges from 700 to 900 W/m=and the angle (angle y) between the aperture
axis and the spiral coil axis varies from 0 to 75< Finally, to validate the reliability of the numerical simulation
results, an experimental setup was constructed and tests were carried out under several typical operating conditions,
followed by a comparison between the experimental data and the simulation results. [Results] The results show that
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the optical efficiency is independent of DNI but decreases from 98.5% to 97.8% as the angle y increases. With a
larger angle y, more solar rays are incident on the inner wall of the rotating cavity, leading to an uneven temperature
distribution inside and outside the receiver, accompanied by a significant increase in both the area of the high-
temperature region on the rotating cavity inner wall and the maximum temperature of the tube wall. Heat losses
via heat conduction, convection, and radiation increase with DNI and y, among which the radiation and convective
heat losses are markedly more sensitive to variations in y. When y is relatively large, the radiation and convective
heat losses increase considerably, resulting in a substantial decline in both the heat collection efficiency and the
overall efficiency. [Conclusion] The novel rotating cavity receiver exhibits superior solar-thermal conversion
performance, achieving optical efficiency above 97%, heat collection efficiency above 80%, and overall efficiency
above 70%. These research findings provide a valuable reference for the design of large-scale dish-type solar power

systems.
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Fig.1 Schematic diagram of the concentrated solar thermal
system
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Fig.2 Schematic diagram of the rotating cavity receiver
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T AR AR S S B AT T AR 2 1RO
CPIHE, SRIERBEA 0.01, B GRS R
TS HER ) 1% 2R ATt

220 mm
130 mm

m

B 4 MARIRERAE
Fig.4 Model of the receiver shell and spiral coil

2.2 MENE ISR

JEE T S BT R A PG LR IR T, TiBhfE
TR 23 BT IR ARG A BRI OB R e (AT
AR BIRE ST, P A B I — R it 2
SEhK Trace Pro #4F G284 J5 75 CFD # B itk
1T B AIE RGOS FE AR

DR ISR AR, RO R R A (A — A
1 000 mm X1 000 mm X 600 mm 787 4% fR) 5777 1k

http://rlfd.cbpt.cnki.net

2 [A), ST PR A ) AN AR B AR AR G P 5 B
R AR, AN IR AR RIS
TETC AN B 10 AR X, W B E I
9.8 m/s?. SLTARERIA R A E N, RIEHN
0Pa, A 300 Ko MRAVE PN IR A TR 8 TR 25
Ao MR R w328 29 R 1 A T
W, B RNE N, HEFONE .
WRHAER N BETHT 545 N R, RN SRR THT 5 fias o 2
S, BANEBEM SN TS, BN S TS
A BETH] .

5 WARMIMEZ(E)
Fig.5 Model of the receiver and surrounding domain

HRARO RSB 05 B HS TR AR I R R 2
AN AR B, SBRLP 5 SUR AR
51\ SR IR 045 RS L, 8 SR HA
K DO RSP TR A, I bR ke B
T, T SIMPLE Ly & 1T ) AU
BERE. T, ZNEt. SHENAL. TOTRERCR S A
AR, PRI HE AR BRI Kl 47
0TS, 04 15 BRI DA B TR R X 5
SR BT, T TR 2
SRR RS, IR R, T
2 S HREE 2 070 000 FHE AT el T ML
RERIH A
2.3 £RIEFEN

1B 5 T S BT VC R 00A RO £ 4 0 i
9 dor T RERTRHVER RN &, B2 n K
RS R RE B g

4, =G (L-a)" (1)

AR MOV S A K, Sl Bkt

AR, TR SR R Q s




68 kA%

2026 4

Q=a>qN, )

s N N BEEZIXIER n OS2 R H R
Z DR R E 1
Q

=3 ®3)
Ko, S HKHER, me.
i SUT B2 R o
P @)

Qni
s Qre F1 Qui 73l NS (I P B TH AR A
HMBETH ) WST IR Y 28 e B A e 5 B S IR 2R e
&=, W,
TE SR ) HE AR 1
Qu
T :Q_re (®)
N Qan WRAVE NN BB E, W
J— AP B oo

nto = nre nop ’7m (6)
e e B SS 2
3 LR GiiE

3.1 EFEHER
K 6 Ffiz~y DNI 4 700, 800. 900 W/m2, M
AR IORBE y A2

1001
99+
i— 98t '—.\-’\‘\I\.
Fij ,
2 97F —a—DNI-700 W/m"~
--- DNI-800 W/m’
4 DNI-900 W/m’
96
95 1 | 1 1 A1 1

J
0 15 30 45 60 75 90
yIC)

6 IRFARR S F Ry KL
Fig.6 Variations of the receiver optical efficiency with ¥

HH ] 6 AT, [F]—ff BE R OGFE R A SZ DNI (1)
SO o IX S RN G503 5 TR AR 254 L B W A
5 RSB AR A B A R B y 3K, 230
BN, y I 0F 7562 R0R H 98.5%k /N E]
97.8% . M Fivais Jias A BETHI AR 5 R 1 AR LUAEN 26,

http://rlfd.cbpt.cnki.net

B A s BERIE BE 0.9 I sieR, BUROJGZRZ X
8 S S, AR AR AR KT 97%,
R W e e OB B IR s DL 22808

K7 25 7 09 755 ABHGEAER AR NI
ey 0S AR NI IEER N SHERAVE S
BT, X5 ARAR AU E U ERE s SR AR N a2k 7
AiAHIE . 79 75 B0%IKI NI JGZ NGHE T i A
BET, A — /N NSHGE NI FEIL KOG 1 IR
PESIBE, X ICERE I I A o KOG I 1%
H, SFHOCHRCR T,

b) 7596 2% 4 i

& 7 0 75 NG LTERMKFBARN T/
Fig.7 Distributions of incident rays at 0°and 75 “within the
receiver

32 REE

Kl 8. 945 H T DNI N 700 Wim?2, WA gefi
PN BE TG AR A BE BT 25 R B y 1R Ak . I 8
i, oy O, BT N BE bR R TR AR A I 4
B, NI RAEE S 2 RBCIRIE S E )
BN S B i N B, R BE LR AT o By (13
K, HZRFEERNGT B ] EER—M, TR R
R FE X A, My N 75 1 X IRTH FA ) ok




%9

18 - 8] 9 R BV SRR BT FE S5 A 5 ] 8 AR R,
7y N 0SS HERZENG LI S NGHE R HVE 1t B
JESBE TR HMEE— ], 3 3BT IG K, W R HMRE FA 25
DHARIEAIIE], vy 755 S NS b
IR PEAR e (R AR

L

(x10°W-m™)
2.0

1.5

g

& 1.0
0.5
0

a) 0°ffz P Bk

R R

(x10°W-m ™)
2.0
70
1.5
35t
E o ‘
& 1.0
-35|
-70 0.5
70
70
“, = Y 0
K 70770 33 o
b) 45°% N BE
it 5
(x10°W-m™)
2.0
70
1.5
35t
B @
}
£ 1.0
-35
=70 0.5
70
70
0

2 35 o
LR T 5T <

c) 75°0E P BE

& 8 WRA=RIz A HOREEREy 1L
Fig.8 Variations of inner wall heat flux density of the
receiver with y

http://rlfd.cbpt.cnki.net

5 F BAOCR RGN e R RS T 69
L
(x10°W-m™)

4

3
g

= § 2

1

,»Ih,]] )

=35
-70 -70 (o

a) 0% B

Hoint & e/

(x10°W-m™)
4
70
3
35
E o
£ 2
-35
=70 1
70
70
35
i, 35 e 0 i
(7 -70 -70 N ?‘l“\m

b) 45°4 BE

L R
(x10°W:m ™)
4

«, =35
2 -70-70 ML

c) 75°% BE

B9 MAREIIERREZEEREy TN
Fig.9 Variations of outer wall heat flux density of the
receiver with ¥

33RENT

& 10 25 DNI 24 700 W/m2, 1 B o a) ) T %
JA 2SI E G .y 8 O, dnwT SOk, KEB
I LR NG TE R A S EE, 537 (1) RE B4 R IAE
PSR A, P S R I A R e e
BTG R, WA AN EE 0 AT EL S &) o y A 0°
I, T2 [PORERNGT BI RS N BE, TR 8 i
X, BEE y PIARSEIG R, i DX I i T AR 1




70 F Yk A

2026 4F

Ko FHBEy W EHA2 Bl o T3 BT 70 B A A BE R
AW AEE R, PTG S RN,
FAIRERIGH BRI, A A
W RO O Gk NWRFASS AN R i X
o 4y N T5ME, FERIE I _EGEIAE ShEE ]
25 AR AEAE SR A el o

Sii

60" 75°

10 MAR[ R ABE=SIEERy L
Fig.10 Variations of the receiver and surrounding air
temperature with y

Bl 10 95 T RE B iR BE DN ATy (1978 1E
DNI A, &R Sl . My /T 609 &
BB R B RIS I Ky o 755 B BER iR R
%1000 CULE, HHTEBWRIMEE, MLT
O Y MR Ik 80%. W HAVER HINEE (1) FRIAL 5 i {5
JR R BRI R, IR A A S, BB
LR, ERERIR
12001

11001 ]

| —=—DNI-700 W/m® I
1000 --#-DNI-800 W/m’ I
A . 2 1!
o0ol DNI-900 W/m i

iR e

800

700

600

1 1 1 1 1 1 1
300 0 15 30 45 60 75 90

& 11 WA[EEER=IRERE DNI Ay B9EK
Fig.11 Variations of the maximum wall temperature of the
receiver with DNI and y

http://rlfd.cbpt.cnki.net

3.4 #dhisk

12 #4517 DNI 24 700, 800 900 W/m? i #
AR AR ARG AR . B R
MR WA RIS R A 2 RN S FA i
2 3 Fh B 2 R y AT DNI 8K i8 k . BB K
INRE, RS RIRRIE AR, SRIRRAE—E M
FEN R T XA B y 3G, SRR EXT
TR ZEFR BN s Gy 3K, R
RRTIRAE . MNEKEEKE, F—DNIF, Xt
R AN S NS TR A S N
18, 1X &K N [F— DNI, By IR, 240
I REER I CER NG B T s A BE, A N BRI T
[FIISF A& R 1 s N BRI 3 AT AN 5T, RO R
BRI TR, KRR RIG O, TR S A
RV R TT s, PR R ARG .
kRS DNI ATy B T HG R,  JH A o o i 2k
TR L #7214 DR PR 52 M) B 1B S

—a— 3 #4, DNI-700 W/m’
- LA DNI-800 W/m®
cme L DNI-900 W/m'®
—a—4E 1, DNI-700 W/m®
-A--4E 0, DNI-800 W/m’
ok AR DNI-900 W/m®
100 —e— 33, DNI-700 W/m’
-#- it i, DNI-800 W/m’

120

gl AL DNI-900 W/m' ‘_“..:;‘,’A
. : :
# 60f
=
a0t
20t
0 ]
90
/()
a) AL . R AR R
2501
225}
m°
ook —=DNI-TOOW/m' e
-#-DNI-800 W/m® -
- 2 .
= ipsp FDNESOOWm'
= 1s0f
sk
100}
75 1 1 1 1 1 1 1

0 15 30 45 60 75 90
¥/(C)
b) &b i 2%

[ 12 IRIAERHIRK
Fig.12 Heat losses of the receiver




%9

RER F IO RGBT R e Il NIRRT 71

3.5 ERMEFDHE

Bl 13 S B T W FA2 1  RA 8RN Ak R B
DNI Fly [)254k o y #HTF], DNI K, SERFCRBK,
RUHE L M REE PR IAE NI R . DNIAH
A,y AN OFE K H] 755 WRAAE A A RIS ) R = ek
/NEE 10%, FEUEEPGEIEIEE 90%LL T . SRR
BT O R G GRS 2 R B A Jo R AT
- FR I e B AR AR, BRI RO 2R
JEE R AR R I F g . b, B A
2R 0.9 TREFAAR, 622 R80T B y 386 KT ek
/N SRTANE] 6 Fs, AR AR R i 1E
FLB y 38 KRN IE BEAS K, BRI, SR E 22
SRR REI, 2 y BRI, 56 R Fidin
REFZEWAR, AR KR

IERI I RS 225 AR GER AU 25 SN B
WE 4,y IRARERAE 05 Jedk T BRI LS BE
o WIS N BRI IR FE AT RO ST, AN S
B e i X AR AN 2] o0 A o T 2R e 2 s 2B
G HHIL T IATE S B IR, R R E N A B
PuAe it DABRAROCLR AR BE 5 1 N BE ) A ANEY P
aH R R R A SR 1 K

—s— = A, DNI-700 W/m®
- -4 HUH R DNIT-800 W/m®

100 —A— 4 HO A DNT-900 W/m®
—o0— ELRCE, DNI-700 W/m®
95k -0~ fA R #, DNI-800 W/m®
—— {ACE, DNIT-900 W/m’
90k ‘
~2
2
# 85F
=
80}
75¢
70 1 1 1 1 1 1 1
0 15 30 45 60 75 90
/()

B 13 IRFABREE A AN BZERE DNI Ay BT L
Fig.13 Variations of heat collection efficiency and overall
efficiency of the receiver with DNI and »

3.6 SLIuLE

MR FT SRS R, T — BB
K 14 fior, B H B TARETI, 760 B C R RS
T LA LA, SEERR R 46 HER /KR sS4
HH 2 [N AR SO B NI RS I IR . PLC R
ge DT, SR AL R I RTR & 1 PID i
A5, TN STRREAL B S22, YL Rz

TR AR ARE S ILR. K1 NEE
SR LA . BT RS B 2 i R A AE
[, SRS G T 1% 50 mm TERE, [R]I E &R
W AR R B S R SCER SR TS, SRR KA R S
ARZ) 1.41 m?; i IR FE i34 B2 X 2 X
LEMCE R, SRR 2 0.75; T RkiR/=
FORMITME By B, SR 1 T — 3K el R R B
FEWRIAE N BE, AZIRBHIRIEVE R, (6455 PRl
A2 0.8, Rk, 3 1 FRBEIK & IS HOA F TR
SCWHE, MRRESCMEIESR]. R 1A,
SR AR R L ST, RIS -
B AR R TR RS P SRS . H B IR AT A T
SRR E BT H bR, N2, RE S H AR
B A MBREAT S, DLSEEL R s (R - I
Ve

14 FBEE RN ASRLNRE
Fig.14 Photo of the new rotary cavity receiver experimental
setup

1 MBS ETESLRSH
Tab.1 Key experimental parameters of the new rotary
cavity receiver

http://rlfd.cbpt.cnki.net

24 SEH R
S B R AR Im? 1.41 1.41
BE ISR 0.75 0.75
WIEMI R 0.80 0.80
719 15.00 15.00
DNI/(W m-2) 700.00 700.00
RBEI% 61.70 63.50

445

IR FERE 2Ot B 2R G o B e e i IR s
- RE M, ST T R RS B 7R
(14 9'ts 22 2 308 A TR R AR 8% % S L 223 (] £ U B A A
FEARAESY, BEFE T DNI Ny 700~900 W/m? Fil Ay
0~75 R MF T, ARG R . PR P IR 5)




72 A% &

2026 4

iy Pdge . EPEM BRI, B3R
.

1) BB s SO AR AR B SR I 97% LA 11
HZFRE, 80%LL L AEHECREAN 70% L LIS RL
o T RA TR BRI R AE T
A B A S AT IE S A ARk
BOK A AR o

2) B F A Z DNI [FIREIA . 2y 2h
0, A DENG LR AR I I R FAE 1) [R] B SF
Bl N BE; By 1K, T8 2 2R NG B s N BEY
—, ¥ 755 EAMEEH B AR A

3) y O, AZML AN NSNS S A5 5T
B y 386K, il DX A T RRR A B e v U P O, A
TARWRE O LGRS, BRI REO R
2 SUPNUSE TN

4) IR 0TI R AN AR SR KB DNI
Fly B KM K . DNI AR, &S AR BR, Rt
A AN I AR A2y (P RS BE B I

5) JGEERUE . RIS AUEEBE p 1 K
PN o BRR F B ERRRIIFE W, KAl y 1%
PN D DA ik cE T E Sy N L F S N
MR o

[& % 3 #k]

(1] (BRE, (EHE, & s 5 R ERRE K

T F[J]. #ITRH, 2024, 53(2): 1.
Ren C X, Ren Q J, Gao X. Research on low-carbon electric
power development in China under “carbon neutralization
and carbon peak” background[J]. Thermal Power
Generation, 2024, 53(2): 1.

(2] Jeil, KETE, BRAR. ARBEIHEBOARERAN]. K
K, 2025, 46(4): 651.

Long X, Zhang J B, Chen L T. Prospects for future energy
technologies[J]. Power Generation Technology, 2025,
46(4): 651.

[3] Ummadisingu A, Soni M S. Concentrating solar power—
technology, potential and policy in India[J]. Renewable
and Sustainable Energy Reviews, 2011, 15(9): 5169.

[4] Ziuku S, Seyitini L, Mapurisa B, et al. Potential of
concentrated solar power (CSP) in Zimbabwe[J]. Energy
for Sustainable Development, 2014, 23: 220.

[5] Purohit I, Purohit P. Technical and economic potential of
concentrating solar thermal power generation in India[J].
Renewable and Sustainable Energy Reviews, 2017, 78:
648.

[6] Stein W H, Buck R. Advanced power cycles for
concentrated solar power[J]. Solar Energy, 2017, 152: 91.

[7] Belgasim B, Aldali Y, Abdunnabi M J R, et al. The
potential of concentrating solar power (CSP) for
electricity generation in Libya[J]. Renewable and
Sustainable Energy Reviews, 2018, 90: 1.

(8] hNEF, R71E, Big, 55 HEKMHGECHK BEA

http://rlfd.cbpt.cnki.net

WEFELRIR[I]. FE 7 ReVR &1k, 2025, 12(5): 70.

Sun LP, Song Z H, Ma J, et al. Research overview of solar
thermal power technology in China[J]. Southern Energy
Construction, 2025, 12(5): 70.

(9] EZKBAGECH WHARCHT SIS, o E ol fA:

REVR o> KPHBE R T2 1 2, A SR IR K B
RESAH I HAR IR 45 rhoe. [ RBH e R HRLAT MV B2
45 2024[R/OL]. 2025-01. https://www.docin.com/p-
4926641652.html.
China Solar Thermal Alliance, Solar Thermal Power
Generation Committee of Chinese Renewable Energy
Society, Zhongguancun Xinyuan Solar Thermal
Utilization Technology Service Center. Blue book of
China's concentrating solar power industry 2024[R/OL].
2025-01. https://www.docin.com/p-4926641652.html.

[10] AIbfh, RERE, D3, % 4 S E e - TRk

RPFHBE R B RG LIRAT AL [J]. LFE H B 2 4
2021, 42(8): 1925.
Zhu SM, Yu GY, MaY, et al. Experimental investigation
on a focus-fixed dish-stirling concentrated solar power
system[J]. Journal of Engineering Thermophysics, 2021,
42(8): 1925.

[11] Xu H Y, Xu C, Li S K, et al. A beam-down solar
concentrator with a fixed focus: design and performance
analysis[J]. Solar Energy, 2022, 241: 428.

[12] By, BEM, £Z, 5. “KGRAKIHEE RS
FeRBEUI F[I]. el 1 THE, 2022, 37(11): 161.
Liang C Z, Sheng C D, Wang J, et al. Photothermal
simulation study on secondary reflective dish solar energy
system[J]. Journal of Engineering for Thermal Energy and
Power, 2022, 37(11): 161.

[13] Mehos M, Turchi C, Vidal J, et al. Concentrating solar
power Gen3 demonstration roadmap: NREL/TP-5500-
67464[R/OL]. 2017: 23. https://docs.nlr.gov/docs/fyl7
0sti/67464.pdf.

[14] BH, &, KFHRER R i F g0 i A 28 1)
HeEMERE[]. AT EARREIE, 2012, 30(3): 1.

Mao Q S, Long X F. The optical performance of the cavity
receiver in the solar thermal power system[J]. Renewable
Energy Resources, 2012, 30(3): 1.

[15] Daabo A M, Mahmoud S, Al-Dadah R K. The effect of
receiver geometry on the optical performance of a small-
scale solar cavity receiver for parabolic dish
applications[J]. Energy, 2016, 114: 513.

[16] Xie W T, Dai Y J, Wang R Z. Numerical and experimental
analysis of a point focus solar collector using high
concentration imaging PMMA Fresnel lens[J]. Energy
Conversion and Management, 2011, 52(6): 2417.

[17] Jefri, T8, BHER. KA B A B A%

AR I BB BT A (). WAL R R R A A, 2012,
33(1): 44.
Long X F, Yu X L, Mao Q S. Numerical investigation of
natural convection heat loss in solar cavity receiver[J].
Journal of Hebei University of Science and Technology,
2012, 33(1): 44.

(18] wiHmr, Z448AE, SGMR, 5. Bt LRSS
FIRAL[I]. 5 15 K, 2021, 10(1): 10.

Rui M Q, Cai D C, Guan X, et al. Structure optimization
of concentrating solar-thermal cavity receiver[J].
Modeling and Simulation, 2021, 10(1): 10.

[19] Zhou S Q, Long X F, Liu D, et al. A numerical study on
optical and thermodynamic characteristics of a spherical
cavity receiver[J]. Applied Thermal Engineering, 2019,
149: 11.




%9 RER L ARG AR I R A 73
[20] B4, HmE], LEME, & BT OB eskbnk Yan J, Tian Y, Nie D Z, et al. Influence of optical error on

[21]

[22]

[23]

[24]

[25]

SERITEI]. R 6%, 2005, 26(2): 43.

Luo HP, Yang G C, Ji Y F, et al. Calculation of the “true”
emissivity of the spherical cavity[J]. Journal of Applied
Optics, 2005, 26(2): 43.

Sendhil Kumar N, Reddy K S. Comparison of receivers for
solar dish collector system[J]. Energy Conversion and
Management, 2008, 49(4): 812.

Sendhil Kumar N, Reddy K S. Numerical investigation of
natural convection heat loss in modified cavity receiver
for fuzzy focal solar dish concentrator[J]. Solar Energy,
2007, 81(7): 846.

FET, Pk, £, & AR N EAR G
Wi S B ERERT FE 0], E RS, 2019, 14(10):
1140.

Li Z W, Yin J X, Wang R, et al. Research on heat transfer
performance of compound truncated cone heat absorber
under non-uniform heat flux[J]. China Sciencepaper,
2019, 14(10): 1140.

ZRT, P9k, SMSH0E S TR
PERESS AR FC[I]. KR BE Tk 22 244), 2018, 49(5):
793.

Li Z W, Yin J X. Research on influence of structural
parameters on optical properties of compound truncated
cone heat absorber[J]. Journal of Taiyuan University of
Technology, 2018, 49(5): 793.

P, BB, LR, & bR ME A B
B R G RO AYERER W [J]. KFHBE =4k
2021, 42(11): 201.

[26]

[27]

[28]

http://rlfd.cbpt.cnki.net

optical performance of flux homogenizing dish
concentrator system with concave lens window[J]. Acta
Energiae Solaris Sinica, 2021, 42(11): 201.

Pufg, HEE, HE, % AT MTE SR KR Ag
A A PR WA R FR RV ST FE[]. Do
&, 2021, 41(10): 153.

Yan J, Nie D Z, Tian Y, et al. Optimal design of concave
lens for flux homogenization of solar dish/cavity collector
system[J]. Acta Optica Sinica, 2021, 41(10): 153.
IR, G, ZHZ, & TR TR RRA
AE i U F28 A 9E  wT [J]. KBH g 22 4R, 2020,
41(12): 179.

Nie D Z, Yan J, Peng Y D, et al. Design of quartz window
of solar cavity receiver based on optical performance
analysis[J]. Acta Energiae Solaris Sinica, 2020, 41(12):
179.

Tg&, Wikn, SR JET A SR iR K 2K RH RE
LR PR BT R AL PR RE L[], $ TR R, 2023,
52(12): 29.

Ma X, Hu S, Zhang Y P. Design and heat transfer
performance simulation of cavity solar heat particle
receiver based on quartz spiral tube[J]. Thermal Power
Generation, 2023, 52(12): 29.

GUEHE HEE)




