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Thermal analysis of refractive secondary concentrator of

solar thermal thruster based on regenerative cooling

XING Baoyu, LIU Kun, HUANG Minchao , CHENG Mousen
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; Solar thermal propulsion is a high efficiency propulsion system, utilizing concentrated sunlight radiation to heat low molecular weight

working fluid and providing high specific impulse. With regenerative cooling, an integration of the second concentrator and thruster can cool down

the former to 1600K and preheat the propellant to 600K, thus improving the energy conversion efficiency of the propulsion system. The thermal

radiation simulation shows that the flowing propellant is of little influence on the cavity temperature and the cavity can maintain high temperature

between 2400K and 2600K.

Key words: solar thermal propulsion; refractive secondary concentrator; regenerative cooling; simulation

K BF B AR 1 A1) 90 47 T 5 5 8 O B DIl L
SR il s PR A B S 7 A T
R FHOR B BE AR A A5 0, ) RT R O 23R e
WCHE R B ST, 4 S &5 T 7 A N R iE S HE DT
PRI, 73 3 T LS BR8] RAT a8 7 5 ROTE
B, O FH RE AR A 1 55 2 mT S B ) B o R4 g o
PEARAG W51 7, Al B AR & b T R IE L 3h
AT R AT T BRI R T
B 2300K LA gl , SR OGAS 19 FOL U 2k F)
£J10000: 1, B— 1) — YR OGAR M 2 H 20K
IR GAR R G0 — MR e EE e ks . Hi
[l A 32 ] W A R ROt T e 1 SN,
BN At =8 — vk B 6 %% ( Compound Parabolic
Concentrators, CPC ) Hl ¥ &4 =X — W B )¢ #%
( Refractive Secondary Concentrator, RSC) , & &4l
Py X ZREOGA T AR 2 R U <
Wk, Hok HCRA R 65% At o T
SR EOGAR 5 A M T =UAR L, SR R I

«  WrFs HHA:2013 —05 -09
E&TH : EEHZEY5H

PR HALHRCR R . o T RRAR— R e # 0t
IR BH S BR BRS 119 R R M el T 3 s 1) 3R '
EEA 2K, [ Bt IR RT B 4 i 8 7 5 W ACAS BF 6 55 114
ROR AR SCR T X R AR E I K PR BE A
HEE R G IR EBER .

NASA #Hk .0 2009 4 %} 4 # 5 47 RSC
AT T R R, 25 R B TR SR oy
512 1300°C 1 649°C , & 1 frR"™ o FIH
xR T A UL, ok B T (1R A% ) T A7k
$| 44 ~65 MPa, —UCRIGHE H W2 B 4)
[l & A T AR R, Hovh g 4R B A8 S AR
o, B BB AR kR, B L RSC SEBR R T 5
TRIAEE e AR B EJR 25 Z e 3L il — e
B AT AERY RSCOMEREAR I, FE 0 2 X M B 225K
R o MR AN AT 12 N TR K # % 3h
BUGER , 26X A A T A I IR, 3285 T RGe0
R A AR, ASCRFAERHEAR &I T
T =R R A Y, TSR BEAR R ROt

{EER N IR R (1984—) 5 Wb % A, 107584, E-mail ; xingbaoyu1984 @ yahoo. com. cn;
X GREEE) B, #8097, 1, 114 800, E-mail ; liukun@ nudt. edu. cn



$32 W B B K % )

5535 &

Tor (9 AL BE , AT Bl 1B AR

—

1 RSC IR
Fig.1 RSC has broken into two pieces

1 CREABSENBELENH—HL

gt

Pt VR e —RInpr AR AR R OB R
Bt AL ASPLEACAR - TR P S
Fefe R ek . HlEsa e I
T PRI BB BRI FRA5HY , T RE = P2 A
N=RRHESTH . R BRI AR
el A N RO R T, i TSRO
IRZAER e N HEAT 1R , DRI R 4t 40 R A
o B, i RE AR B RO A A2 ROL AR,
PN . A0S SN RSC 25 M EH
T, ROt E BARL Y R ] I3RS ] o

P X R BT SHE Ty A H— 1k
A BETHRIELE 30 3h 2 e A ] 2 B, 3 k59
AN A Za, ot — 2L E M B i
1L, AT — U SR e o T ) AR 7 sl A il

— EREI

SRR HIX

EAMHLE

i

K2 AR E RSC SHET M — MLt

Fig.2 Integrative design of the second concentrator

and thruster with regenerative cooling
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Tab.1 Thermal properties of materials
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