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MEMA R Bi,Te; PbTe SKD HH SiGe
i C <300 <550 <600 <850 <1000
NI e 6~7 ~7 10.4 10.5 ~7

HREE/ (W-em?®) 0.5 0.8 1~15 2~35 05~1
DI FE (W-kg')  ~120 150~200 250~300 250~350 300~350
IFRERE (W-em®) ~05 0.5 1~2 2~3  0.6~1

24 EHABR

i8] FF 42 i SR E B T SR LB IR K . Kilo-
power [ HINUAE — 024, HE&2EE
AT IR . JLB TR RS, O
SRR IR N HEIR BB E IS ATIRES, 2 JE AN TR TR,



458 PRI 2 (R3S

20244F

73 W1 PN 1R 5 P 453 2 E R RHIR B 1Y R B SR B Bl
HAE . WG RNMPER IR, HES I Z Ris 1T iR
JEAB S AR L RRAR, BT O B A R I A7 s o e R
FRE, BN IR B BRSO R 65 s S e I S 4 R I
FHE1T . Kilopower4: 73 #A P 1) 5 B2 14 45 2% 240.001 4,
WRBHE E R BZ1-1.95 x 10°/K, B AT SRR
B N8 K, “PIYRRAEIR FEIUN4.9 KB SRS ERINAAE
HER G SR AR B A R 2 e e, (S AT
FH 5 FKilopower, KUk, AR BEFER Tk 5
B SR M 453 R oK 328 K T Kilopower, X AR
JE T B OR E Bl M s 3 2K 1 5 O DAl R oK .
NIk, 75 NHT RO ] SR

2 1) B oL HE LR [ = Bh 92 ) R G A s TR A
BN ST SRR R A S R R, N T
B KA, R AT RE gk 5 ) FR xS B HE I 3
BT Rk,  H 3 S AL Bk 342 il e /5 1
2 1) T BN 38 LA N IR S R AR HE K T A ) 1
Ko HETFEZ R N HAAEREZ) B T3] -

D TRV . FTRERYI VA BT 2 A i R B 1
BRRLA B 2, AT PR BRI A HE 1B AT T 2R 1
FE, [FIBT LN IE OB PR BRRE I B e 2R . BRARTE
VAR BIE 4> 75 39 P9 A R R 55 03 #E T RE S R R R FE T
[ESEAVLES, (Hil Tl REWMAFTE, S M2
(45 SRR 453 % 35 Rk /0N 5 R % ) R A 453 % B AT B
PRRHELE R /NI T Bk H B M .

2) VLRSI HEC I R R A, (E15E/NT
PRAIR P B AT 5] NBEK B IE BT . H AT 2 Rk
SEHUT R, Hetn: fEHESATE - RKAGE, ZIEE
ERMEANE SR M G EAHE, AP, il
WEATEOERE, BEBRFEMINE, RN TFE
SFEURRI KR IR 2 TR, K R KA
GaTh AR, AR U R G2 ) R 6E B 2 A R

(a) HELS

BHOALE, MMSINIERBE. B3, EHESNE
Hav, FEGHOUHE AL, AR RN S &,
PV LT B 1R A 5 e T B R R AT AR R 4
wan W EA IR SUE SR, IS e i AR s
BOp SUE KRGS, IR sl 2 S s 2 R AL R
5NN IE RN %42 ] 8 % T AR e 2l 1 4 3 4%
i, KW EEHRGET I AT PR
It FEAR AL T BOHEAN AT (KR 4, I AL B AL
Rz AR A A e AL R A BB . B LD ]
TRERHEBT T BT R ) 2R AR e sh 47 ) 7 SR i P

11 Pz 2R s

Fig. 11 Test of two control schemes

3 RTRMAEHERR

25 T, SRR R R A I YR Y R R
e Pl B HURL R 08 IR ) S M RE R AR R AR
UM N HEC AR EExt KA FR R, EFEAERES)
WA G HHA SR Z R AR R, R4
H . JEReshis il sens DBl K A e igfr.
3.1 RERNASHESREN

PAT kWelR S BRINAVE MBI, RGuas ) W E12,
HLJR 0 3N e HERS . BERRR . P — R qbE

LY

(b) #EGHE

P12 RS PRI HE AL E A R

Fig. 12 Core and system diagram of deep-space heat pipe reactor



5% 5 S, S RO KA I ST 9 459
098 r
SHEs . ZHIFERRIIRA18 kW, HIIF] kWe, HIH 0.97 b
KRR 29490 kgo 096 |
BRI BRUMoE &, B 492%, - vl
PUEHEEI0%. BAKN AT E — 10 Haynes230 0.93 F
SN o« SRR O FLIEAT BB, C A b . RS ol
JZKHIBeO, W B9 a6 0.90

BH 52 B A7 T SRR B4, — A B B 2% 2 1)
FEmOMRLE W LIHELA K B4AC, R H 43 241 B 451 DA
PACEE AR &

WEF Bk, fERFRIR N AN RS, DA
T G HE RS S 2 22 PV A Jls ELRE BT 5 BRI . HHAERTE 2>
R BT AVE W BB, A SR I i — AN
B AN A BN N R R I 2 AN 20 R e B

R .

32 RTHRUAEHEREM
R T — A (a) M, TR 25 BRI A HEAE 22 Ty
TR I T

D [ %4t — B2 AR A M =0 HE 2 ) 1%
B, BAEHEEE TN, BTN,
B RSEANAR U RS0 T  XHEfR R P S AAR AR s M B
2N, TRESTRIN I HE G 1 X OB Rkl Rk
MK S5 )T s M X K, DR 7R R LR B T = i
S SO VXA I T R B — RS TR HMETE K, X
1, RS PR X K S 350 7 U e 0 3 i TR R B
=, R E KRR TR R, XERR TSR
DU AR HE AT Hh TR0 T BT SR R [ A e A

2) REFEANZ AN . UMo 4 SRR T U025
BRUREL, TERAEKETEIEMFNS RS, UMoZ& 5
WA e s, TGO T, BE 2 40 21 e
O, RNHEWICIEIA RGBT A BUK S (/] #E th
FKHUMoARL, Hu4 R4 456 —EHEHAMT &
Gr, —HRMHERAZINEN, HEOTEF B3 # H
DLORIIE L 56 A e 5 28 SR 8 /N ROk . AHELZ T, U0,
F 58213 000 °C, FE N KAZ M 72 o AR 4 %
o AUk, UMoRRRME SR 2 R I I HE LA 3 4
AN LR,

EARUMORRBHE K5 NI 25 2 a5, (HAE e
BTHB A5 FE AR SEAF I Ol R e . B34
TIRT R A HELE S PR R AR HANFRT
Mol ez ik e R, XA RE M, B OR
MHER K WS T AR, QNSRS
5, ORMERESE. SREY, WEWAERAY
KEA0%MEYD h, HHESHEK . R 2T
i, Hkeffik B KMH0.975, i & AEIT0.98 1] FRIH .

0 01 02 03 04 05 06 07 08 09 10
K

- SRR, RO EARE — HERHEK, RO R AR

— HESHEK, s R HERSTEAK, O+ LA S 2 B

—= ESHEK, M+ RS Z 0% o HESEK, Al S 2 s

13 HEHERAIGA 2ait HER

Fig. 13 Reentry criticality calculation results of heatpipe reactor
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Study of a Deep-Space Light-Mass Long-Life Heatpipe Reactor Power Scheme

AN Weijian, HU Gu, GUO Jian, GE Panhe, LIU Jinhong, GE Simiao

(Department of Nuclear Engineering Design, China Institute of Atomic Energy, Beijing 102413, China)

Abstract: To meet the requirement of long-term operation of our country’s deep space exploration missions, a passive and

highly reliable heat pipe reactor is chosen as the power source. In order to achieve a light mass, UMo with high uranium density,

enough high temperature mechanical properties and irradiation stability is selected as the reactor fuel. Na heat pipe with Haynes

cladding is chosen for heat transfer. The heat pipes are placed inside the fuel. Brazing or Liquid Interface Diffusion can be used as

the integrated method between the heat pipes and the fuel. Static thermoelectric technology, which possesses a long life and rich

successful experience, is chosen as the power conversion system. And Half-Heusler with suitable operation temperature and high

efficiency is selected as the conversion material. In order to achieve an ultra-long life, a burnable poison control scheme and a variety

of creative and passive control schemes to increase the negative temperature coefficient of the core are proposed. The final power

scheme is expected to meet the needs of our country’s deep space exploration missions.

Keywords: deep space exploration; heat pipe reactor; UMo; static thermoelectric conversion; passive control

Highlights:

e To meet the requirement of long-term operation of our country’s deep space exploration missions, a passive and highly reliable
heat pipe reactor is chosen as the power source.

e UMo with high uranium density, enough high temperature mechanical properties and irradiation stability is selected as the reactor
fuel in order to achieve a light reactor power mass.

e Static thermoelectric technology, which possesses a long life and rich successful experience, is chosen as the power conversion
system. And Half-Heusler with suitable operation temperature and high efficiency is selected as the conversion material.

e In order to achieve an ultra-long life, a burnable poison control scheme and a variety of creative and passive control schemes to

increase the negative temperature coefficient of the core are proposed.

[Frfeshih: RoE, EXFH: RAME



	引　言
	1 热管堆简介
	2 深空探测热管堆技术路线
	2.1 燃料
	2.1.1 燃料需求
	2.1.2 燃料选择
	2.1.3 UMo特性

	2.2 热管
	2.2.1 热管选择
	2.2.2 热管集成

	2.3 热电转换
	2.3.1 斯特林转换
	2.3.2 静态温差转换

	2.4 控制方式

	3 深空探测热管堆方案
	3.1 深空探测热管堆方案简介
	3.2 深空探测热管堆安全性

	4 结　论
	参考文献

