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Design of Alkali Metal Rankine Cycle Thermoelectric Conversion System for

Megawatt Space Nuclear Plant

ZHANG Zhen, ZHANG Haochun, ZHANG Dong, ZHAO Guangbo
(School of Energy Science and Engineering, Harbin Institute of Technology, Harbin 150001, Heilongjiang, China)

Abstract: In order to solve the problem of catalogue power supply in Mars exploration missions, the planning of
taking liquid metal Rankine cycle as the thermal power conversion module of Mars catalogue base is developed. The
Simulink modular modeling method is used to program the liquid metal Rankine cycle model. According to the coupling
standard of each component of the space Rankine cycle, the simulation models for the system components and overall
control are established. The fluctuation of the cycle output power under variable operating conditions is studied. The
results show that the final output power of the Rankine cycle dynamic thermoelectric conversion simulation model can
reach more than 1 MW under various working conditions, and the thermoelectric conversion efficiency can reach
27.3% under the rated working conditions, which fully meets the thermal power requirements of the system under the
background of Mars detection. The Simulink modular modeling method can provide guidance for space nuclear power
thermoelectric conversion simulation technology, and the relevant research results can provide valuable reference for
China's Mars exploration plan in the future.
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Fig.1 Flow chart of the liquid metal Rankine cycle system
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Fig.2 The second layer model of the evaporator
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Fig.3 Schematic diagram of the second layer model of the working medium pump
23 HEBRE PRz
L S 0 4 T 2 7 Lo B B o v +V(G(‘jpaﬁ+a§2d§;m o —
B 7 SR AR AR T Y 259, BB E AV BE A P v 2 ' (20)
WS T R TR G 28 1 e ) Y R i hom o — o el P Pe) —
3ABY B o HOR S AR b S DAk # 28 VRS A A 2R 7e
R A ZZ RS N TR . ﬂﬁ‘/%%ﬂ?ﬁﬁ?@ B X R a HRESET
B 7 T AU R T R A R R U T A an=f(p. P, h); ara:fz*(p,P,h)
St M LV AR 0 B 0 0 BT R S A an=fi (o PR an=fi(pPoh)  (21)
s sp R AR an=1:( 0. P, h),aﬁ 7ol o Poh)
dV dP dhln dH
T (d an ey, ):mi"mg He
dV dh. (18) [711 u, 0111+;0 [2SEH [712 U, 0(12+{0 Qyy (22)
ol (/711 + by dl‘m): by = u. 01;1+Pca’m b= u. 012+P Ay
in’tin gltg s
R Y i BL, 33 g ] BE P
¥ 68 58 0 2 A 4 06 0K )37 ) B B < 1 TZ{B&*’E‘., ,@i?%ﬁw .“’?,” ,Iw% #.
T SRS 2.2 HOK L 0 2o 1) 2 50T 78 4 1] )y
B dV ' P Mo Ve BE EA Z EON Y HR Y BRI R DL &
b
Oy JrVh0121 o e YAfﬂﬁﬁH?Efg,%}%IﬁNaﬁgﬁifﬁ%&ﬂD
dvb P C19) gy i b — 4t 2 5 th 1B 50N TRV 2 R
OvlUy— + Vha') 7ngh, 7m[h[+ Qs SH /AN —1 |
dr TJﬁNaB‘J'ﬁHD{mEO VB 5E 2 |2 Simulink 455 7Y
Xﬂ“{é\@%ﬁ‘ﬁlﬁ‘]%‘%/\ﬂ X J5E v A S AE & e 4 R

B4 RERFE2EER

Fig.4 Schematic diagram of the second layer model of the condenser



95 39 % 2022 455 2 gk R A I R g S IR A YR R D G PR A e e R e it 81

24 KRBEWER

TRFE P2 3 7 BL B A — F (i - — 10 R I T
Turbine i & ¥, 328 SCJ& — R i % X 09 5 1k 3 )
BUAE) , F AR (SR S B8 5 WLAR 2 & A= 4 B3 4k .
25 (AR S 42 8 BB 1B PR VR AE ML DLZE IR T3, 6
ZEIRIINREFL AL ML S i $4 T 3. IR JE To %
1Py SR LR BE Co i A SERE, FEE AR ) 25
K R R E C L R AR E B oh Py
AT IR, AU R e 1 3 i 2 KA
FE S R R IR R R ) 4 R s
T,fP,.

FEIX — 3 B, AT AR B T S B R

he( Py, iy P2) = b

hsl:houli hin: (23)
Ne

PR LT 45 4
Nuww=(No/ T ) (Nl JToa ) (24)
S T, R HLIE L1 R s Ny R L
BT, h P HLE T AR
YR LI A (8
Py
P
B N, 6 1 56 45 1o 46T T L 75 1
PraBeR YT & WA 9o W, I

(25)

Tonh—

Dividel

Pt22

Matlab Function

Nen :fl<thon Ty /1)
W, =f N 7, h)
o fo o R TRES ML R P 47 8 R 28, >R FH Matlab
R A AR AR B Lookup Table SZ#R .
TE 4 J& T BUIRFE ML — & I, 4 J8 1B 2895
JIT A 2 Ji Ty B E o Sk A Sk D LUK B A L
Pr=mnXmX hgr (27)
RACHLEE B L B DL R A HL )
KEN

(26)

Pl, / P1,rcf

a,cor ﬁ ﬁ

A T P BT AP FR ALY HE 1188 3

W, =W

(28)

JETT .
1—«'
T141T14|:1<1<771,h) g )7]1,11:| (29)
Quu=W, X C(T,—T.,) (30)
REEHLH AR
Wa,l: Wa, (31)

25 B VA 4 T B 5 10 PR YR 5 By LA AR
K RS BERL  YRAR L 07 PR 19 B A S HCh 1Y
PR N A B T R R IR R .
KA HLDG BB AL 2 )2 19 Simulink £ He 4n & 5
7R o

Wa22
— :
Fenl
Wa3

S

Gain

ncor

q > f(u)
Fen

4 Tt3 .

T3

Product
> @
QC

Add Gaunl

Bs ARNFE2EER

Fig. 5 Schematic diagram of the second layer model of the steam turbine
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