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Research Progress of Rankine Cycle System for

Space Nuclear Power System

WANG Jiewei LIU Kaixuan ~ YANG Yi LU Zheng

(Reactor Engineering Technology Research Institute, China Institute of Atomic Energy, Beijing 102413)

Abstract The space nuclear power Rankine cycle is a research hotspot in the field of space nuclear re-
actor power supply because of its high thermoelectric conversion efficiency, small waste heat radiation
area and flexible power change. In this paper, based on the in-depth analysis of the development history
of space nuclear power Rankine cycle at home and abroad and the research progress at home and
abroad, the research progress of the workmass of space nuclear power Rankine cycle is sorted out, and
the selection criteria and principles of workmass are summarized. In this paper, a detailed review of the
design schemes of space nuclear energy Rankine cycle systems of different power levels is carried out,
summarizing the reactor design, the selection of industrial materials for each circuit, the design of Rank-
ine cycle power, the design of key components and other aspects of each system scheme, and it is found
that the main research directions include the research on the characteristics of the industrial materials,
the research on the key components of the Rankine cycle, the design of the reactor core, etc. The key
technical issues to be further studied include research on new metal materials, high-performance key
equipment design and ground integration program. The results of the analyses are intended to provide a
certain reference for the design and research of the Rankine cycle for space nuclear energy in China in
the future.

2023-12-01 W B 545, 2024-03-19 U EME E

©The Author(s) 2024. This is an open access article under the CC-BY 4.0 License
(https://creativecommons.org/licenses/by/4.0/)


https://doi.org/10.11728/cjss2024.05.2023-0141
https://doi.org/10.11728/cjss2024.05.2023-0141
https://doi.org/10.11728/cjss2024.05.2023-0141

EEM F m R RV AR AT R

Key words

Loop optimisation

0 5%

Bl 2 TR 2 BRI B AR P AW & g, %o T HL R A 5 oK
WAEAWHE S, A5 KBHEE IR . b2 IESEH T
HAf AR Gem % RGN, AEe 2 R IR
PR B oK. 23 [l gl R A TAE R
1K BB RE R Ao PREEE N PEAFSRA , JR AT
TRZS TR P s L RE L2 R T R 2 —.

FI 20 40 50 4EARHE, 26 | RS E R A4k R T
it 2 A% L W AR i FgE . 0 ik B i B s T RO-
MANSKA®, BUK", TOPAZ-1 1 TOPAZ-II" %25
[z A IR, SER R Y T A B AR (Systems for
Nuclear Auxiliary Power, SNAP) it 4 /. MPRE
(25 oy 25 B ) 0L SP-100 1™ L K%
B KA ™ S e B R BT A 7S ]
M iy P e 48 X — FBOR FH Bh S8 38, an A 75 T A
. BT REMAE R A R PR, b BRI
SO R R TR . ZRE AR, B
T AT S () R s Ry HE R UE TS N R
— MO0 e 2 ) A LR A 4 R BT 0 B R
GRS i b T2 20 B Be , A4 PR TR i A8 S 55
B AE N AR ORI AR 58 46 ), A e e 439
IFE Zh 23 B A R B I IR LA L, 4B JL A SR AR
[F]REZ 0925 A AZ RE B B TR R R AL M 748, LI
Hh A 45 VR RE I TR R ST 4R — 2 2 %

1 EREMIHE3A TS

23 [A)AZ RE WY 5 08 205 A e B — A 4 1 K
FIE A AL, ACRUERAF AT /N B AR S a8 1 AR /s

885

Space nuclear power, Rankine cycle, Liquid metal, Schematic design,

(R B, ARSI TG i BV I s 4R T R DA
BARA A, ARG LA Bk, 25 MR RE IS 1R 3R T
JR— ek PRS2, AR L AL A RR
D00 BRI 0 2 ) R D 1 R R — R e B S 4 R
YERIEIR T, 4N 1955 A€ EEFREZ 512 (AEC)
51 SNAP-2 e 5 1Y K > J5 19 SNAP-8 2
W HEHLIR. S5 TR A RORIE R A
55K 22804 J8 A5 MR RL = A TR 2 ST B e 4 S A
B, BN 1959 43 1966 4F 8] 32 AR A [ 5L 10 =
(ORNL) i MPRE (45238 s e ) T4l {18
VERIAEER T LA 35 [ FH T R (9 25 i) R
JFHEIIE R TR, 26 1 2 URR S 28 i TS50

1968 41 3 AR I [ 52 S 90 = W57 1 40 R4 11
Pk R BT BB B S0 Y S BRI T R4
fig, ORNL il 1 1 i th LT %2 330 kW R B 1
HALM, FTER AL LT T #5000 h BT,
Sy R W BT S I TR R T RAR L T
Ha, ZRG0T R LDy, AR L A ] R G
K.

2 LR R RE I a3 R 4E
[FaaWiES

2.1 30 kW Zigit AR

1959 422 [ [ KM K7 (NASA) F1 AEC F:[A]
WhH T 30 KW 9 SNAP-8 45 i) 4% 52 1oy ki 510 Fl
TR HEUE AT R PREAE. Sl SNAP-8 T £
FT SNAP-2 MR, H F B U2 R FH A 1] 2 A
S BEOAGS, 20k NASA A4 PR, Sor=
Kk BTN R ER, J FTE AR, R4

x1 DOMRSEERMESH
Table 1 Thermophysical parameters of four liquid metals
TE OBE/K WA/K O WIEREIE(gem ) WARE/(Te 'K WS/ (kg ) WIERRSR/(Wom VK )
AL 453.5 1620 0.512 4.07 22.08 71.1
#Na 371.0 1156 0.929 1.38 4.20 93.0
K 336.5 1033 0.850 0.84 2.55 102.4
KHg 234.0 630 13.590 0.14 0.29 8.3




886

TR ANE 1 Frs. A TPERE A &, B 7 2 am i
AR, PR EEHLI S S FRAR—F, SBRGME
TR

BT RAIEDIAS F 0 B — [m] R NaK &4
VB R DS SN HE IR AL 3o B R IR R A s Il
A8 FH SR A Sl WIS O BR AG TT, R R AR O TR
950 K, A EEgs TR 645 K; = [l & fdi ] NaK &
SV Ve VRERS T 8 A Ao o S R B 5[] R
ALK, H 88 S 065 R 40 b 1 e i 1k,
[ Bsf Sy 2 LR A SR AL 0. 5 R IRIBHA BT T —
S Bl I i, 7 TR B 0 B [ 03 SR Bl 4
NaK [l pg e Htah 6 25

FERFGE AR, RIOR TS 52 A
(A SEZE R AL e A O, 3 B T s e, DT BRI
THRREASR MM IEOR, B 2 B
AL RS Bh B G, 0 7 2 T B B R AR AR I b
BE. % 5 RTS8 0 g — T BF 5 T B E T 9 Cr-
1 Mo & 4 FER & JE A M 2815 K LR 2R M RHRE (R 4 ek
fig, 9 Cr-1 Mo A& R B T3¢m0 1 kR i 48 0]
FEI A Tl 3 TR b R R A, s R 4
JEAE R ZEIR R AR AL RL. FEIRAE LA BE AL T,
PRIE R YRR Y S-816 £ ).

W 49000
T 1280

Reactor I
T 1102

Primary
NaK .
100p Boiler#1 Mercury
rankine

T 1106 loop

W 11800 (Vapor)
P 254 P248

T 1256

T1276 T 1234

P 345
P46 P 503

6 T 466

P12.7
T 459

Turbine

Condi- T 634

W 12300

Chin. J. Space Sci. =AFFFIR 2024, 44(5)

SBIE SNAP-8 J7 Sl 171, NASA W] T 9
ERUIIEF RS AT, 4332 SNAP-
8 ik ¥ HE (S8 ER) LA Jz SNAP-8 T 72k (S8 DR), H:
th S8 DR #%4Lia4T 1 7500 h, 1M S8 ER Hyi%it 5
BT IER K, AVERETIT. S8 DR [ i HE N Hvh 1
W, SR UZr B & E AR, 20 W4 93.15%,
BRI T S A AL B, SRR 7 A R R 3
4. R HEBE A & 600 kKW, ¥ E1 5 1 IR R
975 K, B HIFIHE ] NaK-78 4. SNAP-8 %y i1 Tl %
BEVT AT, AR b R A D221 10% ~100%, 7 38
TR T G L R R B S Y R, Y R
HEH PR EE R 875 K I, i FEIIEEATIA 50 kW, JEFR
WOR N 8.3%, BB MATE 4536 kg, 4T #3167 m”,
[ I 136 kg kW .

B4R S8 DR TR XS HE Kz 47 1 7500 h, ARE
Ik B U A9 10000 h A W), (H 2 A YO g e Y T
SNAP-8 RG U7 258 10000 h AR H
) E AFEAEARAS M ]

2.2 100 kW KigitHE

2002 473 [ NASA #2 i 8% Z ke it&), D
HERZ AN 2 [ AZ R R B T &, b & — TR B
VEFR A 23 )% S o o e TR

W 6800
W Flow rate / (Ib-h™")

T Temperature / °F

|

P Pressure / psia

P 130 Alternator

T 669

Lubrication and cooling loop
(polyphenyl ether)

W 40000

T240i

Heat 1636
o rejection Eodi
adiator

psg loop

Radiator

T210
W 200

T 457

- —
]
A

P19
Low tem-

perature
radiator

T
dilivaipud

T 140

Bl 1 SNAP-8 &%

Fig. 1

System of SNAP-8



IEME F R CRAA AT R AT R

W TE 7 S0 PP bk B n HE A T R
2.4 MW, R HEALHG 703 AR UN BRAEE, SARRRHE
B4R 0.635 cm, K 30.22 cm. %R FEA A E .
[l BT A B A ST B B TUAY. — R O AR
VR ANIAL I SRy BB A BRI B L e D
100 kW, P& 2" 25 b T X1l 5 B 45 10 B AR 5

75 % Ad ] ALKASYS-SRPS 2 ¢ #EA T PEAS 46 iE
VAR & BT & LU DRI, R d S e R A I, il
X2 ZEATIA, TETR 5 58 0 1m0 i v 8 o P A
AR BRI O HE TR R 1350 K, FEIER
) B B IR R LR TR Y 50%, 18] 31 Ak
JE T 5. IR, 81 T3 28 5 VR e HLI ik

887

) 22 5 AE PR v b N P 3 i e o R
JE J5 i AR IRAE LR TRE IR AT, DA s A oA
SR, IR T2 A AR A T A, H R 15
X H FREEHMA.

ALKASYS-SRPS #7347 T = A ml#gs f—4
PRAEEXIE A 52, o3BT e SR8 F 3% 2. ZEAN AT
[N AT, REMEIREN 23.6%, REFE N
3071 kg. XFFHH =AM AT ARG O, 3505
L E) 24.8%, RGTEIE/D T 2 88 kg, fEH P
TEOUR, BE IR FE ALY T L A P IR e ML
80%. X —¥EhZ i T M s i Fe AL B A, SR
Je f HE B 5 | AR IR EE LT 5 B BO N 5 2 i .
it FH P EAERAR LE T ISR R G it DT 2. A

ORNL 2004-189 EFG

Potassium secondary

1310 K
1350 K 773 kPa Feed
34 kPa 0.27 kg-s'*  |Pump
137kgs! |28 cm diam jturbine
Turbine Alternator
Approximate
fuel o
centerline  |Reactor ﬁ Boiler
temperature N
1410 K 887K
887 K 21.6 kPa
P 968 kPa 0.27 kg's™
027 kg's" 12.6 cm diam
Lithium primary | 1.2 cm diam
Bl 2 100 kW BRI B 1R R R 4¢
Fig. 2 100 kW dual circuit Rankine cycle system
Turbine Alternator
Reactor Boiler

Condenser

TR

Heater 2 Heater|1

Heat pipe
radiator
ST T TSR

Heater 3

K 3
Fig. 3

A7 [HTAFL A 100 kW B E R RS
100 kW Rankine cycle schematic with feed heat and reheat



888

fifi FH 438 = A AR AR IS OL R, R G0 BRI
BT 436 kg, HiARJE Y 100 kW R4 (B E U4
PCS [0l %) M8k R 48 il 2635 ke, it R
20.4 kg kW .
2.3 300 kW ZKigit A%
1969 4F NASA B 7 b oe oo g 17— 0
G B WIS 8 R 7 2 P %0 R R R R
2 MW AR Rzt i L D3R AT Ik 300 kW 2,
R A 4 Fros. RV HER T4 50000 h, SO0 HERE
FHIRAS 4 B AT A A H150), — o] AR N 8.9 kges
U PR B 1480 K.
RGAUSE = A FE ] — [0 RS 4 A
N R AL 6 2 28I R A, A RS 4 S
YER B G IR T 0, =10 # NaK & 4 W BEas R
*x2
Table 2

EFFNEHIT 100 kW REHENRE
Effect of feed heat and reheat on 100 kW system efficiency and mass

Chin. J. Space Sci. =AFFFIR 2024, 44(5)

PR 3 A OS] 25 RO, B R R A T, it
ANE By ] X TR G AR AR A0 VRS XTI AL
Wit Al & AL Ve H), AL REHE T oo
. 1970 42 J5 25 (AR AT K AN P 36 [ R 1 #
TEELL, I BB JF 2L 9 S0 RE, i R 17 3|
RGBT B B

et kL UN Se i B AR B TE N, RS &
& T-111 W%, NI s 7o )22 5 he
TR B SR SR T A 19 R 7. Miller ™) 3625 [ 4%
N HESE A SRS )i AT TIRAESR, WF5R4s
HRF T-111 W5E4E 2 DRz et 2448 SR P = A
MR

Fo IR R A AR EIWEL 5 s,
T-111 VERZE AR, 31 #AEE R EAR N 15.2 cm (1

IR

Number of feed

heaters Reheat temperature/K Cycle efficiency /(%) Relative mass A mass /kg
0 0 23.6 1.00 0
3 0 24.8 0.97 -88
0 160 28.0 0.92 256
3 160 31.5 0.86 436

Turbine bearing
lubricant loop
(potassium)

2100°F (1420 K)

163 psia (113 N-cm™)

2.081bs " (094 kg's™) -
2

EMP: Electromagnetic pumps

1220°F (933 K)
[5.44 psia (3.75 N-cm™)
/ Quality, 0.89

/ 1.801b-s" (0.81 kg's™)

Alternator bearing lubricant
and auxiliary coolant loop
(potassium)

EMP
700°F (645 K)

Reactor &

i

|

, 739°F1(666 K) J50°F 340 K)
i1 Parasitic fTTT | I {
:—‘l 1 Joad Electronic

.J-I{..',\(. resistor €dupment

Electrical

load

|
140°F (334 K)

1200°F (923 K)
l

[ Electronics
T 2100°F I coolant loop
] (1420 K) ‘ | ' (organic)
, Primary loop | [EMP 980°F (800 K)
£ (lithium) 12211 | Main heat-rejection
) :\1 (929 loop (NaK)
Shield Boiler feed (‘&01‘ E)ValVe 214.6 psia (148 N-cm2)
heater CD-10446-03

Power conversion

loop (potassium)

K 4 300 kW

Fig. 4

RARG )

300 kW level system schematic diagram



IEME F R CRAA AT R AT R

Diameter: 15 cm\\\ -
Lithium Py N
inlet e N5

A : S

\\\
31 tubes_~
//’/r :
"~ Tube sheet
Potassium  Potassium §
vapor exit  liquid inlet CS-47664

K5 Z&KAER

Fig. 5 Steam generator

SEJEA A Hrp g K 230 em, BAR 1.27~1.90 cm.
FESTAR I B B — YN vy T B T 5 e R I 1 R
NP TR AR, BT R 1 R B 1480 K, #P Tk
M 929 K, PRANT ST FR R 1420 K.

NASA 135 R e 5 ML, Hikit- e 6
iR, ZG0R R, IR HLE S T4
MERH T-111, shaFL5M Ry TZM &4, &1t
oK 10 2, PeitEHnl ik 19200 rmin ', FEHACER ]
ik 81.3%, 1 VRS 4 Jm A0 SR P e LI TR A 4D
F. R AL TR it el 7E5G 7
22 TR A . P AN TR AR ZR I R A A AL
Ja i ATREEHUZ A, JREePLH B 2 3RIR EE 933 K.

TREE AL 12 354 DA R A 4 7 208 B2
BEIFIAFIIRE, Z RS RSN, NaK 41
FEREW, VA REIE WA AN T R4S RGN R E A 2675
KA, SERAEER. NaK & 4B 5 a8 ik S i 5|
TR AR UEA THIGA.

Z G5 % 428 kW, IRERHLFIZE i & HaL AL
TR 43 5 R 81.3% Fl 94.5%. R %G8 H IR 4y
53 kW, i o 375 kW, TEIRSCE K 19%, M
10000 kg, % 5% #% & W L 325.87 m®, & L ) R
27 kg~sfl.

2.4 10 MW Zigit AR

1962 4F, EEZ 404 AEC, NASA #2111 SNAP-
50/SPUR 4, 1965 4E 44y SPR 521, F54& 8
B B0 JR [ 5 9286 (LLNL) 76 1970 4R 4 ) SPR-
6 75 1] 3l LU AR e it 7 2 ™7, o PR BT 5 O 3R E
A 4 5 =

889

El 6 300 kW ARG IR
Fig. 6

Design drawing of 300 kW system

steam turbine

SPR-6 R Gt S i HE . G Rk 2 . 41 I 34
HLEE A0 R G AR ST BGRR S VU o, R GE T A
K7 s, ROSHERRRL A UN(RUALHT, 78R A5k
G4, BHRIBCS SR, AT 57 MW, &1t
R 1650 K, WEIFNA R 191 ks ' REERIT—
A5l Bl ] 6 B 1k S R A A B, RS
SRS HA, B ORIE 1370 K, i 5.3 kes &

TSI M HE SO gl B I S ) R S L o A
] 1 EE A RV VRS B, TS IS HITE 28R
A P — [l s R A A S, S PR
J¥ 1560 K. 2875k A M AR & IR VR a5t A kL,
2900 R B AR, B 154 cm, A2 1 cm.

PSSR, RGN G IR & LA
e HE, BAZH i FL IR 2.5 MWL IE4EHL i =0,
GUB T, RO 8%, HHLACR 90%, SR ERHLIE R,
33 12000 r-min ' SESFFEPCEE LMD, B0
ZVRIREE 1110 K, ZVRAEREEas thiR e, W atds il 0
IR 1080 K.

PR B GRS 2, B A K
AR S B B VA R RS v I BAGHE 1) 2 i) T AR
400 m?®, JFii 13400 ke. fHBHECIGS TR 51 R AL,
AL 10 m®, B 300 ke.

SPR-6 &4 14 10000 h, ME0R 17.5%,
70000 kg, T LR 7 kg kW .

2.5 15 MW Rigit AR

1985 4 NASA il SDIO (3 [ & W& [y #5 3 %il
JRy) FFRE T Z2 IR BLi -l Zs (A% R e Rl I ki
TR 2 PN R I b 14 A S oy HE HL IR, TR KT DA
JLFEEEE IR B, Hr s — IR 42 JE e HE AR
A RER R et &P, R B R B
R 3~5 kg kW ', Hfr 74E, Fy i Ih R 15 MW.
1 8P % gy G e R G AR S



890

‘

Hy potassium

} 1090 K ! o
Pressure vessel 5.3 kg's™ liquid
| L1 at 1370 K
| = Reactor 57 MW ]
' i . 1650 K 25.3 bars
1 t Hot shield
1 | L 30%W, 70%Li
j 1577 K 26.2 bars
I i : 191 kg-s!
| Main shield LiH |  liquid Tichium
l 24.5 bars |
| /_ - i |25 1 bars
Boiler
1222322228202 2 R 2% —124.8 bars,
—l 1560 K
Pressure - Wﬂl ”saturated
vessel-preheater | || vapor
|
L Back shield, W |l '|[ 29kg's™!

|—54gar; T
|| 0.4 MWe

|| to pumps, efc.

i [
| !

L
L

"
1‘ 110 MWe-— Altemators Turbines

output ]—. J-r g
1: Aux111ary|_ l

heat pipe

radiators .
800 K 1.2 MW ]

|1: 2.0 bars 83% quality 1110 K——s—

|
| l }
| |_' Mam heat pipe j__.
ra lator 3
1.6 bars
1085 K " H “"[‘ fl
saturated h [_, L U
liquid
45, 4 MW

Kl 7 SPR-6 4%
Fig. 7 System of SPR-6

J5 ZEET SP-100 R HE AL, SP-100 i
R R OC T B IRER A RGBTSR 3 R, R
r“i?ﬁék%ﬂﬁ UN, tﬁﬁ%ﬁmfmﬁrﬁ&@mﬂﬂﬁ&

FSEA B Nb-1 Zr 5 4, SO HEV 2050 H
B AT Ik 1350 K; 72 A1 8F ASTARS1L C Elq‘, 3
o HE HY R BE AT 23] 1500 K.

T ZAH ] AKLASYM R HEA 74007, IBoE R
A TR R 800 K, X AN R HE IS E1 5] . A58 b1
BhERR TR R Hras Ran e 4 s, e A%
AR RIS, — o] T R R A HE T 5k Ga BT 44

= A AR

Chin. J. Space Sci.

2024, 44(5)

Reactor

J Radiator
K8 15 MW T RS RSE
15 MW level scheme Rankine cycle system

Fig. 8

AP R /)N, [ BT A BRI R A AR R
DR EAR. K, BT B Nb-1 Zr &
& ks, Bk — [l TR, B Inl TR,

TR AR ZE VR HE AR WA — R A v e ) A
FHAE SJy 0 AR 2895, Z89R0% AR A R TR
1260 K. #7875 N IREC WL IVBESL AL M DA e
JEHE AR BRI, B EERS TR 800 K, TEMACE
J27.2%, BT 96376 kg, Frm % 6.43 kg kW .
2.6 HtARSRFIFE

20 tH22 90 AR H AR T H Bk3R 1Y RAPID
J2 17 S re Y LU A v R A B b T R M, LA
UN MR 22U s 4R N 97% M 80% Wi, 1okl
e RHEF Mo-Re &4, 10 4R R 11K, ¥ 15
AT R 1307 K, H R BE R 1373 K, S HE#
Uik 5 MW, HREL 4R FT TS 16 3R, it f
ik 0.8 MW, RGHARERIL 16%.

SEE T R IR 28 % 3l 0 i st o
DL UN g #RE, HES BB IX, BP0 B A
97% F1 70% PIFR. FARMLFE A BEHE ] Nb-1 Zr 542,
Na AR HIH, BeO Jp TR, HE Sl (14 P
RO o, A A R i s 0 B R AL
ANV % AR (1300 K), fz B HE A9 3 R R
10 MW, i i EL Zh 3R 1.0 MW; B (1500 K),
L HE AT R 10 MW I 27 MW, A1 B 2 HE i
HHL IR 1.2 MW Hl 12.6 MW, %315 65 i )
R OANH, SEATH EHERE] IR B —IRIEIR.

] PN G 28 [ A% B T TR A I i e D, A4 7
TE T BRI 5 5 RG24 T BE. Zhang 2511
K Simulink R4 A7 55 25 RIS 48 B

PRSI TR P A i ads . AR 2 18] I PR A 25
ARG AR, 7 R GEMRIE L B A il 7 BT | B



EEM F m R RV AR AT R

x3 EHTSP-100 REERBHEBEAREIHERFIZITHE
Table 3 Design scheme of liquid metal Rankine cycle reactor system based on SP-100
Coneept Pt ootk comenson b
UN/Nb-1 Zr/Li-K UN Nb-1Zr Fast Li 1350 K-Rankine SP-100
UN/Nb-1 Zr/Ga-K UN Nb-1Zr Fast Ga 1350 K-Rankine SP-100
UN/Nb-1 Zr/Li-Na UN Nb-1Zr Fast Li 1350 Na-Rankine SP-100
UN/Nb-1 Zr/Ga-Na UN Nb-1Zr Fast Ga 1350 Na-Rankine SP-100
UN/ASTAR 811 C/Li-K UN ASTARSI1 C Fast Li 1500 K-Rankine SP-100"
UN/ASTAR 811 C/Ga-K UN ASTARSI11 C Fast Ga 1500 K-Rankine SP-100"
UN/ASTAR 811 C/Li-Na UN ASTARSI11 C Fast Li 1500 Na-Rankine SP-100"
¥ EffadfondiRl.
Fx4 EMEENBHSEIRSH
Table 4 Rankine cycle analysis for various configurations
UN; UNy UN; UN/ UN/ UN/
Parameter Nb1 Zr/Li-K Nbl Zr/Ga-K Nbl Zr/Li-Na AST?}E(H ¢/ ASTéigél ¢/ ASTﬁfﬁil c/
Turbine inlet temperature/K 1260 1260 1260 1410 1410 1410
Reactor thermal power/kW 59108 59108 62026 49819 49819 49436
Thermal efficiency /(%) 25.4 25.4 24.2 30.1 30.1 30.3
Heat exchanger mass/kg 2254 3296 1205 868 960 493
Power conditioning mass/kg 15106 15106 15106 15106 15106 15106
Radiator mass/kg 14654 42496 15313 11691 35092 11612
Shield mass/kg 9709 5621 9895 8216 3855 8196
Turbine/Generator mass/kg 43614 43614 292801 57820 57820 468938
Main radiator area/m” 3397 3397 3626 2665 2665 2635
Low-temperature radiator 283 283 289 264 264 263
area/m’
Radiator mass/kg 11039 11039 11746 8789 8789 8696
Total mass/kg 96376 121172 346065 102490 121622 513041
Specific mass/ (kg kW ') 6.43 8.08 23.07 6.83 8.11 34.2
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