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Figure 1 (Color online) The speed-distance curve of the New Horizon
probe.
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Table 1 The physical parameters of earth and 4 giant planets
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Figure 2 (Color online) planets locations of solar system before 2040.
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Figure 4 (Color online) Schematic diagram of 10 kW heat pipe fast reactor + power supply of thermoelectric generation space reactor.
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Figure 9 (Color online) The configuration of spacecraft with nuclear
power.

B 10 (190128 FSORZ JR) P #8 £E K i 3837 2 o O A J)

Figure 10 (Color online) The detector layout in rocket’s air shield.

5.2 WIREAE R HERmW

D35 38 A5 2 g T R R IAE 55 P AR T R TR H AR
MERR, 2 RS B F R A5 5 R T 5 PR BT U EE IR %
R, HRHAKEAASRAEGRMERE RS, BEE
BO.IAU)MEE MIBERE L A KB T2z —.
KBS EER B S RE /), FEAFEEINE ER&rHE
R, RETERLOR. EBCRmMNEAR . F e
TAEAR, HhTH s R R Lk DR %,

SR FH 2 (R HE YR, Sl K AT B R 2t T
WA, ERSERT R ORI RAT R W F, RH
ST BRI R ITUAR T3, @ KRG T HEE.

REENIZEEZEMHE R HTH3.2 mO452
Rk, HTEGEEKZER R THEE KR, MHTWF
G I ST 2 A8 I AE Ka S B I FL S BB — s R
BT TEMZE, B2+ 023XIH(£92.5 m)Tik
Fi 0 5 S J2 Eh 4, T R X IR B 2 45 44

TE I SRS 7 TH, 2 A SR B AR s R 4 L, e
ARAE R R 2 A (A . D545 ROk 503 6 U R
PRI 4 4 HRURR 2 MU AR 1) 7V, SR RGUIRESE
%, B ERA ARSI E BT

718

R Ka/XAUBL. XINB AN 2 T B, DLHAR
R REEANE; KaSiBOA EIBEME, BREHE
e, WO ATREIRTHT RN R, RA SRS E gy
H(LDPC). VLBl 75 A1 [ 22 3% 3 0] 1 7 2%,
BEREERE ). SEILPRIN 4 1k 2 D00 S SR 8 0 3
(B = VA= L =T 7 B IS 5% S e 78
I AL . R BT AT K, fERS AT
Ak ST FH 2410 PO XA BRI 4% B A, JE SR R b T
SIS R AR TE 5 R LR R, # NKasfiEx.

PRINES . RPHAER R — 2k B LR alE Bei B2k H
PR35 5 HhER 73 5 FHF O, X FPELRARIE H %, shi
PRIZS 5 MR R0 54 P 7 a2 B P2 8 48, X R
WA FisfTEEe, PEE T, BEHE
BEEERN IR E R SE . Hgi g, Wl
SRR S B A5 BEL, AT B A B AL .

5.3 HffE

R RG KA BTN, HEFE FthaRe
71 BREHE R R JFPLRRS . R AR, PUEH
44160 m NHE 2%, 26 FI TAE, 264 &0, T1E
i I 75 TR 8 kW2 (4 kWx2).

HLAEE R GUIk B R T, TR IR R BRIAT %%
FORINGR K T iy T SRR I e, K R B R
SE B BH A2 B = AT 55 P [ AR HH A BH 32 g
MRS, HEEIEREHR: ENE
U BUEFERS . EPUSITSATE M BLN 1 E IR, 1
M B R A A B RS AR e
SRAE ST ROERIEAE P GE A BEIR S B S5 B
B BB A YD 308 3t 2 B A T ML R 4 ) 7 1)
i3
54 HIBITEM

HHRK, KEFERIMTESALE, 67T30.1AUM)E
TEEEHERTE T, RREEGENIEKZE42 h; BT KR
FH. HOERFIH AT 2 SR BAAE RIS . Hik%
i b {5 B I R BT IR L, T PRI s LA ]
FiETERE . FEAFE LS. A BRI,
SRR VIISEX YK S

PRI RSO E . . I RIS SRR
xof 25 ()RR 1) S A FL A A L B S AR
378 PR B[R] (TR S AR B8 110 5, ARG S0



HERSE: HAREY: 2021 4 B SIS 6

TRSM. RSN T AR AR e rEH
O R AT FO R, T R I B DL SRR R
SCEMUNERA B R SR, @ BT H
FFMAMEIE, AT e, seAa 20 2
30AU K & e 5[] (1) RAT ST oK

PRI AR AT ATBR A AT 00 H EMERIL R
T PR 5% B0 P R S 2 A SR, A s A 0 R AR st
ML, CARARIZR S A 1 R AT i B, [RIRHAR
P AT 25 B SR 5 A5 70 AT X TA) LA B R B A 71 5 Fa )
PO TAERS K. AR QAT IR 2 DR A R A BRI W
BRAT (I TF ML I TAE B I 2 43 i B A% e [

PRIZS 5 AR 1 T8 I e i 247 (8 B2 I f
WA B, R R A U AT R R R A
B, HE5ERRNEE S RAEE I LI AT IR
MTRe.

55 WAEERAWBH

W TR AR IAT 51 % 0N T20304E /£ 45 K,
20404E 77 47 FIA30AU, SEHUALINIA S J5 4k SLIR N TT
TR AR RERINT S, FUHEHUE1T 154,
55 H A BR [0 908 TR K A i 2. R, 7
BN e METh REARMIE 7E . S B L [ 5 b i
& RGN HAFEESHEEIZW. F it 5 et
FREZAZRIT R TAR, BT a0 35 i
FIFAR, WAL ESR, hR IR E R RS2 R R A
71, BRI SR T Ay m T SE M EE R R R i iE
SIERE . JHRE TG R T oee A RS

Vi R BRI 45 1R AE Bl A o A R HE S B
BRI, shEfe. R&KshemiEE. B
Ps, HpRE D BT A, HEIB B BB,
NHUR TS G BITF GG TAE, BRI Rk e B Bt
SE, HE O A R R ZRSR F I A T A
i, T HOERZS AR ARG 25 R 2k, i B R v A 25
REGTH A b ER B 8, WIRTERFEFE B in 5, HhERkaps
AT 2 I B PN AT DB R e A R R R N HE RN
N LA RN Bh B 56 T BT R K T A it 70 IRk A7 Hh i n

I .

S5 3k

TR I J5 2 S AR 7R R S5 7 iR A A A A
TREBIRE . AT LRIEAE 55 it R AR =, #571
A A B TR R K i T

FL T TCAE B L AR AN 7] PR 4 B 28R AL
A PO e AR, SR e RN A4 iR T+ S U
FORIFESR, LT8R AR, MR R AR #
FRUIRIR RN FHRHIAR ST RN AE, T ARG . Reik
TN 16 45 T B R AT i ey T 5E il L

5.6 AREM SN TR

YRR H AR, ScHN s T B 4 BkiE
B WG SEs). KRR 5@t s
HEETIRESBMLEA AL SRR, S
FTETEETER. REMEFRAFEARN. Wit
B LS B EAKEILS0 ke,

PRI ZRAE Ay LRI T AT, W TR
B RN URE TS DL ST R AR J it B 2 B R
ISR IR 37 DX 3 2 AR, H il T 200, 3 i
AT, RAMLAEE bt d, SEELY RATIR  E 7 IMT
B N TN R AR ) 2 5B s BA BRI 43/ TR 2
W, BEEECEA T, SRS b el F A7 K E e, s
Bl TR KA L — R 5 B .

6 ZNiE

M) FH R Ty 24 1) 2 ] HE L S IR g 2 A &8
S @, TS RS R RE /03 A AR K
BH R 25 [ KBRS, B IF RRIKE RS, R
AR, AR KB SRR R A IS
ok 2 e L ) K R P R L. R b A A () HE
VR T BRI R EEOR, MK R AT
BERILRE S IAIE B R PR AR R AL T, SEIU
REARBES W ERERTE. LR b, skl B s
WE BH2ar . MRE 5 507 i i Ebr e 1F, AR
PSR BRIR SRR WS ), 921140 v it A i BT
R E SR AT 1 508%

1 LiuJZ, HuC B, Pang F C. Strategy of deep space exploration (in Chinese). Sci Sin Tech, 2020, 50: 11261139 [xI|4k 58 SRR, JEis . IR 4R

719


https://doi.org/10.1360/SST-2020-0207

T B FE 10 kWekk e HE F IR s 2 PRI S5 T 7T

AN W AW

14

15

720

DR w7, o ERL S HARELEE, 2020, 50: 1126-1139]

Wu W R, YuD Y, Huang J C, et al. exploring the Solar system boundary (in Chinese). Sci Sin Inf, 2019, 49: 1-16 [ RfF{=, T &=, 3L, £
KA R L BB T, EEFE: (5 EFREE, 2019, 49: 1-16]

NASA Technology Roadmaps Introduction, Crosscutting Technologies, and Index. NASA, 2015

Chaiken M. Overview of the kilopower system dvelopment and testing at the nevada national security site. GRC, NASA, 2018. N180005553
Gibson M. Kilopower reactor development and testing. GRC, NASA, 2018. N180004937

Mcclure P R, Poston D I. Kilopower-powering a NASA mission to Mars. Frontiers in Science Public Lecture Series, LANL, DOE, LA-UR-18-
22754, 2018

Hubbard W B, Podolak M, Stevenson D J. The interior of Neptune. Neptune and Triton, 109, 1995. https://solarsystem.nasa.gov/resources/222/
neptune-and-triton/

Ness N F, Acuiia M H, Burlaga L F, et al. Magnetic fields at Neptune. Science, 1989, 246: 1473-1478

Krimigis S M, Armstrong T P, Axford W 1, et al. Hot plasma and energetic particles in Neptune’s magnetosphere. Science, 1989, 246: 14831489
Baines K H, Hammel H B, Rages K A, et al. Clouds and hazes in the atmosphere of Neptune. Neptune and Triton, 1995, 489-546

Smith B A, Soderblom L A, Banfield D, et al. Voyager 2 at Neptune: Imaging science results. Science, 1989, 246: 14221449

Sheppard S S, Trujillo C A. A thick cloud of Neptune Trojans and their colors. Science, 2006, 313: 511-514

Wang C, Li H, Guo X C. Major scientific problems in exploring the solar system boundary (in Chinese). In: Scientific Development Report in
2019. Beijing: Science Press, 2020 [ 7%, 250, BRI, KPH I BRI 1) T RRF A @8 UL: 20198} 5K Bk 2. JbE: Rl H R, 2020]
LiuJ Z, Tang Y H, Long J, et al. Suggestions for China on establishing safety mechanisms for space nuclear power source applications (in
Chinese). Chin Sci Bull, 2020, 65: 875-881 [Xl4%&, Ji K4k, A, 55, ST @7 3 EH 23 (M A% ) 778 8 22 A pL| . Rk, 2020,
65: 875-881]

Ye P J, Tang M F, Peng J, et al. Review and prospect of atmospheric entry and earth reentry technology of China deep space exploration (in
Chinese). Sci Sin Tech, 2015, 45: 229-238 [M-35 5, M K, 820, 5. H EIRS TR /N R BIEAR MR R IV A R . & ER: FR
Rl 2015, 45: 229-238]


https://doi.org/10.1360/N112018-00273
https://solarsystem.nasa.gov/resources/222/neptune-and-triton/
https://solarsystem.nasa.gov/resources/222/neptune-and-triton/
https://doi.org/10.1126/science.246.4936.1473
https://doi.org/10.1126/science.246.4936.1483
https://doi.org/10.1126/science.246.4936.1422
https://doi.org/10.1126/science.1127173
https://doi.org/10.1360/TB-2019-0587
https://doi.org/10.1360/N092015-00049

PEBE FARRE 2021 4 51 % o6

Mission analysis of a Neptune detector with a 10 kWe nuclear reactor
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Based on a comparative analysis of the advantages and disadvantages of radioisotope and nuclear reactor power generators in space
applications, this paper determines that the space reactor power generator is the energy scheme of the Neptune exploration mission,
proposes four kinds of major scientific problems involved in Neptune exploration, and introduces preliminary scheme ideas, such as
the function module, fight orbit, and design constraints of the mission. Then, focusing on the reactor, the thermal-electric conversion
device, the technical route, nuclear safety and radiation protection, the study elaborates the technical scheme of a 10 kWe space
reactor power generator. The Neptune detector bus scheme, including TT&C communication, electric propulsion, independent
operation and management, high-reliability and long-life design, payload, and microsatellite probe, can provide reference for the
demonstration and implementation of Neptune exploration.

Neptune detective, 10 kWe space nuclear reactor power generator, mission analysis, space nuclear safety, deep
space probe
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