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Abstract: To reduce the experimental cost of reproducing lunar permanently shadowed regions on
Earth and to shorten the design cycle for an in-situ mining plan of water ice in lunar regolith, a
variable-property numerical model was developed to simulate sublimation of water ice in lunar
regolith under high-vacuum, cryogenic conditions. Based on a passive photothermal water ice
mining plan and accounting for both heat transfer and pressure difference-driven sublimation, the
heating, sublimation and diffusion processes during water ice mining were predicted. Spatial
distributions and temporal evolutions of water ice content, temperature field and pressure field
within the lunar regolith were presented, and the water ice sublimation behavior was analyzed
under varying solar irradiance, water content and lunar regolith pore diameter. Results indicated

that, a distinct mining plane was formed, on both sides of which temperature and pressure
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gradients differed markedly; pressure exhibited temporal fluctuations that were synchronous with

variations in the water ice sublimation rate. The water ice sublimation rate was found to increase

as solar irradiance, water content and lunar regolith pore diameter increased. Energy efficiency

was observed to increase with decreasing solar irradiance, increasing water content and increasing

lunar regolith pore diameter. This study comprehensively provides insight into the heat and mass

transfer characteristics during water ice mining, and lays a foundation for numerical studies by

integrating multiple devices for water ice mining systems.

Keywords: water ice in lunar regolith; heat and mass transfer; sublimation; diffusion; numerical

simulation

T8 AR SRR 25 40 e, KB T AR I e Al 2
AN R AR JE AT B U5 R A SRR L AN K G TR Y
FI AT LA Ay 2 (8] 45 00 AF: 55 $i 43k 4 2 7] 0 At 19 #8
il s SE BT KD 4 o B AR 23 18] & St R0 RAT AR i A
BRI 0 2 ) 28 5% o 5L S FH PR R0 AT A7 2 AT FR 2k
FIRIE A M A R E A . HERb T 2 sk i
I HX R R TAEFF R A 845 5 34 IR 9%
T ANy 2 RS b Ah AL B U A A 0 BEAR H AR
LCROSS 1 LRO AWM UESE T 7 2R P Bk B 3T 1 7K
KB R X AEFE K DLk B XA AR B K
Nature Geoscience 2 k18 H Bk v B2 17E — 4>
FKHE 2 700 2 t BB KA K S . X EE0F5E
F BRI 7K 5 5 5 SR AR TS 4R T A

B X 1l AP K UK B IR 00 SR A L BR 2 ZEATT A Ak 4
TIE T AR Y 5 B A 38855 2% 1 A ER ) 3R P
H SR A IR R 6 . ARIEAS TR Oy B8 b X 3 1)
Ab ¥R 75 R ), AR 4y Sy g g KT R )
KX, BT RREHEX L EHTEAL,
TE vk A AR R B LIT R R R L X R
M RREAL G A Ok T HRAR . [RIBT . ) BRok A B 52 IX
AR AR TR PR B 336) B R 5 B RN R G ] S AR
TARE R ER . A, B B AL I 5 A A5 1 2 5
WA AR R i K DT 3G I & 3 AR . A L =2
T A SR ALY w3 XOE HCR K O R AR R ORI
MY ARSI R G A AT REME A 2 R Ph
FEH AT LAY R K 1w AR 3 S K vk R HCE B, 2
o 5 77 ZEATH AL 52 35 36 0 B B o AT it X AS /) 75 28 11
AIATYEFIPERE R I HEAT IR R XS B . AR SCK 2 T4 3
FOGHCRIK T R RETFBETE 51 XIS T BAFAE IR
7K AR R RE 1 ) 803 Y T R, 4 5% 42 TSR K
T 8GR 1A R A )

TE by T A AEL H T K A B 52 XRS5 1) A 3
R T A 5 FE et R O R AT e A R A (R
Ui B0 T Boxt 5 28 0 AT AT P R vk B8 AT VR AL AL AL
BN AL Reisst ™ DA W 0% B 1) i1 2 Ak g K 7K

zkxb. xjtu. edu. cn

THEFT Jg 38 T H BROK U7 5 BB A% AL TR R
7358 34 COMSOL Multiphysics #E47 T I 25 80
B0 RFT T 7K 8 HE FRU B N A G S X -4
R KRR 4y A W . Formisano 257 5 i 80(H
TR 7R ETE T A ] B 7K 850 SR 7K 38R 1 52
Brisset 257 a3 = 4 S A5 4000 b 1 3% 1 i 4AORD
T S AR A B2 IR L IR B TR [l By X
FH KK FHAERLE . Zhu S 25 Bk vk S £
LA FRATEHE BT T A BROK K F- 42 g 8
. Yang AT T 4RO A B fl AR T KUK
HREEP I ARITE ISR,

X BB 5% DA [] B4 A B X K ok T4 R e AT T
AR TR G LA LB K UK T R R 32 % 8 Bl e B
KB . AR5 78 A BERL A SE Al -, 3%
HK UK THE RN Y B R L IFE— R AL P R
X 7K UK T+ A8 B 52 00 25 REAE P 5 3 N7 AR 1 (B A TR
Tou s s KOG HCR K T R ROK KB, R H BB
KUKTHE YOS R SR B EAEA . I H A
HOGE K VK T4 3 R R BE B AR R R TSR
DT Sk BRSSP T 2R 14 % 8l =X # T 28 2 3t
PeAC BT I .

1 BB R RURI LR R

1.1 YETEMNEISES
1.1.1 #prEd R

AT P S A ACRIK T R % T
Z AR BN 1 iR . e H BEOB IR IX A B F R
FRARRRINE RS RO R F AL B K G, &
1 YGLF B S S AR AT B R oo b Gt Rkay
JGICAF R B BE 2 B i 2 Can il 1 s RS A
HeRIZ . NERZHREI G S, g 1
o K KR AT IR L R IR R R T AR (R IR T
M RZE ) IR VKT oK 28 S AE H v Pk, i
A BERKZE S AR T8 2% B rh B4R I Bk
£ 1E H B PR3 FUK UK B THE T HIOZ K K




134 [ 7 . ]

PN

% 60 &

TR Y H 22 B e o DR AT DR K B U TR 20
e i THAE I R A G R A e S BB

Ifm @ k<
B 1 Wl ROEHR KI5 R T AR BR 3 1&
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passive photothermal water ice mining
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Fig. 6 Spatial and temporal characteristics of water ice sublimation
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in the water mining process
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Fig. 9 Influence under different solar irradiances
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Fig. 10 Influence of different ice contents
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Fig. 11 Influence of different regolith pore diameters
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