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Thermal Mining of Water on Lunar Regolith

Part 1 - Thermal Aalysis of Regolith and Examination of Lunar
Water Mining Method

Hiroki Uchida - Yoshiaki Kawakami = Narumi Matsukaze = Ken Morita
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crew landing services; Gateway for greater exploration four crew on the surface for longer periods
enhancements with refueling capability, range on the surface; Gateway of time leveraging extracted resources.
additional communications, and viewing enables longer missions Mars mission simulations continue with
capabilities orbital and surface assets.
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R LEHD D, ETIREZEL Y ANOGEEENT 247\, VTR L L CAYEE ORI X O B L2354 &%
BMRE, KOVKZAEK O - BEE OWBEBEHIC L 0 INEA L7256 0 AR e A bk L7,

51 5H&EAHE
AL I ZARDGEEGHEZITOICHIZ>TL Y ZARNOREZE 11 DX 5 ITHE LT, LI Y IRERD Y A

IWVRLF-DFEIENE & B 2 DNSHER L Zle Ui, BMEEOHZDEAGHHIZIB N TIZ Y A VR OZERITEZE L E 2 72,
F TR BMR R /K TR R D EEHE - BEEE A FHR T D 5813 Y A L D 22 & KR OKZRED 3B 2 L RGE L7z,
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LA ANOBMREIC L2 BEBEOF L, UTORNORFE L, LAY ANOZERR LB BE, 2
{RIER EOBWINEITHANC & 59— LARE L7,

0Tspi Ty, 02Ty
Preg(1—&)CPreg astm = Kpeg(1 - 5)( axszol + ayszm) +Q e

T, TeoilZ VA NVOIREK] pregld b T U AD S [kg/M3]. Cpreg (T ELE[IKG/K]. Kreg ITEMAEEWIM/K] T
Do preg X kieg IZFER Y A NVOEE L BYREFRTIIRL, BIRY ANV E YV ANMOEREES LI LT AO0NEHE
ELBMRERTHDL, R2IHEL I AOBMMEMOEIL FEERT, LIV AFIHEOENC LD EI FHFMITH
SEENKREL 785 B, KFHEIZBOTEEIZOSmAHE DRSO L I Y ZEHETE L preg= 1,800 kg/m® (const.) & L 7=,
L 3 AW, RERICHE L CIRREKRFEOMEZ A=,

Fiz, KL)D QL TV ANDZERITIEL B DIHEITY A N ERERTRZTHHETHY . L FOX»H3HE
L7,

Q = h'a'(TSOi - T) . (2)

Z ZThidiitk & Y A N ORBMRIEREIWIMAK], a i3tk & Y A Lot ATm?], TITEIEREK]TH
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DEZEOZEITR L DBORLY D 1372029 Q=0 & L7,

%2 (ZRFETRAWN-ATELT RO EHEE

Y4fE i) BAfi] & 5Z
i Preg kg/m? 1,800 Deep layer density 2329
i) Cpreg J/kg/K Co+CiT+CoT2+C3T3+T4T* Sk 34D
Co Jkg/K -23.173 "
[E——— C Jkg/K? 2.127 "
'““*y Tl | Jkg/K? 0.01501 "
= Cs | Jkgik® -7.3699x10° p
Cs | Jkg/K® 9.6552x10° "
B reg WIM/K | ks+(Ka-Ks)Dreg(1+X(T/350)3)/(0a-ps) SR 240
Mg ks W/m/K 0.0006 loose surfical soil %
kd W/m/K 0.007 dense soil %
| P Ka/m3 1,300 loose surfical soil 2529
HnERETE g i123,25
N pd kg/m?3 1,800 dense soil 2% 25)
(CEEFUIE X 27 Radiative conductivity parameter 23 25)

(b) LOVRHNDFREMEZEDE

L =Y ZANDOZERICHR Z il S H 758 OXRAMRIER RIC 1T 2 “RotiiiuI AL T o i L §H5E Lz 2

30)
o

Bu_l_ dv 0

dx  dy - (3)
6u+6u2+6uv_F 6p+ 1 62u+62u

at  dx Ay % 9x Re\dx? ay? - 4
6v+6uv+6v2_F 6p+ 1 azu+azu

at " 9x Ay 7 dy Re\dx? ' ay? - )
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O EAE LG, IRICEI< 71 Fx, Fy 3 BN ERNDIENBEEEBZ N5, ZHLEERNTAOEIE
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W) Thod, @) EXG)D Fx, Fy 362 LY X,y FIAIOFEE u, v 2> 5 FE IR K % 3R b Mk T O IRFE S 1 Ha R
L7,
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ZITPrEIT T MV QIFR@IC L YRR LT Y A L L IRIKR OXHRBMRIEIC K 2 I5BETH D,
(c) LI AR DEEHE - BE RIGEF IR EHE

LAY ZARND Y A VR & FAFKZR RS i D 56 OREE « BEE SR 20 O 3 iAVRZOFRIZE L Tid, KX
DT RLF—E BIAEDFF O RLF—TH KKK OFIUS L > THEITND LB X, U TFOHRAE RN,

dE oF 0E

§+ua+v@=03x

- (8)

LAY AE Y A NI EREZFFOZAERTH Y . BFIKEKNERZERT 2 LRE L, ffTfERo A0 of
FIKARSUL 100% KA TH W | BEFERL (2,442 kilkg) & BEEEL (334 kIlkg) DAEFE 2,776 kilkg DIEBAE A Fi> L UE L
2o LAY ANDOZERNZ @B T D06V, VA L EKRFRKE TR BRI THhIKRKRIRO BT XL X —E 8
WA L, ERE R & 7220 e R TRZERUT T TR - BEE LKICR D & B AT, RV ANDKERINOZIT DT
FNF—Qex (TETY A NVOWEE FFITHEEIND LRE LTz, KELZNS Y ANVREIEENT 5 E QulILL FOX
MHFER L,

Qex = Q1 +Q; - 9)

I 2T QuITAKRAKOBEABE R, QIIKARIKE R ABEOWEBHETH D, Qu QXA TOXMNLFHE L
32)
Q= afA(Tvapor - Tice) -+ (10)
Q= W(Evapor - Eice) (1)
aﬂi V%lviéﬁ®¥&4£i¥$[W/m/m/K]\ AlX V%/Vi%ﬁﬁ[mz]\ Tvapor 5i7k?.i:/§\{n?1fg[l(]\ Tice li7k@?‘%ﬁ(ﬂ?1f§[l(]\ W

VEHNZRERRT KRS (BEME - BERE) %[kg/s]\ Evapor. Eice IEENENKRER L %k@@ﬁi*ﬂ/ﬂ?*[ﬂkg]f“&b %, BATLIRFRH
DIKFEREIFLL T ORNSFE LTz 9,

w = kA(Xvu'pm - Xice) e (12)

K (X E R EE[m/S]. Xvapors Xice IZE N ENKFRKIREE IR 1T D ffI/k R R Bilkg/m®] & ¥ 1 VRS IZ R 1T 5 Aafn
KRR EKGM] T D, WEBIHE KITEEHOMAKAROBEZCL2MEBH TH Y | T O e
JENEB LB Z HND DD 0 CREEOFIAKAKOEE (410 mis) &R iz, EREAGFHEICENTUL, YAV
RHE~FOMNBIC L BZEMEOLE L, KT LD YA NOBBERDOILITER L THE LT,
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FHRBMREIC K VI L 76 BIDKRAK OB « BEEIC K DS L VAL 72 HE6 0 L3 U ANOIRHGHE 2
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LLTHYI ZENTEFEZ A F—7 ZFEBRADBKY SEODIT T X—F 851 L0+ WKERH BT 26
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INEEIEEE I KBS HREETH D . 01T WVEAITIZE A EMAAES NARVIREETH 5,

FMBGRIZE DL TV ZOFIRRIER i 5720, B OKEKEAR) 25 O D=10, 20, 50 mm (233
175 150 sec IO FIRIREEZ R 13 (@)~ 7 v Lz, LI U RZEYZEDO L TIEN L 7285A . INER 2> H UL
D=10 mm [ZEBWTiE, B & iz v 3 U ARFIET 2 03 IZAE 2> D=50 mm & BN 720 IS BV TIEFER L7y,
RRBIRE DL A IIKATMAE DD OMEIC L ST, FMEOL ) AXFE - EOMEE THIR Lz, BEfE - B
BB LTS EICE L CiE, D=10~50 mm OWFHDOALEIZB VT, L= U A OMREEITIEF (28 R Tk A&
KOFNBE L IFFEMEIT2 0 . SHEBVRESLEVEE L X 2 MEJTEIC N TERRTL Y ARFR Lz, Bl
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ABSTRACT

It 1s anticipated that humans will colonize planetary bodies including the Moon.
Thus, a new economic system that integrates the Moon and the Earth will likely be
developed in the near future. We have signed a corporate partner contract with ispace
Co., Ltd. Our aim is to generate hydrogen and oxygen from water that might be present
under the lunar surface, for the first time, using the water electrolyzer in the
“HAKUTO-R” private lunar exploration program promoted by ispace. Recent
observations have increased the possibility that water is present in the lunar regolith. If
8o, it may be possible to use this water for water electrolysis on the lunar surface in the
future. Anticipating this, we have commenced the development of a novel "thermal
mining" technology that collects water directly from regolith.

Details including the location, amount, and range of water within the lunar surface
have not been clarified fully. The next step required before lunar water mining can
become possible is a geological survey in areas where the presence of water is promising.
In this study, we went through those steps and then predicted the state of lunar water
while considering actual lunar water mining. We also considered the method being
studied globally to mine lunar water and focused on thermal mining technology that can
heat the regolith at a particular spot and collect water without the need for heavy
machinery. We then devised a unique new method for the latter, in connection with
which we calculated heat transfer by considering heat conduction, convection, and the
latent heat of condensation and solidification in the vacuum regolith and examined how

to efficiently heat the lunar regolith.
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