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Q9F: 8199 N AFE B R oA B HES Lhehlt 1 AT RS ARRA, BE hFO B2, A B Y2}
£ 34 D 35 B G5HH [BE FYSRE 9 ARolch @A SIS A S NASA InSight 4] HP
w7} A, o7]7) 23 A 89102 Q) BE A=G-5 m)ol ERokA] Foha Asstsich. ol Abd o] U
At mGYo] Fa40] RO, AR FYAALL that FEAT AAS 02 AAHA stk olel B A7, T
AR DS U 7 31 A YA 3712 (Korean Heat Flow Probe; KHFP)E A|tSieh. KHFP L2 8|2t b2zt
84 A% wAUZ 3 8M EEo HHoke W) Aol Fuste], TFA 02 Hth 5 m A=A YA O R HES] 2
S SHEEE FA) ST S QS AU B SN AFFA DY} A 7L AUl 7718 2% WIS
BT YR NG ES BAST B FRY GG RS AT KHFPS] 1Y 7148 FhaTa sheF- 34 ATt
AP FeE3 S8 A Aeto] /s, A7 FeAIo)H 238 oItk KHFPY A4S 7wl 238 o
shy W29 G} S DAYER FHSHL, B Lot T 24 02 B 7Rs e WA SRt shefehelS A G

ABSTRACT: The surface heat flow of Mars is a primary geophysical indicator representing the rate of internal energy loss from the planet.
Measurement of heat flow provides critical constraints on the persistence of mantle convection, the cooling rate of the lithosphere, and thermal
evolution. To date, the /nSight mission’s Heat Flow and Physical Properties Package (HP®) has been the only attempt to directly measure
Martian heat flow. However, the probe failed to reach its target depth due to unexpected geotechnical factors. Although the importance of
preliminary simulation experiments and geotechnical modeling has been recognized, subsequent research on new integrated exploration
strategies has not been systematically pursued. We propose the Korean Heat Flow Probe (KHFP) as a next-generation exploration framework
that integrates in-situ measurement, laboratory experiments, and numerical modeling. The KHFP project begins with a comparative evaluation
of hammering-based and drilling-based penetration mechanisms to determine the optimal design for Martian regolith conditions. The ultimate
goal is to achieve stable penetration to a depth of up to 5 m and to measure both temperature gradients and thermal conductivity simultaneously.
The framework further combines numerical geodynamic modeling and inversion techniques to correct for diurnal and seasonal thermal
variations and to reconstruct the planet-scale thermal structure of Mars. The core technologies of KHFP build upon Korea’s extensive experience
in marine and polar heat-flow exploration and an advanced experimental infrastructure for extreme-environment thermophysical
measurements. The system should be verified progressively through field tests in terrestrial analog sites, establishing a closed-loop feedback
among exploration, experiment, and modeling. Through the feedback loop among exploration, experimentation, and modeling within the
KHFP framework, we aim to resolve the thermal evolution of the Martian interior at high resolution and, furthermore, to propose a
cross-planetary heat flow exploration paradigm that can be extended to the Moon and asteroids.

Key words: Mars, heat flow, Korean Heat Flow Probe (KHFP), numerical geodynamics, extreme-environment experiments, planetary science
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1TLME

3 A Fi(heat flow)= 34 HFollA oF= WEE=
IR Y M71E Uetl= AT-E2]eH 13} X E2A, 3
g9l 73}, WZHE, e diF = Mt S= 71
A A8l Hl ARl GekE $ck(Hahn er al., 20115
Ruiz et al., 2011; Tosi and Padovan, 2021); Soderlund et
al., 2025. A EF+= 4] UH2] QA] F & H(accretional heat),
WAHY B E, & T4E 59 Sl A 2R A2
Bl oEA ALEL Y=AE WHFEch(Ransford, 1982).
2] AFollA o] A EF A7t T L2 @A AR/
A, s &5 e 94 dif 22 Y 5 AR TE
2] ARke] F7bo] E|glRol, 39 A EF "AM: Y
Wxgetaly Zstel Aol 9H M WIS 9B
Zagh s Baet ¥ % 9ok

Ao AGF dte= 20417] FRE A AR
2327} F4ol P (mid-ocean ridge) thF Afolo A EA
3] tt=rh= AME S sl S e tiRY A
£ FeHAA o L2200 o3t A Fas} sfj2rhe] Mgk
< 9| &It Oxburgh and Turcotte, 1968). E4s|FH | A=
100 mWem™2o]] o} =2 2| g577t =5 |0(Langseth er
al., 1966), At o]2™ 25-50 mW-m™? (Peacock, 1996)
712) AR oIk A o A2l 36.67 mW-m
(Smye and Kelemen, 2025) ~52] X|€2E HojFH, 3}
AF Ao A= 140 mW-m™ (Nagao and Uyeda, 1995)¢] ©]
2E 58 AYRE Bl o|2f BYW AR BEE
AT 9] o7 <kt eS| G S Adsie
AR A7t =ik E3], g A EF dolH = WeE A
A= LZ(71AA 73 =)(Steinberger and Calderwood, 2006),
A2t -8 e T (effective elastic thickness)(Lu et al.,
2021), 28] A== (Richards et al., 2018)2] F7+4 ¥
= A3 st 71kl AER #SE Tttt @
T E54S dol, A4 WF 598 AIE olsfish=
2 AlSeth mEbA oA E A ER HANE ©
25 W52 dol, 3Pdolghes FAY iR 54,
19, ALt dA 9] o 1= &E= f4sk=d B
sk S ol

A7 54 Aa7E o] olfe 3H A EF FH= Hgt
7HA AR o 2= A4 #°871(Gamma Ray Spectrome-
ter, GRS) H|o|8}5 83t A7 2= ATt Mars Odyssey
214 2] GRS H|o|E|E 7|4tC 2 Parro et al. (2017)2 34
A2t 9 s WO K, Th, U ek EA4I8H] WA B2
o3t ARALE AXlelL, Bt AERE o 19 mWm’E
APY3IAT) A1 HH 0 2 14-25 mW-m™>2] ¥Fo] BlE]
AUt B2 A B h2 B5 ARSI otx o Acidalia)

Lo o

o

s

Dok My N omn o
r-
o

(HAN)

o} f+Ev|o} ZZhtE]ol(Utopia Planitiae) 3 At S&+
¢l da}A(Hellas), oF27]8(Argyre), oA t]2 ZElo}
(Isidis Planitiae)ol| 4] &A= Qich FHETH =2 g2 %]
oo JH uX| E= Ef2A|A EH| 2 (Tharsis Montes),
Al2]o} HY(Syria Planum), ¢} The|2H(Alba Patera), <
2|2 HY(Solis Planum), B2} A|H|3s(Terra Sirenum) Ft=
ERp-RAJo} FH|2(Thaumasia Monte)2} o] x| Zfo] &
AL A Fo| sjFettH(Parro et al., 2017). 0] A= FH
AERAE o183 17 24o| BAIT Aol el
WZHET R oA BE AeE olgH o2 AV 7}
Hoto] E2EcE. Hol Qo) ok Alvke] Ty
4 ol 2L 7]uke 2 Hekd(visco-clastic) | F-E st
(geodynamics) RS B-§3h= A77F =UHTA Hau
3t A EF ZAE 4 0] 7Fs sl A tHKarimi ef al., 2016).
Ojha et al. (2021) 2 F=F5AE|ZE(South Polar Layered
Deposits, SPLD)o] 3} ¢H4He] 718k= skl thgt &
e §3ta 42 d (Finite Element Method)& &3},
1% ¥ A\%9] ZZo| AY BAHK) Stk AUZE
H WE]Y AR IS oF 10 mW-m? ofsh Aok
s}tk ol 314 w2 Ao b o) uhe FAi A7}
& QM P28 GBI ULS olulalol, W vRe] 3
4850] o] HA) Aefell AAWSE ATt B8
T R Tt v 7 F ALk 2, sk <7t ol %
9] X7t o]&7 HA o]¢(viscous relaxation)S 1LH3EO
22X, 34 97 BF 9 A= At T 4= ot 9]
23t A2 3 X EF F0] It A =T
vl &4 o] 2X]A] &1, E-7]4] ZEHthermo-mechanical)
O] AZF X3t ZAIE &7 A3t A5 A2 &
Eojof o HojEoh

3] AEFRE WMt A HsH 2] 2A A
T oln] AFEHE HopollA S4E SR ¢ g
2] A Ao 718kRIt. Plesa et al. (2016)2 32+ WE o
7 2dSE ol 3 YR Y 25, FAE, GAEEE 5T
sto] A YA AEF FEZE AR, BEAA
§7|9(Tharsis Bulge)U W] A& SHAEX|t)(Elysium Mons)
A9 9] Al 1EF Y9 RISkt ol A2 =
452 QiR s, A A, A g4
A== Y E4%k] A &SRR, 3 A F FA
o] ASghE 5% =Y HEo] ddider Fasirt
wehA AY- 2 GALE A3 tHAIS 2ol 3 g2l
3= olafistr] 913t 4l H 2ok

A=, 3 A EF Ak AFastel A s A EF
A7F ARE AAE, B R 29 d5H 13k
AA| &= F8st= EA oItk AT s AL/ Hlol
B7t & 225 YRR, Y A EF Aee FF
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W the] A iR, X7 9 SR, ML S5
59 4, Yol AAF G487 (hydrothermal sys-
tem)2] £ b7t B 5 WA & ACIE by
W5 81 WA RO DT ZAL B
olel) $18 71 2404 Shet BES AFolok ol
o 9o AW BEH VY, 42X 2EY, ARG
W) BAIo) B Wo] arE. £ Ao NE
ol2ig A A7) BBL vigtom, WY 44 N
Erx} 9| 7] X|(Korean Heat Flow Probe; KHFP)2] 7l\d 1}
51 ole) ANIskTA B

2.8 TIgE A S
shel AARE AN A SAsteE fUT A

=20184d ‘?:._"/\}El_ NASA InSight QJ52] HP® (Heat Flow
and Physical Properties Package) AH|S E3] o]FoF )
HP’9] 44| BExE “Frx|(Mole)" = HHH EtF4] A5
Y718 olgalol, s EH of) oF 3-5 m Zol7x] =
Sal Roloirh. o ol o] 4T AHA o=
Ah9] G T5HT, 3Py R A 71909 A TS
A ST 4 Y= 2 AT ERE A= THSpohn et
al., 2018). HP*= Z10] 40 cm, )7 2.7 cme] HE7] EA|o)|
2] A (hammering) HIAYUSS WAL, 34 AlolEod=
147]9] A wlZA] gl =Xl A (platinum resistance temper-
ature sensors)®} 3] € (heater)7| ZF2He o] ?"—;._%jEE(k)——

3.5% FUER 25w A=t ALRE ke

(Z: Zo], T: ¥5)0 2 AXEH B 9x}= +5 mWem™
cH(Spohn et al., 2018).

:LEM HP® ¢J5= 3M4 FE(Regolith) Q] Az 23t 2
Hh 5 E4 mhizel] St ol B2t Spohn ef al.,
2022). FF7)= A& SHE 4 emof] EAshs TRt #
H ZA3(Duricrust) & #ESHA] £33, o ART IA W
2 Eok upEHAG=2 Q18] x]Ae]| Q31 HF(reaction force)

] E3T). WEAR YA W SEE AP
“4, AFA = BEsh Ao MFEs d4o] T
ot} mjapmoz=a W Eo] ghmoz=2o] NASASH DLR
(Deutsches Zentrum fiir Luft- und Raumfahrt)-2 2222
ojgs FH EdE =T AdS A —:—“ﬂ?ﬂxl
5% 2 Q0] oF 37 cmel] B30T o] Qo] U A
S AT P P
olch. AMA O = nSight= 339 AFFRE AFHL=
Sgehchs W) Tt SRS SRR Ealslch ojeie
3 BT ZloH B-71A1A E4dF=0l gt AA] A4
RE2HP'O 9 Auf 99102 A EF .

Ao s B 449 A= 24, 358, A

F AMES A 5o BE GA23 S 47
Z| o2 GFS u|ATtHZhang et al., 2024). £E3] CO, 7|A|
7h oAl E == A= 3 S0 IeEREET 2
A WS 5 Yol APHo el YTHSun e al,
2016a; Sun et al., 2016b). THoF BrAL7] 28 EoFe] A
T, BG83 AU SAY o ok, &2
710]01]}\1 23] Bzl 7;“7‘@_;_(4 o ]:]:]g]_ AT E A=kA
oz Bdgsta AAT =N, 1 Qtof SAX vk
FAEATE E2sid 7/ 0] @elA |k

He 3y IRA A7el e
Xﬁ’f’ﬂ% Xﬂ%'—?_‘:} @}-}94 A 4e, s e, AFE T &
Fe ol FEol a9 o= A
95 A, BB 27, AT mAYE A FR0l0] 5
uHel HEAS ZAsGT Bk A 2 AP
A2 WYsiel 4R 52
9] &7 EAS #HIHKim and Lee, 2007). 53] &5
EA- 2328 Y& FFEAL} Z2 BRIt OH%@_P
AOAE AR BRFS JH 25T AT B 2
28 295t Ak ATKim et al., 2017 Do ef al., 2023)
£ A=stqle). B3, S © H" ] dissolA =33
tigee] A8 B A -1 olate] AL AUE Ha
oA i d 2Asto|A o] AERE A} Fe=H, I
X 3% A DT 2] YA AAES AN
tH(Choi et al., 2021).

oleie AT FBe T B 2
Tooh3A v oA 9 vt GAE B4, 2EAIAIE ¢
A3t 9 FE, AGG4te] 214 223 gag|gof of
o Auet wales ojujgie. Sal I A7) o,
2213 A1 AL o BHEE 2 W 523} 7]
8 A% A AT P B S sk
S1e1, Hsha =) e A9 30 et ol ¥
3 3 EAbollA 3:,131: AAT - 45 BAE A A
A 5ol A 282 4= JTHKIGAM, 2024).

BHE IS AF AL 5 B BT Ak 220
A A B GEAS AT SHT = A= AE J
=ZFE 231 It (Lee and Kim, 2016). SH=A] 22
TAKIGAM) 50| &4 Z9 GEA AN AH L2 Ali
o B8 U SRUSS AojstEA I3 B 2UIA
FHEE, Y, GEAE 55 A S 5 ok
ofefgt Hlolel ulee] v ey dekib|(Korean Heat
Flow Probe, KHFP) Ao Q3 7|& o2 885 4
.
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AR A79 Tl BRREH AT Lhehe
A9 WIHE FFHOD S & FES BWA F
Fek £3], A A d(Subduction zone)2} E7H(Rift) 5 A

ol

7} o] &gt A FoMe B4 ExtdAe] St
o, 72 A= 2 A WF S ndo APA HF

N

F AT Tkt W AR SROL AYe k=
Add-gA B2 g2 8+ S8 5E e
2 4 dofl 2% A ER) B FAREY A7E &+
Psh A1gt 71& A AE st thDo et al., 2023).

53] 53l &5-EA|(Ulleung Basin)= E71| o] &=
H 5 g8 o= PP3E= S HojF, d= A73l
< o] 2|9 9] @1z IFE A oldfish] At A
9wy A5 AEH 02 SPsigri(Kim et al., 2010;
Lee et al., 2025). AR R S S Lol 4
7Ne) G5 LS B °F70-90 mWom” S0 et
o, QR Aolait ARolAel ek 7107} A
Sic. olaie AZge shHah] s 7 ATe 3
E9} A7t Wy BERLS TR # SAHAL 43
S1A9THDo et al., 2023).

olg3t Bdly A STEAY X7 24T 4 +
zo| I A Frot 38 X5 FAFH o= st
33 AR B F 2ol AX B AR A T
59 FY A5 FAH R QL] K8l ek (Visco-
Elasto-Plastic) 3394 Rdgo] £3Px|lom, o]l &
3 224 sHEY X|Zto] Uult SR dHow
o wEskar ot A A o] A= IeH(Kim er al., 2025)

o|3t A= S5 HAIZ @] E ol WA &
A7} ot =, oA 3] B o AA|7} ZEsh = o A
59 Ags &H5| 8514 Xohs ofeh vid JES
Y8l Qlos HolEth AGR AR, A7 =, €3
58H 54 79| Ao A& AFH o2 G} o =M,
-71A AERE THAA A7 WP GRS AT 5=
U= YFotat 53], dFo g ofstd $HEE £X9
A7t &8 43} HAUSE WY FRAE YT =
Z Q712 AFst2 2 (Do et al., 2023, 2025), S 9] Bl =
A2~ §7]H(Tharsis bulge) ;- A A& SHAEA] j(Elysium
Mons)¥} 22 AJd nEFF A 99 €4 #£2E5 o|sf
gk b A A v w &5 AlEEth

shg 9] A%, Ak A5 AR (A): InSight HP*)9} A%
74 G TlolEvte 2= R 7T S HEES
B7¥st7] ook ey e A7R19) B3R AtollAl A
FH ole AEF-SY-F5 AA =dY 7S A&
sH, TS5 2=y 29 Y e osrRE 3 o

%

B[l

AEY A =, d2HE, 2 WE R AE4E G
° 2 A 4= Qlrh wEbA 3] SRR gRdE A
T= 339 E Zsket X2 A5 a4 fIgt AAA of
G224 Fa3 EE ou|E 71Xt

2 F| 2 2] A5 st EopollA, I £X19 &
A 3o}t 2|2 A WY S A ER 29
g 4= Q= 7148 SEEISTE £5|, Chang and So (2025)
9 A= UiE G e 27 dANA Y= X EF
H3x 9} vjAE H= 3K Non-linear Viscosity Evolution)
£ AUt REPF 2N, T AqtKlo] Y Y
X3} ZAE Y 5 e Y FAREY qQFS
H83131 )82 915314 t) Chang and So (2025)9] &+
ol A= aH|-8-2) b v F WHE sl thAl Gl 271 &
Ao ATt ¥heg: AibS p3she Fi Bl Y BHE A
ZQdste] ALt 885 wolHAE W X E7L} A7
A8e A AQEstaTt ol HE2 gl A
o] Q714 AERS BEs| AT Bt oz, EF W
37t A2t e Pt G A= v 9% BAE
Aoz A o= SFEAU Faet 22 =
28 A7) 2A9 272 SolE HH 48 4 9oy
Yot @4 27e] 97 ste shajshs 814 7l
Askm glrk

S = BEAIL 7 " DAl S A
< Aoz gt Ao g, s et Az 7Y A4
TAgo] P4 WZET W MY AHH FFS vl
ZIt}. Chang and So (2025)9]4 AAJE G71 A X EF
2d8) A A=, FF KHFP 2H 7|5F S04 fod A
SHE 2% i glo|H 2R Y R IRs £29F €4 H|
+EAS Bt o F8E o Ut &, T=o] S35
2 E7 2R 7|9 E57 34 71e2 2 o] B4 7lstet 3
A WZHES SR ol A8 71018 8 4 gl e
7|9hE Al

e
P

5. st=28 kM XIZEN} INFIXI(KHFP; Korean
Heat Flow Probe) 324t

5.1. i B4 MISH S5

NASA InSight J%-2] HP® (Heat Flow and Physical Properties
Package)= 3Hd A 75 A St = H2Y A =4
ol #EY| AR 3t g8HH SR v, &
et #H A3 o2 "ol oF 40 cmofA HET Ei
A% 3-5 mo]] =E3HR] ETHSpohn et al., 2022). ©]=
3t 7| AA EA7F obd, 3Hd RE Y 93 -71AH B4
(Thermo-mechanical properties)o]] tjglt E5835t o]} 9|

A 7103 A Ak mEA 5 2 A A B
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od oX

2 T3 AT 7)eo] ofd, AHeH 9 dE25H
of A3tz T BAKIAY 50] ilo] Eojof
t}. o|23t FAE FES| 8 AdE= d=F A
&Err} gf7| x| (Korean Heat Flow Probe; KHFP)= &
1 JEA AR, X 2dY, @ HAE 2% 89S
HA ERHEFCZ AAEE KHFPY| 4] et B3t ot
=T gt}
FE(0-5 m) Yol = Fuje} AEE(k)E Y
SHA| S4sto] A& ol o] S T ol sfiAnt
Z2AE= &% A E(Heat flux)E AlF2eI
i) 1 m oJs} & HoA= nAE 7| S 4t
S ES Aste] NEATE BHsta, 352L
2 5m A7 sl 437 2 AF7) 2= W
3t a7t A9 2gE “of YR X B F97S
A1 BE3L

IR R <

d

1

~

iii) 5 m TS H|o|EE 7|8k g 3 oMY EHg +
Z, Y75, F475 s AFE o= Aosla, o]
£ AG-59st R dste] P4 i gzlst =
g9& HEeteh

ol2|3t H1E G| flol KHFP= Tedt AlA] BE0]

ozt “AE-Td-gAl g3 T U= (Integrated Experi-
ment-Model-Exploration Framework)”’Z FFHE 1Y la).
£, 3Hd Y @ U, AT AP EE4 HolH, A
TEH%t RS o] A FIE St T o
S ol ofd 3 EX13} wen]y Fh AR A o2 A
oFah Aot

3202 KHFP= | m A=A 12F4 gloe & &

Hajj Q4 2edlz Y7 /TGS 5U51L, 3 m ol 5
7F AzoA= A HEAdel o3t anE A3 HSsh,
FFH oz s mAHEoNA EA wgk a7t b A A

| Integrated Framework of the Korean Heat Flow Probe (KHFP) |

(a)
Experiment

Exploration

o)
(b) l

o
DY
< O

‘ Earth Analog Verification for Martian Environmental Conditions

|Geodynamic Systems| | Extreme Conditions ‘ | ThermalProperties|

(C) Piston Cylinder

=
s |

Portable Meter in Extreme Conditions

KOPR\ | GAM

Korea Polar Research Institute

Thermal Properties Analyzer

Fig. 1. Flowchart of KHFP. (a) Interactive workflow integrating experimentation, exploration, and modeling. (b) Earth-analog
validation of Martian environmental conditions, representing geodynamic systems, extreme environments, and thermal properties.
(c) The three components complement one another through evaluations of strength and temperature conditions measured using
a piston cylinder apparatus, a mantle convection model, a portable meter from KOPRI, and a thermal properties analyzer from

KIGAM.
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“e WF AR E AR SHske e ek 42
EX2 At o] AT A= HE( 17375 m Ak
9 2)2 Foby AlE =l HAF 5 ES T4l BASE
o, 3Hd QX3 A7 A= 71ES AT Aotk ol
o] g L7 A7 T ST LY A W
AHAE sk t B A A7EE Ao tH(1H 2).

5.2. KHFPQ| J|& i & A[H A& WAl MAH

KHFPQ| 43-& InSight HP'7} @3] 71&4] A 2
oz JEFE= Aol 9 ek HP'Y ‘EFF2) w7
Fo| Aufigt &2 A2 3 FE 9| R|ut HokA E4A
I}, o] & F53] AI537] g 2] o] FEof Qi
HP'= B E shof 245k duet 23 Hske-g #53)
A Zgon, F2 npaA e} EL AT EGFTOE 3
X 9 S SR ekR] 35 A JF7F ST E Sl o] A
= T T2 Aok, 3] RE O B/l tht AR
2|4 HZol ojd AE Y sI=AE BEs| HoAAFH
o} et EFA 4] JE B2 A] A7} 314 A5
H|sto] Tl o] A2 o= Zto} HA A S oA
AH|-g 85-&0] A o] ik,

wEba 2T B A E-AF H7]13 = §A dAUSE
& 1A o2 AWt K}, 3] theFRt Au 249
A3 4= = IF S Y-AEE AAH AAE
%o°| Fasirh. KHFP Atollx= ol& 23l “Bl&4)(Mole)’
¥} ‘31 AlF=4(Rotary Drilling)’ = ¥4l F+8 FH=Z
AAsta, 3] BE 7oA o] HhA]o] 71 QE A o]
w 75H4 lojg &5 88§ FrPF 94 S Jel(aE
3). olgjgt HRE A5 a8l & At A ZdE-
A A%-2|F Z3+A] AZ(Earth Analog Verification).2.
2 o|ojX|&= 3¢ v HF ZYUYIE F5EloF T

Lr

>

/'\l—. __________
g
N
=
— - e
= e —— e ]
e —— — a

Temperature

0_ _____________

Zolt(2™ 1b). thet & ) A+ 7|38 A5 H s} A
28, 3R] 8, 424 Bxo) Tl SHE A A
2AHUHIY lo). B Yo 12 1g e A
3= 5| A& A (Piston Cylinder)2 £E9] &8t 7}
AE F%h dF ST A3t =AY
(Heat Diffusion Model)2 7 A|Ztsle] v)we 4= 9l
3 FHE e 7HA 2ARE B4 ke dEsh]
Sfsfed, T ATl H HTE AN FrhE =
A 22 7](Portable Meter in Extreme Conditions) 2 $H=
ARG e] EAJ=A7)(Thermal Properties Analyzer)
& 7140z B8 2t 7o) A RAS Fo 2]
AGH AMEAE H25) dorsha FANA A
= 2o AP BRYOR ST 4 ok 53] A3 A
HE 5 H| #4833 RO AHS AL 2 BAES
AT 5= loy, SR AREZ IS ol8ste] 7MY BE B
F& Tk B E£3F -85

A, ZF AT AUEY A dee o3 ZEES
E3)] v ol=sfof St} o)Ak AH(DEM,; Discrete Element
Method) ¥ F384-EAEA| Bd-E o]-§5to, ©A]-
AN AT ARG 2] RdS AAS 5 Uk 3 REY
8 B MR B35 FAY A, AR SR
g, W& opEz), Oea g AHES B 9 ghfo] X
T o] Bell2 ZhipA o] B Ak T D a3%t oy
A 5E, T &5, 1 gE 58, AR {7 HEAES
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Korean Heat Flow Probe (KHFP) deployed in a depth array (1 m, 3 m, and 5 m)

Long-term heat flux in-situ monitoring on the surface of Mars

Fig. 2. Depth-dependent investigation plan of KHFP. Long-term in-situ heat-flux monitoring on the Martian surface, geo-
thermal-gradient inversion that excludes annual variability, and thermally constrained modeling of the deep Martian interior are
required for probing depths of 0-1 m, 1-3 m, and 3-5 m, respectively.
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Fig. 3. Optimization of KHFP prototype for -5 m depth penetration. (a) mechanical properties of regolith (e.g., strength, cohesion,
friction angle and ice saturation) determined through experiment are implemented as input parameters of discrete element Martian
regolith model. (b) Heat conductivity, porosity, water content, and ice saturation of regolith under Martian-like frozen condition
constrains numerical heat diffusion model (Lee ef al., 2024), which is used to approximate global crustal heat flow on Mars (Parro

etal.,2017).
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