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ABSTRACT

Instead of securing thermophysical properties

throughout

the entire lunar surface, a

theoretical method to predict the lunar surface temperature accurately using improved Lumped
System Model (LSM) was developed. Based on the recently published research, thermal mass
per unit area at the top regolith layer is assumed uniform. The function of bottom conductive
heat flux was introduced under the theoretical background. The LSM temperature prediction
agrees well with the DLRE measurement except for dusk, dawn and high latitude region where
the solar irradiation is weak. The relative large temperature discrepancy in such region is

caused by the limit of the bottom conductive heat flux model. The surface temperature map of
the moon generated by the LSM method is similar to the DLRE measurement except for the
anomalous temperature zones where surface topography and thermophysical properties appear

in highly uneven.

= =

2 39 AA 2H dEAAE GRS U @9 HHT dAFS o] 8st @ ZHUKEE
g3 d=d 4 e MAHE FFA (Lumped System Model, LSM) 314 WH & A AISFATE H
of WER AT Jxdtel EEF Adwe] 99 WAY I AP FYsTL Y, sHrw
A= fsE S o220 27 st =Y ZH DLRE SAH 2= 483 A= & dA5
L9 w9 LEAEE I LSM LRSS HFRAT} o FE, AY R D A
€ 72319 DLRE 5743} 2 2R3t 21212 AeAe] £= BUAE Sy Ardid ny
of @A Zlg et 2H AFH dEAHAVL w5 g*ﬂ“"ﬂ Ao Yette R eE 99
< A9ty LSM E4 o7 MAE & ¥ L5 5= DLRE =34 23} fAsio
Key Words : Lunar Surface Temperature(2 ¥¥-2%), Lumped System Model(FZ7l), Bottom

Conductive Heat Flux(3H A =4 #<5)

* Received : October 11, 2018
1

Professor
! Corresponding author, E-mail
© 2019 The Korean Society for Aeronautical and Space Sciences

Revised : November 20, 2018

Accepted : November 21, 2018

: tagikim@kpu.ac.kr, ORCID 0000-0002-7602-4397



HM47 3 ®M 13, 20191 2 FALE =& 9% A3A A &8 dis 67
.M B =3 vkl o] RES Zolst IH 2o PR
A, olEg BAA FAES AdE 2 FF A
o ¥y ox:= o 299 o AN BREZ YR Atg iAol A 71t wEkA FEH o o wW
o] A zAd o3 ZAAHT & wwol Furs o) o AAd s 2EAZE Adst=s A AY &
2 o3l YEAATS BAE & qome geakg /Fedith WA T FWe| MA 2EARE
Abeb W AM(R) WA B ERelN mES g NHE] sl't A=E SdH%lou 1], DLRE 574
2o drsuo] o wW 5o AR s|dsg. o=l HlEt W gk 2EoAq Z oAt WA}
wa o= gk ek 2 ZAZEA ) Mo an  WeF e dadel Arid \ gl
gokE Al Aoz Iy wReo EFEAS IR T wgd AFo)| DLRE % Aol wp=H[10]
WAL G W LEE 2AE Fa ado gy, TOEUIES AEWFE AddH, wrxom
Hlo= BEAY} Qornw BES Yizo ox HIAEALEVE AT DLREC AR HZe o
ol BFEAES gAsn R B9 B = € AT[2dAE BES HZES dArt @ w49
o] dxade] W7t &%= Aojath gk Azte]  AAlel 2A fdsids AES At o3 A
zZ HAGY gEds HIEAe AT 2 Ay = HELE E dAFMEs 2E HES Hldol
S BT BAE 4 glon ApHozm ool mx= 2 EW JAFom dddvi JHEsAY. £3,
oo 2 Qe w AT} A 2 "Ee i AFHoE AR
dpge exdsle Aels T e vg o718k Kim S[11]0] AA HFA (Lumped
Uy 2% vd @ dATEe 2o JEAxo w  System Model, LSM) si4HE =YsATh LSM2
2 AT @ THLS g Qe ke gEZo n WHY 2ETHIE AT 5 e AER ddEd
AQAE TAY gzdaEn dAdsss o vx Aol Aol Fe As F8&th LSM 25& I
oA FEQAY] Wzl nlde xFo oMz AT ¢Fe HAS R CduA BAEHe HEF
H=Eo1]. EAe EAoR 3 HIEAE m 22X FoHnh LSM YoM = v gfe XES
E Hgze 94 dol7kx HAFsv muEe oy ©f WACIEE, F EHXEE LSM 250 &)
2 FH) DA slodEth 7= ATFoA olgls g APk EEAX ] Holet 22X U EALE G
dEALe] HEES optically thick limit2]e] 71%2d ¢ 9HT AFE EAdFCEN FHHOE e
AEGHge] dRE gRojgon, 50 350 v W LSM sloA 71 83 st =d ol
Hote FE AEES =48ty sl @ U sH 2de AupdEgAe A8l BIHE
FEZ F837 iAo e i dFB45e  FI EEFHUT. HFTHom wHlo] Al oo
A eldd 8 AEEE Agatglon, gk oo WHT A& DIRE SAHexel 7Hd SAshs
Z3E AFE 02 gL ALY o8 FFx AHXEE V|ELE FEIUAT & d7E Kim F
Mol ZAAE BAS Bole RESY WEE ol [11]9] AFelA AV HA™ s AEdfSE B
oz Wate doln AT A9 94T 4 e AHst HESFomA o5 Aol Hlshd
T8 ZeEt345] @, Hlde ex0] FEA 2 A9 JidE AHE AAT 5 AT
2 T4l MTHUR67]. oIt & BET] d= g Aol tig LsM 4= Williams 5
BAE AdE 2AFAHY] SAAR SdET [10]o] <fa] w3 DLRE ZAHZAHe} 2 gt
g 2 258 FIH o AXtstee A9 % s s Ede 7T o Aoz =9
9 vk Qlem[35], & AFEAHS VIEe® AT A SAL YA X@ AY, & HIEAIE o
<=0 AFdEs @ GAE T8 SAARS vud  siAs ZFEFG Y B ufE Ao wluz 2
o224 ATHAT. 53], 2009 TAFE NASAS]  eA7F yepdth Z2jy o] A S|4 DLRE 2%
LRO (Lunar Reconnaissance Orbiter)[8]o] ®HA®E  ZF HAE LSM %949 Hol9} H|=3AY T

Lunar Diviner Radiometer Experiment (DLRE)[9]°]
ofstel ZAE 2EARE 79 8dd 2AH FHH
AoH, Willilams 59 HZ d7F[10]°l4] DLRE =
Ae 7Ivter & w9 HAlo 2 AtHEE 9
eEAE TRFAT. ol =¥He Tl
=540 ek AwbAel ofsirt S E At
et 77F obdm ZY AFE vy
FE o

(US|

IBE LSM 2% 4939 A=}t o= Hx HA
ity LSMe FAH o & #A35t7] 9435t Runge-
Kutta WHES AT £ AFolA AAE B39
< 71E REZ WYY @I EEHA AEE
Aoy, =AM o] &A% w9 Eoh

HAY FH2E7F YEhUe EAA G #stol=
2 AToA =o0=HA FUth Banfield F[13] %
Hu S[14]9] A7l 93t F31o nAYE=EE
2 9 39U AYo o2 gFYAZY wske] 7]

_?_
3 Sl
doh. ERAAAR st B FUYA ol AAH, 2=



68 199 BB F K|
© A4 BHRG Yt} ofzte] niAdLEE E8F 13 Keihm[7]o] WEWH, » <0.02m HY BEFY]
o Bl 7A@, @dFol F dAAHANAE  EEE 1250 kg/mo2 A LA Hemingway
duHoz exisirt ey L5 AAEURTG F[6]S Apollo 11, 12, 14, 15, 16 YF-o 2] =
=k Williams 5[10]¢] DLRE SH 2% B A7 AHH ATo| TASY BREZY vHldS BE4s9e
AN AARE LSM MRS Abgst] & Y A w, =6 g 43 g dAs ALsdth & 1Y
A Aga At ded 58 ERHoE F 25 WM E oF 40~400Ke]H, BE 1250 kg/m<l
4 g g UAs Aotk OIBﬁ HFAAR) AFE T8 AF RETY 99 WY dFFLE 43 gk ¥
of 2 ol thrI7h gle HdA W 389 d He wEe H&sH 27-213 kK/m KE F4 &
2 #yol Bk xEH< Ol el Eewe = 7 e & Atk UFHA 9 27 FAAE A L Ha

Zoics

%(Cs T,)= (ki—j)d - (k[?)_z)o @)

oA FAFFEA LSMLE 7,5 U
Sttt

3} ol 4o

d,
- /0 (peTDdz 3)

CS

A d7F WS- SnaL Mo ERE ISM &5
Tgh J:JZ_E%. :7:@_‘9___11:_9]_ LE}—J 7}7(4?‘;]— z,: o]r,]_ w
3 = g3} 2o] ISM ol

c, = ( pc) dz (4)

LSM A e 2 25 siddstr] 9t A%<
GH=E Hogd EdAFe 45
Ae FA FHoln dATFo Zﬂfﬂﬂd
ZEth B dFoA s LSM 42 23t

o] & wxy Ao AsA
sty #dsitta 7Hg AT,

e e d 12 k]/m2~Ki 71489 ., DLRE
SALEC te HHHE =S8k

. A AT LSM aEHe] A=dH
Loz F2< 9 Uyehgr] st g 2

4 6= YEd s A=

FHO Addte d=2n @

olZzg AEAH ArEAL °F 0.016~0.031
W/m’Z &e8d AYTH15]. 12 o] e EA AY
A HES} AFTEAN G EW A Aol AH AHE
& & gt airg B ATdAs AugAA e
BAAA 2L Tt ¢ FAFHE AR
™, olo] st thg HellM =dtaith

2 2)9 ¢ FAYS TES ¥W =004 =
T WRERe AEdRLor WA AqUARE
S Ag3H o2 o] vehd F Qlrh

Wie
%

o

>

f(k—)o =g, —epo T} (©)

o] Ao ¢, EEZ EUIALE 09501u1[ I,
Stefan-Boltzma 6710 W /m*-K*o] t}.
UALE = B FEALS] Fed sEete v 91X
[e)

2
> ox
&
?

of weh Wats dA o FFE v A3 2
q,()= (1 - A,) 8f () cosp 7)
Bds Se HIEFFOE 1370W/m* S AR e
o, f(p)e 2 FdoT HFAAE EAstERE o
=3 o] AFeolH on/off Foltt
1 oy<a/2

.= Vasavada &[5]°] AlAIg tha-3}
TS A5

A, (1)=0.08+0.045

ﬁ‘@

)3%14(%)8 9)



M47 A M13, 20191 P EULE 43S AT A5 AT S Aed - 69
B 4 G UB YW A AR o0, 6,0)E TS AT

2oy,

Y= cosfl(sines sinf + cos#, cost cosqﬁ) (10)
Ap,(6) Ag\(6)

of Holn wel AEM gmwol ojpr Faz  WOTT T el0=rt T a3
6.5 Dol AXETA ofstel W, ol2 st o pore g qen areyxele Fig, 191 =
ol Aol AR, L AN AT Ay o g AxaAs B wel 2ol o
P FAHE AR A GFE AN LS g ge qza @A gl Aok A ARSAT
OB ATAAE 0 =151t R AR, Ty o Sacay el golt 343 BoiAw
ARGl AAATE T FHE ARFER FS G0 Solmol L SAs pasit, Do
21201%31 fé“c; oﬂ*;f%‘ﬁiﬂ} fxfm i%:lﬁ%ﬁaa 0>n/2-0,30 RANE 34 BFYAIL EA5,
%) A %f = 3 (3§i . ofiéf %>Z16 OEE Uz x ° - -

F= A <0, —7n/2%0 Fol= BEIFUA A
AL NE(@=0)o2 oot & =W of@ = %Lf /28 RS HEAATE Bl
AANANNE & Adel olstel Awsh Aol wah T 5 20T i

S, 1 ¢ : 4 Gt ©F 4 @ BYsE ot 2ol @
Waiel, 1 BAA e e 2o ea P2 OF 4 @ duA kA B
2t

(t)=—+ 11 dT,

T () =0 a, o T (14)
of AellA 2o AAFE 1,=2360592x10°°IF.  ro] WA A (i 7128 vie} ol A mw
g m9o AEF YA AAE] AAL ME o gx Qhsioin bgsad.
of Y=o wiet Wkt 718kl ¥4s 1S A2 (14 2% thE WAy AuE W
B, Delol A ARTA A0, BHER T guoz fuaE 78 5 9o 1D 43T 4

o AN A5e] FLE UEhd & Utk

2
App0)= {2cosl(tan05 tand)
0
for *7r/2§6’<9377r/2

for 9,—m/2 < 9<7T/2_05
for 7r/2—93£0<7r/2

3% E ZH= Runge-Kutta WH([17]22 X & &35l

12 <3

oE

als

(o3

40 o
ro

ﬂl?l.‘:

>

30

v

shaded zon=
1 {

sunlit zone

-60

30 60

]
0
¢ [°]
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