MIPREER T0A-1 1-14 1997

WY — )V LTI B 1T 5 EBKEEB R O Mt ER

M

ﬁ*

SR (Milyang) B THEB Y — AV ATN ) ETENEBENRD S, T—VATLERKDOS
(Ice Valley) Z8EHd 5. AHRTE. Y- NLTLOHBKEHEENBIEEF AN TR TE ZME
INEREFERC LD PRI, CITHHRKEE TN L. AR @1 THEWELN T — 5 RN E
N E L THIAATHR L S BRAEEWT 5 4, HFICQRT— 7 NEOEOLEBIBA SR 154
B32ET, BRINLARLRESRIBETS, LVIHIRAAIGIO 50,

AWFRIC K B BMEROMR, EFRICENE (EAHK) (<& 0 REIGIHED 9 BicF -5 20K
WMETHADZZ L, ZUTABRERINIKOLERBIC L O ERE THRITEINS T &N, WHEAE <

FA-F Db EIKEEI N

KAZEHT L L TEOLDTIELHEEZ L TOIDNKOIFHEZDOLDTH B, 57— AN ARD
KDHEAET BIBACIE T ORMFEIGUE ERENZ 2ME AT 5. AUROHRICLE L, F—53 2D T%
HHAH T KO SHB I N KELZPLBCARBROKEL B I ENTEEEEL ONAE.

F—o— kRN EBKE v-LLTN, BEEFN

I & C &I

WEOTY o ETLY L OROER (Milyang)

Bici3 BBy — ATV EIREN BRSNS 5.
=N ALTNERKDS (Ice Valley) %M 2.

COT=NLITNTE, HOBOBD ISR TN
BELKICL B EMHATLE D, &) RKEVE]
AR o3 (Hh, 1995). AATLE LIl
ERBREPENZEANRD D, £ Tld—Erhk
pEoN, BT AUIRREE < fThhTn3
(Ohata et al., 1994a, b), LH»L, @EDT -
LITNDKFINERHOMNCRIEZHETH 5.
HAILE Y 2 MROKGRHO RO LLENZFE G E &

ATRONAN, SO —IL LTI THEREODIL,

' CLLEbZARIE T ENAH T
KABHLTED, Ladb, ALGOBELTIIE
BWEEZTOKIIRE L, i, HFLETREN
B EKBFHATLE S &S Ra B g
THs (- 198). 2L T, 20Xk 3UKd
BroRihITHATLEHDTH S, —RME
"SRR HIRRL Y T

ML HRBRTH Y, FHIC bHEKEVDTH S
2, CAE TN TThbh TE LRV
HOWKITHB, O —IAT)NO3ME X
LIchifEe LTt ThE Ticlisdgsks (Kim,
1968), ki (Moon and Hwang, 1977), i
kEES (Bae and Kayane, 1986) &5 0,
NSENATHHRNEShTHS (- 3, 1981
Bae and Kayane, 1986),

KOFET 5D, 7Y b SALEICHED > TH
100 km D#RIEE (55 1K) 1 b B itk EEE 1189 m
DOF a7 7 INTHCLH 357 34" HiE¥ 128° 597)
DILHHK 2km OFHIPIETH 5. T i3, TR
T=NLTN] EOSEHTRRLEHI L -TH
D, HFEE OBNENEE > TL 5. FENZOD
D=L TN e 1995 4E 4 A 28 HOBEIC X
N KRDFEIET B DI, HHKEEK 300 m D5
BEroBLZ10m FEE-/EZA5THS. &
DAV OTOGKRIX22°CTh 1. BEEKNS
KNS BB DI TR &K & 75 > T A, EOME K
DiRER 8.3 CTH 1. B IEEX 10 m o
DMERMAED, P TIIAS IO EH Lk




F1 TREFE B 7 — )V L TN OALE
F—I R WG OIHTKRNRET S,
Thig. 1 Location of the Ice Valley in Korea
The talus arca is shaded, and the lce Valley’s ice is
located at the bottom of the talus.
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Photo 1 The Ice Valley's ice in the fense
The plate stands for Ice Valley in Korean script.
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Photo 2 Ice in boulders and the thermometer
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{(Moon and Hwang, 197712k 3).
Fig. 2 Cross-section of the talus
The talus consists of large boulders and has a water table at the boltom. An un-
saturated capillary zone is formed above the water table. The Ice Valley's ico is
observed within the square-box area.
(after Moon and Hwang, 1977).
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Ice Valley Model
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T, : temperature of air
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Winter Temperature
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Stream Function (day=110)

350 -

300

Height (m)

@ S xR
g o o
4 I} 1
/
‘1\

g

@w
3

w

[=]

o
5

n

a

o
L

Height (m)

150 |

100 - 100 -
50 4 R 50 4
0 T T 0 T L) T T -
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
Distance (m) Distance (m)
&9 EFNO 110 H ORI %10 E 7LD 110 [ O FAEEETLIE
Fig. 9 Cross-section of the temperature (°C) at Tig. 10 Cross-section of the stream function
day 110 of long-term simulalion from (m*s™") at day 110 of long-term simu-
wintler 1o summer lation from winter to summer
Temperature (day=180) Stream Function {day=180)
400 1 3 L 3 1 1 (] 400 1 L 1 1 1 i i
N
350 350 - L
300 44 - 300 = :
—_ N ~ = —
g \ g
~ 250 . ~ 250 -]
e -
5 5
‘® 200 - - D 200
T I
150 4 - 150 -
100 - 100 -{
50 T .. 50 -{
0 e = - 0 . T -
0 100 200 300 400 S00 600 700 800 0 100 200 300 400 500 600 700 800
Distance (m) Distance (m)
UK EFL0 180 H oMK WI2E BT 180 HOFARBIMTHEIR
Fig. 11 Cross-section of the temperature ("C) atl Fig. 12 Cross-section of the stream {unction

day 180 of long-lterm simulation from
winter to summer

(m* sy at day 180 of long-term simu-
lation from winter Lo summer

10



DEXTHETICEL, Z2IWRKIE-TWE, B
KRV & LT, 7 —F AREH~OEMNEZHD
WVIABONT —F A M H B EMG, £IT
KOS EED FRL, MTFKRE O iR
E o TWBI LB LNE. KITMGAL
DIOLNB LS ICATI TS, FERELT, RN
FRNARVETFIE 7 — 5 A PN S 50 m {2 &%
2 EZATRONS. CORRIIMANL LA
WAVKEE KB RO N B & @3 —5d 3.

ZDE EORIRMNBOAMGERE 12 KUICT T, 4
S & DIREEHENREVT D5, 110 OOk
D HESISHVERFHESREBED TV B, BEHRD
JlEiZH 50 em/s THB. LT, T—-FADTF
B KA A S VIR LN TV AHiETIE HF0
B FEERDEL W E[EREIS, HEEHn D ORERI RS
N, ThiLDIRIcEMEZN T -5 2%
Mo B> TIRE EFTVBEVHEERICN »
TW3,

VI £iHLEE

AR T, BEFE (1985) + Bae and Kayane
(1986) iz kY TERX NioxtFkEESIc LD, BE
HRAD T — NV L TN OHBKHEHRNTNTE S
ME I PERIEERIC K DI~ TIT MK
R AFCIBI TEWERLBREL o1
D7 —F ANBIENR L LTHAL C & THH
FEREERT 54, LFILET -7 ANED
MWVIEERIE AR E IS 5 & & TARICERE
NIREAEDRE CMRET S, &0 ) BB
SEERVD. AR & B M EAGRBRORE,
Azt (FHE) & Higiygsitio > 5
KT - 2ONMETHAB L, T LTEFRTE
KENIIKPLERBI LV EBETREZhAE S
D, YA A—7Db LRSI

AFCHBVT, BT —F 2D M SRAL,

F=7 ZANHEW - Y ETHT . HicF—5 R

DKM TERAEICIH D LRESFEL, JOT20
Wil & DHENAHHEILR L T T — 5 ZOREI
BEICTRL T A, — 4, BERCBVWTRT—7F
ARIMTHER & L CORBEMERAHRL, K&
WTRHSEMEK S N 3 LRI, 57— RN
ZHHRRROMEKE L TEens LRI S
h3. ZOLRBOAVORTF—F A TRz -7,
Z CTRIZKOHERIC L DN TOSZA SOOI
BLOICATITYL . ZD8EYR, F—F XD TFEM

H0m EEF-/ETATHEDRENIEING,
C ORI, KENEBRICR O ZEE &IZIT—]
¥ 5.

HGEFH T LTEDLHTEELHZE LT
EDHKDEEZEDHDTHS. blL, IR
LTh ks, KAToEREIEICTF -3
ADELGITL > THIRF SN T LICBH, HhD
HEUIREV NS WO T, KROTLIEIc X b
FOKETFERF LB A LIRBLALERARET
H3. AMROWBICLEE, 75 ANEIKR
DKRDIEHEL, T ORIFEDRINAEREE 72 MA
BEEL TV ENTELWVWA S, AHFOH;
R, HEREKEAREOEACHE, MFREEBIC K
D7 — 5 2D WERER VR T HH TR
BATMEMAVRE NI, DX SIKELZBLE, F—
7 ZADF $ FEHTRNRIKELATRAILTH A
feth, BFRICKEOKNERI NS LV I RENE
HEELLNE LHL, KU IDXHICKEL
BKEERBIEL D ENTEBOEIDDSHK
DBEENAD.

T, APFEEHINORTE  OBREZEL TV
5. £0—id, EFICOKOMNHIZT —F ROWE
KB 50T, TORTREATRONBEAD
B > THORDPMZCHEH LTV By — LA
INOFPNBE > TOREVEND T ETH B,
KRB RAITBHTE 200N OELICAS TR
V. AR T BEE, KOERIC KD G R

- 11 —




BOERTI2LENHAS. i, MpkksRTYE
NTHHIATE 213 EBUOLXOESI L { BV
XOICBR 3. L1/ - T, Moon and Hwang
(1977) i & ZHR 7R DRMAFIIE H o Ol &SI
LBMRO MR TEL O Z EXARBIRED O bt T
&5

o, EHHELTT—SROTREBIREE - 12
BLAFOMENKRETERL VS MEDE > TV 3.
AWES TREENICIA S T F L OBRBEIIE/M X
NTVWIEWL, T—F 2OMBRITEVEZATREL,
BROWEZATINELEYD, BWEZAFZELEKIR
RAUSK KB BDONEETH DM, AHETRED
EIABEBRVWEIABRAILLIHENTLE S DT,
BRAETHESE B0 T F 4RI H 5.
DOBHEIBHEAMND D, RFFREIEFADOL I
RTBETHROMCHNZ DI TRAL, F/, M
AHDH 5T LBOBRIBRLE @Y, £
TADE ST —F7 ARG fih Bk
BREBVOVERTHE. ThoDEMKIE—BE
MRS AMEAEERL T, EFLE—BRE
TH5ILREBROBETH 5.

Livl, 2R U TRAMREON, BVEIF
ERDBEE LI L WEICIIKAMNZ B E WS HTH
5. BEPMHEHKBET 30MEVIBTOEEITK
ENRENE - TS, —RIFRENLE VA B8
BRFERODE L H 200 b LNV, AfRick
BEEEROERAS Y — LT IO ETO
B—HTHB. TOLHLREACHEL, 58—
JEORAEEER & £ ARl s 2 BHBIIALETSH
3.

AWMETIR, TH o RFOX (Moon) ¥ &%
(Iwang) W ICEHN ORI, SMREPERD S
ATREBWIRICIE o0, Fh, FTHMAONARER
MERVREORMBAZ O SHFL L PRV
fo. STUCHLTHBERT 5. AR AASRES
1996 AR AL (1996 4F 5 HBIM) (cB W TRA I N

ek 19964E 3 19 /)
(SR 19964E 9 J7 7 1Y)

X #

M dE(1995) @ BOEIEEOKDRE T B i O A D%
75 lee Valley, K&, 42, 647-649,

WOKEL- X sk (1981) : R 1 — AT
DHEREEBIZIZOVT, IAHIBEY: 2R, 19,
218-219, ‘

BREIHEAK (1985) : HiMd - B0 RHBEA. KR 29,
8135-8137,

Bae, S. K. and Kayane, 1.(1986) : Hydrological study
of Ice Valley, Korea. Ann. Rep., Inst. Geosci.,
Univ. Tsukuba, 12, 15-20.

Kim, S. S. (1968) : On the ice formation at the Ice-
Valley, Milyang Koon, Korea in summer season.
J. Korean Meteor. Soc., 4, 13-18 (in Korean with
English abstract).

Moon, S. -E., and Hwang, S. -J. (1977): On the rea-
son of the ice-formation at the Ice-Valley, Milyang
Kun, Korea in the summer season. 28|11 AS & it
AREFERBEI U, 4, 47-57 (in Korean with Eng-
lish abstract).

Ohata, T., I'urukawa, T. and Higuchi, K. (1994a):
Glacioclimatological study of perennial ice in the
Fuji Ice Cave, Japan. Part 1. Seasonal variation
and mechanism of maintenance. Arctic and Alpine
Research, 26, 227-237.

Ohata, T., Furukawa, 1. and Osada, K. (1994b) :
Glacioclimatological study of perennial ice in the
Fuji lce Cave, Japan. Part 2. Inlerannual variation
and relation {o climate. Arctic and Alpine Re-
search, 26, 238-244.



A Numerical Simulation of Summertime Ice Formation

in the Ice Valley in Milyang, Korea
Hiroshi L. TANAKA*

A numerical simulation was carried out to examine the mechanism of summertime ice formation
at the Ice Valley in Milyang, Korea. The Ice Valley's ice is different from ordinary perennial cave ice
in that the ice is formed at the surface of the talus, exposed to hot air during summer, and disap-
pears during winter. The talus consists of sedimentation of large boulders about 100 cm in diameter
along the mountain slope and has sufficient open space between the boulders for cold air to pene-
trate during winter.

The author attempted to simulate the Ice Valley’s ice based on a theory of convective ice forma-
tion. This theory explains ice formation by an effective drainage flow of cold air penetrating into the
talus during winter, since the air temperature above is colder than the temperature of the talus. ’fhe
wintertime ice. may be preserved by the extremely stable stratification of the air within the talus
until the next summer.

A numerical model was developed based on a system of the equation of motion for air, the continu-
ity equation for air, and the thermodynamic energy equation for both air and talus. The physical pro-
cesses considered in the model are: 1) buoyancy; 2) Rayleigh friction, 3) adiabatic heating; 4) Newto-
nian cooling; 5) diffusion of air; and 6) thermal conduction of the talus. The governing equation is in-
tegrated in time by controlling the air temperature from —5°C in winter to 25°C in summer to exam-
ine the ice distribution and the stream function in the talus.

The result of the simulation appears to support the theory of convective ice formation under suita-
ble model parameters. We confirmed that cold air can penetrate deep into the talus to form ice in
winter and that the wintertime ice is preserved untill the next summer. During winter, the penetra-
tion of the cold air starts {rom the top region of the talus, a moderate downward motion occurs
inside the talus, and an upward motion dominates along the slope of the talus surface. Conversely,
in summer a descending motion along the talus slope develops to create a typical cold air flow, as ob-
served. A moderate ascending motion is induced inside the talus to compensate for the strong cold
air descending motion. The Ice Valley's ice melts fast at the region of the warm air intake at the foot
of the talus slope. Hence, the coldest region appears slightly above the foot of the talus slope, which
is consistent with observations.

It was found in this study that the ice itself plays an important role in preserving winterlime cold-

ness owing to its abundant solidification heat. Without the exisience of ice, rocks in the talus alone
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are inadequate to maintain the freezing temperature during summer because of its their specific heat
capacity. The results of this study suggest that the moisture supply from the underground water

table at the bottom of the talus is a necessary condition to form the Ice Valley’s ice.

Key words: cave ice, summertime ice, numerical simulation, Ice Valley



