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Shuhei TAKAHASHI 1978 A Study on Ablation Hollows on a Melting Snow Surface.
Low Temperature Science, Ser. A, 37. (With English Summary p. 45)
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2, BORFIUD ke Thns, KFLOEES, SHEFCRE L LEZBERITIESL LT
MNICEBTH- I EEBELTH, R LT, KEVCEISENRETAEAID
%, TOREXEER hEELOO6HIEBETH 712, MBI LEROEB L ENELLND.

ux & LRI 5, 2% b usL=-—-FEDEANRHLDT, usxl T\ Tov A /7 128

Re = Lz mpuite ()
kDdlo, BILKEEARB CTHL O FR7C ILBHBMERy v H V32 E Bt s 5
n, G056, BHTOBRLHREZTHY, FENTOHSEEEL Ty 2V, $16 i
Re & ws OBRE R LTz, REBOBE, Re DEHMHEIL 1AX1I0 7257255, A, CoOFRiEL I3
EZRZEV, BizdLAkzws, wFhedl ICEETHS,

10 —————— " \ T T

i

2 IS SRR | . N N PP |
10 0.05 0.1 05 1.0
Uy (m/s)

M*L
v

FIB vA /AR Re=

& BEER I us



6. 8 0 g &

BTN, BAA S L& -
TEXEGRTCE Y FBE ST
o leEBRTHBN, EMNOBEMD
FHREME D Eh iR e ia s
Aﬁwﬁﬁ%tkofvéoz@i
S, EBRTE, hof&MaHELC
Lt%n,mﬁbé&?(ﬁkb%
T, D ERWIKTAH - TR
NICEBENRET A A H D, K
FNEBEHER BT S 1972 F 0 FH 1l
T8 R 10 Has 11 HiehsiCtok
AR ORBERECHDH T &
MED ol ERVICEK - lkd b
LDy, 0%
CHARERERD - Bbh b,

mkxawﬁma@;5k
HEIND, BREF BT EH%
f%ﬁ%l@?éf,%oﬁ%ﬁ@
o, BRIXKME Lk Bmo
HDAHZ DTG, o
DS D TR EHE L, LD
KEEELPCLL S ET5,
1:iz@@§

I DE~DER T, 1I-
1-c (iv) TiT, [E{2F3 i)
AABETHDTH D L5 F.
K. Ball @Bl 4 ch s & Lz,
Lo L, DD TRERICTE
LI d 5 T, £ 2T,
WA LIc bR 0B B e M5
wITC - 12,

BT IR EROEEKITH S,
S DIFEEOWEE S - T HEHAD
R, EOHENEA TH D KU
30cm HX 15ecm EX50cm D=
HROBEEXEZ, Wlrdb 7> Vi

A T 5 5

Fan

BISE HEOWETOBH: XWioBfli Ll

(a) FEBRBIIAHT, (
R 0 AR

mm, %R 13.0°C

b) 20 5, (c) 45 48, (d) 80 5%,

Hlems 10, 0.5, 0.25, 0.125, 0057
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X o CHERN 4m/s OB E LB IO L TEERAMMIE, ok, MUloOFMEIIE
BHECRL, Eo/ME O IREIR TV, TOEDEHS I, FERE 1.0, 05 0.25,
0.125, 0.057 mm O AFEEOWE 2 WY AT X Bz @i, 18N @ F0E LML
BFThb, XBOFAFROEMIEL 2em CHRECRBGTIZERS LTWBA, MAlE b
R 45° DR CTH B IHBERX L ULR L7, BRIBEOW X S$D VI X » CGERI Lz
DTH5,

F 18K (b), (), () X FNFHEL KT 20, 45, 80 S HOBET TH B, 20 HHI
IR EH L CR D, SRR AEHE SO LCBE-ERCEAL, ZOBDIED
ETEIH 2cm TH-Tohs, B
NEEOERTHCEHT5E LT
X BB —E I 7o RO fiE &
—3 L, F.XK. Ball ® normal tra-
jectory theory D3R D 3TDZ & AT
M bhT,

WRLDWe~D T O E S IR
N2 mm U o onkL, £h
I ELL O, A LESDWT
Wb, ZOZ kX, FESRET S
B BRABEKDARBE TS LEH
2 AUE L, ERB B ORE
P05 mm BB TH-eDT, TR
RE L EOREOBR FIXFEE I
n, FENTERZE EES0R
L, PR OEA, AlfiEKE &
e, BEOFNRKTTHL0L55
D THH EHBLLR B, BE,
0.125 mm, 0.057 mm O KLy
HE~ZIFMERCA D ZATHSED
DRD B T,

F 72 19 IR TP 0125 mm D & IED ML e i LB oETF CH 528 1.5cm
LEAFE U7z 46 Sy, BRA—EHIC A TIRIZEF LTw5,

8. BEDND—- AR I L

THE COBIMEN R KBRS R X o TERBRLD 5 REGEL EoRE L, Fo
BEECBERAD A Z LR E R, T TINLREB L 5 582 BED BB O
TEZD,

¥, AL L5 L IS EERCER LCTES 2 LR HT 50, i
DNTERD 2 20BE DR L T TR L,

FE SWOBRTOBE: —BICHAL 2ga
(a) =BRBHAAHT,( b) 45 545, %R 8.8°C
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@ BHIEBEIRRETHOR A= VL LR ReHULCERBBSR OB H
ETEHTHD, WhiIROBMEABRC IS D THD, O, BOAY — L DEX
BEEOKRE X LEET S,

@ BEH (HEHVCIERAY) WMELIEFELIZLDOTHD., ZOHE, EHHEOUH
BDELBEEOKRE X LBET 5,

BRI O 2HEHTHRELBIBEENTH - 12ORD, KEROCKRE T b ORE
DEE IS F TORME RS,

FT Q20T BEDAT— A7 b5 a%HE L, 2208 RAETO %
—H7 g va— i E L, B0 RERETEERC X - TR Ui, RERATEEBIT
MBI X Y ACHBIBH Co) 2R, XLKBERENHCIDEZD R 227 35 4
PlaRdr3DTH5, Cl), P IRKD XL SCEEINS,

r
Clz) = ;Ln; 7,11: S:Z_T_u(t)-u(t—}—r) de , IB ) (mlsz 6
o v T Ly 4
- S P(f) et df :
- , -
R OWEE, HE TR SEPTHEN, ] AU
BRI RT L5k, BAERKOPOLA LLD ol
7em LS B Tfiksys, F0OEWEY N, A, Bo Uo=9.1 m/s
R AR E R L, 5m/s Th D, EABEILE iy i T =16.6°C
E# 3cem, 2 05cm K57, . A J/
5021 WA LB d 50 10 msee, TR N o e~
1310 sec D OB RTHD, CILALB SNOw

LADEFTRELBIIPELARTA T A AWERER B ERBHRO EOBEES A
DRHEbRTWAS, BRIFHTHDORIL, ARE
RS TR ELEFECECEREDCHEY 5> il s, WOy —ARERBROK X
BB Vo © OFRFESAR DIL2ETHE, FHRE Im/s, BLABHEOEZEH3cm
THHDT, P(HI0Hz GBI HWE - 7 WA TREBERELE - 212 R hinu,
Chbic kb, ROBEERC X - CTEAEFROREL BT EOIRETH S,
9. BEDKESH
B ® DIRBOER B OFFAER WD Fo DI BE OKFAF R BE Lic, H22KLVF
By (j§56cm, FE28cm) DR THICTFREZESE, I VOkDCEHWESBREAEL TV
WAE S RFRCLDTH D, MPOREATESMIRR, xS CRBREHAFH T
KPeBBTAHZI S X - THELN, TALRDORIRCEHREIRFCRLTHD, &
Eimm & 5mm OBESFICLABL, I VOKKOKEZ EFOLDCERBEIIEL, W
DITEESPE V. L L OBGERBMCKES Y, X=dem fiET—HEIZTH LD
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wH OB B T
1.01 Average time = 310 sec
Plo A AT =10 msec
olo \
P L S
Qo 0 Tet00000" Prgeet? Lt T g e ~T ol
5 1.0
v
s L8
e ||
3 3
< 0 *vs g 3 o - = & A (VLT
0 0.2 04 0.6 08
X102 LAG TIME T (sec)
poy A
71 A 4f=0.532 Hz
355 I.I \.- o
¢ M '... oo,
‘g- l'...~....‘..~'. . .
o 0 T T N TRAsattngpy T 2asg0ep
Y
&5 B
@
c;) J.....\JX. .“o.'o.uu.o.m
& W“““-"""\ﬂ“-‘.o..-
0 10 20 30 40
Frequency f (Hz)
F20E Ao DEBEEKE Y - AR T A
160mm —
80mm —» ———
60mm —> TN AR 2 2

«—8. 0m/s

v €— 7.9 m/s

e~y 7.9 m/s

50mm —» MWW’VM“MVWWW —7.4mis

5

m/s

40mm HWWMWWMMMW «6.9mls

30mm —> MMW&A{WWWNW\WH/WWW\WWW\M —65mis

0

20mm—aMw”*ﬂwmAN\M#“ﬂ@VMVW“M&MﬂW%v“%N}MWVVVW#%&M&M(—&9Ws
ZﬂOmm—»kWWANMﬂMWWMWMfVV\WWWRWWWMNAAJﬂMW\AWWWWMMMWWMWﬁAMe—5Gmb

cm
10
8 Smm —)
z 6
4
2 Z=1mm -—
) L 1 ] 1
0 10 20 30 40 50

X {(cm)
F2[  VEH U0 BEKES A
EC RES 2 (mm), HACEEEE (m/s) ¥ %3, BREE,»LE

DXL ETE, JE—EBTH DEFEHEMI LD,

«5.2mis

«U=49m/s

z=10mm A ETi, &K

Mzl IZIE—EThHbH, 2D I VOFEEC IAEFRITIE GRIcw, Lichi - TELE

HRORBREREFEHE CHBTLZ LRELY,
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IV. ZEHRROREEHE

1. finoEs

METIDHERREU L CTEIEEI R ETH L, BABEBOER L IXEREE u
WREBAIL, LE uxZfvicv A 2 A AE Re3ERECTLHNTHLIRIT—EHETHLDHZ &N
AL ote, LA LEZEEORRE LT, B OB E ML SR 02 ENES
X HHBIEEECH - e, L THIMBELBRORZRELE 2 1o,

FTERIERSTKET S LV HERIIMREECRIMCR S, 2% H IFTBREERN
B Lo TRERBE NI EEELD, ZORMAGERIMCIZISENARI 5L A& L
BT D, T2 CTERABBEOREL, BABORKHMC I LRIBEEROLENMICISEDT
HbDEB2I,

B, BRAKEATERCELL TN S EDEAIR, BRBAKEHGENLHE
THY, RS2 2R LTY, ERABRIFOERMCK AN L0 2 B/E, ot
ErEMNERETES, BHBALEANESOMOERRILER L TRY, oWy ETHET
FENESTOC L% N2 BT (separation bubble) & IE.8,

BAEREO I SWHEBOREVEEF B ROBE, IHBASARETNTISAT
HbH, LrLEAWERBOSE, HERITEIMEALER CIRAASLR T E 0835 — i
WCRIBEAERTRTH S, o, REDMHLMNBEBEFE L i R 5 EMOHEK
X, BAEROEE, ToTEMNRI T EREMLLZOMEREETH L, £ 7 M
BRI LD Mh oS OFER, REBREENWNE WS ERENLEHTE b 5T,

ETAVELZERO L TOKRKTFLMEME Lick b, BABI#MTLIBEELD
haBEY R L, 23K @) ZERN CREFOHBEROKRO -, &34 1 mm D5
R ARBOKFESTFETHD, BENELREME LTHY, BB EDH 1cm OFE TR
BB, X-YREHCREKESAMEYES L, NCR3EoNEDCEELTT, [

1.0 g T T T Y
T == 1
/Tw: Y \x —x——x
05 A ral
[ Ugp=9.2M/g VU
[ Te=4.9°C
L X
0 FETS B " I 1 PRGN B 1
4
Z —
2t T T +
(em) b P1 P2 P3
0 N 1 1 lo N 1 n ‘Lzlo a1 a1
1
(a) X (cm) (b)

23 (a) WHBEO LOKROKFES A
FEMR Y TRCEDLL, SRASY LI Y—ASEB TR,
Pt, P2, P3itlex 73, To, U it RS LW O SR, BEELYRT
(b) &KEoEESM (x=10 cm, 26 cm)
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R R LIcEHEOWR E KT DL, ERBBROADOL ZATRARILEL, BD L AT
BHEL T35,

F2 D)L, RBOBESM (FHEORWLD OER 10cm RO 26 cm) THHH, %
HABETH T/T= 305 BETHD, LI HPRBKFELMOEE, KOS TR 024
CETF5Twd, ThIBEOFS CEAB IEL RECEKVEEMNEOEHER
(laminar sub-layer) 23k & FiF bt tEL RS,

T, TOBRBORSMIELEBRORETHLEEL, VEROLZZORTILTE
HPERBBFTOTRD X 5 el % L, WIND

BARDEFT LI VFHORE TRAOK —_ N fp >
¥ EFRELT, Who i BT5, 0z L2539 \\//*sﬁowfﬁﬂ
X (a) DS 1 mm RO 5 mm DR F 4 Aic Bk O B 2
T, FRANEHELTLE 5 &25 & BEHOMOH e
TPINIL b, MEEEITNELSRD, L, |
NHEEMAET 2 A TIBESBRIBBATH Y, MEEEN
XEL QO IIREHIEL LD, TLTID
BAPFIHADOR R AERMT o ik, QDIICKRALBLANBTETCWL Z LR
%%,

UEoX > LTElMC B0 RENGBAIN D2, EENCEA +Z T 55N
LEOROBERD, ThicksB8LBmYAhilicbicv, Lasl, §ifo X 5 EBEOHBT
TOEREBERABOR B OV TOHERIZEARETH Y, Flthiikdbhicl LT
TR EEBREFVOTHERIMLI AT,

T CHEOETHNIVRAEREORCHC X » TRMBEERCRIETHEY, HH
HBERCDOVWTEERD, TOHREARBOERLEIOEPGE—ETHE L, BR
BENELET D R ENERTEL, TRERAOFEHRC T 5 RHATBEERN DI £
Zx ORBEERRD, 2RILEOBEOFEMMBDO Y I 2 V— v a vV, HEEEART
THHETER LI, $RBRAACADhEZEREEBRBCOVTHIERC IHFW AL, &
DT T O T35,

2. ZREEFIL

i) RPEMEER

BRBPAIETARCER CED XS CRMABERVET A EBETH, T,
EHEMB LT B, BECTOBNZEELDERD LIS,

Oun = Qa+Qe+0r

BL Qx: Mfficffbhs#E
Qa: BHBMAERE
Qr: BEEMDEHE
Qr: BEHRERE
Prandtl o & BRI LT, 0B WCFETREDOETIC X » THE I 5 EE Qa,

B2 WEBEEREEOHNN
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BOKASBBC X 528 %E Qe Y, BRABHOEI B35 3V, KR T, K&
SEEZHAWTRD X 5Eba N5,

Qi =aV, T (2)

QE = ﬁL1V15’E (3)

81 4E=E —-E, «a/f=P-Cp/0.622
<EO: FWOKEKHE, Le: ﬁ{hﬁ»
P: R&HE, Cp: EHELE

Pz
Qe _ pLe 4E
QA 24 T
_ 0622Ls 4E
=—P.C T (4)

e QriE, HHRRTHIEENEROSE, KO ICFETE S,
Or = o(T*=TY)

g: Stephan-Boltzmann %X
T: # &
T,: 273°K
Thoosh, BERABIICHTLEE, RBHEEETH01, 0s & Qe ThHD,
Fio, A X ABIGRE L KEKBEOBENRFA UL L, BIMEd Qe/Qa 3—ETH R
DR D leobThiE, Qs ORFIELERANE Qe b kDbhBHZ ik,
FZ T RFRBGEER Qi ¥REETH LEAGERK - 2 (1), WRX HED
PRDBKRNTRDz,
ho= =g DI e (5)
(1 + MQE > T
B1 C=pLg/a =0.623L/P-Cp = 1.71°C/mb

GYRDODFD THCIE=T" 13, BEHOBFEIA-LRBBREL BT ENTE, Ox
ko riscERHLIND,
Qu =hT"+Qr

CORFBGEERCERBOR LR ETHELE 2 D, HHEOLDICEML 2 KITHK
BLL, hd2®icE L, 25N
RYEFHLOEEOMP CORMEE _ —unf  —
K 2o THELDH, r i3ETRESE M@
RS 0 B CH T ORHD b OBHE 5o
xR IOREVcBEGRT 5, £ LCIV-1 h=h(xV.x,rf(3,0)
T~k o, MEMDOELC LD EBE RAREER e v BRS¢ EE
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B Tk BF) OBERPKROBLOEFICEETHDZ LD, b WL BERLDR E BT
DE aich X b, Flo, BRATETLBERMS Lo\ ShHBMREH D, BUGTHE
WELNTERVDE, ZOHRCIBLOTHDL, BIX X o TIEMELALIRo Th Y
KELHDBELHD, Tibb hal, WD O, P A EIEYRESERSKFRE 3
ABOBBTLH B, kic, BHBEOBEI MBI O N TUTHEANBETAHZ Lignbb
2B X o, BEACE U AHE AR AR E AR E W, DF D, A X P SO TRED
HX) 0o FE X BT S,
CMBEBETDE, RFTBEER 3RO L5 BB THS,
hy = h(z, U, a, 7, B, 0) (7)

hx 5T BRI D 3 ODHREIIFRFHEHEREEL LIcE LTERR I VERD
RDI,

i) mzxbiFoxhg 3t WIND
& EFOGRLYHE L DT, —\,_//;\
WX BIFEE a BE S 2 VOB THIT 7. X
SR Te ok DRk E A I U C R EME
FERYRDIz, 26 KiTEE 9.0 m/s
DEORBGEERE R E LT ARD
OEBOBFRTH S,
%%Wlfﬁb\fg_i ‘/‘"biaffiooi):% 1 1 1 1 L
. 0 10 20 30
45° ¥ THBEHCEL LT 5 & D% X{cm)
vt F226E W ETFOBHR
. . , . @ RE LFOAE
ORI IIUT, a BRE VR, @t E L A D OB
W B SEE TR FT 3 E 3 3R by hot x HEKECHOBMEERE

hx: = T {77 2
hE W, DE D ZOWMIEE LT ix i RFTEARER

AL it b, &, a=45° OHBA, xH5cm~10cm TIL A it a=0" DBE L b X
ELTI8%, CHITERBIBAET AL BMEENBRAR D100 TH D,  OMI IR
BEOB/OMH & LT, B liiib,

a=45" D& he BRKR E N0 D X 5 inlEBEY, BERAKEVENEILSRBEANDD, T
NRIELEFEOTENRECR LTS & 5T %,
iii) Le~vozR

RFBMGER he T3 5B L5 Lo ORI REBER D10, BEIRCEEZ DS X
57eAT » 7 TRTRO hx RO, EBRIZE 2T HORKPORKKCRT Lo, Fhigk
D7ry ZORTE, MOCEFLHMERDOKT vy 72 EE, BxiEzEY ORTTko
RIEEZIME L, h®wRDl, hai2 X, YORETHY, Kb TkBEEOR EHOREER
he D he/ho S REBAAVTET, Thicdb s, YIXPPUYTDOEZAThTRE
{7ed, —BCZDX537AT v TRIRTIE, AEEH» YT 0L A THRADEMNE LBEE
RIKREL DD ENBRTHOIENL SHENLDERT WS,
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BhEETH O 78 Zugike 35
X (cm)
10 15 20 L)
06 08 10
h(x,y)/he  (V=9.1m/s)
v ICE
ICE ©
F2TH BECIDLe~LHE
X: BEns o, Y: BEofEs (B o1 m/s)
TDT L3, BAEFEOKDI
B bTEEZ L EEX H OR-M .
wind
—ETHB L EREST B (14 . wine_x a °
), =Dk H/L1x1/5~1/10 T&H - ‘ce ‘ce )
te, BREASERORTHCSH D Al s
BUBONER 1T RhHETHE  he AN
Q p
HIL131/7x2=1/14 CTH 573, =D ho 2 U=5.1m/s | ./8 )
RAEVTR T 03 b BABREIE K & é,g’* *
WOT, EHIRERIFEL LT 1+ §—s— -3¢
ot i o fo o~ 2 X9 he=1.26 -SaL__
T, EERE CXENOMEH/L= 8§ ° =126 e
1/5~110 5 &Ex bR b, 0
iv) EEOH X DHR I .
RLARTE & ERE O I T A AR /-\
Bl TOMENRFREERC A . VA
BETHRERD L5 LTHN  he U=91m/s // X
Fo. EEAEEECHLTR DG MO 8/%
e % OlE 3 cm Dk EkHy B R P T /*—é-é-??-r .
—_0 S — _ ca
S TRA W, BB F A R—8—x ho=154 i
BEERDLCLIELLT, R S 3¢ 307 6 oo°
BHER he D 0 10 X BB " ) %0
7o, REIORLMCE, KicBE m s emw%
N N o3 @ 56
SN0 em DPEKHAED D, WER ) o) mprm CEE T T 5) MomERE
CRREESRESREREC o1 ho: KF (0=0°) EOBERR
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W ILEZATH D, U=5m/s
SEXRGE 5.1 m/s & 9.1 m/s DA D Bl E S

he LALLLIN
h
P 28 ICRT, ORI LB E, T /__U/\ wy\

H51m/s DA, 02ADK, BMEER I~ g o %
ETHBD, 0 DIEDOK he 1320 LI T 5,
0 23 90° KRV T ho 13N E L T T B D, T

h .

hy
LUk Bbhs, : ]

Fhest LT, FPHREIlms o acg 0 O 0"

W DO, 0 RIEDRE, 0 7% 20°~30° BE % T Ay FEWH BmAREROFEZSVTOHY
B—ETHY, FThbEThHIRELRLIETHSD,

COZERIVERRECHAEDORBENEETH S, F29NILORWERRLILLO
ThhH, LORE, BEb1m/s DBEETHDLH, HIHIEMHBHEIOZTHEDELLD - T,
OMELSIT O R EL BB h TR XL, OF b B Lo | A2 & iz KR iR
EENKRELOT, WMETFEILS S L5, Thick UCHRABELD EOEE 91 m/s
BEYTOMRTE, 05200~30° LT Ch i 3—E%DT, ZOHBHEMNOEFORE T
BB T 2 RDCHAORIRI NS &l D,

i, ZOZEBELBEOMEORKERD 20°0~30° THAHZ LELE®RT S, FOK
TR DO AFIUAZEFROWERC R TS, ERAEEREROUEFHAOHEMDOHAESHETH
B, AEIMOE 3 IEOBRTATEEHEICOWTRD L, 05 30° D EoEfhiI s
e, BIEOHA L —FT 5,

%

T

F30E  EmBAORES T
19724 8 A 11 B, RZEUBELFRAEOEROHE, KBI 1,560 7

v) SETE OBV E

CHETERTCEL I DOHDREHAELERE, FEOLORPIBMEEELRD THIE
HEAETAZELTRER LD, TORDIEKRE L5 FHARE CORREERY AL
s b,

ZOMBIERTHONH»OX, FEETIOWEREE b - i 5 5Lk S
OB L LTHD X 5 ieffilbh T 519,
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4, BhERKRMHEY =0 & L, =2 0bEHYHKRTS LT, Tk, RERFEO
FREERERRDLTAHRNLT 4 v /BB (Spalding function) S KD L5 WEHRT 5.

- Nux Tw‘
So = /\/Pumz | (9)

BL, Nux=hgx/i: 2y ¥

\
Rex=uorzfv: vA 2 LAY
twi EREILD, 0 ZREE
U FHREE, 1@ BLELGEE
v: ERREMEGREL hx: RIPTEAMZEE
TOAFEALT 4 v IBERILT T v b A P L EERSTAL U IR x*(E S M— dx) o
BN ThDh, kDL KEPIRD, 2 Lo
@ EEMBLS a=2 O BEOHE: BEBRABIBREEBRARACHSL ETHLE,. (ki‘\
BEOIMND,
S, = 05383 PYi(z*)V? ' 1o
(Prscpp/z';ov (%) > o
Cr: EIEHS, 10 KiMHH e
@ REERABOREZLLSG: BEEABRIEBREBULECRELLEELDE, P
=1 O BFETRRADHK DL 2,

Sy, = 0.1432(z+)™V* » 1n
%, FABEOERER witlT5 7529 ADERARNMNHLERANEY RS,
Tw/ptte? = 0.0296 Rex*? (12)

(Rex = to x/v)

ALV EEOR 2z TO a2 pikodbh, 10)RD LAY R W TR T BUE %
Rhe o RDDHZENTE D,

COBBMEE, KOBMMC X HENEZ, O OBECIREFE-HKTII, O©oBECE
HREOHFVERBE X D REV, UL, EAPERBEE RET AHER, REEABIHIR
FBLELDEELT, WAEER 2 2 EEL, 35m Eoai oAk uEELiuL, 10)RE
MRoORETHHERATATHRACThD i), ©0HEbFRAECEL 5,

IO X5 LCHERD, FRROCEY SOME « RORFAEER k28 bh 5,
RO ERIIEHCTH D, @&ﬁ%@%%m&ofm%@%ﬁ%awuﬁ%fmtu@f
EROZE UTIRTT,

z, = 839 uz™® (13)
x>z, Tl ‘
he = flx) = 0707 u%f 2™° (14)
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x<z, TlL

he = g(x) = flxe) (x/ze)™
(15)

BL, ZOBEEAMBEIY x=0>

L L, 1, hx ue DEALIZ TR TH
cm, cal/cm?-°C-hr, m/s ThH 5

COBHA L ENE O A & 31 R T
Miwmt, dBERNTz=2. O ETE X (cm)
LTS X 5 bEEE R LT #wIE FHEORTHRESRR

HbH, 3ODRLKIBEOHE, EH z BERBBRLAS D OMERE, FEHRILEE 151 m/s,

- . . 9.0 m/s, 5.l m/s DBH/OHEMELFL, O, @, & H
il & BRETIE-®]LTW5, %R AR
3. @ ER

SEEOBADRFIMEER, ROKARRE—THS I LI L DDA PREERL
BRIET3o0HERALNEE-1DT, ThLEHAGLEDIZ LR LT, £EDOATO
Rz ERLR®, EVHEXAZGCEHOMMBEELZRD, SHMCEABEENRCEIHTY
BRLISE L,

Y, 3OOBHBIRITRERRROEIE L TEDLL, KO X HCEBDSORFMEE
Ky ED,

he = hiz,U,a,7 B,0)
= Ky(a, U)-Ky(r, B, U)-K3(8, U)+ hs,(z, U) (16)
T 2T he (X, U)13HIES, FEOBMEETRDRLLIDOTHD

22T he, = flz) = 0.707 %t 27*
<z T bz, = g(@) = flzo) (x/ze) ™
L, z.=839u°
¥ Ky, K, Kxh Fhk 2 EFOHE, Le~WHE, SHOEXOBELYEDLL,
ERRFHOBEY 1 LT HRMAGEROEAEL LTEbLEIND, KRARIV-2ii)~iv) D
EREYEL L, TORBRRTHS,

K =14C {0.8(xl—l)/x1+sin nxl/l} (17)
BL C =159x10-%a-(23.0-U),
=X —Xs,
I =63/U

( a: PFEATORZETAE >
xrs: BAEHTRIAVCZBEEOMNE

£—8 max \2
K, = e—(ﬂ/52)z+c2 e—( 8 max/2 )

8L Pmex = tan™? 7]71
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C, = {e”( A =
2 = _—
e_(T>2 (r>ry)
ro = 18/U

(7‘: BEMTRSEVCEREM & P o (cm))
B: #45 MP L KFEONTH

BL, UoHEMiIm/s, BEDCREMIETHD,
*¥ 1z, U<7(m/s) DEF

1.0 (—20°<0=<0°)

1.11240.0056 § (A=< —20°)
K
1.040.02907 60 (0>0°

Uz7(m/s) DB
' 0.60 (0= —45°
K 1.8040.0267 6 (45°<H< —30° .
510 (—30°—F=20° (19)
0.305+0.0347 6 (6>20°)

@: PHETOHER
CHOREACTEHMBBOERY FHROB FHREOVWTKRD LS KFIETT -1
@ EZ:oFwy(x, )b, BELDIBRERVTEIOZSEESY RO, 12 8
D&M, The o TRIEE, BTACETS 2REDHIDTACKEDE L,
® HHEEPHLEALUTRETIOIZESAS BRKAMEED, SEHETOHEEMD q,
BHAMPALr RO SHkds, TLTPATOEEZI R¥x, Unb (16)Ri2XHPET
DIRFTBEER hx ¥R D 5B,
@ KRAPLDLERUTERZRDS,
Qu = hx(T+CAE)+Qx
BL On=0 {(T+273)4—278‘} (20)
(T: SE O )
o: Stephan-Boltzmann E#
dy = Qu-dt/p Lm cos 0
( o: E’@%E)
Lm1 Eﬂﬁ@?ﬁ!
@ TRTCOxzbl-TkAEERD, FLVWEHES (FREMNIE) %185
y(x, t+48) = y(z, )+ dy ()

FLEROGTETE, ZOBRBTHIVEBEBLIRE LAV SCBRIIOHETD M
Hoy b7 g AR YT L EBRIER T I5 T
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C DR B DE LTS S Lo
T, B oOhTEEOET HHT A8
bhtz, '

32 Mic o3t B s RamT, 3E
S, TSRS Jr=2mm, B

W de=1%, EHFRE U=9.0m/s, Tk ~ S
T=6.00C, ZK%@%E 6.11 mb (AE?—O) ’C@ 5325 7 B R O BB
D, 180 9% T 20 HEOEHE &%, (A), (B) HEE S L B EWEE T % 20 24T T,

_ (A): SEHEZRTEO L& EHK < Ba

s T~
€, 03 SDBATTTTRLTD S, (B): BEOBEMEVER: 7 (k¥ L fy
(A) IRAEEEDL W TFHERKO L [ 45%) 1'% BBE

AT ERBAETHES, GEpERy (O SECVEASURAsLoRE

FEMML, H2em BEMFE LU THLENCHEIT > T3, 2=00DF b h TRHHEEI NS VD
1T, La~WLWHRDDHTHB,

®) 11, BEROFMOMIT VEMD 2 vhih T, HiL, a=48"0RE EFaHsL L
BEThHD, COR, TTIVOEROMHPTELNTE, Thhb I OEZDPK ~EBITH
BLTo» THBBERZTBR LTS, FBEOROMIIREELXCRTHFRACEES LT,
b, ThHOETIX, BRAEROZERY 16 mmBEIC L - THELALEEEL X —&T5,

©C) 2, R TFHEAZEO LXK VT 22, S VFEOF VAR AN E LEBET
bh, ZOHE, ZOUYAZRIBMBCONTHEHELTNLA, TOBRTTRRITh AR
DBRELT D,

IR OB EORKR L EBOEROBET R BAIKE, HEOHFNERORIEIK XL
FHIRTW2, CHXI2DHRDI L, REETFOHEL LIZ L ~VOHEISE
HiehzbhTowichEBbRa, LaL, EOKDELEH L TEANEBZ TE T #
F, I@EABEHTALHRTIERFELILBEDbLLTV5, MiBEORTIX, KRFUAEEEE
THRELII L 5 CFEOWIT EELABENRZE L O eFE (11-C, iiD) &b —F%T 5, %1,
CORMEERIL, COBADIICHERBOWROBELSLHET L LATETHD, 2DF
BEOFETLH B,

4. ZRTHEBEORE

CHETBRRTELHEERDO = F AR RLKMEEE L R IOEELE -7, Ll
HARTE, BABBREIESKRGHTH D, BRAOFHNBIEAV YT, FLERERTL,
KIMOFENEY ZRICMCHET 2 L 5B hExHc Lisdhid, R0 ZRTHIRAVCELN
RETH, TOZ L%, RKEHRBEOHEELOCBEEEC X > THHET 5,

0 £ H &K #

J.R. Allen” |3/ & 5 O#BI X ) kb COBRRGEA KD, BhiOWKEFROIL
WHPBEET D LR R Lis, —iCKF X D BRPOHNRMROELHE CH D Hh O
AHALD Oo—Fk e LUK X h BEREORERHE L RS, BIHEOZRITALOHY
BRI,
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W &3, ZOBEREBI A7 7 4 vioHt v A vigE Zlbs 2 vO W REE T
BHYHHRECE - CHER»ED &, RV TIENOLCEI R TAVCENTE, T0
X o TEMRRERDDFETH S,

B ORI AR L CIF D, RIKEKIC X h 2 DRMRME Kbz, 533 K (a) 11RO
B, O)ERERMRHNTHS, TRTEBHMERIASHFRCR LD, & O#H 1 IV-2-iii)
TRINIE D, ErbORRI LT DS THB, BHEHELDHMCHE T RGNS
FTLLFTTIEARS, BHERLECHR - TREE, HhXABEHLTWSE: BEHLE
(nodal point) &I A LTV 5% & & (saddle point) AR HLICFHEL T 5,

Sﬂ\ﬁ({uumu 7N \ﬁlf[f/f/ﬂ

%
R AR Nz,

N
PN/l
aNIM

SWirsS
~
. :
<—§—> o Nodal point 0 cm 5 i
-§ e« Saddle point
5% 3~ Attachment line
SE33E0 e VBLEE o> B o PSR B AR
() Bilix E2 5 RICFEH, AOTBEEEOMmGe 2, BEETas 1,
B 9.0m/s, RIETE CHIKIZR 2 2855 HAER BHTE-BoT
WHARTL CHEB-cl D
(b) mmEH

wag—»‘

T LG ERR EFTREEREY S - BOTFELEKRL, DX 5k, Taylor-
Gortler voltex™® &\~ 5 R, DB A JT % &2k < HEEITRE 250 & WETR
g dinn Lo E (EE L EAFE) OEV Taylor-Gortler vortex 235 495 = & A4
SRTWv5, BIAEBRCLEE I m/s CRERER LG LTEZIARCIE -7, BEH
LS THEES I 0 BEEENE L, MBERAEVCESNIBHBERIER CEZIPRE
BAHETAHI LIS, HRRCREBERE TR, EE LTARLROERBENED
NADWE, HNRPIRTHTHHIERBIOBENEBEDOZ DL I AR E,EDDEELL
has.

KD OELR D ol b THE, THHIED XS REEYRIETHEA D
P @ CThHhBH, ERIcm OFBOBLONMTRR Y BEAEIRE TS, FORT
T Dk & TR, MROEAFRCREETEARD D, BEOKKE S22 H -
CEZOTAUDBR T HEIRABREIED EFTw5, Tibh, Z0X5BELNHD LR
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HOE (a) FIREZORERHE (K 94 m/s)
(b) FFEL ogEHOME
(c) HFL LEAXORMMME (K 9.4 m/s)

ONIM

«&» o Nodal point
» Saddle point

;—}\ Attachment line (c) © 5 cm

THTHEAFROENREZEL, KA &ZRTNTEFEREL TN EBPRS,

Fiz, COZERSOMBOBLIEERIVILBEBCOVTEE LS. B3R GIEED
BHEOERE, )R LToBHEOBAEORRTEHONTHAH, BEHLEOMED, BAZLE
AL TEY, RTHEk A« CHihPNEE LD > C D005,

COESWERTGEERICI S SN ZRICH e » T, THEHOMBESED X 5ELHD
FHTEFCEECH A, 1 2OMBOELLLEMIIAE 28, LEoEmRgER, S
BHDRT AR ERERE CR e B WEBIBEENRTED EBL bR, BHOFET
BZDLSCEBELDHINBERTH S,

i) &m oA %k

EAROREE S BE S LTC—E T, BRAXRECELLTHWS & ThuE, BlEE
BOELENRTH 2 ELHEFIIFE IR el vz el s,

DT EREDPDDRICKD X5 EREIT T, BORBEER 20 cm o [ <
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DT O RO S EEET 5 &
5L TR E, ZoMEHyEe—4
— X b, ERFENCH LT £45° D
& TR 30 ok b E TR X,
RN T, 0 % AR h T
Bl fEZes0CTHBHH, M5
& o TR I AL LT B
DERULZETHDH Tl EH5
IR RESTEPT VLS VE
Bo: vEBEHERLEITENTH
Do A 35 BT IR B OV E R B IR
40 55 1% (U=8.0 m/s, T=12.0°C, ey=
11.5mb) DEHETH D, FHOHIIC

I HEERAEE LTV EOIR L,
lWﬁ%ﬁrmH%@ﬁ&ﬁf%fm
B. ZREHE SRR TH
%5, EHEERS & REOT & E8IE5 -
T, TOTEFLAD AR
BeTn s, FABtBEETAITT b
b, CRDRBIIECDT, S EB5E WS 0 R T B LT O R
BEZALORE LTI SOOI gy () 45 945, R0 55 4510 30 sce, fo
L THRAZEIE & 5 Ch ZIRITCE D [ £45° O 5 ) EEEEI Y T 5, HE 8.0 mfs, iR
T T ENE S R 12.0°C, KZE&E 11.5 mb

V. #%

FHBRICOWTC, ThE TR CEHABNS XORROBRY T LDBEKRD LS
[l

1) ELERRED HEREGE EoRC RET D, ORI FHHEOTNE - KEK
FEw X b, BROBE Tm/s iithThh, WHATA~Sm/s fiiETHD,  OEAIEE BEE
BT E LcRy, BURER Ty 0.5 m/s, TA-CILM 0.2 m/s CEA Ol E W,

2) JHIAER T, ERBEo~E Ly, BERCRIHT 5, 7ol s UCEEERE w.
HWSE, BATOERLEROERE EZHD, v/ v X Re=uclfv H3—5E (10° BE)
DBERRD 5.

3) AHHIEIE O RERCIIBIRA VA, FERINCER O = LHE - CTELBRED
20N WM?bﬁﬁ%fén

4) HABBOBERLEZIOLIFTIE-ETLS~1/10 DML H 5.,

5) Do =3y, = INHHEOEMRITHCBYTARCEPTLILLKIB LN

o
il




44 W oW B F

F.K.Bal O3BRHE B THHZ LN DT,

6) TLEHORERBICOWTUL, AL VORTHOEHCIHKEREENL T
BERBEERLC LY, BRABOR M X2 RITMAEE OB LS B2, HhDkD
A TORE ETOMNE, BILLDH Lo ~VORMBEOHEODRD 3 SOBERTHEL
Tz, FNTROBERCOWTOERBERL L, AR IET L, BLEROBERLE
HEXORNBE-ETHHZ L, BRBEIFET S EBEBTER, ¥R & B
DOFENK AT 5 &b ERBCHBTE . ‘

7)) ERDO3 OB ELEGHED I ER I > TTRILDEEDPEERZIT L, &
VORTHTEINTE TS BTFERT I ENTEL,

8) TRILHBIFEHEBROEHAIALETHLHI L, ROBRAEI X » T RIGH
BRABKSRTERBICILSZEXERTRLL, ThLabHARCES W ABEBLEE T
BERTWTHEZ EREBEEN 5,

4 5

BRROERCEE LT, ESSEREMNMBERER, L@ KRB0 5P 58
BEZE)E, M)W F KR ETM, mEREEM, SHRE Mol @i v E
Wiz,

AL ERFETEHEAN —EE, ROEBPHEBECIBEHESRURENFOBEMTE LT
MY IR E BT,

ERBEI AR B, MK —BEENA DR ERmREYTH T, BIRABH
R BHROEBROBICKE R -, NEBBEELLIFCHE DY ELHE
7o THERECI, RBEEELEDDIYE V., 2o UTRCER - LET,
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Summary

A number of polygonal hollows, which are shown in Figs. 1-a and b and often called
“ablation hollows”, are frequently found on a melting snow surface of perennial snow-patches
in mountainous regions in summer. The formation mechanism of these ablation hollows was
studied by field observations, wind-tunnel experiments and numerical simulations.

1) Field observations

Observations of ablation hollows were made on a snow surface at an elevation of 1,900
m in Mts. Taisetsu, Hokkaido. Lowering of the snow surface was measured once a day at
40 x 41 lattice points in a rectangular test area 195X 200 cm?, whereby the appearance of abla-
tion hollows could be expressed fairly well by the frequency distribution of sharpness and
two-dimensional power spectrum of the snow surface. Comparing various meteorological con-
ditions with each other, it was suggested that ablation hollows were formed only when the
wind velocity exceeded the critical value around 4~5m/s. This conclusion was confirmed by
observations in other regions than Mts. Taisetsu.

2) Wind-tunnel experiments

Ablation hollows were formed on a snow surface in a wind-tunnel with a working cross
section of 50 cm x50 cm (Figs. 10). Ablation hollows developed in the wind-tunnel, when the
velocity of the mean flow exceeded the critical value of about 7 m/s, irrespectively of air tem-
perature and vapour pressure (Figs. 13). This critical velocity corresponds to a friction velocity
of about 0.5 m/s, whereas the value found in the field observations (4~5 m/s) corresponds to
a friction velocity of 0.2 m/s. This means that ablation hollows can develop more easily in
natural conditions. Though the artificial ablation hollows were generally smaller than natural
ones, the ratios of depth to diameter were almost the same, ranging from 1/5 to 1/10 (Fig.
14). The sizes of ablation hollows were inversely proportional to wind velocities (Fig. 15),

while the Reynolds number, R, = UL , calculated by using a friction velocity and the diameter

of a hollow was about 10

Along ridges of ablation hollows many particles were found. According to Ball (1954),
the concentration is caused by the movement of dirt particles normal to the surface of melting
snow, which was confirmed by the present field observations and the experiments of movement
of sand particles on a melting roof-shaped snow block (Figs. 18).

In order to make clear the growth mechanism of a ablation hollows, spectrum analyses

were made of wind velocity obtained with a hot-wire anemometer as well as carrying on
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measurements of two-dimensional distribution of wind velocity. It was found out that diameters
of ablation hollows did not depend on eddy sizes, and that the possible standing wave of air
flow over the snow surface was not the origin of ablation hollows.

On the other hand, ablation patterns of the snow surface in the wind-tunnel experiments
were noted to become wavy with transversal crest lines perpendicular to the wind direction.
It was also found out that the temperature of air over the developing wavy patterns was
lower at their crests (Fig. 23). It was concluded that this temperature decrease, which can
be explained as having been caused by the separation of a boundary layer, has a significant
role in the development of ablation hollows.

3) Possible mechanism of development of ablation hollows

Ablation hollows are considered to develop as a result of the difference in local heat
transfer coefficients. An initial hollow on a snow surface causes the separation of a boundary
layer ; hence the local heat transfer coefficient, hx, decreases just behind the separation point
and increases at the reattachment point, that is, the point where the separated boundary layer
attaches again. As the melting rate is proportional to /ix, the difference of hx causes a new
hollow at the lee side, and this hollow gives rise to the next one.

The local heat transfer coefficient was assumed to depend on (a) angle of wind lifting
(Fig. 26), (b) degree of shading (Fig. 27) and (c) inclination angle of the snow surface (Fig.
28). Experimental results of the dependence of Ax on the three foregoing factors could explain
reasonably the formation of successive hollows, the existence of the critical wind velocity,
and the almost constant ratio of depth to diameter of ablation hollows. Numerical simulations
of two-dimensional development of ablation hollows were made by combining these three factors
and the local heat transfer coefficient in the case of a plain in a turbulent flow (Fig. 32).

Most natural ablation hollows are not wavy but of the scallop shape. This difference
can be explained by assuming the existence of Taylor-Gértler vortexes and fluctuations in

wind direction in natural conditions. This assumption was confirmed experimentally.



