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depth hoar crystals at high temperature gradients (II). Low Temperature Science, Ser. A, 51.
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Abstract : A series of experiments were carried out to understand the relationship
between growth rates and temperature gradients of large magnitude, which appear in the
surface layer of snow cover on nights with clear skies. A snow sample, whose density
of upper-layer was 80 to 100 kg/m? was set into the device.

Each temperature at the bottom and surface of the snow sample was maintained at
a set a temperature within 0.2 C. During the experiment snow samples were taken 5 to
7 times from the level with a temperature of —6°C, and microscopic photographs of them,
scattered at random on the grass, were taken simultaneously. These photos were
analyzed to have average size of -snow crystals using an image analyzer.

The average size increased with time and the ratio of depth hoar crystals of skeleton
-type also increased with time. The average size in each experiment increased linearly
with time (r2>0.97). The larger the temperature gradient was, the larger the growth rate
of the average size was. Compared with the results of experiments at a temperature
of —16°C, growth rates at —6°C were about 209% larger. This tendency could be seen in
Marbouty's results. Although it can be considered this tendency is largely due to tempera-
ture dependency of vapor diffusivity in air, quantitative discussion is difficult because the
average size used in this study is the size of the projected area. To derive the mass
growth rate from the average size in this study experiments in direct measurement of

crystal mass are necessary.
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HWHMENOBREZIET 2 L HHE & OBR TR 0 CilEEERL, BERRIGEM IO
NTERIIMEC 22, LA L, (BN AIE, BMERE 5B ecm DBRED EZHTHED
IR & B NERSHED (& 323 NERRLEY) 2RO N, S LICEHEICAET 2 L BURBICE
TY2EETaT77ANELD, Thbh, MEDICEKBIIBTKRELBEXAIBNLIE
BESMmE b,

HWHEICIEWEEERIC BV T3 10~30 K/m BEDBEARILHEO BRI bz > THRE
T20I2x LT, EERB TIIEMHHI 21 100~300 K/m b Dk & Wil En s | B
LT ENHDY, INLDBRENEICERTYT 2 KEANEENELSBE N L o> T, MERNTK
A RICEET 5, 29 L TRELHERIILLSLDTEAHEN, H L 5EICEH
D RFT THERNE L SNTEL, L Lahs, MERBICBENL KX LEENRN Y &
THRETALLELHFICHER L MRRA L, BRESHORERELHMT 2 ) 2 TEE
MFeh @ T 5,

AN L, EEEIEEL RELBENROTICEE, BWENBTRETALLES
DEOHREEEZH/LZ ETHD, 40T, BE—-6C, BE 800 kg/mOBEIC DN, BE
HEc%E 100~300 K/m OHFIPA TS ¢ RREE 2 Ked 72, £72, B0 TRz —16Clz 1T
LEERES L CBRICITOhN - EBRER OB 21T,

II. X8& K &

B1IRRZENTHER L - EBREEL TR, ZORER, BIRTHRES N REEERE
DEBEREZHRT 52 #BMICHREINZINT, V=THA FtEHINLEHARED
R— A DI TABRTAIEEL > T,

ERICHCLERRL, BE(p=)300~340 kg/m*DTREDOLICEEH cm T p=80~100
kg/m* LIEA5 0 5 gt & L 7c. (KEE0 LG, BEpkE ) B THBokE - TELN
720 KEINBOHNOMIE 2 PEITHZ L2 & » T, EOBWEL p=80~2340 kg/m* > HipH THES
THZEHTES,

FTHEERENLERXN2EBREBICAN, KL )L TRABO LR THICIEEZL2 5 2
720 W75 % WrEH TH - 72 B30k (I8 40 cm, BAT 40 cm, & E A 10 cm) % IBEERIB S 7z
E—F—kicry FL, T—F—i2 & NHHLRIC 0.5 mm/s DEE T - < ) LT 5, &5
BOF LW B BRI, KIREEE L A CThiS niz, T, EBRETICITIHHEE
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FETFE R EHTERIC 2B IR £ 2 BERE R L2 X - 2

TR LA E DESEPEEME 1~5mm) k2 Ry —2EFlL £ —y—%F1LX
TERRERE A — ISR OHE RS MAAETNTE Y, ZOERBERRERIC L) SEASORTAL
EXEEEL CORMIT—ERECHERFI Nz, ZhbLDHERICL > TERBo LEE TH?
EEREIZ02CELY, I EEHRBELTRIBENE L WAk snr,

INEIICLT, TEEENEY Y TN E—EDRENRETICEE, Y 7TAUATLLES
DEFRES R, 7Ny I RRETHOBEN—6CIcL b L) L TEHOREZFEGL,
100~300 K/m DED—EDIRERE T CHlREER #17- 72,

EBEEMIIB L Z 100 T, ZOB 1lem DBEEH 5 5~7 B> 7Y > 7%4T - TEEM%
ETTEEBRELZEELL, P72 ANLICT > F LI ENF > TLOHEEERITY, 20
SR TR L & ICHEHEIETEE & F W TR T O ML ER(4) % FHIREE L L THEITL 7.

. RERBER
#a DEBRICBT HREORMAE S 1 RICRT, 22 TR, BEYR 157 K/m DEBRRE

BEGICHERSRTFOEROBRELF LA ATOL I EICT 2, S2REH 5EHICT 7
ENR ]l cm ERBOEMBEER (F55L) ThHa, 52 M@idkE D BTl - 2 H%
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No. |18 | IBESE | FHEEEE | T | EHRR | EREE | e
(c) (*C/cm) | (hour) (18) (mm) (mm) {mm)
#1 | —6.09 1.17 18 231 0.187 0.064 0.0042
24 273 0.247 0.105 0.0064
48 149 0.389 0.169 0.0138
72 152 0.515 0.228 0.0185
98 123 0.558 0.308 0.0278
#2 | —5.87 1.57 12 271 0.199 0.067 0.0041
24 254 0.295 0.120 0.0075
36 176 0.348 0.160 0.0121
46 176 0.430 0.160 0.0121
72 124 0.600 0.236 0.0212
84 126 0.661 0.229 0.0204
98 118 0.779 0.295 0.0272
#3 | —6.16 1.78 12 286 0.203 0.079 0.0047
18 306 0.304 0.114 0.0065
48 170 0.583 0.304 0.0233
72 115 0.746 0.389 0.0363
84 124 0.843 0.476 0.0427
#4 | —6.00 2.85 16 242 0.329 0.121 0.0078
35 189 0.477 0.207 0.0151
46 146 0.632 0.268 0.0222
69 122 0.906 0.375 0.0340
80 102 1.051 0.378 0.0374

DIREERE (L&) Ths. EEEREL, BORROE»LH->TwbZ Edbhrbd, H2K
(b, EBHG 12 EEOHAB TH L. AF-LEZ2 L 772y P ROZ L L T LHENR
% ALNE(d=019 mm), 24 Kl (55 2 K(c) 124d, X0 KEZ%(d=0.295mm), =
LLZTLDFLay TRTIDIDLAERAZFHOBRGERDO L L ELHENL L > T b, 46
e 1% (d =0.430 mm), 72 B#RH#%(4 =0.600 mm) & BERHOREB & & LITRESBRE LBRRKOL
LELOFDEEH L Lo Twd (B2R(d),e). 98 R, FERRiL 0755 mm & % 9
BEAEDHEDPEERDOLLELDTFT L - Twd (B 2H(d),

ZOMORENEAGIL, FEIRKICEHAERNUSE ([0) De—p—TRENTWE, H2HTR
SNUSNDREBREA (36 3 & 084 B¥RL) ICBITARRLE INcBREN TS, Mo
ERIZINLDT— 21 LB/ 2 BEAC & - TR L N2 ERER TH 5, WiZic BV
(r*=0998)RoNBZ & LRAAITRR & & HICHEBICHNT 2 %2 5k, ZOREHR
FERXERERNMMEE T2 b, ZOEBEROEA 1.807X10—9 m/s (=0.156 mm/day) & %= %,

ELICRENEYEZ T, FEAKOEREZIT-> 2, WTROERICBWTY, 10 BRI
DEETRTTRBEROLLELHENRLN, ORI LICKET 2 8EIBEINT,
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B3R, FRFNLORL - REEMGEICEBIT 5 1 cm BREOFEHRFEDBEE(LIVR S
NTW5B, WTFNDERICE W C L PRI & & LIITITERICEIN L Tw 3 (#2>0.
M EZRDEFABLI U ZFOWELLRKOLNIBEEELZ N TNE2EBIUE LK
IR, RHTony F L 728R401d, Marbouty(1980)2 DEERFHIK 2R L T 5, HDEEBRWE T

F2 AR DBSEE E(—6C)
(a) EBRBAERMORE, M ZRET2 6 % 5 VIR
(b) 12 BEME, 4=0.199 mm
(c) 24 W%, d=0.295mm

d) 46 BEfE#%, d=0.430 mm

e) 72 KM%, 4=0.600 mm

£) 98 KER#:, d=0.779 mm
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EIR FHRER()DBEBE. 7 4 — 5 —RIBESEK/m) (8E-6T,
LR oERE 80-100 kg/m®)

w2k

FEENo | 5w R 7?
#l y=0.00468x+0.138 0.971
#2 y=0.00651x+0.129 0.998
#3 »=0.00864x+0.134 0.993
#4 y=0.01130x+0.125 0.995
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F4E W FHRICEVELLEEEE, O T=16C, p=80~100kg/
miC B REEROHREER-KEL, 1991), aB LA T=—
4°C, p=180~200 kg=m*B L ¥ T=—10~—18C, p=180~290 Kg/
m*ic BT 5 EBEE (Marbouty, 1980). -~ FESII Z L F TICH
REBR»ITHNTE 25,

270K/ m DEEAR CREEEIX ERMEE & 52 S HEI TV 555 KR T3 100 K/
mUETHERENENOEME & HICHBEROEE IR DV REHELSMT 5 2 L RS
iz,
KL F DK E v & &) Marbouty ORIEEFNTIIEABAIRIC L\ 2, KELHHBREL
BFATWBEEEZLND,
. # &=

HEARORTAR (O) IHRE (T)—16C, EE (p) 80~100 kg/m’i2 BT 5 EERDH
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B @ER-KEE, 19D, 2= (A) tAZMA (o) 1, #hEh T=—-47C, p=180~200
kg/m?® B LU T=—10~—18C, p=180~290 Kg=m?c B} »EBEHER (Marbouty, 1980)
ERLTWw5, SEND-6CICBIT2REHRE (B) 3, —16CIcBIT 520 (O) I HA~FRHE
BIZ 20%FBERELS > TVd, BEIFBVWIIEHREESREEAMIIALATRLE
Marbouty D#EF LB L T b, ZHCRAKEREDBEKREEIRES(HEBL T HLEE
Zend, UL, TZTH- T 2 EREERIBREHNFOMRHELERIIOWTDALNLDT,
FOHBOBRLHRIEL v, SRIET, T2 THLNLTEHRREERORTOER L N
FREHEL I LKEANDMRE L ERBILT 2 LEND B,

V. #& B

BE—6T, B 80~100 kg/m*DEHRBHZIDWT, 100~300 K/m DRENEL 52, BEE
FIzBiT 3 L L ELOENREHE ZERMICKD 72, FPHRARITIREE & LICITITERMIC
¥l 72, Marbouty i3 70 K/m U L DRENE TIIREREII IV ARSI P ThB EEZT:
D, REBRTEINMIRL TREEERS 2 SN 2RENREOMME L bIckE( o2, 4
HOERIC L - TELNREREIT—16CIC BT 2 ABENER TE L N7 EREIC ¥
20%KELEE LT

ABFFe THH L 72 EBRIEE o> 22 B PR BEHRH R I (R E R AT e B BB D A HIEATHEIC L -
TEEI N, 72, REBEAHLEREIC L > TERINL, 2L, mRiCiRo,
LEHWLET. &b, AMRICERLZBHIE, XHASHEEEL» LM INT,
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