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R1 DL 50NKREE

B KOS R (w) ExomERE(L) & = OB EARE (D) L/D
—5.0°C 4.0 mg/s 3.7 em/hr — —
-55 4.0 3.5 0.30 cm/hr 1.7
—4.9 13.0 3.3 0.38 8.7
—10.4 4.0 12.5 0.38 2.9
— 9.4 8.0 7.0 0.47 14.9
-10.0 14.0 6.5 0.48 13.5
—10.5 27.0 4.7 0.47 10.0
—15.9 4.6 19.0 — —
—16.0 7.5 16.8 0.65 25.4
—14.6 18.4 10.2 0.68 15.0
—15.4 28.6 6. 4 0.63 10.2
—20.0 8.4 22,4 0.95 23.6
—20.3 16.0 14.0 1.00 14,0
~18.7 3.0 10.8 1.00 10.8
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(wiZKDERBER) THZ, g, 2r=1~2cm, W=4~30mg/s, 7=1.792t > F &
72 =1.792X 107*N+s/m? (0°C)& 131E, Re=0.15~3.6& 21, BERIMELY X242
hEV, LEFST, ALD55RRODE55PMETE L XORBEOTNIIBRLEEZT
Fu,
DELPMELTWB L &, AKEOREIZER GRE T,) 1280, ) FEIIAKFHE (B
BTy £5-oTW3 UM, 2Dk, KEORNEICIZBEMIELTFEL, 7 ORE, it
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b3, thth, AT=0.06~0.15°CE&L*
AT =0.01~0.019°C iZ4i% ¥ 3

DHGHPGETIETTH S, COZL2ZELAABEOE S IWEICHE R 3, H4HO
£z, BdOKRBEOEREZE SN & LT x 82k Fize ), KIENIOERE (T)D <8k
DHFITEHEBRET 3, 27T 3¢, BESHIHHT

Td_ To

T=Tot ——=z (5)
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» 5, EROREDRE, KEORKMEEIIRSWTWELEZLHPERALPE LAY
BURDFER) . 2 IEZ DA, KEOESEI L2 AB)TEbLEN S,

BWHAKDIEFZEOFERIRE S TRV, 20T, FHEVERRATEML 2L 2
A, EEILBVERIE SN CEI5K),

RT
22T, RIFRMER (8.31434)/mol -K), A =6.536 X 107*N-s/m’, E = 23. 2kJ/mol T
o L7t >T, KEOHMFEED>TIE, Kb)ERA6)25
E

R(Tr+iﬁgllx) ::B”p(_"%x) 7

%3, Taylor BEHERIL TERbIh-H5-EEMe & B,

E
7=Aexp(——J, T< 273K (6)

7= Aexp
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p =% { 1— (i) } 19 L0 3BAT, HESHIER
27 d W0CEE S e, oM AN
T ik (ve) THUEIEL Th 3
__ p&d
v= 37 {14
B LU Nusselt O (KBWHPESN 3, 10 0 10 o
R10: ROYTHE L 2okmgmomEsmes [ ]
URIZT Lo ORI, Al REE  2a /ﬂ
BhoTh B TLBEVES L GEREB. [ TR
6L, KEEOIE & (d) & FHIFOE (T) 2, 2t ././' =
KOBRR (w=2mrQ) TENE3LE 325 | o |
e
FLELDTH B, HITIE, KEF2EBC D8 -
F&, KEREA —10°C 5L U —20°C DHAE Y SR N N S B
PRUT 530 ABEEBREKE 5% L BE0 B® e e
FHTEEIE, 0°C L EZ BAICHANT, K0 150 @%HKOKMEIRE (1) & axt
B (T) DR OB

X<, KEOE ST L DE W, Z NI EIK O
BRIV KEVRPETHE,LEL, Z0EVTE
BEEFSYULTIZT EZ W, LAN-T, KED

EF— 2 101F, R6), 7=
6.586 X 10 *exp (23200/RT)
N's/m* TR EHRER S
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B Sk 2 BmT 3Ry, 2B0°C OokEH L L TRE BBV S 20,

F16XIZHWT, KOWBEIBT L, KEOES HFERELEMT 52, 255 DMK
CEE L TEE DI, AIHEOMINOEEAREIZENTINSVWETH 5, FIZIE, KOMHE
BAIMEICHL AL % (5mg/s—50mg/s), KIEDE &132.2f% (44pm—964m) 2L A% 5
Zwp, FHi#i 4.6/ (0.36em/s—1.66cm/s) 124 % 3,

bhbhDALD 5 5DEERTIE, KOMBKEELF8ME (w=4~30mg/s) DEHEHTH
2. L2L, SIBXOERICENE, KEOESIZIBLZ 2% (d=40~80um) DOHFEHT
LhdboTWihdoshleiltd, BEMEIIHVT, D5 50K DRKEREIKOMHIEE
IIREAEKEL ZVER (BIX) »Boh-0lE, ZokbtELI SN 3,
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KteREZELs 3L 5, T&E (BB O
2, BE (EHR) OBLIZENTHEX
e AT25 5 0RBEEI RN TREN
w3

3. KBADOKER

D6 5DKE DKL, KENDKREDHBETH S, LLrL, KEIFHEEHL TWEDT,
TR ) BREMBETH 5, KIEORE SPHEDA 2RO & &, NEBORESHIZESRN
EEZTH—EELEATHARER W (BUR), LAL, KEDHTE CORDBEEREZ R
L E, BRESHOBIIEFICHETH S, BEOBESHIE, FUROE) 2HMLZLOTIE,
<, BES ORREEFHIIHOVBERERB RS ATV SEEISNEY, #Flnzel
bh-oTwuin,

REDEEDHE LA, K& DEERE» 5KENDOBISEE S RIE->TA LD,
ZOHE, ROEREEEL, KXOREREDEFIZE LW, ALD55ERTHE S h
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Summary

The structure and growth mechanism of an icicle were investigated and several
new results were obtained:

1) The growth of an icicle involves two processes which are the increase
in its length and that in its diameter. The growth at its root or neck does not
seem to have an important role in icicle formation.

2) The length (L) of an icicle increases by the downward growth of thin de-
ndritic ice crystals into the supercooled pendant water drop at the tip (Figs. 2
and 3). The a-axis of each crystal is vertical ; and the ice forms a sheath (or pipe)
and captures unfrozen water in a cylindrical form. Usually the diameter of the
water cylinder is about 5 mm and its length amounts to 5 em. Later the water
freezes slowly and produces many minute air bubbles at the center of an icicle
(Figs. 4 and 5).

3) The diamter (D) of an icicle increases by the freezing of a water film
flowing down at the icicle wall (Fig. 14). The thickness of the water film is
roughly 40 — 100 #m and varies with the supply rate of water (Fig. 16).

4) Fig. 10 and Table 1 show thqt the growth _rate of length (L) is larger
by 8-32 times than that of diameter (D), and that L decreases as the supply rate
of water increases but D §oes not and maintains almost similar values.

5) L is larger than D because I: and b are essentially the growth rates of ice
in a- and c-axis directions respectively, and the degree of supercooling attained
is larger in the pendant drop (0.05—0.15°C) than in the film(0.01—0.02°C).



