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Fig. 1 Ice layers in water-saturated micro glass particles
(Mutou et al., 1998). Segregated ices are black
and glass particles are white. The segregated ices
grew in the direction of heat flow (from left to
right in figure ).

R 5 ZF DEIEE (Mutou et al., 1998 ; %
- %I, 1997) 2 fTo7s. THODERRIZLD,
RIE, SUEHE, KOBREDIRE D IRKD A
WO EE LK FThH DI LARINTC.
FITERRTIE, INSDEESOEERSFR
(Watanabe et al., 1997 ; Mutou et al., 1998 ; %
-, 1997) &b SRR ICHEE D R LAT
B 2BHRKOEREFVAHEET S L2 HY
ET A, REFTNOMNRIE, KTHRALCH—H
BN T ARRRF B S N D IOk AR (14
1) ThHbH. ZLOMKELLILAKRPIZBITS
AR DERE, AT OTIRR RHIREDOA
YW—MoioKERMELRBR THHL, 29 L1
HERODETVEHEZ DI LIE, ZOXEMEREL
EZzH5LETOAEBEEDNS.

2. —FRARBERBRICEIHERE

FHOE, —HMERERKE (Nagashima and
Furukawa, 1997) % W /23 —RZEH 7 2R
R OFEEREIT> CTE 2. —HMEEEED
g, REHOREAR L 0°C OSFRMR D E T %
FEV.(m/s) *MIVICHERZO6NDLZ L, BEMEIR
& L AE D CHR T B O R & e i | 2B
BTEHILTHAH. 4B, ZITV)mEAR
FHEAETA R con MMOTFHOREAE TH

FHK 61 % 3 7 (1999)

r #

= Dispersed glass
particles in water
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Fig. 2 Freezing of dispersed glass particles-containing
water (Mutou et al., 1998). Right: unfrozen, Left:
frozen. White particles are glass particles. The
glass particles are accumulated near ice-water
interface by ice growing.
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Fig. 3 Photomicrograph of ice interface observed in
1um resolution (Watanabe and Mizoguchi, 1997).
White particles are glass particles, the black por-
tion is ice, cooled from the left side.
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Fig. 4 Schema of particle density of distribution near
the interface.
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Fig. 5 Schematic diagram of freezing velocity and criti-
cal freezing velocity.
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A model of layered ice-formation in unconfined water-saturated
spherical glass particles
Kunio WATANABE", Yoshiko MuTtou” and Masaru M1zoGUCHI
1) Department of Bioresources, Mie University, Tsu 514-8507
2) Faculty of Bioresources, Mie University, Tsu 514-8507

Abstract: When fine particles bearing water was frozen unidirectionally, segregated ice layers
reject particles. The segregated ice layers stratify in the direction of heat flow and affect parti-
cles and water near the advancing interface. This paper presents a model to simulate the ice
segregation in water-saturated, air-free, solute-free, unconfined micro glass spheres. The model
has three aspects: exclusion of particles dependent on the velocity of ice growing; ice growth
dependent on the supercooling at the interface; and discontinuous change in particle density
and critical freezing velocity near the ice-water interface. This model can be applied to the ice
segregation in soils and other watersoaked media.

(1998 4£ 10 B 30 H 324+, 19994 3 A 12 H&Ra=A+, 19994 4 A 5 OB, 199944 A 5 A5 H,
SFEAHARR 1999 4E 11 A 15 H)



