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Ice slurry is a homogeneous mixture of small ice particles and carrier liquid, and it can

transport cold thermal energy directly because of its fluidity and have a high heat exchange

rate because of fine ice particles. As an existing simulation of ice slurry, Suzuki et al.

[Int. J. Heat Mass Transfer, 121 (2018), pp.1099-1117] established the thermal immersed

boundary—lattice Boltzmann method and simulated a two-dimensional thermal flow in a

heated channel with moving cold particles as a simplified model of ice slurry flow. In

their simulation, ice particles were represented as circular cylinders. However, actual

ice particles are likely to take complex shapes and to have different surface areas from

circular cylinders. In the present study, we change the surface area of ice particles by

making their surfaces wavy while keeping their volumes constant, and we investigate the

effect of surface area on the cooling performance of ice slurry flow. As a result, it is found

that ice particles can absorb more heat as their surface area increases and as the distance

between ice particles and the channel wall gets closer even for the same surface area.
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Fig.1 Computational domain for a thermal flow in a heated

channel with moving ice particles.
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Fig.2 Shape of a particle for A = 0.100D and B = 7. The

apparent radius of the particle is denoted by .
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Fig.3 Temperature fields for A = 0.075D and B =7, 11, 17
at t* =67.9, where the dimensionless time is defined as t* =

tUret/H. The result of a circular cylinder is also shown.
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Fig.4 Time variations of positions of the center of the par-

ticle for A = 0.075D and B =7, 11, 17.

kDo D,

—_
—~

(ﬂ@:ﬁfLT%ﬂm, (22)

ZIT, QEREHEEBTH S, FHEEORMBZA( % Fig. 512
AT, Fig. 5225, RT2»2WEHEE (no particle) (ZHA, ki
FTDHZHPFEEREEPRVEL RoTWVWDBE Z Dby
5. 72, BORKREL RBZIFEEHEELOIMETLT
WBH, KERZ(ERSNLV. KFOLOBAHZTH
EHEEIIFEE A LB LR VDX, FRERNICR T
AL, RAEIZERRZ VWIS THS.

T HIT, KT OMEROEIREE & MG 449 <t < 450
B BRRE TR L 2. SRR 2 to = H/Uer &7
%Y, MUGUREAREORMFYE Q R ThkdDoN 5.

o 1 1 450t¢
- = t)dt, 23
q mm/mm Q) (23)

ZIT, Qi) KAt TB I 2k TOREETH Y, MR
AERBECTHE I NEZBEOREL LTitExhs @), F
72, NRBVZER, AT =T, T, 3EEREXTHS. &

0.8

I I I I T

no particle ——

07 cylinder ——

B=7 ——

B=11 ——

0.6 B=17 ——
0.5
g 0.4
0.3
0.2
0.1

0 1 | 1 1 1 1 1 |

0 50 100 150 200 250 300 350 400 450
t" = tUpee/H

Fig.5 Time variations of the temperature averaged over the
domain for A = 0.075D and B =7, 11, 17.
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Fig. 6 Nondimensional heat absorbed by the ice particles
as a function of surface area ratio SR for A = 0.075D and
B=17,11, 17.
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Fig.7 Temperature fields for A = 0.075D, 0.100D, 0.125D
and B = 17 at t* = 67.9, where the dimensionless time is
defined as t* =tUyer/H. The result of a circular cylinder is

also shown.
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domain for A = 0.075D, 0.100D, 0.125D and B = 17.
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Fig. 10 Nondimensional heat absorbed by the ice par-
ticles as a function of surface area ratio SR for A =
0.075D, 0.100D, 0.125D and B = 17.
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Fig. 11 Nondimensional heat absorbed by the ice particles
as a function of surface area ratio SR for various combina-
tions of A and B.
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