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Abstract: In cold regions, the formation of ice covers over water bodies during winter is a common phenome-
non. The continuous growth of ice covers significantly impacts human activities, making it practically important
to understand and predict ice growth behavior for the prevention of ice-related hazards. Ice cover growth is in-
fluenced by multiple factors, and the underlying mechanisms have not yet been fully elucidated. To investigate
the complexity of ice cover growth, a finite element computational model was established, and the equivalent

heat capacity method was employed to numerically simulate the ice growth process. The accuracy of the pro-
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posed model and method was validated through comparison with experimental data. A comparative analysis was

conducted between numerical results considering and neglecting natural convection. Furthermore, both the pro-
posed method and the freezing degree-day method were applied to estimate the ice thickness at a specific cross

section of the Songhua River. The root mean square errors of the 2 methods were provided, further confirming
the effectiveness of the equivalent heat capacity method in real river environments. The results demonstrate
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.

that, the established computational model and the numerical approach can effectively represent physical proces-
=]

ses such as heat transfer and fluid motion, and handle water-ice phase transition problems. This study provides
an effective method for simulating ice cover growth under multi-physics coupling effects.
coupling
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Fig. 1 Schematic diagram of 3 phase states during the ice sheet growth
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Table 1 ~ Calculation parameters

parameter value
specific heat capacity of ice ¢, , /(J/ (kg + K)) 2 052
specific heat capacity of waterc, | /(J/ (kg * K)) 4202
latent heat of phase change L /(J/kg) 3.35%10°
dynamic viscosity n /(Pa - s) 1.788x1073
phase change temperature T',, /C 0
thermal conductivity of ice A /(W/(m - K)) 2.26
thermal conductivity of water A; /(W/(m - K)) 0.56
mushy zone constant A,, /(kg/(m® + s)) 10°
coefficient of thermal expansion 8 /(1/K) 1077
density of icep, /(kg/m*) 917
density of waterp, /(kg/m*) 1 000
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Fig. 5 Solid-liquid 2-phase distributions, temperature contours, fluid flow velocity contours during the ice sheet growth process
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Table 2 Root mean square errors at different experimental temperatures

temperature/ “C with natural convection effects without natural convection effects
-18 1.63 2.14
-20 2.99 5.57
=25 2.49 4.47
=30 0.64 0.96

M2 0T LA 0 T2 A il , 5 2200 SR TR B AR LE , 25 1 1 SRR B 7 AR R 22 T/ DN | ME
JEP B T 36.95% X 2 1 TR DX i il BE 0 A AN 2 AR S i 2 TR ARG I T 802, X 2
AR (L3 R T8 R SRR,

3 R=BIHFEHE

TURA K AZ Z R0 PR SR, S 58 R B A g DR 3R 08 T I B8 K 8 52 i A, AR SCE BURA ARV i R
T LU AT RL T I > AT T R S T B 3 BT ARSI U A S K 3, 43 50 R AL 1R R R UK H vk 5 A
SOOT AT AT v oK o )RR RE R KRE ¥ — T ok SR S A f A 5 3, e AR v R A Ha R



=
&

412 B¢ Mh 2026 4 i 47 &

W R
h =1.720 5J1 , (13)
K, b RUKIE; 1 RVRVKEE B ZESRARSRAF T R4 1 =~ T ASHESE AN ] i ] Be 4 i 22 20 5 H - 2005
AE 11—12 F KI5 L W 00 B8 T T K 8 7 P ) b T - 34102 ke 3 s,
R 32005 4F 11—12 J I L1 W 18 5 2R Ot i~ 240l 2

Table 3 Average ground temperatures after freezing of the Dadingzi mountain section from november to december 2005

date temperature/ °C date temperature/ C
11-18 =75 12-03 -11.8
11-19 -6.3 12-04 -5.8
11-20 -3.6 12-05 -5.6
11-21 -4.4 12-06 -9.4
11-22 -4.0 12-07 -11.5
11-23 -3.7 12-08 -13.1
11-24 -6.5 12-09 -12.1
11-25 -3.7 12-10 -13.0
11-26 -6.8 12-11 -13.7
11-27 -8.7 12-12 -14.2
11-28 -8.4 12-13 -12.6
11-29 -11.3 12-14 -12.7
11-30 -10.1 12-15 -11.9
12-01 -11.6 12-16 -13.6
12-02 -13.3 12-17 -14.6
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Fig. 7 Comparison of measured and calculated ice thickness values at the Dadingzi mountain cross section
M7 0T LR A AT SR B DR (-5 S DN S D e, U, 36 4 i il 1 PR I 35 B
AR I MR RIR 2.
R4 ARREIFEIE KT LW vk ok 5 45 07 i i 22

Table 4 Root mean square errors of river ice thicknesses calculated with different methods at the Dadingzi mountain cross section

method equivalent heat capacity method freezing degree-day method

RMSE/cm 4.92 8.05
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