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Analysis of resistance and flow field of submarine sailing near the ice surface
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Abstract: [ Objectives ] This paper studies the hydrodynamic performance of the submarine sailing near the
ice surface using numerical simulation method. [ Methods ] the Suboff full-appended model, RANS method,
SST k-w turbulence model and volume of field method are used to calculate the hydrodynamic performance of
the submarine in the STAR-CCM+ software. The effectiveness of the calculation method is guaranteed by the
method of grid independence verification and the method of hydrodynamics analysis near the ice
surface. [ Results ] The results show that when the submarine sails under ice surface, the total resistance coef-
ficient of submarine decreases with the increase of the submergence depth at the same Froude number, and de-
creases with the increase of Froude number at the same depth. In addition, when the dimensionless depth is
greater than 1.63, the submergence hardly affects the drag coefficient. [ Conclusions | Studies have shown
that the total drag coefficient of submarine is greatly influenced by Froude number and submergence depth.
With the increase of submergence depth, the influence of submergence depth on drag coefficient decreases
gradually.
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Fig. 1 Geometric model of Suboff submarine model
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Table 1 Geometric parameters of Suboff submarine model
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Fig.2 The Suboff submarine model's boundary condition when
sailing near the ice surface
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Table 2 The number of grids with different base sizes

A RS /m
0.8 1.0 12
fEAA 14.94x10¢ 10.57x10* 7.87x10¢
Fil 7% 1.28x10* 0.96x10* 0.77x10¢
R 2.68x10¢ 1.92x10* 1.48x10*
HikC 695.84x10* 429.05x10¢ 286.45%10*
ait 714.74x10" 442.50x10 296.57x10*

(b) JiE A B P e o T
K3 RIS

Fig. 3  Grid division of computational domain
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Table 3 Calculated resistance values and errors at V=3.05 m/s

HEAR S m TEEEN RREEN RE%
0.8 98 102.3 0.8
1.0 103.1 102.3 4.2
1.2 119 102.3 16.3

*4 V=514 n/s HEEAITEERIRE

Table 4 Calculated resistance values and errors at V=5.14 m/s

B RoT/m (FEBEJMEN RBEAEN R %
0.8 255.8 283.8 1.48
1.0 288 283.8 2.82
1.2 32238 283.8 13.7
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Table 5 Comparison of computational results of submarine
navigation resistance under different submergence
depths when V=5.29 m/s
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Table 6 Calculation parameter setting for each working condi-

tion
F WiRd /m /D
TS r
[TEN SRE
1 0.83 20 1.63
2 1.25 30 2.46
0.44
3 1.67 40 3.29
4 2.08 50 4.09
5 0.83 20 1.63
6 1.25 30 2.46
0.56
7 1.67 40 3.29
8 2.08 50 4.09
9 0.83 20 1.63
10 1.25 30 2.46
0.69
11 1.67 40 3.29
12 2.08 50 4.09
13 0.83 20 1.63
14 1.25 30 2.46
0.81
15 1.67 40 3.29
16 2.08 50 4.09
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Table 7 The total resistance of Suboff model under different
working conditions when sailing near the ice surface
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Fig. 8 The different composition of drag coefficient of Suboff un-
der different working conditions when sailing near the ice
surface
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face (d=1.25 m)
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surface (Fr=0.56)
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ice surface (d =1.25 m)
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surface (Fr=0.56)
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