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R2 RAEGRENEIGMETEERI T (ATSLIEIK-Epsi lonflEZHEE)
R i i 14 ITTC57 RAEMEME (WUT) R (STAR CCM+)

R cf cf HXiEE ct Hix 2
(a0) (a0 (%) (x10") (%)
0.915 5.23 0.108 3.369 3.298 -2.097 3.230 -4.101
1.281 733 0.152 3.169 3.142 -0.837 3.018 -4.741
1.647 9.42 0.195 3.031 3.031 -0.018 2.883 -4.880
1.922 11.00 0.227 2.951 2.965 0.461 2.812 -4.721
2.196 12.60 0.26 2.883 2.909 0.887 2755 -4.450
2.379 13.60 0.282 2.846 2.876 1.044 2722 -4.339
#3 FEIRRITESERILE CREEME)
A ITTC57 K-epsilon SST K-omega FrffE K-omega
Cf Cf HHXRZE Cf FHXFRZE Cf HXRZE
(a0’)  (x0°) (%) (*10') % (x10°) (%)
0.108 3.369 3.298 -2.097 3.320 -1.439 3.463 2.809
0.152 3.169 3.142 -0.837 3.156 -0.403 3.287 3.734
0.195 3.031 3.031 -0.018 3.040 0.292 3.163 4342
0.227 2.951 2.965 0.461 2.972 0.712 3.090 4.709
0.26 2.883 2.909 0.887 2915 1.095 3.029 5.048
0.282 2.846 2.876 1.044 2.881 1.231 2.993 5.152
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-205.83 102.23 410.28 0.027647 0.49994 0.97223
[ .

K5 RGN L1

TEV]SEILH) K-Epsilon P 2B, JRA TR NRE T A5 2 /0 BEHEBH 77 R4 ITTC57 JBE
PEBR S RO AR ZERIN 0.018%~2.097%, STAR-CCM-+H & 75 (I V) B4 ji A% A Bl 2 2E
B A THE 5 R TTTC1957 BEHEIH J1 RE0HE A ZE0 N 4.101%~4.880%. Zeid Xf L
32 VR A R XA FH T 280 PR R R4 P 0 1 S R

I WA B S0 R T S (B S), T DUWLSE 380 K /) RNk i a3 5 2 SERR 1
FEA 5, Xt BUIE TR A AR A R AERPE, R BAR AR R A T DA
TR A A FE R RIS

& £ X M

1 Eg, ZeEik. DB RURIR IR B LA AR AR TR P R RE[C. 201 SEEAR /K B J1 22 2 R4 8 S 4
rp [ SRR VTG RV S A TR 4 45,2015:7.

2 De Zeeuw, D, and Powell, KG (1993). An adaptively refined cartesian mesh solver for the euler equations.

-924 -



= Jm BRI & B s & EDKE) AR 2 WO

Journal of Computational Physics. 104(1), 56—68.

3 Clarke D K, Hassan H A, Salas M D. Euler calculations for multiclement airfoils using Cartesian grids [J].
ATAA Journal, 1986, 24(3):353-358.

4 JAL. Kk g A A AR AL BT AT FE D). s DR TR 2 A8 4 e, 2018.
Aubry R, LoHner R. Generation of viscous grids at ridges and corners [J]. International Journal for Numerical
Methods in Engineering, 2009, 77(9):1247-1289.

6 ERRA, UM AEAEEEM]. b BESSE RS AGE, 2003

7 KIM K J. Ship flow calculation and resistance minimization[D]. Chalmers Univ. of Technology Gothenburg,
Sweden, 1989.

8 HUA Zu—lin, XING Ling—hang, GU Li. Application of modified quick scheme to depth-averaged k-epsilon
turbulence model based on unstructured grids[J]. Journal ofHydrodynamics, 2008, 20(4): 514—520.

Development of ship hybrid volume mesh and numerical simulation
of viscous flow around ships

ZHANG Yun-zhe, LI Ting-qiu, MA Lin

(School of Transportation, Wuhan University of Technology, Wuhan, 430063.
Email: zhangyunzhe@whut.cdu.cn)

Abstract: This work adopts the piecewise cubic Hermite spline method and the concept of the
slicing theory to develop the hybrid volumetric mesh generator. The volumetric mesh is
generated on the basis of the surface mesh, and the volumetric mesh filling technique is based on
the partitioned indicator function, which can reconstruct the varying mesh size respect to the
different mesh growth rate. The viscous flow around the ship models is simulated to verify the
effectiveness and the correctness of the hybrid hull volumetric mesh generator, in which the
STAR-CCM+ software is used to establish the appropriate numerical calculation domain. The
frictional resistance coefficient is calculated under the suitable turbulence model, and compared
with the ITTC 1957 formula. The accuracy of the self-developed hybrid volumetric mesh is
validated by the results, which proves the mesh generator can be well applied to the numerical
calculation of viscous flow around ships.

Key words: Hybrid volume mesh generator; Numerical calculation of resistance; Viscous flow;

Frictional resistance coefficient.
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