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Abstract

An unstructured hybrid mesh flow solver has been developed for the simulations of three dimensional steady and unsteady
incompressible flow fields. The incompressible Navier-Stokes equations with an artificial compressibility method were discretized
by using a node-based finite-volume method. For the unsteady time-accurate computation, a dual-time stepping method was
adopted to satisfy a divergence free flow field at each physical time step. The one equation Spalart-Allmaras turbulence model
has been adopted to solve the high-Reynolds number flow fields. This method has been applied to calculate the steady flow
fields around submarine configurations and unsteady flow fields around a 3-D infinite cylinder.
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Fig.1 Computational viscous meshes around the

6:1 prolate spheroid
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Fig.2 Surface pressure distribution on the spheroid
along the streamwise direction at 10°
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Fig. 3 Pressure distribution along windward and
leeward surface for angle of attack of 20°
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Fig. 5 Viscous meshes around (a) Bare-hull,

(b) hull with sail and stern appendage

Fig. 9 Surface pressure distributions on the stern
appendage surface of Suboff configuration
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Fig. 8 Surface pressure distributions on the sail Fig. 10 Computational viscous meshes around
surface of Suboff configuration cylidner configuration
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Fig. 11 Instantaneous vorticity and pressure
contours over a cylinder

2_

i C,

:_ """"""""" G

-

(=]
LALIL IS L

_1 n L n n 1 n L n L 1 n L ]
50 t* 100 150

Fig. 12 Time history of drag and lift coefficients

Table 1. Comparisons of drag, lift coefficients and
Strouhal number

Cp C, St
Present 1.285+0.035 +0.6 0.19
Exp. 1.30 — 0.19

Shin[5] 1.303+0.0357 +0.621 0.194

Kiris[6] 1.27+0.04 +0.67 0.184
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