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Abstract

In this paper, the submarine model, called DARPA SUBOFF model, has been numerically analyzed to investigate the
aerodynamic forces variation in terms of angle of attacks and yaw angles. The SUBOFF model is consisted of the three parts
axisymmetric body, fairwater, and four symmetric stern appendages. Three dimensional unsteady incompressible Navier-Stokes
equation was used on curvilinear multi-block grid system. To validate the present code, the SUBOFF bare hull and an ellipsoid
at angle of attacks of 10° and 30° were simulated and a good agreement with experiments was obtained. After the code
validation, the flows over SUBOFF model were simulated at three different angle of attacks and yaw angles. The variation of
aerodynamic forces in terms of angle of attack and yaw angle were calculated. Also, to understand the flow features around a
submarine with variation of yaw and attack angle, the pressure contours and streamlines were plotted.
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(a) Ellipsoid (b) SUBOFF bare hull
Fig.1 Grid system of an ellipsoid and SUBOFF bare hull

(b) Present

(a) Experiment[6]
Fig.2 Limiting streamline on the ellipsoid body
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Fig.3 Pressure comparison of ellipsoid
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(d) Streamline around stern
Fig.7 Pressure contour and streamline at a=0°, 6=0°

(c) Streamline of fairwater
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(c) Streamlyiné ;)f fairwater (d) Streamline around stern

Fig.8 Pressure contour and streamline at ov=10°
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(d) Streamline around stern
Fig9 Pressure contour and streamline at o=20°

(c) Streamline of fairwater
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(b) Streamline

(c) Streamline of fairwater (d) Streamline around stern
Fig.10 Pressure contour and streamline at o=30°
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{c) Streamline of fairwater

(d) Streamline around stern
Fig.11 Pressure contour and streamline at 6=10°
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(c) Streamline of fairwater (d) Streamline around stern
Fig.12 Pressure contour and streamline at G=20°
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(c) Streamline of fairwater (d) Streamline around stern
Fig.13 Pressure contour and streamline at 6=30°
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(a) Aerodynamic forces (b) Aerodynamic moments
Fig.14 Aerodynamic coefficients as a function of angle of attack
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(a) Aerodynamic forces (b) Aerodynamic moments
Fig.15 Aerodynamic coefficients as a function of yaw angle
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Fig.16 Surface pressure distribution with variation of angle of attack
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(b) 6=10°
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Fig.17 Surface pressure distribution with variation of yaw angle
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