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Motion Performance Prediction and Experiments of an Autonomous Underwater Vehicle

through Fluid Drag Force Calculations
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Abstract: In this study, a dynamics model was developed to predict the motion performance of an Autonomous Underwater
Vehicle (AUV). The dynamics model includes basic dynamic state variables of the hull and force terms to determine the mo-
tion of the AUV. The affecting terms for the forces are hydrostatic force, added mass, hydrodynamic damping, lift and drag
forces. The force terms can be calculated using analytical and Computational Fluid Dynamics methods. For the underwater mo-
tion simulation, a simple PD controller was used. Also, the AUV was tested in a water tank and near sea for the partial ver-
ification of the fluid drag force coefficients and way-point tracking motions.
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Figure 1: The dimension of AUV

Table 1: Specifications of AUV

Diameter (mm) 3200
Thickness (mm) 6t

Length (mm) 1608 (except the thruster)

Bow : Poly Carbonate
Center & Stern : Al 6061

Material
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Figure 2: Coordinate system of AUV
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Figure 3: Projected area of the front of AUV
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Figure 4: Element mesh of the AUV
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Table 2: CFD analysis data

No. of nodes 441,170
No, of 366,211
Prisms
Mesh No. of No. of 1.981
Elements Pyramids i
No. of
Tetrahedral 1,421,243
Temperature 15 ()
Density 997 (kg/m?)
Turbulence
model Shear Stress Transport (SST)
Reference I (atm)
pressure

Table 3-> 0.8, 1.0, 1.2, 1.4, 1.6 m/s9] 57l &&= O
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Table 3: Axial flow drag force and coefficient of the AUV

Velocity Reynolds Axial Drag Axial Drag
(m/s) No. Force (N) Coefficient
0.8 1.876E+06 5.2095 0.363
1.0 2.345E+06 8.0945 0.361
1.2 2.814E+06 11.348 0.351
1.4 3.283E+06 15.272 0.347
1.6 3.752E+06 19.649 0.342

Average 0.353
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Figure S: projected area of the side of AUV

Table 4: Cross flow drag force and coefficient of AUV

. Cross flow Cross flow
Vals/c;l)ty Re;gl(:)lds Drag Force Drag
) (N) Coefficient
0.2 4.070E+05 6.492 0.949
0.4 9.379E+05 24.862 0.909
0.6 1.407E+06 54.815 0.891
0.8 1.876E+06 96.218 0.879
Average 0.907
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Figure 7: Measurement of the drag force of AUV
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Figure 9: Comparison between the CFD and measured values
for cross flow drag forces
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Figure 11: 3D Way-point tracking simulation
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