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Numerical Investigation of Sensitivity of AUV Dynamic Coefficients and Added Mass to
Variations in Amplitude and Frequency of Excitation

H. Adnian Arani', M. Mahdi*’, M. Varmazyar”
' MSc. Student, Mech. Eng., Shahid Rajaee Teacher Training Univ., Tehran, Iran.
2 Assis. Prof., Mech. Eng., Shahid Rajaee Teacher Training Univ., Tehran, Iran.

Abstract
The hydrodynamic coefficients and derivatives of a AUV are very important parameters that affect its
control and maneuverability. Usually, a straight-line towing test method and forced heave and pitch
motion are used to derive coefficients. In this paper, we used the CFD method with the control volume
approach and commercial Fluent software, the flow is simulated around a subsurface. First, simulation
was performed for straight-line towing test to by comparing the results with experimental results, to
selected the grid type and suitable turbulent model. To simulate forced heave and pitch motion, a udf
program is written that oscillates the model with specific amplitudes and frequencies. Software output is
the time-coefficients varying that is converted to dynamic coefficients by a Matlab program. The results
show that the Z"A-, coefficient is approximately constant with variation of amplitude and oscillation
frequency of the model but the Zj,, My, and M;;, coefficients change with frequency and amplitude to
35%. The results show all coefficients of pitch motion increased with increasing amplitude and frequency
of model oscillation that the lowest increase is related to the M"i coefficient with less than 8% variation in

its absolute value. The remaining coefficients showed up to 80%.

Keywords: Hydrodynamic Derivatives; Autonomous Underwater Vehicle; Pure Heave Motion; Planar
Motion Mechanism.
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Free-stream Velocity \%
Amplitude of Sinusoidal Function ay
Frequency of Sinusoidal Function f
Time t
Z Force Coefficient A
Pitch Moment Coefficient M’

Z Force Coefficient Derivative with Z Velocity Zy,

Pitch Moment Coefficient Derivative with Z

Velocity Mw
Z Force Coefficient Derivative with Z '

. Zy
Acceleration W
Pitch Moment Coefficient Derivative with Z '

. M.
Acceleration W
Non-Dimensional Z Velocity w'
Non-Dimensional Z Acceleration W’

il -4
-\
#include "udf.h"
DEFINE CG_MOTION(trans, dt, vel, omega,
time, dtime)
vel[1] =aw*cos(w*time);
!
-y
close all
cle
dx=0.005;
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x=time;

=CI;

x_length=length(x);

sum_value=0;

for k=1:x_length-1
sum_value=sum_value+dx*f(k)*cos(3*3.1416*x(k));
end

integral value=3*sum_value;

a_n=integral value;

sum_value=0;

for k=1:x_length-1
sum_value=sum_value+dx*f(k)*sin(3*3.1416*x(k));
end

integral value=3*sum_value;

b_n=integral value;

an

b n

f new=a n*cos(3*3.1416*x)+b_n*sin(3*3.1416*x);
plot(x,f,7*' x,f new,'k>";

legend('main func','proxi func');

&l -y

[1] Wu BS, Fu K (2005) Investigation of hydrodynamic

characteristic of submarine moving close to the sea
bottom with CFD methods. J Ship Mech 9: 14-17.

[2] Tyagi A, Sen D (2006) Calculation of transverse
hydrodynamic coefficients using CFD approach.
Ocean Eng 33: 798-809.

[3] Broglia R, Mascio AD, Amati GA (2007) Parallel
unsteady RANS code for the numerical simulations
of free surface flows. 2nd international conference
on marine research and transportation, Ischia (NA),
Italy.

[4] Barros ED, Pascoal A, Sa ED (2008) Progress
towards a method for predicting AUV derivatives.
University of Sao Paulo, Sao Paulo, Brazil.

[5] Tang S, Tamaki U, Takeshi N, Thornton B, Jiang T
(2009) Estimation of the hydrodynamic coefficients
of the complex shaped autonomous underwater
vehicle TUNA-SAND. J Mar Sci Technol 14: 373-
386.

[6] Vaz G, Toxopeus S, Holmes S (2010) Calculation
of maneuvering forces on submarines using two
viscous-flow solvers. ASME 29th International
Conference on Ocean, Offshore and Arctic
Engineering.

o OV o diage oo i o oljgolo [V]

e s gy A (e ) (Seeladgnee cal o

NOEYV-FY Lo pwasge aloe

¥ o lods /1% 098 /11A] Jlw /o 4Li g Lo jlw Silseo



