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Abstract: - Three-dimensional computational fluid dynamics (CFD) is used for the design optimization of the 
layout of an autonomous underwater vehicles (AUV) containing three torpedo-shaped hulls. The AUV layout is 
defined by two parameters a and b present the stance following YY and XX respectively. several simulations 
are carried on the AUV with different positions of the torpedo in order to define the optimal layout which 
designates the minimum drag. the numerical results approve that the variation in the drag coefficient of the 
AUV is the to the interaction of the flow rate and the pressure change between the both hulls. in addition, an 
optimal layout for the minimum AUV drag with two torpedoes is found which provides a drag reduce of about 
11.4% lower than a single UV with a single torpedo. 
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Nomenclature 
L ATIN 
AUV = Autonomous Underwater Vehicle 
Fd = drag force (N) 
P= pressure (Pa) 
P∞= atmospheric pressure (Pa) 
τω= shear stress (Pa) 
U = flow Velocity (m s-1) 
Af = torpedo surface (m2) 
 Cd = drag coefficient 
Cd1 = drag coefficient of leader torpedo  
Cd2 = drag coefficient of follower torpedo  
Cdt = total drag coefficient of AUV (both torpedos) 
Cf = friction coefficient 
Cp = Pressure coefficient 
Re = Reynolds number 
Cp = Pressure coefficient 
Re = Reynolds number 

 
GREEK 
µ =Dynamic viscosity (kg m-1 s-1) 
ρ=Density (kg m-3) 

 
1 Introduction 
 
Today, underwater robots are an integral part of 
scientific equipment to explore the seas and oceans. 
Many examples have shown that ROVs (Remotely 
Operating Vehicles) are used in many fields and 

this, for various applications such as inspection, 
cartography or even bathymetry. These vehicles are 
confronted to broad scientific problems such as: 
decision autonomy, navigation coupled with the 
problem of positioning, energy autonomy and 
without forgetting the difficult piloting of 
intervention ROVs, researchers have started to think 
about the realisation of the intervention 
Autonomous Underwater Vehicle (AUV). Without 
the need for the tether management system and 
dynamic position system. These AUVs could be 
operated from vessels of opportunity reducing 
considerably the cost. In this context, a significant 
number of AUVs able to perform missions of the 
order of weeks and months have been requested. 
This requires that the AUV design be optimal as 
possible, which claim a careful analysis of the 
hydrodynamic performance of the AUV structure. 
Several experimental and numerical studies are 
available in the literature to analyse the 
hydrodynamic parameters around AUV [1,2]. These 
studies are supported by experimental work. 
Jagadees et al. 2009 [3] observed using 
experimental analysis that the hydrodynamic force 
coefficients are very sensitive to the depth of 
immersion and the speed of the AUV. Saeidinezhad 
et al. 2015 [4], carried out an experimental analysis 
of the effect of the Reynolds number on the pitch 
and on the drag coefficient of a submersible vehicle 
model. Javadi et al. 2015 [5] performed an 
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experimental investigation of the effect of bow 
profiles on the resistance of the AUV in a towing 
tank at different Froude numbers and studied the 
variability of the friction drag as a function of the 
Froude number. In 2016, T. Gao et al [6], performed 
an analysis based on the drag force of several 
geometries experimentally tested in a hull basin. 
Shahrieel et al., 2013[7], have experimentally 
demonstrated the implementation of the design of an 
AUV as a test bed platform for various researches 
on underwater technologies, in particular small 
underwater robots’ ladder. 
In addition, the use of the computational fluid 
dynamics (CFD) in the AUV development is 
concerning the optimization based on the resistance 
of the hull. In this context, several researches have 
been carried out on AUV in order to improve its 
hydrodynamic performance. A. A. Mishra, 2014 [8] 
developed a comparison between real-time scenario 
data and simulated data from an autonomous 
underwater vehicle (AUV) using the proposed 
models. Regarding to advancement resistance, T. 
Hwan Joung et al., 2012 [9], realized a numerical 
study to optimize the shape of an autonomous 
underwater vehicle with propeller. The same 
method was used by Philips et al. 2007 [10] to 
determine the strength of the existing AUV hull, of 
three different shapes of the tail. On the other hand, 
D. R. Blidberg, 2001 [11], studied the modeling and 
control of an autonomous underwater vehicle using 
a software. Sedini et al, 2019 [12], carried out a 
geometrical optimization based on the 
hydrodynamic coefficients, this study was 
reinforced by an analysis carried out on coefficients 
of added masses and the damping force in order to 
help to understand the behavior of acceleration 
AUV at sea. 
With the improvement of computing facilities, the 
design of AUVs is increasingly becoming a 
methodology based on simulation. CFD 
(Computational Fluid Dynamics) simulations 
greatly reduce dependence on traditional large-scale 
experiments on complex test benches. The use of 
such computer-controlled simulations allows rapid 
and inexpensive testing of complex design iterations 
that could be costly and time-consuming to 
reproduce and test in real life. It also allows 
aggregation of data with greater precision and 
statistics that are not evident in conventional 
experiments. 
Several achievements combine two or even more 
torpedo-shaped hulls to realise an AUV, in order to 
avoid the autonomy problem. This article presents 
an optimisation process for an AUV, which contains 
three torpedo-shaped hulls. The AUV layout is 

defined by two parameters a and b present the 
displacement following YY and XX respectively. 
Three-dimensional CFD simulations are carried out 
to determine the drag of each case, and the optimal 
arrangement giving a minimum drag. 

2   Methodology 

The AUV design of the system to be studied 
consists of three torpedo-shaped hulls, two of which 
are positioned in a horizontal plane above the third 
torpedo (Fig 1). 

 

Fig 1.AUV design 

The studied AUV body is an axisymmetric form, the 
study is therefore focused on two torpedo-shape in a 
vertical projection (Fig 2). 

 

Fig 2. Model configuration  

  

The distances a and b present the displacement 
following yy and xx respectively. 

Three cases are treated, and each of 
them undergoes two 3D CFD simulations in 
order to find the drag of every case. Next, we 
define the optimal layout which designates the 
minimum drag. Table 1 shows the values of a 
and b for each simulation.  
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Table 1: a and b values. 

CASE  I II III 

Simulations 1 2 1 2 1 2 

a (m) 0 0 0,275 0,375 0,275 0,375 

b (m) 1,5 1,75 0 0 1,5 1,75 

 

2.1   Geometry and computational domain 

 

 

The torpedo geometries were generated by 1 
and 2 Myring 1976, equations. The torpedo is 
composed by a nose at the upstream and a tail at 
the downstream shown in figure 3. Its 
geometric characteristics are given in table 2. 
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The nose sections are determined from 
equations (1),  Where x is the position along the 
rotation axis, 1r is the radius at a specific x , e is 

the length of the nose, D is the diameter of 
torpedo 
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The tail sections are determined from equations 
(2), where h is the length between nose and tail,
c the length of nose and e circular cone has an 
angle θ.

 

 

Fig3. AUV parameters of Myring Equation 

 

The d is determined after the torpedo length 
truncation 

Tableau 2: Torpido Dimension 
parameters 

As it is shown in figure 4, a rectangular 
computational domain is chosen to avoid the 
flow return effect. It extends up to 4L upstream 
of the leading edge and 4L downstream of the 
trailing edge and respectively 16 D and 14 D as 
the height and width of the domain. 

 

 

Fig 4. Computational domain 

 

2.2   Mesh assessment  

Two different tetrahedral meshes were 
generated using the ICEM software (Fig 5). A 
prism option with five (05) layers was used in 
the both grid in order to get a good result at the 
boundary layer. The elements number of the 
both meshes used is presented in the Table 3 

 

D(m) L(m) e(m) h(m) c(m) θ(°) 

0.2 1.3 0.2 0.7 0.4 30 
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Fig 5.Computational grid 

           Tableau 3: Meshes elements numbers 

 

 

 

 

Figure 6 shows a comparison of the two results 
of the evolution of the pressure coefficient 
around the one torpedo. A disturbance is noted 
in the depression part (Z1) for the coarse mesh; 
however, a stabilization was noted for the 
refined mesh. 

According to the result of the Cp, the refined 
mesh gives more precision in the boundary 
layer part. 

 

 

Fig6. Pressure coefficient of both meshes 
(refined and coarse) 

 

2.3   Turbulence model and Boundary 
conditions 

As it was demonstrated by Jagadeesh et al in 
2005, the kε model is the best for predicting the 
hydrodynamic coefficients and the treatment of 
the boundary layer while being in good 
agreement with experimental data. 

The turbulence model kε is a two-equation 
model which uses transport equations to 
determine the balance of the kinetic energy of 
the fluctuations (k) and the energy dissipation 
(ε) [Z. Laffane et al. 2019]. 

The boundary conditions must be applied to all 
the regions at the ends (external and internal) of 
the computational domain Re = 3.2 106, μ = 1.19 
10-6 kg m-1 s-1, ϱ = 998 kg m-3 and the outlet 
pressure is   

P = 0 Pa  

  2.4 Hydrodynamics coefficients 

The objective of this study is to find an optimal 
layout of torpedoes in order to have a minimum 
drag for the AUV. For that, we focused on the 
following normalized equations: 

 

  Tetra mesh      Elements 
numbers 

   Refined           1638949 

  Coarse              1046789 
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 Drag coefficient: 

This coefficient belongs to the family of 
aerodynamic coefficients. It is a dimensionless 
number that is used to quantify the drag or 
resistance of AUV in water. 

 Cୢ ൌ
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     (3) 
 Pressure coefficient: 

The coefficient Cp is an adimensional number 
which describes the relative pressure across a 
flow field. It is defined by the following 
formula: 
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     (4) 
 Friction coefficient: 

The coefficient of friction is the ratio between 
the sliding force and the holding force, exerted 
by the contact between AUV and water. 
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     (5) 

3      Results and discussions 

3.1   Model evaluation    

The concept of the experimental study 
of White, N.M., 1977 (Re = 2.30 107) is 
transferred in order to evaluate the CFD model 
used in this investigation 

 The table 4 shows the model evaluation 
by comparing the predicted drag coefficient 
with experimental results. Drag values for a 
single AUV model (one torpedo) at Reynold 
number of 2,3.107 was calculated through CFD 
code and compared to experimental works. 
According to this result we note that the Cd 
obtained during this simulation is in good 
agreement with the experimental study of 
White, N.M., 1977.  

 

Table 4 Drag coefficient validation 

                CD                                               CD 
EXP White, N.M , 1977         PRESENT STUDY 

Re=2.30107  0.00123±0.000314      0.00132    

3.2   CFD optimisation 

The optimisation is performed for the 
Reynold number Re =3.2 107  
 Layout a and b effect on the drag coefficient 

Table 5 present the drag coefficient (Cd) 
variation according to each layout a and b.  

The overall drag generated by the movement of 
AUV in water includes, the front shape drags 
due to the direct pressure of water on the front 
of the AUV, and the friction drag due to the 
sliding of the AUV. water on the surface of the 
AUV. Of all this, the overall drag behaves in 
proportionality with the speed of the flow 
around the AUV. 

We can distinguish several specific zones: at the 
nose of the two torpedoes, a significant zone of 
boundary layer along the torpedoes, wider 
zones, probably turbulent, in the spaces 
between torpedoes, at the tail of the train, and in 
the rear wake of the torpedoes . 

The Cd values obtained by numerical 
simulations clearly show that the modification 
of a and b affect the flow around the UV. 

According to the table, the horizontal distance a 
has an inverse influence on the drag coefficient 
Cd for each AUV, and regarding the vertical 
distance b has a proportional influence on this 
coefficient (Cd1, Cd2 and Cdt). The combination 
of parameters a and b has the effect of 
increasing Cd1, decreasing Cd2 and Cdt. 

The minimum Cdt noted during these 
simulations is that of case II, simulation one (1) 
is around 10-3. 

 

 

WSEAS TRANSACTIONS on SYSTEMS 
DOI: 10.37394/23202.2020.19.7

Mustapha Helmaoui, 
Fethi Saidi, Houssem Laidoudi, 

Aicha Sedini, Abdellah Ghenaim

E-ISSN: 2224-2678 51 Volume 19, 2020



Table 5 Predicted drag coefficients  

 
 

 Layout a and b effect on the pressure 
coefficient   

In order to confirm the accuracy of the 
optimization results, the pressure coefficients 
Cp according to AUV length (Both torpedo) are 
visualized in Figure 7.  

The pressure coefficient behaves identically to 
that mentioned in the literature of flows around 
obstacles; it is maximum on the leading edge 
and decreases sharply along the curvature of the 
nose to reach a minimum value. It stabilizes just 
after in the middle of the AUV and increases 
slightly along the tail. We notice that there is no 
separation of the boundary layer therefore the 
coefficient Cp in this study is relatively 
independent of the speed of the flow and we 
conclude that it is related only to the AUV 
shapes.  
- For case I, we notice for a = 0.275, the 

difference between CP1 and CP2 is larger 
than that for a = 0.375. This difference is 
due to the short distance between the two 
AUVS, which causes a large speed gradient. 

- For case II, we notice that the value of CP2 
for b = 1.75 is greater than that for b = 1.25 
at the edge point ‘attack. The difference 
between CP1 and CP2 is noted particularly at 
the front part (the nose) of the AUV, this 
corresponds to the vertical distance b 
separating the two AUVs. 

- For case III, the pressure coefficient 
behaves as in the previous case. We note 
that by combining the parameters a and b 
such that a = 0.275 with b = 1.5 and a = 
0.375 with b = 1.75, the values of CP2 

increase more than the other cases. 
according to these results of Cp, the best 
configuration is that of a = 0, b = 1.5 (case 
II) 

Figure 7: Pressure coefficient Cp variation 
for different configurations 

 
 Layout a and b effect on the friction 

coefficient 

Figure 8 shows the variation of the friction 
coefficient Cf according to the layout a and b. 

In this study, the AUV used is non-profiled, so 
this friction term is Insignificant in the face of 
the action of pressure. The order of magnitude 
of the friction coefficients is 10-2, to be 
compared to the pressure coefficients. 

The Cf is inversely proportional to the Cp i.e. 
minimum on the leading-edge point. It increases 
suddenly along the curvature of the nose to 
reach a maximum value (acceleration of the 
fluid) and stabilizes just after in the middle of 
the AUV after it decreases along the tail 

The coefficient of friction Cf increase suddenly 
and reaches its maximum over the AUV nose in 
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both cases (a = 0.275, a = 0.375) due to the 
velocity gradient inflation. It decreases just after 
and takes a relatively stable shape in the middle 
of the AUV, to decrease again along the trailing 
edge. However, an inversely proportional 
relation is noted between the Cf and the 
parameter a. In the second case where the a = 0, 
b = 1,5 and 1,75 respectively, the Cf evolution 
increase as in the previous cases over the nose 
surface and reaches a maximum. In the midst of 
the AUV, the Cf stabilizes relatively, and its 
value drop at the trailing edge.  For the last 
case, the combination of the changes of the both 
layouts a and b at the same time gives the same 
of Cf behavior   and practically the same values 
as the second case.  

 

Figure 8: Friction coefficient Cf variation for 
different configurations 

4   Conclusion 

Total AUV drag influences uptime and range of 
underwater vehicles. In this study, the CFD is 
used to find the optimal configuration based on 
the minimum drag of an AUV composed of 

identical three torpedo. The important 
conclusions of this study are as follows: 
-  The CFD results show that the drag 

coefficients of the AUV are determined by 
the relative position of the both hulls. The 
variation in the drag coefficient of the AUV 
is the result of the interaction of the flow 
rate and the pressure change between the 
both hulls. 

- The optimal parameters for the minimum 
AUV drag with two torpedoes are 
determined for the layout ܽ = 0.00 and ܾ = 
1.5, where the second torpedo is in the 
tandem region which provides for a drag of 
about 11.4% lower than an AUV with a 
single torpedo. This gain is marked by Z2 in 
Figure 9, it is explained by the increase in 
pressure in the wake of the first torpedo 
(AUV with 2 torpedoes), this overpressure 
gives a positive thrust upstream. 
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Figure 9 : Pressure Contours around the single 
torpedo and the optimal layout for two 

torpedoes 

 
Z2 
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