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Abstract - This paper presents the actual drag force acting on the vehicle and the methods taken to reduce drag. Different 
shapes were made and analyzed in Ansys 16.2 fluent module. The best shape which gives lowest coefficient of drag and drag 
force was finalized. This shape was again modified to obtain the lowest coefficient of drag and drag force. 
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I. INTRODUCTION 
 
A Remote operated vehicle or ROV is wired 
unmanned underwater mobile device which is used 
for underwater surveys and to perform specified 
operations. The ROV’s are generally classified as 
observation class and work class ROV’s. The 
observation class (OC class) ROV’s operates at the 
maximum depth of 300 meters and are used for 
inspection and surveys. The work class ROV’s can 
operate at the depth of more than 300 meters and are 
equipped with manipulator arm or operation specific 
tools. Observation class ROV is limited to 300m of 
depth rating of seawater and size ranging from micro 
size to large size up to 100kg. Midsize ROV ranging 
from 100kg to 1000kg of weight and also has the 
provision for the tool carrying hence also called as 
light work class ROV. Work class ROV are heavy 
electromechanical device which work at high voltage 
rating up to 7300 volts. Special use ROV are vehicle 
which are used for special purpose like crawling, pipe 
inspection or the vehicles which are structurally 
complicated called as special purpose vehicle.[1] 
Yi, Ruiwen, et al. [2] work on deep-sea hydrothermal 
plume survey to ensure the navigational safety in 
seamount area which has fish-like vertical flat main 
hull (asymmetrical) shape, to improve the 
maneuverability in vertical plane. Testing is done 
with the help of CFD simulation and captive model 
experiments. Ageev, M. D., et al. [3] work on 
drawback which was a prominent performing of 
propulsion system that sometimes led to fiber optical 
cable winding onto thruster shaft. Abrebekooh, et al. 
[4] worked in the field of evaluating the 
hydrodynamic performance of ships and marine 
structures. They have performed experiment on 
special underwater model which is subjected to drag 
forces at different Reynolds number. Thus the focus 
of this paper is on investigating coefficient of drag 
and drag force in various flow directions over 

underwater model. Gomes, Rui MF, et al. [5] work on 
problem related to directional drag occurring on ROV 
and hence proposed solution for minimization of drag 
and optimize the thruster design. 
The drag on the body changes with its shape and it is 
found that spherical and cylindrical shape provides 
lowest drag in water. ROV designed by us has total 
drag of 22N .To reduce the drag on vehicle we can 
change frontal area of the vehicle i.e. to reduce the 
size of the vehicle. 
The whole vehicle without buoyancy foam impart 
drag force of 4.45N. To reduce the directional drag 
caused by addition of buoyancy foam we decided to 
change the shape of the foam but the change in shape 
of foam caused reduction in volume of foam which 
increased negative buoyancy of the vehicle, so 
addition of an element in front of flat face foam to 
reduce drag caused by shape of foam was 
implemented. 

 

 
Figure 1: SolidWorks model of ROV with foam 

 
II. COMPUTATIONAL MODEL AND SETUP 
 
The objective of this setup is to find out most feasible 
shape for attachment that can reduce the drag on the 
vehicle. 
The ROV was prepared using SOLIDWORKS 2106. 
The mesh was generated in ANSYS ICEM CFD. The 
numerical computation was carried out with 
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academically available ANSYS FLUENT 16.2 
package. 
 
The flow process of the project is as follows: 

 Creation of a 3D CAD model and 
computational flow domain. 

 Generation of grid independent mesh 
 Setting condition in Fluent Solver and 

calibrating the model 
 Post processing the results 

 
A. Geometric Details 
Overall drag on the vehicle without buoyancy foam is 
going to be constant so to reduce directional drag 
caused by foam. Just foam is modeled in 
SOLIDWORKS 16 with the element to be positioned 
in front of the foam. 

 

 
Figure 2: SolidWorks model of drag reducing element 

 
Figure 3: SolidWorks model of the Foam 

 
B. Mesh Generation 
A high quality non-conformal hybrid mesh is 
generated for the foam and the element to capture the 
fluid behavior. Tetrahedral meshing is selected for 
generating in the components and the fluid domain. 
Prism mesh is used to capture boundary layer 
elements around body 

 
Figure 4: Meshing of the vehicle with fluid domain 

C. Flow field conditions 
Computational solutions are totally dependent on 
boundary condition 

 Wall inlet is given as velocity inlet 
 Wall outlet is given as pressure outlet 
 Upper and lower boundary is applied to 

symmetry 
 No slip wall condition is used 

 

 
Table 1: FLUENT parameters of the body 

 

 
Figure 5: Inlet and outlet of the mesh 

 
III. SIMULATION AND RESULTS 
 
Drag is calculated by applying equation (1) [1]. The 
table (2) compares the results calculated theoretically 
and with ANSYS FLUENT 16.2 . 

 
Where, 
D = Drag force for vehicle (kg), 
g = gravitational acceleration (m/sec2) 
 density (kg/m3) = ߩ
A = cross sectional area (frontal area) 
U = velocity (m/s) 
Cd = Coefficient of discharge 
Under simulation it can be seen that the drag co-
efficient Cd is 0.59 for the initial model and reduces 
to 0.4058 for modified design. Similarly the drag 
force reduces from 4.45 Newton to 3.26 Newton 

 
Figure 6: CFD results for static pressure distribution around 

initial body (foam). Simulation done under v=1m/s 
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Figure 7: CFD results for Velocity vector around the initial 

body simulation done under v=1m/s (direction left to right) and 
p=500 kilopascal 

 
The velocity vectors around the initial body are 
shown in figure 7 for constant pressure and that of 
modified body in figure 9 as seen in figure 7 due to 
the shape of the initial model which does not contain 
any angle of deflection flow sepration occurs at the 
trailing edge with the formation of wake the modified 
design which allows the deflection angle of 35 
degrees which reduces the flow sepration at the 
trailing edge thus making the design minmally 
invasive to the fluid in the tunnel. 

 

 
Figure 8: CFD results for static pressure distribution around 

initial body (foam). Simulation done under v=1m/s 
 

 
Figure 9: CFD results for velocity vectors around modified 
body. Simulation done under v=1m/s (direction left to right) 

and p=500 kilopascal 
 

The static pressure distribution around the initial 
body is shown in figure 6 for v=1m/s there is 
significant pressure variation in this case. Figure 8 
shows the same thing but for modified design the 
pressure variation is gradual. 
Comparing figure 6 &8,it can be seen under 
simulation that the modification of the initial design 
causes the body be more hydrodynamic. 
 
CONCLUSION 
 
The initial model has been modified by taking co-
efficient of drag into consideration. The CFD 
simulation carried out to decide the drag of the model 
before and after modification. These results when 
compared showed that the addition of the suggested 
element reduces the drag acting on the body under 
constant pressure distribution around body. 
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