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ABSTRACT 
The turbulent flow of water around a submarine has been studied numerically. The 
application of Computational Fluid Dynamics (CFD) to the maritime engineering is 
increasing day by day. A standard submarine body, pod and underwater vehicle hull forms 
are investigated. Three-dimensional Finite Element Method (FEM) has been applied to 
solve fluid structure interaction problem. Furthermore, standard k-ε is used to detention 
the contact properties and behavior of submarine under sea water to turbulent flow. The 
numerical results in terms of the skin friction, pressure and drag have been revealed. 
Moreover, velocity profiles as well as contour of pressure distribution have also been 
exhibited. The computed results display good agreement with the experimental and 
numerical results obtained by other researchers. 
 
Keywords: Submarine, Computational Fluid Dynamics, Fluid Structure Interaction, 
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1. Introduction 
Computational Fluid Dynamics (CFD) is one of the tools of fluid mechanics that uses 
numerical methods to solve and analysis problems that oriented fluid flows. CFD has the 
power to model fluid flow and heat transfer in a profusion of situations. Now a day CFD 
is come to the forefront as a legitimate and effective research tool. Fluid structure 
interaction occurs when a fluid interacts with a solid structure, creating pressure that may 
cause deformation in the structure and, thus, alter the flow of the fluid itself. In Naval 
Architecture, Offshore and Ocean engineering, Fluid Structure Interaction (FSI) is one of 
the main areas for research. The ability to predict accurately fluid structure interaction is 
of fundamental importance for design, analysis and reconstruction in many areas of 
Naval Architecture and Ocean engineering.  
     According to the observation of Sumer [1], the flow field over the circular cylinder 
is symmetric at low values of Reynolds number. As the Reynolds number increases, flow 
begins to detach behind the cylinder causing vortex peeling which is an unsteady 
occurrence. There is a laminar vortex peeling in the wake of the cylinder for the 

. The laminar wake transient to turbulence in the region of Re = 200 to 
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300. In the subcritical region  the wake behind the circular 
cylinder becomes completely turbulent and a laminar boundary layer parting occurs. The 
unsteady flow was first studied by Payne [2] for Reynolds number equal to 40 & 100. 
Braza et al. [3] and [4] observed the numerical study and physical inquiry of the pressure 
and velocity fields in the near wake of a circular cylinder for laminar and turbulent flow. 
Recently Lakshmipathy [5] and Rahman et al. [6] have also studied this problem for 
various Reynolds numbers. Most of the experimental studies examined the steady and 
unsteady behaviours of the alternating vortices in the wake. Christopher Baker [7], 
estimating drag forces on defence research establishment atlantic bare submarine hull 
using CFD. The tentative examination of Tritton [8] and Anderson [9] should be 
mentioned. A considerable amount of research work has been published on flow around 
the axisymmetric and 2 &3 dimensionals body of revolution such as; sphere, pod, 
submarine, axisymmetric under-water body etc. The basic structure of the flow past a 
sphere has been experimentally investigated using a variety of methods, including flow 
visualization by Kim [10], Sakamoto [11] etc. Recent time-dependent computations of 
laminar and turbulent flow around spheres using different methods are reported by many 
researchers, among them the work of Kalro [12], and Sun et al.[13] are remarkable. 
Various researchers tried to simulate flow around bodies since late seventies by 
turbulence modelling. Patel and Chen [14] made a widespread analysis of the simulation 
of flow past axisymmetric bodies. Choi and Chen [15] gave numerical solution of RANS 
equation, together with k-ε turbulence model. Sarkar et al. [16] used a low-Re k-ε model 
for simulation of flow past underwater axisymmetric bodies. In this research, RANS 
standard k-ε model is used to simulate three-dimensional turbulent flow past underwater 
submarine hull forms. The main objective of the present study is to apply Finite Element 
Method for the turbulent analysis of fluid structure interaction. The investigation is 
carried out to simulate incompressible flow around submarine and investigate the viscous 
drag and flow pattern. 

 
2. Model description and mathematical formulation 
2.1. Model description 
In the present study, a typical submarine hull is modeled and simulated using three 
dimensional CFD (Computational Fluid Dynamics). The net length is 32m, width 5m, 
height 5m and sail 1m of the submarine. Dimension of the box is 50*20*20 m3, shown in 
Figure 1 and Figure 2 respectively. Here we use open boundary for box, west face as an 
inlet with 5m/s velocity and east face as an outlet in this study. High resolution second 
order accurate advection scheme was used to discretize the equations for the flow, 
turbulent kinetic energy and turbulence eddy dissipation. Kajtar et al [17], simulated 
different cases using Flovent by employing turbulence model. The CFD module is 
the platform for simulating devices and systems that involve sophisticated fluid flow. 
Initially we use 0 (zero) velocity. An unstructured triangular shape grid is adopted for the 
entire domain for meshing which consists of 3776253 domain elements, 76666 boundary 
elements, and 2050 edge elements. It is ensured that the computation domain and the 
number of grids are sufficient enough to calculate the drag on the body accurately. 
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Figure 1: 3D Geometry of Submarine Hull 

 
Figure 2: 3D Geometry of present study for 

Submarine Hull 
 

2.2. Mathematical formulation 
The problem is solved using a set of equation for incompressible, unsteady fluid flow 
with standard model. The incompressible Navier-Stokes equations in conservation 
form are [19], 
                                                                             (1)  
Also momentum equations are given by,  
                                (2) 

The standard  model is a semi-empirical model based on model transport equations 
for the turbulence kinetic energy  and its dissipation rate. The model transport 
equation for  is derived from the exact equation, while the model transport equation for 

 was obtained using physical reasoning and bears little resemblance to its 
mathematically exact counterpart. In the derivation of the   model, it was assumed 
that the flow is fully turbulent, and the effects of molecular viscosity are negligible. The 
standard  model is therefore valid only for fully turbulent flows. 

Kinetic eddy viscosity:                                                (3) 

Turbulence Kinetic Energy:              (4) 

Specific Dissipation rate:        (5) 

Where  
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Closure Coefficients and Relations:  
For wall function: ,                  (6) 

Where   and  

3. Result and discussion 
The submerged body used in this research is a standard submarine bare hull. Standard 
k-ω model is used for capturing turbulent flow. The flow is simulated at high Reynolds 
number. Numerical analysis based on finite element method is used to solve three 
dimensional unsteady flows in enclosed space and resulting flow velocity field. Velocity 
magnitude is shown for different times between 0.5s and 20s in Figure 3. Figure 3 

 
Figure 3(a): Velocity Magnitude for 0.5 S 

 

Figure 3(B): Velocity Magnitude for 10 S 
 

Figure 3(C): Velocity Magnitude For 15 S 
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Figure 3(D): Velocity Magnitude For 20 S 

  
shows the velocity magnitude for the submarine hull using unstructured grid. When 
compared to the pressure plot it can be seen that the stagnation point of high pressure 
corresponds to the low velocity point at the front, the favorable pressure gradient in the  
 

 

Figure 4 (a): velocity magnitude with stream line and contour. (Left 
legend for contour and right legend for velocity magnitude) 

 
 

Figure 4 (b): Zooming View of the Contours and stream line of 
velocity magnitude of Submarine Hull 

 
front section corresponds to a high velocity and the adverse pressure gradient at the rear 
corresponds to a lower velocity shown in Figure 4 (a). Figure 4 (b) shows a close up view 



Md.Rakibul Hasan and K.M Ariful Kabir 

66 

of the front section of the velocity profile. In this paper, it is apparent by the colors close 
to the shape that the no slip boundary condition set for the surface of the hull is in effect. 
It is also more apparent that the stagnation point is actually a point with zero velocity. 
The contour of static pressure around the submarine hull using unstructured grid is shown 
in Figure 5.The stagnation point of high pressure at the front tip of the hull, the favorable 
pressure gradient at the front section and the adverse pressure gradient at the rear section 
of the hull are clearly shown. Since the reference pressure is set to zero the pressures 
shown are relative.      
 

 

Figure 5(a): Contours of Static Pressure for Submarine Bare Hull. 
 
 

Figure 5 (b): Contours of Static Pressure for Submarine Bare Hull. 
 

 

Figure 6 (a): Contour pressure at 1s. 
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Figure 6 (a), Figure 6 (b) and Figure 6 (c) show contour pressure for different times. 
Figure 6 (d) displays contour pressure with stream line velocity field at 20s.  Figure 7(a) 
and  Figure7 (b) shows a close up of the front and back section of the  
 

 
Figure 6(b): Contour Pressure At 5s 

 
 

Figure 6 (c): Contour pressure with stream line velocity field 
at 20s. 

 
 

Figure 6 (d): Contour pressure with stream line velocity field 
at 20s 
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Figure 7(a): Zooming view of front side. 
 
hull. Here the stagnation point and the favorable pressure gradient are even more visible. 
The wall shear plot is a good indication of the viscous drag over the hull surface. It can 
also be used to check if there is any separation because the wall shear goes to zero where 
the boundary layer separates. Viscous effect occurred only on the boundary surface of the 
body shown for different time in Figure 8. It shows a large wall shear affect in the 
favorable pressure gradient area at the front section of the hull. The very peak of the front  

 

Figure 7 (b): Zooming view of back side. 
 

 

Figure 8(a): Viscous effect occurred on the boundary for 0 s 
 

 

Figure 8(b): Viscous effect occurred on the boundary for 0.5 
second 
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Figure 8(c): Viscous effect occurred on the boundary for 15 s 
 
section has a reduced wall shear, which makes sense physically because there is a 
reduced flow velocity in this region due to the stagnation point. This illustrates how this 
region largely affects the viscous losses. This Figure also shows the boundary surface 
region closer, which indicates a high shear stress. 
 
 

 

Figure 8(d): Viscous effect occurred on the boundary for 20 s 
 
4. Conclusion 
The Numerical investigation was studied at modeling flow around a submarine hull. 
Mathematical examination of flow around underwater vehicle was performed in this 
research using finite element method based on Reynolds averaged Navier-Stokes 
equations. Though the result of the study was satisfactory, results obtained through this 
study are not explained all the condition and possibility. Through analysis, calculations 
can be drawn as follows:  
      The overall project was successful at modeling flow around submarine hull. 
Numerical computation of flow around underwater vehicle is performed in this research 
using finite element method based on Reynolds averaged Navier-Stokes equations. 
Standard k-ω model has been used to simulate fully turbulent flow past 3dimensional 
underwater body. Unstructured grids are studied in this research. The computed results 
show well agreement with published experimental measurements. Though the result of 
the study was satisfactory, results obtained through this study are not explained all the 
condition and possibility. Through analysis, calculations can be drawn as follows:  

• To save energy and making sustained deign.  
• Different types and shapes of underwater vehicles would be easily verify and 

testify by using this numerical simulation. 
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• It is observed that underwater vehicle can be designed by using this 
computational method to optimize cost and materials.  

• To build appropriate underwater vehicle in a specific reason or condition, this 
model should be helpful and time saving.  
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