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Introduction 

 
A seawater activated main propulsion battery uses silver chloride and magnesium 

battery plates separated by insulated beads.  When the under water body is launched, it 
scoops water into the battery to activate it.  Such a battery is lightweight until it enters the 
water and floods the battery chamber.  This also eliminates the need for battery 
maintenance.  These batteries have a high power density, which implies that high power 
capacity is packed into a light battery package.  

A high-speed submerged body propelled by seawater-activated batteries was 
simulated using CFD methods. The purpose of the analysis was to study the nature of 
flow through the battery chamber where the main propulsion battery has be house and 
examine the feasibility of increasing the flow of seawater through the chamber. The flow 
enters the battery chamber through scoop projecting from the hull of the body and exits 
from the hull through an orifice plate. The battery chamber consists of a set of electrode 
plates separated by insulated studs made of glass. The analysis was carried out in three 
parts for 

(a) External flow over the body to obtain inflow through the battery scoop 
(b) Flow through the battery array within the battery chamber 
(c) Flow over the body with the battery chamber modelled as a porous medium 

 
The flow through the battery array is similar to flow through a bank of tubes with 

high packing density. The battery array consists of large number of electrode assemblies 
separated from each other by insulated glass beads. The glass beads touch both the 
surfaces and thus form tubular obstructions to the flow. The problem has been simulated 
using methods applied for treating the tube banks with high density of tubes, which are 
usually modelled as porous media flows based on Darcy’s law for flow through porous 
media.  

 
The characteristics of the porous medium such as specific resistance to flow, 

porosity etc have been obtained from a separate analysis carried out for the flow through 
the tubular arrays. The results obtained from this analysis have been used as inputs to the 
porous media model in the analysis of flow through the battery array housed in the body. 
The orifice diameter is a governing factor in the latter model and the influence of this 
geometric parameter on the exit flow volume was also ascertained. 
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A commercially available RANS solver has been used for the computation on 8-

node parallel processing Machine. 
 
Problem Definition 
 

The flow into a seawater battery is sourced from the external flow around the 
body through a scoop, which projects out of the body and leads into the battery chamber 
(Fig 1). Once the flow enters the body it is fed into the battery chamber by a pipe with 16 
holes. The external flow around the body is now elliptically coupled to the internal flow 
within the battery chamber. 

Fig. 1 Underwater body with 
scoop magnified 

 
Within the battery chamber the flow finds it way out through a set of 144 sets of 

electrode plates separated by insulated studs. Each of the plates is 0.81 mm thick and the 
studs are 0.55 mm height and 2 mm in diameter. The flow emerges from the other end of 
the battery plates and led out of the body by an outlet pipe constricted by an orifice plate. 
Thus the problem is in the category of a coupled internal-external flow and the scales of 
the geometries involved are vastly separated. The flow around the body may be 
characterized by the length and diameter of the body, which are 2.64 m and 0.324 m 
whereas the flow within the battery is characterized by the characteristics dimension of 
the insulating beads, which is 0.00055 m. The scales range in the ratio of 1:4800. The 
vast variation of scales in the problem makes it very complex for computational 
simulation. (See Fig 1) 
 
Scope of Work and Solution Methodology 
 

The scope of work for the problem involves 
 

a) Analysis of flow around the body to assess inlet flow into the battery scoop 
b) Analysis of flow through the battery array to examine the influence of the interior 

arrangements of the battery on the outflow from the exit of the battery array 
c) Analysis of flow over the body with the battery chamber modelled as a porous 

medium 
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The flows in (a) and (b) above are coupled flows. It would be computationally 
impossible to solve both simultaneously due to the wide range of scales involved. The 
two flows were therefore decoupled and solved separately and the solutions have been 
integrated in (c).  

 
The flow through the battery array is very similar to flow through a bank of tubes 

as may be seen from Fig 2. As the battery array consists of 144 electrode assemblies 
separated from each other by insulated glass beads, which touch both surfaces and thus 
form a tubular obstruction to the flow. The problem has therefore been addressed in a 
manner similar to methods used for flow through tube banks. Attempts have been made 
in literature to address tube bank problems with high density of tubes as porous media 
and successful results have been reported. A similar approach was taken to address the 
current problem.  

 

As the battery array was treated as a porous medium and the characteristics of this porous 
medium such as specific resistance to flow, porosity etc were obtained through an 
analysis carried out for the flow through the tubular arrays, which represent the glass 
beads separating the electrodes. These characteristics were used as the inputs into a 
porous media model of the flow through the battery array and the exit flow volume has 
been determined. The orifice diameter is a governing factor in the latter model and the 
influence of this geometric parameter on the exit flow volume was assessed. 

Electrode 
plate 

Battery 
Chamber 

Close view of 
insulation beads 

Fig 2. Battery Chamber and 
Electrodes

 
Three geometric models were used for the purpose of CFD analysis 
 
1. Geometric model of  3D array of tunes representing the glass beads for obtaining 

porous media characteristics 
2. Geometric model of the battery array with the inner space occupied by the 

electrodes being specified as a porous media 
3. Geometric model of the body with the scoop inlet. 
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The flow over the body was simulated in a flow domain consisting of 0.9 Million 
hexahdedral cells. An segregated 3D RANS solver was employed with the following 
settings 
  
 
 Table 1 Settings for flow over the body  
 Domain size 12 x 1.625 x 3.25 m 
 Mesh 9,17,571 cells Hex mesh 

Solver Implicit, Segregated 3D  
Boundary Conditions Velocity Inlet  Outflow  Wall 
Pressure Link SIMPLE 
Pressure Standard 
Convective Fluxes Quadratic Upwind (QUICK) 
Diffusive fluxes Central Difference 
Near Wall treatment Standard wall functions  
Turbulent KE  Quadratic Upwind (QUICK) 
Turbulent dissipation rate QUICK 
Turbulence Model  Standard K-ε 

Fig 3. Mesh over the body and numerical results 

Mesh  

Cp distribution  

Flow lines 
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A 3D RANS solution is obtained for the flow through the battery array . The parameter of 
interest from the solution is the drop in pressure head across unit length of flow in the 
direction of flow. Porosity was obtained geometrically as a ratio of the solid space and 
the fluid space within the battery enclosure. The pressure drop across unit length, 
obtained from the solution for different inlet velocities, are shown in Fig. 5. 

 
 
  
 
 
 
 
 
 
 
 

Fluid Domain  Mesh 

Cp distribution
Flow Lines 

Fig.4 Solution of flow 
through the electrode array 

Fig.5. Pressure drop across 
the electrode array 

 
 

Porous media are modelled by the addition of a momentum source term to the standard 
fluid flow equations. The source term is composed of two parts: a viscous loss term 
governed by Darcy’s law for porous flows and an inertial loss term. The porous flow 
parameters obtained from the earlier solution are now incorporated in this stage of the 
solution wherein the flow over the entire body is modelled with the battery region as 
porous media. 

-6.E+04

-4.E+04

-2.E+04

0.E+00

2.E+04

4.E+04

6.E+04

1 2 3 4 5 6
Speed (m/s)Pr

es
su

re
 (P

a)

7

Inlet Prssure Pa
Outlet Pressure Pa
Pressure Drop Atmospheric Pressure =1.013E+5 Pa

 
Results and Conclusion 
 
The solution generated through the simulation predicted a mass flow rate of 36.8 
litre/minute. This is close to the actual flow rate of 30 litre/minute obtained from trials of 
the body at sea. The simulation included numerous approximations and pressure losses 
through the piping system within the battery have been ignored. Incorporating these 
through suitable means will lead to closer results to actual value. The solution technique 
though simple provided a practical and useful solution for assessing the design 
constraints for the seawater battery system.  
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Pressure Distribution (Cp) over Hull Velocity Distribution over Scoop Inlet 

Fig 6. Flow around Body and Through Battery 
Chamber
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