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ABSTRACT                                                                                                                                       

 

This paper presents the computational fluid dynamic analysis of switched reluctance hub motor. 

A computational fluid dynamics (CFD) is a good treatment for the evaluation of fluid flow (air, 

gas or liquid), the ―fluid‖ that flows inside a rotating electric machine is the air, which is highly 

unstable when the rotor starts rotation. The heat-dissipating surface inside the switched 

reluctance hub motor (SR HUB MOTOR) is purely depends on the air velocity. To evaluate the 

accurate simulation of heat distribution, the results of CFD analysis are used. The goal is to trace 

the air path and velocity of the air in the interpolar regions of both stator and rotor through the 

rotation of rotor. By using this model, the temperature distribution inside the switched reluctance 

hub motor can be simulated very efficiently with improved accuracy. 
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INTRODUCTION 

 

        The switched reluctance motor (SRM) is one of the most popular electric machines in high-

speed applications because of its simple structure and high reliability. The switched reluctance 

motor has no windings on the rotor. This is an advantage; it means that the rotor is of simple in 

construction with minimal costs. The coils are placed in the stator of switched reluctance motor. 

At the same time the Energizing of stator coils in a clockwise direction will produces a magnetic 

field that enables to produces the steady motion of the rotor in a counter-clockwise direction [1]. 

    If the rotor starts its rotation the air inside the SR motor is highly unstable. The heat-

dissipation inside SR motor is mainly depends on the air velocity [1]. To determine the air 

velocity, the flow analysis are used for both stator and rotor air region separately [2].The flow of 

air in the rotor region is more thereby the heat distribution is less in the rotor regions. Whereas 

the flow of air in the stator region is very less thereby the heat distribution is more in the stator 
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regions [1], [2].The performance of 3-D Analysis is much better than 2-D analysis, Because of 

more number of poles the 2-D analyses are poor [3].To determine the air flows inside switched 

reluctance motor a Computational fluid dynamic analyses are used from [1] – [3].In this paper 

presents the determination of air flow inside the switched reluctance hub motor by using 3-

D.Finite element analysis based computational fluid dynamic (CFD).  

 

    To implement the electric motor drives on electric vehicles it requires the basic aspect such as 

High reliability, Robustness for vehicle working condition, Reasonable cost,   high efficiency for 

breaking, Fault less,  High Torque at low speed, Easily cooling. As per the above aspects SR 

motor is found to be a suitable one for electric vehicles applications [4]. When compared to the 

existing ac or dc motors, because the absence of rotor copper loss & permanent magnets on 

switched reluctance hub motor eliminates the problems associated with its poor thermal effects. 

    The Switched reluctance hub motor is electromagnetic and electro dynamic equipment which 

converts the electrical energy into mechanical energy. The stator and rotor have salient poles 

with a small air gap between them. The stator is having eight poles, which are uniformly placed. 

Then the rotor is having six poles and it does not have any windings or permanent magnet 

arrangement that is an advantage of switched reluctance hub motor for its simple structure and 

reasonable cost. The switched reluctance hub motor, It means that the rotational rotor is placed in 

the outer periphery and the stationary stator is placed in the interior region the schematic 

arrangement of four phase 8/6 pole switched reluctance hub motor is shown in the Fig 1. 

 
Fig 1: Switched reluctance hub motor 

CFD ANALYSIS FOR DESIGNED MOTOR 

  

Computational fluid dynamic (CFD) is mainly used for the determination of fluid flow with the 

complications of simultaneous flow of heat, mass transfer, phase change, energy conservations 

and mechanical movements, etc using computers. The finite element analysis has been 

implemented, which is used to estimate the results easily [5]-[8]. The fluid that flows inside the 

switched reluctance hub motor is air which is highly Turbulent. The air pockets and the air gap 

of switched reluctance hub motor are shown in Fig 2.Air gap it means that the gap in between the 

rotor and stator, Air pocket means the gap in between the interpolar regions of motor which is 

shown in the Fig 2. 
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.  

Fig 2: Air Pockets and Air Gap of SR hub motor 

 To investigate Air flow inside the switched reluctance hub motor the air region is divided 

into three regions i.e. the region near to the rotor is taken as rotor air regions, the region near to 

the stator is taken as stator air regions and the gap between the stator and rotor is taken as air gap 

regions. The aim is to determine the air flow between the interpolar regions of both stator and 

rotor air pockets separately 

 To analyze the Air flow inside switched reluctance hub motor by using ANSYS package, 

drawing geometrical model of switched reluctance hub motor needs the design specifications, 

which are shown in Table1.   

 

Table1. 

Motor Specifications 

 

Machine making material M 19- Steel 

No of phases 4 

Rated current[A] 7.5 

Rated voltage[V] 24 

Rated power[W] 250 

Rated speed[rpm] 200 

Coil winding  18-SWG 

No of stator poles 8 

No of rotor poles 6 

Stator outer diameter[mm] 82 

Rotor outer diameter[mm] 117 

Shaft diameter[mm] 18 

Air gap length[mm] 1 

Stack length[mm] 150 

Let the application of knowledge of air velocity be considered for thermal analysis, in which 

will help in the accurate calculation of convection heat coefficient at different heat dissipating 

iron surfaces inside the machine, which is not a material property, but a quantity that only 

depends on the air velocity 
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MODELLING ASSUMPTIONS 

Computational fluid dynamics is a numerical method to determine the fluid flow by solving 

approximate fluid flow algorithms. However, CFD involves for creating a mesh (i.e.,) to divide 

the fluid into more number of manageable discrete sections. The governing equation for fluid 

flow can be applied to each section individually, but as the properties of each section are linked 

to its neighboring sections. All the sections can be solved simultaneously until a full solution for 

the entire flow can be found. The major assumptions made are shown in the following 

 

 a) Flow is set as steady state 

 b) Geometric model is set as millimeter 

 c) Element type is set as 3D Flotran 142 

 d) Fluid density is set as 1.21 kg/m
3 

 

These are set as material properties; the meshed model of rotor air pocket is shown in Fig 3 

and the meshed model of stator air pocket is shown in Fig 4. Generally the rotor interpolar air 

pockets are looks like an arc.  

 
Fig 3: Meshed model of rotor air pockets 

 

    
Fig 4: Meshed model of Stator air region 
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These air pockets are divided into number of segments then the air velocities are applied in 

each segment with respect to angle (θ).Where V is the rotor velocity at N rpm which is given by 

/
60

DN
v mm s


    (1) 

The velocity in x, y and z direction will be respectively 

xv , yv & 
zv are given by 

cosxv v      (2) 

 sinyv v      (3)            

  2 2

z x yv v v     (4) 

Where D is the diameter of air gap in the motor and N is the speed of the motor. The air gap 

diameter is added when the velocity is calculated for rotor, whereas the air gap diameter is 

removed when the velocity is calculated for stator analysis. The velocity of air is defined by 

equation (1). These air velocities according to the operating speed are set as boundary condition 

at the outer periphery of the air pocket. The pressure in the boundary region is generally set as 

Zero, and the air velocity is applied in the moving air surface by using equations (2), (3), (4). 

DETERMINATION OF AIR VELOCITY 

 

The air pockets of rotor and stator interpolar regions are modeled separately (CFD using 

ANSYS) for flow analysis. The air regions are modeled in ANSYS and it is meshed using the 

three dimensional FLOTRAN CFD 142. The mesh is refined at the air gap surface and the air 

velocities are applied on it. The material property of air is defined in this path in ANSYS Pre-

processor> FLOTRAN setup> the model unit and air property is set as millimeters. The 

FLOTRAN solver is used to solve the CFD model. The result of CFD analysis gives the air 

velocity inside the rotor air region. The Fig 5 shows the air velocity distribution inside the rotor 

for the speed of 200 r.p.m, Fig 6 shows the vector plot for the speed of 200 r.p.m and Fig 7 

shows the air flow between two nodes. For the operating speed of 200 r.p.m the maximum air 

velocity is 29.57 mm/s it is observed from the simulation results 

 
 

 
Fig 5: Air flow of rotor air pockets at 200rpm 
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Fig 6: vector plot of rotor air pockets at 200rpm 

 
Fig 7: Air flow between two nodes of rotor air pockets 

 

The analysis procedure will be same in both rotor and stator air pockets of switched 

reluctance hub motor. The only difference is variation of air velocities, for rotor analysis the air 

gap is added whereas in stator analysis the air gap is removed. The initial conditions are applied 

on the surface near to air gap and the boundary conditions are applied on the surface for away 

from the air gap regions. The Fig 8 shows the air velocity distribution inside the stator for the 

speed of 200 r.p.m, Fig 9 the vector plot and Fig 10 the air flow between two nodes. For the 

operating speed of 200 r.p.m the air velocity is 14.69 mm/s. 
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Fig 8: Air flow of Stator air pockets at 200rpm 

 
Fig 9: vector plot of stator air pockets at 200rpm 
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Fig 10: Air flow between two nodes of stator air pockets 

 

CONCLUSION 

 

The finite element analysis based CFD is used to calculate the performance parameters of 

various geometric design. But in this project, the air velocity distribution inside the switched 

reluctance hub motor on both stator and rotor surface is calculated, because this distribution 

plays a vital role in the heat dissipation of motor, Due to iron loss. The future work is to find the 

thermal analysis of switched reluctance hub motor by applying the convection co-efficient (air 

flow). This convection co-efficient is used as the cooling arrangement of the switched reluctance 

hub motor.   
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