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     Abstract— Armed Force Vehicles (AFV) in today’s scenario 

faces a more increasingly stringent cooling requirements. It is 

required to provide only the required amount of power to the 

cooling fan to meet the vehicles ambient operating conditions. In 

the normal automobile engines, the radiator fan is driven by the 

engine crankshaft. In this paper a Variable Fill Fluid Coupling 

(VFFC) is used to couple the radiator fan with the engine 

crankshaft. By controlling the fluid flow in to the VFFC i.e. 

Percentage fill, the output speed of the coupling which in turns 

drives the radiator fan is controlled, this reduces the parasitic 

losses. A Fuzzy Logic Controller (FLC) is used for precisely 

controlling the flow rate in accordance to the engine 

temperature. The complexity of the system and its control can 

be better analyzed by modelling and simulation. The obtained 

results from the simulation shows that for a prescribed engine 

temperature there is a change in the radiator fan speed. 

 

Keywords—VFFC, Percentage Fill, AFV, FLC, Volume 

Fraction,  

I.  INTRODUCTION  

Thermal management system in traditional automobiles 

depends on the radiator fan driven by the engines crankshaft. 

In certain cases the fan speed may over cool the fluid, which 

decreases the efficiency [1]. Later invention used an electrical 

actuator to control and drive the radiator fan speed, thus 

making the radiator fan to rotate at variable speed independent 

of the engine speed [2]. Hydraulic motors where also used to 

drive the radiator fan at variable speeds and it became 

attractive because of the hydraulic properties such as compact 

spacing and power density [3]. Electronically controlled 

hydraulic motor driven radiator fan systems identifies the 

optimum fan speed according to the engines operating 

conditions [4]. 

Fluid coupling is a hydrokinetic device which is used to 

couple two shafts by means of a fluid medium, here the power 

is transmitted by means of fluid only. It consists of a pump, 

turbine and working fluid as illustrated in Fig. 1. The pump is 

driven by the prime mover which is an engine in our case, and 

the turbine drives the radiator fan.  Here the power transmitted 

depends on the amount of fluid filled inside the coupling. 

They are widely used in locomotives, marine, industrial 

machines where there is a need of variable speed operation.  

Armed Force Vehicles (AFV) are vehicles which are 

specially designed for defense and military purpose. They are 

also known as combat vehicles. The AFV power pack 

includes a modular power train that contains an internal 

combustion diesel engine along with the engine drive 

components, transmission system and various other supporting 

components.  

       

Here in our case a Variable fill Fluid coupling, couples the 

engine crankshaft and the radiator fan. As the engine coolant 

temperature increases, the output speed of the VFFC which 

drives the fan is increased by increasing the control flow rate 

supplied to the VFFC by means of a proportional flow control 

valve. The proportional flow control valve in turn is 

modulated by means of a Fuzzy Logic Controller according to 

the engine coolant outlet temperature. The converse is true for 

decrease in coolant temperature. Thus the fan speed can be 

varied in accordance to the engine temperature.  

 

II. THEORY AND MODELIING OF VFFV 

      Techniques used for modelling the fluid coupling in the 

literature can be extended and implemented for variable fill 

fluid coupling with continuous filling and emptying. By using 

the general rotor dynamics and the conventional design 

formula a mathematical model for the fluid coupling was 

developed and analyzed by Rolfe [5]. The experimental data 

obtained from the test rig had a close match with the results 

obtained from the model developed by him. Performance of 

the fluid coupling was predicted by Qulaman` [6], in which he 

used fundamental equations of a 1D flow. Later this model 

was extended by Wallace [7] and he modelled the fluid 

coupling by using two approaches namely constant velocity 

approach (mean flow path) and linear velocity approach. Here 

he assumed the velocities increase linearly with that of the 

distance from the mean radius. The fluid coupling model 

discussed in this paper is based on the model by Wallace [7], 

the model developed by him was extended for a variable fill 

fluid coupling with continuous filling and emptying.  
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Fig.1 Schematic diagram of a Variable Fill Fluid Coupling 

 

      The cross section of the fully filled fluid coupling and its 

idealized outer flow regime indicating different flow features 

are shown in the Fig. 2 and Fig. 3. In this model the mass flow 

rate circulating between the two halves of the coupling are 

determined by using the empirical energy loss equations [8].  

Here the centrifugal head dominates and the flow is towards 

the outer edge of the fluid coupling and it is considered as 

outer flow regime. The outer centered flow has an idealized 

circular vortex path and is used for simplifying the model [8]. 

On applying the continuity equation to both the halves of the 

coupling, inner and outer radial location R1 and R2 

corresponding to the mean flow path Rm can be determined. 

Coupling size, flow regime and the oil fraction inside the 

coupling are used as a function to determine the mean flow 

path. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

 
Fig. 2 Cross section of a fully filled fluid coupling 

 Indicating flow features 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3 Idealized Outer flow regime  

 

A. Outer Centred Flow Regime 

The Centre of the Mean flow path is given by the 

equation (1) 

 

 
The Mean flow paths inner and outer radii are given by (2) 

and (3) 

 
 

 
           where, Ri and Ro are the inner and outer radii of the oil 

filled inside the coupling. Here the Ri and Ro depends on the 

centrifugal flow diameter D and the vortex flow diameter d. 

 

     
   

 
      The volume fraction of the oil filled inside the coupling is 

given by: 

           
 

      Here D1 and d1 are the pitch circle diameter and minor 

diameter of the coupling respectively. If we look in detail the 

centrifugal flow diameter D and pitch circle diameter of the 

coupling D1 is the same. The values of D1 and d1 is taken 

from the fluid coupling dimensions (D1 = 244mm and d1 

=98mm). Therefore for the given volume fraction i.e. 

percentage fill the vortex flow diameter d can be determined. 

It is assumed that the relation between the mass flow rate in to 

the coupling and the percentage fill is parabolic in nature. 

Therefore for the given mass flow rate corresponding 

percentage fill can be calculated, from this the value of d and 

other parameters is calculated. 
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B. Constant Velocity Approach 

In turbomachines the torque developed can be calculated 

by the rate of change of angular momentum as the working 

fluid passes between the blades of the coupling [8]. The torque 

equation can be written as (7) 

 

       

 
    

       

 
       

      where, known as speed ratio; 

      The vortex mass flow rate ṁ is to be calculated for 

determining the torque transmitted. Here constant velocity 

approach is considered, where the movement of fluid is at a 

one single speed which is circulating around the vortex. The 

input power to the coupling and output power from the 

coupling which is called as pump power and turbine power is 

given by (9) and (10) 

 

        

 
               

               

 
      The power loss or power dissipated can be calculated by 

the difference between the pump power and turbine power. 

The specific energy loss is given by PL. 

 

                
(11) 

 

            =         

(12) 

 

 
 

 

 

 

      The total incidence power loss according to Qualman [6] 

is given by (15) 

                                           (15) 

      According to Wallace [7], passage power loss which is 

similar to that of the pipe friction is proportional to the square 

of the flow velocity and is given by (16) 

 

                                                   (16) 

      The total incident power loss and passage power loss are 

added together and is equated to the power loss which is 

obtained by subtracting the pump power and turbine power. 

On equating, the value of the vortex velocity Cvor can be 

calculated and is given by (17) 

 

 

              

 

      On knowing the vortex velocity the mass flow rate for the 

outer centered flow can be calculated by using (18) 

 

                    

 

 

III. FUZZY LOGIC CONTROLLER 

      The flow rate of the fluid in to the VFFC is controlled by 

means of a fuzzy logic controller. The input to the controller is 

the engine coolant temperature. The flow rate is varied in 

accordance to the engine coolant temperature. Precise control 

can be achieved by using this fuzzy logic controller. The fuzzy 

logic toolbox in MATLAB is used for this purpose. The 

general fuzzy logic algorithm [9] gives a better understanding 

about the fuzzy system working and is shown in the Table 1. 

 

TABLE I. Fuzzy Logic Algorithm 

 

      The input and output membership functions are shown in 

the Fig. 4 and Fig. 5. . “If Then” Rule is used to give a 

relationship between the input and output variables. Mamdani 

type fuzzy logic controller is chosen with a min max 

composition. Centroid method of defuzzification is used. The 

ruler view of the fuzzy logic controller is shown in the Fig. 6. 
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Fig. 5 Input Membership Function 

Fig. 5 Output Membership Function 
 

Fig. 6 Ruler View 

 

IV. GENERALISED PLANT MODEL 

      The overall model of the proposed system is shown in the 

Fig. 7. For the given engine coolant temperature a suitable 

flow rate is obtained from the fuzzy logic controller. The fluid 

flow rate in to the Variable fill Fluid coupling is responsible 

for maintaining the percentage fill of fluid inside the coupling. 

Thus the Percentage fill is determined by the fluid flow rate in 

to the coupling, which is in turn decided by the Engine coolant 

temperature. In simple words, if the engine coolant 

temperature is high, percentage fill is high and vice versa. This 

Percentage fill (i.e. Volume Fraction) has an effect on the 

torque transmitted by the variable fill fluid coupling. As the 

radiator fan is driven by this fluid coupling, the fan torque is 

controlled by the percentage fill. The SIMULINK model for 

the system with a fuzzy logic controller is shown in the Fig. 8. 

 
Fig. 7 over all model of the system 

V. RESULTS AND DISCUSIIONS 

      Simulations were done by varying percentage fill values 

and the slip values at a constant input speed of (pump speed) 

of 6700rpm. Corresponding Torque values, Pump power Pp, 

Turbine power Tp are also obtained from the model. Engine 

coolant temperature values are related with percentage fill 

values. The obtained results from the model are shown in the 

Table 2 and Table 3. A graph is also plotted between the 

turbine speed and the torque for various fill percentage and is 

shown in the Fig. 9. 

 

      It is seen from the graph that by varying the percentage fill 

values of the VFFC, the output torque values are controlled. 

Thus the torque and power supplied to the engine radiator fan 

is reduced accordingly by varying the percentage fill values. 
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Fig. 8 SIMULINK model of the system 

TABLE 2 Output torque, pump and turbine power at different percentage fill at input speed 6700 rpm 

 

TABLE 3 Output torque, pump and turbine power at different percentage fill at input speed 6700 rpm 
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