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ABSTRACT 
The objective of this work is enhancing the heat transfer rate of the automobile radiator using the Electro Hydro Dynamic (EHD) 

principle. The result of this work is useful to increase the radiator performance. In this experiment, a flat fin and flat tube 

automobile radiator are being held at wind passage, and there is a heat exchange among a hot water from inside the radiator and 

cold air from the atmosphere. The gas (air)-liquid (water) kind of EHD technique is used because of the high voltage (range varies 

from (0 KV – 12 KV) the gas particles become vibrated, and also the discharge of Corona tends to migrate with opposite charge. 

This simple presence of a charged electrode in the air around the electrode and increases the heat transfer. 
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INTRODUCTION 
 
1.1 Introduction: 

The radiator was designed to dissipate the heat from the coolant; that has absorbed from the engine. It was 
constructed to hold a large amount of water in tubes or passages that provide a large area and flat fins 
arrangement in contact with the atmosphere. It usually consists of a radiator core, with its a water-carrying tubes 
and large cooling area that are connected to a receiving tank (end cap) at the top and a dispensing tank at the 
bottom. 

In operation, water was pumped from the engine jackets to the top of the radiator (receiving) tank, where it 
spreads over the top of the tubes.  

As the water passes down through the tubes, it loses its heat through extended surface called fin that are 
arranged parallel to the tubes that pass air stream around outside of the tubes. A. Nuntaphan et al [1] have 
experimentally detected the enhancement of the heat transfer increased using the louvers by both air velocity 
and high electric voltage.Because of the low air side performance, the automobile radiators are in-built with the 
fins. Here we have preferred the flat fins because of their lower air friction, better strength of electric field and 
vibration also. These kinds of fin enormously increase the air side heat transfer co-efficient. However at lower 
Reynolds number of air stream the heat transfer performance of automobile radiator is poor. There are many 
methods available to increase the heat transfer coefficient that by the most appropriate and promising one here is 
EHD technique increasing the electric voltage (below the breakdown volt). This way is almost attractive owing 
to its less input power consumption and thereby utilised in the conventional automobile radiators for increasing 
its heat dissipation, also there is a very low and negligible pressure drop.  
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1.2 Working Principle: 
when high voltage is supplied at an electrode, corona windis generated around the electrode and the ion 

wind producedby ionization of air near the electrode are driftedout of the electrode. The ions transfer 
momentum to theair molecules by collisions. Therefore, many small turbulencesof air stream occur and the heat 
transfer coefficientcould be improved. 

  
2. Construction: 
2.1Experimental setup: 

The schematic diagram of the experimental setup is shown in the figure. The every part is described as 
follows. 

 
 
Fig. 2.1: Experimental Setup 
 
2.2 Radiator: 

An automobile radiator of 400*400mm in cross section is mounted in a wind tunnel. Flat fin tubed radiator 
is used. Also, the specification of the radiator is described below: 
 
2.2.1 Radiator specification: 

Flat plate type fin 
Fin thickness   -  0.034mm 
Fin Material   -  Copper 
No. of tubes   - 39 
Tube Material  -  Aluminium 

 
2.3Thermocouples: 

Type K thermocouple is preferred because of it is widest operating temperature range, it general work in 
most application because they are nickel based and have good corrosion résistance. Temperature ranges from -
454º F to 2300 ºF and melting point temperature is 2550 ºF. Accuracy of this type of thermocouple is ±0.1 ºC 
 
2.4Electrode: 

An electrode is an electrical conductor used to make contact with a nonmetallic part of a circuit. Electrode 
is arranged in front of the radiator (Heat exchanger), by separated of 8 nos. at 10 mm Dia. Up to radiator width 
as 390 mm, high voltage are supplied in between radiator(-ve terminal) and electrodes(+ve terminal). The 
diagram no.4 will depict about the electrode arrangement. 
 
2.5Electric field generator: 

The following circuit diagram is used produce the electric field up to 12 KV. 
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Fig. 2.2: Electric Field Generator Setup 

 
A high voltage direct current electrical system is used in this experiment to get the voltage range up to 

12KV obtained fom the two damper diode of 6KV connected in series. The negative terminal of this generator is 
connected to the radiator body, and the positive terminal is to the electrodes arrangement.  
 
2.6 Cooling fans: 

The fan is a wind generating device by the using an electric motor as a source. In our experiment primary 
function of a fan is to produce the wind at a low velocity up to 0.5 to 2.1 m/s, by adjusting voltage through the 
regulator. We may obtain desired wind velocity. It is an external source to generate the wind. 
 
2.7 Hot water pump: 

The pump is a device that is used to convert mechanical energy into hydraulic energy. The principal 
function is to discharge pressurized fluid. Here we are taking some standard specification for selection of pump. 
 
2.7.1 Pump specification: 

Power Capacity = 0.25 HP 
Discharge rate =  Max. 30 l/min. 
RPM  = 700 
The pump should be capable of discharging 80ºC of hot water towards the radiator. So for this experiment 

hot water pump is preferred. 
 

3. Working Procedure: 
3.1 Procedure: 

 All the equipment are arranged according to the experimental setup. An automobile radiator is being held 
in the wind passage. The wind is generated by the fan and passed through constant area duct where, thelowerair 
velocity has been increasing the heat transfer rate other than the velocity on higher range. The electrode 
arrangement was fitted in front of the radiator at some distance. The thermocouples were installed at different 
places for measuring the temperature of the water and temperature of the air. Also, the thermocouples are 
connected to data logging system for getting values. Meanwhile the hot water pump also fitted to the radiator 
arrangement shows that in the figure. 

Initially, the flow of air stream and flow of water (kept constant) is throughout the experiment and values 
are taken. The flow of air stream may vary from 0.5m/s to 2.1m/s. After a set of readings, the flow of air stream 
is varied, and readings are taken for different values. Likewise, the electric field also varied range from 0KV, 
2K, 12KV. Here the inlet water flow is kept constant throughout the experiment at 20 l/min also the inlet 
temperature of the air is atmospheric temperature.  

All the readings in this experiment are under steady state condition only. These readings are further used for 
calculations and analysis purposes.  

 
4. Calculation: 
4.1 Data reduction: 

In this experiment, the procedure followed as: 
 
4.1.1 The air side and tube side heat transfer rate: 
 
Qa = ma × Cpa× (Ta0-Ta1)             (1) 
Qw = mw× Cpw × (Ta0 – Ta1)            (2) 
 
4.1.2Average heat transfer rate (Qavg): 
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Qavg = 0.5 × (Qa +Qw)  
 
The performance is calculated by NTU technique

 
NTU = UA/ Cmin   

 
(Where, U = Overall transfer coefficient)
The relationship of the fin effectiveness to the heat transfer and minimum heat capacity flow rate is

 

∈ = 1/C×[1-e-C(1-e (-NTU))] 
 
From the equation (4) and (5) the overall heat transfer coefficient can be calculated. And it should be in the 

form of nusselt number as following 

 Nu = 
�×�

�
 

The tube side heat transfer coefficient can be calculated from the following ginelinski correla

 
Where, 
 f= Darcy's friction factor = [1.58 ln (ReD) 
 ReD = tube inside Reynolds number based on mean hydraulic diameter
The effectiveness of the fins yet to be calculated from the following equation 
 

Table 4.1: Heat transfer rate tabulation Qa (W)

Air velocity (m/s) 
High Voltage 
0KV 2KV

0.4 2760 2954
0.7 3480 3560
1 3970 3780
1.4 5184 5362
1.8 5670 5740

 
Table 4.2: Heat transfer tabulation QW (W) 

Air velocity 
(m/s) 

High Voltage 
0KV 2KV

0.4 1480 1895
0.7 1670 2000
1 3423 3895
1.4 4179 4327
1.8 5560 5620

 
4.4 Performance analysis: 

The performance of the automobile radiator is improved with the effect of the electric field at low frontal 
velocities. From the graph (1) that is plotted in between the airstream to the heat transfer rate. 

 

Graph. 1: Coolant side heats transfer rate performance curve
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is calculated by NTU technique 

      

(Where, U = Overall transfer coefficient) 
The relationship of the fin effectiveness to the heat transfer and minimum heat capacity flow rate is

      

From the equation (4) and (5) the overall heat transfer coefficient can be calculated. And it should be in the 
form of nusselt number as following  

The tube side heat transfer coefficient can be calculated from the following ginelinski correla

     

actor = [1.58 ln (ReD) - 3.28]-2 
ReD = tube inside Reynolds number based on mean hydraulic diameter 
The effectiveness of the fins yet to be calculated from the following equation  

rate tabulation Qa (W) 

2KV 4KV 6KV 8KV 
2954 3120 3280 3666 
3560 3460 3650 4048 
3780 3870 3960 4380 
5362 5530 5643 5760 
5740 5730 5840 6130 

 

2KV 4KV 6KV 8KV 
1895 2305 3106 3666 
2000 2500 3200 4048 
3895 4300 4430 4790 
4327 4678 4890 5100 
5620 5730 5840 6130 

The performance of the automobile radiator is improved with the effect of the electric field at low frontal 
velocities. From the graph (1) that is plotted in between the airstream to the heat transfer rate. 

 
Coolant side heats transfer rate performance curve (Heat transferVS Velocity) 
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     (3) 

     (4) 

The relationship of the fin effectiveness to the heat transfer and minimum heat capacity flow rate is 

     (5) 

From the equation (4) and (5) the overall heat transfer coefficient can be calculated. And it should be in the 

The tube side heat transfer coefficient can be calculated from the following ginelinski correlation 

     (6) 

10KV 
3870 
4120 
4450 
5463 
6300 

10KV 
4907 
5000 
5476 
5570 
6300 

The performance of the automobile radiator is improved with the effect of the electric field at low frontal 
velocities. From the graph (1) that is plotted in between the airstream to the heat transfer rate.  
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From that, it is turn off the heat transfer rate of the automobile radiator is increased according to the 
different electric field supply. And at the low frontal velocity of 0.4m/s, the heat transfer rate is quite significant. 
Also, the heat transfer rate remains same i.e. not significant under higher velocities (more than 1.4m/s). Also, 
the airside heat transfer rate also plotted in the graph (2). 

 

 
 
Graph. 2: Air side heat transfer rate performance curve (Heat transfer VS Velocity) 

 
Likewise the heat transfer co-efficient of the air side and is drawn in graphs 3 and the effectiveness of fin 

for different electric field also shown in the graph 4. 
 

 
Graph. 3: Air side heat transfer co efficient performance curve (Heat transfer VS Velocity) 

 

 
 

Graph. 4: Flat type fin effectiveness performance curve (Effectives of FIN VS Velocity) 
 
From the graph (4) also, it is clear that significant result of effectiveness also obtained. But if we increase 

the supplied electric field above 12KV there is a chance of electric breakdown and there is no heat transfer 
further. 
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RESULT AND DISCUSSION 
 
In earlier the air velocity and electic field will play the major role but on our experiment the low frontal 

velocity will increases the heat transfer rate. where it can be used in the conventional automobile will eliminate 
the cease of the enginedue to fluxing in the radiator coolant. 

Due to the utilisation of the high electric voltage the EHD technique can be applied to the other industrial 
heat exchangers, power plant cooling towers, etc., 
 
Conclusion: 

By the effect of an electric field, the heat transfer rate of an automobile radiator in coolant side is 
significant, and results are drawn. Also, it's clear that the electric field can enhance the heat transfer rate of the 
radiator at low frontal velocity particularly at 0.4m/s of air stream the heat transfer rate is quite better, and it's 
not much significant at higher velocities. Also, if there is an electric field more than 12KV, it causes the 
breakdown, and there is no performance further. 
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