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EXTENDED ABSTRACT

Introduction

In the present study, experimental and numerical studies of heat transfer in Pride car
radiators were carried out. In the experimental solution, an aluminum car radiator in which
the cooling fluid flows was examined under real boundary conditions. Radiator inlet and
outlet temperature were measured by two NTC sensors. In numerical analysis, the
equations of continuity, momentum and energy were used by the volume control method
to numerically solve the flow with Ansys Fluent software. In this study, the effects of
secondary currents and centrifugal force and buoyancy on the flow field were considered
and the effect of natural current and forced currents on radiator heat transfer was also
investigated. The results are presented in the form of contours and diagrams of heat flux
and temperature. Experiments showed the effect of forced current on the cooling system
when the engine is turned off.

Methodology

In this research, an amount of heat was added in two standard systems with a pump. In
addition, with computational fluid dynamics of Fluent software, validation on the
experimental test of this system was investigated. In the experimental method, the amount
of heat transfer of the system was tested by adding a water circulation pump to the car
cooling system and applying appropriate boundary conditions. Considering that the water
circulation pump was on for a short time after the car was turned off, the car battery could
provide the desired energy. The water circulation pump consisted of an electric motor with
a power of 500 watts with a direct voltage and a current of 40 amps and a centrifugal type
water pump that receives its driving force from the electric motor. The radiator of the car
was made of aluminum metal, the radiator pipes were located vertically, and the water was
transferred from top to bottom. The top and bottom of the radiator were enclosed by two
storages made of compressed plastic. Aluminum fins which increase the heat exchange
surface between the radiator and the ambient air were located between the tubes. The view
of the tested radiator is shown in Figure 1.

Figure 1. View of the tested radiator.
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Results and discussion

Figure 2 shows the temperature changes of the radiator outlet. According to this
diagram, the temperature changes of the radiator outlet made by the water circulation
pump were checked. First, an increase in fluid temperature was observed; with an increase
in fluid flow rate, more fluid volume passed through the radiator, and the time the fluid
passed through the radiator decreased, so the temperature difference between the inletand
outlet of the radiator was minimized. By increasing the flow rate, the volume of fluid passing
through the engine compartment and cylinder head increased, causing the engine
temperature to decrease. According to the normal fluid circulation diagram, no change in
temperature could be observed until the first 120 seconds due to the lack of fluid circulation
in the system, particularly in the radiator. Due to the lack of circulation of the cooling fluid
in the radiator, the fluid had greater time to transfer its temperature to the environment.
However, the fluid temperature increased at the entrance of the radiator. By increasing the
duration of the fluid in the engine, the temperature exchange between the fluid and the
engine parts increased, which was the reason for the increase in the temperature of the fluid
from the engine outlet.

By activating the cooling fan, the compressed air to the radiator grids resulted in a
decrease in the temperature of the cooling fluid in the radiator, and because of this, the
radiator outlet temperature was reduced; if the ratio of the inlet and outlet temperature
decreases, the same conditions do not apply. In this case, two examples of heat transfer
exist: one is in the form of forced heat transfer between the environment and the radiator
network, and the other is the free and natural heat transfer between the fluid and the
radiator network and the engine parts. Therefore, the output fluid of the radiator
transferred greater temperature than the input fluid. The best mode for heat transfer is
when the fan and the water circulation pump are active simultaneously. Under this working
condition, the cooling fluid takes the acceptable temperature from the engine and transfers
it to the radiator.
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Figure 2. Temperature changes of radiator outlet and engine inlet.

According to the simulation performed in the turbulent flow mode, the temperature
difference between the inlet and outlet is very small compared to the normal circulation of
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the fluid as obtained in experimental tests. Experimental comparisons and simulations
showed the accuracy of the results of the experiments. It is obvious that the temperature
difference between the inlet and outlet of the radiator was greater when the fluid flow rate
wasreduced, but the heat transfer of the entire cooling system was achieved ata higher flow
rate. A comparison of the temperature difference of inlet and outlet fluids in experimental
and numerical modes is shown in Table 1.

Table 1. Temperature difference in experimental and numerical study.
Temperature difference in Temperature difference in water

natural flow (°C) circulation pump (°C)
Experimental 13 1.5
Numerical 12.1 1.8

Conclusion

The natural circulation of the fluid in the cooling system reduced the regional
temperature of the system and due to long shelf life in the radiator, the temperature
difference between the inlet and outlet of the radiator was large. When the water pump
was running, the fluid transfer temperature in the entire engine and radiator system was
uniform, and the transferred heat flux was higher than in the normal circulation mode.
The best heat transfer situation is related to the simultaneous operation of the water
circulation pump and the cooling fan. In this mode, more temperature is transferred than
in the case of forced fluid circulation. By using the water circulation pump, the engine
temperature can be controlled.
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