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ABSTRACT: Heat exchanger is used as a radiator in the automobile industry. During the heat transfer from the radiator different
parameters were responsible for heat transfer. To find out the effect of different parameters here in this work it develops the computational
fluid dynamic model of radiator. In order to find out the effect of fins on the radiator tubes, here it has find out the temperature of water
flowing inside the radiator for both with and without fins radiator (heat exchanger). Here in this work it also find out the effect of different
materials on the heat transfer rate and also predict the effect of different mass flow rate of water inside the tube. To predict the effect of
change in material here it considered the three different materials that is Aluminium, brass and copper and for mass flow rate of water it
considered the five different mass flow rates that is 180, 260, 340, 420 and 500 kg/hr. to predict the effect of variation of seep of air flowing
over the radiator which is responsible for heat transfer here it considered four different velocities that is 3, 4, 5 and 6 m/s. based on the
different combination made through mass flow rate of water and velocity of air temperature of water at the exit of radiator for different
material were calculate.

INTRODUCTION

A heat exchanger is a device used to transfer heat between a solid object and a fluid, or between two or more fluids or gases. It is device in
which heat is transferred from one fluid to another fluid .the hot fluid gets cooled, and the cold fluid is heated. The fluids may be separated by a
solid wall to prevent mixing or they may be in direct contact. They are widely used in space heating, refrigeration, air conditioning, power
stations, chemical plants, petrochemical plants, petroleum refineries, natural-gas processing, and sewage treatment.

The classic example of a heat exchanger is found in an internal combustion engine in which a circulating fluid known as engine coolant flows
through radiator coils and air flows past the coils, which cools the coolant and heats the incoming air. Another example is the heat sink, which is
a passive heat exchanger that transfers the heat generated by an electronic or a mechanical device to a fluid medium, often air or a liquid coolant.

Material Used
For the initial analysis it has taken the material same as that of taken by Chaudhari et.al [1]. So here is considering the steel for manufacturing
of tube and aluminium is used for fins. The material properties of aluminium and steel is shown in the below table

Table 4.1 Properties of Aluminium Table 4.2 Properties of Steel

Properties values PFODG:‘VUES values .

Density 2.7 glcm’ Density 8.03 g/cm

Specific heat 871 J/kg-k Specific heat 502.48 J/kg-k

Thermal conductivity | 202.4 W/m-C Thermal 16.27 W/m-C
conductivity

After analyzing the heat transfer rate in steel and aluminium for different mass flow rate here it considered the two different materials for tube
and fins that is brass and copper. Here the thermal conductivity of brass and copper is greater than the steel which is used in the base paper. The
material properties of brass and copper is shown in the below table

Table 4.3 Properties of material copper Table 4.4 Properties of material Brass

Properties values Properties values
Density 8.9 g/cm’ Density 8.4 g/cm’
Specific heat 385 J/kg-k Specific heat 380 J/kg-k
Thermal conductivity 401 W/m-C Thermal conductivity | 109 W/m-C

4.3 Development of CFD Model

In order to find out the performance of radiator here it develops the CFD model of radiator (Heat exchanger). Heat transfer from radiator
depends on the flow rate of fluid inside the radiator. In the current case water is flowing inside the radiator, air flow velocity which is responsible
to carry heat from radiator to atmosphere is flowing in the cross verse direction to radiator. In order to find out the effect of change in material
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used for the manufacturing of tube and fins, change in mass flow rate of fluid flowing inside the radiator and change in speed of air flowing over
radiator. Also it considered three different material that is copper, brass and aluminium, it also considered five different mass flow rate of water
that is 180 kg/hr, 260 kg/hr, 340 kg/hr, 420 kg/hr, 500 kg/hr. And four different velocity of air that is 3, 4, 5, 6 m/s. Using different combination
of air velocity and water mass flow rate here it find out the water temperature at the exit of radiator based on which performance of radiator is
analyzed.

4.3.1 Solid model
To develop CFD model here first it has to develop the solid model of radiator. The solid model of radiator is based on the geometry
specification taken in the chaudhary et.al [1]. The geometric specification of radiator is shown in the table below

Table.4.5 showing the geometric specification of radiator

Parameter Value

Fin material Aluminium
Tube material Steel
Tube inner diameter 0.013 m
Tube outer diameter 0.0146 m
Fin outer diameter 0.0343 m
Fin thickness 0.001m
Number of tube pass 10

Length of one pass of tube 0.5m

Fin Space 0.03933 m
No. of Fins 900

- =

Fig.4.1 showing the Ansys design-modular with solid model of radiator

The geometry of the radiator is created in the design modular of Ansys. The radiator is having circular fins on the tube as shown in the figure.

Fig.4.2 showing the solid model of radiator having circular fins

To perform the CFD analysis on the heat exchanger here it takes the FLUENT module of ANSYS. ANSYS (FLUENT) is basically used for
the analysis related to fluid flow and heat transfer. For performing the analysis first it open the ANSYS workbench and then FLUENT module as
shown in the fig. The shows the solid model of radiator based on the geometry of the base paper it is constructed. It is used for the initial analysis
of radiator as conducted in the base paper. chaudhari et.al [1] perform the experimental analysis on radiator.

4.3.2 Meshing

After developing the solid model of radiator as per given geometry taken from the experimental analysis in chaudhary et.al [1], it is then
discretized in to number of elements and node because the numerical analysis is completely depends on the number of elements and number of
nodes. During the numerical analysis the result were calculated at each node and element. So to discretize the complete solid model in number of
small element here it used the different tool to enhance the mesh. The meshing of the solid model is shown in the below figure below.
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Fig.4.5 meshing of the given model

In order to improve the result of system meshing accuracy must be high. To improve the meshing of the given system here it uses the different
tools to improve the mesh. For better connectivity in between the solid phase and liquid phase here it gives the inflation in between the two
phases and applied some refinement to improve connectivity. It is necessary to perform the mesh independent test, it means that if it is increasing
the number of element weather the property of system is increasing or not. Here in this analysis it used the temperature of water at the exit of
tube in radiator as a parameter to check the mesh independency. So in order to check the mesh independency here it has perform mesh with
different number of elements and find out the temperature of air at the exit. During the mesh independency test here initial boundary conditions
were considered that is mass flow rate of water is 0.05 kg/s, velocity of air is 3 m/s

Table.4.6 Grid selection

Number of elements Temperature (K) of water at
exit of radiator

243254 668

152548 665.5

122259 665

After analyzing the mesh with different number of element and finding the temperature of air at the exit it is observed that the property of heat
transfer is independent of number of element in mesh. There is a slide variation in the temperature of water which is not that much of concern.

4.4 Value of heat transfer coefficient for Different velocity of air

e For air Velocity 3 m/s

Water inside the radiator tube is flowing at the rate of 180 kg/hr, whereas the velocity of air flowing over the radiator is near about 3

m/s For this case it calculates the Nusselt number, Prandtl number, Reynolds number and finally finds out the value of heat transfer coefficient.
During the calculation following data were considered. The value of standard data for different properties was taken from the book that is Heat
and Mass transfer by Nortan.

Density of air = 1.21 kg/m?

Specific heat of air = 1.05 KJ/kg k

Dynamic viscosity of air = 0.000018 Pa-s

Velocity of air =3 m/s

Specific heat of water = 4.185 KJ/kg-k

Density of water = 1000 kg/m®

Thermal conductivity of air = 0.02534

Outer diameter of tube = 0.0146 m

Inner diameter of tube = 0.013 m

Reynolds number is calculated through the formula given below

Re =22 1)

u
Where Re is the Reynolds number, p is the density, V is the velocity; D is the outer diameter of tube and u is the dynamic viscosity.

Re =2944.33

Now it calculate the Prandtl number, to calculate the value of Prandtl number following formula is used

pr="12 )

Where C, is the specific heat of air at constant pressure, K is the thermal conductivity of air

Pr=0.7458

If the value of Prandtl number is greater than or equal to the 0.6 than the formula used to calculate the Nusselt number is shown in the below

Nu = 0.023 (Re)*/>(Pr)'/? 3)

=12.4296

It is also known that the Nusselt number is also finding out through the formula given below. From this formula it can calculate the value of heat

transfer coefficient that is h

Nu="2 (4)

K
h = 21.59 W/M? k
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After calculating the heat transfer coefficient it is then applied on the surface of tube during simulation. Based on the above calculation here it
has calculated the value of heat transfer coefficient for different velocity. The value of h is shown in the table below

Table.4.7 showing the value of h for different velocity of air

Velocity of air | Heat transfer coefficient (h)
(m/s) W/m? K

3 21.59

4 27.15

5 32.45

6 37.55

For the simulation of this case, 3 m/s velocity of air is given in the simulation and also the mass flow rate of water that is 0.05 kg/s is given. The
value of mass flow rate of water given in the software is shown in the below fig.4.9 below

Result

After calculating the heat transfer coefficient for different velocity of air. It is applied in the ANSYS fluent to calculate the value of
temperature of water flowing inside the radiator at the inlet and exit. Through ANSYS it can also find out the value of temperature of air at the
inlet and exit. In order to validate the CFD model of Radiator here it find out the value of overall heat transfer coefficient for different velocity
and different mass flow rate of water and then it is compare with the Experimental value for overall heat transfer coefficient.
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Fig.4.14 showing the contour of temperature for air velocity 3 m/s
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Fig.4.15 showing the contour of temperature for air velocity 4 m/s

The temperature value of water for 3 m/s air velocity and 180 kg/hr mass flow rate is calculated through software. The temperature distribution
for this case is shown in the figure above. From the above analysis it is found that the temperature of water at the exit of radiator is near about
668 k. whereas the temperature of air at the exit of radiator is 410.13 K.

Using the above values of temperature of air and water at the exit of radiator, here it calculate the overall heat transfer coefficient for case
having air velocity 3 m/s and water mass flow rate is 0.05 kg/s. to calculate the value of overall heat transfer coefficient following formula were
used

q = UA(T, — T air 5)
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Where q is the heat transfer rate, UA is the overall heat transfer coefficient, T, and T; is the temperature of air at the exit and inlet of radiator. To
calculate the heat transfer rate, heat losses from the water during the mass flow rate of 0.05 kg/s is calculated because whatever the heat loss by
the water is equal to the amount of heat gain by air. So to calculate the amount of heat loss from water following calculation were used

q= mC(Twi - Two) (6)

Where q is the heat loss from water, m is the mass flow rate of water, T,,; is the temperature of water at the inlet of radiator and T, is the
temperature of water at the exit of radiator.

q = 0.05 x 4.185 x 1000 x (410.13 — 300)

q = 1046.25W

Now form eq. 5 it can find out the value of Overall heat transfer coefficient
1046.25 = UA (673-668)
UA = 9.5 W/m* K
Based on the above calculations value of the overall heat transfer coefficient for different velocity of air and for different mass flow rate of water.
The value of overall heat transfer coefficient for different cases is shown in the table below

4.7 Validation of the CFD model
In order to check the correctness of CFD model of radiator here the values obtained from the CFD analysis is compared with the values
obtained from the Experimental analysis performed in the base paper.

Table.4.8 showing the value of overall heat transfer coefficient calculated through CFD

Mass flow rate of water | Overall heat transfer
(kg.s™) coefficient at velocity (3 ms™
) (W/m?K) through CFD
0.05 9.5
0.0722 19.20
0.0944 21.6
0.116 46
0.138 52
Table.4.9 showing the value of overall heat transfer coefficient calculated through experiment perform Choudary et al [1]
Mass flow rate of water | Overall heat transfer
(kg.s™ coefficient at velocity (3 ms™)
(W/m?K) through Experiment
0.05 14.07
0.0722 20.65
0.0944 22.89
0.116 47.98
0.138 53.57
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Fig.4.16 showing the comparison of value of overall heat transfer coefficient for experimental and CFD values

From the above comparison graph it is found that the value of overall heat transfer coefficient obtained from the CFD analysis is quite closed
to the value obtained from the experimental analysis performed by chaudhary et.al [1] for both velocity of air that is at 3 m/s and 4 m/s. hence the
CFD model of the radiator analysis is correct.

The comparison of value of temperature of water at the exit of radiator for with and without fins model is shown in the table below
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Table.5.1 Showing the Comparison of temperature for with and without fins radiator

Mass flow rate of water | Temperature of water at the exit (K) | Temperature of water at the exit (K)
(kgls) for with fins radiator for without fins radiator

0.05 668 668.6

0.0722 668.3 669.2

0.0944 669.8 700

0.116 700.3 700.8

0.138 700.5 701

Form the above comparison it is found that value of temperature of water at the exit in without fins radiator is more as compared to the
temperature of water in radiator having fins. So it is observed that as the surface area of radiator get increased the rate of heat transfer get
increased and the temperature of hot liquid get decrease.

5.3 For copper material

Here in this Copper is used to manufacture tube and fins of the radiator. With copper here it considered the different mass flow rate of water
that is 0.05, 0.0722, 0.0944, 0.1166, 0.1388 kg/s and it also considered the different velocity of air that is 3, 4, 5 and 6 m/s. the selection of
copper material is shown in the below fig. During the analysis boundary conditions required for the analysis is same as that of considered in
Aluminium material case. The value of temperature of water at the exit of radiator for different combination of mass flow rate and velocity of air
is shown in the figure given below
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Fig.5.7 showing the value of temperature of water at the exit of radiator for copper material

From the above fig it is conclude that as the mass flow rate of water inside the radiator get increased the heat transfer from the hot water get
decrease, due to this the temperature of water at the exit of radiator get increased as the mass flow rate increased. From the above analysis it is
also found that as the as the velocity of air flowing over the radiator get increased the heat transfer rate get increased and the value of temperature
of water at the exit of radiator get reduced with the increase in velocity of air. Here in this analysis it is also found that the heat transfer from the
radiator at a particular mass flow rate of water and at particular velocity of air is greater than the heat transfer from the aluminium tub radiator.
So it is conclude that the copper material is batter for heat transfer from the radiator as compared to the aluminium.

5.4 For Brass Material

Here in this brass is used to manufacture tube and fins of the radiator. With brass here it considered the different mass flow rate of water that
is 0.05, 0.0722, 0.0944, 0.116, 0.138 kg/s and it also considered the different velocity of air that is 3, 4, 5 and 6 m/s. the selection of brass
material is shown in the below fig. During the analysis boundary conditions required for the analysis is same as that of considered in copper and
aluminium material case. The value of temperature of water at the exit of radiator for different combination of mass flow rate and velocity of air
is shown in the figure given below
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Fig.5.9 showing the value of temperature of water at the exit of radiator for brass material

From the above fig it is conclude that as the mass flow rate of water inside the radiator get increased the heat transfer from the hot water get
decrease, due to this the temperature of water at the exit of radiator get increased as the mass flow rate increased. From the above analysis it is
also found that as the as the velocity of air flowing over the radiator get increased the heat transfer rate get increased and the value of temperature
of water at the exit of radiator get reduced with the increase in velocity of air. Here in this analysis it is also found that the heat transfer from the
radiator at a particular mass flow rate of water and at particular velocity of air is greater than the heat transfer from the aluminium tube radiator.
So it is conclude that the copper material is better for heat transfer from the radiator as compared to the aluminium and brass.

CONCLUSION

» Computational Fluid dynamic model of Radiator type heat exchanger was developed based on the experimental analysis of radiator
performed by Chaudhary.

» Through the numerical analysis one can find the effect of any parameters on the heat transfer rate.

» After analyzing the heat transfer for with fin and without fins radiator it is found that heat transfer in fins tube type radiator is more as
compared to without fins radiator.

» It is also observed that as the mass flow rate of hot water flowing inside the radiator increases, the rate of heat transfer from hot water
get decreases for a constant velocity of air.

» ltis also found that as the velocity of air flowing over the radiator in the cross direction is increases the rate of heat transfer from hot
water gets increases and water will cool rapidly.

» After analyzing three different materials it is concluded that heat transfer is maximum in copper tube and fins type radiator as compared

to the brass and aluminium material used for tube and fins.
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