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ABSTRACT
The objective of the project is to optimize the fin spacing by experimentally investigating the steady state heat transfer by
natural convection through the four samples of the vertical rectangular fin configurations with pre-determined
dimensions of the base plate and different number of fins. The fins were attached to the base plate to enhance the heat
transfer through it and the samples of fins were installed inside an air duct of fixed dimensions. The experiments were
conducted one by one on every fin sample. For a fixed temperature difference between the base plate and the air duct
temperature, the heat transfer values were noted down. The results were then compared by creating similar models using
the ANSYS 12.0 Workbench and simulation was carried out in ANSYS CFX software. It was observed that the
experimental and analytical results were comparable. As the fin spacing decreases, the heat transfer through the base
plate increases and it was observed that the optimization takes place for the fin spacing range of 20.5mm –16mm. Then
the heat transfer starts decreasing giving rise to a bell shaped curve of heat transfer versus fin spacing.
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1. INTRODUCTION
In the study of heat transfer, fins are surface extensions from an object that increase the heat transfer rate to or
from the environment by increasing convection.
Conduction, convection, and radiation are the three prime governing principles that determine the rate of heat
transferred by an object. Increasing the temperature gradient between the object and the environment,
increasing the convection heat transfer coefficient, or increasing the surface area of the object increases the heat
transfer. Changing the former two is sometimes not feasible or economical, thus, addition of a fin to the object,
thereby increasing its surface area can be an economical solution to heat transfer problems.
Certain assumptions need to be made while determining the heat transfer through fins:
1)
Steady state
2)
Constant material properties (independent of temperature)
3)
No internal heat generation
4)
One-dimensional conduction
5)
Uniform cross-sectional area
6)
Uniform convection across the surface area
2.
LITERATURE SURVEY
The operation of many engineering systems results in a large amount of heat generation which may cause
serious working problems or even breakdown of the systems. This heat has to be dissipated to the surroundings
to maintain the working temperature at desired value. This heat dissipation is very important in electronic
systems in which the packaging density of the circuits is very high. To achieve the desired steady state rate of
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heat dissipations, with minimum possible material, optimal orientation and geometry of the fins is necessary.
Among all the geometrical variations, rectangular fins are the most preferred due to the cost-effectiveness,
better cooling capability and simple construction. The two orientations of the fins are:
1.
Horizontally based vertical fins
2.
Vertically based vertical fins
However the horizontal orientation has relatively poor heat dissipation ability and hence the vertical orientation
ensures better heat transfer and heat dissipation. The heat transfer from the finned surfaces to the external
ambient atmosphere can be obtained by applying the principles of convection and radiation. But due to
relatively low values of emissivity of the fin materials such as duralumin, aluminium and steel alloys, the effect
of radiation on the heat transfer is quite low and can be neglected. Hence the heat transfer from the finned
surfaces can be obtained by applying the principles and equations of convection.
The mode of energy transfer between a solid surface and the adjacent liquid or gas that is in motion is called
convection and it involves the combined effects of conduction and fluid motion. The faster the fluid motion,
greater the heat transfer by convection. [1]
There are two types of convection processes:
1.
Natural convection
2.
Forced convection
If the fluid motion is caused by buoyancy forces that are induced by density differences due to the variation of
temperature in the fluid, the convection is called natural (or free) convection. If the fluid is forced to flow over
the surface by external means such as a pump, fan, etc. the convection is called forced convection. In practical
applications, fins have varying cross-sectional areas depending upon their applications.
3.
DESIGN OF THE FIN SAMPLES
The models of the four samples were created in the Solid Edge V19 software. The dimensions of the fins and
the base plate were determined suitably to accommodate the assembly into the opening provided in the air duct.
Fig.1, 2, 3 and 4 indicate the designs of the four samples of the fin configuration. The base plate dimensions
110mm x 107mm remain fixed. Along the length of 107mm, a space of 7.5 mm is provided on both the sides to
drill the holes of 4mm and for all the samples, the equi-spaced fins are machined within a width of 92mm with
the fin-spacing changing for every sample.

Figure 1. Four-fin sample
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Figure 2. Five-fin sample

Figure 3. Six-fin sample

Figure 4. Eight-fin sample
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4. FABRICATION OF THE SAMPLES
The four fin samples were fabricated by milling process. The material chosen was Mild Steel EN8 as it was
easily available and cost effective. The workpiece dimensions are 115mm x 112mm x 20mm. The fins were
machined on a milling machine using the cutters of suitable dimensions.
Figures 9, 10, 11 and 12 indicate the 4, 5, 6 and 8 fin samples having a spacing of 28mm, 20.5mm, 16mm and
10.85mm respectively.

Figure 5. Four-fin sample with 28mm fin spacing

Figure 6. Five-fin sample with 20.5mm fin spacing

Figure 7. Six-fin sample with 16mm fin spacing
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Figure 8. Eight-fin sample with 10.85mm fin spacing
5.
EXPERIMENTATION
The experimentation was first done on the 4 fin configuration in which the machined sample was screw fitted
into the duct of the experimental setup and the input was given as the temperature difference between
surrounding air temperature and the base temperature of the sample. The heat input for maintaining respective
temperature difference was assumed as the heat output. The same set of experiments was carried out for 5, 6
and 8 fin samples.
The apparatus consists of a duct of dimension 150mm x 130mm x1000mm into which the fin samples were
screw fitted with the help of a back plate. The back plate was provided with a circuit board which connects the
thermocouples. The back plate was also provided with holes to screw fit the sample on it. The heater plate was
sandwiched between the fin sample and insulator pad attached to the back plate. The circuit was provided with
three thermocouples out of which, first is on the base of fins, second is fixed in the middle of the fin and the
third one is suspended in the duct to measure the air temperature around the fins. The equipment was provided
with voltmeter, ammeter and a digital temperature indicator. The heater was controlled by a dimmer stat.
Before starting with the experimentation, all the electrical connections and the location of the thermocouples
were checked. After the initial checks, the calibration of thermocouples was done at atmospheric temperature.
The power supply was switched on and the voltage was set by a dimmer stat to get the temperature difference
of 15ºC between base temperature and the surrounding fin temperature. The readings of voltmeter, ammeter
and digital temperature were noted at the steady state condition. The steady state observations were confirmed
by noting the set of observations after 15 minutes duration until two successive sets of observations were
exactly identical. The same procedure was repeated for temperature differences of 25ºC, 50ºC and 60ºC for
each of the fin samples and the corresponding observations were noted. The observations are tabulated as
follows.

Table 1: For ∆T ≈ 15°C for 4 fins with 28mm spacing
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Table 2: For ∆T ≈ 15°C for 5 fins with 20.5mm spacing

Table 3: For ∆T ≈ 15°C for 6 fins with 16mm spacing
The value of heat transfer co-efficient was calculated using the experimental data for all the temperature
differences and fin samples using the co-relations from the Data Hand Book.
6.
ANALYSIS
In this project, the analysis of heat transfer through the rectangular fin array configurations consisting of 4, 5, 6
and 8 fins with the spacing of 28, 20.5, 16 and 10.85 respectively was done so as to find out the optimized
spacing for the given fixed base plate area.
The analysis consists of comparing the results of experiments done for each of the above fin configuration with
the results of software for the respective configurations and then finding the error involved. Initially the
analysis was carried out in the ANSYS APDL software to model and obtain the results, but the results were not
satisfactory as the software was not identifying the fluid surrounding the fins. To tackle this problem, the
analysis was carried in ANSYS FLUENT but later on it was identified that it is used for the forced convection
problems and not for steady state problems. Later by doing some more literature survey, it was established that
the ANSYS CFX software is the most suitable software for the analysis of fins in the steady state condition and
the results were found satisfactory.
Similar to the working environment and the fin samples, the models were created in the ANSYS 12.0
Workbench. An enclosure of volume equal to the volume of the air duct was created around the fin sample.
Meshing is done by the CFX Mesh method. Then the boundary conditions were given as follows:
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1.The fin and base plate assembly was assigned as solid domain and the enclosure was assigned as fluid
domain. The back surface of the base plate was assigned the temperature value as obtained from the
experiment.
2.The remaining surfaces of the fin and base plate assembly were assigned a convective heat transfer coefficient and air duct temperature as obtained from the experiment.
3.The bottom face of the enclosure was assigned as ‘Inlet’ with atmospheric pressure and the value of
surrounding fin temperature obtained from the experiment.
4.The top face of the enclosure was assigned as air ‘Outlet’ with atmospheric pressure.
5.The remaining walls of the enclosure were assigned as ‘Adiabatic’ to prevent the heat transfer through the
enclosure.
Then the number of iterations and the RMS value was specified. The ANSYS 12.0 CFX results were obtained
as follows:

Figure 9: Heat transfer through 4 fin sample for ΔT=25˚C

Figure 10: Fin temperature of 4 fin sample for ΔT=25˚C
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Figure 11: Heat transfer through back face of base plate for 8 fin sample for ΔT=25˚C

Figure 12: Side view indicating the temperature distribution across fin width for 8 fin sample for ΔT=25˚C
7.
8.
RESULTS AND DISCUSSIONS
The experimental and analytical values of the heat transfer through the four fin samples along with the
percentage errors were tabulated as follows:

Table 5: Results for ΔT=15˚C
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Table 6: Results for ΔT=25˚C

Table 7: Results for ΔT=50˚C

Table 8: Results for ΔT=60˚C
From the above tables, it can be observed that the experimental and analytical values of heat transfer are
approximately equal. Also the experimental and analytical values of the fin temperature are approximately
equal. The maximum error obtained is 12.43% which is within the permissible range.
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Figure 17: Comparison of Heat Transfer by experiment and simulation
9.
CONCLUSION
The graph of the heat transfer versus fin spacing is plotted for the specified values of temperature difference
ΔT= 15˚C, 25˚C, 50˚C and 60˚C. From this graph it can be observed that for the curves of ΔT= 15˚C, 25˚C and
60˚C, the heat transfer is maximum for the fin spacing of 20.5mm i.e. for the five-fin sample, indicating that it
is the optimum fin spacing for these temperature differences. However for the curve of ΔT= 50˚C, it can be
seen that the maximum heat transfer occurs at a fin spacing of 10.85mm i.e. for the eight-fin sample. To ensure
the correctness of the readings, the experiments were re-conducted for ΔT= 50˚C. Hence it can be concluded
that from a broader perspective the spacing of 20.5mm can be considered as the optimum fin spacing to obtain
maximum heat transfer from the given area of the base plate i.e. 110mm x 107 mm for the specified material
and conditions.
It can also be concluded that the existing thermocouples have to be replaced by better quality ones and they
have to be calibrated for different temperatures before conducting the experiment.
10.
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