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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.

Key Words: Natural convection, heat transfer, fin
temperature, fin efficiency, fin effectiveness, fin
spacing, heat transfer co-efficient, steady state
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List of symbols

A = total convective surface area (m?)

Z = fin height (m)

k = thermal conductivity [W/(m K)]

L = fin length (m)

s = fin spacing (m)

t = fin thickness (m)

T3 = ambient temperature (K)

Ttim = film temperature (K)

T1 = base plate temperature (K)

AT = difference between base temperature and ambient
temperature (K)

g = gravitational acceleration (m/s?)

Gr.= Grashoff’s number

Ny = Nusselt number

P = Prandtl number

v = kinematic viscosity (m2/s)

A, = cross-section area of fin (m)

h = average convection heat transfer coefficient
[W/(m? K)]

h; = analytical convection heat transfer coefficient
[W/(m? K)]

h; = experimental convection heat transfer coefficient
[W/(m? K)]

Q = power input to the heater (W)

1. INTRODUCTION

Fins are extended surfaces which help to increase the
heat transfer from the surface and thus help to reduce the
temperature of the surface. The three important modes of
heat transfer are: Conduction, convection, and radiation.
Hence the heat transfer from an object can be increased by:
Increasing the temperature gradient between the object
and the environment, increasing the convective heat
transfer coefficient, or increasing the surface area of the
object. Increasing the surface area is the most economical
solution.

The assumptions need to be made while calculating the
heat transfer through fins: Steady state heat transfer is
considered. The properties of the material are constant
(independent of temperature). There is no internal heat
generation. The heat conduction happens in one dimension
only. The material has uniform -cross-sectional area.
Convection occurs uniformly across the surface area.

Some of the examples of fins are thin rods on the
condenser of refrigerator, coolers of SMPS, coolers of the
engines, etc.

1.1 Literature Survey

The horizontal orientation of rectangular fins is
observed to have relatively poor heat transfer ability and
hence the vertical orientation ensures better heat transfer
and heat dissipation. The heat transfer from the finned
surfaces to the ambient atmosphere occurs by convection
and radiation. But due to relatively low values of emissivity
of the fin materials such as aluminium, duralumin and steel
alloys, the radiation effect on the heat transfer can be
neglected. Hence the principles of convection are applied to
obtain the heat transfer through fins.

The mode of energy transfer between a solid surface
and the adjacent liquid or gas that is in motion is called
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convection. Faster fluid motion results in greater heat
transfer by convection. [1]

There are two types of convection processes: Natural
convection and 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.

1.2 Fin Efficiency

Fin efficiency can be defined as the ratio of actual heat
transfer rate from the fin to the ideal heat transfer rate
from the fin if the entire fin were at base temperature. [3]

I fin= Q fin/Q fin max

To find the heat transfer rate for different cases:

CASE 1: The fin is very long, and the temperature at the
end of fin is essentially that of the surrounding fluid

Q = V(hPkA) X (T - Tes)

CASE 2: The fin is of finite length and loses heat by
convection from its end.

Q=

\/(thAO) X (To - Too) x ((sin(mL)+(h/mk).cosh
(mL))/(cosh(mL)+(h/mk).sin(mL)))

CASE 3: The end of fin is insulated so that dT/dx=0 at x=L
Q = V(hPKA,) x (T, - T).tanh(mL)

In practical applications, fins have varying cross-sectional

areas depending upon their applications.

To find fin efficiency for the above 3 cases:
CASE 1:n¢=1/mL

CASE 2: n ¢ = tanh (mL)

CASE 3: n ¢ =tanh (mL)/mL

1.3 Fin Effectiveness

The fin effectiveness can be defined as - The ratio of heat
transfer with fin to the heat transfer without fin. [3]

u= Q with fin/Q without fin

2. 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.
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Fig -3: Six-fin sample
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Fig -4: Eight-fin sample

Fig -6: Five-fin sample with 20.5mm fin spacing
3. CONSTRUCTION OF THE SAMPLES

The four fin samples were produced 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 WWM"‘H'F “ .
samples having a spacing of 28mm, 20.5mm, 16mm and L ———

10.85mm respectively. m-&]-p i)
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Fig -5: Four-fin sample with 28mm fin spacing

Fig -8: Eight-fin sample with 10.85mm fin spacing
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4. 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.

4.1 Apparatus

The apparatus consists of a duct of dimension 150mm x
130mm x 1000mm 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. The
specifications of the apparatus are:

1. Duct size: 0.13m x 0.15m

2. Dimmer stat: 0-270 Volts; 2 Amperes

3. Temperature Indicator: 0-200°C

4. Fin Material: Steel EN8

5. Size of the Fin: 0.11m x 0.107m x 0.002m

Fig -9: Experimental Setup

Fig -10: Magnified view of the five-fin sample installed
inside the air duct

Fig -11: Assembly of fins, heater, insulating pad and back
plate

Fig -12: Rear view of the assembly (indicating the circuit
for the thermocouples)
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4.2 Experimental Procedure

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 15°C 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

Voltag | Curren Heat AT =
Temperatures (°C) e (V) t(A) Transfe | (Tbase-
r (W) Tambient
Tbas Tﬁn Tambien ) (OC]
e t
45. | 44. | 304 37 0.215 7.955 14.6
0 1
46. | 45. | 31.6 38 0.222 8.436 14.9
5 6
47. | 46. | 32.0 39 0.227 8.853 15.2
2 0

Table -3: For AT = 15°C for 6 fins with 16mm spacing

Voltag | Curren Heat AT =
Temperatures (°C) e (V) t(A) Transfe | (Thase-

differences of 25°C, 50°C and 60°C for each of the fin r (W) T ambient
samples and the corresponding observations were noted. Thn | Tambien 16
The observations are tabulated as follows. Thas t
Voltag | Curren Heat AT = 49. | 49. | 34.2 34 0.234 7.956 15.4
Temperatures (°C) e (V) t(A) Transfe | (Tbase- 6 0
r(W) | Tambent | 3871728, | 341 | 34 | 0.230 | 7.820 | 14.6
Tbas Tfin Tambien ) (OC) 7 3
e t
49. | 48. | 331 | 39 | 0224 | 8736 | 161 49. | 48. | 342 | 35 | 0238 | 8330 | 152
2 | s 419
49. | 48. | 331 | 36 | 0214 | 7.704 | 164 49. | 49. | 344 | 35 | 0238 ) 8330 | 154
8 3
5 5
48. | 47. | 33.8 34 0.196 6.660 14.6
4 7 Table -4: For AT =~ 15°C for 8 fins with 10.85mm spacing
48. | 48. | 34.2 34 0.196 6.660 144 The value of heat transfer co-efficient was calculated
6 0 using the experimental data for all the temperature

Table -1: For AT = 15°C for 4 fins with 28mm spacing

Voltag | Curren Heat AT =
e (V) t(A) Transfe | (Thase-
r (W) Tambient

Temperatures (°C)

Tbas Tfin Tambien )(OC)
e t

42. | 43. 30.9 35 0.207 7.245 12.9
6 8

44. | 45. 31.1 39 0.228 8.892 14.7
8 8

44. | 45. 30.5 39 0.229 8.931 15.4
8 9

Table -2: For AT =~ 15°C for 5 fins with 20.5mm spacing

differences and fin samples using the co-relations from the
Heat and mass transfer data hand book.

4.3 Formulae and Calculations

Calculations for heat transfer coefficient (h) based on the
base temperature (Analytical):

For 4 fins and AT=25°C,
Taim= (T1+T3)/2 = (55.4+31)/2 =43.2°C

Properties of air at 43.2°C

v=17.28x10°m?2/s

P.=.6987

k=.02778 W/mK

Grashoff’'s number, Gri= (gfB(T1-T3)Z3)/v?

B= 1/ Tam where Tgim is in Kelvin (K)

G =

(9.81x(1/ (273+43.2))x(55.4-31)x(.11)3)/ (17.28x10-)2
Gr. =3.37x10¢°

G x Pr=2.357x106
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From heat transfer data book, page 136
Ny =.59(G x P)-2°

N, =.59(2.357x106)25

N, =23.11

To find heat transfer coefficient (h1)

Ny = (hix Z)/k

h; = (N, xKk)/Z

h; =(23.11x.02778)/.11 = 5.83 W/m2K

To calculate heat transfer coefficient (h;) experimentally
Q=h;xAx AT

h; = Q/(A x AT) = 11.83/(.0241 x 25) = 19.63W/m?K
Where A = total convective area

Q = supplied wattage

Average heat transfer coefficient (h)
h = (hi+h2)/2 = (5.83 + 19.63)/2 = 12.73W/m2K

The formulae for calculations are referred from heat and
mass transfer data hand book. [4]

Similarly the heat transfer coefficient for all fin samples is
calculated.

5. 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:

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 co-
efficient 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:
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Fig -13: Heat transfer of 4 fin sample for AT=25°C
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Fig -14: Fin temperature of 4 fin sample for AT=25°C
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SR 10| G <URE #UF70'*ENERR OD472006T No Heat Transfer % Fin Temperature %
oo L o coim [ % GrAAR 0% .of w) Erro Q) Err
d foerd fin r or
'E :’,:.“, S Qexperime Qsimulati TZexperime TZsimulat
e \‘: ::: ntal on ntal ion
ke 4 6.66 6.12 | 8.18 48.0 483 | 0.76
=
e 5 8.93 782 | 12.4 459 46.0 | 0.21
= 3
o - 6 8.85 7.94 | 10.2 46.0 47.0 | 2.13
& ancho s 8 | 833 | 765 |816| 493 49.6 | 0.60
:: :a:--. : 2 ) . _l
s [ - — Table -5: Results for AT=15°C
No Heat Transfer % Fin Temperature %
Fig -15: Heat transfer through back face of base plate for ' _Of (W) Err Q) Err
8 fin sample for AT=25"C fin or or
S Qexperime Qsimulati TZexperime TZsimulat
e % S hwt Wm ntal on ntal ion
B3%8 90 o CERE #AHEH0 $20E1 004/ 00041 4 11.83 11.77 | 0.50 54.0 55.1 1.99
T SR 5 | 17.06 | 1589 | 688 | 525 | 544 | 3.49
b 6 15.64 14.71 | 5.99 56.2 578 | 2.77
-«':::::m 8 15.13 14.12 | 6.70 57.8 58.6 1.36
=
| 3]
g Table -6: Results for AT=25°C
T No Heat Transfer % Fin Temperature %
T .of W) Err Q) Err
" 3 fin or or
:w E x::m;; S Qexperime Qsimulati TZexperime TZsimulat
e =N ntal on ntal ion
e 4 33.53 32.36 | 3.49 80.3 81.5 1.47
chune kGt Bl 5 35.49 34.13 | 3.84 83.4 84.0 | 0.71
B — . —— 6 | 4142 | 3943 | 480 | 84.0 87.3 | 3.78
(o ] = i 8 46.48 42.37 | 8.84 83.4 84.4 1.18
Fig -16: Side view indicating the temperature distribution Table -7: Results for AT=50°C
across fin width for 8 fin sample for AT=25°C
No Heat Transfer % Fin Temperature %
6. RESULTS AND DISCUSSIONS .of w) Err Q) Err
fin or or
The experimental and analytical values of the heat transfer s | Qexperime | Qsimulat Taexperime | Tasimulat
through the four fin samples along with the percentage ntal on ntal lon
errors were tabulated as follows. 4 45.59 43.55 | 447 94.1 95.9 1.88
5 66.63 64.73 | 2.86 88.8 93 4.51
From_the tables given be_low, it can be observed that the 6 5150 2943 | 2.02 934 92 0.64
experimental and analytical values of heat transfer are
approximately equal. Also the experimental and analytical 8 49.38 47.08 | 4.66 91.9 93.7 1.92
values of the fin temperature are approximately equal. The
maximum error obtained is 12.43% which can be Table -8: Results for AT=60°C
considered to be within the permissible range.
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7. CONCLUSION

The graph of the heat transfer versus fin spacing is plotted
for the specified values of temperature difference AT= 15°C,
25°C, 50°C and 60°C. From this graph it can be observed
that for the curves of AT= 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 AT= 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 AT= 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.

] i

Fig -17: Comparison of Heat Transfer by experiment and
simulation
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