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Abstract

An experimental investigation of natural convection heat transfer in a heated an annular composite fin dissipating heat in a radial
direction. The aim of this project is analysis the efficiency in both (with and without coating)an annular fin and physical dimensionless
number such as (Nusselt’s number, Grashoff’s number and Prandtl’s number) of the natural convention heat transfer process by the
variation of heat transfer coefficient for any surface condition.By using MATLAB software to calculate the base fin efficiency and
the coated fin efficiency by the variation of heat transfer coefficient at constant radius in both the fins. From the experimental result
it has been found that the efficiency of zinc coating fin is higher than the efficiency of steel(base) fin and by using without coating fin
the experimental efficiency is increasing 2.5% as compare with the Matlab efficiency but by using zinc coating fin the experimental
efficiency is increasing 14.2% as compare with the Matlab efficiency.
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L. Introduction

Now days, most of the engineering processes require better dNow
most of the engineering and industrial field require better design of
fin configuration to capture the heat and transfer that heat in proper
ways with progressively less weight, volume and accommodates
shape. To adopted the new manufacturing technology for design
the fin and cost as well as the thermal behaviour. The rate of
heat transfer depends on the surface area of the fin. The annular
composite fin is one of the most popular choices for exchanging
the heat from the primary surface to surrounding fluid. Through
the free or force convection heat transfer takes place between the
extended surface to atmosphere fluid, so that heat transfer rate
can be increased by the connection of an extended surface (fin) of
thin strips metal. An extended surface geometry is divided in two
types such as a straight fin and annular fin. The heat transfer takes
place by an extended surface through the conduction mode within
the boundary condition as well as convection heat transfer from
boundary condition of the conduction to the surrounding fluids,
but in present report using an annular composite fin has been
investigated the experimental efficiency and MATLAB efficiency
(i.e calculated by MATLAB coding) for both the fins (i.e with and
without coating) and compare it. Generally the fins are attached,
where the heat transfer coefficient is much lower than the other
fluid side. Generally the composite fins may be used under the high
temperatures condition and also corrosion atmosphere. If we use
the fins in high temperature side the life of the fin can be reduced,
so increase the life of the fins or protected the base material under
the high temperature. We have use an anti-hostile coating material
is coated over the base material by the galvanization process. When
used an extended surface is made of two or more different materials
it is called composite fin. The construction of the composite fins
either the galvanization process or electrochemical process. The
coating of different materials and their alloys are used to protect
the base material for the different environmental conditions such
as more highly polluted air in industrial regions, moisturescontent
of the air, water contains chemical pollutants and marine water
those are effects on the coating materials. Due to those effects the
coating materials are destroyed by corrosion but the base material
is protected, so that the life of the fin is increase..

IL. Literature Review

K.Balaji and B.N.V Srinivas discussed the effect of coating on
the efficiency of annular fin. He has observed that high thermal
conductivity coating materials are reducing the temperature
variation from base to tip [1].

B. kundu& P.K. Dasreported the performance of elliptic fin has
been analysed using a semi analytical technique. He has also
shown the efficiency of elliptic fin by using sector method [2].
S.Lalot, C.Tournier and M.Jensen discussed the fin efficiency of
annular fin made of two materials by using the arithmetic special
mean approximate method [3].

Chi-Yuan Laireported the thermal performance of singular annular
fin with variable thermal properties such as heat transfer coefficient
and thermal conductivity. He has also describe the singular annular
fin can be divided into several circular sections and each section
is taken its variable thermal properties. The results obtained from
each section have been combined each section and calculated by
using recursive formula [4]. Mokheimer Esmail M. A.investigated
the performance of annular fins of different profiles subject to
locally variable heat transfer coefficient. The performance of the
fin expressed in terms of fin efficiency in the form of curves known
as the fin-efficiency curves for different types of fins [5].
Akihiko Horibe, Zhongmin Li and Naoto Harukidiscussed the
composite fin are made of coating layer over a core metal then
calculation efficiency of the fins by an analytical process. He has
also investigated the theoretical results show that fin efficiency
of a coated fin decreases with an increase of the coating layer
thickness if the thermal conductivity of coating layer is much less
than that of the substrate metallic fin and vice versa [6]..

Ill. Methodology

A. Material selection

In the present experimental investigation, we have taken the base
fin material will be selected is steel and the coating fin material are
use zinc over the base fin metal and to see the table no. 3.1.

B. Modeling of annular fin using MATLAB
Using the MATLAB software to compare the efficiency and
physical dimensionless number for heat transfer by the natural
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convection process of the experimental results and the efficiency
calculated through the MATLAB programming for both the
fins.

C. Physical model
The sketch of an annular composite fin with rectangular profile
is shown in the fig. 1. (a)& (b) with the coordinate system.

Temperature T=Th
atr=Rb

Fig. 1.(a)Circular fins without coating

Fig. 1. (b) Circular fins with coating

The mathematical formulation is based upon the following

assumption:-
1. The fin materials of each zone are considered as
homogeneous.

2. The fin materials of each zone are isotropic.

3. Neglected the heat transfer at the fin end.

4. Neglected the physical contact resistance between the
cylindrical tube and fin base.

5. Neglected the physical contact resistance between the base
fin (steel) and coated fin (zinc).

Solve the equations (partial differential form) of heat propagation

in the core material (region-1) of the fin and the coated material

(region-2) of the fin.

D. Range of investigation of the annular composite fin
Table no.3.1

Experimental setup specification data for an annular composite
fin are given below

Tube material Steel
Tube inside diameter 0.9cm
Tube outside diameter 1.3cm
Base fin material Steel
Coating material Zinc
Thermal conductivity of zinc ITTW/mK
Base fin thickness 2mm
Coating thickness in each sides 2mm
Fin base radius 0.65cm
Extremity radius 5.05cm
Circular steel fin diameter 10.1cm
Circular iron piece diameter 4cm
Band type heater power capacity 200 W
Table no. 3.2
1. Setup spanner 2. Setup screw driver
3. Band type heater 4. Circular iron piece
5. Digital Voltmeter (0 to 199 V) 6. Digital watch
7. Digital Ammeter (0 to 1.999 A) | 8. Digital Temperature
(0 to 3000 C)

IV. Procedure for Experimental

To study the temperature variation along the radial length of the
annular fin in natural convection only, the following procedure
are given below the natural convection

A. Natural Convection

1. Switch on the system the electric current pass to the heater
and start heating the heater at that time to adjust the voltage
on the voltmeter in our requirement. In the present report
taken voltage range from 90V to 115V.

2. During heating the energy (heat) is transfer to the steel tube
through the mode of conduction. A circular fin is placed at
distant 6.6 cm from the heater base and through the conduction
the heat is flow in radial direction of the circular fin.

3. After steady state has been reached, the thermocouples
reading were noted down at four different points on the radial
direction of the circular fin and also measure the ambient
temperature at a particular voltage. Similar ways the reading
of the thermocouples were noted down by the variation of
voltage and ambient temperature and then calculate the
average surface temperature of the each voltage.

4. Similar procedures are taken the reading for both the fins
like with coating and without coating fin.

B. Calculation data obtain from the experiment

Data obtained using zinc coated over the base (steel) fin in average
surrounding temperature is 22.40 c¢ on date 19/05/2014 at NIT
Patna.
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Table no. 4.1 Nusse | Grasho | Heat Heat | Efficie
Input | Input | Heat Thermocouple reading It’s ff's transfe | losse | ncy
Volta | Curre | input numb | numbe |r S (Nm)
ge(V) | nt(l) ;hrc;ugh Tal® | Tl | Tal | Tal er r (Gr) coeffici | thro | calcul
Ea_er ) Q) ) Q) (Nu) ent (h) | ugh | ate
{&_}}'V' (W/m? | fin | throu
K) (@ |gh
90 | 0317 | 2853 | 345 | 332 | 316 | 303 fin) | MATL
(w) | AB
a5 0.337 31.63 346 | 333 31.8 30.5 14.30 | 7.4456 | 7.9729 | 1.412 | 95.37
25 x10°

100 | 0.352 35.10 348 | 334 | 319 | 30.6

14.32 | 7.4856 | 7.9896 | 1.425 | 95.36

105 | 0.373 39.48 350 | 335 | 314 | 30.7 16 x10°
110 | 0.387 42.79 351 | 33.0 | 320 | 308 14.35 | 7.5584 | 8.0105 | 1.447 | 95.34
63 x10°

115 | 0.406 46.57 353 | 332 | 321 | 30.7

14.36 | 7.5870 | 8.0186 | 1.456 | 95.30

Average Base Experiment 98 10°
surface temperatu | al
temperature re efficiency 14.38 | 7.6251 | 8.0294 | 1.467 | 95.33
(n) 5
(T.) = (To=Ta) 8 | x0
Tt1+Tt2+Tt3+Tt4( (Oc)
°) 4 14.41 | 7.6775 | 8.0442 | 1.489 | 95.32
24 x10°
32.4 34.5 82.6
325 34.6 82.3 Table no. 4.2
Similar way we have proceed the experimental procedure, we
32.6 34.8 82.2 obtained data by using base (steel) fin metal without coating in an
average surrounding temperature is 22.40 ¢ on date 20/05/2014
32.65 35.0 81.3
at NIT Patna.
32.72 35.1 81.2 Inp | Inp | Heat Thermocouple reading
ut ut input
32.85 35.3 81.0 Volt | Curr | through | Tia | Tea( | Tes( | Tea
age |ent | heater( | (°Cc)| °c) | °c) | (°c)

v) |1 ( Q) = VI

Mean Thermal Kinema | Prandt (W)
film conductiv | tic I’s
temperat ity of air viscosit | numbe
ure (Ty) (Kair) y (9) x r (Pr) 90 0.31 28.53 34. 33.1 | 31.1 | 29.
(°c) (W/mK) | 10°® 7 2 6
(m?/s)
95 0.33 31.63 34. | 33.3 | 31.3 | 29.
27.40 0.02620 15.79 0.7122 7 5 8
6
100 | 0.35 35.10 34. | 33.2 | 31.4 | 30.
27.43 0.02622 15.80 0.7122 2 7 1
5

>7.50 0.026225 | 15.8075 | 0.7122 105 | 0.37 39.48 34. | 33.4 | 31.3 | 29.

5 3 9 8
27.52 0.026226 | 15.8098 | 0.7122 110 | 0.38 | 42.79 35 | 33.6 | 31.2 | 29.
a 7 9
27.56 0.026229 | 15.8130 | 0.7122 115 | 0.40 | 46.57 | 35. [33.7|31.4] 30
4 6 2

27.61 0.026232 | 15.8177 | 0.7122
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C. Experimental Setup Figure
Experimental figure for an annular composite fin by using zincs
coating over the base fin is made of an annular steel plate.

6mm

Gomm Zine

........

M| Iron piece

Heater

Wire

AC current

input

Figure 2.1 Layout of experimental setup in composite fin

Thermocouple wire

Steelfinwithout coating

Fig. 4.3 : Steel fin without coating

Steeltube

Zin[:\lgqating

Band type heater

Fig. 4.3 : Composite annular fin (zinc coating over the steel)

V. Results and Discussion
From the above experimental data were drawn the graphs by the
MATLAB software are given below -

Base temp. vs Surface temp.

I I
== with coating fin 8
A === without coating fin —
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A
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g8 8 8 8
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Surface temperature (degree celsius)

2.4 /
2.3 /t""
1232 //
32.1 ~
i 344 346 34.8 35 35.2 354 3.6

Base temperature (degree celsius)

Fig.5.1 (a) Comparison of surface temperature in with and without
coating fin against base temperature

Increasingthe base temperature withincrease the surface temperature
of the zinc coating and without coating fin as shown in figure 5.1 (a).
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Base temp. vs Heat losses through the fin
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Fig. 5.2 (b) Comparison of heat loss through the fin in with and
without coating against base temperature

Increasing the base temperature of both the fins with increasing the
heat transfer losses through the fins as shown in figure 5.2 (b).

Surface temp. vs Heat losses through the fin
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Fig. 5.3 (c) Comparison of heat loss through the fin in with and
without coating against surface temperature

Increasing the surface temperature of both the fins with increasing
the heat transfer losses through the fin as shown in fig. 5.3 (c).

Base temp. vs Efficiency without coating fin
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Fig. 5.4(d) Comparison of without coating efficiency in Matlab
and experimental data against base temperature

Increasing the base temperature of without coating fin with respect
to decreasing the efficiency of the fin as shown in figure 5.4 (d)
then compare the experimental data with the MATLAB data and
experimental efficiency increasing 2.5% as compare to Matlab
efficiency.

Base temp. vs Efficiency with coating fin
95
a4
o2
a0
)
5 .l Experimental result
g =il Matlab result
=31
84
g2
R .
3&4.5 345 u7 348 349 35 3’/A 32 3K3
Base temp. (degree caelsius)

Fig. 5.5(e) Comparison of with coating efficiency in Matlab and
experimental data against base temperature

Increase the base temperature of with coating fin with respect to
decrease efficiency of the fin as shown in figure 5.5 () than compare
experimental data with the MATLAB data and Matlab efficiency
increasing 16.5% as compare to experimental efficiency.

Heat transfer coefficient vs Heat losses thruogh fin
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Fig. 5.6(f) Comparison of heat loss through fin in with and without
coating against heat transfer coefficient

Increasing the heat transfer coefficient of both the fins with
increasing the heat transfer losses through the fin as shown in
figure 5.6 (f).
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Heat transfer coefficiet vs Nussalt number (Mu)
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Fig.5.7 (g) Comparison of Nusselt’s number in with and without
coating fin against heat transfer coefficient

Increasing the heat transfer coefficients of both the fins with
increasing the Nusselt number of the fin as shown in fig. 5.7 (g)

Heat transfer coefficient vs Grashoff number (Gr)
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Fig. 5.8 (h) Comparison of Grashoff’s number in with and without
coating fin against heat transfer coefficient

Increasing the heat transfer coefficient of both the fins with

increasing the Grashoff’s number of the fin as shown in figure
5.8 (h)

VL. Conclusion

In this project report, study or focus on the efficiency of an annular

composite fin by the variation of heat transfer coefficient but the

radius of the both (with and without coating) fins is constant.

When zinc coating over the base fin (steel) metal under the 2-D

steady state condition.

The following conclusions were drawn is given below

1. At increased the heat transfer coefficient, the efficiency of
the fin is decreasing but the efficiency ratio is increase and
same has been obtained experimentally.

2. Experimental efficiency is increasing 2.5% as compare the
calculated through Matlab efficiency for without coating
fin.

3. Experimental efficiency is increasing 14.2% as compare the
calculated through Matlab efficiency for with coating fin.

4. Increasing heat transfer coefficient with increasing the Nusselt
number (Nu) but decrease the Prandtl’s number (Pr).

5. Coating is more efficient for the thinner fin.

6. Increase the heat transfer through the fin with increase the
heat transfer coefficient

7. If surface temperature is increase then the efficiency of the
fins is decrease.
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