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1. INTRODUCTION 
Convection heat transfer between solid surface and the 

ambient fluid can be increased by increasing heat transfer 

area by attaching to the surface thin strips of metals 

called fins. The study of extended surface   heat transfer 

in most cases comprises two factors that may 

conveniently be separated. One factor is only the 

movement of heat within the fin by convection other 

considers how the fin exchanges heat with the 

surroundings. The heat transfer can be increased by 

increasing the convection heat transfer coefficient or 

increasing the surface area of an object or increasing the 

temperature difference between the object and the 

environment. Adding a fin to an object,   however, 

increases the surface area becomes an economical 

solution to heat transfer problems. Heat transferred 

through the fin can be take place by conduction, 

convection and radiation. Sometimes   heat transferred 

by radiation is neglected. There have been many 

investigations restricted on the heat transfer and pressure 

drop in channels with pin-fins of circular cross-section 

[1-7]. Sparrow et al. [1] were among the first to 

investigate the heat transfer performance of inline and 

staggered wall attached arrays of cylindrical fins. 

Metzger et al. [3] investigated the heat transfer 

characteristics of staggered arrays of cylindrical pin-fins. 

Simoneau and Vanfossen [4] also studied the heat 

transfer from a staggered array of cylindrical pin- fins. A 

review of staggered array pin-fin heat transfer for turbine 

cooling applications was presented by Armstrong and 

Winstanley [5]. The end wall heat transfer in the presence 

of inline and staggered adiabatic circular pin-fins were 

studied by Matsumoto et al. [6]The pin 

height-to-diameter ratios of typical heat sink used for 

such applications are between 1/2 and 4 [7]. Damerow et 

al. [8] measured pressure drops in channels with arrays of 

pin fins having H/D from 2 to 4 with various pin spacing 

geometries and found no H/D effect on the friction factor. 

A similar trend has been reported by Metzger et al. [9], 

who also obtained friction factors data, which agreed 

well with the long tube correlations proposed by Jacob 

[10]. Armstrong and Winstan-ley [11] compared the 

experimental data obtained by Peng [12], Metzger et al. 

[9], Damerow et al. [8], and Jacob [10]. The correlation 

proposed by Metzger et al. [9] provided the best fit for 

the data (within ±15%), while Damerow’s [8] correlation 

did not match the experimental results. Although Jacob’s 

[10] correlation was originally developed for long fins, it 

predicted the experimental data fairly well. An 

interesting result that might explain the similar pressure 

drop trends for long and intermediate size tubes was 

obtained by Sparrow et al. [13]. Heat transfer and 

pressure drop of flow across tube bundles/pin fins have 

been a subject of extensive research over the last century 
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[14]. The Nusselt number and friction factor correlations 

obtained primarily through experimental studies have 

been developed for circular [15–19], rectangular [20, 21], 

oval [22], elliptical [23], diamond [24], hexagonal [25], 

and lenticular [26] configurations, among others. 

Dimensional analysis suggests that the convective heat 

transfer across long cylinders in cross flows varies with 

the Reynolds and Prandtl numbers. Flows over 

intermediate size pin fin banks have been commonly 

used in turbine cooling systems to increase the internal 

heat transfer characteristics. The pin height-to-diameter, 

H/d, ratios of typical heat sinks used for such 

applications were between 1/2and 4 [27]. 

MizanurRahman (2007), BSc. Thesis paper, Chittagong 

University of Engineering and Technology (CUET) 

analyzed parabolic shape of fin [28]. Sanaullah 

Mohammad Yusuf (2007), BSc. Thesis paper, 

Chittagong University of Engineering and Technology 

(CUET) showed rectangular shape of fin more efficient 

than parabolic shape [29]. Pin fins are normally used 

because of their relative simplicity in fabrication. 

Therefore it is necessary to investigate different 

geometry of pin fins having different cross-section. So 

the aim of this study to investigate the heat transfer and 

performance characteristics for the conical pin-fin arrays 

attached on a flat surface in a rectangular box in case of 

free and force convection. 

 

2. OBJECTIVES OF THE PROJECT 
a) To design and construction of pin fin array and set 

up in a flat plate wall. 

b) To determine the free and force convection heat 

transfer coefficient for an extended surface of 

varying cross section using pin shaped fin. 

c) To determine the performance of the conical pin 

fins. 

 

3. EXPERIMENTAL METHOD 
In this experiment conical pin fin is selected for heat 

transfer enhancement. The following parameters were 

selected during the experiment: Determination of fin size, 

Selection of the suitable types of fin material, Design the 

fin according to my project, Collection of the necessary 

raw material, Construction of fin array according to the 

size and shapes, Construction of a fin box shown in Fig. 1. 

After setting up a heater and a thermocouple in the fin 

box experimental data were taken by doing the 

experiment in several times. Finally calculate the 

efficiencies from the data. 

 
 

Fig.1: Pin fin array 

 

3.1 Material Selection 
Aluminum metal were selected for manufacturing fin 

array & plate box. For measuring voltage a Voltage 

regulator was used. Temperature was measured by using 

T-type thermocouple. For heating purpose heater was 

used. For insulation asbestos and heat insulating cloth 

were used. Multi-meter was used for measuring current 

through the heater. Fan was used for air supply and 

anemometer was used for measuring the velocity of the 

supply air. 
 

3.2 Experimental Procedure 
a) Adequate time were allowed to reach steady state 

operation before noting the heated wall temperature 

(tH). 

b) The air temperature and the temperature at each of 

three point along the fin (tF) were measured. 

c) For the force convection switch on the fan and 

select a low speed whilst maintaining the input 

power constant. 

d) Reading rate were taken with the air velocity (UA) 

after reaching steady state operation 

e) Number of data was taken for a range by increasing 

fan speed. 

 

4. GOVERNING EQUATION 
The rate of convection heat transfer from the extended 

surface 

Q = hAH(tH-tA) + hAF(tFAv-tA) 

where 

h = convection heat transfer coefficient 

(assumed constant) 

AH = area of heated wall only 

AF = summed area of all fins 

tFAv = average temperature along the length 

of fins which may be approximated as mean 

temperature of three temperature measured 

along length. 

Again, Total amount of heat supplied  

Q = VIcosθ 

where 

V = Voltage supplied 

I = Current 

Cosθ = Power factor ≈0.8 (assume for this 

experiment) 

 The fin efficiency η is the ratio of the actual heat 

transfer from the surface to heat which would be 

transferred if the entire area were at base temperature. 

where 

η=
𝑡𝐹𝐴𝑣−𝑡𝐴

𝑡𝐻−𝑡𝐴
 × 100 

 

5. EXPERIMENTAL SETUP 

During free convection (Fig. 2) supply power first passes 

through the voltage regulator from where we get supply 

voltage (Fig. 3). Then the supply power passes through 

the multi-meter for measuring supply current. After that 

it passes through the heater for heating purpose. The 

heated wall temperature was measured from 

thermocouple reading and this reading was used for 

measuring fin temperature. Data for free convection is 

shown in Table 1. But in case of forced convection (Fig. 

4) an air duct was used for supplying adequate air. The 
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velocity of supply air was measured by using an 

anemometer. Data for forced convection by varying fan 

speed and power are shown in Table 2 & Table 3 

respectively. 

 

 
 

Fig 2: Assemble of fin for free convection 

 

 
 

Fig. 3: Schematic diagram assemble of extended surface 

with electrical console. 

 

 
 

Fig. 4: Assemble of fin for force convection. 

 

Table 1: Data for free convection 

 

Te

st 

No

. 

V 

Volt 

I 

Am

p 

 

Q 

Wa

tts 

tH 

℃ 

tA 

℃ 

tFAv 

℃ 

tH-t

A 
℃ 

 

tFAv-t

A 

℃ 

1 80 
0.5

6 

35.

84 

67.

75 
25 

50.

67 

42.7

5 

25.6

7 

2 100 
0.6

6 

52.

8 
86 25 

64.

33 
61 

39.3

3 

3 120 
0.7

8 

74.

88 

97.

25 
25 

72.

66 

72.2

5 

47.6

6 

 

Table 2: Data for force convection (varying speed) 

 

Te

st 

No

. 

V 

Vo

lt 

I 

Am

p 

Q 

Wat

ts 

tH 
℃ 

 

tA 

℃ 

tF

Av 

℃ 

tH-t

A 
℃ 

 

tFAv-

tA 

℃ 

U 
𝑚

𝑠⁄  

1 12

0 

0.7

8 

74.

88 

7

0 

2

5 

38 45 13 2.4 

2 12

0 

0.7

8 

74.

88 

6

5 

2

5 

36 40 11 3.5 

3 12

0 

0.7

8 

74.

88 

6

1 

2

5 

34 36 09 4.4 

 

Table 3: Data for force convection (varying power) 

 

Te

st 

No

. 

V 

Vo

lt 

I 

Am

p 

Q 

Wat

ts 

tH 
℃ 

 

tA 

℃ 

tF

Av 

℃ 

tH-t

A 
℃ 

 

tFAv-

tA 

℃ 

U 
𝑚

𝑠⁄  

1 80 0.5

6 

35.

84 

4

7 

2

5 

31 22 06 3.5 

2 10

0 

0.6

6 

52.

8 

5

4 

2

5 

33 29 08 3.5 

3 12

0 

0.7

8 

74.

88 

6

5 

2

5 

36 40 11 3.5 

 

6. DATA ANALYSIS 
a) Determination of the heat transfer coefficient for 

free and force convection 

b) Determination of the fin efficiency 

 

The convection heat transfer coefficient  

h = 
𝑄

𝐴𝐻(𝑡𝐻−𝑡𝐴)+𝐴𝐹(𝑡𝐹𝐴𝑣−𝑡𝐴)
 (6.1) 

 

The fin efficiency= 
𝑎𝑐𝑡𝑢𝑎𝑙 ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑓𝑟𝑜𝑚 𝑓𝑖𝑛

𝑡ℎ𝑒 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 ℎ𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑓𝑟𝑜𝑚 𝑠𝑢𝑟𝑓𝑎𝑐𝑒
 

 

η=
𝑡𝐹𝐴𝑣−𝑡𝐴

𝑡𝐻−𝑡𝐴
 × 100  (6.2) 

 If Pin diameter (d) = 14.2 mm, Pin length (L) = 70 

mm, Plate length (A) = 170 mm, Plate width (B) = 120 

mm, Plate thickness = 6 mm, Bolt dia (d1) =5 mm, No of 

bolts = 4, No of fins = 7 

Area of heated wall AH= (length× width of plate) – 4(bolt 

cross section area) - 7(fin base area) 

= (A×B) – 4(
𝜋

4
 ×d1

2) – (
𝜋

4
×d2) =.019213426 m2 

Summed area of fin AF= 𝜋d/2[L2 + (d/2)2] × 7 = .01099 

m2 

 

6.1 Wall Temperature Calculation 
 The plate material is contact with a heat source at an 

elevated temperature 𝑡1= 98  

 The heated wall temperature = tH 

 The thermal conductivity of aluminum k = 202  

𝑊 𝑚²⁄  

 Thickness of the plate dx = .006 m 

 From Fourier’s law of heat conduction 

Q = k
𝑡1−𝑡𝐻

𝑑𝑥
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74.88 = 202
𝑡1−𝑡𝐻

.006
 

t1 - tH=.002224158  

tH= 98.002224158  

The temperature variation between the lower surface and 

upper surface=0.00224158 which is very small (may be 

neglected). 
 

6.2Heat Transfer Coefficient & Efficiency 
Calculation      
Free convection 
 For, power supply Q = 35.84 watts, Wall temperature 

tH= 67.75 , ambient temperature tA= 25 , tFAv= 50.67  

 The convective heat transfer coefficient from 

equation (6.1) 

h = 
35.84

.019213426 (67.75−25)+.01099 (50.67−25)
 

  = 32.5𝑊 𝑚²⁄  

 

 The fin efficiency from equation (6.2) 

η = 
50.67−25

67.75−25
 × 100 

  = 60.0% 

 Similarly for Q = 52.8 watts, tH = 86 , tFAv = 64.33 , 

tA=25 , h = 32.9 𝑊 𝑚²⁄ , η = 64.48%, and for Q = 

74.88 watts, tH = 97.25 , tFAv = 72.66 , tA=25 , h = 

39.16 𝑊 𝑚²⁄  

η = 65.97% 
 

Force convection 
 For, power supply Q = 74.88 watts, Wall temperature 

tH= 70 , ambient temperature tA= 25 ,tFAv= 38   and 

fan velocity U=2.4 (m/s) 

The convective heat transfer coefficient, 

h = 
74.88

.019213426 (70−25)+.01099 (38−25)
 

  = 74.32 𝑊 𝑚²⁄  

 The fin efficiency, 

η = 
38−25

70−25
 × 100 

   = 28.88% 

Similarly for Q = 74.88 watts, tH = 65 , tFAv = 36 , tA= 

25  and velocity of air =3.5 (m/s) 

h = 84.19 𝑊 𝑚²⁄  

η = 27.5% 

And for Q = 74.88 watts, tH = 61 , tFAv = 34 , tA=25  

h = 94.71 𝑊 𝑚²⁄  

η = 25% 

 

7. RESULTS AND DISCUSSION 
From Fig. 5, it is observed that the heat transfer 

coefficient increase with the increase of the temperature 

difference between wall and ambient for free convection. 

From Fig. 6, it is observed that the efficiency of fin 

increase with the increase of the heat transfer coefficient 

for free convection. By plotting the graph Fig 7, it is 

observed that the efficiency of fin decrease with the 

increase of heat transfer coefficient for forced convection. 

From Fig 8, it is observed that the heat transfer 

coefficient increases with the increase of fan velocity. 

 

 
Fig. 5: Temperature difference vs. heat transfer 

coefficient (free convection) 

 
Fig. 6: Heat transfer coefficient vs. Efficiency of fin. 

(Free convection) 

 

 
Fig. 7:  Heat transfer coefficient vs. Efficiency (forced 

convection) 

 

 From Fig. 9, it is observed that efficiency of fin will 

decrease if velocity of fan is increase in force convection. 

From Fig. 10, it is observed that heat transfer coefficient 

will increase with the increase of fan velocity.  
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Fig. 8:  Heat transfer coefficient vs. Velocity of fan (force 

convection) 

 

 
Fig. 9: Efficiency vs. velocity of fan. (Force convection) 

 

 
Fig. 10: Velocity vs. Heat transfer coefficient 

 

8. CONCLUSION 
Fin is used in different application for enhancing heat 

transfer rate. Design and fabrication of the fin may vary 

due to some difficulties.  Avoiding air resistance between 

fin and plate fin must be joining smoothly with the plate 

wall for. To get appropriate reading, heat loss calculation 

and box insulation should be proper. Fin base diameter 

and height were kept constant in my project but there 

variation may affect the heat transfer coefficient. During 

experiment I used cylindrical heater but flat surface 

heater may be used for uniform heat transfer. Pin fin 

array of elliptical shape may be used for future work. 
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