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Abstract 

Heat transfer is key phenomena of any cooling systems for the safe and satisfactory operating condition 

of an appliance. Fins are occupying a greater role in cooling of vehicle systems and specifically, 

radiating fins are used in space vehicles which represents an important part of the satellite thermal 

control system. The present work assumed three different pin-fin profiles such as rectangular, stepped 

and elliptical in space ambiance. The experiment is conducted inside a vacuum chamber setup to show 

the possibilities of heat transfer enhancement in radiating fins by taking those different profiles, also 

with Computational fluid dynamics. The performance of fins can be depicted in terms of the thermal 

conductivity and amount of heat transfer which is possible to evaluate from fin’s temperature 
distribution. However, a temperature dependent thermal conductivity is considered when there is a large 

temperature difference. Here, the finite volume method is employed to simulate the temperature 

distribution due to the lower temperature gradient. The results of experimental and numerical analysis 

are used to compare the fin profiles for suitability in space vehicles. 

Keywords: Radiating fins, Vacuum chamber, Heat transfer, CFD, Comparison 

1. Introduction 

Heat transfer through convection between a surface and the fluid surrounding can be improved by 

attaching to the surface thin metallic strips called Fins. In many engineering applications large quantities 

of heat need to be dissipated from small area which is done by increasing the effective area of the 

surface. The fin is generally used when the convection heat transfer coefficient is low, especially under 

free convection. The heat transfer characteristics of fins are highly essential in space appliances in 

presence of radiation. The profile of the fins needs to be considered in different rate of heat transfer. 

The optimal dimensions of convective rectangular fins and radial fins with a step change in cross- 

sectional area are experimentally discussed [1-2]. The mechanism of heat transfer in a space radiator or 

a fin array is conduction combined with radiation in a non-participating medium, and the heat transfer 

characteristics of simple and radiating fins have been experimentally studied [3-4]. It is reported that 

[5] optimizing the design of heat pipe or fin type space radiators for the case of uniformly tapered fins 

as well as for flat fins. The heat pipe or fin space radiators having flat fins with temperature-dependent 

thermal conductivity have been analyzed [6]. The effect of modification of surface geometry for a 

radiating pin fins with a test set up of vacuum of 680 mm Hg to reduce the contribution of convective 

heat transfer for a given base temperature and suggested an optimum depth of groove for heat loss to 

be maximum to the optimum depth of cut the grooved fin and recorded a loss of 1.34 times greater heat 

per unit mass compared to flat radiating pin fin [7]. The heat transfer rate always vary with the surface 

area of the fin. Radial or annular fins are discussed and analyzed the heat transfer rate and efficiency of 

circular and elliptical annular fins for different environmental conditions, which concluded that 

Elliptical fin efficiency, is more than circular fin [8]. A work studied the thermal performances of a heat 

sink by varying width design with an impingement cooling. The coupling of the pressure and velocity 

in terms of momentum energy equations are performed through SIMPLEC algorithm [9]. It is reported 

that the possibilities of heat transfer from different cross sectional area of rectangular fins and optimized 

for greater heat transfer rate [10]. The effect of heat transfer and effectiveness of rectangular, trapezoidal 

and concave parabolic profiles are investigated and comparative statement done [11]. Similarly it is 

experimentally analyzed for stepped fins and annular elliptical fins with internal heat generation which 
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includes the effect of heat generation on fin efficiency [12, 13].The heat transfer and friction 

characteristic using dimple based on the principle of the scrubbing, cooling of action fluid taking place 

inside the dimple were discussed [14,15]. Natural convection heat transfer from the horizontal stepped 

threaded pin fin arrays, the geometrical parameters are investigated and the effect by fin spacing, length 

of fin, height of pin and the temperature difference between fins and surrounding, by the horizontal fin 

arrays the heat is transfer [16]. Experimental analysis of a heat transfer enhancement and cylindrical 

cross section area perforated pin fins in a rectangular channel is carried out. Solid cylindrical pin fins 

leads to heat transfer increasing the cylindrical pin fins and increase the efficiency varies depend upon 

the material and there clearance ratio and enter fin [17]. To predict the thermal performance of triangular 

fins (array) within an enclosure which is vertically oriented and air filled to analyze the effects of several 

parameters and their wide ranges [18]. An application of modified Bessel functions in the analysis of 

fin heat transfer with differential equations were formulated from the fundamentals heat transfer modes 

[19]. It was analyzed that, the heat transfer on a wall containing triangular fins partially embedded in 

its volume. Combined heat diffusion equations governing each constituent were solved numerically 

using an iterative finite volume method [20]. It was observed that, the fin-root can act as a heat sink and 

heat source simultaneously for the wall. The heat transfer rate by combined system was clearly seen to 

be maximized at a particular fin-root length. The heat transfer rate through the triangular root finned 

wall is recommended to utilize. Heat transfer characteristics of a natural convection heat flow on a 

vertical and symmetrical triangular fin arrays were studied [21]. The results were compared with 

equivalent rectangular profile fin arrays. It is also observed that with increase in Grashoff number, 

average and local Nusselt number (Nu) gets increased. Similarly average Nu increases with spacing 

whereas local Nu increases to maximum value [22]. The computational analysis of fins with different 

notches [23], fins shapes [24], and optimization of stepped fin [25] are discussed with various 

temperature distribution. From the literature survey, fundamental analysis of pin-fin profiles and 

existing cooling technology for space vehicles are theoretically studied which provided a potential idea 

to proceed with this work. 

2. Experimental 
Considering the space applications of radiating fins, the experimental setup has been carried out in 

vacuum chamber as shown in fig 1. The continuous temperature variation for three different profiles has 

been monitored and tabulated as shown in table 1, 2, 3.The values are observed by inserting different 

fins at keeping current as uniform with variation in voltage and temperatures are tabulated. Using these 

values, the total heat transfer rate of each fins are calculated. Table 1 shows the temperature distribution 

of rectangular fins at experimental time. Similarly table 2 and 3 shows the temperature distribution of 

stepped and elliptical profiles. 

 

Fig 1: Experimental set up 



2.1. Temperature distribution 

Temperature distribution is major criteria in heat transfer analysis of a fin. The following assumptions 

are taken during the theoretical analysis, 

 Steady flow heat conduction 

 Axial heat conduction is negligible 

 No internal heat generation 

 Heat transfer co-efficient is constant 

 Constant thermal conductivity 

Table 1: Temperature distribution of rectangular fin 

S. No Amphs Volts Time T1 T2 T3 T4 T5 T6 

1 0.041 225 11.40 30 27 23 24 23 23 

2 0.040 224 11.44 40 34 24 24 23 24 

3 0.040 224 11.47 50 42 25 25 24 24 

4 0.041 226 11.51 58 52 26 27 25 25 

5 0.040 225 11.56 63 58 27 27 25 26 

6 0.042 228 12.03 69 67 28 28 29 29 

7 0.041 225 12.17 82 76 31 31 30 32 

8 0.043 236 12.18 91 90 36 36 36 35 

Table 2: Temperature distribution of Stepped fin 

S.No Amphs Volt Time T1 T2 T3 T4 T5 T6 

1 0.041 225 11.34 36 29 26 25 23 23 

2 0.040 224 11.41 43 34 29 28 28 25 

3 0.040 224 11.43 49 42 36 33 31 26 

4 0.041 226 11.47 62 58 41 40 40 27 

5 0.040 225 11.51 70 61 49 43 39 29 

6 0.042 228 12.01 78 72 41 37 36 29 

7 0.041 225 12.09 94 77 45 44 38 31 

8 0.043 236 12.13 96 86 54 43 41 32 

Table 3: Temperature distribution of elliptical fin 

S.No Amphs Volt Time T1 T2 T3 T4 T5 T6 

1 0.041 225 11.30 36 29 26 25 23 23 

2 0.040 224 11.41 43 34 29 28 28 25 

3 0.040 224 11.40 49 42 36 33 31 24 

4 0.041 226 11.43 72 58 41 40 40 26 

5 0.040 225 11.51 76 61 49 43 39 32 

6 0.042 228 12.03 83 72 41 37 36 31 

7 0.041 225 12.07 97 77 45 44 38 33 

8 0.043 236 12.11 98 86 54 43 41 34 

 

2.2. Modelling and Analysis 



The heat transfer modes in space medium are solely conduction and thermal radiation. The major part 

in the satellite heat transfer is carried out by thermal radiation. One of the main objectives of a thermal 

design is to maintain the temperature of a heat dissipating component at or below a specified value. This 

work is considered to have three different profiles of space radiating fins such as Rectangular, Stepped 

and elliptical profiles. The modelling is done by Catia software and analysis (solving and post processing 

step) were performed using ANSYS-Fluent software. Heat transfer rate depends on the variable 

temperature over surface and the thermodynamic properties of the fluid considered. 

Rectangular fin: Rectangular fins are common extended surfaces used in vehicles. The edge of the 

profile with minimal area leads to maximum possible heat conduction. The heat transfer occurs along 

the surface of the profile in air flow as shown in fig 2-a. Stepped fin: Stepped fins are the fin profile 

having a step change in thickness and it is exposed air domain as shown in fig 2-b. Here the problem 

has been divided into thin and thick sections. The resulting solved two non-linear heat transfer equations 

with non-linear boundary conditions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2: Different Fin profiles 

Elliptical fin: This kind of fin has a standard elliptical cross-section in shape with the minor axis length 

being equal to the diameter of circular fin and the major axis is 1.67 times the minor axis length. The 

relative air domain of the geometry is given in Figure 2-c. The surface area of SEF (standard elliptical 

fin) is calculated to be 1.35 times the surface area of the circular fin, but the effective front areas are 

the same for both fins because, the minor axis of SEF is equal to the circular fin diameter. 

3. Results and discussion 

The experimental and numerical analysis was carried out by assuming one dimensional (1D) heat 

transfer models of selected fin profiles. Temperature profiles are plotted for different iterations of one 

dimensional analysis and heat transfer rates were computed and results are discussed with improved 

stats. 

3.1. Heat transfer (Q) 

The efficiency of the fin surfaces can be understood by its rate of heat flow or lost to the atmosphere. 

It depends on the heat transfer co-efficient and contact area of the fin material used. Here, the material 

and length has been considered as uniform for three profiles, but the area of cross section may be 

varied. It depends on the shape of the fin assumed. For the same power supply the variation of heat 

transfer along the fin is obtained and tabulated in table 4. In general, heat lost by fin can be expressed 

by 

                                        Q = (hPKA) 0.5 * (Tb-T∞)*tanh (mL)                                (3.1) 

Under these criteria, the calculations were made for the comparison of three profiles which shows the 

a 

b 

c 



possibilities in using elliptical profile with less area when compared to other two profiles. 

 

Table 4: Amount of Heat transfer 

S. 

No 
Rectangular Steppe d Elliptical Best 

1 16.0 30.2 30.3 Elliptical 

2 36.6 42.0 41.9 Stepped 

3 59.5 53.7 58.2 Rectangular 

4 75.5 81.7 107.1 Elliptical 

5 84.6 95.7 102.4 Elliptical 

6 91.5 114.4 121.1 Elliptical 

7 114.4 147.1 149.0 Elliptical 

8 128.1 149.4 149.0 Stepped 
 

Fig 3 shows that, the comparative representation of heat transfer rate of three profiles which results 

in elliptical profile leads to more Radiative heat transfer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3: Variation in Heat transfer 
 

3.2. Temperature distribution 

When the temperature gradient is increased between the fins and the environment, the convection heat 

transfer co-efficient increased. The amount of heat transfer increased with increasing the surface area 

of the base object. Sometimes it is not economical or feasible to change the first two options. Thus, 

adding fins to an object increases the surface area and can sometimes be an economical solution to 

heat transfer problems. Fin problem analysis consists of two sections such as Thermal conduction 

through fin’s cross section and thermal convection through fin’s surface area. For one-dimensional 

energy balance equation of the fin problem is can be analytically expressed as [25], 

 

                         A.d/dx [k. (dT/dx)]-Ph (Tb-Ta) = 0                           (3.2) 

                                        k=k [1+λ (T-Ta)]                                            (3.3) 

 

The temperature distribution of different profiles of fin is analyzed by Ansys fluent and simulation 

of each profile is shown in figure for various iterations. The iterations have been accounted on time 

dependent. Figure 4 indicates the temperature distribution of rectangular fin whereas figure 5 and 

figure 6 indicates the temperature distribution of stepped fin and elliptical fin respectively. Uniform 

temperature distribution or thermal gradient will enhance the heat transfer rate gradually. Fig 4, 5, 6 

indicates the thermal gradient of three profiles in which stepped and elliptical profile having wide 

range of temperature distribution. When comparing the theoretical calculations, elliptical fins 
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providing uniform distribution of temperature rather than stepped profile. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig 4: Temperature gradient in Rectangular fin 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5: Temperature gradient in Stepped fin 
 

 

 

 

 

 

 

 

 

 

 

  

 

Fig 6: Temperature gradient in Elliptical fin 

The simulation in fig 7, 8, 9 clearly shows that the turbulence effect on stepped fin and elliptical fin 

increases the propagation of temperature compared to rectangular fin. Elliptical profile accelerates the 

heat radiation compared to other two. 

3.3. Velocity distribution 

The modelled fins are subjected under convective heat transfer also to enumerate the effect of velocity 

distribution. 

The velocity range assumed as 0-3m/s and the pressure between 0-1.01325bar. The direct surface 

contact of air with rectangular fin surfaces and minimal flow bypass seen when compared to other 

profiles, hence, no surprise that having less heat transfer co-efficient and effect of air flow is clearly 

given in Fig.10. 
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The stepped profile has reduced thickness towards air flow direction and it makes more contact surface 

than rectangular fin, since the heat sink become cooler when compared to Elliptical profile. Obviously 

it shows enhanced heat transfer co-efficient than rectangular fin and it is shown in fig 11. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Fig 7: Temperature distribution of Rectangular fin 

 
 

 

 

 

 

 

 

 

 

 

  

 

Fig 8: Temperature distribution of Stepped fin 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig 9: Temperature distribution of elliptical fin 
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Fig 10: Velocity distribution of Rectangular fin 

 

Fig 11: Velocity distribution of stepped fin 

Fig 12: Velocity distribution of elliptical fins 

The effect of testing in an elliptical fin at open air flow is shown in Figure 12, where significant flow 

bypass is seen with the elliptical heat sink. Here, the cross-section of this heat sink represents an 

obstruction for airflow. Also, the cross-cuts induced more bypass flow than the straight fin, suggesting 

increased pressure drop and turbulence. This shows that the elliptical airfoil shape has an enhanced 

heat transfer coefficient which is indirectly related to the air flow velocity. 

Conclusion and recommendations 

The present work is experimentally done and identified following suggestions. 

 The complete literature summary shows that the parameters and characteristics of heat transfer 

analysis in different profiles of fins and indicates the possibilities in heat transfer enhancement. 

 The temperature distribution along a radiating fin is predicted for different geometric and 

thermal parameters. 

 It is observed that, air flow through the stepped and rectangular fin design is more and also 

the thermal resistances were approximately equal. 

 The elliptic pin fin shows the lowest pressure drops compared to other two. The elliptic pin 

fin possesses the smallest thermal resistance for the same surface area. 

 The rate of heat transfer depends on the contact surface area of the fin. 

 The total temperature distribution and heat transfer rate is more than rectangular and stepped 

fin. 

 Hence an elliptical fins could be a good choice when space restriction occurs along one 

particular direction with the perpendicular direction is relatively unrestricted. 
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