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Abstract - The thermal system under consideration is a horizontal hollow cylinderwith longitudinal fins of constant length, 

varying thickness and constant temperature condition at the inner wall. The convective heat transfer coefficient taken on the 

outersurface of the system isvarying. The Heat flux and efficiency of the system is analytically validated and then ANSYS 

FLUENT is used for numerically solving the problem. A total number of 135 cases were solved. The temperature contour of 

the system along the length is also studied. The variation of heat flux and efficiency is shown with the help of plots with the 

optimum result. 
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I. INTRODUCTION 

 

Convection heat transfer is a complicated science, it 

combines two key principles i.e. heat conduction and 

fluid motion. With the help of the fluid motion the heat 

transfer is enhanced since it incorporates advection 

along with conduction which results into Convection. 

There are two type of convections : Natural 

Convection and Forced convection. Forced convection 

is one where the fluid is flown with help of some 

outside mediums and Natural convection  is controlled 

by Buoyancy forces. Convection plays a key role in 

everyindustry like cooling of electronic equipment 

such as computers, transistors and microprocessors 

and heat transfer incondensors and transformers etc. 

Natural convection used in thermal systems were 

studies by Welling et al. [2], Harahap et al. [1] and 

Kraus et al. [6]. The natural convection has no moving 

components hence, it is more convenient to use. The 

forced convection involved a more complicated study 

where there are more number of factors. Churchill and 

Chu [3] studied convection with various 

experimentation and concluded with a number of 

empirical formulae which are used till date. Wang [4] 

analyzed thermal systems involving fins with transient 

conditions. Senapati et. al [5] studied annular fins on 

vertical cylinder deriving an empirical relation 

between Rayleigh number and thermal parameters. 

The studies involving heat transfer are time 

consuming and complicated which can only be 

analyzed by experiments which require expensive 

equipment or computationally powerful system, even 

with these data one can not generalize a thermal 

system design.  

 

II. PROBLEM DESCRIPTION 

 

A horizontal hollow cylinder of length (L) 

100mmwith inner (𝐷𝑖) and outer (𝐷𝑜) diameter being 

5mm and 6mm respectively is analyzed. There are 

longitudinal fins attached to the outer surface of the 

tube at equal angular spacing of length (𝐿𝑓) 10mm 

and thickness (t) 0.5 mm, 1mm and 2mm. The three 

dimensional model of the system is shown in the Fig. 

1. 

 
Fig. 1 Three Dimensional Model of the System 

 

This thermal analysis involves the calculation of the 

heat flux and efficiency at the outer surface of the 

tube-fin arrangement and the behavior of the these 

thermal parameters with variation in thickness and 

convective heat transfer coefficient. The inner wall of 

the tube is at constant temperature boundary condition 

with Tw = 310K , the free stream temperature, the 

temperature of the fluid which is considered to be 

flowing over the tube-fin arrangement, is T∞ = 300K. 

The cross section schematic diagram of the system is 

shown in Fig. 2. 

 
Fig. 2 Two Dimensional Schematic Diagram of the System 

 

The convective heat transfer condition is applied at the 

outer surface of the tube-fin system with the values 

(h) 5, 20, 50, 100 and 200 W m2K . This wide range 
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of heat transfer coefficient will give us the whole 

scenario of how the heat flux will behave with the 

change in the heat transfer coefficient. The material 

used in the system are Aluminium , Copper and 

Stainless Steel; with thermal conductivity (K1) 202.4, 

(K2) 387.6 and (K3) 16.27 W mK  respectively; with 

these type of material we get 9 combination of the 

tube-fin system. The combinations taken for analysis 

are given in the following table. 

 

S. No. Tube- Fincombinatios 

1 Aluminium - Aluminium 

2 Aluminium - Copper 

3 Aluminium – Steel 

4 Copper – Aluminium 

5 Copper –Copper 

6 Copper – Steel 

7 Steel – Aluminium 

8 Steel – Copper 

9 Steel – Steel 
Table No. 1 

 

The thermal conductivity of the thermal system is 

denoted as 𝐾𝑡1𝐾𝑓1, this will denote that the system has 

tube and fin both made of aluminium and for example 

𝐾𝑡2𝐾𝑓3, it will denote that the tube is of copper and fin 

is of steel.  

 

III. GOVERNING EQUATIONS 

 

In the designing and analysis of a thermal system there 

are some standard set of equations used. If the system 

is more complicated the numerical techniques and 

computational  techniques come in handy. 

 

The assumptions taken for this problem:  

1. Steady state heat transfer. 

2. No internal heat generation. 

3. Thermal conductivity of the materials used in this 

analysis are isotropic and homogenous in nature. 

4. The inner wall of the tube is at constant 

temperature Tw = 310K. 

5. The free stream temperature at the outer surface 

of the tube is constant T∞ = 300K 

6. The convective heat transfer coefficient at the 

outer surface of the tube-fin system taken is (h) 5, 

20, 50, 100 and 200 W m2K .  

 

The flow of fluid or air in the case of fins is not 

considered since the domain of air is not taken. 

However, proxy values of convective heat transfer 

coefficients are used with a full range from 5 to 200 

with exponential gap so as to have a full recognition to 

how the values of heat flux will behave with change in 

convective heat transfer coefficient. The consideration 

of air domain outside in case of natural or turbulent 

convection which are itself pretty complicated 

moreover, it would involve more computational time. 

Hence the energy equation used, 

u
dT

dx
+ v

dT

dy
+ w

dT

dz
= α  

d2T

dx2 +
d2T

dy2 +
d2T

dz2            (1) 

After reducing the governing equation for the case of 

one dimensional steady state heat transfer, 

α
d2T

dx2 = 0                                         (2) 

For fins the equation of heat transfer, 
d

dx
 kAc

dT

dx
 − hp T − Tw = 0                  (3) 

Applying the boundary conditions at the fin tip, 
d(T−T∞)

dx at  x=L
= 0                                     (4) 

Which will give the temperature profile along the 

length x of the fin, 
T−T∞

Tb−T∞
=

cos hm(L−x)

Cos hmL
                             (5) 

Where,m =  
hp

kAc
 

The efficiency of the fin is, 

η
f

=
tan hmLc

mLc
                                  (6) 

The heat flux from the fin, 

qf = η
f
qfmax                                 (7) 

Where, qfmax  is the maximum heat flux possible from 

the fin surface, which is possible when all the fin is at 

the base temperature. 

qfmax = h(Tb − T∞)                        (8) 

However, when the thermal system involves a number 

of fins on a surface, the efficiency of the system 

changes, 

η
o

= 1 −
NA f

At
 1 − η

f
                        (9) 

Then, the heat flux from the system becomes, 

qt =
Qt

At
= η

o
h(Tb − T∞)                     (10) 

Where, the total outer surface area is, 

At = Aunfin + NAf                     (11) 

Meanwhile, the total number of cases will be solved by 

ANSYS FLUENT using numerical solving technique. 

 

IV. ANALYTICAL AND MATHEMATICAL 

MODELLING 

 

A. Analytical Validation 

The described problem is solved using analytical 

relations already shown in the former section. We 

have chosen the tube-fin combination of 

aluminium-aluminium for this validation. With the 

above said conditions of Tw = 310K,T∞ = 300K and 

 h = 5 W m2K  and the dimensions of the tube are 5 

and 6mm inner and outer diameter respectively with 

fin of thickness t=0.5mm and length (Lf) = 10mm. 

Using equations [7]-[11] the results came out to be as 

follows; the efficiency of a single fin η
f

= 99.65%and 

the efficiency of the total system η
o

= 99.71%. Heat 

flux at the outer surface came out to be qt =
49.857 W m2 . 

 

For these exact parameters the result of the FLUENT 

was 𝑞𝑐𝑓𝑑 = 49.853 𝑊 𝑚2  with efficiency of the 

system was η
𝑐𝑓𝑑

= 99.70%. With these results it is 

safe to say that our FLUENT setup is very accurate 
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since, the error is heat flux values is only 0.008%. This 

result of FLUENT was for the system containing 

meshing elements with number of 144000 (1 lakh 44 

thousand elements). 

 

B. Grid Convergence Test 

When the number of cases for a particular problems 

are significantly high it advised to perform grid 

convergence test so as to decide the number of 

elements requires in FLUENT modelling so as to get 

the best and most accurate result. We consider the 

result to be converging when the plot becomes more 

and more horizontal in nature. 

 

There are three geometries used in our analysis, so the 

grid convergence test was performed on all three 

geometries. 

 

The first geometry is the one with where the fin 

thickness is t=0.5mm. The tube-fin combination taken 

for this test is Al-Al (aluminium) with all the other 

parameters same as formerly mentioned. The result 

became accurate when the no. of elements reached 

around and after 100k. The Fig. 3 show the grid 

independence graph with heat flux on the y axis and 

the number of elements on the x axis. 

 

The second geometry under consideration is with fin 

thickness t=1mm. The tube-fin combination for this 

case is Al-Cu (aluminium-copper) with the result 

converging at around 250k number of elements. The 

Fig. 4 shows the grid independence test for t=1mm. 

 

 
Fig. 3 Grid Convergence Test for t=0.5mm 

 

 
Fig. 4 Grid Convergence Test for t=1mm 

 

The third case is for the geometry with t=2mm. The 

plot for this case starts to move horizontally when the 

number of elements reach 500k. The fin-tube 

combination in this case is Al-Al. Fig. 5 shows the grid 

independence plot for third case. 

 

 
Fig. 5 Grid Independence for t=2mm 

 

C. Mathematical Simulations 

ANSYS FLUENT was used to solve the problem 

cases, with three geometries and five heat transfer 

coefficient and three fin thickness, the total number of 

cases were 135. The problem is formulated in three 

dimensional form but due to lack for resources it was 

performed in two dimensions 2D. Since, converting a 

3D problem to 2D reduces the computation time by 

9/4 times. To further reduce the computation time 

symmetries were located. The geometry under 

consideration is symmetrical along 4 axes, two being x 

and y axis and then two remaining axes being 45o to 

the x and y axis. Therefore, the geometry finally 

simulated is of 1/8th symmetry. Fig. 6 shows the 

geometry used for further steps. 

 

 
Fig. 6 1/8th Geometry of the model 

 

The discretization was done using Meshing tool in 

ANSYS with quadrilateral elements. The size of 

element finally chosen was calculated on the basis of 

grid independence performed and the results are 

mentioned in the former section. Fig 7 shows a coarse 

meshing done on the geometry to signify that the 

elements are perfectly aligned for numerical solving. 

 

The actual level of meshing performed is very fine in 

nature with the elements size being in the order of 

0.01mm. The Fig. 8 shows a zoomed in figure of the 

meshing done on one of the geometries. 
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Fig. 7 Meshing Coarse 

 
 

Fig. 8 Fine Meshing 

 

The model was setup in ANSYS FLUENT with the 

thermal parameters already mentioned. 

Axisymmetrical option was selected since the lower 

side of the model is an axis and also a symmetry. 

Energy equation was on, energy parameter with 

second order upwind and residual factor to be of the 

order of 10-9. 

 

IV. RESULTS AND DISCUSSION 

 

The results were collected, compiled and analyzed 

carefully for 135 cases. The temperature plumes 

showed us that the fin with steel had more drop in 

temperature along the length because of its lower 

thermal conductivity relative to the aluminium and 

copper. The Fig. 9 shows the temperature plume of the 

model for tube-fin combination Al-SS(Steel), with fin 

material being fin. 

 
Fig. 9 Temperature plume for t=0.5mm & AL-SS combination 

 

However, if the material for the fin is Copper or 

Aluminium there is very slight temperature drop 

which is negligible in comparison to steel fin. 

Moreover, if the temperature along the fin is not 

dropping the thermal efficiency of the system will be 

high and that will be shown in later in the text. 

 
Fig. 10 Temperature Plum for t=1mm & Al-Al combination 

 

 Fig. 10 and Fig 11 shows the temperature plume for 

Aluminium fin with thickness t=1mm and Copper fin 

with thickness t=2mm respectively. 

 
Fig. 11 Temperature Plume for t=2mm & Cu-Cu combination 

 

After the result values of Heat flux at the outer surface 

and the efficiencies of the system is collected, 

comparison plots were prepared to show the relevance 

of the study.  

 

The comparison are done in the sense where material 

of the tube is selected while the material of the fin is 

changed in a cyclic manner along with the change in 

fin thickness. The Fig. 12 shows the plot of heat flux of 

Aluminium for the material of the tube and fin 

material is selected as aluminium, copper and steel 

with varying the fin thickness t= 0.5, 1 & 2mm. 
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Fig. 12 Heat Flux with Aluminium Tube 

From the Fig.12 we can infer that the fin thickness of 

2mm is giving us a lower heat flux value. The fin with 

t=2mm is showing the highest heat flux and thickness 

of 1mm not very far behind. The plot of copper fin is 

most slant one that signifies that the heat transfer As 

the value of (h) heat transfer coefficient is increasing 

the heat flux value is increasing but for the case of 

t=2mm , it is increasing at a decreasing rate. 

 

 
Fig. 13 Efficiency with Aluminium tube 

 

The following fig. 13 shows the efficiency of the 

system with aluminium tube. From the plot it can be 

seen that with the increase in heat transfer coefficient 

the efficiency of the system is decreasing. For the case 

of t=0.5mm and 1mm the decrease is rather negligible 

but for the case of t=2mm the decrease is quite 

gradual. One might say that the material of the fin is 

irrelevant when analyzing the efficiencies of the 

different system since there behavior is more of less 

comparable.  

 

Next figure Fig 14. Shows the plot of heat flux with 

the tube material copper. The plot of heat flux with 

different fin material is behaving very similarly to the 

above mentioned plot Fig. 12 of aluminium tube. Heat 

flux is increasing with decreasing rate with respect to 

heat transfer coefficient for the thickness of t=2mm 

and the other two thickness t=0.5mm and 1mm are 

behaving incoherently. 

 
Fig.14 Heat Flux for Copper Tube 

 

The above fig. 15 shows us the efficiency plot of 

copper as the tube material along with different fin 

material and thickness. The efficiency of the system is 

very high with the fin thickness 2mm and 1mm , 

however it is slightly less for steel fins. And also, the 

efficiency is dropping with increasing in heat transfer 

coefficient for fin thickness t=1mm, least being for 

steel fin. 

 
Fig. 15 Efficiency for Copper Tube 

 

 
Fig. 16 Heat Flux for Steel Tube 

 

Fig. 16 is showing the plot for steel tube. This plot is 

quite different for the rest. This shows that with copper 

and aluminium have higher thermal conductivity the 

highest heat flux for particular coefficient value is of 

copper fin with t=2mm. Then comes the Aluminium 

fin with t=2mm, follows with copper fin with 1mm. 

This shows us that even though analytically a more 

thin fin should have higher heat diffusion capability a 

thicker fin is transmitting more heat. The least heat 

flux values are given by the system with steel fins for 

all the fin thickness values and the lowest heat flux 

value being given by steel fin at 1mm thickness. 

 
Fig. 17 Efficiency for Steel Tube 

 

The following Fig. 17 shows the efficiency of the 
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system with steel tube. 

The values of the heat flux are in direct correlation 

with efficiencies. As we saw earlier that the heat flux 

was best for copper fin with t=2mm, here the 

efficiency for particular heat transfer coefficient, the 

efficiency is higher in comparison to aluminium fin 

and copper fin. The relations inferred can be stated for 

these also, like the steel fin with 1mm fin thickness is 

giving us the least efficiency, while copper fin with 

1mm is giving a greater efficiency relatively. The 

efficiency associated with Aluminium fins are 

behaving like copper fins only. 

 

VI. CONCLUSION 

 

After analyzing the temperature plumes it can be 

concluded that the best material for fin is copper 

because of its high thermal conductivity and no 

significant temperature drop along the fin length. 

 

The heat flux and efficiency plots were studies the 

conclusions were more of less same. The tube with 

copper material is showing the higher heat flux and 

efficiency followed by aluminum and then lastly steel. 

Also comparing the values for fin material, copper 

came out to be the best one the aluminum followed by 

steel.  

 

However, even though it is studied that thin fins have 

higher efficiency but in the current study the fins with 

2mm thickness gave the best heat flux and efficiency 

values. 

 

The increase in convective heat transfer coefficient 

increased the heat flux at steady rate for aluminium 

and copper fins but at a decreasing rate for steel fins. 

With the Increase in convective heat transfer 

coefficient the efficiency of all the system were 

decreasing. 

 

While designing a thermal system with longitudinal 

fins with a range of heat transfer coefficient as were in 

this study one should be careful with the fin thickness 

and the selection of tube & fin material. This study 

gives a research an outlook for designing thermal 

system having longitudinal fins on a horizontal hollow 

cylinder. 

 

u: velocity in x direction, 
m

s
 

v: velocity in y direction,
m

s
 

w: velocity in z direction,
m

s
 

L: Length of the system, mm 

α : Thermal diffusivity, 
m2

s
 

t: Fin thickness, mm 

Tw  : Inner Wall temperature, ℃, K 

T∞ : Free stream temperature,  ℃, K 

p: perimeter of the fin, mm 

h : Convective heat transfer coefficient, 
W

m2−K
 

At  : Total outer surface area of the tube,  m2 

Af: Area of fin, m2 

Ac: Cross sectional area of fin, m2 

Aunfin : Outer surface area where there is no fin, m2 

Lf  : Length of the fins, m 

η
f
: Efficiency of fin 

η
o
: Overall efficiency of the system 

qfmax : Maximum Heat flux 

qcfd  : Heat Flux based on CFD result, 
W

m2 

η
cfd

: Efficiency calculated by FLUENT 

T : Temperature of the fin at length x, ℃, K 

Do  : Outer diameter of the tube, m 

Di : Inner diameter of the tube, m 

Lc: Corrected fin length, mm 

N : Number of fins 

Cp  : Specific heat capacity at constant pressure, 
KJ

kgK
 

K : Thermal conductivity , 
W

m−K
 

Table no. 2 Nomenclature 
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