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Abstract

Three-dimensional computational fluid dynamic simulations were conducted for flow and heat transfer
characteristics around flat fin with staggered tube arrangement to fulfill the cooling performance of the
tube fin heat exchanger. Fins are generally used to increase the heat transfer area, so the fin material
has a high impact on the heat transfer rate. The material wall fin and tube were changed in three
steps: aluminum, steel, copper with two different velocities of 8 and 15 m/s flowing between fins. The
geometry of the flat fin and tube used staggered tube arrangement using transversal spacing, ST, of
11.8 mm, longitudinal spacing, SL, of 22.2 mm, and flow depth 66.6 mm. GAMBIT 2.6 software was
used to meshing the geometry, and FLUENT 18.0 was implemented to simulate flow and heat transfer.
The results show that the fin with copper material has a more uniform temperature distribution along
the fin than the other materials. This indicates that the copper material has a higher heat transfer rate
compared to aluminum and steel. Furthermore, increasing velocity will make the separation point
formation farther behind the tube and decrease the recirculation zone. Moreover, 8 m/s has a lower
outlet temperature than 15 m/s. As a result, 8 m/s and copper material have the highest effectiveness
of 16.47 and efficiency of 88.35 %. The use of copper and aluminum as fin material will also have the
relatively same performance in the heat exchanger.
Keywords: Flat fin, staggered tube, temperature contour, fin efficiency

1. Introduction
The finned tube heat exchanger is applied in a com-

pact heat exchanger to increase the heat transfer area with
the smallest weight. The material selection for fin has a
significant effect on the performance of the heat exchanger.
Chavan et al. [1] performed an experiment and found out
that the conduction coefficient has a significant effect on
the performance of the heat exchanger due to increasing
the heat transfer. The temperature distribution becomes
evenly distributed along the fin and make the heat flux
from the fin to the air become higher. Furthermore, Kim
et al. [2] and D.G. Rich [3, 4] found as the increasing of
the number of rows and decreasing of the fin pitch will
make the heat transfer coefficient become higher. Wang et
al. [5], Jang et al. [6], and Yan et al. [7] found that the
increase of tube row number is not necessary for a num-
ber of tube row greater than four, and that the staggered
configuration is more beneficial.

The effect of variating inlet velocity of the compact
heat exchanger also has importance in heat transfer coef-
ficient. Whan et al. [8] establish that the transition flow
regime occurs for the Reynold number between 2,700 un-
til 3,300. Moreover, Elsayed et al. [9] and Jamshidi et al.
[10] experimental results increasing the inlet velocity of
the tube fin heat exchanger, the convection heat transfer

coefficient of the flow become higher. However, Awais et
al. [11] and Basri et al. [12] noticed that with increasing
velocity, the pressure drop becomes higher and makes the
fin efficiency become lower. Furthermore, Bolaji et al. [13]
found after increasing inlet velocity at a certain point, the
effectiveness of the heat exchanger will decrease due to
the pressure drop. Pandey et al. [14] also found that the
increase of the velocity will make the pumping power also
increase and make the efficiency of the heat exchanger
become lower.

In addition, there are also several simulations have
been carried out regarding the tube fin heat exchanger.
Ghori et al. [15] observed that for the laminar flow, the
best turbulence model to be used is the laminar model,
the SST K-Omega model for the transitional flow, and the
realizable K-Epsilon model for the turbulent flow. Nurdian-
syah et al. [16] also give some parameters to represent the
heat exchanger performance like temperature distribution
and efficiency.

All the works mentioned above have not analyzed
the correlation between fin materials and velocity inlet
in terms of heat transfer coefficient. This study evaluates
the effect of the materials fin and heat transfer charac-
teristics around fin and tubes. The present study will be
presented contour temperature, velocity, effectiveness and
also efficiency of the fin. Furthermore, the temperature
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distribution, efficiency, and effectivity of the fin will be
analyzed in different material fin and velocity.

2. Numerical Method
2.1. Computational domain and Boundary Condition of
Fin Tube

Figure 1 shows the computational domain and ge-
ometric parameter of the fin and tube arrangement for
the simulation models. The tube arrangement consists of
4 tube rows along longitudinal flow direction with a fin
pitch of 1.8 mm. Tube diameter 8 mm and the tube pitch
ST = 11.8 mm and SL = 22.2 mm, respectively.

The computational domain and boundary condition
of the simulation have shown in Figure 2 with the follow-
ing condition:

• Inlet air velocity using the uniform velocity of 8
m/s with Reynolds number 2,437.6 in the transi-
tion regime, however 15 m/s with Reynolds number
4,570.5 in turbulent regime.

• Inlet air temperature is constant at 301 K.

• The air is considered incompressible with constant
properties and no-slip conditions at the surface.

• Outlet boundary as an outflow.

• The symmetry boundary conditions are used at the
top and bottom.

• Thermal conductivities for the three kinds of mate-
rial of fin and tube wall are copper (k = 385 W/m-K),
aluminum (k=202.4 W/m-K), and steel (k=16.27
W/m-K), respectively.

• Tube wall using constant temperature at 315 K

The geometry and computational domain were cre-
ated using the GAMBIT software by using hexahedral ele-
ment meshes and cooper meshing scheme for the volume
meshing, as shown in Figure 3. The total number of the
mesh created is 2,600,000 based on the grid independency
test. The number of mesh was obtained by verifying the
accuracy and the validity of the numerical result using
the grid independence test. For this purpose, four mesh
systems, 500,000; 1,700,000; 2,600,000; and 3,200,000
are tested. It is observed that for velocity inlet 8 m/s, the
relative errors in temperature and velocity between the
result of 2,600,000 and 3,200,000 are less than 2%.

2.2. Computational Details

The numerical solution of the Navier-Stokes and en-
ergy equation has been done using ANSYS FLUENT 18.1.
A control-volume-based technique was used by FLUENT
to convert the governing equations to algebraic equations
that can be solved numerically. Based on the turbulence
model variation of the previous investigation, Ghori et al.
[15] showed that the transition flow regime used K-Omega
turbulence models, and the turbulent flow regime used
K-Epsilon turbulence models.

Figure 1. Computational domain and geometric parameter

Figure 2. Computational domain and boundary conditions
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Figure 3. Computation mesh

Steady-state solver of Fluent used for the numerical
simulation. The SIMPLE scheme was implemented to ana-
lyze the pressure and velocity. The second-order upwind
scheme was applied to interpolate the value on the control
volume faces. The residuals used for continuity, veloc-
ity components, turbulent kinetic energy, and turbulent
dissipation rates are under 10−6 for convergence solution.

2.3. Analytical efficiency and effectiveness of the Fin

To analyze the performance of the heat exchanger,
the efficiency and the effectiveness of the fin must be
calculated. In this study, the analytical method used by
Incropera [17] is followed. The effective area of the fin is
given by:

Af = 2 × ((Hf × Lf ) − (π ×D2
0 ×Nt

4 )) ×Nf (1)

Where Hf is height of fin, Lf is width of fin, Do is outside
diameter of tube, Nt is number of tube, and Nf is number
of fin. Moreover, the effective tube area is also calculated
using the formula:

Ab = π ×D0 × (Lt − (Nf × tf )) ×Nt (2)

By using Lt is length of tube and tf is thickness of fin.
Then by using the air inlet and outlet temperature data,
the average air temperature is obtained with the formula:

T∞ = Tinlet + Toutlet

2 (3)

Therefore, frontal area (Afr) can be calculated using the
formula:

Afr = Hf × Lt (4)

In addition, the Air Free Flow Area (Aff ) will be calcu-
lated using the formula:

Aff = (Nf − 1) × (Pf − tf ) × (Tf − (D0 ×Nt1)) (5)

Where Pf is fin pitch, Tf is Average temperature of fin,
and Nt1 is number of tubes in first row. So that the total
area is obtained as:

At = Ab +Af (6)

Furthermore, the mass flow will be calculated with the
formula:

ṁ = ρ× v ×Afr (7)

By using ρ is density of air, v is air velocity. Moreover, the
hydraulic diameter is obtained using the formula:

Dh = 4 × Lf ×Aff

At
(8)

Also, the minimum free flow area can be calculated using
the formula:

σ = Aff

Afr
(9)

So, the maximum mass flow is obtained using the for-
mula:

G = ṁ

σ ×Afr
(10)

Then the Reynolds Number is given by:

Re = G×Dh

µ
(11)

Where µ is kinematic viscousity. So, the J-Colburn Factor,
jW G, formula can be calculated with the formula:

jW G = 0.14R−0.328
e (ST

SL
)−0.502(Pf

D0
)−0.0312 (12)

By using ST is transversal pitch and SL is Longitudinal
pitch. Furthermore, the convection coefficient of the air,
h, is given by:

h = jW G

P
2
3

r

×G× Cp (13)

Where Pr is Prandtl number and Cp is heat transfer co-
efficient of air. After the convection coefficient has been
obtained, the heat transfer rate of the fin, qf , can be cal-
culated using the equation:

qf = h×Af × (Tf − T∞) (14)

The maximum heat transfer rate, qmax, that can be trans-
ferred will be calculated using the formula

qmax = h×Af × (Tb − T∞) (15)

By using Tb as base temperature. So that the efficiency of
the fin equation, µf , will be obtained:

µf = qf

qmax
= h×Af × (Tf − T∞)
h×Af × (Tb − T∞) (16)
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Furthermore, to find the amount of heat transfer rate
without using the fins, qwf , using the following equation:

qwf = h×Ab × (Tb − T∞) (17)

So that the formula for the effectiveness of the fin, εf , is
obtained using the formula:

εf = qf

qwf
= h×Af × (Tf − T∞)
h×Ab × (Tb − T∞) (18)

3. Results and Discussion
Numerical simulation has been conducted for the

given geometries. Fin materials such as copper, aluminum,
and steel were varied for two different velocities, 8 m/s,
and 15 m/s. The result is presented in the form of fin
temperature contour, air temperature contour, efficiency,
and effectiveness plots for every material in each different
velocity.

3.1. Fin Contour Temperature

The fin temperature contours for three different ma-
terials at velocity 8 m/s are shown in Figure 4. Heat
source from tube wall will be distributed along the fin. For
copper materials with high thermal conductivity, heat will

be more evenly distributed on the fin. The fin temperature
contour is dominated by red color. This indicates that
the temperature of the fin around 314-315 K almost the
same as the tube wall temperature. However, for steel
material with low thermal conductivity, the heat source
from the tube wall only diffused on the fin around the
tube. As a result, the materials with high thermal conduc-
tivity have more uniform thermal distribution and better
performance.

3.2. Air Temperature Contour Between Two Tubes

Figure 5 illustrates the air temperature contour be-
tween aluminum fin for inlet velocity 8 m/s and 15 m/s,
respectively. At 8 m/s inlet velocity, air flows around the
first tube, the velocity increases, and then the air velocity
will be higher again as it goes around the second tube.
The minimum transversal area (ST ) causing free stream
velocity will speed up and make wake formation become
narrower at the rear part of the cylinder. Moreover, for
increasing inlet velocity to 15 m/s, the boundary layer
separation point will be delayed to the back position of
the tube. This can cause the wake area behind the tube to
become narrower. This flow pattern occurs at every row
of the tube.

Figure 4. Fin temperature contour for different material at 8 m/s

Figure 5. Air temperature contour at different velocity for aluminum fin
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Figure 6. Fin effectiveness Figure 7. Fin efficiency

3.3. Efficiency and Effectiveness of the Fin

The effectiveness and efficiency of the fin for each
different material and inlet velocity has been calculated
and is plotted in Figure 6 and Figure 7. For velocity 8 m/s,
effectiveness and efficiency value are higher than velocity
15 m/s, and also, both results indicate the same tendency.
At velocity 8 m/s, copper has the highest effectiveness and
efficiency with 16.48 and 88.35%, respectively. The gradi-
ent decreasing of effectiveness from copper to aluminum
is slightly different (from 16.48 to 15.14). However, from
aluminum to steel has steep decreases (from 15.14 to
5.96). This means the usage of copper and aluminum for
fin materials cause relatively have the same performance
in the heat exchanger. Moreover, if using steel as fin ma-
terials, there will significantly reduce the performance of
the heat exchanger.

4. Conclusions
The three-dimensional computational studies for

flow and heat transfer characteristics around flat fin and
tube heat exchanger are presented. For copper material,
the fin temperature contour around 314-315 K, almost the
same as the tube wall temperature. Moreover, for steel
material with low thermal conductivity, heat source from
tube wall only diffused on the fin around the tube. At
velocity 8 m/s, copper has the highest effectiveness and
efficiency with 16.48 and 88.35%, respectively. Further-
more, the usage of copper and aluminum for fin materials
will cause relatively have the same performance in the
heat exchanger. Moreover, if using steel as fin materials,
there will significantly reduce the performance of heat
exchanger.
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