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Abstract. Herein, the heat transfer performance of the curved surface of a louvered fin heat exchanger using computational fluid
dynamics (CFD) is examined. Four new models are used with curved surfaces in different locations. The air inlet velocity is 1–9 m/s.
The air and ﬁn wall temperature remain constant at 300 and 353 K, respectively. The result of the reference ﬂat ﬁn is confirmed
with experimental results. The results demonstrate that curved fins changed the airflow path and created vortices. The air tends
to flow between louver fins, improving its velocity and enhancing heat transfer. The result from the case that individual fin is close
to the middle fin demonstrated that louver fin provides a 15% increase compared to that of the reference. However, when the air
inlet velocity is high, the performance evaluation criteria from the case that individual fin is close to the first fin, is the highest,
which results in a 1% increase from that of the reference. Therefore, increasing heat transfer can compensate the effect of pressure
drop because of vortices in the louver fin domain. This study can be applied to the air conditioning system to increase its efficiency
and cut the operation cost down.
Keywords: CFD; Louver Fin; Heat Exchanger; Convective Heat Transfer.

1. Introduction
Microchannel heat exchangers (MCHXs) play an important role in multiple industrial products such as car radiators and air
conditioners. Because of their compact structure and high heat transfer performance, MCHXs have been installed in many
equipments with space limitations. Unfortunately, MCHXs suffer from a high pressure drop, increasing energy consumption. Mori
and Nakayama [1] reported that automotive industries mostly used compact HXs because of limited space. The fin geometry,
particularly fin shape, requires to be carefully modified to enhance heat transfer. One of the most compact HXs is a louvered fin,
which can be formed using a pressing machine. This allows louvered fins to be more cost effective compared to other flowinterrupted geometries for large-scale production [2].
Multiple experimental investigations demonstrated that heat transfer and pressure drop are correlated [3-7]. Kim and Bullard
[8] used water as a coolant ﬂowing in the microchannel tubes. Then, they correlated Colburn j-factor (j) with the Fanning friction
factor (f). Both factors depend on the individual geometrical parameter of the louvered fin. However, these correlations can be
applied when the ratio of the fin pitch (H) to the louver pitch (Lp) is <1. Nevertheless, Shah and Sekulic [9] reported that this ratio
should have a value of >1 for corrugated louvered ﬁns and reported correlations for 100 < Re < 3000. They used computational ﬂuid
dynamics (CFD) to confirm their numerical results with experiments to confirm these correlations. Furthermore, Sadeghianjahromi
et al. [10] numerically examined these correlations and introduced an equation applicable to ﬂat ﬁns (with a louver angle of 0º).
CFD is extensively used to examine and optimize MCHX performance because it requires a relatively short time and the expense
for conducting research is lesser. Perrotin and Clodic [11] performed CFD and compared the thermal distributions of 2D and 3D CFD
models. Although the 2D model gave more error than the 3D model, it required a shorter time and less computing power in the
area that involved ﬁne grids. [12, 13] used CFD to obtain parameter optimization for the louvered ﬁn in an MCHX. Ryu et al. [12]
reported that the simulation of a 2D steady flow in the MCHX using a realizable k-ε turbulent model led to a 5% error, while that of
the 3D steady model led to only a 2% error. Furthermore, the error caused by the 2D model tended to decrease at a high Reynold
number (Re). Qian et al. [14] conducted a study on the influence of the inlet velocity profile on heat performance; however, it seemed
difficult to obtain the airflow as assumed.
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Fig. 1. Geometric parameter of a louver ﬁn from Jang and Chen [13].

Fig. 2. Five designs labeled using the location of the curved fins.

The standard orientation of the louvered fin array is linear. Certain studies introduced a staggered array to enhance heat transfer.
Tanaka et al. [15] varied geometrical parameters of an inclined louvered fin to enhance heat exchanger performance. Manglik and
Bergles [16] presented the overview data of an offset ﬁn array with a louver angle ﬁxed at 0º. They used a multi-regression analysis
to propose the correlation for both heat transfer and pressure drop in dependence on the fin geometry, the Reynolds number and
the Prandtl number. Dejong and Jacobi [17] performed ﬂow visualization and demonstrated that convective heat transfer increased
with fins having shedding vortices. Wanglertpanich and Kittichaikarn [18] proposed triangular zigzag louvered ﬁn structure. This
geometrical change was able to improve heat transfer efficiency by increasing the time for which air was trapped inside a fin
domain. Therefore, change in geometrical parameters of louvered fin altered heat transfer performance.
The effect of louver fin shape variation on heat exchanger performance plays an important role in altering heat transfer in
MCHXs. We hypothesized that (1) changing its geometry from the ordinary flat to the curved louver fin could increase its heat
transfer performance and (2) the locations of the curved louver ﬁn could affect its heat exchanger performance. We maintained the
heat transfer area constant to control the curved fins such that no additional material was required during the manufacturing
process. Moreover, this study can be applied to an air conditioning system to increase its efficiency and reduce operational costs.

2. Problem Statement
2.1 Geometrical Configuration
Five designs were performed in this study. The first one was the traditional louver fin. Its parameters were selected based on
the study by Jang and Chen [13], validated using an infrared (IR) thermograph. Their geometric dimensions are shown in Fig. 1. This
model was used as a reference in this study. The other four designs were modified by changing the ordinary flat surface of the
louver ﬁn to a curved shape. The new designs were named by the numbers of curved ﬁns (at 1-2-3-4-7, 1-2-4-7, and 1-3-4-7) except
for the reference and all-curved ﬁns (Fig. 2). We used 2D models while 3D models were used in Jang and Chen [13]. Their z+ and zJournal of Applied and Computational Mechanics, Vol. 8, No. 2, (2022), 754-763
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planes were symmetric boundary conditions, which were simpliﬁed in 2D simulations that yielded the same results. Although the
fins were curved, the heat transfer area of the louver ﬁn was kept constant. Fig. 3 shows the curved ﬁn shape with the same ﬁn
length as an ordinary ﬂat ﬁn. The radius of curvature was constrained at 1 mm. The ﬁrst, middle, and last ﬁns were curved at the
inclined section, whereas the others were separated into two sections above and below the center. These zones were on the other
side of the curvature (shown in Fig. 3). Thus, there was no requirements to add additional material to increase the heat transfer
area.
2.2 Computational Domain and Boundary Conditions
A hybrid conformal meshing was indicated in this study. Owing to the fluid flow at the near-wall region and heat transfer from
the wall to it, its faces that were in contact with the heated wall were refined by creating thin layers of finer meshes. The first layer
thickness y+ was monitored to be <1; the result of meshing is shown in Fig. 4.
To eliminate the effects of the inlet and outlet, the upstream and downstream of the ﬂuid domain were extended 1 and 7 times
of the fin pitch (H), respectively. The top and bottom planes of the domain were designated as the periodic boundaries from the
flow the left of the domain to the adjacent repetitive domain, and therefore creating a periodic plane reduced several meshes. As
shown in Fig. 5, the ﬂow velocity (Uin) was assumed to be uniform and constant at 1–9 m/s, and the temperature (Ti) was 300 K at
the inlet. The outlet of the domain was outﬂow, and the gradient of all variables was set to 0. The temperature at the fin surface (Tw)
was constant at 353 K. The air and Al properties were then based on ANSYS database [19].

R = 1 mm

R = 1 mm
R = 1 mm
R = 1 mm

R = 1 mm

Fig. 3. Curved ﬁn (solid line) interfered with the ordinary ﬂat ﬁn (dash line) at (a) the ﬁrst (Fin 1) and last (Fin 7) ﬁns, (b) the second (Fin 2), third
(Fin 3), ﬁfth (Fin 5), and sixth ﬁns (Fin 6) and (c) the fourth ﬁn (Fin 4).

Fig. 4. Meshing result of the medium case.

Fig. 5. Boundary conditions.
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2.3 Governing Equations
As per Jang and Chen [13], the Reynolds number used in this study was based on the ﬁn pitch (ReH) ranging from 160 to 1997.
This was equivalent to Reynolds number based on the louver pitch (ReLp) ranging from 133 to 1199. Two effects particularly play an
important role in this work: pressure drop of air flowing through the fin domain and heat transfer from fins to airflow. The realizable
k–ε was designated to simulate the turbulence flow of this problem. Because heat transfer occurred from the heated wall to the
fluid domain, the enhanced wall treatment function was implemented for the near-wall calculation [20]; however, this method
required grid configuration at a heated wall controlled by y+ < 1.
The steady-state 2D model was based on the assumptions that airflow was an incompressible flow, and the effects of natural
convection and radiation heat transfer were negligible. Moreover, there was no user-defined function applied to this model.
Therefore, in this study, the relevant equations used are presented as follows:
Continuity
ρair ∇u = 0

(1)

ρair ∇uu = −∇ p + µair ∇2 u

(2)

ρair c p, air u∇T = kair ∇2 T

(3)

Momentum

Energy

Turbulent kinetic energy (TKE)
ρair

∂
∂
µ ∂k
(kt ui ) =
[( µair + t ) t ] − ρair ε
∂xi
∂x j
σk ∂x j

(4)

Dissipation (ε)

ρair

∂
∂
µ ∂ε
ε2
(εui ) =
[(µair + t )
] − ρairC1Sε − ρair
∂x i
∂x j
σε ∂x j
kt + νair ε

(5)

η
k
C1 = max[0.43,
], η = S t , S = 2SijSij
η +5
ε
where ρair, μair, cp,air, kair, and νair were density, dynamic viscosity, specific heat capacity, thermal conductivity, and kinematic viscosity
of the air, and u, p, T, kt, and ε were velocity, pressure, temperature, turbulence kinetic energy, and dissipation rate, respectively.
The scale residuals of these equations were set at 10 × 10−9, except for the energy equation, which was 10 × 10−12. The SIMPLE
method was designated to them. Moreover, a second-order upwind scheme was applied to momentum, energy, TKE, and ε terms
while a second-order accuracy was obtained for pressure.

2.4 Numerical Calculations
The convective heat transfer can be expressed in term of the average Nusselt number (NuH) based on the fin pitch (H) defined
as follows:
hH
kair

(6)

qnum
Ao∆Tlm

(7)

NuH =
h is the average heat transfer coefficient defined as follows:

h=

where qnum is total heat transfer from fins to airflow, Ao is the total heat transfer area, and ∆Tlm is the log-mean temperature
difference defined as follows:
∆Tlm =

( Ti − Tw ) − ( To − Tw )
 T − Tw 

ln  i
 To − Tw 

(8)

where To is the air temperature at the outlet.
The average pressure drop across the domain can be expressed in term of Fanning friction factor (f) defined as follows:
f=

∆P Ac
⋅
1 2 Ao
ρUin
2

(9)

where ∆P is the pressure drop and Ac is the minimum flow area. The parameter used to compare the performance of two fin shapes
is the performance evaluation criteria (PEC) defined as follows:
 Nu 


 Nuref 
PEC =
1 /3
 f 


 fref 

(10)

Journal of Applied and Computational Mechanics, Vol. 8, No. 2, (2022), 754-763

758

Kiatbodin Wanglertpanich et. al., Vol. 8, No. 2, 2022

Table 1. Meshing parameters for regulating the number of nodes.
Mesh Solution
Coarse
Medium
Fine

Maximum mesh size (mm)
0.2
0.15
0.1

Edge size of the heated wall (mm)
0.06
0.03
0.015

Number of nodes
6568
16982
41133

where Nuref and fref are obtained from the reference (ordinary flat louver fin).
PEC was used for comparing between the effect of heat transfer (represented by Nu) and pressure drop (represented by f) of two
heat exchangers. In this study, the new designs were compared to the reference, indicated by PEC, to determine their heat transfer
performance.

3. Results and Discussion
3.1 Mesh Number Independence
The reference case (ordinary ﬂat louver ﬁn) was meshed with three parameters shown in Table 1. The Colburn j-factor and
Fanning friction factor (f) obtained were validated with the experimental and 3D simulation results of Jang and Chen [13]. However,
in this study, we assumed that the ﬂow across the louver ﬁn was 2D as opposed to the 3D model used in [13]. To validate with their
experimental and 3D simulation results, the Colburn j-factor and Fanning friction factor (f) were calculated following the equations
in their study. They were defined as follows:

j=

NuH
ReH Pr 1 /3

(11)

where Pr is Prandtl number.
fval =

∆P
H
⋅
1 2 4L
ρUin
2

(12)

The comparison of results between this study and the computational and experimental works of Jang and Chen [13] are shown
in Figs. 6A and B. The trends in 2D and 3D simulations were similar and were close to the experimental result in the case of Colburn
j-factor. However, the Fanning friction factor (f) obtained from the 2D simulation was underpredicted, 15% less than the
experimental result. Therefore, the 2D model was valid and thus implemented in this study to save computational time. Fig. 7 shows
the independence of results from the mesh number. The maximum difference of the Colburn j-factor between coarse and medium
meshes was 12.40% at an inlet velocity of 9 m/s; however, it was 1.95% at an inlet velocity of 8 m/s for medium and fine meshes.
Therefore, the maximum size of the mesh, the edge size of the heated wall, and the number of nodes used in this study were 0.15
mm, 0.03 mm, and 16,982, respectively.

Fig. 6. Validation between simulation and experimental data—the dashed line represents the experimental result from Jang and Chen [13], and solid
lines represent 2d simulation results of this study.

Fig. 7. Mesh independence by comparing Colburn j-factor among three mesh setting—the blue and red solid lines represent the coarse and medium
mesh, respectively, and dashed line represents the fine mesh.
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3.2 Airflow Velocity Distribution
From the reference case, the location of the maximum flow velocity was on the last fin close to the exit. However, the maximum
ﬂow velocity of new designs occurred between ﬁns. Fig. 8 shows the ﬂow velocity contour over different shapes of the ﬁn at an inlet
velocity of 1 m/s. The all-curved ﬁn design had a 22.44% maximum velocity increment from that of the reference; its location was
between the third and fourth ﬁns. The maximum velocity in other cases increased by 20.03%, 12.81%, and 19.25% for Curves 1-2-34-7, 1-2-4-7, and 1-3-4-7, respectively. The locations of shedding vortices differed because of the ﬁns that were curved (Fig. 9). The
air velocity at the first half of the fin domain was increased because of these vortices. Moreover, the air temperature at this location
was still low because they had traveled for a short time in the fin domain. Therefore, additional heat can be absorbed compared to
the reference.
Curved fins created vortices behind themselves. An increase in the local velocity through the curved fins was attributed to these
shedding vortices on the ﬁns, as shown in Fig. 9. Air was regulated to flow between fins rather than toward the outlet. Moreover,
the air velocity was accelerated by these vortices. This effect enhanced heat transfer; changing the fin structure from the ordinary
ﬂat to the curved shape increased the frontal area by 50.39% compared to that of the reference. Figure 10A shows the average
Nusselt number (NuH) for all cases. All new designs demonstrated heat transfer values more than that of the reference case. However,
the vortices increased the pressure drop of the airflow across the fin domain. Figure 10B shows the decrease in Fanning f-factor,
which confirmed the previous statement. The more vortices occurred in the fin domain, the larger drop in pressure represented by
Fanning f-factor. In this study, the PEC was used to show the performance of MCHXs among the effects of heat transfer and friction.
A PEC of >1 showed that the heat gained from using new fin designs could overcome energy dissipation in the form of friction.
Figure 10C shows the PEC comparison of new designs. Although the all-curved fin case had a large amount of heat transfer (which
was a 37.15% increment from that of the reference at an inlet velocity of 1 m/s), its PEC was the lowest, which was 0.7156 at an inlet
velocity of 4 m/s. This was because they had the greatest number of vortices occurring on ﬁns, and therefore afforded a considerable
increase in the pressure drop (∆P) and friction factor (f). However, Curves 1-2-4-7 and 1-3-4-7 resulted in higher PEC than the others,
although their Nu values were less than that of the all-curved fin case. Unlike that case, a few vortices took place between fins in
Curves 1-2-4-7 and 1-3-4-7. Their pressure drops were, therefore, less than all-curved fin cases. Moreover, their PECs exceeded that
of the all-curved fin case. The highest PEC was possessed by Curve 1-3-4-7, which was 1.15 at an inlet velocity of 1 m/s; however,
Curve 1-2-4-7 had a higher PEC at a high inlet velocity (PEC = 1.01 at 9 m/s). All new designs had their best performances at 1 m/s;
the higher inlet velocity worsened the performance of the heat exchanger.

3.3 Heat Transfer from Fins to Airflow
All cases had seven fins in each flow passage. Each fin had a different amount of heat exchanging to airflow. Figure. 11 shows
the percentage of heat transfer from every ﬁn. At a low inlet velocity (1 m/s), the ﬁrst, third, and fourth ﬁns had high heat transfer
percentages. Creating a curved fin decreased the heat transfer from these fins and compensated it at the others. Heat transfer
increased at the second ﬁn from 12.45% to 14.80%, 15.53%, and 16.12% for all-curved, Curve 1-2-3-4-7, and Curve 1-2-4-7, respectively,
except Curve 1-3-4-7. The difference between Curve 1-3-4-7 and other designs was that there was no vortex at the second ﬁn;
however, heat transfer occurred at the fourth fin instead. For the all-curved fin that had the greatest number of vortices in the fin
domain, the amount of heat transfer dramatically increased at ﬁfth and sixth ﬁns from 4.03% to 7.64% and 5.33% to 10.98%,
respectively. At an intermediate inlet velocity (3 m/s), the heat transfer at the fourth ﬁn signiﬁcantly decreased from 22.17% (of the
reference case) to 15.26%, 15.35%, 19.89%, and 19.28% for the all-curved case, Curves 1-2-3-4-7, 1-2-4-7, and 1-3-4-7, respectively.
Unlike the case of low inlet velocity, the distribution of heat transfer at the first three fins did not substantially increase. Moreover,
the Nusselt number of all designs demonstrated a small increase at this velocity. Therefore, the effect of rising heat transfer was
not enough to overcome the effect of increasing pressure drop, which decreased the PEC to <1. At a high inlet velocity (7 and 9 m/s),
the heat transfer at the fourth fin was the highest owing to high Nusselt number because of greater air velocity than the other
velocities, although not as outstanding as for the intermediate inlet velocity. Their heat distribution resembled that of the
intermediate inlet velocity but their increasing Nusselt number overcame the effect of increase in pressure drop. Therefore, their
PEC values increased with increase in inlet velocity.

Fig. 8. Velocity contour of different shapes at an inlet velocity of 1 m/s.
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Fig. 9. Vector plot of different shapes at an inlet velocity of 1 m/s with circles indicating the locations of vortices with black circles in the case of (A)
All curved, (B) Curve 12347, (C) Curve 1247, and (D) Curve 1347.

Fig. 10. Calculated results for (A) Nusselt number (NuH) and (B) performance evaluation criteria (PEC).

Other parameters such as the number of louver fin and fin angle have not been investigated in this study. Moreover, they require
to be optimized based on the effect of increasing heat transfer and friction because of shape alteration. For example, changing the
radius of a curved fin increased heat transfer (Fig. 12). For 1.5- and 2.0-mm radii, the heat transfer was enhanced only at a high inlet
velocity. However, 0.5- and 0.1-mm radii can increase the Nusselt number at every inlet velocity. These models can be applied to
only low inlet velocities and require additional modification for higher inlet velocities.

4. Conclusion
The creation of curved louver fins can enhance heat transfer without adding material to the heat transfer area as the length of
each ﬁn was kept constant. The results demonstrated that Curve 1-3-4-7 had the highest PEC (1.15 at 1 m/s), whereas Curve 1-2-47 had the best performance at a high inlet velocity (PEC = 1.01 at 9 m/s). The all-curved fin, which had the greatest increment of
heat transfer, demonstrated a 37.15% increase from that of the reference at 1 m/s. However, this case was not the best performance
as its PEC was below 1 at all the studied inlet velocities. Our observations demonstrated that a change from the ordinary ﬂat to the
curved louver fin increased the frontal area, and then created several vortices behind the curved fin. These vortices accelerated air
Journal of Applied and Computational Mechanics, Vol. 8, No. 2, (2022), 754-763
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to flow between fins rather than through the outlet. Therefore, the air was trapped inside for an extended period, resulting in
enhanced heat transfer. From the results, this study can be applied to a refrigeration system to increase its efficiency and reduce
its operational costs.
Although, curved louver fins can enhance heat transfer, they increase the aerodynamic shape factor, which directly affects flow
path and massively increases pressure drop. When air inlet velocity is >3 m/s, the effect of increase in pressure drop overcomes the
increase in heat transfer. Hence, the PEC drops and a higher power of the fan or blower is required. For future work, the fin
geometries, e.g., it’s radius of curvature should be improved to generate heat transfer gains without excessively increasing the
aerodynamic shape factor.

Fig. 11. Amount of heat transfer from ﬁn to airﬂow at various inlet velocities; (A) 1 m/s, (B) 3 m/s, (C) 7 m/s, and (D) 9 m/s.

Fig. 12. Variation of curved ﬁn radius in case of 1247.
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Nomenclature
A0
Ac
CFD
cp,air
f
h
H
j
kair
kt
L
Lp
MCHXs
NuH
p
PEC
Pr
qnum

Total Heat Transfer Area [mm2]
Minimum Flow Area [mm2]
Computational Fluid Dynamics
Air Specific Heat Capacity [J kg-1 K-1]
Fanning Friction Factor
Average Heat Transfer Coefficient [W m-2 K-1]
Fin Pitch [mm]
Colburn j-factor
Air Thermal Conductivity [W m-1 K-1]
Air Turbulent Kinetic Energy [m2 s-2]
Flow Passage Length [mm]
Louver Pitch [mm]
Microchannel Heat Exchangers
Average Nusselt Number based on the Fin Pitch
Pressure [Pa]
Performance Evaluation Criteria
Prandtl Number
Total Heat Transfer from Fins to Airflow [W]

R
Re
ReH
ReLp
t
Ti
Tlm
To
Tw
u
Uin
y+
ε
θ
Δθ
μair
ρair

Radius [mm]
Reynolds Number
Reynolds Number based on the Fin Pitch
Reynolds Number based on the Louver Pitch
Fin Thickness [mm]
Inlet Temperature [K]
Log-mean Temperature [K]
Outlet Temperature [K]
Fin Surface Temperature [K]
Velocity [m s-1]
Inlet Flow Velocity [m s-1]
First Layer thickness
Dissipation Rate of the TKE of the k–ε Model [m2 s-3]
Louver Angle [degree]
Louver Variable Angle [degree]
Air Dynamic Viscosity [kg m-1 s-1]
Air Density [kg m-3]
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