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Abstract. In this study 3-D numerical simulations on heat transfer and pressure drop characteristics for a 
typical louver fin-and- double-row tube heat exchanger were carried out. The heat transfer improvement and 
the corresponding pressure drop amounts were investigated depending on louver angles, fin pitch and 
Reynolds number, and reported in terms of Colburn j-factor and Fanning friction factor f. The heat transfer 
improvement and the corresponding pressure drop amounts were investigated depending on louver angles 
between 20° ��� 30°, louver pitch of Lp=3.8 mm and frontal velocities of U between 1.22 m/s - 3 m/s. In 
addition, flow visualization of detailed flow features results, such as velocity vectors, streamlines and 
temperature counters have been shown to understand heat transfer enhancement mechanism. The present 
results indicated that louver angle and fin pitch noticeably affected the thermal and hydraulic performance 
of heat exchanger.  It has been seen that increasing louver angle, increases thermal performance while 
decreasing hydraulic performance associated to pressure drop for fin pitches of 3.2 mm and 2.5 mm.  Fin 
pitch determines the flow behaviour that for fin pitch of 2 mm, increasing louver angle decreased heat 
transfer and pressure drop. Velocity vectors and streamlines give considerable information about the flow 
whether it is duct directed or louver directed. For all conditions the flow is louver directed.  

1 Introduction  

As it well known, the air side of heat exchangers 
have much more thermal resistance. Decreasing attempts 
of air side thermal resistance play an important role to 
improve the performance of the heat exchangers. Louver 
fins provide enhanced and interrupted surfaces to 
increase convective heat transfer. The louvers on the 
surface of the fins provide restarting of boundary layer 
and the air flow to travel across the neighbour fins and 
tubes. There forms a thinner thermal boundary layer and 
air can flow much more distance in the heat exchanger. 
Thus, the thermal performance of the heat exchanger 
increases. On the other hand, interrupted surfaces and 
travelling of air in longer distance increases pressure 
drops. Therefore, a suitable design of louvered fins is 
needed to enhance thermal performance of heat 
exchanger without prohibitive increase in the pressure 
drop. Researchers and engineers attempt to design more 
efficient louver fin heat exchangers studying various 
geometrical parameters experimentally and numerically.  

In their experimental study, Aoki et al. [1] 
concluded that heat transfer coefficients at low air 
velocity conditions decreased with increasing fin pitch 
while heat transfer coefficient reached a maximum value 
at angle of 28°-30°. They also found that at wider angles 
of louvers heat transfer coefficient started to decrease. 

Webb and Trauger [2] defined a flow efficiency as the 
ratio of actual transverse distance to ideal transverse 
distance. Wang et al. [3] conducted experiments using 
commercially available louver fin-and-tube heat 
exchangers. They studied heat transfer and pressure drop 
characteristics depending on number of tube rows, fin 
pitch, and tube size. Kim and Bullard [4] stated that flow 
depth was one of the most important parameter for 
pressure drop characteristics of louver fin heat 
exchangers in their experimental study. Dejong and 
Jacobi [5] found that when the flow was far from 
bounding walls of heat exchanger, it showed spatially 
periodic behaviour and high heat transfer and low 
pressure drop occurred. In the region close to the 
bounding walls, large flow separation zones occurred 
and heat transfer decreased about 50%. Dong et al. [6] 
conducted an experimental study testing air side heat 
transfer and pressure drop characteristics of 20 types of 
multi-louvered fin and flat tube heat exchangers. Vaisi et 
al. [7] experimentally showed that the configuration of 
the louvered fins had the dominant influence on the heat 
transfer and pressure drop. They found that a 
symmetrical arrangement of louvered fins provides more 
advantage than asymmetrical arrangement in terms of 
heat transfer and pressure drop. Dogan et al. [8] 
compared heat transfer and pressure drop characteristics 
of double-row and triple-row multi-louvered fin heat 
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exchangers. They found that the overall performance of 
double-row fin heat exchanger was more effective. Rugh 
et al. [9] experimentally studied heat transfer and friction 
coefficients for high-density louvered fin and flat tube 
heat exchangers used for passenger compartment heating 
in automobiles. Suga and Aoki [10] concluded that 
smaller louver angles were found to provide an overall 
better performance due to behaviour of thermal wakes. 
Springer and Thole [11] concluded that to do an 
experiment with louver fins, enough number of fin rows 
is needed to simulate flow behaviour of real size heat 
exchanger. Zhang and Tafti [12] classified thermal 
wakes interference of multi-louvered fins as inter-fin 
interference which occurs between adjacent rows of 
louvers for louver directed flows and intra-fin 
interference which occurs on subsequent louvers of the 
same row or fin for duct directed flows. Perrotin and 
Clodic [13] compared numerical results of 2D and 3D 
louver fin heat exchanger models with wind tunnel tests. 
The results of 3D models were closer to the experimental 
results and 2D models overestimated significantly the 
heat transfer coefficient. Hsieh and Jang [14] reported 
that successively variable louver angles effectively 
enhance the heat transfer performance. Okbaz et al. [15] 
studied to determine minimum number of rows which 
provide periodic flow conditions with adequate flow 
field to conduct experimental measurements of their test 
facility. They discussed the flow structure depending on 
the number of rows 

According to literature survey there are several 
studies which investigate heat transfer and pressure drop 
characteristics on basic geometrical structures. In this 
study, thermal and hydraulic performance of a louvered 
fin heat exchanger that is to be designed for an particular 
industrial application have been investigated 
numerically. Results are given in terms of Colburn j
factor and Fanning factor f, temperature counters and 
stream-lines results. 

 
2 Numerical method 

The three dimensional flow field and heat transfer 
were solved using commercial code ANSYS Fluent.  
Several turbulence models such as: Standard k-� 
turbulence model, RNG k-� turbulence model, 
Realizable k-� turbulence model,  SST-k- � turbulence 
model and RSM were tested. For this louver fin heat 
exchanger model, experimental study have not been 
done yet. But, for other louver fin models which are the 
products of FR�TERM Company and similar to current 
model, There are experimental results to validate 
numerical model. These experiments have been 
conducted in the test lab of FRITERM Company. When 
the heat transfer results of numerical and experimental 
studies were compared, it was seen that Standard k-� 
turbulence model over predicted convective heat transfer 
coefficient. RNG k-� turbulence model and Realizable k-
� turbulence model predicts convective heat transfer 
coefficient closer to the experimental results. Reynolds 
Stress Model (RSM) results are also close to 
experimental results. However, more CPU time and 
memory were required to solve via RSM.  Hsieh and 

Jang [16], used extended k-� turbulence model of Chen 
and Kim [17] in their numerical study.  In this study, we 
considered separated flow effects of tubes when solving 
three dimensional flow fields. Due to realizable model 
provides the best performance of all the k-� turbulence 
models of separated flows (ANSYS Fluent Theory 
Guide [18]), its low cost of running time and its well-
known good performance on solving heat transfer 
problems,  Realizable k-� turbulence model was used to 
solve three-dimensional flow field and heat transfer. To 
solve more accurately wall shear stress and wall heat 
transfer Enhanced Wall Treatment option for Realizable 
k-� turbulence model was applied. Enhanced Wall 
Treatment is a near wall modelling method to resolve 
viscous sublayer and fully turbulent region. A pressure 
based predictor/multi-corrector solution procedure was 
employed to enhance velocity–pressure coupling and 
continuity-satisfied flow filed.  The Couple algorithm 
was applied for solving flow field. The discretization of 
the convective terms in the governing equations was 
done via a second order upwind scheme, order central 
differencing scheme was applied for the diffusive terms. 
The pressure gradient in the momentum equations was 
treated via a second order discretization scheme.  

The dimensionless equations for continuity, 
momentum (Reynolds- averaged Navier–Stokes 
equations) and energy may be expressed in tensor form 
as:  
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The modeled transport equations for k and � in the 
realizable k-� model are (ANSYS Fluent Theory 
Guide[18]): 
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Here, Gk represents the generation of turbulence 
kinetic energy due to the mean velocity gradients. Gb is 
the generation of turbulence kinetic energy due to 
buoyancy, Ym represents the contribution of the 
fluctuating dilatation in compressible turbulence to the 
overall dissipation rate. C1�, C2� and C3� are constants.  Sk 
and Sc are user defined source terms (ANSYS Fluent 
Theory Guide [18]). 

The quality of the mesh was carefully assessed 
during the meshing. Meshes with five layers of inflation 
region  were established in the close region of the fin 
wall and tube wall while unstructured tetrahedron 
meshes were used outer region. The flow field was 
separated several subfields to satisfy good mesh quality 
and sensitivity. 12 million elements were used to solve 
flow field.  The near-wall mesh with y+ �1 was 
established that fine enough to resolve viscous sublayer.   
No slip boundary conditions were applied on tube wall 
surfaces. The walls of louver fins were at constant 
temperature of Tw=313.15 K. The inlet velocity of the 
flow were 1.22 m/s, 1.52 m/s, 2.28 m/s and 3 m/s  and 
the temperature of the inlet fluid was set at 30°C. The 
turbulence intensity at the inlet is set at 10%. At the exit, 
pressure outlet boundary condition at operational 
pressure of 0 Pa was applied. The distance of the inlet 
boundary to geometry of interest and the distance of the 
outlet boundary to geometry of interest is 33 mm and 99 
mm, respectively. Before starting all analysis effects of 
this distance length were tested. Periodic boundary 
conditions were applied left- right sides and top-bottom 
sides of solution domain. 

 

 
Fig. 1 3D computational domain and boundary conditions. 

 
 
Figure 2 Details of physical model 
 

 
Fig. 3 Detailed view of computational grid system 

 
The Reynolds number is defined as: 
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Where U is the frontal velocity and H is the fin pitch.  
 
The averaged heat transfer coefficient h is defined as: 
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Table 1. Geometric and operation parameters

Lp/Fp (Ratio of louver 
pitch to fin pitch) 

1.9,  1.52,   
1.187 
 

 Louver tilt angle (�) 22°� � �30°  
 Fin thickness (tf): 0.12 mm 
 Flow length  (L):          66 mm 
 Inlet air           
Temperature :(Tin) 

        
     303.15 K 

 Frontal velocity (U)   1.22�U�3     m/s 
 Wall temperature (Tw):      313.15 K 

 

3 Results and discussion

The hydraulic and thermal performances of a 
louver fin heat exchanger depend on geometrical details 
and flow conditions. In Figure 4 and Figure 5 velocity 
vectors and related streamline patterns coloured with 
velocity magnitudes are shown, respectively. These 
visualization results were obtained from top plane view 
at the periodic boundary region. There occurs a wake 
region as a result of flow separation around tubes with 
weaker velocity magnitudes. As seen in Figure 6,  the 
temperature of the cold fluid increases faster in the 
louvered region of the fin.   

(6)

(7)

(8)

(9)
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Fig. 4 Velocity vectors for heat exchanger with louver angle of 
�=30°, Lp/Fp = 1.1875 and frontal air velocity of U= 3 m/s. 
(Obtained from top periodic plane) 

 

 
Fig. 5 Streamline patterns for heat exchanger with louver angle 
of �=30°, Lp/Fp = 1.1875 and frontal air velocity of U= 3 m/s. 
(Obtained from top periodic plane) 
 
 
 

 
Fig. 6 Temperature counters for heat exchanger with louver 
angle of �=30°, Lp/Fp = 1.1875 and frontal air velocity of U= 
3 m/s. (Obtained from top periodic plane) 
 
 

 
Fig. 7 Streamlines for heat exchanger with louver angle of � 
=22°, 26° and 30°, Lp/Fp = 1.1875 and frontal air velocity of 
U= 3 m/s (Obtained from middle plane of first louver row.) 

 
 
Fig. 8 Temperature counters for heat exchanger with louver 
angle of � =22°, 26° and 30°, Lp/Fp = 1.9 and frontal air 
velocity of U= 3 m/s (Obtained from middle plane of first 
louver row.) 

 
 
Fig. 9 Temperature counters for heat exchanger with louver 
angle of � =22°, 26° and 30°, Lp/Fp = 1.52 and frontal air 
velocity of U= 3 m/s (Obtained from middle plane of first 
louver row.) 
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Fig. 10 Temperature counters for heat exchanger with louver 
angle of � =22°, 26° and 30°, Lp/Fp= 1.1875 and frontal air 
velocity of U= 3 m/s (Obtained from middle plane of first 
louver row.) 
 

Fig. 11 Colburn factor j and Fanning friction factor f graphics 
for Lp/Fp= 1.1875  (row I), Lp/Fp= 1.52  (row II) and Lp/Fp=

1.9  (row III). 
 

In Figure 7 streamline patterns of inlet louvers are 
given for Lp/Fp = 1.1875 and  louver angles of 22°, 26° 
and 30° and frontal air velocity of 3 m/s. These stream-
line patterns were determined from side plane in the 
middle of first row of louvers (inlet louver region).  The 
flow is louver directed for all louver angles. As seen 
from the streamline patterns, when the louver angle 
increases, the distance of the flow that air travel across 
the fins increases. At the end of the inlet louver region 

and upstream of the tubes a large recirculation region 
patterns of horseshoe vortex was formed. Sahin et al. 
[19] experimentally showed the formation of vortexes 
which are called  as horseshoe vortexes for plate-fin and 
tube heat exchangers via particle image velocimetry 
technique.  They reported that well-known horseshoe 
vortexes magnified the entrainment process which 
occurred between the main flow and the wake-flow 
regions and enhanced the heat transfer rate in the case of 
fin-tube heat exchangers. For the louver angle of 30°, a 
flow separation region on downstream direction of the 
last louver occurred due to high louver angle. This 
formation increases pressure drop penalty.  

The temperature distribution along the louvers is 
given in Figure 8, 9 and 10 for  Lp/Fp= 1.9, 1.52, 1.1875
respectively at frontal air velocity of 3 m/s. These 
temperature counters were also taken from side plane in 
the middle of first row of louvers. These results give 
considerable information about heat transfer 
characteristics. The heating process of cold fluid along 
the louvers and mixing of cold and hot fluids can be 
easily seen. As seen from the figures louver angle affects 
heat transfer differently depending on fin pitches. 

In Figure 7, the temperature counters for louver 
angles of 22°, 26° and 30° are given for Lp/Fp= 1.9  at 
frontal air velocity of 3 m/s. The exit temperature for the 
case the louver angle of 22° is higher due to mixing of 
cold and hot air is magnified. Increasing the louver angle 
to 30° made the distance closer the leading edge and 
trailing edge of upper and lower fins’ louvers. Thus, 
boundary layer was formed thicker when the fluid 
flowed along the louvers across the fins. When Lp/Fp was 
decreased to 1.52 , in the case for the louver angle of 
22°, heat transfer was higher. In Figure 9 the results of 
temperature counters are given for Lp/Fp is 1.1875. At 
this distance of lower and upper fins, the trailing edge 
and leading edge of louvers are far enough to restart of 
boundary layer. Thus, increasing louver angle increased 
heat transfer due to increasing of flow length.  

To evaluate quantitatively heat transfer and 
hydraulic performance for all louver angles, frontal 
velocities of air and fin pitches, Colburn factor j, 
Fanning friction factor f are given in Figure 11.  In the 
first row of Figure 10, Colburn factor j and Fanning 
friction factor f is given Lp/Fp=1.1875.  Colburn factor j 
increased with increasing louver angles. Increased louver 
angles provide the flow in longer distance by travelling 
between the neighbour fins.  Fanning friction factor f 
also increased while the louver angle increased as a 
result of longer flow length. For smaller fin pitch 
(Lp/Fp=1.52) Colburn factor j decreased compared to 
case of Lp/Fp=1.1875. The highest heat transfer occurred 
for louver angle of 28° and it was too close the value of 
30°. However, the pressure drop is highest for the case 
the louver angle of 30°. When Lp/Fp=1.9, the heat 
transfer and pressure drop characteristics completely 
changed depending on louver angle. The highest heat 
transfer value in terms of Colburn factor j was for the 
case of louver angle of 22° while the smallest value of it 
was for the case of louver angle of 30°. Moreover, the 
lowest pressure drop in terms of Fanning friction factor f 
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was for louver angle of 24° and it was very close to 
value of 22° while the highest value was for the case of 
louver angle of 30°. For louver pitch to fin pitch Lp/Fp is 
equal to 1.9 heat transfer and pressure drop 
characteristics reversed. The reason of this situation was 
explained looking temperature distribution results. 
 
4 Conclusion

In this study air-side heat transfer and pressure drop 
characteristics of multi-louvered fin heat exchangers 
were studied numerically. 3-D numerical simulations 
was done via ANSYS Fluent software.  The heat transfer 
and pressure drop characteristics were reported in terms 
of Colburn j-factor and Fanning friction factor f. The 
louver angles were changed in the range of 20° ��� 30°, 
and frontal velocities of U were between 1.22 m/s and 3 
m/s. To understand the effect of flow structure on heat 
transfer and pressure drop characteristics streamline 
patterns, velocity vectors and temperature counters were 
given. The following conclusions have been achieved: 

�    For all louver angles, ratio of louver pitch to fin 
pitch and operation conditions of frontal velocities, 
the flow was full louver directed. 

�    For ratios of louver pitch to fin pitch 1.1875 and 
1.52, heat transfer capacity and pressure drop 
penalties increased with increasing louver angle. 

�    The effect of louver angle on heat transfer and 
pressure drop was decreased for Lp/Fp� =1.52�
compared to case of  Lp/Fp =1.1875  

�    For the ratio of louver pitch to fin pitch Lp/Fp=1.9, 
Colburn j-factor and and Fanning friction factor f 
decreased with increasing louver angle 
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