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1. Introduction 
 

The passive cooling system by natural convection 
gains research interests for the nuclear systems, after 
the Fukushima NPP accident. The finned plate provides 
the extended heat transfer area and improves the heat 
transfer. However when the fin spacing becomes small, 
the pressure drop increases due to frictional loss, heat 
transfer is impaired. Thus there is an optimal fin 
spacing.  

For the natural convection heat transfer, the heated 
thermal boundary layer drives the flow and the 
influence of the Prandtl number on the heat transfer will 
be very important as the thickness of the thermal 
boundary layer depends on it.  

This study aims at investigating the influence of the 
Prandtl number on the natural convection heat transfer 
of the finned plate. Numerical analyses were performed 
by varying the Pr from 2 to 2,014. 

  

 

Parameters 

W :  Plate width length 

L  :  Plate height length 

H :  Fin height 

S  :  Fin spacing 
t   :  Fin thickness 
 

Fig. 1. Parameters of rectangular plate fin.  
  

 
2. Previous studies 

 
Natural convection heat transfer phenomena for 

vertical plates are well known and many heat transfer 
correlations have been developed. For the laminar 
natural convection, Bejan [1] performed the scale 
analysis from governing equations and proposed a scale 
relation. Le Fevre suggested the Equation (1) for the 
laminar natural convection heat transfer correlation for 
vertical plates [2].  
 

NuH = 0.67(GrHPr)1/4  at  GrH < 109   (1) 
 
Starner and McManus [3] presented heat transfer 

coefficients of four differently dimensioned fin arrays 
with the vertical base plate. They showed that incorrect 
application of fins to a surface actually may reduce the 
total heat transfer to a value even below that of the base 
alone. 

Welling and Wooldridge [4] have studied heat 
transfer from plate-fin heat sinks experimentally. They 

reported optimum values of the ratio of fin height to 
spacing.  

 
3. Numerical Simulations 

 
3.1 Test matrix 

 
The original configuration of the finned plate is 

summarized as follows; Fin height (H) 0.005m, Fin 
spacing (S) 0.002m, and Plate Length (L) 0.05m. Fig. 
2  
shows the simulated geometry. 

 Fig. 2. Plane view of the simulated geometry.  
 
As the study is performed as the complementary 

study for other experimental work, the material 
properties used in the study are the same as the work. 
Only the values of Prandtl number were varied: 2, 20, 
200, and 2,014. 

 
Table 1. Material properties. 

  
 

3.2 Simulation Methods 
 
Governing equations and boundary conditions are 

listed in Equations (1)-(6). 
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(2a)

Density (kg/m3) 1096.5555 

Cp (J/kg-k) 1000 

K (W/m K) 6.225ⅹ10-04 

Viscosity (kg/ms) 1.253ⅹ10-03 

Β (1/K) 5.613ⅹ10-05 

Pr 2~2014 

RaL 
1.05ⅹ107 

~1.05ⅹ 1010 
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       (3) 

0i j ku u u    at all the walls.                (4) 

0T T  on heated wall.                       (5)  

T T  as fluid.                  (6) 

 
The numerical analysis was performed using 

FLUENT ver. 6.3.26 [5].  
The simulations were carried out using the 

Boussinesq approximation. The temperature of the 
heated walls was maintained at 400 K to provide a 
constant temperature condition. The segregated solver 
was used with a second-order upwind algorithm for 
momentum and energy in the laminar model. For 
pressure discretization, the standard algorithm was 
adopted, whereas the SIMPLE algorithm was used for 
pressure–velocity coupling discretization.  

The optimized cell number of about 2.4×105 cells, 
was obtained by performing a sensitivity analysis.  
 

4. Results and Discussion 
 
4.1 Comparison with Le Fevre correlation  
 

The results were compared with Le Fevre natural 
convection heat transfer correlation for vertical plates. 
In order to compare the results with flat plates, the total 
heat transfer rates were divide by the whole surface 
area so that the NuL’s of the finned plates were 
compared with the NuL’s of the flat plates of the same 
areas.  

Fig. 3 shows the result. As the Prandtl number 
increases, the difference between the flat plate and 
finned plate decrease. The increase of the Prandtl 
number, reduces the thickness of the thermal boundary 
layer and the interference between the thermal 
boundary layers formed at the base plate and the fin will 
be reduced.  
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Fig. 3. Comparison with the Flat Plates of the Same Areas.  
 

4.2 Velocity profiles 
 
Fig. 4 presents the velocity profiles at each elevation 

for four different Pr values. The developments of the 
momentum boundary layers along the elevation can be 
observed. The smaller the Pr, the boundary layer starts 
to develop early.  

 

 

 
Fig. 4. Velocity profiles for each elevation.  

 
Fig. 5 shows the cross-sectional velocity profiles 

along the flow direction chopped at the center line 
between the fins. This also shows almost similar 
velocity profiles. The early start of the boundary layer 
development for small Pr can be more easily seen.  

 

 
Fig. 5. Velocity profiles along the flow direction.  
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4.3 Temperature profiles 
 

Fig. 6 presents the temperature profiles at each 
elevation for four different Pr values. The 
developments of the thermal boundary layers along the 
elevation depend strongly on the Pr values.  
 

 
Fig. 6. Temperature profiles for each elevation.  

 
 

The larger the Prandtl number, the thinner the 
thermal boundary layer. The similar observation can be 
made by Fig. 7, which shows the cross-sectional 
temperature profiles along the flow direction chopped 
at the center line between the fins.  

 

 

 
Fig. 7. Temperature profiles along the flow direction.  

 
An extremely thin thermal boundary layer is 

observed for the Prandtl number of 2,014. This means 
that the interference between the thermal boundary 
layers developed from the base plate and the fin will be 
reduced and thus the heat transfer behavior will become 
similar to that of the flat plate of the same area as shown 
in Fig. 3.  

 
5. Conclusions 

 
Numerical analysis was performed for the natural 

convection heat transfer of a finned plate in an open 
channel. In order to investigate the influence of the 
Prandtl number on the heat transfer, four different 
values of Prandtl numbers were simulated and 
compared.  

As expected, the velocity profiles were almost 
similar except for the fact that the boundary layer 
develops earlier for smaller Prandtl number fluid. 
However the temperature profiles varied drastically 
depending on the values of the Prandtl number. As the 
Prandtl number increases, the thermal boundary layer 
reduces. 

 The comparisons of the results with Le Fevre 
natural convection heat transfer correlation for vertical 
plate shows that as the Pr increases, the NuL of the 
finned plate becomes similar to that of the flat plate of 
the same heat transfer area.  
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