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Abstract: This work is to study mesoscale plate fins under 

natural and forced convection. Five different designs of plate fins 

are used to investigate the efficiency of thermal performance 

under natural and forced convection. The heating plate power is 

350 watt. Various air velocities are used for the forced convection 

study. Size of the testing enclosure is 0.4 m (W) × 1.0 m (L) × 0.09 

m (H). Two axial fans are fitted at one end of the testing 

enclosure. It is found that the Nusselt number increases as 

increase in Reynolds number for all plate fin design. In the 

natural convection case, it is found that there is an optimum value 

of the Rayleigh number where the Nusselt number is at the peak. 

In overall, result shows that the design 4 gives the best thermal 

performance for both natural convection and forced convection 

cases. 

 
Index Terms: Forced convection, mesoscale plate fin, natural 

convection, thermal management.  

I. INTRODUCTION 

The plate fins generally use as gadget to accomplish the 

cooling warm for electronic devices. There are a couple sorts 

of cooling procedures that have been utilized as a part of the 

plate fins in this period. Several researchers have conducted 

study on plate fin heat exchanger [1]-[4]. In [5] designed 

many types of plate to investigate the experimental of heat 

convection. Experimental investigation was conducted to 

measure the convective heat transfer coefficient and thermal 

performance of plate fins and plate cubic pin-fins heat sinks, 

under natural convection regime. 

In [6] developed a correlation for plate fin heat sinks. They 

found that increasing fin numbers does not helped to a better 

heat transfer. In [7] propose a new cross fin heat sink. They 

claimed that this new cross fin heat sink could overcome an 

internal thermal fluid flow defect that generally occurs in 

conventional heat sink. In [8] investigated the straight heat 

sink at various mounting angle under natural convection. 

Mounting angle at 90 degree gives a best heat transfer 

performance and 15 degree mounting angle is the poorest heat 

transfer performance. Following the previous study on plate 

fin heat exchanger, this study is to investigate performance of 
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several design plate fin heat exchanger at mesoscale size. This 

is interesting since a current electronics device is made at 

mesoscale size. 

II. METHODOLOGY 

Five aluminum plate fins are being used in this study. 

Design for each plate fin is shown in Fig. 1. Rectangular test 

enclosure is used with the dimension 0.4 m (W) × 1.0 m (L) × 

0.09 m (H) in Fig. 2. Two axial fans are fitted at the end of the 

testing enclosure. Temperature is measured at five locations 

using K-type thermocouple. The hot wire anemometer is used 

to measure airflow rate. Qualitative measurement of the 

temperature distribution along the plate fin surfaces is 

recorded using thermal imaging camera (Fluke TiS65). The 

set up consists of a plate fin placed inside an open enclosure 

as shown in Fig. 2. 

 

 
Fig. 1: Various plate fin design 
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Fig. 2: Experimental test rig 

III. RESULTS AND DISCUSSION 

Initially, natural convection study has been conducted for 

all plate fins. The Rayleigh number is depends on the 

temperature difference between plate’s fin and surrounding. 

Fig. 3 shows the Nusselt number for the plate fin at various 

Rayleigh number. 
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Figure 4.4 Nusselt number versus Rayleigh number 

 Based on the result in Figure 4.4, the result those show in condition all 

manipulated temperature. In Equation 3.1, there was included the difference 

temperature of surface fin and ambient temperature. Then the Rayleigh number was 

included in equation for Nusselt number.  We can see the result show that all design 

has the ratio of heat transfer coefficient and length of fin increase supposedly with 

Raleigh number 

As Rayleigh number builds, the area arrived at the midpoint of Nu qualities 

for all buoyancy effect because of the bigger lightness impact brought about by the 

enhanced liquid thickness inclinations (Chang, 2016). With the improved lightness 

impact by increasing Ra, the expansion length of upward hot air is stretched with the 

higher close wall fluid temperature gradients to help the free convective heat transfer 

rates. 
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Fig. 3: Plate fin Nusselt number at various Rayleigh 

number 

 

In Fig. 3, it is seen that increase in Rayleigh number bring 

the Nusselt number increases for all plate fin design. Thus, for 

the natural convection case design of the plate fin is not 

significantly influence the Nusselt number. Fig. 4 shows the 

efficiency of the all plate fin at various Rayleigh number.  
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4.3 Natural convection 

 In result of natural convection, the results consist of efficiency of plate fins 

(%), Raleigh number and Nusselt number. There were included results of all design 

during the natural convection in Figure 4.3 and Figure 4.4:  

 

Figure 4.3 Efficiency versus Rayleigh number 

 Based on the result, Figure 4.3 showed that design 1 decreasing 

horizontally when the Raleigh number increase. It also seen in design 2 but design 2 

is more efficient at high Rayleigh number. Based on Equation 3.1, it consist the 

difference of surface fin and ambient temperature. We can conclude that design 2 has 

more different temperature in steady state condition. For design 4, initially the result 

show that it increasing the efficient then decrease suddenly because the solid 

molecule in design 4 supposedly cannot release the heat efficiently. Same with 

design 5, the specimen cannot support the heat energy produce increase.  
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Fig. 4: Efficiency of plate fin at various Rayleigh number 

 

Efficiency of the plate fin was plotted in Fig. 4. It is seen in 

Fig. 4 that efficiency of the plate fin increases as at low 

Rayleigh number and as increase in Rayleigh number the 

efficiency starts to decrease gradually. All plate fin reach zero 

efficiency at Ra = 250000. As demonstrated in Fig. 4, plate fin 

design 4 shows a high efficiency in comparison to other plate 

fin. Design 1 and 2 give the lowest efficiency for all Rayleigh 

number. Forced convection case is shown in Fig. 5. 

 

 
Fig. 5: Plate fin Nusselt number at various Reynolds 

number 

 

As increase in the Reynolds number, the Nusselt number 

increases. It is seen in Fig. 5 that design of the plate fin is not 

significantly influence the Nusselt number.  
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Figure 4.9 Efficiency (%) versus Reynold number for source temperature 60℃ 

 Based on the result in Figure 4.9, the design 2 shows the efficiency 

increasing horizontally with higher Reynold number than other design. Otherwise, 

design 1 and design 2 were presented the result increasing the efficiency until speed 

2.6 m/s and decreasing immediately during 2.8 m/s. These were show that the both 

efficiency for enhanced the heat transfer was low because area surface of plate fins 

cannot hold out the heat. For design 5, it provided the high efficiency with the others 

until maximum speed but the high Reynold number is less than the Reynold number 

for design 1 and 2. After compared the result for efficiency, the Nusselt number was 

compared in Figure 4.10: 
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Fig. 6: Efficiency of plate fin at various Reynolds number 

 

Efficiency of the plate fin for forced convection case was 

plotted in Fig. 6. The efficiency of the plate fin increases as 

increase in Reynolds number. As shown in Fig. 6, plate fin 

design 4 shows a high efficiency in comparison to other plate 

fin. Design 2 gives the lowest efficiency for all Reynolds 

number.  

 



International Journal of Recent Technology and Engineering (IJRTE) 

ISSN: 2277-3878, Volume-7, Issue-5S4, February 2019 
 

579 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  Retrieval Number: E11210275S419/19©BEIESP 
 

 
Fig. 7: Thermal image of the plate fin design 5 

 

Fig. 7 shows thermal image of the plate fin design 5. These 

images were taken at various airflow velocities. It seen that 

temperature decreased as increase in airflow velocity. 

IV. CONCLUSION 

Studies on the thermal performance of plate fins have been 

done and objectives have been achieved. Some conclusions 

can be stated as:  

a) The Nusselt increases as increase in Rayleigh number for 

natural convection case.  

b) In forced convection case, the Nusselt increases as increase 

in Reynolds number. 

c) In overall, design 4 is found to gives a higher performance 

for both natural and forced convection cases. 
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