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Abstract:  

Laminar natural convection heat transfer to air flow in a ducted two parallel plates subjected to same constant heat flux and constant 

temperature has been studied experimentally. In this study a test rig has been designed and constructed to allow studying the effect of 

temperature distribution with different boundary conditions. The study covers three constant heat flux and constant wall temperature 

Experimental results presented as plate temperature distribution, variation of space between the parallel plates. The experiments are 

conducted in three different cases with single plate heat heating, two plates heating with same temperature and heat flux, and opposite 

plate heating with different temperature and heat flux. The experimental temperature distribution are measured at the prescribed 

location and represented graphically. 
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1.0. INTRODUCTION  

 

The heat transfer characteristics of laminar natural convection 

flow of air between vertical parallel plates receiving renewed 

interest in the area of heat transfer research. This comes 

primarily in response to the problem of thermal control of 

microelectronic equipment. Passive (natural convective) cooling 

of communication and other microelectronic equipment 

continues to play a significance role in thermal management of 

such systems because of its characteristically low operating 

noise level, low cost, ease of maintenance, and simplicity. 

However basic understanding of the fundamental mechanisms 

for natural convective heat transfer is lacking. Incropera,(1986) 

reported an experimental study focusing on local heat transfer 

phenomena in an asymmetrically heated, vertical parallel plate 

channel with laminar air flow in the high Rayleigh number 

regime. Natural convective heat transfer along vertical plates has 

been studied previously by several investigators.  The pioneering 

experimental work of Elenbaas (1942) laid the foundation for 

study of natural convection in isothermal parallel plate channels. 

The governing equations have been solved for parallel plate 

geometry in developing flow region Aung et al., (1972) and the 

fully developed limit Aung, (1972) for both symmetrically and 

asymmetrically heated isothermal and isoflux plates. Limits 

bounding three possible flow regimes fully developed, 

developing and single plate were proposed as a function solely 

of the modified Grashof number, defined by Experimental data 

on natural convection flow of air between vertical parallel plates 

with uniform heat flux are nearly nonexistent. Wirtz and 

Stutzman (1982) reported measurements of local heat transfer in 

a symmetrically heated channel. Correlations were developed for 

the local heat transfer along the channel and the maximum wall 

temperature as a function of relevant problem parameters.. More 

recently, an investigation of the optimum spacing of vertical 

parallel plates with a variety of thermal boundary conditions was 

undertaken by Bar-Cohen and  Roshsenow (1984). Their paper 

reviews thoroughly the available data and describes the 

recommended correlations. The present paper reports laboratory 

experiments designed to determine local heat transfer 

characteristics for natural convective flow in a vertical parallel 

plate channel, each wall heated with uniform heat flux. In many 

practical applications the imposed heat flux at the boundary and 

characteristic of the system dictate moderate to high Rayleigh 

number natural convection, while still in the laminar regime. 

Additionally, the symmetric heating boundary condition studied 

is a limiting case prototypical of the arrays of heat-dissipating 

devices used in the electronic industry. The experiments reported 

here were designed to characterize the local and average heat 

transfer of such system. Reda I. El-Ghnam [1] carried out a 

detailed study of the thermal characteristics of cooling by natural 

convection in smooth parallel-walled vertical channels. This 

pioneering foundation for the study of natural convection in 

vertical channels of isothermal parallel plates. More 

investigations have since followed, especially for the case in 

which both walls of the channel are heated above ambient.       

Ashok Tukaram [2] have investigated the effect of buoyancy on 

the hydrodynamic and thermal characteristics of downward-flow 

laminar convection in the entrance region between inclined 

parallel plates. Raed Abed Mahdi1, H A. Mohammed, K. M. 

Munisamy [3] have studied the effect of inclination of an 

isothermal, parallel-walled channel with respect to gravity. The 

results obtained show that the overall heat transfer from the 

channel is reduced as the inclination angle increased, and the 

overall channel flow rate decrease with increase of the 

inclination angle.  Jebir SK [4] have investigated numerically the 

free convection heat transfer in multiple parallel vertical 

channels with isothermal walls. Different systems consisting of 

two, three and an infinite number of channels located side by 

side and with aspect ratios ranging from 5 to 20 and for Grashof 

numbers up to 105 were considered. The results show that the 

heat transfer in a channel is affected by its interaction with the 

neighbouring channels. J.S. Chavan, R.D. Shelke [5] presented 
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numerical solutions to the wall temperature distribution and the 

thermal and fluid-dynamic fields in a channel with partially iso-

flux heated parallel plates. It was found that a reduction in the 

maximum wall temperature was observed when an insulated 

extension was placed downstream of the heated part; the larger 

the Rayleigh numbers the less relevant the reduction. Ahmed and 

sakri [6] have performed experiments on an inclined, isothermal 

channel using water as the convecting fluid. Three modes of 

heating were investigated; heating both walls, top wall only 

heated, and bottom wall only heated. Correlations describing this 

modification were obtained. Miyamoto et al. have determined 

experimentally the heat transfer coefficient in case of turbulent 

natural convection flow in an asymmetrically heated vertical 

channel where two vertical parallel plates formed the cannel.            

From the review of the pertinent literature presented above, it 

can be inferred that natural convection in the vertical channel 

geometry has received considerable attention. Despite this, there 

exists scope for further investigation of heat transfer and fluid 

flow characteristics for this kind of geometries. The present 

paper performs a experimental study to investigate the 

characteristics of temperature distribution of both opended of 

natural convection in an open-ended vertical channel, bounded 

by isothermally heated walls. The temperature distribution at 

different conditions along the distance between the plates are 

visualized experimentally verified and presented graphically. 

 

2.0   EXPERIMENTATION  
 

Experimentation experiments are conducted with different 

conditions (i) for constant heat flux (ii) constant wall 

temperature with and without porous medium heated single plate 

and both opposite plates separately. The experimentation is 

completed with four set of different temperature and heat fluxes. 

The detailed experimental setup and its photographs are 

represented in  figure 2.0 to fig 8.0.   

  

 

 
Figure.1.0. Schematic diagram and dimensions of plates with position of thermocouples 

 

The experimental setup is constructed with 80 cm X 25 cm 

aluminium plates with negligible thickness. These aluminium 

plates are fixed on the bison sheet along with heating coils each 

having the capacity of 50 Watts. The distance between the plates 

are separated by  25 cm and the position of thermocouples are 

shown in the fig 1.0. the arrangements of total experimental 

setup is shown in fig 7.0 .The  ten thermocouples  are  placed at 

a distance of 12cm each as shown in diagram  to left and right 

plates and two more thermocouples are fixed to find the fluid 

inlet and outlet temperatures.  The experiments are conducted for 

different cases namely (i) with constant wall temperature (ii) 

constant heat flux with and with porous medium with heating of 

single plates, opposite plates with equal and different 

temperatures conditions. The experimentation was conducted 

with two dimmers each one to measure the 100Watts to maintain 

the same flux and different heat flux conditions. The parallel 

plates are heated from the unsteady state condition to steady 

state condition in specific interval of time. The temperature 

values in each case are tabulated and the experiments were 

completed for different boundary conditions 

 

 
Figure.2.0. Bison panels with heating coils 
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Figure.3.0. Thermocouple probes being attached to 

aluminum plates 

 

 
Figure.4.0. Top view of rectangular duct with heating coils 

 

 
Figure.5.0. Thermocouple with temperature indicator 

 
Figure.6.0. The experimental setup for Natural convection 

heat transfer between parallel plates 

 
Figure.7.0 Temperature distribution with left plate heating   

 
Figure.8.0. Temperature distribution with left plate heating 

with constant heat flux. 
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Figure.9. Temperature distribution with both plates heating 

With constant wall temperature 

 
Figure.10. Temperature distribution with both plates heating  

with different wall temperatures 

 

 
Figure.11.Temperature distribution between with the  same 

temperature 

 
Figure.12.0 Temperature distribution between the plates 

both plates are heating at same temperature Plate with both 

plates are heating at same heat flux 

 

3.0 RESULTS AND DISCUSSION:   

 

The variation of surface temperature along left and right plates 

are shown in figure  7 to 12.0 for different heat flux and  the 

constant temperature boundary condition with  fixed aspect ratio 

L/B ratio 3.2. In general the temperature distribution are smooth 

with little scatter. As expected, the wall temperatures are higher 

for higher heating rates; the convective driving potential must 

increase in order to dissipate ohmic generation. Local 

temperature is relatively low near the channel entrance where the 

thermal boundary layer is thin. Then wall temperature climb 

quickly as the boundary layer thickness increases. There was no 

indication of transition to turbulent flow in any of the 

experiments. The fig 7.0 represents the condition with single 

plate heating keeping the other plate is without heating.   At the 

beginning of the plate the temperatures are very high in both 

constant wall temperature and heat flux. The figure 8.0 indicates 

the temperature distribution between the vertical parallel plate 

with constant heat flux varying at 48.0 W/m
2
, 58.5W/m

2
, 

66.5W/m
2
,78.5 W/m

2
. It is observed that the temperatures are 

increasing with increasing the heat flux value. The figure 9.0 and 

figure 10.0 represents the condition both plates are heating at 

constant wall temperature and constant heat flux. The results are 

good agreements with given conditions. The figure 11.0 and 

figure 12.0 represents the condition both vertical plates are 

heating with same temperatures. The results are also good 

agreements with given conditions. In all the conditions the 

temperature are varying along the distance between the plate 

from higher temperature or heat flux zone to lower temperature 

or heat flux zone and varying in systemic way. 
 

4.0 CONCLUSIONS: 
 

From experimental result and for the heat flux range 30 W/m2 <  

q < 80W/m2 and the temperature 40 
0
C to 80

0
C following 

concluding points can be deduced. The variation of the surface 

temperature along the test section is affected by the three 

boundary condition assuming that the opposite plates are 

adiabatic, left and right are heat with different boundary 

conditions summarized in the following points: 
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a. The surface temperature increases as the heat flux increases 

the heat flux for the given aspect ratio. 

b. The surface temperature increases and wall temperatures for 

the given aspect ratio. 
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