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ABSTRACT 

 

This work presents the results of thermo-fluid characteristics of air flowing 

over an inclined heated flat plate with particular reference to solar collector. The 

study is motivated by the need to better understanding of heat transfer from the 

top surface of flat-plate solar collectors leading to design optimization.  

An experimental investigation has been conducted in the Plexiglas wind 

tunnel. Seven specimens were designed and manufactured with different aspect 

ratios (AR = 0.25, 0.33, 0.5, 1, 2, 3 and 4).  The effects of angle of attack, heat 

flux and Reynolds number on the heat transfer characteristics are discussed in 

details. The experiments covered a range of Reynolds number of 5.1x104 ≤ Re ≤ 

7.8x105 for plate length from 62.5 mm to 300 mm and angles of attack 0o ≤  ≤ 

40o and ≤ 90o for short plate length. The plate is fixed in the test section with a 

special mechanism have a capability of changing the angle of attack. 

Initially, two-dimensional numerical modeling was developed to establish 

the scope of later three-dimensional modeling in terms of dominant variables, 

meshing strategies and convergence criteria. The results gave key insights into 

required modeling strategies needed for the more complex three-dimensional 

problem of the inclined flat plate at different aspect ratio. The purpose is to 

achieve a numerical solution that can offer a powerful insight into the 

performance characteristics of the inclined heated flat plate on a scale and level of 

details not always possible with conventional experimental methods. A finite 

volume descretization method using body-fitted coordinates and SIMPLE-based 

solution algorithm are applied with a segregated solver. The momentum and 

energy equations are solved by the second order upwind scheme. The fluid flow 

and heat transfer over the inclined flat plate were treated using k- RNG turbulent 

model. The model results were validated with the experimental results at the same 

particular conditions.  
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The validated CFD model was extended to obtain the performance of a 

wide range of angle of attack, aspect ratio and Reynolds number. The local 

distributions of the air velocity, pressure and heat transfer coefficient over the 

inclined flat plate with different angle of attack are presented. The maximum 

value of local Nusselt number was obtained at ξ /L = 0 while the minimum value 

was observed at ξ /L = 1. The heat transfer distribution was very sensitive to flow 

angle of attack, aspect ratio and independently to the heat flux. A heat transfer 

coefficient correlations for each case individually are presented together with 

corresponding validation. For both two dimensional and three dimensional flow 

over plates, the average heat transfer coefficient (hm) are correlated with air 

velocity in linear and power forms, also average Nusselt number (Num) with 

Reynolds number in power form. These correlations are agreed very well with 

experimental results.  

For two dimensional plates a general correlation for Nusselt number is 

deduced from both numerical and experimental results as a function of Reynolds 

number, Prandtl number, and angle of attack (Reynolds number range from 

5.1x104 ≤ Re ≤ 7.8x105 and angles of attack from 0° to 90°) with a tolerance of -

9% to + 12%.  Also a general friction factor correlation is predicted for the present 

investigation based on Reynolds number, and angle of attack with maximum 

tolerance of ±12%. 

For three dimensional plates, a correlation for average heat transfer 

coefficient hm as a function of air velocity and aspect ratios independent of angle 

of attack is also presented, which is good for engineering applications designed. 

This correlation is compared very well with ASHREA correlation. A general 

correlation for Nusselt number is deduced from both numerical and experimental 

results as a function of Reynolds number, Prandtl number and angle of attack for 

Reynolds number range from 5.1x104 to 7.8x105 and angles of attack from (0° to- 

40°). 

 

 


