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Abstract— Natural convective heat transfer from a vertical 

flat plate which have a uniform surface heat flux has studied. 

With a vertical flat plate the heat transfer rate is dependent on 

the flow near the vertical edges of the plate. The magnitude 

of the edge effects will depend on the conditions existing 

near the edges of the plate. In this thesis, the effect of the 

edge condition of a vertical flat plate on the heat transfer rate 

will be analytically investigated. Thermal analysis and CFD 

analysis will be done on the plates with different edge 

conditions to determine the heat transfer rate at different 

Reynolds’s number and, Nusselt number by considering 

Laminar flow. Thermal analysis and CFD analysis will be 

done in Ansys. Different materials Aluminum alloys, Copper 

and Composite material S2-Glass will be considered for 

analysis. 
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I. INTRODUCTION 

Convection is the concerted, collective movement of groups 

or aggregates of molecules within fluids (e.g., liquids, gases) 

and rheids through advection or through diffusion or as a 

combination of both of them. Convection of mass cannot 

take place in solids, since neither bulk current flows nor 

significant diffusion can take place in solids. Diffusion of 

heat can take place in solids, but that is called heat 

conduction. Convection can be demonstrated by placing a 

heat source at the side of a glass full of a liquid, and 

observing the changes in temperature in the glass caused by 

the warmer ghost fluid moving into cooler areas. 

A. Applications of Convection 

Convection occurs on a large scale in atmospheres, 

oceans, planetary mantles, and it provides the mechanism of 

heat transfer for a large fraction of the outermost interiors of 

our sun and all stars. Fluid movement during convection 

may be invisibly slow, or it may be obvious and rapid, as in 

a hurricane. On astronomical scales, convection of gas and 

dust is thought to occur in the accretion disks of black holes, 

at speeds which may closely approach that of light. 

B. Natural Convection  

Natural convection is a mechanism, or type of heat 

transport, in which the fluid motion is not generated by any 

external source (like a pump, fan, suction device, etc.) but 

only by density differences in the fluid occurring due 

to temperature gradients. In natural convection, fluid 

surrounding a heat source receives heat, becomes less dense 

and rises. The surrounding, cooler fluid then moves to 

replace it. 

II. LITERATURE SURVEY 

In the paper by Patrick H. Oosthuizen, etal[1], natural 

convective heat transfer from narrow vertical plates which 

have a uniform surface heat flux has studied. With a narrow 

plate the heat transfer rate is dependent on the flow near the 

vertical edges of the plate. The magnitude of the edge 

effects will depend on the conditions existing near the edges 

of the plate. Three situations have here been considered 

these being a heated plate imbedded in a large plane 

adiabatic surface, the surfaces of the heated plane and the 

adiabatic surface being in the same plane, a heated plate 

with plane adiabatic surfaces above and below the heated 

plate, and a heated plate that is attached to a large parallel 

plane adiabatic surface but protrudes from the adiabatic 

plane surface. The effect of the edge condition on the heat 

transfer rate has here been numerically investigated. In the 

paper by Rajesh Khatri, etal [2], theoretical estimations of 

boundary layer thickness and heat transfer coefficient is 

examined using Computational Fluid Dynamics (CFD) for 

laminar air flow. The feasibility and accuracy of using CFD 

to calculate convective heat transfer coefficients is 

examined. A grid sensitivity analysis is performed for the 

CFD solutions, and it is used to determine the convective 

heat transfer coefficients. The coefficients are validated 

using analytical solution. In addition the local Nusselt 

number are obtained, which can be used in estimation of 

flow and heat transfer performance over a flat plate. The 

results tell us that for the laminar forced convection 

simulations the convective heat transfer coefficients differed 

from analytical values by 5%. The result also tells us that 

the boundary-layer thickness for laminar flow decreases 

with distance from the leading edge of the flat plate and 

increases with Reynolds number. The effect of Reynolds 

number, Prandtl number on flow is also investigated. These 

estimations can quickly give us the conclusion of 

dependences between the variables of interest. In the paper 

by S.E. Mahgoub [3], Non-Darcian forced convection heat 

transfer over a horizontal flat plate in a porous medium of 

spherical particles has been studied experimentally. With air 

as the working fluid, the effects of particle diameter and 

particles materials of different thermal conductivities were 

examined. The heat transfer measurements were obtained by 

heating the test plate under the condition of constant heat 

flux. The experiments have been made for Reynolds 

numbers ranging from 105 to 106 based on the test plate 

length. The porous media used in the experiments were 

made of glass, rock, and steel covering a wide range of solid 

thermal conductivity. Particles diameters of 2.7 mm, 4.2 

mm, 5.6 mm, 8.1 mm, and 11 mm for rock material and 11 

mm particle diameter for glass and steel materials were 
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used. It was found that higher heat transfer coefficients were 

obtained with larger particle size and higher particle thermal 

conductivity. 

III. 3D MODELS OF FLAT PLATE  

The rectangular plates with different edge conditions 

circular and slant is modeled in preo 2.0 software. 

 
Fig. 1: 3D model of circular edge 

 
Fig. 2: 3D model of slant edge 

IV. CFD ANALYSIS OF FLAT PLATE 

The fluid flow analysis is performed to determine the flow 

characteristics of fluid air flowing on the flat plate, 

compared for different edge conditions under laminar flow 

by evaluating heat transfer coefficient, heat transfer rate, 

temperature distribution and mass flow rates. 

A. Circular Edge 

Inlet temperatures(T) 300 k 

Inlet pressure(P) 101325 pa 

Inlet velocity(V) 0.2327 m/s 

Table 1: Boundary conditions for flat plate at circular edge 

B. Temperature 

 
Fig. 3: Temperature distribution of CFD analysis in case-1 

C. Heat Transfer Coefficient  

 
Fig. 4: Heat Transfer Coefficient 

Mass Flow Rate               (kg/s) 

---------------- -------------------- 

Net        1.1740485e-07 

Total Heat Transfer Rate   (w) 

---------------- -------------------- 

Net        0.00058889389 

D. Slant Edge 

Inlet temperatures(T) 300 k 

Inlet pressure(P) 101325 pa 

Inlet velocity(V) 0.2327 m/s 

Table 2: Boundary conditions 

E. Heat Transfer Coefficient 

 
Fig. 5: Heat transfer coefficient at slant edge 

Mass Flow Rate               (kg/s) 

---------------- -------------------- 

Net        1.5483238e-08 

Total Heat Transfer Rate                  (w) 

-------------------------------- -------------------- 

Net        7.9154968e-05 

F. Thermal Analysis  

Thermal analysis is performed on the flat plate with circular 

and slant edge conditions to compare for different materials 

Aluminum, Copper and S2 Glass.  

1) Material properties of Aluminum 

Thermal conductivity: 210 W/mK 

2) Material properties of copper 

Thermal conductivity: 385 W/Mk 

3) Material properties of S2 glass 

Thermal conductivity: 1.45 W/mK 

G. Circular 

1) Temperature 

 
Fig. 6: Temperature distribution on plate for aluminum 

2) Heat flux 

 
Fig. 7: Heat flux on plate for aluminum 
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H. Slant Edge 

1) Temperature 

 
Fig. 8: Temperature distribution on plate for aluminum 

2) Heat Flux 

 
Fig. 9: Heat flux on plate for aluminum 

V. RESULT AND DISCUSSION

Condition Velocity (m/sec) 
Heat Transfer Coefficient  

(W/m2 K) 

Mass Flow Rate  

(m/s) 

Total Heat Transfer Rate  

(W) 

Circular edge 

 

0.2327 5.09e+01 1.1740485e-07 0.00058889389 

0.31029 5.09e+01 -4.4459011e-07 -0.0020256042 

0.38786 5.09e+01 -1.1408702e-07 -0.00060749054 

Slant edge 

 

0.2327 1.62e+01 1.5483238e-08 7.9154968e-05 

0.31029 1.62e+01 -3.3876859e-08 -0.0001335144 

0.38786 1.62e+01 -5.1921234e-08 -0.00021648407 

Table 3: CFD ANALYSIS

 
Fig. 10: Comparison graphs for circular and slant edge 

condition at Heat transfer coefficient (w/m2k) 

 
Fig. 11: Comparison graphs for circular and slant edge 

condition at Mass flow rate (m/s) 

 
Fig. 12: Comparison graphs for circular and slant edge 

condition at Total heat transfer rate (w) 

From the results it is observed that the heat transfer 

rate is almost equal by increasing the velocities for circular 

and slant edge conditions .The value is more for circular 

edge condition. The mass flow rate is almost equal by 

increasing the velocities for circular and slant edge 

conditions but it is increasing slant edge condition. 

Edge 

condition 

Type of 

material 

Temperature 

(k) 

Heat 

flux(W/m2) 

circular 

Aluminium 

alloy 
30 2242.7 

Copper 30 2247.4 

S2 Glass 30 2261.2 

slant 

Aluminium 

alloy 
30 1514.8 

Copper 30 1517.6 

S2 Glass 30 1519.1 

Table 4: Thermal Analysis 

 
Fig. 13: Comparison graphs for circular and slant edge 

condition at heat flux (w/m2) 

By observing the results, there is not much 

variation in heat transfer rates for both circular edge and 

slant edge conditions. But with circular edge heat transfer 

rates are more slant edge the heat transfer rate is more for s 

Glass Epoxy than Copper and Cast Iron. 

VI. CONCLUSION 

By observing the thermal analysis results, there is not much 

variation in heat transfer rates for both circular edge and 

slant edge conditions. But with circular edge heat transfer 

rates are more slant edge the heat transfer rate is more for s 

Glass Epoxy than Copper and Cast Iron. 

By observing the CFD analysis results, the heat 

transfer rate is almost equal by increasing the velocities for 

circular and slant edge conditions .The value is more for 

circular edge condition. The mass flow rate is almost equal 

by increasing the velocities for circular and slant edge 

conditions but it is increasing slant edge condition. 
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