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Experimental and numerical investigation of heat transfer of flat plate using channels
with different cross-sections
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S. F. Ranjbar Department of Mechanical Engineering, University of Tabriz, Tabriz, Iran

R. Hassannejhad Department of Mechanical Engineering, University of Tabriz, Tabriz, Iran
Abstract

This study investigates both experimental and numerical methods for a cooling system applied to a flat copper plate under steady-
state conditions. The primary variables examined include inlet fluid temperature, high applied heat flux, and different channel cross-
sectional shapes. The influence of pump power, heat transfer coefficient, Nusselt number, and pressure drop as a function of
Reynolds number on system performance is analyzed. Finally, using a performance evaluation index, the optimal channel cross-
section for cooling the flat plate is evaluated. In this study, water was used as the working fluid at volumetric flow rates of 50, 60,
70, 80, and 90 liters per hour. The results show that since the channels are short and the temperature and velocity profiles do not
reach thermal and hydrodynamic fully developed lengths, all results must be obtained in the entrance region. Furthermore, by
applying a constant volumetric flow rate to the water in different channel geometries, the square and semi-circular channels
exhibited turbulent behavior and led to the formation of vortices, while the triangular geometry showed laminar flow behavior at the
same flow rate. Other results indicate that the convective heat transfer coefficient and the Nusselt number are highest in a square
channel. Pressure drop analysis indicates that the square channel produces the least pressure drop in the coolant. Considering the
high convective heat transfer coefficient and lower pressure drop, it can be said that the channel with a square geometry has the best
thermohydraulic performance. However, to include these two main parameters in a single relationship and make an accurate
comparison, the performance evaluation index was used. This index also accurately showed that the square cross-section is the best
indicator for evaluating thermohydraulic performance. Furthermore, numerical simulations performed using COMSOL software
show a high degree of agreement with experimental findings, with a maximum deviation of approximately 4%, thus confirming the
accuracy and reliability of the theoretical results.

Keywords : Different Channel shape, Cooling system, Steady state, Pressure drop, Heat transfer; Thermal Management, Heat
Exchanger.
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