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A computational investigation is conducted on free convection from a thin plate having a surface heat source. 
The thermal configuration simulates the recently-proposed transparent film heater made of a single-walled carbon 
nanotube film on a glass substrate. The Navier-Stokes computations are carried out to study laminar free convection 
from the heater. Parallel numerical experiments are performed by using a simplified design analysis model which 
solve the conduction equation with the boundary conditions utilizing several existing correlations for convective heat 
transfer coefficient. Comparison leads to the most suitable boundary condition for the thermal model to evaluate the 
performance evaluation of a transparent thin-film heater.
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Fig. 1 Configuration of a SWNT transparent film heater. (a) Top 
view; and (b) front view.
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Fig. 2 Schematic diagram showing the domain for computational 
fluid dynamic simulation

Model Correlation Thermal condition at walls

SM1 (8) Constant wall temperature

SM2 (9) Constant heat flux

SM3 (11) Constant wall temperature

Table 1 The simplified analysis models used in this stduy
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Fig. 3 Mean temperature difference between the SWNT film 
and ambient air vs. heat generation rate per unit 
area
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Fig. 4 Maximum temperature difference on the SWNT film 
surface vs. heat generation rate per unit area
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Fig. 5 Vertical temperature profile on the SWNT film 
surface for Q''=0.12 W/cm2
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