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Solutions to Quiz Seven – Introduction to Convection
The equations for heat transfer over a flat plate can be written in different forms.  The local heat transfer coefficients for laminar flow (Re < 500,000) and turbulent flow (Re > 500,000) are found from the following equations:
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The average heat transfer coefficients are found from the following equations
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Air at 600C and atmospheric pressure flows over a flat plate that is 3 m long and 2.5 m wide at 200C with a velocity of 10 m/s.  Determine (a) the overall heat transfer, (b) the heat flux at x = 0.02 m, and (c) the heat flux at x = 0.5 m)
We find the fluid properties for air from Table A-15 on page 860 using the mean (fluid) temperature of (60oC + 20oC)/2 = 40oC: k = 0.02662 W/m▪oC and  = 1.702x10-5 m2/s.  With these data we can compute the Reynolds number for the overall length.
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Since this is greater than 500,000 we find the Nusselt number from the following equation.
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We can then find the heat transfer coefficient and the overall heat transfer from the air to the plate as follows.
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Following the same procedure we can compute the Reynolds numbers for the overall length and the two x locations.
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The first location is laminar and the second is turbulent.  At the first location we find
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At the second location we find the Nusselt number, heat transfer coefficient and heat flux as follows:
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Error in quiz – dimension for second x location was stated as 0.5 m, instead of the 2 m used in the solution above.  For x = 0.5, we find Re = 3.566x105 so flow is laminar.  Applying the same equations used to analyze x = 0.02, m above, we find the following results for x = 0.5 m: Nu = 178.2, hx = 9.485 W/m2▪oC, and heat flux = 379.4 W/m2.
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