
Ph.D. Qualifying Examination, Fall 2015 

Heat Transfer 

1. A hot plate of thickness L is initially at the ambient temperature Tinf. Starting from time t=0 the 

bottom of the plate is subjected to a heat flux qb”. The upper surface is exposed to the ambient 

environment with an effective heat transfer coefficient of h.  The thickness of the plate is small 

compared to its other dimensions, such that the heat loss from the sides may be neglected. 

(i)  (30%) Assuming the temperature to be uniform spatially within the plate at each instant, 

perform an energy balance to determine the governing equation and required conditions for 

the transient temperature variation.  For a constant qb” determine the transient 

temperature variation T(t). 

(ii) (35%) If the heat flux at the bottom surface oscillates as given by: 

qb” = q0” Cos t 

determine the transient temperature variation. 

(iii) (35%) If the spatial temperature variation across the thickness is not negligible, write down 

the appropriate governing equations and conditions needed to determine the temperature 

variation T(x,t),  due to a constant heat flux at the bottom surface, qb”.  Find the functional 

form of the solution T(x,t).  What will be the temperature variation in steady state for a 

constant qb” ? 

 

2. You are designing a closed loop plumbing system which includes two lines A and B of equal 
length in parallel.  The diameters (I. D.) of the lines are 1" and 2" respectively. 

a. Determine the ratio of the mass flow rates in each of the lines.  Assume that friction 

factor can be expressed as follows: 
0.250.316 Ref  . 

b. Assuming that the Dittus Boelter equation ( 0.8 0.40.023Re PrNu  ) can be used for heat 
transfer, determine the ratio of the heat transfer coefficients in the two pipes. 

c. Determine the ratio of the rise in temperature of the fluid streams in the two pipes 
under a constant and equal imposed heat flux. 



d. Recalculate your results for parts a-c if the flow in both pipes is laminar. 
Steady state, constant fluid properties, and fully developed flow may be assumed in all cases. 

3. A small diffuse opaque flat plate made of aluminum (initially at 300K) is put into a very large 

furnace with the walls at 1000K to be annealed.  The square plate is 0.1 m on each side and 1 

mm thick.  The spectral emissivity of the plate and emissivity for the material for the walls of the 

furnace are shown below.   

 

   

 

  Emissivity of Plate       Emissivity of Furnace Walls 

a)  Determine the emissivity and absorptivity of the plate at 300 K. 

b)  A hot gas with properties similar to air at 700 K flows over the plate in the oven at 5 m/s.  Determine 

the initial rate of heat transfer to the plate when it is first put into the oven, assuming that the air in the 

oven and the mounting for the plate does not interfere with the heat transfer exchange with the walls of 

the oven. 

c) Estimate the steady state temperature of the plate. 



 
 

 


