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Instructions: Two hours are allotted for the exam. Point values 
for each problem are indicated below. Only fundamental concepts 
and equations are required for each problem. An equation sheet is 
therefore not provided. If a convection correlation is needed 
that is not provided, define a suitable form in terms of 
appropriate dimensionless groups. All parameters and symbols that 
you introduce should be defined. Clearly state your assumptions 
in all problems. 
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1.  A plane wall is a composite of two materials, A and B. The wall of material A has 
uniform heat generation . The wall of material B has no heat generation. The inner surface of 
material A is well insulated. See the figure. 

q

 
(1) Sketch the temperature distribution in the composite with respect to time when the outer 
surface of material B is a) kept isothermal, b) cooled by a water stream with constant 
temperature T∞ and heat transfer coefficient h, and c) cooled by a constant heat flux. 
 
(2) Determine the temperature T0 of the insulated surface and the temperature T2 of the cooled 
surface under the steady-state condition b) as described in (1).  
 
Known conditions: 36 mW105.1 ×=q , T∞ = 30 °C, h = 1000 W/m2K, material A of thermal 
conductivity kA = 75 W/mK is LA = 50 mm thick, material B of thermal conductivity kB = 150 
W/mK is LB = 20 mm thick. 
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to question (1) 

Water 



Ph.D. Qualifying Examination ID Number______________ 
HEAT TRANSFER-Closed Book  

2.  Very thick slurries and pastes sometimes move in channels almost as a solid plug.  Thus, 
one can approximate the velocity by a constant value V over the conduit cross section. 
 
A viscous fluid with temperature independent physical properties is in fully developed, steady, 
laminar flow between two flat surfaces placed at a distance 2B apart. Viscous dissipation is 
neglected. 
 
For  the fluid temperature is uniform at 0x < 0T T= .  For  heat is added at a constant, 
uniform flux  at both walls. 

0x ≥

wq′′
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1. The energy equation governing the heat diffusion within the slit reads: 

 

  
Write the simplified form of this equation by taking into account the conditions and 
assumptions given in the statement of the problem. 
 
2. The simplified energy equation that you have obtained in the first question is a partial 

differential equation in ( , )T x y  that requires boundary conditions.  Write these 
boundary conditions at  0, 0,  and x y y= = = B . 

 
3. Make the simplified energy equation and its boundary conditions dimensionless by 

defining the following dimensionless variables: 
 

0ˆ ˆ ˆ
T Tx y

L L
ξ η

θx y

−
= = Θ =  

 

Wall Heating element 

2B 0 
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4. Choose the appropriate scale yL , θ , and xL  (Hint:  Consider the boundary condition at 
the wall to determine θ , and the energy equation to determine xL ).  Then, write the 
simplified forms of the energy equation and its boundary conditions. 

 
5. Give the criterion to neglect the axial heat diffusion along the duct.  Write the energy 

equation and its boundary conditions when the axial heat diffusion along the duct is 
neglected. 

 
6. Consider a slit with B = 3 mm and a fluid velocity V = 1 cm/s. 

 
a. If the fluid is sodium at 977 K (thermal diffusivity: 56.12 10−×  m2/s), is the axial 

heat diffusion along the duct negligible? 
 

b. If the fluid is glycerin at 320 K (thermal diffusivity: 88.97 10−×  m2/s), is the 
axial heat diffusion along the duct negligible? 
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3.  A diffuse, fire brick wall of temperature Ts=500 K has the spectral emissivity shown 
below and is exposed to a bed of coals at a temperature of 2000 K.  Determine the total, 
hemispherical emissivity of the brick wall.  What is the total adsorptivity of the wall to 
irradiation resulting from the emission by the coals?   

 
λ (μm) ελ  
λ < 1.5 0.1 
1.5 < λ < 10 0.5 
10 < λ 0.8 

coals 

Ts = 500 K 

Tc = 2000 K 
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4. High temperature steam flows though a stainless steel pipe with inner and outer 
diameters given as di and do, respectively.  The pipe wrapped with insulation of a thickness t.  
The pipe is exposed to air in a crossflow over the outer surface with a velocity V.  The air 
temperature is known to be Tair and the surroundings temperature is known as Tsurr.   It is desired 
to know the rate of heat loss per unit meter from the steam.   For this case, set up the equations to 
the fullest extent possible that will need to be solved.  Be sure to specify all parameters that will 
need to be found/evaluated and give their functional form.     
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