
Problem 1 [25 points] 
 
(a) [6 points] Two hot spheres initially at temperature Ti = 500C are quenched by dropping into 

a liquid bath.  The liquid bath is at a constant temperature T = 25C and it provides 
uniform convective heat transfer coefficient h = 100 W/(m2·K) around the entire surface of 
both spheres.   

 
Sphere A: DA = 10 mm, kA = 10 W/(m·K) 
 
Sphere B: DB = 100 mm, kB = 1 W/(m·K) 
 
Which sphere has nearly uniform temperature from the surface to its center during cooling?  
Circle your answer below. 
 

Sphere A    Sphere B      
 
Briefly justify your answer in the box below. 
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Problem 1 – continued 

(b) [6 points] Use Energy Balance Method to numerically solve steady-state conduction in a 
1D composite bar. Some nodal temperatures and properties are shown in the figure below. 
All nodes are evenly spaced. There is no contact resistance and no heat generation. Neglect 
radiation and convection.  

 

 
 

(i) Derive the nodal equation at node T2  
(ii) Calculate the value of T2 (C).  
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Problem 1 – continued 

(c) [7 points] Saturated steam condenses on the outer surface of a thin-walled pipe of 10 mm in 
diameter and 3m in length, making the surface temperature of the pipe uniform at 94C. 
Water flows through the pipe at 0.1 m/s and the temperature of water at the inlet is 17C.  

 

 
 
What is the temperature (C) of the water at outlet? Evaluate the water properties at an 
assumed average temperature of 27C.  Fully-developed flow can be assumed throughout 
the pipe.  
 
Water at 27C:  
ρ=1003 kg/m3; c=4.179 kJ/(kg·K); µ=855×10-6 N·s/m2; k=0.613 W/(m·K); Pr=5.83.  
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Problem 1 – continued 

(d) [6 points] As shown in the figure below, a small hot part moves on a long horizontal 
conveyer belt.  A small radiation detector is placed 1m above the conveyer belt and its 
receiving surface faces to the right.   If the detector receives 1W of radiative energy when 

X = 1m, how much radiant energy [W] would it receive when X= 3 m?  
The top surface of the hot part is diffuse and its radiosity does not change with time. 
Radiation from other surfaces can be ignored. 
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Problem 2 [25 points] 
 
A long horizontal cylindrical rod of diameter Di = 200 mm has thermal conductivity of kr = 0.5 
W/(m·K).  Uniform volumetric heat generation occurs within the rod at the rate of q .  The rod 

is fitted with a cylindrical sleeve having an outer diameter of Do = 400 mm and the sleeve has 
thermal conductivity of ks = 4 W/(m·K).  The outer surface of the sleeve Ts is measured to be 

127 oC at steady state and it is exposed to quiescent air at T∞ = 27C.  Assume the following 

thermophysical properties of air at the film temperature:  = 20.92 × 10-6 m2/s,  = 29.9 × 10-6 

m2/s, k = 30 × 10-3 W/(m·K).  
 
(a) Calculate the convective heat transfer coefficient (W/m2K) on the outer surface. 
(b) Calculate the uniform volumetric heat generation q  (W/m3). 

(c) Find the temperature (C) at the interface between the rod and the sleeve Ti. 

(d) What is the temperature (C) at the center of the rod To? 
 
List your assumptions below. [2 points] 
 
 
 
 
 
 
Start your answer to part (a) here. [8 points] 
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Problem 2 – continued 
 
Start your answer to part (c) here. [5 points] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Start your answer to part (c) here. [5 points] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Start your answer to part (d) here. [5 points] 
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Problem 3 [25 points] 
 
A small sphere is suspended inside a large enclosed chamber for thermal processing. The sphere 
surface temperature is TS = 400 K and the temperature of the chamber wall is Tw = 1,000 K. The 
sphere and the chamber wall are made of same material, which are diffuse and opaque and have 
the same spectral absorptivity of αλ = 0.2 for λ < 3 μm and αλ = 0.6 for λ > 3 μm.  
 
(a) Find the total emissivity of the sphere surface ε. 
(b) Find the total absorptivity of the sphere surface α. 
(c) Find the radiosity for the sphere surface J [W/m2]  
(d) Find the radiation exchange between the sphere and the chamber q" [W/m2].  
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Problem 3 – continued 

 
 
 
Start your answer to part (a) here. [7 points] 
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Problem 3 – continued 

Start your answer to part (b) here. [6 points] 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Start your answer to part (c) here. [6 points] 
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Problem 3 – continued 

Start your answer to part (d) here. [6 points] 
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Problem 4 [25 points] 
 
A rectangular, open furnace is made of three very long surfaces with cross sectional dimensions 
as shown in the figure below.  Surface 1 and surface 3 are diffuse gray and have an emissivity 
of 0.5. Surface 2 is black. The right side of the furnace is exposed to a large room whose wall 
temperature is 300 K. It is known that surface 1, surface 2, and surface 3 are all maintained at 
1,000 K using electrical heaters. One view factor F13 is given as 0.618. Convection heat transfer 
occurs with air inside the furnace at 700 K and a convection heat transfer coefficient h = 30 
W/(m2·K).  
 

 
 
(a) For each surface, write the basic radiation heat transfer equation (also called equation of 

radiosity). 
(b) Calculate the relevant view factors.  
(c) Calculate the radiosity of each surface of the furnace J1, J2, and J3 (W/m2).   
(d) Calculate the power per unit length (W/m) needed to be supplied to surface 2 in order to 

maintain its temperature at 1,000 K, assuming the outer wall of the furnace is insulated. 
 
List your assumptions below [2 points]. 
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Problem 4 – continued 
 
Start your answer to part (a) here. [6 points] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Start your answer to part (b) here. [4 points] 
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Problem 4 – continued 

Start your answer to part (c) here. [8 points] 
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Problem 4 – continued 

Start your answer to part (d) here. [5 points] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

 


