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Fall 2020 Qualifying Exam – Radiation Heat Transfer (Q1) – Closed Book 

Assume black body radiation for all the three problems. 

1. Find F12 for the arrangement shown below. The dimensions of the plates are provided in feet. 

Plates 3 and 4 are perpendicular to each other and share a common side. 

 

 

2. Find the shape factor between the inside surfaces of the rectangular groove and the 

surroundings as shown below. Assume the depth of the groove perpendicular to the paper (or 

screen) is 3 m. 

 

 
 

 

3. Find F11 for the triangular groove of depth W (perpendicular to the paper (or screen)) shown 

below. 
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Fall 2020 Qualifying Exam – Conduction Heat Transfer (Q2) – Closed Book 

A thin plate of width W (see figure) at room temperature is suddenly immersed in a hot fluid at time t = 

0. Using the order of magnitude analysis (that was discussed in convection heat transfer in ME 540), 

derive the approximate expression for the time it takes for the heat to reach the center of the plate. 

Assume 1D heat conduction in the width direction and no internal heat generation in the plate. 

Roughly draw the temperature profile in the plate, i.e., how does it vary in the plate between the two 

hot boundaries. 

                                                                 

 

Energy Equation: 
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Fall 2020 Qualifying Exam – Thermodynamics (Q3) – Closed Book 

In a cogeneration power plant, a heat engine is used to generate electricity and useful heat at the same 

time. A cogenerating solar power plant (as shown in figure below) operating with steam as the working 

fluid has a boiler output of 25 kg/s steam at 7 MPa, 500 °C. The condenser operates at 7.5 kPa and the 

process heat is extracted as 5 kg/s from the turbine at 500 kPa, state 6 and after use is returned as 

saturated liquid at 100 kPa, state 8. Assume all components are ideal and find the temperature after 

pump 1, the total turbine output and the total thermal process (between states 6 and 8) heat transfer.  
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Formula Sheet for Q3 
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Steam Tables for Q3 
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Fall 2020 Qualifying Exam – Convection Heat Transfer (Q4) – Closed Book 

Assume hypothetically that the velocity profile u(y) in the boundary layer for the flow of air over a flat 

plate (with a free stream velocity (U) of 1 m/s) at a distance of 1 m from the leading edge of the plate is 

given by: 

 

𝑢(𝑦) = 67𝑦 − 68600𝑦3                   in m/s 

 

Using Reynolds-Colburn analogy,  

 

ℎ𝑥

𝜌𝑐𝑝𝑈
𝑃𝑟2/3 =

𝜏𝑤

4𝜌𝑈2
  

 

find (1) the wall shear stress τw, (2) the local heat transfer coefficient hx, and (3) the local Nusselt 

number at this location. 

Use the following properties for air. 

Ρ=1.1777 kg/m3; μ = 0.2 x 10-4 Pa·s; cp = 1009 J/kg·K; k= 0.029 W/m·K; Pr = 0.7 

 

𝜏𝑤 = 𝜇 [
𝑑𝑢

𝑑𝑦
]

𝑦=0

 

 

𝑁𝑢𝑥 =
ℎ𝑥 · 𝑥

𝑘
 

 

𝑃𝑟 =
𝜇 · 𝑐𝑝

𝑘
 

 


