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ME 109                                     Final Exam       5/14/13 
 

 
Problem 1 (10 pts) 
 
A black circular disk 0.20 m in diameter and well insulated on one side is electrically heated 
to a uniform temperature. The electrical energy input is 1000W. The surroundings are at 
temperature Tsur=500K. Find the fraction of the emitted radiative energy that lies in the 
spectral region from 2 to 6 microns. 
 
The Stefan-Boltzmann constant, σ=5.67×10-8 W/m2K4 
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Problem 2 (15 pts) 
 
A square copper plate of thickness d=1 mm and side length L=5 cm is initially at the 
temperature Ti=360K. The plate is suddenly dipped vertically and with the lower side 
horizontal in a large pool of water at temperature T∞=280K.  
 

(a) assuming the plate temperature is uniform at 340K, find the average heat transfer 
coefficient. 
(b) using this heat transfer coefficient find the time it takes for the plate temperature to 
drop to 320K. 

 
Copper properties: thermal conductivity k = 401 W/mK, specific heat cp=385 J/kgK, density 
ρ=8933 Kg/m3.  
Water properties: density ρ=980 kg/m3, specific heat cp=4.188 kJ/kgK, dynamic viscosity 
µ=420×10-6Ns/m2, thermal conductivity k=0.66W/mK, Prandtl number Pr=2.66, thermal 
expansion coefficient β=506×10-6 K-1. 
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Problem 3 (20pts) 
 
Consider a tube of length L=40 m, inner diameter Di=5 cm, outer diameter Do=10cm, made of 
material of thermal conductivity k=10 W/mK. Water with bulk mean velocity um=10 m/s 
enters the pipe with temperature Tmi=350K. The outer surface of the pipe is exposed to cross 
flow of air of temperature T∞=300K and free stream velocity, V=20 m/s. Find: 
 

(a) the heat transfer coefficient for the internal flow, hint (5 pts) 
(b) the heat transfer coefficient for the external flow, hout (5 pts) 
(c) the water outlet temperature Tmo (7pts) 
(d) the heat transfer from the water to air, q (3pts). 

 
Water properties: density ρ=988 kg/m3, specific heat cp=4.18 kJ/kgK, dynamic viscosity 
µ=528×10-6Ns/m2, thermal conductivity k=0.645W/mK, Prandtl number Pr=3.42. 
 
Air properties: density ρ=1.1614 kg/m3, specific heat cp=1.007 kJ/kgK, dynamic viscosity 
µ=184.6×10-6 Ns/m2, kinematic viscosity ν=15.89×10-6 m2/s, thermal conductivity  
k=26.3×10-3 W/mK, Prandtl number Pr=0.707.  
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Problem 4 (10 pts) 
 
A thin plate is in earth orbit around the sun and tilted with respect to the impinging solar 
radiation. The spectral emissivity of the diffuse coated surface that is exposed to the oblique 
solar light can be approximated as shown in the figure below. The back surface of the plate is 
completely insulated. The solar flux at normal incidence is 1353 W/m2. Find the angle of 
incidence of the solar radiation with respect to the normal to the plate surface when the 
equilibrium temperature of the plate is 500K. 
The Stefan-Boltzmann constant, σ=5.67×10-8 W/m2K4 
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Problem 5 (15 pts) 
 
Consider a three diffuse and gray surface enclosure as shown in the figure below. The heater 
disk surface (1) has diameter D=1.5 m, emissivity ε1=0.8 and temperature T1=1000K. The 
bottom surface is the interior of a hemispherical surface of diameter D=1.5 m, emissivity 
ε2=0.5 and temperature T2=500K. Surface (3) is insulated. Find: 
 

(a) the heat flow supplied to the heater (10 pts) 
(b) the temperature of the refractory surface (5 pts) 

 
The Stefan-Boltzmann constant, σ=5.67×10-8 W/m2K4 
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