
Suggested Problem 
Heat Transfer I 

 
1.14 A wall has inner and outer surface temperatures of 16 and 6°C, respectively. 
The interior and exterior air temperatures are 20 and 5°C, respectively. The inner 
and outer convection heat transfer coefficients are 5 and 20 W/m2 · K, 
respectively. Calculate the heat flux from the interior air to the wall, from the wall 
to the exterior air, and from the wall to the interior air. Is the wall under steady-
state conditions? 
 
 
1.17 A cartridge electrical heater is shaped as a cylinder of length L = 300 mm and 
outer diameter D = 30 mm. Under normal operating conditions, the heater 
dissipates 2 kW while submerged in a water flow that is at 20°C and provides a 
convection heat transfer coefficient of h = 5000 W/m2 · K. Neglecting heat 
transfer from the ends of the heater, determine its surface temperature Ts and the 
thermal resistance due to convection. If the water flow is inadvertently terminated 
while the heater continues to operate, the heater surface is exposed to air that is 
also at 20°C but for which h = 50 W/m2 · K. What are the corresponding thermal 
resistance due to convection and surface temperature? What are the consequences 
of such an event? 
 
1.19 A square isothermal chip is of width w = 5 mm on a side and is mounted in a 
substrate such that its side and back surfaces are well insulated; the front surface is 
exposed to the flow of a coolant at T∞ = 15°C. From reliability considerations, the 
chip temperature must not exceed T = 85°C. 
 
 
 
 
 
 
 
If the coolant is air and the corresponding convection coefficient is h = 200 W/m2 · 
K, what is the maximum allowable chip power? If the coolant is a dielectric liquid 
for which h = 3000 W/m2 · K, what is the maximum allowable power? 
 
 
 
 
 
 
 
 
 
 



1.22 An overhead 25-m-long, uninsulated industrial steam pipe of 100-mm 
diameter is routed through a building whose walls and air are at 25°C. Pressurized 
steam maintains a pipe surface temperature of 150°C, and the coefficient 
associated with natural convection is h = 10 W/m2 · K. The surface emissivity is ε 
= 0.8. 
 
(a) What is the rate of heat loss from the steam line? 
 
(b) If the steam is generated in a gas-fired boiler operating at an efficiency of ηf = 
0.90 and natural gas is priced at Cg = $0.02 per MJ, what is the annual cost of heat 
loss from the line? 

 
 
1.15 The free convection heat transfer coefficient on a thin hot vertical plate 
suspended in still air can be determined from observations of the change in plate 
temperature with time as it cools. Assuming the plate is isothermal and radiation 
exchange with its surroundings is negligible, evaluate the convection coefficient at 
the instant of time when the plate temperature is 245°C and the change in plate 
temperature with time (dT/dt) is −0.028 K/s. The ambient air temperature is 25°C 
and the plate measures 0.4 × 0.4 m with a mass of 4.25 kg and a specific heat of 
2770 J/kg · K. 
 
Now the plate is in a vacuum with a surrounding temperature of 25°C. What is the 
emissivity of the plate? What is the rate at which radiation is emitted by the 
surface? 
 
1.30 Pressurized water (pin = 10 bar, Tin = 110°C) enters the bottom of an L = 12-
m-long vertical tube of diameter D = 110 mm at a mass flow rate of . The tube is 
located inside a combustion chamber, resulting in heat transfer to the tube. 
Superheated steam exits the top of the tube at pout = 7 bar, Tout = 600°C. 
Determine the change in the rate at which the following quantities enter and exit 
the tube: (a) the combined thermal and flow work, (b) the mechanical energy, and 
(c) the total energy of the water. Also, (d) determine the heat transfer rate, q. Hint: 
Relevant properties may be obtained from a thermodynamics text. 
 
 
1.31 Consider the tube and inlet conditions of Problem 1.30. Heat transfer at a rate 
of q = 3.89 MW is delivered to the tube. For an exit pressure of p = 8 bar, 
determine (a) the temperature of the water at the outlet as well as the change in (b) 
combined thermal and flow work, (c) mechanical energy, and (d) total energy of 
the water from the inlet to the outlet of the tube. Hint: As a first estimate, neglect 
the change in mechanical energy in solving part (a). Relevant properties may be 
obtained from a thermodynamics text. 
 
 



1.33 Approximately 40 percent of the water that is pumped in the United States is 
used to cool power plants. Sufficient quantities of water may not be available in 
arid regions, necessitating use of air-cooled condensers. Consider the power plant 
and operating conditions of Example 1.7, but with the plant's water-cooled 
condenser replaced with an air-cooled condenser. The cold-side thermal resistance 
can be approximated as Rt,c = 1/(hcA), where hc is the convection heat transfer 
coefficient for the flow in the condenser tubes and A is the heat transfer surface 
area. The heat transfer surface area of the air condenser is 10 times larger than that 
of the water condenser, and the convection heat transfer coefficient for the water 
condenser is 25 times larger than that of the air condenser. Determine the modified 
efficiency and power output of the plant with the air-cooled condenser. Knowing 
that the condenser cost is proportional to its heat transfer area, is the higher cost of 
the air-cooled condenser offset by better power plant efficiency and/or higher 
power output with air cooling? Assume clean conditions. 
 
1.35 Chips of width L = 15 mm on a side are mounted to a substrate that is 
installed in an enclosure whose walls and air are maintained at a temperature of 
Tsur = 25°C. The chips have an emissivity of ε = 0.60 and a maximum allowable 
temperature of Ts = 85°C. 
 
(a) If heat is rejected from the chips by radiation and natural convection, what is 
the maximum operating power of each chip? The convection coefficient depends 
on the chip-to-air temperature difference and may be approximated as h = C(Ts − 
T∞)1/4, where C = 4.2 W/m2 · K5/4. 
 
(b) If a fan is used to maintain airflow through the enclosure and heat transfer is by 
forced convection, with h = 250 W/m2 · K, what is the maximum operating 
power? 
 
 
1.40 An aluminum plate 4 mm thick is mounted in a horizontal position, and its 
bottom surface is well insulated. A special, thin coating is applied to the top 
surface such that it absorbs 80% of any incident solar radiation, while having an 
emissivity of 0.25. The density ρ and specific heat c of aluminum are known to be 
2700 kg/m3 and 900 J/kg · K, respectively. 
 
(a) Consider conditions for which the plate is at a temperature of 25°C and its top 
surface is suddenly exposed to ambient air at T∞ = 20°C and to solar radiation that 
provides an incident flux of 900 W/m2. The convection heat transfer coefficient 
between the surface and the air is h = 20 W/m2 · K. What is the initial rate of 
change of the plate temperature? 
 
(b) What will be the equilibrium temperature of the plate when steady-state 
conditions are reached? 
 
 



1.42 Liquid oxygen, which has a boiling point of 90 K and a latent heat of 
vaporization of 214 kJ/kg, is stored in a spherical container whose outer surface is 
of 500-mm diameter and at a temperature of −10°C. The container is housed in a 
laboratory whose air and walls are at 25°C. 
(a) If the surface emissivity is 0.20 and the heat transfer coefficient associated with 
free convection at the outer surface of the container is 10 W/m2 · K, what is the 
rate, in kg/s, at which oxygen vapor must be vented from the system? 
 
(b) Moisture in the ambient air will result in frost formation on the container, 
causing the surface emissivity to increase. Assuming the surface temperature and 
convection coefficient to remain at −10°C and 10 W/m2 · K, respectively, compute 
the oxygen evaporation rate (kg/s) as a function of surface emissivity over the 
range 0.2 ≤ ε ≤ 0.94. 
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