
Suggested Problems from Chapter 3 and 5 
 

3.63 An uncoated, solid cable of length L = 1 m and diameter D = 40 mm is exposed to convection 

conditions characterized by h = 55 W/m2 · K and T∞ = 20°C. Determine the maximum electric 

current that can be carried by the cable if it is pure copper, pure aluminum, or pure tin. Calculate 

the corresponding minimum wire temperatures. The electrical resistivity is ρe = 10 × 10−8 Ω · m 

for copper and aluminum at their melting points, while the electrical resistivity of tin is ρe = 20 × 

10−8 Ω · m at its melting point. 

 

 



 



 
 

 

 

 

 



3.64 The air inside a chamber at T∞,i = 50°C is heated convectively with hi = 20 W/m2 · K by a 

200-mm-thick wall having a thermal conductivity of 4 W/m · K and a uniform heat generation of 

1000 W/m3. To prevent any heat generated within the wall from being lost to the outside of the 

chamber at T∞,o = 25°C with ho = 5 W/m2 · K, a very thin electrical strip heater is placed on the 

outer wall to provide a uniform heat flux, 𝑞𝑜
" . 

 

 
(a) Sketch the temperature distribution in the wall on T − x coordinates for the condition where 

no heat generated within the wall is lost to the outside of the chamber. 

(b) What are the temperatures at the wall boundaries, T(0) and T(L), for the conditions of part 

(a)? 

(c) Determine the value of  𝑞𝑜
"  that must be supplied by the strip heater so that all heat generated 

within the wall is transferred to the inside of the chamber. 

(d) If the heat generation in the wall were switched off while the heat flux to the strip heater 

remained constant, what would be the steady-state temperature, T(0), of the outer wall surface? 

 



 



 
 

 

 



3.65  A plane wall of thickness 0.2 m and thermal conductivity 30 W/m · K having uniform 

volumetric heat generation of 0.4 MW/m3 is insulated on one side, while the other side is 

exposed to a fluid at 92°C. The convection heat transfer coefficient between the wall and the 

fluid is 400 W/m2 · K. Determine the maximum temperature in the wall. 

 

 
 



3.66 Large, cylindrical bales of hay used to feed livestock in the winter months are D = 2 m in 

diameter and are stored end-to-end in long rows. Microbial energy generation occurs in the hay 

and can be excessive if the farmer bales the hay in a too-wet condition. Assuming the thermal 

conductivity of baled hay to be k = 0.04 W/m · K, determine the maximum steady-state hay 

temperature for dry hay 𝑞̇ = 1 𝑊/𝑚3 , moist hay 𝑞̇ = 10 𝑊/𝑚3, and wet hay 𝑞̇ = 100 𝑊/𝑚3. 

Ambient conditions are T∞ = 0°C and h = 25 W/m2 · K. 

 

 



3.69 An air heater may be fabricated by coiling Nichrome wire and passing air in cross flow over 

the wire. Consider a heater fabricated from wire of diameter D = 2 mm, electrical resistivity ρe = 

10−6 Ω · m, thermal conductivity k = 25 W/m · K, and emissivity ε = 0.20. The heater is 

designed to deliver air at a temperature of T∞ = 60°C under flow conditions that provide a 

convection coefficient of h = 250 W/m2 · K for the wire. The temperature of the housing that 

encloses the wire and through which the air flows is Tsur = 60°C. 

 

 

 
 



 



3.70 Consider the composite wall of Example 3.7. In the Comments section, temperature 

distributions in the wall were determined assuming negligible contact resistance between 

materials A and B. Compute and plot the temperature distributions if the thermal contact 

resistance is . 

 

 



 

3.92 A thin flat plate of length L, thickness t, and width W ≫ L is thermally joined to two large 

heat sinks that are maintained at a temperature To. The bottom of the plate is well insulated, 

while the net heat flux to the top surface of the plate is known to have a uniform value of 𝑞𝑜
" . 

 

 
 

(a) Derive the differential equation that determines the steady-state temperature distribution T(x) 

in the plate. 

(b) Solve the foregoing equation for the temperature distribution, and obtain an expression for 

the rate of heat transfer from the plate to the heat sinks. 

 

 



 



3.97 A rod of diameter D = 25 mm and thermal conductivity k = 60 W/m · K protrudes normally 

from a furnace wall that is at Tw = 200°C and is covered by insulation of thickness Lins = 200 

mm. The rod is welded to the furnace wall and is used as a hanger for supporting instrumentation 

cables. To avoid damaging the cables, the temperature of the rod at its exposed surface, To, must 

be maintained below a specified operating limit of Tmax = 100°C. The ambient air temperature 

is T∞ = 25°C, and the convection coefficient is h = 15 W/m2 · K. 

 

 
 

(a) Derive an expression for the exposed surface temperature To as a function of the prescribed 

thermal and geometrical parameters. The rod has an exposed length Lo, and its tip is well 

insulated. 

(b)Computer Icon Will a rod with Lo = 200 mm meet the specified operating limit? If not, what 

design parameters would you change? Consider another material, increasing the thickness of the 

insulation, and increasing the rod length. Also, consider how you might attach the base of the rod 

to the furnace wall as a means to reduce To. 

 



 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3.113 Finned passages are frequently formed between parallel plates to enhance convection heat 

transfer in compact heat exchanger cores. An important application is in electronic equipment 

cooling, where one or more air-cooled stacks are placed between heat-dissipating electrical 

components. Consider a single stack of rectangular fins of length L and thickness t, with 

convection conditions corresponding to h and T∞. 

 

 

(a) Obtain expressions for the fin heat transfer rates, qf,o and qf,L, in terms of the base 

temperatures, To and TL. 

(b) In a specific application, a stack that is 200 mm wide and 100 mm deep contains 50 fins, each 

of length L = 12 mm. The entire stack is made from aluminum, which is everywhere 1.0 mm 

thick. If temperature limitations associated with electrical components joined to opposite plates 

dictate maximum allowable plate temperatures of To = 400 K and TL = 350 K, what are the 

corresponding maximum power dissipations if h = 150 W/m2 · K and T∞ = 300 K? 

 

 
 



 



 



3.122 Heat is uniformly generated at the rate of 2 × 105 W/m3 in a wall of thermal conductivity 

25 W/m · K and thickness 60 mm. The wall is exposed to convection on both sides, with 

different heat transfer coefficients and temperatures as shown. There are straight rectangular fins 

on the right-hand side of the wall, with dimensions as shown and thermal conductivity of 250 

W/m · K. What is the maximum temperature that will occur in the wall? 

 

 
 



 



 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3.125 It is proposed to air-cool the cylinders of a combustion chamber by joining an aluminum 

casing with annular fins (k = 240 W/m · K) to the cylinder wall (k = 50 W/m · K). 

 

 

 

 

 
 



 



 

 



5.4 A thin stainless steel disk of thickness b and outer radius ro has been heat treated to a high, 

uniform initial temperature of Ti. The disk is then placed upon a small stand and allowed to cool. 

The ambient air and surroundings are at T∞ and Tsur, respectively. The convection coefficients 

on the top and bottom disk surfaces, ht and hb, are known, as is the plate emissivity, ε. Derive a 

differential equation that could be solved to determine the transient thermal response of the disk, 

T(r, t). List the appropriate initial and boundary conditions. Assume adiabatic conditions at r = 

ro. 

 

 
 

 



 
 

 



 

 

5.7 Steel balls 10 mm in diameter are annealed by heating to 1150 K and then slowly cooling to 

450 K in an air environment for which T∞ = 325 K and h = 25 W/m2 · K. Assuming the 

properties of the steel to be k = 40 W/m · K, ρ = 7800 kg/m3, and c = 600 J/kg · K, estimate the 

time required for the cooling process. 

 

 
 

 



 

 

5.8 Consider the steel balls of Problem 5.7, except now the air temperature increases with time as 

T∞(t) = 325 K + at, where a = 0.1875 K/s. 

 

(a) Sketch the ball temperature versus time for 0 ≤ t ≤ 1 h. Also show the ambient temperature, 

T∞, in your graph. Explain special features of the ball temperature behavior. 

 

(b) Find an expression for the ball temperature as a function of time T(t), and plot the ball 

temperature for 0 ≤ t ≤ 1 h. Was your sketch correct? 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 



5.10 A steel sphere (AISI 1010), 100 mm in diameter, is coated with a dielectric material layer of 

thickness 2 mm and thermal conductivity 0.04 W/m · K. The coated sphere is initially at a 

uniform temperature of 500°C and is suddenly quenched in a large oil bath for which T∞ = 

100°C and h = 3000 W/m2 · K. Estimate the time required for the coated sphere temperature to 

reach 150°C. Hint: Neglect the effect of energy storage in the dielectric material, since its 

thermal capacitance (ρcV) is small compared to that of the steel sphere. 

 

 

 
 


