
 
 
 

Suggested Problems 
Heat Transfer I 

Ch2 & Ch3 
 

2.26 A one-dimensional plane wall of thickness 2L = 80 mm experiences uniform thermal 
energy generation of 𝑞̇=1000 W/m3 and is convectively cooled at x = ±40 mm by an ambient 
fluid characterized by  
T∞ = 30°C. If the steady-state temperature distribution within the wall is T(x) = a(L2 − x2) + b 
where a = 15°C/m2 and b = 40°C. 

1- What is the thermal conductivity of the wall, k?  
2- What is the value of the convection heat transfer coefficient, h? 

 

 
 



 
 
 

 
 
 

 
 
 
 
 
 



 
 
 

 
 

 
 
  

 
 
 
 
 



 
 
 

 
2.33 A plane layer of coal of thickness L = 1 m experiences uniform volumetric generation at a 
rate of 𝑞̇=10 W/m3  due to slow oxidation of the coal particles. Averaged over a daily period, the 
top surface of the layer transfers heat by convection to ambient air for which h = 8 W/m2 · K 
and T∞ = 30°C, while receiving solar irradiation in the amount GS = 500 W/m2. Irradiation from 
the atmosphere may be neglected. The solar absorptivity and emissivity of the surface are each 
αS = ε = 0.95. 

 
 

(a) Write the steady-state form of the heat diffusion equation for the layer of coal. Verify, 
by direct substitution, that this equation is satisfied by a temperature distribution of the 
form 

 
 
From this distribution, what can you say about conditions at the bottom surface (x = 0)? Sketch 
the temperature distribution and label key features. 
 
 
(b)  Obtain an expression for the rate of heat transfer by conduction per unit area at x = L. 
Applying an energy balance to a control surface about the top surface of the layer, obtain an 
expression for Ts. Evaluate Ts and T(0) for the prescribed conditions. 
 
 
(c) Daily average values of GS and h depend on a number of factors, such as time of year, cloud 
cover, and wind conditions. For h = 8 W/m2 · K, compute and plot TS and T(0) as a function of 
GS for 50 ≤ GS ≤ 500 W/m2. For GS = 500 W/m2, compute and plot TS and T(0) as a function of 
h for 5 ≤ h ≤ 50 W/m2 · K. 



 
 
 

 
 



 
 
 

 



 
 
 

 
 
 
2.41 A chemically reacting mixture is stored in a thin-walled spherical container of radius r1 = 
200 mm, and the exothermic reaction generates heat at a uniform, but temperature-dependent 
volumetric rate of  

 
 
Where 𝑞̇=5000 W/m3, A = 75 K, and To is the mixture temperature in kelvins. The vessel is 
enclosed by an insulating material of outer radius r2, thermal conductivity k, and emissivity ε. 
The outer surface of the insulation experiences convection heat transfer and net radiation 
exchange with the adjoining air and large surroundings, respectively. 
 

 
 

(a) Write the steady-state form of the heat diffusion equation for the insulation. Verify, by 
direct substitution, that this equation is satisfied by the temperature distribution 
Sketch the temperature distribution, T(r), labeling key features. 

 



 
 
 

 
(b) Applying Fourier's law, show that the rate of heat transfer by conduction through the 
insulation may be expressed as 
Applying an energy balance to a control surface about the container, obtain an alternative 
expression for qr, expressing your result in terms of  𝑞̇ and r1. 
 

 
 
(c) Applying an energy balance to a control surface placed around the outer surface of the 
insulation, obtain an expression from which Ts,2 may be determined as a function of 𝑞̇ , r1, h, 
T∞, ε, and Tsur. 
 
 
(d) The process engineer wishes to maintain a reactor temperature of To = T(r1) = 95°C under 
conditions for which k = 0.05 W/m · K, r2 = 208 mm, h = 5 W/m2 · K, ε = 0.9, T∞ = 25°C, and Tsur 
= 35°C. What is the actual reactor temperature and the outer surface temperature Ts,2 of the 
insulation? 
 
 
(e) Computer Icon Compute and plot the variation of Ts,2 with r2 for 201 ≤ r2 ≤ 210 mm. The 
engineer is concerned about potential burn injuries to personnel who may come into contact 
with the exposed surface of the insulation. Is increasing the insulation thickness a practical 
solution to maintaining Ts,2 ≤ 45°C? What other parameter could be varied to reduce Ts,2? 
 
 
 
 



 
 
 

 
 
 



 
 
 

 
 



 
 
 

 
 



 
 
 

 
 
 
 
 
 
 
 
 



 
 
 

 
 

2.42 A thin electrical heater dissipating 4000 W/m2 is sandwiched between two 25-mm-thick 
plates whose exposed surfaces experience convection with a fluid for which T∞ = 20°C and h = 
400 W/m2. K. The thermophysical properties of the plate material are ρ = 2500 kg/m3, c = 700 
J/kg · K, and k = 5 W/m · K. 
 

 
 
(a) On T − x coordinates, sketch the steady-state temperature distribution for −L ≤ x ≤ +L. 
Calculate values of the temperatures at the surfaces, x = ±L, and the midpoint, x = 0. Label this 
distribution as Case 1, and explain its salient features. 
 
 
(b) Consider conditions for which there is a loss of coolant and existence of a nearly adiabatic 
condition on the x = +L surface. On the T − x coordinates used for part (a), sketch the 
corresponding steady-state temperature distribution and indicate the temperatures at x = 0, ±L. 
Label the distribution as Case 2, and explain its key features. 
 
 
(c) With the system operating as described in part (b), the surface x = −L also experiences a 
sudden loss of coolant. This dangerous situation goes undetected for 15 min, at which time the 
power to the heater is deactivated. Assuming no heat losses from the surfaces of the plates, 
what is the eventual (t → ∞), uniform, steady-state temperature distribution in the plates? 
Show this distribution as Case 3 on your sketch, and explain its key features. Hint: Apply the 
conservation of energy requirement on a time-interval basis, Eq. 1.12b, for the initial and final 
conditions corresponding to Case 2 and Case 3, respectively. 
 
 
(d) On T − t coordinates, sketch the temperature history at the plate locations x = 0, ±L during 
the transient period between the distributions for Case 2 and Case 3. Where and when will the 
temperature in the system achieve a maximum value? 
 
 



 
 
 

 
 



 
 
 

 
 



 
 
 

 
 
 
 
 
 
 
 
 
 
 



 
 
 

 
 
2.44 Consider the steady-state temperature distributions within a composite wall composed of 
Material A and Material B for the two cases shown. There is no internal generation, and the 
conduction process is one-dimensional. 

 
 
Answer the following questions for each case. Which material has the higher thermal 
conductivity? Does the thermal conductivity vary significantly with temperature? If so, how? 
Describe the heat flux q”x(𝑥) distribution through the composite wall. If the thickness and 
thermal conductivity of each material were both doubled and the boundary temperatures 
remained the same, what would be the effect on the heat flux distribution? 
Case 1. Linear temperature distributions exist in both materials, as shown. 
Case 2. Nonlinear temperature distributions exist in both materials, as shown. 



 
 
 

 
 

 

 

 



 
 
 

 

CHAPTER 3 
 

3.3 The rear window of an automobile is defogged by passing warm air over its inner surface. 

(a) If the warm air is at T∞,i = 40°C and the corresponding convection coefficient is hi = 30 W/m2 

· K, what are the inner and outer surface temperatures of 4-mm-thick window glass, if the 

outside ambient air temperature is T∞,o = −10°C and the associated convection coefficient is ho 

= 65 W/m2 · K? 

(b)Computer Icon In practice T∞,o and ho vary according to weather conditions and car speed. 

For values of ho = 2, 65, and 100 W/m2 · K, compute and plot the inner and outer surface 

temperatures as a function of T∞,o for −30 ≤ T∞,o ≤ 0°C. 

 

 



 
 
 

 
 

 

 

 

3.4 A dormitory at a large university, built 50 years ago, has exterior walls constructed of Ls = 30-

mm-thick sheathing with a thermal conductivity of ks = 0.1 W/m · K. To reduce heat losses in 

the winter, the university decides to encapsulate the entire dormitory by applying an Li = 30-

mm-thick layer of extruded insulation characterized by ki = 0.029 W/m · K to the exterior of the 

original sheathing. The extruded insulation is, in turn, covered with an Lg = 5-mm-thick 

architectural glass with kg = 1.4 W/m · K. Determine the heat flux through the original and 

retrofitted walls when the interior and exterior air temperatures are T∞,i = 22°C and T∞,o = 0°C, 

respectively. The inner and outer convection heat transfer coefficients are hi = 5 W/m2 · K and 

ho = 30 W/m2 · K, respectively. 

 



 
 
 

 
 

 



 
 
 

3.13 Consider a composite wall of overall height H = 20 mm and thickness L = 30 mm. Section A 

has thickness LA = 10 mm, and sections B and C each have height HB = 10 mm and thickness 

LB = 20 mm. The temperatures of the left and right faces of the composite wall are T1 = 50°C 

and T2 = 20°C, respectively. If the top and bottom of the wall are insulated, determine the heat 

rate per unit wall depth for each of the following three cases. Which case yields the largest heat 

rate per unit depth? Which yields the smallest heat rate per unit depth? 

 

 



 
 
 

 
 

 

 

 

 

 

 


