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1. A homogeneous wall of area A and thickness 𝛿 

has left and right hand surface temperatures of 

0
0
C and 40

0
C respectively. Determine the 

temperature at the centre of the wall. 

(a) How much material must be added and to 

which side of the wall if the temperature at 

the centre is to be raised by 5
0
C? 

(b) How much material must be removed and 

from which side of the wall if the 

temperature at the centre line of the wall is 

to be lowered by 5
0
C? 

Express your answers in terms of 𝛿. 

Presume that surface temperatures remain 

same before and after the alterations. 

 

2. A rod of 3 cm diameter and 20 cm length is 

maintained at 100
0
C at one end and 10

0
C at the 

other end. These temperature conditions are 

attained when there is heat flow rate of 6 watts. 

If cylindrical surface of the rod is completely 

insulated, determine the thermal conductivity of 

the rod material. 

 

3. A metal piece of length 60 cm has a cross-

section corresponding to a sector of a circle of 

radius 10 cm and included angle 60
0
C. Its ends 

are maintained at temperature of 125
0
C and 

25
0
C, and the thermal conductivity of the 

material has a linear variation with temperature 

in degree Celsius. 

k = (100 – 0.01 t) W/m – deg 

Find the heat flow rate through the metallic 

piece. Presume uni-directional heat conduction, 

i.e., neglect any variation of temperature in the 

𝜃 and r-directions. 

 

4. Derive an expression for temperature 

distribution and conduction heat flow in a 

circular conical rod with diameter at any section 

given by D = 𝑎𝑥  where 𝑥  is the distance 

measured from the apex of the cone and a is a 

certain numerical constant. It may be presumed 

that there is no internal heat generation, steady 

state conditions prevail and that the lateral 

surface is well insulated. Further proceed to 

obtain the numerical value for heat flow rate if 

the smaller end located at 𝑥1 = 60 𝑚𝑚  has a 

temperature 650 K and the larger end at 

𝑥2 = 300 𝑚𝑚 has a temperature of 450 K. The 

parameter a equals 0.20 and the material of the 

conical rod has an average thermal conductivity 

k = 3.45 W/m-deg. 

5. An exterior wall of a house may be 

approximated by 10 cm layer of common brick 

(k = 0.75 W/m-deg) followed by 4 cm layer of 

gypsum plaster (k = 0.5 W/m-deg). What 
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thickness of loosely packed rock wool 

insulation (k = 0.065 W/m-deg) should be 

added to reduce the heat loss or gain through 

the wall by 75%? 

 

6. The walls of house in cold region comprise 

three layers 

15cm outer brick work (k = 0.75 W/m-deg) 

1.25cm inner wooden paneling  

(k = 0.2 W/m-deg) 

7.5 cm intermediate layer of insulating material 

The insulation layer is stated to offer resistance 

twice the thermal resistance of brick work. If 

the inside and outside temperatures of the 

composite wall are 20
0
C and -15

0
C 

respectively, determine the rate of heat loss per 

unit area of the wall and the thermal 

conductivity of the insulating material. 

 

7. A 30cm thick wall of reactor is made up of an 

inner layer of fire brick (𝑘1 = 0.85 𝑊/𝑚𝐾) . 

Covered with a layer of insulation (𝑘2 =

0.15 𝑊/𝑚𝐾) . The reactor operates at a 

temperature of 1600 K whilst the ambient 

temperature is 295 K. Calculate the thickness of 

fire brick and insulation which gives minimum 

heat loss. Also work out the heat loss presuming 

that the insulating material has a maximum 

temperature of 1475 K. If the calculated heat 

loss is unacceptable, would the addition of 

another layer of insulation be a satisfactory 

solution? 

 

8. A 25cm thick slab is made of a material having 

thermal conductivity 40 W/mK. Measurements 

indicate that temperature variation within the 

slab can be prescribed by the relation. 

𝑡𝑥 = 100 + 200 𝑥 − 400 𝑥2 

where t is in 
o
C and x is the distance measure 

from one face in meters. Make calculation for 

the temperature, temperature gradients and heat 

flow at the planes x = 0, x = 10 cm and x = 

20cm. What would be the heat generation rate 

per unit volume if the difference in heat flow at 

these sections is due to heat generation? 

 

9. Explain concept of thermal contact resistance. 

A furnace wall consists of an inside layer of 

silica brick 10 cm thick. (k = 6.28 kj/m-hr-
0
C) 

followed by a 20 cm layer of magnesite brick (k 

= 20.95 kJ/m-hr
0
C) on the outside. The inside 

surface of the silica brick wall is maintained at 

750
0
C whilst the outside surface of magnesite is 

at 125
0
C. The conact thermal resistance 

between the two walls at the interface is 

0.000716 hr-
0
C/kJ per unit wall area. What is 

the rate of heat loss per unit area of the wall? 

Also calculate the temperature drop at the 

interface. 

10. Determine the heat transfer rate across a 

composite slab which is made of different 

materials with top and bottom as shown in Fig. 
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3.16 The entire left-hand face is held at the 

temperature T1 while the entire righthand face is 

at the temperature T2. Theconductivities of the 

two different materials are stated as ka and kb, 

and their areas as viewed in the direction of slab 

thickness 𝛿 are Aa and Ab respectively. Steady 

state exists, there is no heat generation and the 

slab is so thin that any edge effects can be 

neglected. Interpret the result in terms of an 

electrical circuit. 

 

Fig. 3.16 

 

11. Find the heat flow rate through the composite 

wall as shown in Fig. 3.17. Assume one 

dimensional flow and take 

ka =  150 W/m-deg; kb = 30 W/m-deg 

kc = 65 W/m-deg; kd = 50 W/m-deg 

 

Fig. 3.17 

12. For the configuration shown in Fig. 3.19 and 

conditions specified, determine the temperature 

t2 and t3. 

Thermal conductivities conform to the 

following relation: 

𝑘1 =  𝑘4 =  
𝑘2

2
 = 

𝑘3

3
= 𝑘 

 

 

13. A 30cm thick wall of 5 m × 3m size is made 

of red brick (k = 0.3 W/m-deg). It is covered on 

both sides by layers of plaster, 2 cm thick (k = 

0.6 W/m-deg). The wall has a window size of 

1m × 2m. The window door is made of 12 mm 

thick glass (k = 1.2 W/m-deg). If the inner and 

outer surface temperatures are 15 and 40
0
C, 

make calculations for the rate of heat flow 

through the wall. 

 

14. The insulation boards for air conditioning 

purposes comprise three layers. A 12cm thick 

layer of grass (k = 0.022 W/mK) is sandwiched 

between 3 cm thick layer of plywood (k = 0.15 

W/mK) on each side. The bonding is achieved 

with glue which does not offer any resistance to 

heat flow. If the side surfaces of the board are 

maintained at 40
0
C and 20

0
C temperatures, 

determine the heat flux. How would the heat 

flux be affected if instead of glue, the three 

pieces are fastened by four steel bolts (k = 40 

W/mK) of 1.2 cm diameter at the corners? 
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15. A container with outside surface area 0.36 m
2
 

and outside temperature of 0
0
C contains ice at 

0
0
C. The container is placed in ambient air at 

24
0
C and the surface coefficient of heat transfer 

between the container surface and the 

surrounding air is estimated to be 6.25 W/m
2
-

deg. Calculate the rate at which ice would be 

changed into liquid water. Take latent heat of 

fusion of ice as 340 J/g.  

 

16. A kitchen oven has its maximum operating 

temperature set at 290
0
C, where as the 

temperature in the kitchen may vary from 15
0
C 

to 30
0
C due to seasonal variations. Workout the 

necessary thickness of fibre glass (k = 0.035 

W/m-deg) insulation to ensure that the outside 

surface temperature of oven does not exceed 

40
0
C. The average heat transfer coefficient 

between the outside oven surface and the 

kitchen air is 10 W/m
2
-deg. Neglect thermal 

resistance of metal wall and presume that steady 

conditions prevail. 

 

17. The temperatures at the inside and outside 

surfaces of the brick work of a furnace have 

been noted to be 650
0
C and 225

0
C. Make 

calculations for the percentage decrease in heat 

loss if thickness of the brick work is increased 

by 100 percent. The ambient temperature is 

30
0
C and assume that thermal conductivity of 

brickwork and convective coefficient remain 

the same before and after the increase in 

thickness.  

 

18. Consider a plane composite wall that is made 

of two materials of thermal conductivities ka = 

735 kJ/m-hr-deg and kb = 165 kJ/m-hr-deg and 

thickness 𝛿𝑎 = 5cm and 𝛿𝑏 = 2.5 cm. Material 

A adjoins hot fluid at 150
0
C for which ha = 42 

kJ/m
2
-hr-deg and the material B is in contact 

with a cold fluid at 30
0
C and hb = 85 kJ/m

2
-hr-

deg. Calculate (a) the rate of heat transfer 

through a wall which is 2 m high and 2.5 m 

wide (b) the overall coefficient of heat transfer. 

 

19. The interior of a refrigeration has inside 

dimensions 60 cm × 45 cm base area and 120 

cm high. The composite wall is made of two 3 

mm mild steel sheets (k = 145 kJ/m-hr-deg) 

with 6cm of glass wool (k = 0.188 kJ/m-hr-deg) 

insulation sandwiched between them. The 

average values of convective heat transfer 

coefficients at the interior and exterior wall are 

40.8 and  52.3 kJ/m
2
-hr-deg respectively. 

(a) Calculate the individual resistance of this 

composite wall and the resistances at the 

surfaces, and the overall conductance. 

(b) Draw the thermal circuit 

(c) For the air temperature inside the 

refrigerator at 6.5
0
C and outside of 25

0
C, 

determine the rate at which heat must be 

removed from the refrigerator. Also, 
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calculate the temperature on the outer 

surface of the metal sheet. 

 

20. A 3mm thick metal plate, having thermal 

conductivity k = 98.6 W/m-deg, is exposed to 

vapour at 100
0
C on one side and cooling water 

at 30
0
C on the opposite side. 

The heat transfer coefficients are: 

hi = 14200 W/m
2
-deg on the vapour side 

h0 = 2325 W/m
2
-deg on the water side 

Determine the rate of heat transfer, the overall 

heat transfer coefficient and the dropin 

temperature at each side of heat transfer. 

 

21. A 7.5 cm thick side wall of an oven is 

primarily made of insulation with a thermal 

conductivity of 0.04 W/mK. Conditions on the 

inside of wall fix the temperature on that side at 

420 K. The electric coils within the oven 

dissipate 36.5 watts of electrical energy to make 

up for the heat loss through the wall. Calculate 

the wall surface area, perpendicular to heat 

flow, so that temperature on the other side of 

the wall does not exceed 310 K. 

 

22. A plane wall of 10 cm thickness and 3 m
2
 area 

is made of a material whose conductivity is 8.5 

W/mK. The temperatures of the wall surfaces 

are steady at 100
0
C and 30

0
C respectively. Find 

the temperature gradient and heat flow across 

the wall. 

 

23. A wire 10 cm long and 1mm in diameter is 

held taut between two conducting supports in a 

water tank and is submerged. A controlled 

amount of current is made to pass through the 

wire until the temperature of water becomes 

100
0
C and it starts boiling. Make calculations 

for the steady temperature of wire if 23.5 watts 

of electric power is consumed. Take convective 

heat transfer coefficient to be 5000 W/m
2
-deg. 

 

24. A 120 W heater has been employed to 

maintain a plate of 0.25 m
2
 area at a 

temperature of 60
0
C when the surroundings are 

at 20
0
C temperature. What fraction of heat 

supplied is lost by natural convection? It may be 

presumed that convection coefficient conforms 

to the relation 

h = 2.5 (∆𝑇)0.25  𝑊/𝑚2K 

 

25. A radiator in a domestic heating system 

operates at a surface temperature of 60
0
C. 

Calculate the heat flux at the surface of the 

radiator if it behaves as a black body. 
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KEY 

1.Ans: 20
0
 C 

(a) : 
𝜹

𝟑
  (b) :

𝜹

𝟓
 

2.k = 18.87 W/m-deg 

3.86.51 W 

4.1.62 W 

5.4.153 cm 

6.(a) : 52.83 W(b) :0.1875 W/m-deg 

7. 944.45 W/m
2
 

8. 𝟑𝟔𝟎𝟎 W 

9. 17.06
0
C 

10. 𝑹𝒕𝒂 =  
𝜹

𝒌𝒂𝑨𝒂
 and 𝑹𝒕𝒃 =  

𝜹

𝒌𝒃𝑨𝒃
 

11.Q = 1273.88 W 

12. t2 = 619.51
0
C, t2 =853.65

0
C  

13. 5.30 kW 

14. 5.43 W/m
2
 

15. 0.572 kg/h 

16. 0.0875 m or 8.75 cm 

17. 0.4066 or 40.66% 

18. (a) : 17111 kJ/hr 

(b) : 28.518 kJ/m
2
-hr-deg 

19. (a) 

(i) outside air firm 

 6.248 × 10
-3

deg-hr / kJ 

(ii) mild sheet sheet 

 6.761 × 10
-6

deg-hr / kJ 

(iii) glass wool insulation 

0.1043 deg-hr / kJ  

(iv) mild steel sheet 

6.761 × 10
-6

deg-hr / kJ 

(v) inside air firm 

8.97 × 10
-3

deg-hr / Kj 

(b)  : 

 
 

(c) : 24.02
0
C 

20.  Temperature drop in the vapour film 

  = 9.28
0
C 

  Temperature drop in the metal = 4.00
0
C 

Temperature drop in the water film= 

56.68
0
C 

21. 6.218 m
2
 

22. (a) : 700
0
C/m  (b) : 17.85 kW 

23. 115
0
C 

24. 0.5239 or 52.39% 

25. 697.2 W/m
2 

1

ℎ0𝐴
 

𝛿1

𝑘1𝐴
 𝛿2

𝑘2𝐴
 

𝛿3

𝑘3𝐴
 

1

ℎ1𝐴
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