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Thermal Conductivity

1. A hot vertical plate, 1m high, loses heat to the surrounding air at a temperature of 30oC. The surface
temperatureof the plate and the heat flux vary accordingly to the equations Tw = 50x + 50 and ( q

A
)w =

100x2 + 200 where Tw is the surface temperature in degrees centrigrade, ( q
A

)w is the heat flux in W
m2 and x

is the distance from the bottome edge of the plate in meters. Calculate the local heat transfer coefficient
at x = 0, 1

2
and1.

2. An extensive slab of solid material of thickness ‘t‘ has one end face maintained at T1 and other at T2. The
thermal conductivity of the material is temperature dependent and is given by k = k0(T

2 − T 2
0 ). Find the

expression in terms of T1, T2, for the heat flux through the slab.

3. A lake surface is covered by a 8cm thick layer of ice when the ambient air temperature is −12.50C.
A thermometer couple embedded on the upper surface of the layer indicates a temperature of −5oC.
Assuming steady state conduction in ice and no liquid subcooling at the bottom surface of the ice layer.
find the heat transfer coefficient at the upper surface. what is the heat loss per square kilometer of area?
Kice = 8 kJ

m−hr−oC

4. An insulate steam pipe of 16cm inner diameter and 18cm outer diameter is covered with insulation of
4cm thickness and carries steam at 200oC, with the following data provided kpipe = 29 W

moC
, Kinsulation =

0.23 W
moC

, hi = 11.6 W
m2−oC

, ho = 23.2 W
m2−oC

. If the temperature of the air surrounding the pipe is 25oC,
calculate the rate of heat loss to the surrounding from the pipe of 5m length. Also find the the interface
temperatures also.

5. A 16cm diameter pipe carrying saturated steam is covered by a layer of lagging thickness 40mm with
K = 0.8 W

m−oC
. Later, an extra layer of lagging 10mm thick with K = 0.8 W

m−oC
is added. If the surrounding

temperature remains constant and heat transfer coefficient for both the lagging materials is 40 W
m2−oC

,
determine the percentage change in the rate of heat loss due to extra lagging layers.

6. A Stainless steel spoon 150mm long is half immersed in a cup of tea. The cross sectional area and perimeter
of the spoon are 10mm2 & 15mm and may be assumed to be constant. The temperature at a quarter
length from the end dipped in tea is 95oC. Find the point along the spoon at which the human finger at
37oC will not find it hot or cool

Tea Atmosphere
Temperature (Steady) 100oC 30oC

heat transfer coefficient with spoon 20 10
(Kcal/m2 − hr −o C)

7. Consider a plate of thickness ‘L‘ as shown in the Figure 1, generating the heat following the given function

q′′ = q0
′′
[
1 + 2(

x

L
)
]

. Determine the temperature distribution in the plate if the boundary conditions are givne as dT
dx

= 0, x = 0
and T = Tw, x = L

2
, what is the maximum temperature and the location of maximum temperature. Also

find the rate of heat flux transfer from the both surfaces.
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Figure 1: Slab

8. A plane wall of thickness δ has its surfaces maintained at Temperatures T1&T2. The wall is made of a
material whose thermal conductivity varies with temperature according to the relation k = koT

2. Set
up and expression to workout the steady state heat conduction throught the wall. Further proceed to
calcluate the temperature at which the mean thermal conductivity be evaluated so as to get same heat
flow by its substitution in the simplified Fourier relation.

9. In an infinite slab heat generation takes place at the rate of q′′ = q(T ). If the entire slab is at zero
temperature, obtain the temperature distribution in the slab if the face X = 0 is maintained at 0oC at all
the time. For simplicity assume a parabolic profile.

Compostite systems

1. The wall of refrigeraton truck body consists of 1.5mm thick stell sheet outside, 10mm thick polywood
inside and 10cm of glass wool between. Calculate the rate of heat flow if the ambient temperature is 30oC
and inside wall temperature is −15oC. The air-side heat transfer coefficient is 10 Kcal

m−hr−oC
. The following

values of thermal conductivity for different materials

• KSteel = 20 Kcal
m−hr−oC

• Kwood = 0.045 Kcal
m−hr−oC

• Kglass−wood = 0.012 Kcal
m−hr−oC

2. A square plate heater measuring 16cm× 16cm and of rating 1KW is inserted between two slabs as shown
in Figure 2. Slab A is of 2cm thick k = 60 W

moC
and slab B is 1cm thick k = 0.25 W

m−oC
. The outside heat

Figure 2: Two Slabs

transfer coefficients on side A and side B are 200 W
m2−oC

and 50 W
m2−oC

respectively. If the surrounding air
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is at 20oC, make calculations for the maximum temperature in the system and outer surface temperature
of two slabs. Also calculate the heat transfer through each slab.

3. A Guest house has a multilayer composite layer wasll constructed as shown in Figure 3 The temperature

Figure 3: Two Slabs

of air inside the room is 20oC and the surface coefficient of heat transfer between the room and the wall is
6.25 W

m2−oC
. The outside temperature is −12oC with outside surface coefficient of heat transfer 17.25 W

m2−oC
.

The wall measures 2m high and 4m deep. The different thickness of the wall are as given in the Figure 3
and the thermal conductivities are

Ka = 0.16
W

m−o C
Kb = 0.21 W

m−oC

Kc = 0.04
W

m−o C
Kc = 0.17 W

m−oC

Calculate the heat transfer rate across the wall in steady state.
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