
Consider a house that has a 10-m × 20-m base and a 4-m-high wall.

All four walls of the house have an R of 2.31 m2 0C/W. The two 10-m × 4-m walls have no

windows. The third wall has five windows made of 0.5-cm thick glass (k = 0.78 W/m · C),

1.2 m×1.8 m in size. The fourth wall has the same size and number of windows, but they

are double-paned with a 1.5-cm-thick stagnant air space (k=0.026 W/m·0C) enclosed

between two 0.5 cm-thick glass layers.

The thermostat in the house is set at 24 0C and the average temperature outside at that

location is 8 0C during the seven-month long heating season. Disregarding any direct

radiation gain or loss through the windows and taking the heat transfer coefficients at the

inner and outer surfaces of the house to be 7 and 18 W/m2 0C, respectively, determine the

average rate of heat transfer through each wall.

If the house is electrically heated and the price of electricity is $0.08/kWh, determine the

amount of money this household will save per heating season by converting the single-pane

windows to double-pane windows.
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Problem 



• Assumptions: 1 Steady heat transfer , 2 Heat transfer is one-dimensional, 

3 Thermal conductivities of the glass and air are constant. 4 Heat transfer 

by radiation is disregarded. 

• Properties: k = 0.026 W/m⋅°C for air, and 0.78 W/m⋅°C for glass. 

• Analysis:
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Problem 



• Assumptions: 1. steady state, 2. one-dimensional, 3. Thermal conductivities are 

constant. 4 Thermal contact resistances at the interfaces are disregarded. 

• Properties: kA = kF = 2, kB = 8, kC = 20, kD = 15, kE = 35 W/m⋅°C. 

• Analysis :
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HEAT CONDUCTION IN CYLINDERS AND SPHERES

Heat is lost from a hot-water pipe to

the air outside in the radial direction,

and thus heat transfer from a long

pipe is one-dimensional.

Heat transfer through the pipe 

can be modeled as steady

and one-dimensional. 

The temperature of the pipe

depends on one direction only 

(the radial r-direction) and can 

be expressed as T = T(r). 
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A long cylindrical pipe (or spherical

shell) with specified inner and outer

surface temperatures T1 and T2.

is the conduction resistance of the cylinder layer.
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is the conduction resistance of the spherical layer.

A spherical shell 

with specified 

inner and outer

surface 

temperatures T1

and T2.

SPHERES
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The thermal resistance network for 

a cylindrical (or spherical) in case 

of convection from in and out 

sides.

for a cylindrical layer, and

for a spherical layer

where
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Multilayered Cylinders and Spheres

The thermal resistance 

network for heat transfer 

through a three-layered 

composite cylinder

subjected to convection 

on both sides.
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Once heat transfer rate Q has been 

calculated, the interface temperature 

T2 can be determined from any of the 

following two relations:


