
TRANSIENT CONDUCTION
The lumped 

capacitance 

Method



INTRODUCTION
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This term  accounts the 

variation of temperature 

with time for unsteady state 

problems



Examples 

Could be 

a small 

copper 

ball

Quenching & Heating 

Transient problems



Examples and comparison
T=f(t),Tf(dis)

T=f(t, dis)

t, sec

T
, 
C



Analysis and general formulation
 Basic assumption:

The lumped capacitance method assumes 
that the temperature of solid is spatially uniform 
at any instant of time. This means negligible 
temp gradients within the solid. Eout=qcon

Est
Energy balance:

Control volume
Ein-Eout=Est
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Note

The temp. of a lumped system approaches 

the environment temp. as time gets larger. 

This is can be checked by the previous 

exponential equation (eq.7).



Thermal time constant,

Where Rt  is the resistance to convection heat transfer 

and Ct is the lumped thermal capacitance of the solid.
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Total energy transfer  Q

 The Total energy transfer  Q occurring up to 
some time t can be obtained from:  

Use  the eq. (7) of 
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Energy balance

Ein – Eout = Est
0

Hot 

body

Q +ve

cold 

body
Heating

T > T

 = T-T

 = -ve

Q -ve

Integrating the previous equation yields

For heating Q is negative and the solid experiences an 

increase in the internal energy of the solid.
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Maximum heat quantity



Validity of the Lumped Capacitance Method

Or

Fig. A

Fig. A

is



Notes
• Biot number plays a fundamental role in conduction

problems that involve surface convection effect.

• Biot number provides a measure of the temperature drop

in the solid relative to the temperature difference

between the solid’s surface and the fluid.

• Biot number may be interpreted as a ratio of thermal

resistances.

• if Bi  1, the resistance to conduction within the solid is
much less than the resistance to convection across the
fluid boundary layer. Hence, the assumption of a uniform
temperature distribution within the solid is reasonable if
the Biot number is small.



The Biot number can be viewed as the ratio of the 

convection at the surface to conduction within the 

body 





Conclusion

 If the following condition is satisfied

the error associated with using the lumped 
capacitance method is small.

Where Lc is the characteristic length. It is 
defined as the ratio of the solid’s volume to 
surface area,

Lc=V/As

Note

For symmetrical heated or cooled plane wall of 
thickness 2L, Lc=L.  

For a long cylinder Lc=ro/2 and for a sphere, Lc=ro/3 

10.51.0<=
k

hL
Bi c ……….…………..(13)



Example: small bodies with high thermal conductivities and low 

convection coefficients are most likely to satisfy the criterion 

for lumped system analysis  



 Using Lc=V/As, the exponent of the eq. 7 

may be written as

the previous eq. 

in the original eq. (7), we obtain 
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Example P5.7



Schematic



Eq. 9 and Eq. 7

From App.: Pure copper

Steps of calculation

1.Find from appendices the properties of copper ( 

density , heat capacity C and thermal 

conductivity k) at average temperature 333.5 K.

2.Assume Lumped Capacitance

3.Apply the Eq. 7

4.Find h

5.Check Bi number 


