
Transient Conduction:

The Lumped Capacitance Method



Transient Conduction

Transient Conduction
• A heat transfer process for which the temperature varies with time, as 

well as location within a solid.

• It is initiated whenever a system experiences a change in operating 

conditions and proceeds until a new steady state (thermal equilibrium) 

is achieved.

• It can be induced by changes in:

– surface convection conditions (        ), h,T

• Solution Techniques

– The Lumped Capacitance Method

– Exact Solutions

– The Finite-Difference Method

– surface radiation conditions (          ),
r surh ,T

– a surface temperature or heat flux, and/or

– internal energy generation.



The Lumped Capacitance Method
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Lumped body
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• Temperature nearly 

homogeneous everywhere inside 

the solid

• Valid when internal thermal 

resistance is negligible 

compared to the external 

thermal resistance

• Rconv >> Rcond
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The thermal time constant is defined as
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Transient cooling by convection
First Law/ 

Energy equation

=(TT)

T = Ambient temperature



Assuming radiation exchange with large surroundings,
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Result necessitates implicit evaluation of T(t).
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Transient cooling by radiation only



Biot Number

The Biot Number and Validity of

The Lumped Capacitance Method

• The Biot Number:  The first of many dimensionless parameters to be

considered.

 Definition:
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 Criterion for Applicability of Lumped Capacitance Method:

1Bi 

h   convection or radiation coefficient



Characteristic Length
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Sample Problem

P 5.11 From Incropera & Dewitt, 5th

Edition



Problem: 5.11 continued…

Charging a thermal energy storage system consisting of a packed bed

of aluminum spheres.

KNOWN:  Diameter, density, specific heat and thermal conductivity of aluminum spheres used 

in packed bed thermal energy storage system.  Convection coefficient and inlet gas 

temperature. 

FIND:  Time required for sphere at inlet to acquire 90% of maximum possible thermal energy 

and the corresponding center temperature. 

Aluminum sphere
  D = 75 mm, 
    

T = 25 Ci 
oGas

  T Cg,i 
o= 300

h = 75 W/m -K2

= 2700 kg/m   3

k = 240 W/m-K
c = 950 J/kg-K

Schematic:



ASSUMPTIONS:  (1) Negligible heat transfer to or from a sphere by radiation or conduction 

due to contact with other spheres, (2) Constant properties. 

ANALYSIS:  To determine whether a lumped capacitance analysis can be used, first compute 

Bi = h(ro/3)/k = 75 W/m
2
K (0.025m)/150 W/mK = 0.013 <0.1.   

Hence, the lumped capacitance approximation may be made, and a uniform temperature may 

be assumed to exist in the sphere at any time.   

From Eq. 5.8a, achievement of 90% of the maximum possible thermal energy storage 

corresponds to 
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If the product of the density and specific heat of copper is (c)Cu  8900 kg/m
3
  400 J/kgK = 

3.56  10
6
 J/m

3
K, is there any advantage to using copper spheres of equivalent diameter in lieu 

of aluminum spheres? 

Does the time required for a sphere to reach a prescribed state of thermal energy storage 

change with increasing distance from the bed inlet?  If so, how and why? 
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Problem: 5.11 continued…



P 5.15 From Incropera & Dewitt, 5th

Edition

Sample Problem



Heating of coated furnace wall during start-up.

KNOWN:  Thickness and properties of furnace wall.  Thermal resistance of ceramic coating 

on surface of wall exposed to furnace gases.  Initial wall temperature. 

FIND:  (a) Time required for surface of wall to reach a prescribed temperature, (b) 

Corresponding value of coating surface temperature. 

Schematic:

Problem: 5.15 continued…



ASSUMPTIONS:  (1) Constant properties, (2) Negligible coating thermal capacitance, (3) 

Negligible radiation. 

PROPERTIES:  Carbon steel:  = 7850 kg/m
3
, c = 430 J/kgK, k = 60 W/mK. 

ANALYSIS:  Heat transfer to the wall is determined by the total resistance to heat transfer 

from the gas to the surface of the steel, and not simply by the convection resistance.  
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and the lumped capacitance method can be used. 

 
(a) From Eqs. (5.6) and (5.7), 
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Hence, with

Problem: 5.15 continued…



(b) Performing an energy balance at the outer surface (s,o), 
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How does the coating affect the thermal time constant? 

Problem: 5.15 continued…


