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Transient Conduction
 A heat transfer process for which the temperature varies with TIME 

& SPACE within a solid, T(x,y,z,time).
 It is initiated whenever a system experiences a SUDDEN change in 

operating conditions
• surface convection conditions ( ),
• surface temperature or heat flux
• internal heat generation

 Solution Techniques
• Lumped Capacitance
• Exact Methods
• Numerical Methods 11/15/2022
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Transient Conduction
SPACE SHUTTLE TILE HEATING VIDEO

https://www.youtube.com/watch?v=Pp9Yax8UNoM


OVERVIEW
LUMPED ANALYSIS: BIOT # < 0.1

 Temp = Function (TIME ONLY)

SPATIAL ANALYSIS: BIOT # > 0.1, FO > 0.2
 TEMP = FUNCTION (TIME and SPACE): Convective Boundary 

Conditions ONLY
 INFINITE WALL
 INFINITE CYLINDER
 SPHERE

 SEMI-INFINITE SOLID
Not Influenced by BIOT #
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LUMPED CAPACITANCE
 Based on the assumption of a spatially uniform

temperature distribution throughout the transient
process,

 Why is this case NEVER actually realized?
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( , ) ( )T x time T time

Consider a general case, which includes 
convection, radiation and/or an applied 
heat flux at specified  surfaces  as well as 
internal energy generation in out

st

:
1.Constant Properties
2. Uniform Heat Transfer Coefficients
3. Small Temperature Wall Gradients
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SOLUTION--RECALL-
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TIME CONSTANT
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General Solutions
(ignore radiation) 

11/15/2022

7

( )

[ ]

"

,

)

Temperature Given Time

( ) /exp 1 exp

1  ;        /
h

Time Given Temper u

( ) /ln

t

(

a r

/

e

i i

s s gen
s c

i

T t T t b a t
T T T T

ca b q A S c
A

T t T b at
T T b

s
a

τ τ
ρτ ρ

τ

τ

∞

∞ ∞

∞

∞

 − −
=

=
 −    − + −

≡

− − −

−    − −    
∀

= ≡ + ∀ ∀

 Transient Conduction



11/15/2022

8

( )

2

1

2

12
"

2

0.1 ( ) ONLY

Volume
Surface Area

OVERALL HEAT TRANSFER COEF . 

=

CONDUCTION

CONVECTION

T

S

th c

th

c
s

HERMAL

TH

L

ERMAL

O ID

R ULBi LUMPED T t
R

L
A

WU
m K

KR
WW

A m K

m K WR
W m K

L

k

−

−

= = → →

∀
= ≡

=
−

  
    
  − 
  
  − =    −   

∑

∑



0

0

PLAIN WALL

=
2

3

c L
r Cylinder

r Sphere

= →

→

= →

BIOT 
NUMBER

Transient Conduction



OVERALL THERMAL RESISTANCE
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Bi < 0.1
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Total Energy Transfer & HEAT RATE
Bi < 0.1   (b/a=0)
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Problem
 Find temperature of 

reactants after one hour of 
reaction time.

 Analysis
 Transient

 Internal Heat Generation 
Rate

 Assume Lumped

 Thermal capacitance of 
steel vessel may be 
neglected ( no storage)
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INTEGRATED CIRCUIT:
Steady State Temperature 
and time to come within 1C 
of steady state.
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Find Steady State Temperature
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Time required for sphere to acquire 
90% of MAX possible thermal energy 
and find center temperature
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Analysis
 Neglect heat transfer to/from other spheres or from a 

sphere by radiation or conduction due to contact with 
other spheres.

Constant Properties
Check LUMPED CAPACITANCE criteria to see 

Temperature is function of TIME only, and not a function 
of SPACE.
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1D PLANAR 
“FINITE” 
DIMENSION 
HEAT TRANSFER
T(x,t)
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HDE EQUATION SOLUTION
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1D Planar Transient Heat Transfer
Convective Boundary Conditions
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Find time required to achieve a “MINIMUM” 
temperature of 500C in the slab.

11/15/2022Transient Conduction

23

250 0.05 0.260 0.1 LUMPED IS NOT VALID
48solid

W
m K mhLBi W mk

K

−= = = > →
−

Tmin



11/15/2022Transient Conduction

24
( )0* 2

0 1 1

1 1
2

5

1

250 0.05 0.260 0.1 LUMPED IS NOT VALID
48

800 0.50
200 800

SOL

( ) ( ) exp( ( ))

TABLE 5.1
Bi=0.260, 0.488

VE FOR Fo

1

( ) 500

, 1.0396

.11 1

0.50

5 0

ln
( )

W
m K

i

mhLB

it C B Fo t

C
k mx
c s

C Bi

i W mk
K

T
T T

T tθ ζ

ζ

α
ρ

−

−

∞

∞

= −

→ ≈



= = = > →
−

−
=

=

=

−
= =

=

−





−

( )

( )

22
1

2
1

2
1

( )

SOLVE FOR tim

0.50

e

ln
( )

tFo t
L

C Bi L t

α
ζ

αζ


 = =

−

 
 
  =
−

( )

( )

2
1

2
1

2

2
1

l

1

0.n
( )

0.73 98 689

50
C Bi L t

L t s

αζ

ζ α

 
 
  =
−

−
= =

−



11/15/2022

25

Transient Conduction



Find Time for SURFACE to Reach Safe 
Temperature (42C) and mid-plane Temperature. 

(Assume Wood Interface To Be Adiabatic)

11/15/2022Transient Conduction
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1D RADIAL Transient Heat Transfer
Convective Boundary Conditions
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Long plastic rod heated uniformly in an oven to Ti
and cooled to ambient air for 3 minutes. Minimum
INITIAL temperature of rod should NOT be less than 
200C (worst case). Find Ti?
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INTERPOLATION EXAMPLE
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What is center temperature at this time
(if you KNOW off-center temperature)?
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TOTAL ENERGY TRANSFER
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Cylindrical 304 SS rods of 100-mm diameter  are cooled from 500C in an oil 
bath of 30C, with convection coefficient of 500 W/m2-K.

How long does it take center to reach 50C?

If rods are L=1m and 10 rods are processed per hour , what is the energy 
extraction rate from the bath that must be removed by Heat Exchanger.
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TOTAL ENERGY TRANSFER
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SURFACE TEMPERATURE
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2
"

Find time required for inner surface of wall (L=10mm) to reach 1200K.
To protect wall from the enviironment a ceramic coating is added with a

thermal resistance of R 0.01 . Opposite wall is well if
m K

W
−

= nsulated. 

=7850kg/m3,c =430J/kg-K,k=60W/m-kpρ
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:  Heat Transfer to wall is determined by the 
to Heat Transfer from the gas to the surface of the steel,  by the
convective resistance.
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SOLUTION
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COATING SURFACE TEMPERATURE
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Long Pyroceran Rod, Initially At A Uniform
Temperature Of 900K, and clad with a thin metallic
tube giving rise to a thermal contact resistance, is
“suddenly” cooled by convection.

11/15/2022Transient Conduction

43

2

'
,

( 0, ) 6

m

300
( , 0) 900 ,

100

0.12

Find ti e for center to reach 600K?

00final

t c

T

R

T r t
K

T r t K
Wh

m K
K

W

K

m

∞ =
= =

=
−
−

= =

=



PROPERTIES
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CHECK BIOT #
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Center Temperature
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1D Spatial 
“INFNITE” 
DIMENSION 
HEAT 
TRANSFER
T(x,t)
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CASE 1: Change in Surface Temperature
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CASE 2: Change in Surface HEAT FLUX
(Table B.2)
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CASE 3: Change in Surface CONVECTION
(Table B.2)

11/15/2022

50

The Semi-Infinite Solid
(Heat Transfer in INFINITE DIRECTION)
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O

For the SUDDEN water quench operation below, find the time required to cool the 
interior location (x=0.025m) to a temperature of 50C. What is the surface heat flux?

PROBLEM CLASSI TRF AA NI SN I EI NC T : T CO
SEMI-INFINITE SOLID

BI NUMBER is of NO use with this class of problems.!!!!!!!!!!!!!!!!!!!!!!!

N
GEOMETRY CLASS  

DUCTION
:

The Semi-Infinite Solid
(Heat Transfer in INFINITE DIRECTION)
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