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Transient Conduction

3. General Lumped Capacitance Analysis

» The figure below shows the general situation for which thermal conditions within a

solid may be influenced simultaneously by
heat flux, and internal energy generation.

convection, radiation, an applied surface

> To study this system, the general Lumped Capacitance Analysis is needed.
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The transient conduction in a solid
studied before, was Initiated by
convection heat transfer to or from an
adjoining fluid.



Transient Conduction

3. General Lumped Capacitance Analysis
A. Only Radiation:
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Transient Conduction

3. General Lumped Capacitance Analysis
B. No Radiation:

@A+ E, — [T = T.)) Heo(m* — 4014,), = pve 4L

dt
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This equation is a linear, first-order, nonhomogeneous differential equation.
;: ?’; = exp(—at) + T}b—/aTm [1 — exp(—at)]

If b =0, this equation can be reduced to:




Transient Conduction

3. General Lumped Capacitance Analysis
C. Convection Only with Variable Convection Coefficient:

> In some cases, such as those involving free convection or boiling, the convection
coefficient h varies with the temperature difference between the object and the fluid.

» The convection coefficient can often be approximated as follow:

h=CT—-T,)

where n is a constant and the parameter C has units of W/m2 K@+

~C(T = T)'A (T = T.) = =CA (T = T.)"*" = pve L



Transient Conduction

3. General Lumped Capacitance Analysis
Exampel-3

Consider the thermocouple and convection conditions in Example-1, but now allow for
radiation exchange with the walls of a duct that encloses the gas stream. If the duct walls
are at 400 °C and the emissivity of the thermocouple bead is 0.9, calculate the steady-
state temperature of the junction. Also, determine the time for the junction temperature
to increase from an initial condition of 25 °C to a temperature that is within 1 °C of its
steady-state value.

1. Temperature of junction is uniform at any instant.
2. Radiation exchange with the surroundings is negligible.

Hot duct wall,
3. Losses by conduction through the leads are negligible. T, =400°C
4. Constant properties. Gas stream —_— Junction. T()
S = i
¢ =400 JkgK

=09




Transient Conduction

3. General Lumped Capacitance Analysis

Exampel-3
For steady-state conditions, the energy balance on the thermocouple junction has the
form
Fn =0 !?zjf:zto%i'::'-
60T = TH = HT = TJA =0 st — >
0 = 200°C T1_25°C D= 07 mm

I'=218.7°C h= 400W!m K p = 8500 kg/m”

3 c= g%o Jkg-K

E =u.



Transient Conduction

3. General Lumped Capacitance Analysis
Exampel-3

The temperature-time history, T(t), for the junction, initially at T 5= T; = 25 °C, follows
from the energy balance for transient conditions

Hot duct wall,

T, = 400°C
E' — E e Junction, T(1)
m st T_=200°C , T;= 257, D =0.7 mm
h = 400 W/m?K p = 8500 kg/m
! ¢ =400 JkgK
=09

~H(T = T.) + (T* = T4lA, = pVe L

The solution to this first-order differential equation can be obtained by numerical
integration as follow:

T4.95) = 217.7°C



