Transient Heat Conduction

Temperatur.e in objects in general can vary with position and time

Lumped System Analysis:
Temperature varies with time, but is uniform thmugh@ut the body
. Examples: < A hot copper ball removed from an oven
| '+ An egg placed in boiling water ) May not satisfy
» A potato being baked in an oven /  analysis -

From the Conservation of Energy:

Heat transferintoa _ Increase in energy of
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hA (T -T)dt = mC dT where m = pV
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| The accuracy of the Iumped system assumption can be obtamed through

the Biot Number (Bi), | h/(k/L )
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Temperature Variations with time and positio
one-dimensional problems

“Plane wall of thickness 2L:
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Q™ kA g |

: ‘ mcp-&f

and x4+ Ax

A

0 ="T, T

! f = ~1=0
i Gwm:ﬁ?: A Mmcos (Aw/L), T>02.0 | <

' ; Center of plane wall (x = 0): IQ

ro_ T, : ‘ _ i
TQ Too :Al.e—,\%-r S SR . ‘




Tabular and Graphical Solutions

Partial differential equations are also a results of formulating
temperature variations with r and t within cylinders and spheres,
the solutions of which normally involve mathematics beyond the

undergraduate.

As a consequence, tabular and graphical solutions are presented
as well as approximations, but require a series of dimensionless
quantities |

: T(x,t) = T
O(x,t) = (;Z,rw X =xL

Bi = hL/k | T = qt/L?

For 1> 0.2, good approximations can be obtained for the plane
~wall, cylinder and sphere using the relationships below.
Replace L with r_ in determining the dimensionless numbers for
cylinders and spheres. |




Temperamre Varzatzons with time and pasmon in
one-dimensional problems

Cylinder:
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‘Sphere:
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Transient Heat Conduction in Semi-infinite

Case 1: Surface Temperature T, = constant

T(x’t)—]}-:erfc( X ) and éis(t);—‘k(Ts—T})
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Case 2: Heat Flux q, = constant
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Case 3: Convection at the surface g, = h [(T, ~-T(0, 9]

T(x,0) — T, x A Ko x

i

= erfc
T.—T;

— expl| — + —— |erfc +
Nar] HAE R\ 2V

k-

|






