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. .
240 Chapter 5 Transient Conduction
; : . able 5.1 Coefficients us
exact solution to this problem has been obtained and is of the form [2] Lo Wikt
o0
o = 21 C,exp (—{2Fo) cos (§,x*) (5.3%) R ANEALL
)
§
where the coefficient C, is Bi* (rald) G
4sin, 0.01 0.0998 1.0017
e (5.3%b)
n 2t + sin (2; ) 0.02 0.1410 1.0033
8 3 003 01732 1.0049
and the discrete values (eigenvalues) of {, are positive roots of the transcer 0.04 0.1987 1.0066
dental equation 005 02217 10082
¢ tan{, = Bi (5% 006  0.2425 1.0098
007 02615 1.0114
The first four roots of this equation are given in Appendix B.3. 0.08 0.2791 1.0130
009  0.2956 1.0145
552 Approximate Soluti 0.10 0.3111 1.0160
015 0.3779 1.0237
It can be shown (Problem 5.24) that for values of Fo > 0.2, the infinite s Sev.  ass  1ooh
soluuqn, Equation 5.39a, can be approximated by the first term of the series 0.25 0.4801 1.0382
Invoking this approximation, the dimensionless form of the tempersi® B DSHE - O
distribution becomes 04 0.5932 1.0580
05 0.6533 1.0701
a* = L3
Cyexp(—{7Fo) cos (%) (5400 06 07051  1.0814
or 0.7 0.7506 1.0919
038 0.7910 1.1016
0* = g*
65 cos (§,x*) (5400 0.9 08274 11107
where 6* represents the midp] 1.0 0.8603 1.1191
ane (x* =
I plane ( 0) temperature o g o
> = Cyexp(—{2Fo) (541 30 11925 1210
: . Sy 4.0 1.2646 1.2287
f;;:l;tomm mmplication of Equation 5.40b is that the time dependence of ¥ 50 13138 1.2402
tem, emf S location within the wall is the same as that of the m! 60 13496  1.2479
,mdp5 % ;?:ﬁioiﬂimegts C, and {, are evaluated from Equatiﬁﬂ:mm = 1' 2 1‘ o
LA €1y, and are given i iot o ' 3
given in Table 5.1 for a range of Bi & ik S
553 Total 90 14149 1.25%
Energy Transf
- 100 14289 126X
In many situationc ;s : 200 1.4961 1.269%
b s };ﬂy ut"::;m: “i:ls ':ffm o know the total energy that has leﬁf‘hc“u 00 1502 127
: € transient tion 0 ;
requirem : TOCESS. conserva |
ﬁ i Ec-;uauon L.11b, may be a: lied fo Ttll:e time interval bo ged ¥ i o e
tnitial condition (s = 0) and time ¢ f 0 o 300 15400 1272
100.0 1.5552 12731
Ein e 'Eou[ = AEst (5.ﬂ) :_'_'_‘———-_._._._.—
Bi = kL/k for the plane wall a
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