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A medium through which heat is conducted may involve the conversion of
mechanical, electrical, nuclear, or chemical energy into heat (or thermal

energy).

In heat conduction analysis, such conversion processes are characterized as heat
generation.

Following are some of the cases where heat generation and heat conduction are encountered :
{f) Fuel rods — nuclear reactor;

(i)  Electrical conductors;

(fif) Chemical and combustion processes;

{iv) Drying and setting of concrete.

It is of paramount importance that the heat generation rate be controlled otherwise the equipment
may fail (e.g., some nuclear accidents, electrical fuses blowing out). Thus, in the design of the thermal
systems temperature distribution within the medium and the rate of heat dissipation to the surround-
ings assumes ample importance / significance.

For example, the temperature of a resistance wire rises rapidly when electric
current passes through it as a result of the electrical energy being converted to
heat at a rate of I2R, where I 1s the current and R is the electrical resistance of
the wire The safe and effective removal of this heat away from the sites of heat
generation (the electronic circuits) is the subject of electronics cooling, which is

one of the modern application areas of heat transfer.

Likewise, a large amount of heat is generated in the fuel elements of nuclear
reactors as a result of nuclear fission that serves as the heat source for the
nuclear power plants. The natural disintegration of radioactive elements in
nuclear waste or other radioactive material also results in the generation of heat
throughout the body. The heat generated in the sun as a result of the fusion of
hydrogen into helium makes the sun a large nuclear reactor that supplies heat to

the earth.
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Another source of heat generation in a medium is exothermic chemical
reactions that may occur throughout the medium. The chemical reaction in this
case serves as aheat source for the medium. In the case of endothermic
reactions, however, heat is absorbed instead of being released during reaction,

and thus the chemical reaction serves as a heat sink.

The rate of heat generation in a medium may vary with time as well as
position within the medium. When the variation of heat generation with
position is known, the total rate of heat generation in a medium of volume V
can be determined from In the special case of uniform heat generation, as in
the case of electric resistance heating throughout a homogeneous material,
the relation in
In the preceding section we considered conduction problems for which the
temperature distribution in a medium was determined solely by conditions at the
boundaries of the medium. We now want to consider the additional effect on the
temperature distribution of processes that may be occurring within the medium. In

particular, we wish to consider situations for which thermal energy is being

generated due to conversion from some other energy form.
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Refer to Fig. 2.91. Consider 2 plane
wall of thickness L (small in comparison
with other dimension) of uniform thermal
conductivity k and in which heat sources
are uniformiy distributed in the whole vol-
ume. Led the wall surfaces are maintained
al lemperatures 1, and I,

Let us assume that heat flow is ones
dimensional, under steady state conditions,
and there is a wiform volimetric heal gen-
graon within the wall.

Consider an element of thickness ata

distance x from the left hand face of the
wall.

Heat conducted i at distance ¥,
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Fig, 291, Plane wall uniform heat generation, Both the
surfaces maintzingd af 8 common lemperatane.,
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As () represents an energy increase in the voluome element, an energy balance on the element of
thick d s given by

&L, =0 m.;
=0+ :i':_iﬂ, yel
o, 0, =210,
o, ti';-ﬂ-ti'r=§[—h4%:|ir
- —J:A.dif..:ir
o i_} % 288)

Eqn. (2.88) may also be obained from egn. (18} by assuming one-dimensional sleady stane
conditions,
The first and second integration of Egn. (2.88) gives respectively

e i
= ,._TJ_H o (180

4
r=—ﬁ-:2+ O x+ s e (290

Case L. Both the surfoces hove the same temperature :
Refer to Fig. 292,

At k=0 =i =1 and

At x =L Pe =l

(where £ = temperature of the wall surface).

Using these boandary conditions in egn, (2,901, we get

g
Cy=t and G=——L

2k
Substituling these valees of C, and ) in egn. (2.90), we have
i= —q—f.t1+ g—t-f.--: +1
2k 2k "
oF, r=qﬁft.t.—:}:+;_. 20T

In order to determine the location of the maximum temperature, differentiofing the eqn. (2.91)
vkl x and equating the derivative o zern, we have

LI R
dy 2k
Since, :—; # 0, therefore,
L
L=2r= =—
=1 ar X >

Thus the distribufion of temperature given by eqn. (2.91) is the parabolic and symmetrical about

L
the midplane. The maximum temperaiue ooours ab £=— and iis value equals

1%
L — [EI:L - :h:]mi + 1,
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Heewt tromsfer then ikes place Wwands bath the surfaces, and for each surface it & given by

o
o=-m(Z) ...
- _H[% - Ix}l-uw;-a
e, o= %"’l'r w293
When boh the surlaces are conssdered,
g=1x %q’, =A.Lg, (293 (@]

Alsn heat conducied io sack wall surface |5 funher dissbpated o the sarrounding aimesphers ai
Lemperatune £,

Al
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Flg. 1.9¢. Heat conduction in an insulaied wall.  Fig. 293 Plane wall with uniform hest gemermion-—
Besth the serfaces of the wall kaving. differen
LEMpEralunes.
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The egn. (Z45) also works well in cise of conda-
tion in 3 igabered wall Fig, (2.52),
The follopwing boundary condiiions apply in the fall
hypenelical woll Of thickness 20
i
Atgml o= i
Alx=2L =1
The Iocaitan & = £ refers i the mid-plane of ihe
bypatheiice] wall (or imsulated Fice of given wallh
Bans. (2.9171 apd (2.92) for tempersiure disiriba-
Eicm sind maxismem lemperature al the mid- plane {ins-
kaicd end of the _g|'ll't-'ll wallh I'{ﬂP\.‘l:U'!ﬂ:r cam B wrillen
0%

i= %rl& = T+, (206

4.

Traay

[Substitoting L = 2L in eqn, (2910 and (2.52]]
Cnee I1. Bath the surfeces of the wall hove differvnt
temyperatires :

Kefer v Fig. 2.93

The Boundary corditions ane :

Ty . .
-—lif.»rr., LA2ET

Yertical tank.

Moa=0 =i,
Mlax=L =i,
Substituting these valwes in egn, (2,90), wie obtain the values of constant C, and C', as ;
- R [ "Fi-
C,mi s .| R S
2o ' L 2k
Irseriing these values in egr. {2900, we pei
ql % r.,..- - r...l qr
fe——x" 4 —=—xs —Lx+1
S L 2k !
q‘ .L ;—q—‘x + L[’-: 0+
E — I
o, t= —n:E. T CH I, 2.58)

The temiperabare -.'Ilslrllhmlnn. Iy dimenslonbess fomm can be obtalned by making the followlng
Eram Eormations

I - r .llh q_'rL [—— [f]-]f ilr“!— rq'l:|+':rl-'| —F":!I

2 LL L
fota g2 _(2F] s,
s Yol = a3 ok 1y = Taal L [ L
I—=Fes _EL_L_!_,:'EI:'|_£]1.|:|_£]
ol =ty 3k (-0 L [ .
dy E
Eeplicing the parameter 5 T ﬁ 2 canstant) by a factor &, we have
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- Fig. L% Effect of fwiar £ on the kemperalurg
Gocurs it E = -7 and its vakue is given by distribitien in the plase wall,
Ty = Il|:| T T Wl _ [-I _ ][ I]
I'...l r L
fo —:.,., _|f3+| I:I+ I:I
o, L=t -.Il_- 17 3
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47
Fig. 2.4 shows the effecd of Factos £ on the teniperatare distributien i the plane wall. The fol-
kwing poinds emerge

®  Asthe valee of Z increases the slope of the curve changes: obwiously the direction of heat
fhow can Be reversed by an sdequately large value of 4,

® When F=1, the ternperature disiribution 15 Jimear (e, no intermal beal generaliong.

®  When the valeg of 2 is e paiive, g epresents afsorption of hear within the wallody

Case 1I1. Corrent corrying elecirien] comlueior ¢

When elecirical currenl gasses through a conducior, hes 3 generated (C1 1 in itand s given by

L
0, = PR, whers B =pT
where, I = Currenit flowing In the conducios,

# = Electmcal resistince,
P = Specific nesislance o resistivity,
I. = Length of the condwciog, and

A = Ades of errs-secibon of the Sonduclor.

Alsa, fo=q=Axl
. PL pL, 1 _1'p
wAx L= 1wl =P Pl L
e A H T A ,u_ Pt
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