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Heat Source Systems

There are systems in which heat is generated internally, such as:
1- Electrical conductors
2- Nuclear reactors
3- Chemical reactors
4- Mechanical system (viscous source)

1- Plane Wall with Heat Sources

Consider the plane wall shown with uniformly distributed heat sources

as shown in the figure. The heat generated per unit volume is

The general equation is q | - g = heat generated per
= o unit volume
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For one-dimensional, steady state with heat generation
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T=- q;li +C, X +C, (general solution)

The both sides of the plane wall are subjected to a constant temperature Tw. The |
Boundary conditions will be |
|

=T, atx=4L 2L
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By applying the boundary conditions above, !
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B.C.1 x=0, T=T,
B.C.2 x=L T=T,
From B.C.1, T,=C,
chZ
From B.C.2, T, =- o +CL+C,
By sub. C,, we get
o2
Tz——q +CL+T, =
2k
CIZ(Tz_Tl)-Fﬂ
L 2k

2- Radial Systems with Heat Sources

A) For Solid Cylinder with Heat Source.

Consider a cylinder of radius R with uniformly distributed heat sources. The general heat
conduction equation in cylindrical coordinate is
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For one dimensional steady-state with heat generation
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The boundary conditions are
B.C. 1 atr =20 dT/dr =0

B.C.2 atr =R T=Tw
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Since d>T +:IT d ( dT)
r—+—=—\r—
dr? dr  dr dr

Subs. in eq. above, we get
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T= p +Cilnr+Cs (general solution)
4
From B.C. 1, C, =0,
From B.C. 2,
q'R’ q'R’
r,=——+C, =>C,=T, +——
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The maximum temperature at the centre, i.e at » = 0,

quZ
4k

T.=T,+

b) For a Hollow Cvlinder with Heat Source. T,

The boundary conditions are:

T=T: atr =r; (inside surface) .
T=T, atr=r, (outside surface)

The general solution is

-

gre .
IT'=——+4+CiInr+0C>
4 o

From B.C.1,

q°r,

qr°+Cllnr0+C2 = C, =To+4—k—Cllnr0

T =—
0 4k
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q° 2 r
T =—@ -r)+C, In—+T
4k(0 ) 1 " 0
or

T-T, :Z_k(r02 —r2)+C1 lan

0

From B.C.2,

T, -1, :Z_k(’”o2 _’32)+C11n% =

0

e hi-T +§(rF —r2) 4k
I =

In (rifra)
The temp. at r = 0 (at the center) is given by

r,=2L 41

Y

EXAMPLE 2-7 Heat Source with Convection

A current of 200 A is passed through a stainless-steel wire [£ = 19 W/m - °C] 3 mm in diameter,
The resistivity of the steel may be taken as 70 €2 - em, and the length of the wire is | m. The

wire is submerged in a liquid at 110 °C and experiences a convection heat-transfer coefficient of
4k ’u"n-",-"[n2 - ?C. Calculate the center temperature of the wire.

B Solution
All the power generated in the wire must be dissipated by convection to the liquid:

P=I"R=qg=hA(Tw—Tx) |a]

The resistance of the wire is calculated from

L (70 x 10-5)(100)
RZP —

=0.099
A m(0.15)2 Ll

where p is the resistivity of the wire. The surface area of the wire is wd L, so from Equation (a),

(20007 (0.099) = 400073 % 107 ) 1N T — 110) = 3960 W
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and
w=215"C [419°F]

The heat generated per unit volume ¢ is calculated from
P=gV=gnr’L

s0 that
3960

= 7 (L5 x 10-3%(1)

i —560.2 MW/m® [5.41 x 107 Bru/h - ft°]

Finally, the center temperature of the wire is calculated from Equation (2-26):

e hd —332
_ar _ (5.602 x 107)(1.5 x 10™7) _ - &
= + Ty = @(19) +215=231.6°C [449°F]
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