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Modes of Heat Transfer

Conduction through a solid
or a stationary fluid

Convection from a surface
to a moving fluid

Net radiation heat exchange
between two surfaces
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System with Internal Heat Generation

@ Nuclear reactors

o Electric heater & conductors

@ Exothermic chemical reactions
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Heat Conduction & Convection
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Heat transfer through a plane wall. (a) Temperature distribution. (b @
Equivalent thermal circust.
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Hollow cylinder with convective surface conditions.
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Plane Wall with Uniform Heat Generation
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Radial System with Internal Heat Generation

o DE: 2.4 (rdl) 4+ % —

Cold fluid = T(r)= —Z—irz +Cilnr+ s

T h

T(r) = Ts + &2 {1 _ (7;)2}

contd. ...

Cold fluid

@ Applying an overall energy balance:

Qg(ﬂr(? ) =h(@2rnL)(Ts — Teo)

T, = T+ 2

QE 0 o T, =137.05°C «
REGE o T, — 534.29°C «
‘Water in '
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Thermal shield
cooling tube .
il Horizontal control
i Biological shield rods with cooling
T677 cooling tube water passages
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Example: > Heat is generated at 7.5x 107"W/m? in nuclear reactor uranium

rods of 0.05 m diameter. These rods are jacketed by an annulus in which

water at 120°Cis circulated. If hy, = 55000 W/m? K, and for uranium, k =

29.5 W/m K, determine the center temperature of the uranium fuel rods.

Vertical safety rods

Biological shield
\ Graphite
Thermal shield

Fuel column with
water annulus




Example: > A current of 200 A is passed through a stainless-steel wire [k
=19 W/m°C] 3 mm in diameter. The resistivity of the steel may be taken as
70 pQcm, and the length of the wire is 1 m. The wire is submerged in a
liquid at 110°Cand experiences a convection heat-transfer coefficient of 4
kW /m2°C. Calculate the center temperature of the wire.

® ¢, = 560.39 MW/m? <«

o T, = 231.66°C «
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Critical Thickness of Insulation

Electrical

. resistor
Insulation
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@ For maximum heat loss, =2 = o—— smeihs — 0 = T = g
Critical thickness of insulation, re, = hi
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Example: > Critical thickness of insulation, ¥ = 0.055 W/mK, r; = 5mm, T}
= 100°C, T, = 25°C.

Critical Thickness of Insulation
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@ ro,=k/h=11mm, t =17, — 7, = 6 mm«
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