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Sub. No.: ME60017  Name: Conduction and Radiation Heat Transfer
Instructions: Attempt all questions. Symbols have their usual meanings. Please explain your work carefully.
Clearly indicate the coordinate system used In FC;;"‘ flna!ysis. M_ake suitable assumptions wherever
' necessary. Please state your assumptions clearly. The Tollowing information may be useful:

The Laplacian operator in cylindrical coordinates 15

" Consider conduction of heat in a solid. The component of the heat flux vector, q, along a given direction
ox depends on a linear combination of the temperature gradients in the ox, oy and oz directions when the
solid is anisotropic. The constitutive relation for multidimensional transient heat conduction in an

anisotropic solid may be expressed as
or or or

~q, =K, —+ Ko+ K 5 (1a)
oT oT or

-q)_=K2,-a}'+Kzz‘5y*+Kzs'§’ (Ib)
oT or oT

"4;:K:1'EX_+K32"@7+K33§: (1c)

where T (x,y,z,t) represents the temperature field, x, y and z are the Cartesian coordinates of a point, o is
the origin of the coordinate system, ¢ is the time, ¢,, ¢,and q_are the Cartesian components of the heat

fluyAector and K, are the elements of the thermal conductivity tensor.

Starting with the general constitutive relation given by equations (1), use _appropriate coordinate
transformations to deduce the form of the thermal conductivity tensor for an isotrqplc solld._ . .
(b) The constitutive relation for steady one-dimensional heat flow in the x-direction in an isotropic solid is

Fourier’s law of heat conduction which states that
dar
w— b{TY (), (2)

whe k(T) is the thermal conductivity of the solid. Using equations (1) and (2) and your answer to part
a), obtain expressions for the elements of the thermal conductivity tensor for an isotropic solid in terms of

qt:?}fermal conductivity k(7).
form, for the case of

Using your answer to part (b), express Fourier’s law of heat conduction in vector -
lM;‘?Pdlmensil::mal transient heat conduction in an isotropic solid. [15+3+2=20 marks]

- Consider steady two-dimensional heat conduction in a long solid circular cylinder of radius R. The
_ 'emperature at the surface, r =R, of the cylinder varies with the azimuthal angle as Ty = f (¢), where
fﬂﬂ: To +T,005(¢) + T, sin(24) , and Tos T and T:'e. are constants. Here, ¢ is the azimuthal angle in 2

cylindrical coordj ; g 1 i )
nate system with Origin at the axis of the.cylinder and r is the radial coordinate. Determine

Steady state temperature distribution, T'(r, ¢)., in the solid cylinder. [30 marks]

A semi-infinj ¥ E T
U“// nfinite solid is initially at constant temperature T
0 -
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Determine the temperature distribution in the semi-jnfinite solid as ¢ — o when the temperature, 7 (),

of the face, x =0, of the slab varies periodically with time as T3 (£) =7, +7, sin(w1), for times # > 0. Here,

f @ are constants,
Using your answer to part (a), determine the steady periodic temperature distribution in the semi-infinite
solid as # — e when the surface temperature varies with time as 7y (1) =T, +7, sin(@r) +T, sin (2wt), where

7, is a constant, [20+10=30 marks]

\%élts}c{er one-dimensional transient heat conduction in a solid slab of thickness L, constant thermal
uctivity &, constant density p and constant specific heat capacity c. The rate of volumetric heat

generation, g, in the solid is constant. The initial temperature of the slab is 7, at time /=0, where 7, is a

i

constant. The heat flux, g , at the face, x = 0, of the sjab is maintained at a constant value, ¢ , for times

t >0. The face, x = L, of the slab is insulated.
Obtain an ordinary differential equation describing the variation of the mean temperature,
1 ¢ G
7,(1)= = Io T(x,t)dx, of the slab with time, where T (x,¢) is the temperature field.
k/ﬂi{( Ive the differential equation of part (a) with appropriate initial condition, to determine 7, (1).

Formulate the initial boundary value problem for determining the temperature field in terms of the
variable u(x,t)=T(x,t)—T, (¢). Obtain a partial differential equation for the furiction u(x,t)and write

appropriate boundary and initial conditions for determining the solution, u(x,t), of this equation in the
domafn 0 <x< L for 0 <f<o0.
etermine the solution of the initial boundary value problem of part ().
\}Kn engineer thinks that the temperature field, T (x,¢), will become steady as ¢ —> oo if the heat flux, ¢, ,
at the surface, x = 0, of the slab and the rate of volumetric heat generation, ¢", satisfy a certain relation. Do
~—you-agree with the engineer-?-ifyou agree; determine-thesrelation between goand g" for the temperature

. £ time as £ —>oo. Ifyou disagree, give reasons to justify your answer.
field to be independent o ? [6+3+6+20+5=40 marks]
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END OF PAPER



