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[4]
Solvethefollowing finite difference equation.
Yni2- Ype1- 6Y,=0.

The given boundary conditionsare Yo=0and Y,;=1.

Findthevalueof D?Y,.

Two concentric spheresof radii R; and R, are separated
by asolid material. Theinner surface of the spherewhose
radiusis R, ismaintained at aconstant temperature T,
andtheouter surface of the systemwhoseradiusisR,is
maintained at temperature T,. Deducean expressionfor
one-dimensional, steady-state temperature distribution
withintheseparating material.
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Answer any fivequestions.
All questions carry equa marks.

1. Consider aflat plate of length L and constant thermal
conductivity k, inwhich hest isgenerated at the constant rate
of GW/m®. The boundary surfaceat x = 0iskept insulated
andtheboundary surfaceat x=L iskept at zero temperature.
Deduce the necessary differential equation for one
dimensional, steady-state conductive heat transfer and solve
it to find an expression for temperature distributionin the
plate.

2. @ Atracerisusedtocharacterisethedegreeof mixingina
continuous stirred tank. Water enters and leaves the
mixer at arate of Q m3minute. The effective volume of
water inthetank isV m3. At atimet=0, amassm, kg of
the tracer is injected into the tank, and the tracer

concentration C kg/m?in the outl et stream ismonitored.
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Theinjectionisrapid enough sothat all of thetracer may
be considered to be in the tank at t=0. Deduce an
expressiontofind Cintermsof mg, V, Qandt.

b) The water level in a municipal reservoir has been
decreasing steadily during adry spell. Therateof flow out
isat steady valueof 107 litres/day. Thewater input rateis
10°. exp (—/100) litres/day wheret isthetimein days
from the beginning of the dry spell at which time the
reservoir contained 10° litresof water. Find out thevalue
of water volumeat theend of 60 days.

I nthe phenomenon of simultaneousdiffusion and chemical
reaction, consider acylindrical porouscatalyst of length L,
placed in acatalytic reactor whereitissubmergedin agas
stream containing thereactant A and product B. Thereactant
diffuses into the pore. Inside the catalyst, a first order
chemical reaction occursgivenas

A® B-

At the pore entrance of a particular catalyst, it may be
assumed that the concentration is Casmolesof A per unit
volume. Formul ate the problem mathematically and find an
expression to show how the concentration of thereactant A
changeswith distanceinsidethecatalyst.

[3]

4. Determine an expression for one dimensional, time-

dependent temperature distribution T(x, t) in a slab,
0 £ x £ L, by solving the given heat conduction equation.

2
I T T hoexeL t>0,

fit x>
subject to theboundary andinitial conditions shown below.
T=0ax=0,t>0.
T=0ax=L,t>0.
T=Ty fort=0INn0EXEL.

In the problem, a is a constant and Ty is a constant
temperature. The given equation is to be solved by the
method of separation of variables.

Consder apin-finwhose baseisattached to awall at surface
temperature Ts Thefiniscooled ongitssurface by afluid at
temperature Ty . Thefinisof uniform cross-sectiona areaA,
itsthermal conductivity beingk.

Mathematically formulate the problem for heat transfer
through thefin and derive an expression for thetemperature
digtribution whenthefinissufficiently long.
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