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PCML 4301

Sixth Semester Examination — 2011
TRANSPORT PHENOMENA

Full Marks -70

Time : 3 Hours

Answer Question No. 1 which is compulsory and any five from the rest.

The figures in the right-hand margin indicate marks.

1. Answer the following questions : 2x10

What are transport phenomena ?
Define Newton’s Law of viscosity with linear velocity gradient.

State the Boundary conditions used for solid-fluid and fluid-fluid boundaries
in momentum transport problems.

How viscosity and thermal conductivity depends on temperature in case of
low density gases ?

Write the generalized heat conduction equation for a plane wall with heat
generation under unsteady state heat transfer.

Write the Eucken’s formulae for mono-atomic and polyatomic gas..

Write the formula for overall heat transfer coefficient for a composite wall
consisting of four different layers with different thermal conductivities with
different thicknesses.

Write the shell mass balance equation.
What is diffusion and its applications in mass transfer operations ?

Define Lewis and Schimdt numbers.
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2. Derive an expression for maximum velocity, when non-Newtonian (Power law)
fluid flows between two vertical walls, separated by a distance 2B, taking origin at
mid point of 2B distance. 10
3. Derives an expression for maximum velocity when a Bingham fluid is flowing
through a pipe of radius R horizontally. Draw the velocity profile. 10
4. Aheated sphere of radius R suspended in a large motionless body of fluid. Show
that, Nu:Ezz. Where h is heat transfer coefficient, D is the diameter of
sphere and§< is the thermal conductivity. 10
5. Consider a long cylindrical nuclear fuel rod, surrounded by an annular layer of
alurninum cladding. Within the fuel rod heat is produced by fission; this heat
source depends on position approximately as, S, = Snorz. Here S, is known
constant, and ris the radial coordinate measured from the axis of the cylindrical
fuelrod. R.and R, are the radius of fission and cladding materials. Derive an
expression for temperature profile in the fission material if the temperature at the
outer surface of cladding is T, 10
6. A hollow solid sphere has its inner (r = R.) and outer (r = R,) surfaces
maintained at concentrations C Ay @nd C,, respectively.
(a) Obtain the concentration profile in the solid at steady-state condition. 7
{b) Determine the flux at the both surfaces and comment on the resuilts. 3
7. Derive an expression for determining the mass flux of a liquid, diffuse through a
stagnant gas film where the gas is non-diffusing. 10
8. Write short notes on any two of the following : 5x2
(a) Classifytypes of fluids
(b) Heattransferin different mediums

(c) Creeping flow around the sphere.
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