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General Instructions:

* Draw schematic diagram wherever possible and label clearly

* State the assumptions clearly wherever required

* Assume suitable value for parameter if required and mention it clearly with units

Questions:

1. Write bni
rief answer = 7o gt

9' _(a) What is Galilean invariance and Objectivity, Give examples.
Ab) What is barotropic flow? Give two examples.

L—2 st h<d 1o prosgung
—{¢) Necessary conditions for flow separation.

(d) What ?s recovery factor? " o oscdoaliy goth rvosghn
~(e) What is rough wall in‘{}?e context of incompressible turbulent boundary layer?
~ () What is bypass transition in boundary layer? and when this will happen?
_g) StatiF pressure distribution across the flat plate boundary layer (along y- direction)
for (i) incompressible laminar flow and (i) incompressible turbulent flow.,
? . " . da', du;
* _(h) What is the physical meaning of (a) a;}%, (b) cr,-j;_;;?
_ (i) What is ensemble average and time average?
_-()) What is energy cascade in turbulent flow?

(k) What is shear production term and its role in turbulent mean kinetic energy equa-
tion as well as in turbulent kinetic energy equation.

¥ (1) What is y* in turbulent boundary layer and its significance.
2. Explain the inverse Robin-Magnus effect in rotating ball.

3. Calculate the Kolmogrov length scale and velocity scale of a fre€ air jet which exhausts
from 100 mm nozzle with velocity 30 m/s. What happens to Kolmogorov length scale
if velocity is doubled?. Assume kinematic viscosity of air is 10~5 m2/s. :

7 Tavid = Viswws

34 Derive the relation for mass defect, momentum defect, displacement thickness and mo-
: mentum thickness for compressible boundary layer and explain its physical meaning.

5. Derive Prandtl boundary layer equation and state its assumption, consequences and
boundary co,nditions.
6. Give brief /ﬁswer
(a) Discuss the effect of shear stress gradient on the development of boundary layer.

(b) Plgt shear stress profile as well as total pressure profile (along y- direction) in the
laminar incompressible boundary layer over a flat plate.

(c) Compare velocity profile and temperature profile (along y- direction) in ‘hot wall’
~~ and ‘adiabatic wall’ of laminar compressible boundary layer over a flat plate.
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7. Give brief answer [16]
(a) Derive the Reynolds averaged Navier-Stokes equation (RANS) for an incompress-
ible flow and its implications

(b) Boussinesq turbulent viscosity hypothesis.
(c) Inertial subrange in incompressible turbulent boundary layer over a flat plate.
_ (d) Difference between RANS, LES and DNS.

* End of Paper x




