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Sc. 2nd Semester Exammauon, 2025
' APPLIED MATHEMATICS
 (Fluid Mechanics)
' PAPER — MTM-201
 Full Marks : 50

Timé 2 hours

Answer all questlons

Theﬁgwesmthenghthandmargmmdwatemarks |

Candidates aremquu'edrogwe their answers in their
. own words as far as practicable

) SymbolslNotations have their usual meaning |

. '1. Answer any four questlons - 2x4

(a) Wnte three areas of study of fluid
mechamcs and show them graphlcally

{ Tirn Over)




(2)

" ‘What is steady and iihét'eady flows ?
Discuss them mathemaucallymd grapln-
cally

(b) For a Newtonian mcompressnble fluid
flow (of viscosity y~ 10-*m?/s) overa’
circular cylinder of radius 2cm with inlet
velocity U= 1m/s, calculate the Reynolds
number. . .

(¢) Find the substantial derivative of the
steady state velocity field represented by
the velocity vector ¥ = (x2,y,-z2). |

(d) Consider a Newtonian incompressible
fluid flow within a Cavity as shown

below _

Four walls of the cavity are impermeable.
Left, right and bottom walls are fixed
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(3)

. while top wall is movmg with veloclty u.
- Write the boundary conditions for tangent
~ and normal component of the velocity.

" (¢) Following the velocity profile for Couettee
flow between two plates. ,

o U’ MovingPlate

<——  ° Stationary Plate

) -f)réw the velopity profile for Couette-
- Poiseuille flow for different nondimen-

. . . L K2 dp
sllonal pressqre gradient P= WZpU( dr)

-_wh_ére pis the viscdsity, h is the distance
between two plates and p is the pressure.

(TimuOyer_)




(4)

(H Derive the hydrostatic equatlondd hence
estimate the pressure expenenced by a
fish atadepﬂlofSO m.

2. TAnsweranyfourql.lestlons. - 4x4

(@) Writeall the possible boundary cmd:nons
for tangential and normal components of
velocity, and temperature |

(b) Write the set of govermng equatlons for
theboudnarylayaﬂowalongaﬂatplate e
along with the proper boundary conditions
for the above set of equations. Show that
the x-component of the momentum
equation applied at the edge of the
boundary layer reduced to the Bernoutli

" equation. Finally write the governing
equations for outside the Boundary layer.

(¢) Miake the encrgy equation
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(s)

o or o , 9T
R "C(ax ) [ax2 aﬂ)
. into non—dlmensional form (in terms of -

 Reynolds number Re={E and Prandt]

Pf = -C-’;f- where pis the viscosity and C,
is the specific heat) with the help of
characteristics length, velocity and

o " temperature L, U and To, respectively,
. . and symbols have their usual meaning.

(d) Examme whether the motion speclﬁed by .
q‘g%i (a= constant) is a |
possible motion for an incompressible
fluid. If so, determine the equations of .
streamlines.

(m..w)'




,‘('5)'

(¢) Forthe Couette flow in a channel :
(i) drawthe ﬂow conﬁguratnon

(ii) write the necessary assumpt:ons

(m') deduce the approxlmate equatxon
from the complete set of Navier-Stokes
equatlon for 2D laminar i mcompres—
sible viscous flow |

(iv) write the requu'ed boundary condition.
on the flow configuration. Finally, solve
the modified equation and show the

_velocity profile graphically.

() Derive the equzition of cdntimiity,..in
Cartesians, for the flow of a compressible
fluid. o U

3. Answer any two questions : 8x2
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(7)

- {a) () | Co__nside’r the x-component of Navier-
Stokes equations in conservation form
as _

a( y Dt O, Ot
i : ‘ _(%z!l‘""V"(pu.'V):_-a_’i ax + a;x"' oz +pf:rs
| - ,
where the symbols | have their usual
* meaning. For Newtonian fluids, write

the expression for T Ty and t_.
" Thenusing the Stokes hypothesis,

_simplify the above for compressible-
" as well as incompressible flow.

(i) Discuss briefly the s1mﬂanty/d1ssum- -
larity between the x-momentum and
simplified form of energy equations
for the steady-state, two dimensional
flow of an incompressible fluid with
constant properties. - (6+2)

| ‘(.b) ) Sté.tingi_lieéessary the assumptions of
- boundary layer theory, derive the set
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(8)

'ofgovermngeqmt:onsforthebolm |
* dary layer flow along a fiat plate. Also
write the proper boundary conditions
. for the abovesetofequations '

(u‘) Find the thlckness of the boundary
: layer for an mcompresmblé viscous
. flow over a flat plate of length 10
: meter at which the Reynold number
- is 104, . 6+2

(¢) () Discuss the role of the non-linear
terms of Reynolds average Navier-
Stokes (RANS) equation. —

- (if) Define Rossby Number, and discuss
' thc cases of its low and high values.
- 6+2
(d) () Write all the four forms of the
continuity equation : Integral-Conser-
" vation, Integral-Nonconservation,
Differential-Conservation and Differ-
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(9)

_ential-Noconservation. Finally convert
- the Differential-NonConservation

form to that of Differential-Conser-
- vation.

(u) For typical horizontal length scale (L)
“of 700km, horizontal speeds (U) are
of the order of 0.1ms™' and a vertical
scale length (H) of 1100m, estimate
a typical vertical speed(W). 4 +4

. - [ Internal ‘As:sessmen_t —10 Marks'] |
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