
Ibt l Ptgc.-9 BG/IIS/MTIT{'IO1'25

I[$c" 2nd Scmcctcr E rminrtion'2925

APPIIED MAIf,EMANCS

(FluidMatutbs )
PAPER-MTM-2OI

Full MqrkE :50

Time:Zhsws

Answerdl questions

Tlu fiSro"s tn tto riit t hurrd ntogil, tndicote "wks
Candifuq oe rquitd to give their otwqs in their

awnwotds asfu as Praetbable

SymbolJtlotations have their usual meaning

1. Answer anYPurqnestions : 2x4

(a) Write three areas of study sf fluid
mechanics and show them graphically'

(IVnOw)



(2)

.lVhat is steedy and tinsteady flows ?
Discuss th€'E nath@atiaa[yend graphi-

(D) For aNewtonian incompressible fluid
flow (of viscosity y- l0{m2ls) over a
circular cylinder ofradius 2cm with inlet
velocity LI : I nt'*, calqldrde the Reynolds
number.

(c) Find.the substantial dcrivative of the
steady state velocity field representedby

the vdocity vectot f =(x2,y,-22).

(d) Consider a Newtonian incompressible
fluid flow within a CavitY as shotr
below:

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

while top wall is moving withvelocrty U.
. Write the boundary conditions for tang€nt

aod normal component of the velocity.

(e) Followingthe velocityp,rofile for Couettee

flow betweentwo plates.

t'U MovingPlale

a)n Stationary Plate

Draw the velocity profile for Couette-
Poiseuille flow for different nondimen-

sional pressure gradient, = #(-*)
where p is the viscosity, i is the distance

Uetween two plates andp is the,Pressure.

u(y)

v
x
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(.)

(fl Derive thc hy&o$dic cqudmdltme
estimate the prcssure expericncod by a

fish at a dcpth of 50 m.

2. Answer anyPur que*ioas : 4x4

(a) Write all the pegib-le bqmdry cmditions

for tengcntial md iormal coryoneG of
velocity, and tcrycreturc

(D) Wtite the set of governiry cquailions for
the boufuarY lr:rcr flow dmg a flat Plate

atong wift the pqer bomdry omditions

for the above sct ofequations. Show that

the x-comPoncnt of thc momsntum

equation aPPliod at tleedgeofthc
boundary layer rcduccd to lbe Bcrnmlli
equatkm- Finellywritc th gwerning
€quations fs q$sidc tbc Bodary laycr'

(d fi&lcc trc mrrry'oqttstim
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(s)

,",(,*.'#)=r(#.#)
into non-dimensional form (in terms of

Reynolds number Re=+ atd Ptandtl

P, =g#where Pisthe viscositY and C,

is the specific heat) with the help of
characteristics length, velocity and

temPerature L, U and f0, respectively,

and slm.bols have their usual meaning'

(d) Exarnine whether the motion specified by

c-W' (cr=constant) is a

possible motion for an incompressible

fluid. If so, determine the equations of
streonlines.
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I(6)

(e) For the Couette flow in a channel :

(r) drawthe flowconfiguration

(ll) write the necessary assumptions

(id)deduce the approxirnate equation
ft,om ttre corylerc sd ofNsvi€r-Stolrcs

equation for 2D laminar incomprcs-
sibleviwousflow

(rv) write the requircd borndary condition
onthe flowconfiguraim" Finally,solve

the modified equation ard show the
velocity profile'graphically.

(l) Derive the equation of continuity, in
Cartesians, for the flow of a compressible
fluid.

3. Answer a\y two questions : 8x2
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(a) (0 Considerthex-componentofNavier'
Stokes equations in conservation fonn
as

off\ *v . re,n = -*.* *ff * ! * or,,

where.the symbols have their usual
meaning. For Newtonian fluids, write

the expression for ts,'c,o aad, t=.
Thenusing the Stokes hYPothesis,
simpliff the above for compressible
as well as incompressible flow

(ir) Discuss briefly the similarity/dissimi-
larity between the x-momentum and

simplified fonn of energy equations
for the steady-state, two dimensional
flow of an incompressible fluid *ith
constant properties. (6 + 2)

(D) (0 Statingnecessaf,ytheassufltptionsof
boundary layer theory derive the set
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(8)

of gorrcming eqrations frthc botm-

dry lr5rcr flow almg a fl* Plce. Also

writc tt€ p,roper boundarY cmditios
for6c abovc set of equations.

(dr) Find the thicknpss of thO borodary
laycr for 9n incompncssible viscous

flowovera flatPlatcof length 10

mctcr stufiich tbe Rqnold nr.uubcr

is 10. 6+2

(c) (i) Discuss thc role of the non-linear
terms ofRcYnolds average Navier-
Stokes (RANS) equcion.

(ir) Define Rossby Number, and discuss

the cases of its low and high values.
6+'2

(d) (0 Write all the four forms of the

continuity equdim : Integnl{oser-
vatioq Integral-Nonconservati'on,
Ditrerdntial4onserv*ion and Dffer-
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(e)

ential-Noconserrr*ion. Finally convert

the Differential-NonConservation
form to that of Differential-Conser-
vation.

(rr) For typical horizontal length scale (L)
of 700km, horizontal sPeeds (U) are

of the order of 0.lmsr and a vertical
scale length (H) of I100m, estimate
a typical vertical sPeed(W) . 4 + 4

, I Internal Assessment - l0 Marks I
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