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in their own words as fu as practicable.

PaPer: MTM - 3{)5A

(Operational Reearch Modelling - I)

l. Answer My lout questions : 2x4:8

(a) What do you mean by a steady state condition in

a qwueing sYsun? ExPlain

O) Whd is meant by stochasic simulaion?

(c) Write strort notes on :

O Diltdirg

GD R€dundmcy

(ii) Merge event

(d) Define the terms : 'Lead time' and 'Planning

hdzon'. p.T.O.

v-31/tt - 100



(2)
(e) Whar do you mean by the term 'present worth

factor'?

(D Draw a flow of goods of rry real-life sply chain

2. Ansrrtr $y loru $Hions' 4x4=16

(a) In the (M I M t l: o I FCFS I o) queue model,

find tbe probability of queue size grcaler tban or

equal to a given nunrber, say fl, and tlp o<pected

lirE lengtL

@) Write a note on the major advantages and

disadvilltages of simul*km-

(c) Starc Fulkerson's nrles for nrunbering events in a

retrrcrlc

(d) Derive the conditions tfrat determine the opimal

tirc pedod of Eplacirg m iEn $ire maiffi{Ee
cost is increased wittr time but mon€,y value is

utrchE ged

(e) A baking comp y sells cake by its ueight in kg.

It malcs a trofit of Rs. 3 on wery kg sold on the

day it is baked. It disposes of all cakes not sold

on the darc thery are bake4 at a loss of Rs. l'50

per kg; If the demand is known to be rectangular

digihrion betsea 2000 ard 5000 kS, deErmine

tbe o6imat dailY amorm baked-

(f) Find the optimum order quantity for a single

poduct of which tbe pnce brtals ae as follonis :



(3)

Range of quentitY Unit price(Rs)

0 <Q<50 20.00

50 <Q <120 16.00

120<g 14.5

The monthly demand for the product is 450 units'

The carryitrg cost is 20lo of the unit price of the

product and cost of ordering is Rs' 30'50 per

nmd.

3. AnswEr anY tnu que$ions: 8x2=16

(a) For the +nring nrodel

(M'l M tl):(N tFCFsl'o), derive and- solve

tL t*O sate differcntial difierence equarion

(b) Explain the generation of random nrmbers using
' ' 

tfr" pooret residue method' Illustrate the method

. with a complcte nunrerical e'<ample'

(c) Derive the conditions of finding optimal order

quantity of probabilistic inventory model of

in$antaneous demand without set-W cost

(d) The fo[owing d8a dessibe tkee inventory items'

Determkle the economic o'd€r qu{ility for eh of

fte fuee iterns to be accommodsfi€d with in total

arailable storage arca of 700 sq' ft.

P.T.O.

v-3 t/tt - 100
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Paper: MTM - 3058

(Dynamical Oceanolory :

Advanced Wave Hydrodynamics)

l. Answer any Jout questions: 2x4=8

(a) Defirc the terrn 'stading wave' with m example.

(b) Write down the basic difference between tidal

waves and surface waves.

(c) State the criteria for shallow water, intermediate

and deep-water waves and draw their graphical

reprEseffitions.

(d) Write down a strort note on 'in€:rtial waves'.

(e) Defne trc term 'goW veleity'.

(f) Define the term "Rossby radius" and \MitE down

its value for shallow ocean u,trose depth is 100 m.

2. Answer ny lour qrstions : 4x4=16

(a) Derive depth-average continuity equations for
slullow nater theory.

@) Prove that the path of the particle describes a

straight line with simple harmonic motion of
stationary wave when argument is constant and

amplitude is decreased as move downwards from

tbe surfrce of a channel of finite depth

v.3 r/tt . 100

P.T.O.



(4 )

Item
Set-up

Cost (Rs.)

Demand

(units per year)

Cost per

unit (Rs.)

Storage area

required per

unit (sq. ft.)

I 100 2000 l0 0.5

) 2N 5000 20 0.6

3 75 10000 5 0.3

Wlrere inventory canying clraAe of 20/" of avaage

inventory valuation per year anl shortages are not

allourcd.

[Intemal Assessment - l0 mrrtsl

(6)
(c) Defure capilary uaves and Eove fhat the relation

for surface tension (I) of capillary waves rs

a'l -.a\'*L4=0. where symbols have

otz "0r PAi
fteir ustal Esirg

(d) Prove that the bottom stan-lin€s ae constrrt ad

r.pper sureoe is sEean-lines tte for steady motion

of progressive wave-

(e) Daermine ttre longindinal velocity exp'ression for

Iinear waves in the abserre of rotation

(f) Derive thc s@ of propagaion c2=l*-!1)

due to effect of capillary on surfac€ waves on a

cbannel of finite depth for deep water where

$tmbols have treir u$al m€aning'

3. Answer anY tuu qrdiom: tx2=16

(a) O Write down the Prcssure condition for the

wave propagation at rhe ftee srrhce' 3

(n) Prove that the total enerry of progressive

wave is 
lOSo'X 

where a' f is the wave

anrplinr& ard rr6/e lera$ rcqcaively' 5

(b) G) Plove thd for wwes on deep rder tbe gmw

velocity is half of the uarae velocity wlrile for

shallow water goup velocity is equal to the

uave rrclocitY' 4



(7 )

CO Show that a submarine wtrose depth is half a

rvave length would hadty mtice the nrotion of
a submarine dw to srhce waves. 4

(c) Determine the velocity of propagation for srcady

motion of progressive waves of an interface.

Hence, show that, if velocity of the wind is just

great enough to pr€vent the propagation of wave

of lenglh against it, the velocity of propagation of

waves of wind i" 2c( :-\% where o is the"--- -- --$+o/
specific gra.vity of the air and C is the wave

velocity when no wind is present 5+3

(d) Derive Klein-Gordon equation for long

surface waie and hence, prove that geostrophic

velocity in transverse direction is given by

gh
2co

exp(- I x 1/a), wtrere symbols have their

usnl rneaing.

[nternal Assessment - 10 marks]

4+4

v-3 r/tt - 100
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(8 )

Paper:MTM-306C

(ComputaHonal Fluid Dynamics)

l. Arswer aurry tour qstiom : 2x4=8

(a) How many t'"es of rariable rrangetnent ae in trc
Computational Fluid Dynamics? Discuss thern by
eranging the x- ard .yonrpor, ens of velocities ad
prcssul€.

(b) Dmw the p+onhol volume and hence aply finite
volume method to twodimensional continuity
equation for irpomgessible vismrs fluid flow.

(c) Derive the expression for z, (the value of
u-velocity ar Orc w€st frce of the contol volume)

for two poins upu/id $frme in nurunifann grlls,

atrd h€nce simptry ftis o.prEssion for uniform gdd"

(d) A gerEralizdim of disetizatio of msdirnensiqpl
unsteady heat condwtion equation (with tttermal

' ar o'T .robe obtained bvconduchvrty o) 7l=, dr,
witing

o?l' 
-,[f, - o ) t;y + r 4r7!= o

Symbols have their wual meaning. Find the vahrc

of B for which the above scherre becornes FTCS,

Crank-Nicolson and firlly irrylicit



(e)
(e) Define the Courart-Friedrichs-Irwy (CFL) number

'C and what is the physical meaning of CFL

cordition C <l?

(f) Draw the schernatic of tB finite difererrce solrtrion

proc€ss.

2. Answer {ry low qrmtions 1 4x4=16

(a) How many types of time integration methods

possible? Write advantages atrd disadvatrtages of

any two.

(b) Discretise the one-dimensional unsteady heat

AT A2T
oondwtion equaion A, ="8 usrg r(rcbirosql

scherne and write its truncation error' Also draw

the schematic diagram to show the points needed

for this discretizdi:n

(c) Draw the contol volume for u-velocity ad place

the variables (velocity and pressure) on the

respective frces for auaeatic Upwird [rterpoldion

for Convective Kinemaics (QUICK)'

Then write the o<pressions for u-velaity at the ea$

and west fices of the said contsol volume for both

negative and positive fluxes. AIso with help of

appropriale symbol, compose turo exp'ressions for

negaive and positive fluxes into one for both east

aod wEst fus sePamtelY.

v-3lnt - 100

P.T.O.



( 10)
(d) @ Draw the 0; Oth contol volume for inegulr

grid- Appty the finite volume method on the

following equation for the aforesaid control

!Dh.[rE

%*T**=o --o)ot ox oy

wtEr€ tte sylnbols have ttefu u$al meairry-

G) If tre global gid is r:nifonn ard coirpides wilh

lines of consant I and y, then slrow tlul the

above discrttisation coincides with a centered

difrercnce Eeresentadon for the spatial terms

of lhe above uiginal difi€rential equation 0.
3+l

(e) Roughly ttre tuncation eror E can be wriucn as

t = e(tr*), with symbols have their own

meaning. By ploring on a log-scale, disc"ss tb€

convergence rarcs of five-points and three-poins

symmetry fomlrlas for firs order derivative. Also

dis.uss \r*En do pr need to ryply higber or lower

oder fomurlc frr derirairrc m a rurrmifonn gid

Ou ?2"
(D Discr€tise th,e PDE ;=* using the Foruard

Tme Central Space (FICS) ard h€nc€ disoss tfoe

consistency of this discretise equation with that of
tlre gortming eqtntiott-



( 1l )

3. Answer any lxu questions: 8x2=16

(a) O l,et the nondimensiornl fonn of romponent
Navier-stokes equations for laminar two-

dimersional irrcomgesstte fluid flow be

Ou au Ou Oo t (a2u 62r)
6i * u 

a, 
* 

" 6 = -e.R"l.tt-ilJ'

wtlerc Re is ttrc Reymlds number. Convert it
to its consewation form with the help of
oontiruity equAion

@ Draw tlre contol voh.rne for u-velocity.

(ir) Hence apply the finite volume method to ttrc

above x-momentum equation for space

derivative and three-points backward finite

differerrce ffimula for tfun€ derirmive to 8S tE
dissetise equation in unrs of flrxes only.

2+2+4

(b) O Apply finite volume method to the one-

dimemional seady transport equation

Cn) Using a linear interpolation for the advection

term and second order central difference

scheme for the diffirsion t€rm to calculate

unknowns on each faces, derive the most

simplified form of the discretised equation

derived in ttre above part{a).

v-31/tt - 100

P.T.O.



(t2)
(c) Consi&r ttp eqrutiott

au du , 0<r<1, r>0 wherc U is known
At - 

ax2

for 0<x<l when t=0, "nd atx=0 and I when

,>0.

Obtain the disq€tise form of the above equaion

.,sing FTCS sche. Discuss fu aulytical t'eat of
convetgenoe of the approximate solution z to the

o<act solution U u,hen spacing tends to uro' 2+6

(d) Daive rhe hmogpus algebraic eqrution for the

eror tern qi introduced at grid poins Q, n),

ufrere j = 2,3,-"J- I and z=0, 1,2' "', for the

FTCS sche,me when arPlied * !*tff=o,
when a is the known velocity and u is passive

scalar rnlcnrrn '-'(l)
Hence discuss the stability of the FTCS scheme

uing Voo Neumnr nrefhod

flntarrl Asscrsmcnt - 10 mrrksl


