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COMPUTATIONAL FLUID DYNAMICS
(CHEN 3232)

Time Allotted : 3 hrs Full Marks : 70
Figures out of the right margin indicate full marks.

Candidates are required to answer Group A and
any 5 (five) from Group B to E, taking at least one from each group.

Candidates are required to give answer in their own words as far as

practicable.
Group - A
(Multiple Choice Type Questions)
1. Choose the correct alternative for the following: 10x1=10

(i) In hybrid scheme to find the value of property ¢ at face, central

difference scheme is applied for

(a) Pe=2 (b) Pe>2 (c) Pe<2 (d) 2<Pe<10.
(ii) In a multigrid iteration scheme, the internode distance at level 3 of

coarse grid is equal to , when ‘h’ is the internode
distance for fine grids.
(a) 2h (b) 8h (c)4h (d) 16h.
2 2 2
(iii) [@) U, U0 e ois
0X) ox° oyoy
(a) 2nd (b) 3xd (c)1st (d) Oth,

order quasilinear equation

(iv) In SIMPLE algorithm it is

(a) assumed that the errors at all the neighbourhood nodes are
Zero

(b) assumed that the summation of errors at all the neighbourhood
nodes are zero

(c) assumed that the summation of error at the evaluating node is
Zero

(d) assumed that the error in the convective term is equal to error
in pressure.
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(v) Neuman boundary condition in heat transfer problem
(a) applies when the boundary temperature is specified
(b) applies when the boundary temperature is held at zero
(c) applies when the heat flow through the boundary is specified
(d) applies when both the boundary temperature and the heat flow
through the boundary are specified.

(vi) For a creeping flow, Navier-Stoke’s equation will be reduced to

Du 2 Du

—=uv b) —=-V
@) pt M (b) Dt P
(c) -Vp+uviu=0 (d) Vp=0.

(vii)  In a marching problem the differential equation is
(a) parabolic (b) hyperbolic
(c) elliptic (d) normal ODE.

(viii) Forirrotational flow

(a) V.u=0 (b) u(v.u)=0 (c)u(Vxu)=0 (d) Vxu=0.

(ix) Inpower law scheme to solve the flow domain, the value of property
¢ at face can be said as for 0<Pe<10 and u<0

[10.1Pei_1j [1—0.1Pe_ 1)
(a) d)i—l = ¢i—1 _72[(1%71 _¢i] (b) ¢i+1 = ¢i+1 _72[4% - ¢i+1]
2 1

Pe Pe |
l_E HE
[1 -0.%Pe | J (1 —0.1Pe_1]
(C) ¢i+% = ¢i _T[‘bm _¢i] (d) ¢i7% = ¢i—1 _T[d)i _¢i—1]

i+— [

2 2
(x) Finite volume scheme relies on
(a) the conservation form of the balance equations
(b) non-divergence form of the balance equations
(c) the continuity equation alone
(d) none of the above.
Group - B
ou  du , . .
—-—B—+u=0is hyperbolic, when § is

2.(a) Show that the equation
(a) q otr T ox?

positive.

b) The governing equation of motion for one-dimensional, inviscid flow is
8 g €eq
given by the Euler equation. If the system of perfect gas is imposed, the

system is written as
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6.

3.
7.

@+u@+ d_ Group -D
Sétirce-fee @‘at conduction occurs inside an insulated 0.5 m rod whose ends are
nfiintgitted Pcopstant temperatures of 100°C and 500°C respectively. The one-
dithensidnal’ fisat problem is governed byi( de o- Calculate the steady state
6_p+ua_p+paz_u:0 x\ dx
tefhperdttire distbution in the rod. Thermal conductivity k=1000 W/mK and cross
skdassifyarag=snsteny based suyieigent ¥akit® nodes inside the rod and show atleast
two iterations. 4+8=12
(a) Show that the 1-D Euler equation can be written in terms of the primitiyg
In pastepyLR ﬁstua&}ﬂasﬂfswamb%m@er@e%here o 0
by the equation,
div(pud] & div(T'8rdd ¢) + a - bd, where p=1, I'=1, . ,
a=10yeadb=82. o |-
The flow Gelgbis smch that u=1 and v=4 everywhere. ~ *~'® , P
For the uniform grid shown in figure 1, find out ¢ 2 y
valuAﬁmtm,d)fﬂnanddﬁaisg@me(nd—m}E h; E=pe+ % , Where e=inLnal
scheme. c e

energy, p=density of the fluid and u=fluid velocity. Figure 1

(b) “In the integral form of the transport equation for property ¢, a ternd 2
In-(l"grad¢) dA” represents %Ié(%uglc_rgase of the property due to inflow
A

diffusional flux across the surface of the E:crobvolumgli're ZElaborate the
correctness of the sxatem\ént. B \2/ c 3
A 1D flow through a porous material is governed by c|u|u+dp/dx=0, whereqc=ig 2
constant. The continuity equation isglg#ly/dxe0, where A is the effective area for the

4. (ﬁwwﬁgﬁimwﬁignwww g showipinheoigiraddr calliats-Pa Up pnd Hdfram

0.

gHatance scheme.
Xz-X1=X3 Xo= 2 CB—O 25 Cc= 0.2; AB—S Ac 4- p1= 200, p3= =38.

(A a¥¥Riteiqnicthechits diftergngs, favm 951&9%&&&%@9&%@%@@ the
12
Consﬁgpgl%lrﬂﬁ?%ﬂfﬁo?%ﬁmel&%@ f?ﬂﬂﬂpé 3. A staggered mesh is used Wliil thi él

and v velocity components stored as shown. The following quantities are givent +
Heat is ﬂowmg in a rectangular slab of metal and can be mo elled using the
=7,vs=3, pE = 50. The flow is steady

and eqluxatldﬂns-lfyg- ﬂs—gonﬁattstéﬁhb/ stadméitrerteft edge of the slabfis mamtalned

equations for ue%d VnaXre given by: Un
ue = ab. (b -0y Vghﬁp;{g}ktp@jdge is at Tc. All other p, =s ine pe
Alsot@mpanaize), a6, Nditice domirolthshganeral form -t e —guaQpn
Ax 2figeapBviemsinge diferenck vahemepesolve tempera e _Us, the
use fAEIMBE algorithm to find ue and v, Do you .
feel Assuraingoh ghild oratmivedIferxtan grsbidrertion of the slab, R¢ [ e exact
Figure 3

JustifpyauebHseArmatrix.

10+@=12
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