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Computational Fluid Dynamics
Time: 3 hrs Max. Marks: 100

Note: i) Answer FIVE full questions, selecting ONE full question from each unit.
i) Missing data, if any, may be suitably assumed.

UNIT -1
1la. State the advantages and disadvantages ohggivoblems using CFD approach when
compare to experimental and theoretical approach.

b. Conservative form of continuity equation igem by :

%”jpdv +H,0V.ds=0, Show that the same can be written in equivalemservation

0.

form as%—’f+ O.(pv)

c. Write down the Navier Stokes equation (ContintMomentum and Energy equations) for
unsteady flow of viscous compressible fluid in m@mservation form.
2 a. List and explain the steps of CFD analyses.
b. Develop the momentum equation in three dinmssifor viscous flow, in Cartesian
Coordinate system.
c. Computational fluid dynamics is a 'researd’ ttm carry out numerical experiment, discuss
this statement with suitable example.
UNIT - 11
3 a. Explain the classification of physical behawbpartial differential equations.
b. Consider in an inviscid flows ,we analyze gogential equation which governs 2d, steady,
isentropic, compressible flow past a slender bodly & free stream Mach number.,M
2 2
(1-Mm2 )g—xf +g_yf =0
Based on the Eigen value method state the natyrartél differential equations
c. Explain with examples, the difference betwédéguman boundary conditions, direichlet
boundary conditions and mixed boundary conditions
4 a. What is characteristic lines and explain thgsgal significance of this on the solution of

parabolic Partial differential equations?
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b.

5 a.

6 a.

7 a.

Classify mathematically the following PDE :

i) 0°plox*+0°pldy*=0 i) ou/ot+cou/dx=0
What do you mean by Well-Posed Problems? kxpla 6
UNIT - 11

A fluid has as absolute viscosity of 0.048sP&eor the flow of such a fluid over a flat solid
surface the velocity at a point 75mm away fromgbdace is 1.125 m/s. assume a parabolic
velocity distribution (U = a+by+c&y, with the vertex at 75 mm away from the surfadere

velocity is 1.125 m/s Imagine that the discreteueadf U are obtained at discrete grid points

located at 25 mm, 50 mm, and 75 mm away from boyndarface. Using these discrete 8

values calculate the shear stress at solid boursiafgce by three different ways,

1) Using first order one sided difference

i) Using second order one sided difference

iii) Compare this with exact value.

Define Discretization error and Round off eremrd explain How to reduce the truncation
error?

Develop the nodal equation of node (i, j) unstelady — state conditions for the convection
at corner section.

What are explicit, implicit and crank Nicolsethemes with respect to unsteady conduction?

Derive the stability criterion for the explicit seime for one dimensional unsteady 10

conduction without heat generation.
Consider a large plate of thickness L = 4cm tedimal conductivity 28 W/m°C in which
heat is generated uniformly at a rate of SX00m°. The left side of the plate is maintained
at 0°C by iced water while the right side is sutgdcto convection to an environment at
30°C with heat transfer coefficients 45 W#@. Consider five equally spaced with a nodal
spacing of 1 cm. Calculate the nodal temperaturegeusteady conduction using Finite
difference method.

UNIT -1V
For three noded cluster, discretize the fallgwone dimensional steady state conduction

equation using finite volume method.

i(kd—T)+s: Owith S = § +§T, is a piecewise linearization fcgldll and T, in the source
X

dx\ dx

term in stepwise.
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b.

9a.

10 a

Consider source free heat conduction in an @edlrod of length 0.5 m whose ends are
maintained at constant temepratures of 100°C af8Csfespectively. The one dimensional

governed bydi(kd—-rj =0. Calculate the steady state temperature distabuti the rod 10
X

dx
using five volume elements given that thermal catigity k = 1000 W/mK and cross
sectional area A = 10xTen’
Discuss the benefits of Finite volume metbweer Finite difference method. 5
Cylindrical fin with uniform cross section aré. The base is at a temperature of 100°C and
the end is insulated. The fin is exposed to an antliemperature of 20°C. One dimensional

heat transfer in this situation is governedgy(KAi—Tj—hp(T —Tw) =0where ‘h’ is the
X X
15

convective heat transfer coefficient; P is the ipeter, K the thermal conductivity of the

material Calculate the temperature distributiomglthe fin. GivenE—i:ZS m?. L is the

length of the fin (L = 0.6m) the domain is dividietio 3 control volumes.
UNIT -V
Discretize the following one dimensional camten — diffusion equation using finite

volume methoddi(puqo) :di( j—wj and obtain the neighboring coefficients by Upwind 14
X X X

difference scheme.

Discuss the conservativeness property of disatéin scheme.

Write the governing equation for source — free dimeensional convection and diffusion of

a scalar$. Discretize this equation on a control volume esitlg node P. using central
differencing and obtain a relation betwegn ¢ andd. where ‘w’ and ‘e’ are neighboring 10
nodes.

A property is transported by means of convecéind diffusion through the one dimensional
domain the boundary conditions arg= 1 atx = 0 and¢,_ = 0 atx = L. Using five equally
spaced cells and central differencing scheme fawvection and diffusion calculate the

distribution of¢ as a function of x for U = 2.5 m/s.
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