ey et . e T T A e 4y e mnm
R e 2 :__'-:;i" i e et e I ST T T
T T T G P -

ME 651 Fluid Dynamics

Instructor: Rajneesh Bhardw aj

* Time 530 pmto 645 pm OR 630 pm to 7:45 pm
*  Total S0 marks

Date: 21 Aug. 2015

* Closed book and closed notes examination
*  Clearly show your answers for different parts of a problem and write all parts of a question in one place
L

No clarifications and make suitable assumptions wherever necessary.

Problem 1 [8 marks]: Write mathematical expression for each if the following in terms of del operator:
-4 Vorticity

< Continuity equation for incompressible fluid

* Total acceleration of a fluid paricle
_*  Volumetric strain rate of a fluid particle

Problem 2 [6 marks]: Write mathematical expression of the following:

e Circulation in terms of velocity vector.
Velocity vector in terms of velocity potential for a 3D fluid particle
» Velocity vector in terms of stream function for a 2D fluid particle

. Problem 3 [6 marks|: Derive mass conservation equation for a fluid particle using Lagrangian approach.

Problem’y [14 marks]: Consider a fluid (density p) flowing through an infinitesimal 2D Cartesian control volume (CV) of

size ox and dy along x and y-axis, respectively. Consider velocity components as u and v across left and bottom faces,

respectively.

¢ [2 marks| Determine momentum flow rates in x and y direction at left and bottom faces of the
and v,

{2 marks] Using Taylor series expansion and neglecting higher order terms, determine momentum flow rates in x
and y direction at right and top faces of the CV.

te) [5 marks] Using balance statement for momentum for the infinitesimal CV and using results obtained in (a) and
(b) determine the forces per unit volume, /, and /£,
unit depth for CV in z direction).

¢) [5 marks] Using results obtained in (c) and continuity equation, derive Newton's second law in terms of material
— derivative.

CV interms of p, u
-_h)

acting on the CV in x and y direction, respectively (assume

Problem -&:ﬁﬂ marks]: Derive Bernoulli equation for a two-dimensional case using the Navier-

Stokes equation given
below. Use suitable assumptions as needed.
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Problcmgiﬂ marks|: , : T :
a) [6 Marks] Consider the following dimensional governing (Navier-Stokes equation in x-direction) equation for
flow past a circular cylinder of diameter D and free stream velocity U, and pressure P, . Obtain non-dimensional
form of this equation taking D, U, and P.. as characteristic distance, velocity and pressure, respectively.
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bi [2 Mark] Wnite the expressions of Euler number, Reynolds number and Froude number using the non-
dimensional equation obtaineq in (a).
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Problem 1 [20 ] Potential j‘l)g over a ¢ oo
a) [3 marks] Develop com N
velocty = 1) P Gividing srcam
irculation 7, ‘
":;mr:dim of the Fyhndet). Use complex |
.ven in AppendiX. . ( -
b) %;+2+\ 'muks Derive velocity W mﬂ‘.

¥ the . on
d [3marks]D§wmme pressure
e; § mark]Bncﬂydesuibed’

: %
ider steady, “wesli\*- van: :
?lg:?i‘ng over a.wall, making an angle with the

a:emthcmpecm'exn;lzm
that along z-axis (u>> W)- : ,
a) [3 marks]: with Navier-Stokes y
e . i b
b) [BQM]:MMﬁW(-y
interface
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i Problem 3 {15 marks] : Velocity profile of WO immiscible fluids:

inct immiscible fluids 1 and 2 para\le\ to each other in a channel of
oradient. Their rates of flow are SO adjusted that each
. f fluid-1 and fluid-2 are P and

Consider flow of two dist
height 2H iointly driven by a pressure
fills one half of the channel height. The dynamic viscosities O
Take origin at the middle of the channel. 4
| Simplify the momentum equations for the two-fluids and writé boundary

Show that the pressure gradient along X 18 constant say, = dpldx.
.on for the profile of shear-stress and u-velo

2, :'c\pcc\l\c\_\

a) [6 marks

city with

conditions.
’ b) [4+3 marks] Derive the expression
y-coordinate.

¢) [2 marks] Draw the u-velocity and shear stress profiles.

$ \ppendix: Useful equations

Uniform flow at an angle o,
Source(+) / sink(-)

Doublet
onal vortex(clockwise(ﬂ. ¥ |
anticlockwise(-)) ; Z |

[rrotati

Continuity Equation for stcady, incompressibie flow in Cartesian coordinates:
du 0Ov OW
’—-+—.‘4 ———“ =
ox Oy 0z
Navier Stokes Equations for incompressible flow in Cartesian coordinates:
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End-Semester Examina'tion
ME 651 Fluid Dynamics s !

Instructor: Rajneesh Bhardwaj
* Time: 2 pmto 5 pm.
* Total: 100 marks. :
 Closed book and closed notes examination.
IMPORT TES: 2
o Cl:alj;; l;gw your answers for different parts of a p.rob!em and write all parts ofaq
e No need to ask clarifications around and if something is unc
for the same wherever necessary.
o Refer Appendix for useful equations.
s  Goged luck!

uestion in one place.
Jear, make suitable assumptions and add justification

R Ve - 4 H in a rign.
Prpblefn 1 [5 marks]: Basics: Consider the steady, planar flow of an inviscid, incompressible fluid (density p)

angle corner as given by the stream function y = Axy where A is a constant.

a) [1 marks] Show that this flow is irrotational. Fs : i ——
((b)) [[2 marks] Find an expression for the pressure, p, at any point in th? ftllc:;r :suiu::mg tha! . pressure origin,
Po, is known. The y-axis is vertically upward and_the only body force is 'de,mﬁnd 1’he : 55
(c) [2 marks] If the x-axis is a thin wall with a uniform pressure, po, 0N its undersi vertical force

portion of the wall between =0 and x=1. Assume unit depth perpendicular to the page.
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Figure for problem 1

Problem 2 [26 marks]: Flow ina slider bearing: Consider st@).t, incompx:ossxbly,
u, flowing in a slider bearing as shown in the above flgure_. Consider two

the bottom plate. The upper plate is inclined to the moving surface and has a p

moves with velocity Up. The distances between the two plates are and hy W

the respective x and y direction. Assume that the v velocity along y-axis is

_a¥ [1 mark] Neglect gravity and assume fully-developed ﬂow in the be

e plates is very small), simplify Navier-Stokes equations and_v.lﬂ&

_&)/;2 marks] Solve for velocity u with appropriate boundary conc_im"

¢) [8 + 6 Marks] The slider block is completely submerged in the

pressures are equal ((0) = p(L) = po)- This is known as the flooded

in (b) and assuming pressure inside the bearing as a function

bearing,

d) [2 + 3 + 3 marks] Plot pressure profile in the bearing, and

bearing.

i Probtem 3 [10 marks]: Internal flow in a liquid: Consider an explos
- ich creates a purely radial flow in the liquid surrounding a bul
time. Given that the bubble radius increases linearly with rate
a) [5 marks] Determine the radial velocity field in the liquid.
b) [5 marks] Find the pressure field in the liquid. Neglect
] pressure far from the bubble is known ( p., a constant).

Problem 4 [12 marks]: Squeeze flow between two disks: A
circular disks of radii R with initial gap Ho. They are
fully developed along the radial direction, as shown
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Midterm - Autumn 2015
ME 651 Fluid Dynamics

Instructor: Rajneesh Bhardwaj Date: 12 Sep, 2015

Time: 3:00 pm to 5:00 pm
Total: 100 marks.

Closed book and closed notes examination.
Clearly show your answers for different parts of a problem and write all parts of a question

No clarifications and make suitable assumptions wherever necessary.

in one place.

e © o o o

roblem 1 [8 marks]: Consider a fluid (density p) flowing through an infinitesimal 2D Cartesian control

volume (CV) of size ox x dy, with velocity components as u and v across left and bottom faces, respectively-
a) [2 marks] Let 7, m 5. 1, and 7, ;, be the rate of mass flow at left, right, bottom and top faces of
the CV, respectively. Express these mass flow rates in terms of the given variables (Hint: Use Taylor

series expansion given in Appendix).
b) [3 marks] Using balance statement for mass for the infinitesimal CV and m

derive the mass conservation equation for this CV in the generic form.
¢) [3 marks] Express the equation obtained in (b) in terms of material derivative.

ass flow rates obtained in (a),

through an infinitesimal 2D Cartesian control

Pfoblem 2 [22 marks]: Consider a fluid (density p) flowing
ts as u# and v at

olume (CV) of size &x and dy along x and y-axis, respectively. Consider velocity componen

northwest corner of the CV, respectively.
a) [4 marks] Show that the volumetric strain rate of the particle is equal to the divergence of velocity

vector.
b) [10 marks]
c¢) [8 marks] Consider state
subscripts have meanings a

Derive expression of shear strain rates using Taylor series.
of stress at O (centre of particle) as {Oxx: Oyy Txys Tyx}, where symbols and
s discussed in class. Show that the stress tensor is symmetric for this system.

Consider 2D, steady, incompressible flow between two parallel plates (density p,
der two dimensional coordinates in which x-axis is along the channel
he coordinate system lies on the bottom channel wall. The bottom
ith velocity U. The velocities # and v are in the respective x

Problem 3 [20 marks]:
viscosity g) ina channel of height 4. Consi

and y-axis is normal t0 x axis. Origin of t
plate is fixed with time while top plate is moving W

and y directions:
[3 marks] Simplify continuity and Navier-Stokes equations given in the appendix for the present case.

Neglect gravity.
__=b) [4 marks] Prove that pre
_;://[5 marks] Derive expression for u.
[3 marks] Draw velocity profiles for the following three cases:
(i) dpldx < 0 (i) dpldx = 0 (iii) dpldx > 0
__oe) [5 marks] Find the critical value of dp/dx at which backflow will start near the bottom plate.

ssure gradient, dp/dx, along x direction, is constant.

sible and viscous fluid (density p, viscosity u)
axis is along the plate and y-axis is normal to
[ to the plate, respectively. The free stream
flow as fully-developed along the length of
at the plate, Vyan(x) = -vo, Where Vo is

Problem 4 [25 marks]: Consider flow of a Newtonian, incompres
over a horizontal plate in two-dimensional coordinates in which x-
x axis. Consider velocity components as and v along and norma
velocity is uo and pressure is uniform above the plate. Consider the
the plate. The fluid is uniformly sucked with a vertical velocity applied
Positive constant. Assume gravity is negligible.
a. [8 marks] Simplify continuity and Navier-
case. Neglect gravity. Find velocity component, V-
b. [12 marks] Find velocity component, u, using answer obtained in (a).
c. [5 marks] Determine wall shear stress using result in (b)-

1

Stokes equations given in the appendix for the prese
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