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” A flow field is defined by the following velocity components. where a and b are

dimensional constants:
u=0,v=a(x-z), w=by
the flow incompressible? Justify.

v(b‘)%)hlain an expression for the stream function, if it exists.
tain an expression for the velocity potelﬂ“ll if it exists, for (i) a = b, (ii)) a=-b.
f a rectangular fluid element that was having its edges

ketch the deformed configuration 0
originally parallel to the y and z axes, respectively, for the cases (i) « - b, Gi) a=-bh.
[12 marks|

out of a tank through a nozzle, as an open jet. As a result, the level
A streamline in the tank conceptually identifies
in the figure below (Spanning from point 1 to point 2), the curvilinear length of which
(spanning from the point 1 to the point 2) is approximately k1, wherek =1.5. For
mathematical analysis, following assumptiOIIS can be made: (i) velocity of flow along
the streamline is approximately ¥, , and (ii) viscous effects are negligible. The ratio of
area of cross section of the tank to that of the nozzle is 2: 1. Ata given instant of time,
h= 5m and ¥, =1m/s. What is the local component of acceleration of flow at the

point 2, at that instant?

Q2. Water comes
of water in the tank continuously falls.
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VQ{. The velocity components in an inviscid, W (= 1000 kg/ ma)"\sread-&-ﬂd&
, A
field are given as follows: u=3(x+y+z) ; v:—z—(x+y+z) , w=—A(x+y+z) ’
where A is a dimensional consta—nt, with a numerical value of 1 unit. Consider a directed line
segment in the flow field, connecting the pointsl’_L@l,O_’_O) and P; (-3, 3, 0). The pressure 1S

j;\}n as zero gauge at
{sthe Iine PP, a streamline? Justify with calculations. . .
. d the change in pressure experienced on-

Can the Bernoulli’s equation be applied t0 fin .
; PP he direction PiP2? Justify with calculatlops.
s equation of

nla_oving frqm the point P, to the point P, along t ‘ |
1) What is the pressure at P, (derive from first principles, starting G

motion in differential form)?



You may yse the following: (A) Euler's equation of motion in rectangular coordinates v

: \Y% . s . .
given as ~—-£+], - (,2:.@);/_ where b s ihe body force per unit mass. (13) The following
P

vector idcnlity is applicable: (/?' v(7)‘4. = %V(i ¢ "j) - 4> (VX A)

e

\M/APPIY Reynolds transport theorem for deriving an integral cxpression for linear
momentum conservation. .

Express the above equation Wlth_ Cspect to a reference frame xyz that translates and
rotates arbltrarlly with respect to the Inertial reference frame XY7Z. l’hysically, this pcrtains
to the consideration of an arbitrari.ly moving control volume (with which the xyz reference
frame is attached) instead of a stationary control volume (with which XY7, reference frame
is attached). You may consider the following relation between the acceleration relative to
XYZ and that relative to xyz:

Ay, =d,, +F, +20XF,, +DXF,, +a)x(c})x Fm) , where @ is the angular velocity of the
xyz reference frame, r, ,is the position vector relative to that reference frame, and ‘dot’

depotes differentiation with respect to time.
\.éémf):‘rom the above, derive a differential equation for momentum conservation of an
inviscid flow with respect to an arbitrarily moving reference frame, in non-conservative
form.



