Dynamics of Inviscid Flows (Lectures 16 to 20)

Q1. Choose the correct answer

(i)

(ii)

(iii)

(iv)

Q2.

Euler’s equation is written as

N o\ q
(a) p{g+(V.V)V}:Vp+pb
(b) p| ——(V.VIV |=-Vp+pb
©) p|—+

(v .v)\7 =—Vp+ pb

d) p| =——-(V.V)V |=Vp+pb

[Ans.(c)]
Bernoulli’s equation relates
(a) various forces involved in fluid flow
(b) various forms of mechanical energy
(c) torque to change in angular momentum
(d) various forms of chemical energy
[Ans.(b)]
When is Bernoulli’s equation applicable between any two points in a flow field?
(a) The flow is steady, constant density and rotational
(b) The flow is unsteady, constant density and irrotational
(c) The flow is steady, variable density and irrotational
(d) The flow is steady, constant density and rotational

[Ans.(c)]
A stagnation point is a point in fluid flow where
(a)enthalpy of fluid is zero
(b) velocity of flow is zero
(c) pressure is zero
(d) internal energy of fluid is zero
[Ans.(b)]

The velocity components in an inviscid, constant density ( =1000 kg/m®), steady flow

field are given as follows: u :g(x+ y+12), v:g(x+ y+2), w=-A(x+y+z), where

A is a dimensional constant, with a numerical value of 1 unit. Consider a directed line
segment in the flow field, connecting the points P, (0,0,0) and P,(-3,3,0). The pressure

IS given as zero gauge at the origin. Can the Bernoulli’s equation be applied to find the
change in pressure experienced on moving from the point P, to the point P, along the

direction PP, ?
Solution



Along a streamline

O _gy_dz
u v w

or dx 3 dy 3 dz
'g(x+y+z) ':(x+y+z) ~A(x+y+2)

or ﬂzland E:—2
dx dy

. = dy 3-0
Again along PP —=——=-1%1
g g mR dx  —3-0 #

Therefore, PP, is not parallel to the streamline.
Euler equation along x-direction :

ot ox oy o 5
or p{g—l:+(\7.V)u}=—Z—s+pbx
or Z—sz—p[g—l:+(\7.v)u}+pbx
Similarly, %p =—p {% +\7.Vv} + pb,

op

Pressure difference between any two points 1 and 2 can be written as
dp :@dx+@dy+@dz
OX oy 0z

Putting the expressions of P» : P» , and P» , We get
ox oy Z

dp=—p {—dx +—dy +Edz}—p[(\7.Vu)dx + (\7.Vv)dy + (\7.VW) dz} + p[ b,dx+bydy+b,dz |

Term 2 Term 3
Term 1 :—p{a—udx+@dy+@dz}=—p N o

t ot
where dI directed from point 1 to 2 be such that

dl = dxi + dyj + dzk
For simplifying Term 2, we first note the vector identity
I R -
(Vv =§v(v.v)—v x(VxV)
1

= EV(VV) —V x £ ('noting that the vorticity, & =V xV)



Term 2

=—p [(V.Vu ) dx + (\7.Vv) dy + (\7.VW) dz] =—p [(V.?)V.dr]

EV (\7.\7) -V x 4 dI’ (using the above vector identity)

2 2 N 2 _ ~ _ .
= p| BV Y dr ={VxZ}.di
2| x Ty @
1(.0V2 LoV? ~oVE| e e - oA T
=—p| =11 k (idx + jdy + kdz) -1V dl
p_z{ et 82}( + jdy +kdz) —{V x £} }
1] 06 o o
=—p| = —(V?)dx+—(V?)dy+—(V?)dz
p| 3o S )iy £ ()
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2 3A2

:f{-%(myﬂ)} ][%(x+y+z)}+l{—%(x+y+z)—T(x+y+z)

Since, (\7>< 5) I =0, Bernoulli’s equation can be applied.

Term 3 p[bdx+b,dy+b,dz | = pb.dl

|



dp =—%p(dV2)+p5.dr

Integrating the above equation with constant p, one can get Bernoulli’s equation.

Q3.

Water comes out of a tank through a nozzle, as an open jet. As a result, the level of water
in the tank continuously falls. 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 approximatelykh, wherek =1.5. For
mathematical analysis, following assumptions can be made: (i) velocity of flow along the
streamline is approximatelyV,, and (ii) viscous effects are negligible. The ratio of area of

cross section of the tank to that of the nozzle is 2: 1. At a given instant of time, h= 5m
and V, =1 m/s. What is the local component of acceleration of flow at the point 2, at that

instant?

A

A 02—> Open jet

Solution

Applying unsteady Bernoulli’s equation along the streamline between points 1 and 2, we
have

2

_ 2 2
P p1+V2 i +g(22_21)+J‘8 $=0
Yo, 2 1 ot
Here P2 = P1 = Pam
2 2 2
Ia—VdSzI%dSz avl_[ds=khav1
) ot ) ot ot 4 ot
z,—z,=—h
From continuity equation,
AV, = AV,
or \A :iv2
A

Thus

LH&) ]_gh+kh%_o
2 A ot



a8
av, A

at k
Substituting the values, we obtain

2 2
9.81- 21 5[1—(;) }
X
M =6.49 m/s®

or

ot 1.5

Q4.

A vertical venturimeter carries a liquid of specific gravity 0.8 and has an inlet and throat
diameter of 150 mm and 75 mm, respectively. The pressure connection at the throat is
150 mm above that at the inlet. If the actual rate of flow is 40 litres/s and the coefficient
of discharge is 0.96, calculate (i) the pressure difference between inlet and throat, and (ii)
the difference in levels of mercury in a vertical U-tube manometer connected between
these points.

Solution
(i)Let A and B represent the inlet and the throat sections respectively.
2
Then V, = 0.075 A :V_B
0.15 4
Applying Bernoulli’s equation between A and B, along a streamline, we get
Pa +—+ z, _&+—+ Z,
P9 29 Py 29
2 2 _
or Vo Vi _Pa=Ps 15 [+ 24 —2, =0.15 m]
29 PY
V32 _E
or 16 — pA_pB_0.15
29 PY
2 —
or 15Vy = PaPe -0.15
329 PY
or v, = 329 Pa=Ps 45
15\ pg

The actual rate of discharge Q... can be written as
Quewar = Cyq ¥V x area of the throat

0.075)
or 04-0.96x |329[ Pa=Pe (5], (0075)
15 pg 4

which gives
P, — Pg =33.82 KN/m®
(b)

Let h be the difference in the level of mercury in the manometer.



Then,
Pa— Ps — h(@_lj
P9 0.8

or 33.82x10° =1000x 0.8x9.81x16h
which gives h=0.26 m



