Fluid Properties

Also, the rate of change of fluid mass in the element LMST

= % (Density * Volume) dt
=
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As per law of conservation of mass:
The total gain in mass = The rate of change of fluid mass in the element LMST
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of, PV, + > (pv.)r + = (pvy) |drdd + E{pra‘ﬂdr} =0
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For steady and compressible flow, % pradfdr =10
c

d d
{pvr + E(pvr}r + E(pvsj}a‘rdﬂ =0
Further, for mcompressible flow, p= constant.
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Fluid Properties

. In three-dimensional incompressible third flow, the velocity components in xand y-directions are: u = x2 + y2z3; v = — (xy + yz + zx) Use
continuity equation to evaluate an expression for the velocity component w in the z-direction.

Solution. The contiomity equation for a steady, three-dimensional incompressible flmd flow 13
on oV ow

—+—+— =10 )
axr oy &=
u =X +yv=—(y +)z +m)
o _ lr;ﬁ=—(.r+3)
ay
Substituting these values in egn (7), we get:
w-(x=)+ 2 =0
oz
ew
of, — = —Xx+:z
oz
Integrating wr#.z we have:
-2
w=-x+—+C
2

where C is a constant of integration which should be independent of z but may be function of x

and/or yie C=F(x, ¥)
w = —I+§+f{.‘{,_}'} {Ans.)
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Fluid Properties

. The velocity components in x and y directions are given as u = 2xy3/3 —x2y andv = xy2 — 2yx3/3. Indicate whether the given velocity
distribution is: (i) A possible field of flow; (ii) Not a possible field of flow

Solution. Given. =273 -xpv=x"-21/3 ... Welocity components
A possible flow field (two-dimensional) must satisfy the continity equation.
cu v
—+— =10 i
= )
cu 2 3 cv
Now, = =y -y, —=12 ——f’
pw 3 y . 3 y
Substituting these values ineqn (§), we get:
(37 -)o(20-32)- 30 -

since the continuity equation is #of satisfied, the grven velocity components, therefore, do not
represent a possible flow field. (Ans.)
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Fluid Properties

. A two-dimensional incompressible flow in cylindrical polar coordinates is givenby: vr = 2r sin 6 cos 0; vb = — 2r sin20, Determine whether
these velocity components represent a physically possible flow field

Solution. The continuity equation for a steady, two-dimensional incompressible flow 1s

'l-?r E‘Pr E"-",a
Yr SV — 0 _[Eqn. (5.28
r & rem [Eqn. (5-28)]

From the given velocity components, we have:

% _ 2 (27sin6 cos6)=2sin 6 cos 6
ar cr
N _ 2 2rsin®6) ——4rsin O cos 0
o 4
Inserting these values in the above equation. we get:
2rsinbcos@  Ysinfeosd — 4rsinBeosh _ 0
r r
or 2sinfcos6+2sinfcosB—4smbcosh =0

ie, LHS5 =0
Thus the continuity equation is satisfied and hence the flow is physically possible. (Ans.)
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CIRCULATION AND VORTICITY

Let us consider a closed curve in a twodimensional flow field shown in Fig. Stream lines
5.18; the curve being cut by the stream lines. Let P be the point of

intersection of the curve with one stream line, 6 be the angle which the —
stream line makes with the curve. The component of velocity along the
closed curve at the point of intersection is equal to V cos 8. Circulation I is
defined mathematically as the line integral of the tangential velocity about a
closed path (contour). Thus,

Tangent to ds

T = {|f IV cosB.ds T
where, V = Velocity in the flow field at the element ds, and
8 = Angle between V and tangent to the path (in the positive anticlockwise
directionalong the path) at that point
Circulation around regular curves can be obtained by integration. Let us
consider the circulation around an elementary box (fluid element ABCD)
shown in Fig. Starting from A and proceeding anticlockwise, we have:

oV o
dF=ﬂﬁr:—[v:——MJﬂ}' —| ¥+ — Ay | Ay —vAY
ax 2y
eV ou
B (_ B _] M-ﬂ}l
cx ey
The vorticity (€)) is defined as the For a three-dimensional flow the rotation is possible about three axes. The expressions for
circulation per wnit af enclosed area, rofation o, @, and o, can be obtained in like manner:
a =L Ths. ey an) )
A 0, = ==
20 3y
=4l _ov_¢au (5.29) “
Ax.Ay & oy o = L[ow_av)| _(530)
ity i i £ o2 oz
If a flow possesses Vorticihy, it is ¥y ad
rotational. Rotation o (omega) is defined as 1feu  aw
one-half of the vorticity, or W, = = S
oo L[ e
2| & &
mmi’ﬁe flow is drrotational If rotation @ is Department of Mechanical Engineering 167




Fluid Properties

The motion is described as irrotational In the vector nofation, the above equation can be rewritten as:
when the components of rotation or vorticity {

are ‘zero’ @ = E[fﬂxf + @y j + 6.£]
throughout certain portion of the fluid.

When torque is applied to the fluid particle it _ l(ﬁ x )

will give rise to rotation; the torque is due to 2

shear stress. Therefore, the rotation of fluid

particle will always be associated with The vector (& * I) 1s the carl of velocity vector.

shear stress. As Vorticity 1n a fluid motion 15 taken numenically equal to iwice the value of rotation.
the shear stresses, in turn, depend upon Vorticity, 2 = curl F'= (A= )
the viscosity, the rotational flow occurs Which may be expressed as:
where the viscosity ) )
effects are predominant. However, in the rJ s
fﬁ;(ﬁz \)/vvrilsere the viscosity effects are small, Q= (VxP) i E g
. —_ ox &y g
sometimes assumed to be irrotational. v v w

=00+ 0 j + Ok
The vorticity components are separately given by

|"- P
= 2o, = E—EJ
Ly &
du  ow
= 2m, =] ———
0, = 2, -(3-5)
gy cu
=2.|::|v= —
% BN Eyl
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