FLUID MECHANICS JUNE 2021

IAT-2 SCHEME AND SOLUTION
SOLUTION

State the assumptions for Euler's equation and the derive an expression for Euler's equation for a streamline. Also derive
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Bernoulli's equation from Euler's equation

This is equation of motion in which the forces due to gravity and pressure are taken into considera-
tion. This is derived by considering the motion of a fluid element along a stream-line as :

Consider a stream-line in which flow is taking place in s-direction as shown in Fig. 6.1. Consider a
cylindrical element of cross-section dA and length ds. The forces acting on the cylindrical element are:

1. Pressure force pdA in the direction of flow.

9,
2. Pressure force ( p+ &_p dsj dA opposite to the direction of flow.
s

3. Weight of element pgdAds.
Let 8 is the angle between the direction of flow and the line of action of the weight of element.

The resultant force on the fluid element in the direction of 5 must be equal to the mass of fluid

element x acceleration in the direction s.
5

J)
pdA — (p + a—pds) dA — pgdAds cos B
5
= pdAds X a, ...(6.2)
where a, is the acceleration in the direction of s.

dv . .
a, = e where v is a function of 5 and 1.
t
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Now

If the flow is steady, E =0
dat & 8
dz
Substituting the value of a, in equation (6.2) and simplify- -
ing the equation, we get pgdAds
9p v (a) (b)
T 95 ey P b KR ik P el ds Fig. 6.1 Forces on a fluid element.
Dividing by pdsdA, - B_p -gcosB= @
pads ds
d
or a—‘9+gcc~sﬁ+v—v=0
pds ds
But from Fig. 6.1 (b), we have cos 6 = ?
s
l d_p+gd_z+ﬂ=0 or d—p+gdz+vdv=0
p ds ds ds p
..(6.3)

or %+gdz+vdv=[)

Equation (6.3) is known as Euler’s equation of motion. I



Bernoulli’s equation is obtained by integrating the Euler’s equation of motion (6.3) as
d|
s J_p + Igdz + Ivdv = constant
P
If flow is incompressible, p is constant and
P v?
“— + gz + — = constant
p 2
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P v
or —+ 7 + — = constant
pg 2¢g
p_ Vv
or —+ — + 7 = constant ..(6.4)
pg  2g
Equation (6.4) is a Bernoulli’s equation in which
L - pressure energy per unit weight of fluid or pressure head.
Pg

vz;‘zg = kinetic energy per unit weight or kinetic head.
z = potential energy per unit weight or potential head.

The following are the assumptions made in the derivation of Bernoulli’s equation :
(i) The fluid is ideal, i.e., viscosity is zero (ii) The flow is steady
(iii) The flow is incompressible (iv) The flow is irrotational.

2 Derive an expression for DISCHARGE THROUGH VENTURIMETER 10 CO4 PO1,PO2 L2

Consider a venturimeter fitted in a horizontal pipe through which a fluid is flowing (say water), as
shown in Fig. 6.9.
Let d, = diameter at inlet or at section (1),
P = pressure at section (1)
v, = velocity of fluid at section (1),

i n
a = area at section (1) = Py d,2
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and dy, pa, Vo, @, are corresponding values at section (2).

. " G )
Applying Bernoulli’s equation at sections (1) and (2), we get Fig. 6.9 Venturimeter.
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As pipe is horizontal, hence z; =2z,
2 2 2 2
pe 28 pg 2 pg 23 2
s But 2= P2 s the difference of pressure heads at sections 1 and 2 and it is equal to A or L2 . RS
Pg Pg
Substituting this value of Z-—P2 in the above equation, we get
P8
2 2
FABE Tt (6.6)
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Now applying continuity equation at sections 1 and 2

dyVy

1



Substituting this value of v, in equation (6.6)
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~ Discharge, 0= a,v,
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Equation (6.7) gives the discharge under ideal conditions and is called, theoretical discharge. Actual
discharge will be less than theoretical discharge.
Qe = Co X ——2—x \[2gh (6.8)

2
ap —dy

(6.7)

where C, = Co-efficient of venturimeter and its value is less than 1.

Water is flowing through a pipe of 5cm diameter under a pressure of 29.43 N/cm2 (guage) and with a mean velocity of

10 Co3 PO1,PO2 L3
2m/s. Find the total head of water at a cross section, which is 5m above the datum line.

Solution. Given :

Diameter of pipe =5ecm=05m
Pressure, p=12943 N/em® = 29.43 x 10* N/m?
Velocity, v=2.0m/s
Datum head, Zz=5m
Total head = pressure head + kinetic head + datum head
4

Pressure head D A oI 30m p for water = 1000 ke

pg 1000 x9.81 I
Kinctic head f It R BV

2g  2x9381

2

s Total head = £+;— +2=30+0.204 + 5 = 35.204 m. Ans.

ng 2g

Find the discharge of water flowing through a pipe 30 cm diameter placed in an inclined position where a venturimeter is
inserted, having a throat diameter of 15 cm. The difference of pressure between the main and the throat is measured by a
liquid of Sp.Gr 0.6 in an inverted u-tube which gives a reading of 30cm. The loss of head between the main and the throat is
0.2 times the kinetic head of the pipe.

10 CO3 PO1,PO2 L3

%Solution. Dia. atinlet, 4, =30cm

a, % (30)° = 706.85 cm?
Dia. at throat, dy=15cm
ay= % (15)* = 176.7 cm>

Reading of differential manometer, x = 30 cm
Difference of pressure head, h is given by

e o)
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Also h=x {l—i]
S,

where §,=0.6 and §,=1.0

=30 [l—%} =30 x .4 = 12.0 cm of water

2
Loss of head, h; = 0.2 x kinetic head of pipe = 0.2 x ;—]
£
Now applying Bernoulli’s equation at sections (1) and (2), we get
2 2
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But —+z]}—[—+z2] = h = 12.0 cm of water :
[pg pg Fig. 6.10
and hy=0.2xv,’/2g
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Applying continuity equation at sections (1) and (2), we get
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Substituting this value of v, in equation (1), we get

0.8 Wi 2 1.
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Discharge = dyVy

= 176.7 x 157.4 em*/s = 27800 cm’/s = 27.8 litres/s. Ans.

Crude oil of speciifc gravity 0.85 flows upwards at a volume rate of flow of 60 litre per second through a vertical
venturimeter with an inlet diameter of 200 mm and a throat diameter of 100mm. The coefficient of discharge of the
venturimeter is 0.98. The vertical distance between the pressure tappings is 300mm.
5 . . . . . 10 CO3 PO1,PO2 L3
(i) If two pressure guages are connected at the tappings, determine the difference of readings.

(i) If a mercury differential manometer is connected, in place of pressure guages, determine the difference in the level of the
mercury column.



Solutic;n. Given :

Specific gravity of oil, 5,=0.85
Density, p = 0.85 x 1000 = 850 kg/m>
Discharge, 0 = 60 litre/s
=9 _006ms
10
Inlet dia, dy =200 mm =0.2m
Area, a, = ; (.2)* = 0.0314 m>
Throat dia., dy =100 mm = 0.1 m
Area, ay = = (0.1)* = 0.00785 m?
4 300 mm
Value of C, =0.98

Let section (1) represents inlet and section (2)
represents throat. Then

Z,—-2; =300 mm = 0.3 m
(i) Difference of readings in Niem? of the two pressure gauges
The discharge Q is given by,

a,a
Q= Cy——==2=x+2gh Fig. 6.11 (a)
ay —dy
g 0.06 = 098 x0.0314 x 0.00785 S TEIET
|/0.0314% - 0.00785°
= 0.98 x 0.00024649 g -JH
0.0304
= 0.06 x 0.0304 = 1705
0.98 x 0.00024649 x 4.429
h=1.705>=2.908 m
But for a vertical venturimeter, i = (ﬂ + 3 ) — (& + ZEJ
Pg ps
2.908 = (ﬂnl)—[&uz] = [ﬂ—&) P A
pg pg P pPE
PP _ i it il
P =2.908 + z, - 7, = 2.908 + 0.3 (v z,-7,=03m)
g
= 3.208 m of oil

Py~ Py = pg % 3.208

-

850 x981x3208 |

=850 x 9.81 x 3.208 N/m” = 0°

= 2.675 N/em®. Ans.

(i) Difference in the levels of mercury columns (i.e., x)

(]

S
The value of & is given by, h=x L‘—s— l:|



2908 =x [E—l} =x[l6-1]=15x
0.85

x= =308 =0.1938 m = 19.38 cm of oil. Ans.

SCHEME OF EVALUATION

Question | Max Marks | Split-Up Marks Distribution
Number
1 10 Diagram 2
Derivation 8
2 10 Diagram 2
Derivation 8
3 10 Steps 2
Answer 8
4 10 Steps 2
Answer 8
5) 10 Steps 2
Answer 8




