TISHK INERNATIONAL UNIVERSITY
DEPARTMENT OF MECHATRONICS ENGINEERING

QUESTION BANK

FLUID MECHANICS

CHAPTER | (PROPERTIES OF FLUIDS)

Group A (5 marks)

1. Define density. Or Mass density or specific mass

1.4.1 Mass Density
The density (also known as mass density or specific mass) of a liquid may be defined as the

(m )
mass per unit volume 1 P | at a standard temperature and pressure. Tt is usually denoted by p (rho).
¥

Its units are kg/m’, i.e., p= % (1.1

2. Define specific weight. Or weight density.

1.4.2 Weight Density
The weight density (also known as specific weight) is defined as the weight per unit volume at
the standard temperature and pressure. It is usually denoted by w.
w=g .(1.2)
For the purposes of all calculations. relating to Hydraulics and hydraulic machines, the specific

weight of water is taken as follows:
In S.I. Units: w = 9.81 KN/m’ (or 9.81% 1075 N/mm’°)

In M.K.S. Units: w = 1000 kg, /m’

3. Define specific gravity.

1.5. SPECIFIC GRAVITY

Specific gravity is the ratio of the specific weight of the liquid fo the specific weight of a standard
Sluid. Tt is dimensionless and has no units. It is represented by S.

For liquids. the standard fluid is pure water at 4°C.

Specificweightof liquid _ Wiiguia
Specificweightof purewater  w, ..

Specific gravity =



4. Write the unit of Kinematic viscosity and dynamic viscosity.

Kinematic Viscosity :
Kinematic viscosity is defined as the ratio between the dynamic viscosity and density of fluid.
It is denoted by v (called nu).

Viscosity _ 1

Mathematically. v = .
Density p

(1.6)

Units of kinematic viscosity:

In SI units: m*/s

In M.K.S. units: m*/sec.

In C.G.S. units the kinematic viscosity is also known as stoke ( = cm?/sec.)
One stoke = 10~ m%/s

W Centistoke means L stoke.
100

Dynamic Viscosity unit is Poise 1 poise = 1/ 10 Ns/m?

5. Define Specific volume.

1.4.3 Specific volume

It is defined as volume per unit mass of fluid. It is denoted by v.

Mathematically. v =

v _1
m.p

6. Define viscosity.

1.6. VISCOSITY

Viscosity may be defined as the property of a fluid which determines its resistance to shearing
stresses. It is a measure of the internal fluid friction which causes resistance to flow. It is primarily
due to cohesion and molecular momentum exchange between fluid layers. and as flow occurs. these
effects appear as shearing stresses between the moving layers of fluid.

7. What do you mean by capillarity?

Cpailarity is a phenomenon by which a liquid (depending upon its specific gravity)
rises into a thin glass tube above or below its general level.

The capillarity happen due to cohesion and adhesion of liquid particles



What is surface tension?

1.6 Surface Tension

Cohesion: intermolecular attraction

Adhesion

between molecules of the same liquid. VY

Adhesion: attraction between the _ ' )

molecules of a liquid and the
Molecules of a solid boundary surface . _I
In contact with the liquid

{% Adhesion

Surface tension. is caused by the force of cohesion at the free surface

Sumface
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Calculate the work done in blowing a soap bubble of diameter 10cm.Assume the
surface of soap solution=0.04 N/m.

Solution. Given: d=100mm or 0.1 m; o =0.038 N/m.

The soap bubble has two mterfaces.
- Work done = Surface tension = total surface area

2
— 0.038 x 47 x (%) %2

= 0.002388 Nm (Ans.)



Group B

1. Calculate the density,specific weight weight of one litre of petrol of specific
gravity = 0.7

Problem 1.21  Calculate the density, specific weight and weight of one litre of petrol of specific
gravity = 0.7 :

Solution. Given:  Volume = 1 litre = 1 x 1000 cm® = l](:)(io m® = 0.001 m?

Sp. gravity §$=0.7
(i) Density (p)
Using equation (1.1.A),

Density (p) = 5% 1000 kg/m* = 0.7 x 1000 = 700 kg/m?>. Ans.
(it) Specific weight (w)
Using equation (1.1), w=pxg=700x9.81 N/m> = 6867 N/m>. Ans.
(iit) Weight (W)
We know that specific weight = w
Volume
or w= L or6867=L
S 0.001 0.001

W = 6867 x 0.001 = 6.867 N. Ans.

2. A plate having an area of 0.6 m? is sliding down the inclined plate at 30° to the
horizontal with a velocity of 0.36 m/s. There is a cushion of fluid 1.8 mm thick
between the plane and the plate. Find the viscosity of the fluid if the weight of the
plate is 280 N.

Example 1.4. A plate having an area of 0.6 m? is sliding down the inclined plane at 30° fo the
horizontal with a velocity of 0.36 m/s. There is a cushion of fluid 1.8 mm thick between the plane
and the plate. Find the viscosity of the fluid if the weight of the plate is 280 N.

Solution:  Areaofplate, 4 =06 m’

Weight of plate, W =280 N
Velocity of plate, ¥ =0.36 m/s
Thickness of film, r=dy=18mm=18 x 107 m
Viscosity of the fluid, n:
Component of W along the plate = Wsin 0 =280smn 30°=140N

Fig. 1.4

. Shear force on the bottom surface of the plate, F = 140 N and shear stress,

= F_140 _ 533 33N/m?
406



Where, du = change of velocity = u—0=0.36 m/s

dy = 1=18x10"m

23333 = px—230
1.8x10

=3
or = 233'33; ;f *10 1 166N.s/m>=11.66 poise (Ans.)

3. The space between two square flat parallel plates is filled with oil. Each side of
the plate is 720 mm. The thickness of the oil film is 15 mm. The upper plate,
which moves at 3 m/s requires a force of 120 N to maintain the speed. Determine

0] The dynamic viscosity of the oil

(i) The kinematic viscosity of oil if the specific gravity of oil is 0.95

Example 1.5. The space between two square flat parallel plates is filled with oil. Each side of

the plate is 720 mm. The thickness of the oil film is 15 mm. The upper plate, which moves at 3 m/s
reguires a force of 120 N to maintain the speed. Determine:

() The dynamic viscosity of the oil,
(i7) The kinematic viscosity of oil if the specific gravity of oil is 0.95.
Solution. Each side of a square plate = 720 mm=0.72 m
The thickness of the o1, dy = 15 mm =0.015m
Velocity of the upper plate = 3 m/s
. Change of velocity between plates, du =3 -0=3 m/s
Force required on upper plate, F = 120N

¥
Shear stress, T = force _ 120

= = 231.5N/m’
area 072x072
() Dynamic viscosity, p:
We know that,
_ o, du
l"l' - d_y
3
2315=u.——
0015
= w =1.16 N.s/m* (Ans.)

(ii) Kinematic viscosity, v:
Weight density of oil, w = 0.95 x 9.81 KN/m’ = 9.32 kN/m? = or 9320 N/m’

Mass density of oil, p = 2 = 2320

=950
9381



Using the relation: v=R_L16 400120 m¥s
p 950
Hence v = 0.00122 m*/s ( Ans.)

4. Two large fixed parallel planes are 12 mm apart. The space between the surfaces
is filled with oil of viscosity 0.972 N.s/m?. A flat thin plate 0.25 m? area moves
through the oil at a velocity of 0.3 m/s. Calculate the drag force.

(i)when the plate is equidistant from both the planes and

(i)when the thin plate is at a distance of 4 mm from one of the plane surfaces.

Example 1.16. Two large fixed parallel planes are 12 mm apart. The space between the surfaces
is filled with oil of viscosity 0.972 N.s/m". A flat thin plate 0.25 m* area moves through the oil at a
velocity of 0.3 m/s. Calculate the drag force:

(/) When the plate is equidistant from both the planes, and

(ii) When the thin plate is at a distance of 4 mm from one of the plane surfaces.

Seolution. Given: Distance between the fixed parallel planes = 12 mm =0.012 m

Area of thin plate, 4 = 0.25 m? Fixed parallel plane
Velocity of plate, u = 0.3 m/s LLL /
Viscosity of oil =0.972 N.s/m?

Drag force, F:

PP IIIIIIVi Z

T Plate 6 mm

(/) When the plate is equidistant from both the planes: E X 0.3 m/s
Let, F, = Shear force on the upper side of the = T
thin plate, 6 mm
F,, = Shear force on the lower side of the l
- thmplate LT TGTHEE T LLEEERTESTLE TS
F = Total force required to drag the plate Fig.1.12
(=F,+F).

5. Aclean tube of diameter 2.5 mm is immersed in a liquid with a coefficient of surface
tension = 0.4 N/m. The angle of the liquid with the glass can be assumed to be 135°.
The density of the liquid = 13600 kg/m3. What would be the level of the liquid in the
tube relative to the free surface of the liquid inside the tube.



Example 1.27. A clean tube of diameter
2.5 mm is immersed in a liquid with a
coefficient of surface tension = 0.4 N/m. The
angle of contact of the liquid with the glass can be assumed to be 135°. The density of the liquid =
13600 kg/m’.

What would be the level of the liguid in the tube relative to the free surface of the liquid inside
the tube.

Solution. Given: d =2.5mm ; ¢ =4 N/m, 8 = 135°, p = 13600 kg.-"m‘z’

Level of the liquid in the tube, /:

The liquid 1n the tube rises (or falls) due to capillarity. The capillary rise (or fall),

4c cosd

p = 2200 [Eqn. (1.20)]

4x04xcos135°

= (- w=pg)
(9.81%13600)%2.5x107 PE

=—3.39 x 10~ m or — 3.39 mm
Negative sign indicates that there is a capillary depression (fall) of 3.39 mm. (Ans.)

6. Calculate the specific weight, density and specific gravity of one litre of a liquid
weighs 7 N

Problem 1.1 Calculate the specific weight, density and specific gravity of one litre of a liquid
which weighs 7 N.

Solution. Given :

Volume = 1 litre = —l-m3 ( 1 litre-—-]—l— m® or1 litre = 1000 cm3)

1000 000
Weight=7N
i 7N
(i) Specific weight (w) g Welshy & =7000 N/m’>. Ans.
Volume ( 1 )ms
: 1000
(if) Density (p) S el kg/m® = 713.5 kg/m>. Ans.
g 981
(iii) Specific gravity = Ssusity ol ligh d = ZLE {-. Density of water = 1000 kg/m*}

Density of water 1000
=0.7135. Ans.



CHAPTER Il (PRESSURE MEASUREMENTS)
Group A
1. Define pascal’s law.

It states that the pressure or intensity of pressure at a point in a static fluid is
equal in all direction.

2. What are the types of pressure gauges?

1.Manaometrs

(a) Simple mandheters:- .
‘ () Piezometer, (ii) U-tube manometer, and (iif) Single column manometer.
(b) Differential manometers.

2.Mechanical gauges

() Bourdon tube pressure gauge, (if) Diaphragm pressure gauge,
"* (ii7) Bellow pressure gauge, and (iv) Dead-weight pressure gauge.

3. Draw the simple manometer.

Piczometer

tube T ]

Piezometer
tube

5
:

Fig. 2.10. (b) Piezometer tube

(a) t
i losed g
Fig. 2.10. (a) Piezometer tube fitted to open vessel. fitted to 3 closec pibe

4. Draw the U tube manometer for negative pressure.

h+hS,+hS,=0 or h=—(hS +hS)



5. What is differential manometer?

2.5 1 2 Dln'erenhal Manometers

A diﬁerentinl manometer is used to measure the d’ffe’ ence n pressures betw een two poinis i

a pipe, or in two different pipes. In its 51mplest form a differential manometer consists of a U-tube
'ccﬁnpammg a heavy liquid, whose two ends are connected to the points, whose difference of pressures
is rcqmred to be found out. Followmg are the most commonly used types of dlﬁ'erentlal 'nanomete,s

1. U-tube dlfferentml manometer.
2. Inverted U-tube differential manometer.

Group B

1. AU - tube manometer is used to measure the pressure of oil os specific gravity
0.85 flowing in a pipe line. Its left end is connected to the pipe and the right limb
is open to the atmosphere. The centre of the pipe is 100 mm below the level of
mercury(specific gravity = 13.6) in the right limb. If the difference of mercury
level in the two limbs is 160 mm. Determine the absolute pressure of the oil in the

pipe.

Example 2.12_ 4 U-tube manometer is used to measure the pressure of oil of specific gravity
0.85 flowing in a pipe line. Its left end is connected to the pipe and the right-limb is open to the
atmosphere. The centre of the pipe is 100 mm below the level of mercury (specific gravity = 13.0) in
the right limb. If the difference of mercury level in the two limbs is 160 mm, determine the absolute
pressure of the oil in the pipe.
Solution. Specific gravity of oil, 5, = 0.85
Specific gravity of mercury, 5, =13.6 -
¢ Height of the oil in the left limb,
hy = 160 — 100 =60 mm = 0.06 m
. Difference of mercury level,
hy, = 160 mm = 0.16 m.
Absolute pressure of oil:

Liquid (.5, = 0.85)

Let, h; = Gauge pressure in the pipe in
terms of head of water, and
p = Gauge pressure in terms of
¢ KN/m®.
Equating the pressure heads above the
7 datum line X—X, we get:

e

f— 160 mm ———»
M&'

-=== X

¢ or, h+006x085=016x136=2125m Mereury (5, =13.6)
The pressure p 13 given by: Szl
¢ p=wh
=981 x 2.125 kN/m?
] =2084kPa (-~-w =981 kN/m’ in S.I. units)
Absolute pressure of oil in the tube,
] Pabs =Pam. +Pgm.gge
Pabs. — Parm. +p atge
gaug
2. U- =100+ 20.84 =120.84 kPa (Ans.) tube

manometer



containing mercury was used to find the negative pressure in the pipe, containing
water. The right limb was open to the atmosphere. Find the vacuum pressure in
the pipe, if the difference of mercury level in the two limbs was 100 mm and
height of water in the left limb from the centre of the pipe was found to be 40 mm

below.

Example 2.13. U-tube manometer containing mercury was used to find the negative pressure
in the pipe, containing water. The vight limb was open to the atmosphere. Find the vacuum pressire
in the pipe, if the difference of mercury level in the two limbs was 100 mm and height of water in the

left limb from the centre of the pipe was found to be 40 mm below.

Solution. Specific gravity of water, S; = 1

Specific gravity of mercury. S, = 13.6
Height of water in the left limb,
hy=40mm=0.04 m
Height of mercury in the left limb.
h, =100 mm=0.1 m

Let, 7 = Pressure in the pipe in terms of head of
water (below the atmosphere).

Equating the pressure heads above the datum line
X=X we get:
h+hsS +hS, =0
or, h = —(hS;+hS,)
= —(0.04 x1+0.1 % 13.6)
= —1.4 m of water

Water (S, = 1.0)

h, =40 mm

Pressure p is given by: Mercury (S, = 13.6)

p = wh .
9.81 < (—1.4) KN/m? Fig.2.14

= —13.73kPa



3. Explain with neat sketch of different types of pressure gauges.

2.5 Measurement of Pressure
The pressure of a fluid may be measured by the following devices:
1. Manometers: :
Manometers are defined as the devices used for measuring the pressure at a point in a fluid by
balancing the column of fluid by the same or another column of liquid. These are classified as follows:
(a) Simple manometers: : :
(/) Piezometer, (ii) U-tube manometer, and (ii) Single column manometer.
| (b) Differential manometers.
2. Mechanical gauges: /
These are the devices in which the pressure is measured by balancing the fluid column by
spring ( elastic element) or dead weight. Generally these gauges are used for measuring high pressure
and where high precision is not required. Some commonly used mechanical gauges are:

() Bourdon tube pressure gauge, (it) Diaphragm pressure gauge,
"*(ii1) Bellow pressure gauge, and (iv) Dead-weight pressure gauge.



Simple Manometer e

Illl[

Piczometer
tube

[0}
Flg. 2.10. (a) Piezometer ube fitted to open vessel.

Fig. 2.10. (b) Piezometer tube
fitted to a closed pipe.

U Tube manometer

(/) For positive pressure: .
Refer to Fig. 2.11 (a). For Negative pressure

B S,=hS, ot h=hS-hS, h+hS+hS,=0 or h==(h5+hS)

6



Differential Manometer

2.5.1.2. Differential Manometers . | '
A differential manometer is used fo measure the difference in pressures between two poinsj,

o different pipes. In its simplest form a differential manometer consists of a U-tyb,
(] : i 2 )
hose two ends are connected to the points, whose difference of pressuye,

a pipe, or in t
most commonly used types of differential manometers

containing a heavy liquid, W .
is required to be found out. Following are the
1. U-tube differential manometer.
2. Inverted U-tube differential manometer.

U tube differential manometer

(a) Two pipes at same level,
Fig. 2.21. U-tube differential manometers.

Fig. 2.21. (b) Two pipes at differential levels.



4. Figure shows a differential manometer connected at two points A and B. At A air
pressure is 100 kN/m?. Find the absolute pressure at B.

Example 2.21. Fig. 2.23. shows a differential manometer connected at two points A and B. At
A air pressure is 100 kN/m’. Find the absolute pressure at B.

Solution. Pressure of air at A,
p, = 100 KN/m’
Pressure head at A,

L= 290 _400m
9.81

Let the pressure at B is pp.

Then, pressure head at B = Py
w

Considering pressure heads above the
atum line X—Y we have:

Pressure head in the /eft limb

_ 650 , h,=0.65+102=1085m
1000

Pressure head in the right limb

—hy+ 229 0,85+ L0

1000 1000 <136

10.85

But. hig
P

OT. Pgr

650 mm

Water

0il (S= 0.85)

Mercury
(§5=13.6)

Fig. 2.23

= hp+0212+2.04=hp+225
Equating the above pressure heads, we get:

= hg 225 or hy=8.6m

= why = 9.81 * 8.6 = 84.36 kKN/m”

84.36 kPa (Ans.)



Chapter 111 (Hydrostatic Forces on Surfaces)

Group A

1. Define centre of pressure.

Centre of pressure. It is defined as the point of application of the total pressure on the surface.

What do you mean by total pressure?

3.2 Total Pressure and Centre of Pressure

- Total pressure. It is defined as the force exerted by static fluid on a surface ( either plane or
curved) when the fluid comes in contact with the surface. This force is always at right angle ( or
normal) to the surface. |

Name the different experimental setup of Centre of pressure.

Hydrostatic forces (Partially submerged)

Hydrostatic forces (Fully submerged)

Write the moment of inertia formula for rectangle and triangle about base.

|- b |
Ciea 2 2
S.No. | Name of figure | C.G. from the Area I about an axis passing | Iabout base

base through C.G. and
parallel to the base

N =2 o bi? w

£ . - 36 12

2 Rectangle d 3 3

Fig 3.4 x=< bd bd” ba”

12

3




Group B

1) A -rectangular plate 3 m long and 1 m wide is immersed vertically in water in such a
way that its 3 m side is parallel to the water surfaces and is 1 m below it. Find (i)
Total pressure on the plate and (ii) Position of centre of pressure.

Example 3.2. 4 rectangular plate 3 metres long and 1 metre wide is immersed vertically in
water in such a way that its 3 metres side is parallel to the water surface and is 1 metre below it.
Find: (i) Total pressure on the plate, and (ii) Position of centre of pressure.

Solution. Width of the plane surface, b=3 m

Depth of the plane surface, d = 1 m

Area of the plane surface, Free water surface

A

]
o
X
Y
]
w
X
p—
]
w
B
L}

r=1+l-15m
2

h
(/) Total pressure P: l

Using the relation:

| rf'u.l
I

]

I

| €«—1m

|

!

Q

1

<€ m»

P=wAX=981x3x15 B
44.14 kN (Ans.)

(if) Centre of pressure, h:

_ 7 Fig. 3.8
Using the relation: h = A—;+ X
3 3
Ixl
But, I, =2 32X o5y
12 12
= 22 L 15-155m
3x15
ie. h = 1.556 m (Ans.)



2) A trapezoidal 2 m wide at the bottom and 1 m deep has side slopes 1:1. Determine

(i)total pressure (ii)Centre of pressure on the vertical gate closing the
channel when it is full of water.

Example 3.7. 4 trapezoidal 2 m wide at the bottom and 1 m deep has side slopes 1: 1. Daetermine:
() Total pressure,
(i) Centre of pressure on the vertical gate closing the channel when it is full of water.

Solution. Refer to Fig. 3.14 4m

. . . L : M
(1) Total Pressure, P : \J45u | :45atyf ‘f
For rectangle: ‘\x | : ;f
Area, A4, =2x%1=2m’ \ ! L/ tm
— 1 AN 'ff 4
¥ = =-=05m gl Vo
2 Sle—2m—m
P, =wAXx=981%2=05=981kN
_ _ Fig. 3.14
This acts at a depth h,.
_ I 3y
B,'L;“_'7 hl = _'G_ + X = (2;: ﬂ-;Z} +05=06m ... from the tﬂp
For triangles:
Area, A, = 2% % x1x1=1m’ (there are two triangles); ¥ =%
P, = wAT = 9.81 % 1 % =327kN
This acts at a depth of Ez-
- _ Ig _ (2x1/36) 1
But. hy = E‘i+x=%+§ =05m ..from the top.
ie. hy = 05m
Total pressure. P = P +P,=981+327=13.08 kN (Ans))
(if) Centre of pressure , Ji:
Taking moments about the top, we get: P x 1 = P, x El + P, El
— I+ Ph, 981x066+327x05
or. j— Bh+Bhy 981x066+327x05 _ 600 ans)

P 13.08



3) A triangle plate of 1 m base 1.5 m altitude is immersed in water. The plane of the
plate is inclined at 30° with free water surface and the base is parallel to and at a depth
of 2 m from water surface. Find the total pressure on the plate and the position of
centre pressure.

Solution. Refer to Fig. 3.31. Water surface
Area of the plate,

A :% x1x15=075m

Inclination of the plate, 8 = 30°
Total pressure on the plate, P:

The depth of c.g. of the plate from water
surface,

— 1.5 .
X =2+ — sin 30°
3
=2+05%05=225m
Using the relation,

P =wAX =9.81% 0.75 x 2.25
= 16.55 kN (Ans.)

Depth of centre of pressure, i:

Moment of inertia of a triangular section
about its c.g.,

3
1x15
I; = —= —009375 m*
36
Using the relation,
.9 9
D 2300
po lesn®® __009375sin’30°
A 0.75% 225

2.264 m (Ans.)



4) Figure shows a circular plate of diameter 1.2 m placed vertically in water in such a
way that the centre of the place is 2.5 m below the free surface of water. Determine

(1 Pressure on the plate

(i1) position of centre of pressure.

Example 3.1. Fig. 3.7 shows a circular plate of diameter 1.2 m placed vertically in water in
such a way that the centre of the place is 2.5 m below the free surface of water. Determine: (i) Total

pressure on the plate. (ii) Position of centre of pressure.
Solution. Diameter of the plate, =12 m

Free water surface

Area, *T
A=Tg?=T x127=113m’
4 4 T =
¥=25m k b
(i) Total pressure, P:
Using the relation: -
P =wA¥=981%x113%x25 ¥ - |
= 27.7 kN (Ans.) L )‘
_ 2
(if) Position of centre of pressure, /r: l.2m
Using the relation: Fig. 3.7
— I
h = G +
=T
LT 4 4
h I. = —d =— *12"=0.1018
WWHETE: 6@ T m
- 0.1018
h= ——+25=2536
113x25 m
ie h = 2.536 m (Ans.)



Chapter IV (FLUID KINEMATICS AND DYNAMICS)

1. What is the deference between laminar and turbulent flow.

5.3.5. Laminar and Turbulent Flows
Laminar flow. A laminar flow is one in which paths taken by the individual particles do not
cross one another and move along well defined paths (Fig. 5.5), This type of flow is also called
stream-line flow or viscous flow.
Examples. (i) Flow through a capillary tube.
(ii) Flow of blood in veins and arteries.
(iii) Ground water flow.
Turbulent flow. A turbulent flow is that flow in which fluid particles move in a zig zag way
(Fig. 5.6).
Example. High velocity flow in a conduit of large size. Nearly all fluid flow problems
encountered in engineering practice have a turbulent character.

J[
|
~ <
AY
1 A\
] |
1 ’
s s
£ -,
’ :
[ i
I !
v l A
\
A \
\ !
1 I
! Fl
~
]

YYyYyvy

YY ¥
YY vy

A
\/ 7

Fig. 5.5. Laminar flow. Fig. 5.6. Turbulent flow.

Laminar and turbulent flows are characterised on the basis of Reynolds number (refer to
chapter 10).

For Reynolds number (Re) < 2000 ... flow in pipes is laminar.
For Reynolds number (Re) = 4000 ... flow in pipes is turbulent
For Re between 2000 and 4000 ... flow in pipes may be laminar or turbulent.

2. State the continuity equations.

The continuity equation is based on the principle of conservation of mass. It states as follows:
“If no fluid is added or removed from the pipe in any length then the mass passing across
different sections shall be same.”



pidiVy = PrdaV; (522)

Eqn. (5.22) 1s applicable to the compressible as well as

incompressible fluids and 1s called Continuity Equation. In case

of incompressible fluids, p, = p, and the continuity eqn. (5.21)
reduces to:

.."!1 Vl = AIVI {523)

3. Write the assumptions of Bernoullis Theorem.

Assumptions: 30 A :
e | may be mentioned that the following assumptions are made in the derivation of Bem(,u“i,‘
~ equation: y g
: 1. The liquid is ideal and incompressible.
The flow is steady and continuous. :
The flow is along the streamline, i.e., it is one-dimensional.:
The velocity is uniform over the section and is equal to the mean velocity.
The only forces acting on the fluid are the gravity forces and the pressure forces.

N

4. What is a venturimeters? Where it is used?

| e A vehturimctgr is one of the mos( important practical applications of Bernoulli’s meorem Itisan
L7 '"_‘f‘FMMent used to measure the rate of discharge in a pipeline and is often fixed permanently. at
- Werent sections of the pipeline to know the discharges there. 4 o
5. What are the types of fluid flow?

TYPES OF FLUID FLOW

Fluids may be classified as follows:

. Steady and unsteady flows

. Uniform and non-uniform flows

. One, two and three dimensional flows
. Rotational and irrotational flows

. Laminar and turbulent flows

S b s o B e

. Compressible and incompressible
flows.



6. State Bernnoullis Theorem.

Bernoulli’s equation states as follow:

“In an ideal incompressible fluid when the flow is steady and continuous, the sum of pres-
sure energy, kinetic energy and potential (or datum) energy is constant along a stream line.
Mathematically, ;

p.r V2 ‘
4+ — + z = constant
w 2g ‘

7.Write the expression of bernoullis equations.
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1. Derive the expression for Bernoullis equation.

Proof.

F:onsider:an_ i_deal incompressible li'quid through a non-uniform pipe as shown in Fig 6.1. Le' .
consider two sections LL and MM and assume that the pipe is running full and there is continuity °
flow between the two sections; ' ; ‘

Let, P, =Pressure at LL, :

V| = Velocity of liquid at LL,
z, = Height of LL above the datum,
: A, = Area of pipe at LL, and :
Py V325, A= Correspon(_ling values at MM,

Let, W = Weight of liquid between LLL and L“L".
As the flow is continuous,

W= wdA, .dl|=wA2.d12

or A, .dl = et ; -..(d)
w > 5 -
w

Similarly, Ay .dl, = e 53 ...(iD)

= A, .dl, = A,.dl,
Work done by pressure at LL, in moving the liquid to L“ L~
= Force % distance = p, . 4, . d[,

-
’




Similarly, work done by the pressure at MM in moving the liquid to MM’ = — p, .4, . di,
(- ve sign indicates that direction of p, is opposite to that of p,)
" Total work done by the pressure
=p,.A4,dl,—p, A, dl,
=p,. A, dl,—p, A, dl, (- A,dl, = A,dlL)
=A4,.dl, (p,—P2) i

w
‘ w .
Loss of potential energy = W (z, — 23) ‘
i ol e 7 Ry
Gain in kinetic energy = W [2; Tx2g = 2g e )
Al&’ao loss of potential energy + work done by pressure = gain in kinetic energy
: s W(Z|—Zz)+——(P| —Pz)—_(Vzi_Vz)
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which proves Bernoulli’s equation.

2. Write short notes on different types of Fluid flow with examples and neat sketches.
Steady flow

the fluid characteristics like velocity, pressure, density, etc. at a point do not change with time is
called steady flow. Mathematically, we have:

IR ¢ B L
ot Yo-Yo:%p ot Xo:Yo: 5y ot ROP ]

((’E] = 0 [@] = 0; and so on
ot *9:¥o:2p 2 Xg:Vo:%g

where (x. ¥;. Zy) 1s a fixed point in a fluid field where these variables are being measured w.r.Z. time.

Example. Flow through a prismatic or non-prismatic conduit at a constant flow rate Q m/s is
steady.

(A prismatic conduit has a constant size shape and has a velocity equation in the form u= ad’ +
bx + ¢, which is independent of time 7).

Unsteady flow. It is that type of flow in which the velocity, pressure or density at a point
change w.r.t. time. Mathematically, we have:

(a—”] £ 0; [@J * 0;(?) 20
ot Xp.Vo.Zp ot Xp.Vo. 50 ot Xo-No:Zo

[aﬁ] = 0; [@] # 0; and so on
ot Xg.Vo-Zp ot g Y- Zp

Example. The flow in a pipe whose valve is being opened or closed gradually (velocity equation
is in the form u = ax® + bt ).



5.3.2. Uniform and Non-uniform Flows
Uniform flow. The type of flow, in which the velocity at any given time does not change with
respect to space is called uniform flow. Mathematically, we have:

[ﬂ’) _ 0
05 /¢t - constant

where, &V = Change in velocity, and
0s = Displacement in any direction.
Example. Flow through a straight prismatic conduit (i.e. flow through a straight pipe of
constant diameter).
Non-uniform flow. It is that type of flow in which the velocity at any given time changes with
respect to space. Mathematically,

[61—?} #0
C5 Jt = constant

Example. (i) Flow through a non-prismatic conduit.
(if) Flow around a uniform diameter pipe-bend or a canal bend,

5.3.5. Laminar and Turbulent Flows
Laminar flow. A laminar flow is one in which paths taken by the individual particles do not
cross one another and move along well defined paths (Fig. 5.5), This type of flow is also called
stream-line flow or viscous flow.
Examples. (i) Flow through a capillary tube.
(ii) Flow of blood in veins and arteries.
(iii) Ground water flow.
Turbulent flow. A turbulent flow is that flow in which fluid particles move in a zig zag way
(Fig. 5.6).
Example. High velocity flow in a conduit of large size. Nearly all fluid flow problems
encountered in engineering practice have a turbulent character.
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Fig. 5.5. Laminar flow. Fig. 5.6. Turbulent flow.

Laminar and turbulent flows are characterised on the basis of Reynolds number (refer to
chapter 10).

For Reynolds number (Re) < 2000 ... flow in pipes is laminar.
For Reynolds number (Re) = 4000 ... flow in pipes is turbulent
For Re between 2000 and 4000 ... flow in pipes may be laminar or turbulent.



3. Water flows in a circular pipe. At one section the diameter is 0.3 m the static pressure
is 260 kpa gauge, the velocity is 3 m/s and the elevation is 10 m above ground level.
The elevation at a section downstream is 0 m and the pipe diameter is 0.15 m. Find
the gauge pressure at the downstream section. Frictional effect may be neglected.
Assume density of water to be 999 kg/m?.

Example 6.6. Water flows in a circular pipe. At one section the diameter is 0.3 m, the static
pressure is 260 kPa gauge, the velocity is 3 m/s and the elevation is 10 m above ground level.
The elevation at a section downstream is 0 m, and the pipe diameter is 0.15 m. Find out the gauge
pressure at the downstream section.

Frictional effects may be neglected. Assume density of water to be 999 kg/ms.
(RGPV, Bhopal)

Solution. Refer to Fig. 6.7. D; = 0.3 m; D, = 0.15m; z; = 0, z;, = 10 m; p, = 260 kPa, V| =
3 m/s; p =999 kg/m’.

From continuity equation, A, ¥y = A, V5,

p; = 260 kPa

(D (gauge)

oA
A1)

I p}

VJ = ﬁl—xrﬂ’i: &— )(VI
A, Uy
it

2 ' 2
- (D - ﬂ] —12m/
(DJ <Vi=(gis) x3=12mss
Weight density of water, w = pg =999 x 9.81 = 9800.19 N/m’®

From Bernoulli’s equation between sections 1 and 2 (neglecting friction effects as given), we
have: 5

FTRL A N

w o 2g w o 2g

260x1000 (3)°
9800.19  2x9.81

+10

2
_ P (12)

+ +0
9800.19 2=x981

_ P2
53+0. +10 = —£=2 _ 4+ 7.
2653 +0459+ 10 9800 19 7.34

290566 N/m’ = 290.56 kPa (Ans.)

, Py



4. The water is flowing through a tapering pipe having diameters 300 mm and 150 mm
at a sections 1 and 2 respectively. The discharge through the pipe is 40 litres/sec. The
section 1 is 10 m above datum and section 2 is 6 m above datum. Find the intensity of
pressure at section 2 if that at section 1 is 400 kN/m?,

Example 6.7. The water is flowing through a tapering pipe having diameters 300 mm and 150
mm at sections 1 and 2 respectively. The discharge through the pipe is 40 litres/sec. The section 1
is 10 m above datum and section 2 is 6 m above datum. Find the intensity of pressure at section 2 if
that at section 1 is 400 kN/m?.

Solution. At Section 1:
Diameter, Dy = 300 mm=03m

Area A

Pressure, p; = 400 KN/m’
Height of upper end above the datum, z; =10 m
At Section 2:
Diameter, Dy = 150 mm=0.15m

Area A, = % % 0.152=0.01767 m®

% % 0.3 =0.0707 m*

Height of lower end above the datum, z, =6 m
Rate of flow (i.e., discharge),

3
. A0 10
Q = 40 htresfsec = T
= 0.04m/s
A
@ 1#3{}? —2
_M,,«;@@Mﬁ‘
P .
A 10
D1~ m
P
6 m
I I
Datum line
Fig. 6.8

Intensity of pressure at section 2, p,:
Now, Q = A V=41,



_ Q9 _ o004 _
and, 2= 4 " 001767 264 ms

Applying Bernoulli’s equation at sections 1 and 2, we get:

2 2
£l+fl_+zl= El+5.+22
w 2g w 2g

2 2
od, B ﬂ{ﬂ.-ﬂ)ﬂq_zﬁ
w w g 2¢g
_ 400 1 2_ 2 _
=om* zxg.sl(ujﬁﬁ 2.264%)+ (10-6)

(- w=9.81 kKN/m’)

40.77-0245+4=44525m
= 44.525 x w=44.525 x 9.81 = 436.8 kN/m’ (Ans.)

>
I

5. A pipe 200 m long slopes down at 1 in 100 and tapers from 600 mm diameter at the
higher end to 300 mm diameter at the lower end and carries 100 litres/sec of oil (sp.
Gravity 0.8). if the pressure gauge at the higher end reads 60 kN/m?. Neglect all
losses.

Determine (i) Velocities at the two ends
(if) pressure at the lower end.



Example 6.8. 4 pipe 200 m long slopes down at 1 in 100 and tapers from 600 mm diameter at
the higher end to 300 mm diameter at the lower end, and carries 100 litres/sec of oil (sp. gravity
0.8). If the pressure gauge at the higher end reads 60 KN/t determine:

(i) Velocities at the two ends;
(i) Pressure at the lower end.
Neglect all losses.
Solution. Length of the pipe, [ = 200 m; diameter of the pipe at the higher end, D; = 600 mm
=0.6m,

1

- Area, A; = % x 0.6 =0283 m*

Diameter of the pipe at the lower end,
D, =300mm=03m

- Area, A, = % x 0.3%=0.0707 m?

Height of the higher end, above datum,

1
= mxz(ﬁ}:ZEﬂ

Height of the lower end, above datum z,= 0
Rate of oil flow, © = 100 litres/sec = 0.1 m’/s
Pressure at the higher end, p; = 60 KN/m?
(9) Velocities, V7, V5:
Now, Q=4 V=4,V
where, ¥, and V; are the velocities at the higher and lower ends respectively.

4 Q2 _ 01 _ 4353 ms (Ans)

T4, 0283

0.1
and v,= £ =1.414 m/s (Ans.
2% 4, T 00707 s (Ans.)

(if) Pressure at the lower end p,:
Using Bernoulli’s equation for both ends of pipe, we have:

2 2

. n .
w+2g+zl w+lg+zl
b )
60 L0353 . _ _ p 1414
0.8«9R81 2x9281 0D8=x981 2x981
764+000635+2 = —P2 40102
0.8x981
P _ 954

0.8x981
or, p, = 74.8 KN/m’ (Ans.)



Chapter V (Flow through Pipes)

1. Calculate the discharge through a pipe of diameter 200 mm when the
difference of pressure head between the two ends of a pipe 500 m apart
is 4 m of water. Take the value of f=0.009 in in the formula hf =
(4.f.L.V?)/dx2g

_ﬂw _ 0.9338 = 0.934 m/s

0= velocity x ared
T B
i 3o
= 0.934 % 4 4> =0.934 x 4 (0.2)

Discharge,

— 0.0293 m*/s = 29.3 litres/s. Ans.

2. An oil of specific gravity 0.9 and viscosity 0.06 poise is flowing through a pipe of
diameter 200 mm at the rate of 60 litre / sec. Find the head lost due to friction for a
500 m Iength of pipe. Find the power required to maintain this flow.

BILG presevisce

Solution. "Given : — 0.9

Sp. gr. of oil 0.06
= 0.06 powe = —16" Nslm

Viscosity, e
: : { = 200 mm = m
Dia. of pipe, ¢
Discharl;& Q = 60 litres/s = 0.06 m*/s
Length, L= 500 m
Density p = 0.9 x 1000 = 930x|:)8;m
Vd
-. Reynolds number, R, = pl»l = 900 % ——6——
10
where V = e e - 1.909 m/s = 1.91 m/s

Area KLPPE E('z)z
-4 4



LXV" _ 4x.0051x500 x 1.912
‘ 02x2x98]

= 9.48 m of water. Ans,

P804 900x981x006x 943
| N e < S02KW. Am

Find the loss of head when a pipe of diameter 200 mm is suddenly enlarged to a
diameter of 400 mm. The rate of flow of water through the pipe is 250 litres/sec.




4. The rate of flow of water through a horizontal pipe is 0.25 m®/s. The diameter of the
pipe which is 200 mm is suddenly enlarged to 400 mm. Determine loss of head due to
sudden enlargement (he)

5. A 150 mm diameter pipe reduces in diameter abruptly to 100 mm diameter. If the pipe
carries water at 30 litres per second, calculate the pressure loss across the contraction.
Take the co-efficient of contraction as 0.6




