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Answer any 5 Questions. S
1 Define the following fluid properties and mention its units: a. Density b. Weight o5
" density
c. Specific volume d. Specific gravity of a fluid d. Compressibility
2 What do you mean by single column manometers? How are they used for the 446
" measurement of pressure?
Define surface tension. Prove that the relationship between surface tension and
3. . S . .. 2+4+4
pressure inside a droplet of liquid in excess of outside pressure is given by p =4¢/d
4 Explain the phenomenon of capillarity. Obtain an expression for capillary rise of a 446
" liquid.
A flat plate of area 1.5 x 10° mm? is pulled with a speed of 0.4 m/s relative to
5 another plate located at a distance of 0.15 mm from it. Find the force and power 6+4
" required to maintain this speed, if the fluid separating them is having viscosity as 1

poise.
The pressure outside the droplet of water of diameter 0.04 mm is 10.32 N/cm?

6. (atmospheric pressure). Calculate the pressure within the droplet if surface tension is  6+4
given as 0.0725 N/m of water.

7 Define pressure. State and prove the Pascal's law. 24246

Solutions

1. Define the following fluid properties and mention its units: a. Density b. Weight density
c. Specific volume d. Specific gravity of a fluid d. Compressibility

1.2.1 Density or Mass Density. Density or mass density of a fluid is defined as the ratio of the
mass of a fluid to its volume. Thus mass per unit volume of a fluid is called density. It is denoted by the
symbol p (rho). The unit of mass density in SI unit is kg per cubic metre, i.e., kg/m>. The density of
liquids may be considered as constant while that of gases changes with the variation of pressure and

temperature.
Mathematically, mass density is written as

Mass of fluid
Volume of fluid

The value of density of water is 1 gm/cm? or 1000 kg/m>.

1.2.2 Specific Weight or Weight Density. Specific weight or weight density of a fluid is the
ratio between the weight of a fluid to its volume. Thus weight per unit volume of a fluid is called
weight density and it is denoted by the symbol w.

_ Weight of fluid _ (Mass of fluid) X Acceleration due to gravity
Volume of fluid Volume of fluid

Thus mathematically,

_ Mass of fluid X g
~ Volume of fluid

=pxg

{. _ Mass of fluid }
" Volume of fluid

w=pg (1.1)



1.2.3 Specific Volume. Specific volume of a fluid is defined as the volume of a fluid occupied
by a unit mass or volume per unit mass of a fluid is called specific volume. Mathematically, it is
expressed as

. Volume of fluid 1 1
Specific volume = Mass of fluid ~Mass of flmd_ ~ B
Volume of fluid

Thus specific volume is the reciprocal of mass density. It is expressed as m3/kg. It is commonly
applied to gases.
1.2.4 Specific Gravity. Specific gravity is defined as the ratio of the weight density (or density)
of a fluid to the weight density (or density) of a standard fluid. For liquids, the standard fluid is taken
water and for gases, the standard fluid is taken air. Specific gravity is also called relative density. It is
dimensionless quantity and is denoted by the symbol S.
Weight density (density) of liquid
Weight density (density) of water

Mathematically, S(for liquids) =

Weight density (density) of gas

S(for gases) =
Weight density (density) of air

Thus weight density of a liquid = § X Weight density of water

= §x 1000 x 9.81 N/m?
The density of a liquid = S X Density of water

= 8 x 1000 kg/m>. .(1.14)
If the specific gravity of a fluid is known, then the density of the fluid will be equal to specific

gravity of fluid multiplied by the density of water. For example, the specific gravity of mercury is 13.6,
hence density of mercury = 13.6 x 1000 = 13600 kg/m”>.

Compressibility is the reciprocal of the bulk modulus of -
elasticity, K which is defined as the ratio of compressive stress G
to volumetric strain. 1 PISTON

Consider a cylinder fitted with a piston as shown in Fig. 1.9. ) 1 : g <— F
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Let V = Volume of a gas enclosed in the cylinder

p = Pressure of gas when volume is V TTTEFTITIITY,
Let the pressure is increased to p + dp, the volume of gas ~VIINNER
decreases from V to V — dV. Fig. 1.9
Then increase in pressure =dp kgf/m2
Decrease in volume =dV
av
v

— ve sign means the volume decreases with increase of pressure.

Volumetric strain =

_ Increase of pressure

Bulk modulus K=
Volumetric strain
__dp _—dp
T —dY  av
v
s 1
Compressibility =X



2. What do you mean by single column manometers? How are they used for the measurement of pressure?

connected to the pipe, due to high pressure at A, the heavy liquid in the reservoir will be pushed
downward and will rise in the right limb.
Let Ah = Fall of heavy liquid in reservoir

h, = Rise of heavy liquid in right limb
h, = Height of centre of pipe above X-X
p4 = Pressure at A, which is to be measured

A = Cross-sectional area of the reservoir 1

a = Cross-sectional area of the right limb

$, = Sp. gr. of liquid in pipe

S, = Sp. gr. of heavy liquid in reservoir and right limb

p, = Density of liquid in pipe Fig. 2.15 Vertical single column

. Lo . manometer.
P, = Density of liquid in reservoir

Fall of heavy liquid in reservoir will cause a rise of heavy liquid level in the right limb.
AxXAh=axh,
axh, .
_— a2
n ()

Ah =

2.6.3 Single Column Manometer. Single column manometer is a modified form of a U-tube
manometer in which a reservoir, having a large cross-sectional area (about 100 times) as compared to
the area of the tube is connected to one of the limbs (say left limb) of the manometer as shown in Fig. 2.15.
Due to large cross-sectional area of the reservoir, for any variation in pressure, the change in the liquid
level in the reservoir will be very small which may be neglected and hence the pressure is given by the
height of liquid in the other limb. The other limb may be vertical or inclined. Thus there are two types
of single column manometer as :

1. Vertical Single Column Manometer.

2. Inclined Single Column Manometer.

I. Vertical Single Column Manometer

Fig. 2.15 shows the vertical single column manometer. Let X-X be the datum line in the reservoir
and in the right limb of the manometer, when it is not connected to the pipe. When the manometer is

3. Define surface tension. Prove that the relationship between surface tension and pressure inside a droplet
of liquid in excess of outside pressure is given by p =4c/d.

» 1.6 SURFACE TENSION AND CAPILLARITY

Surface tension is defined as the tensile force acting on the surface of a liquid in contact with a gas
or on the surface between two immiscible liquids such that the contact surface behaves like a
membrane under tension. The magnitude of this force per unit length of the free surface will have the
same value as the surface energy per unit area. It is denoted by Greek letter ¢ (called sigma). In MKS
units, it is expressed as kgf/m while in SI units as N/m.



The phenomenon of surface tension is explained by FREE SURFACE
Fig. 1.10. Consider three molecules A, B, C of a liquid in a
mass of liquid. The molecule A is attracted in all directions
equally by the surrounding molecules of the liquid. Thus the
resultant force acting on the molecule A is zero. But the
molecule B, which is situated near the free surface, is acted — === —=====
upon by upward and downward forces which are unbalanced. ' :::::—
Thus a net resultant force on molecule B is acting in the S sss s E s

downward direction. The molecule C, situated on the free  ——F-————-———-————-—————
surface of liquid, does experience a resultant downward force.
All the molecules on the free surface experience a downward
force. Thus the free surface of the liquid acts like a very thin film under tension of the surface of the
liquid act as though it is an elastic membrane under tension.

Fig. 1.10 Surface tension.

1.6.1 Surface Tension on Liquid Droplet. Consider a small spherical droplet of a liquid of
radius ‘r’. On the entire surface of the droplet, the tensile force due to surface tension will be acting.
Let o= Surface tension of the liquid
p = Pressure intensity inside the droplet (in excess of the outside pressure intensity)
d = Dia. of droplet.
Let the droplet is cut into two halves. The forces acting on one half (say left half) will be
(1) tensile force due to surface tension acting around the circumference of the cut portion as shown
in Fig. 1.11 (b) and this is equal to
= ¢ X Circumference

=0 XTmd

.. n n .
(ii) pressure force on the area 2 d*=px ) d* as shown in

Fig. 1.11 (¢). These two forces will be equal and opposite
under equilibrium conditions, i.e.,

a) DROPLET  (b) SURFACE TENSION
4
p X — & =oxnd
4
oxnd 40 P
or p= =—  ..(1.14)
n % d? d
4 (c) PRESSURE FORCES

Equation (1.14) shows that with the decrease of diameter  Fig. 1.11 Forces on droplet.
of the droplet, pressure intensity inside the droplet increases.

4. Explain the phenomenon of capillarity. Obtain an expression for capillary rise of a liquid.

1.6.4 Capillarity. Capillarity is defined as a phenomenon of rise or fall of a liquid surface in a

small tube relative to the adjacent general level of liquid when the tube is held vertically in the liquid.

The rise of liquid surface is known as capillary rise while the fall of the liauid surface is known as

capillary depression. It is expressed in terms of cm or mm of liquid. Its

value depends upon the specific weight of the liquid, diameter of the Oy | o

tube and surface tension of the liquid. ~
Expression for Capillary Rise. Consider a glass tube of small

diameter ‘d” opened at both ends and is inserted in a liquid, say water. h

The liquid will rise in the tube above the level of the liquid. 1 v
Let i = height of the liquid in the tube. Under a state of equilibrium,

the weight of liquid of height / is balanced by the force at the surface of

the liquid in the tube. But the force at the surface of the liquid in the

tube is due to surface tension.
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Let ¢ = Surface tension of liquid
0 = Angle of contact between liquid and glass tube. Fig. 113 Capillary rise.
The weight of liquid of height & in the tube = (Area of tube X i) X p X g



= ; d2><hxp><g L(1.17)

where p = Density of liquid
Vertical component of the surface tensile force
= (0 x Circumference) X cos 0
=0 XTdXcos0 ..(1.18)
For equilibrium, equating (1.17) and (1.18), we get

%dZXthXg:GXTCdXCOSQ

oxmdXxcos® 4ccos0
pxgxd

or h= ..(1.19)

T .2
—d” xpx
4 pPXxXg

The value of © between water and clean glass tube is approximately equal to zero and hence cos 0 is
equal to unity. Then rise of water is given by

40

h= ———
pXxgxd

.. (1.20)

5. A flat plate of area 1.5 x 10° mm? is pulled with a speed of 0.4 m/s relative to another plate located at a
distance of 0.15 mm from it. Find the force and power required to maintain this speed, if the fluid separating
them is having viscosity as 1 poise.

Solution. Given :

Area of the plate, A =1.5x 10° mm? = 1.5 m?

Speed of plate relative to another plate, du = 0.4 m/s

Distance between the plates, dy = 0.15 mm = 0.15 x 10> m

1 Ns
Viscosit =1 poise = — —.
y M p 10 m2
Using equation (1.2) we havet=p du = 1 X Ls = 266.66 N
dy 10 .15x10° m?
(i) .. Shear force, F = 1 x area = 266.66 x 1.5 = 400 N. Ans.

(it) Power* required to move the plate at the speed 0.4 m/sec
=FxXu=400x04 =160 W. Ans.

6. The pressure outside the droplet of water of diameter 0.04 mm is 10.32 N/cm? (atmospheric pressure).
Calculate the pressure within the droplet if surface tension is given as 0.0725 N/m of water.

Solution. Given :

Dia. of droplet, d=0.04 mm=.04%x10>m
Pressure outside the droplet = 10.32 N/em?® = 10.32 x 10* N/m?
Surface tension, o = 0.0725 N/m
The pressure inside the droplet, in excess of outside pressure is given by equation (1.14)
or - 40 _AX00725 _ 250 Nm2= 720N _ 0725 Njem?
d .04x107° 10* cm®

.. Pressure inside the droplet = p + Pressure outside the droplet
=0.725 + 10.32 = 11.045 N/cm”. Ans.

7. Define pressure. State and prove the Pascal's law.



» 2.2 PASCAL'S LAW P

It states that the pressure or intensity of pressure at a point
in a static fluid is equal in all directions. This is proved as :

The fluid element is of very small dimensions i.e., dx, dy
and ds.
Consider an arbitrary fluid element of wedge shape in a

fluid mass at rest as shown in Fig. 2.1. Let the width of the
element perpendicular to the plane of paper is unity and p , Fig. 2.1 Forces on a fluid element.

py and p, are the pressures or intensity of pressure acting on the face AB, AC and BC respectively. Let
ZABC = 0. Then the forces acting on the element are :
1. Pressure forces normal to the surfaces, and

2. Weight of element in the vertical direction.
The forces on the faces are :

Force on the face AB = p, X Area of face AB
=p . xdyxl
Similarly force on the face AC=p, X dx x 1
Force on the face BC = p% xXdsx1
Weight of element = (Mass of element) X g
=(Volume X p) X g = (—AB;AC xl] Xpxg,
where p = density of fluid.
Resolving the forces in x-direction, we have
peXdyx1—p(dsx1)sin(90°-8) =0
or pyXdyx1—p,dsx1cos6 =0.
But from Fig. 2.1, dscos © = AB=dy
peXdyx1l—p,xdyx1l =0
or Py =D, .(2.1)
Similarly, resolving the forces in y-direction, we get
X
pyXdxx1-p, xdsx1cos(90°-8) - a'xzdy xXIxpxg=0
dxd
or pyxdx—pzdssine—xyxpxg:O.

But ds sin 8 = dx and also the element is very small and hence weight is negligible.
pydx —p,xdx=0

or py=p; ..(2.2)
From equations (2.1) and (2.2), we have
Px=pPy=r; .(2.3)

The above equation shows that the pressure at any point in x, y and z directions is equal.
Since the choice of fluid element was completely arbitrary, which means the pressure at any point is

the same in all directions.



