
CE 6303  MECHANICS OF FLUIDS
UNIT I  FLUID PROPERTIES AND FLUID STATICS

Fluid – definition, distinction between solid and fluid - Units and dimensions - Properties of fluids
-density, specific weight, specific volume, specific gravity, temperature, viscosity,
compressibility, vapour pressure, capillarity and surface tension - Fluid statics: concept of fluid
static pressure, absolute and gauge pressures - pressure measurements by manometers and
pressure gauges- forces on planes – centre of pressure – bouncy and floatation.

INTRODUCTION TO FLUIDS
Definition
� There are three states of matter: solids, liquids and gases.
� Both liquids and gases are classified as fluids.
� Fluids do not resist a change in shape. Therefore fluids assume the shape of the

container they occupy.
� Liquids may be considered to have a fixed volume and therefore can have a free
surface.

Liquids are almost incompressible.
� C o n v e r s e l y , gases are easily compressed and will expand to fill a container they
occupy.
� We will usually be interested in liquids, either at rest or in motion.

Definition
� The strict definition of a fluid is: A fluid is a substance which conforms
continuously

under the action of shearing forces.
� To understand this, remind ourselves of what a shear force is:
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Application and effect of shear force on a
book

Definition Applied to Static
Fluids

According to this definition, if we apply a shear force to a fluid it will deform and
take up

a state in which no shear force exists. Therefore, we can say: If a fluid is at rest there can
be no shearing forces acting and therefore all forces in the fluid must be perpendicular to
the planes in which they act. Note here that we specify that the fluid must be at rest.
This is because, it is found experimentally that fluids in motion can have slight
resistance to shear force. This is
the source of
viscosity.
Definition Applied to Fluids in
Motion

For example, consider the fluid shown flowing along a fixed surface. At the
surfacethere

will be little movement of the fluid (it will ‘stick’ to the surface), whilst furtheraway
from the
surface the fluid flows faster (has greater
velocity):

If one layer of is moving faster than another layer of fluid, there must be shear
forcesacting between them. For example, if we have fluid in contact with a conveyor
beltthat is moving we will get the behaviour shown:

Ideal fluid                               Real (Viscous) Fluid

When fluid is in motion, any difference in velocity between adjacent layers has the
same effect as the conveyor belt does.
Therefore, to represent real fluids in motion we must consider the action of shear
forces
Consider the small element of fluid shown, which is subject to shear force and
has a dimension sinto the page. The force F acts over an area A = BC×s. Hence
we have a shear stress applied:
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Any stress causes a deformation, or strain, and a shear stress causes a shear strain.
This shear strain is measured by the angle φ . Remember that a fluid continuously
deforms when under the action of shear. This is different to a solid: a solid has a single
value of φ for each value of τ . So the longer a shear stress is applied to a fluid, the more
shear strain occurs. However, what is known from experiments is that the rate of shear
strain (shear strain per unit time) is related to the shear stress:

We need to know the rate of shear strain. From the diagram, the shear strain is:

If we suppose that the particle of fluid at E moves a distance x in time t, then, using
S = Rθ for small angles, the rate of shear strain is:

Where u is the velocity of the fluid. This term is also the change in velocity with
height. When we consider infinitesimally small changes in height we can write this in
differential form, du/ dy . Therefore we have:

Newton’s Law of Viscosity:

Generalized Laws of Viscosit
We have derived a law for the behaviour of fluids – that of Newtonian fluids.
However, experiments show that there are non-Newtonian fluids that follow a generalized
law of viscosity:

Where A, B and n are constants found experimentally. When plotted these
fluids show much different behaviour to a Newtonian fluid:
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Behaviour of Fluids and
Solids
In this graph the Newtonian fluid is represent by a straight line, the slope of which is μ .
Some of
the other fluids
are:
� Plastic: Shear stress must reach a certain minimum before flow commences.
� Pseudo-plastic: No minimum shear stress necessary and the viscosity decreases

with rate of shear, e.g. substances like clay, milk and cement.
� Dilatant substances; Viscosity increases with rate of shear, e.g. quicksand.
� Viscoelastic materials: Similar to Newtonian but if there is a sudden large

change in shear they behave like plastic.
� Solids: Real solids do have a slight change of shear strain with time, whereas ideal

solids (those we idealise for our theories) do not. Lastly, we also consider the ideal
fluid. This is a fluid which is assumed to have no viscosity and is very
useful for developing theoretical solutions. It helps achieve some practically
useful solutions.

Properties
Further Reading

Here we consider only the relevant properties of fluids for our purposes. Find out
about

surface tension and capillary action elsewhere. Note that capillary action only features in
pipes of
≤ 10 mm diameter.

FLUID PROPERTIES:

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 is called density.

Mass density � � Mass of
fluid

Density of fluid

The unit of density in S.I. unit is kg/m3. The value of density for water is 1000kg/m3.
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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. The weight per unit volume of a
fluid is called weight density.

Weight density � Weight of fluid
Volume of

w � Mass of fluid x g

fluid

Volume of fluid

w �� x
g

The unit of specific weight in S.I. units is N/m3. The value of specific weight or weight
density of water is
9810N/m3.
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.

Specific volume � Volume of a
fluid

�
1

Mass of fluid �

Thus specific volume is the reciprocal of mass density. It is expressed as m3/kg. It is
commonly applied to gases.

4.)Specific Gravity: Specific gravity is defined as the ratio of the weight density of a
fluid to the weight density of a standard fluid.

Specific gravity � Weight density of liquid
Weight density of water

VISCOSIT
Y:

Viscosity is defined as the property of a fluid which offers resistance
to the movement of one layer of fluid over adjacent layer of the fluid. When two

layers of a fluid, a distance ‘dy’ apart, move one over the other at different velocities,
say u and u+du   as shown in figure. The viscosity together with relative velocity
causes a shear stress acting between the fluid layers.
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COMPRESSIBILITY:

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

Consider a cylinder fitted with a piston as shown

in figure. Let V= Volume of a gas enclosed in the

cylinder

P= Pressure of gas when volume is V

Let the pressure is increased to p+dp, the volume of gas decreases

from V to V-dV. Then increase in pressure =dp kgf/m2

Decrease in volume= dV

Volumetric Strain = �
d
V
V

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

Bulk modulus
K=

Increase
of

pressure

Volumetric Strain

dp=
� dV
V

1Compressibility is givenby =
K

Relationship between K and pressure (p) for a Gas:

The relationship between bulk modulus of elasticity (K) and pressure for a gas for
two different processes of comparison are as:

(i) For Isothermal Process: The relationship between pressure (p) and density (ρ)
of a gas as
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p = Constant
�

�V = Constant

Differentiating this equation, we get (p and V are variables)

PdV +Vdp = 0 or pdV= - Vdp or p=�Vdp
dV

Substituting this value K =p

(ii) For adiabatic process. For adiabatic process

p
�Constant or pVk = Constant

�

SURFACE
TENSION:

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 two immiscible liquids such that the
contact surface behaves like a membrane under tension
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
liquid 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 tube and
surface tension of the liquid.

Problem 1.
Calculate the capillary effect in millimeters a glass tube of 4mm diameter, when

immersed in (a) water (b) mercury.  The temperature of the liquid is 200 C and the
values of the surface tension of water and mercury at 200 C in contact with air are
0.073575 and 0.51 N/m respectively. The angle of contact for water is zero that for
mercury 1300. Take specific weight of water as 9790 N / m3

Given:

Diameter of tube � d = 4 mm = m3104 �	

Capillary effect (rise or depression) � dgp
h

		
�

 cos4

� Surface tension in kg f/mwww.studentsfocus.com



� Angle of contact and   p = density

i. Capillary effect for water

,/073575.0 mN� 00�

cmkgp 03 20@/998�

mCosh 3
3

0

1051.7
10481.9998

073575.04 �
�

	�
			

		
�

= 7.51 mm.

Capillary effect for mercury:

,/51.0 mN� 0130�

3/1360010006.131000 mkggrspp �	�	�

3

0

10481.913600
13051.04

�			

		
�

Cos
h

31046.2 �	�� m

= - 2.46 mm.

-Ve indicates capillary depression.

Problem 2.
A cylinder of 0.6 m3 in volume contains air at 500C and 0.3 N/ mm2 absolute pressure.
The air is compressed to 0.3 m3.  Find (i) pressure inside the cylinder assuming
isothermal process (ii) pressure and temperature assuming adiabatic process.  Take K
= 1.4
Given:
Initial volume 3

1 36.0 m��
Pressure P1 = 0.3 N/mm2

26 /103.0 mN	�
Temperature, t1 =  500 Cwww.studentsfocus.com



T1 = 273 + 50 = 323 0 K

Final volume, 3
2 3.0 m��

K = 1.4
i. Isothermal Process:

tConsportCons
p
P tan)(tan ���

2211 ��� pp

26
4

2

11
2 /106.0

3.0
6.01030 mN

p
p 	�

		
�

�

�
�

= 0.6 N / mm2

ii. Adiabatic Process:

ortCons
p
p
K tan�

KK pp 2211. ���

4.14
4.1

4

2

1
12 21030

3.0
6.01030 		��
�

�

�

�
		�

�

�
�

K
Kpp

226 /791.0/10791.0 mmNmN �	�

For temperature, RTp �� , tconsp k tan��

�
�

RTp and tconsRT k tan��	
�

tConsRT k tan1 �� �

tConsT k tan1 �� � � �tconsalsoisR tan�

1
22

1
11

�� � kk VTVT

tconsp K tan��

www.studentsfocus.com



0.14.11

2

1
12 3.0

6.0323
��

�
�

�

�

����
�

�

�

�
�

k

V
V

TT

K04.0 2.4262323 �	�

Ct 0
2 2.1532732.426 ���

Problem 3
If the velocity profile of a fluid over a plate is a parabolic with the vertex 202 cm from

the plate, where the velocity is 120 cm/sec.  Calculate the velocity gradients and shear
stress at a distance of 0,10 and 20 cm from the plate, if the viscosity of the fluid is 8.5
poise.
Given,

Distance of vertex from plate = 20 cm.
Velocity at vertex, u = 120 cm / sec.

Viscosity, 85.0
10

5.85.8 2 ���
m
Nspoiseµ

Parabolic velocity profile equation, Cbyayu ��� 2
-------------- (1)

Where, a, b and c constants. Their values are determined from boundary conditions.
i) At y = 0, u = 0

ii) At y = 20cm, u = 120 cm/se.

iii) At y = 20 cm, 0�
dy
du

Substituting (i) in equation (1), C = 0

Substituting (ii) in equation (1), � � � � baba 20400220120 2 ���� -----------(2)

Substituting (iii) in equation (1), bay
dy
du

�� 2

baba ���		� 402020 -----------(3)

solving 1 and 2, we get,

020800
)(

020400

��
�

��

ba

ba
40 a + b = 0

b = - 40 a
� � aaaaba 4008004004020400120 �������
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3.0
10
3

400
120

����
�

�a

� � 2.13.040 ��	��b

Substituting a, b and c in equation (i) yyu 123.0 2 ���

126.01223.0 ����	�� yy
dy
du

Velocity gradient

at y = 0,  Velocity gradient, ./121206.0
0

s
dy
du

y

��	����
�

�

�

�

�

at y =10 cm,  Velocity gradient, ./612612106.0
10

s
dy
du

y

�����	����
�

�

�

�

�

at y = 20 cm,  Velocity gradient, 0121212206.0
20

�����	����
�

�

�

�

�ydy
du

Shear Stresses:

Shear stresses is given by, dy
du

µ �

i. Shear stress at y = 0 ,
2

0

/2.100.1285.0 mN
dy
du

y

�	���
�

�

�

�
�

�

µ

ii. Shear stress at y =  10 ,
2

10

/1.50.685.0 mN
dy
du

y

�	���
�

�

�

�
�

�

µ

iii. Shear stress at y = 20 , 0085.0
20

�	���
�

�

�

�
�

�ydy
du

µ

Problem 4 www.studentsfocus.com



A 15 cm diameter vertical cylinder rotates concentrically inside another cylinder of
diameter 15.10 cm.  Both cylinders are 25 cm high.  The space between the cylinders is
filled with a liquid whose viscosity is unknown.  If a torque of 12.0 Nm is required to
rotate the inner cylinder at 100 rpm determine the viscosity of the fluid.
Solution:

Diameter of cylinder = 15 cm = 0.15 m

Diameter of outer cylinder = 15.10 cm  = 0.151 m

Length of cylinder � L = 25 cm = 0.25 m

Torque T= 12 Nm ; N = 100 rpm.

Viscosity = �

Tangential velocity of cylinder sm
DN

u /7854.0
60

10015.0
60

�
		

��


Surface area of cylinder 25.015.0 		�	�  LDA

=  0.1178 m2

dy
du

µ � smuudu /7854.00 ����

mdy 0005.0
2

150.0151.0
�

�
�

0005.0
7854.0	

�
µ



Shear force, 1178.0
0005.0

7854.0
	

	
�	�
µAreaStressShearF

Torque
2
DFT 	�

2
15.01178.0

0005.0
7854.00.12 		

	
�
µ

2/864.0
15.01178.07854.0

20005.00.12 mNs�
		
		

�µ

.64.810864.0 poise�	�µwww.studentsfocus.com



Problem 5
The dynamic viscosity of oil, used for lubrication between a shaft and sleeve is 6 poise.
The shaft is of diameter 0.4 m and rotates at 190 rpm.  Calculate the power lost in the
bearing for a sleeve length of 90 mm.  The thickness of the oil film is 1.5 mm.

Given, 22 6.0
10
66

m
Ns

m
Nspoise ���µ

D = 0.4 m mmmL 3109090 �	��

N = 190 rpm. mmmt 3105.15.1 �	��

W
NT

Power
60

2
�

.
2

NmDforceT 	�

AreastressShearF 	� DL 	�

2/ mN
dy
du

µ �

./
60

sm
DN

u


�

Tangential Velocity of shaft, ./98.3
60

1904.0
60

sm
DN

u �
		

��


du =  change of velocity = u – 0 = u = 3.98 m/s.
.105.1 3 mtdy �	��

2
3 /1592

105.1
98.310 mN

dy
du

�
	

	���
�

µ

Shear force on the shaft F = Shear stress   x Area

NLDF 05.18010904.015921592 3 �				�		� �

Torque on the shaft, .01.36
2
4.005.180

2
NsDForceT �	�	�

W48.716
60

01.361902
60
NT2lostPower �

		
��
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Problem 6
If the velocity distribution over a plate is given by 2

3
2 yyu �� in which U is the velocity

in m/s at a distance y meter above the plate, determine the shear stress at
y = 0 and y = 0.15 m.  Take dynamic viscosity of fluid as 8.63 poise.
Given:

2

3
2 yyu ��

y
dy
du 2

3
2
��

� �
3
202

3
2

0

�����
�

�

�

�

�ydy
du

� � 30.0667.017.02
3
2

15.0

��	����
�

�

�

�

�ydy
du

10
63.863.8 �� poiseµ SI units   = 0.863  Ns / m2

i. Shear stress at y = 0 is given by

2

0
0 /5756.0667.0863.0 mN

dy
du

y

�	���
�

�

�

�
�

�

µ

ii. Shear stress at y = 0.15 m is given by

� � 2

15.0
15.0 /3167.0367.0863.0 mN

dy
du

y
y �	���

�

�

�

�
�

�

� µ

dy
du

µ �
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Problem 7
The diameters of a small piston and a large piston of a hydraulic jack at3cm and 10
cm respectively.  A force of 80 N is applied on the small piston Find the load lifted by
the large piston when:


 The pistons are at the same level

 Small piston in 40 cm above the large piston.

The density of the liquid in the jack in given as 1000 kg/m3

Given: Dia of small piston  d = 3 cm.

� Area of  small piston , � � 222 068.73
44

cmda �	��


Dia of large piston, D = 10 cm

� Area of larger piston, � � 22 54.7810
4

cmPA �	�

Force on small piston, F = 80 N

Let the load lifted  = W

a. When the pistons are at the same level

Pressure intensity on small piston

2/
068.7
80 cmN

a
FP ��

This is transmitted equally on the large piston.

� Pressure intensity on the large piston
068.7
80

�

� Force on the large piston   =  Pressure   x area

=
068.7
80

� x 78.54 N = 888.96 N.

b. when the small piston is 40 cm above the large piston

Pressure intensity on the small pistonwww.studentsfocus.com



2/
068.7
80 cmN

a
F
��

� Pressure intensity of section A – A

��
a
F pressure intensity due of height of 40 cm of liquid. P = pgh.

But pressure intensity due to 40cm. of liquid

2/4.081.91000 mNhgp 		�		�

22
4 /3924.0/

10
4.081.91000 cmNcmN �

		
�

� Pressure intensity at section

3924.0
068.7
80

��� AA

= 11.32  + 0.3924  = 11.71 N/cm2

Pressure intensity transmitted to the large piston = 11.71 N/cm2

Force on the  large piston  =  Pressure   x Area of the large piston

54.7871.1171.11 	�	� A

=  919. 7 N.

FLUID STATICS
Pressure

� In fluids we use the term pressure to mean:
� The perpendicular force exerted by a fluid per unit area.
� This is equivalent to stress in solids, but we shall keep the term pressure.
� Mathematically, because pressure may vary from place to place, we have:

As we saw, force per unit area is measured in N/m2 which is the same as a
pascal
(Pa). The units used in practice
vary:
� 1 kPa = 1000 Pa = 1000 N/m2
� 1 MPa = 1000 kPa = 1 × 106 N/m2
� 1 bar    = 105 Pa = 100 kPa = 0.1 MPawww.studentsfocus.com



� 1 atm = 101,325 Pa = 101.325 kPa = 1.01325 bars = 1013.25 millibars
For reference to pressures encountered on the street which are often
imperial:
� 1 atm = 14.696 psi (i.e. pounds per square inch)
� 1 psi = 6894.7 Pa ≈ 6.89 kPa ≈ 0.007 MPa

Pressure Reference
Levels

The pressure that exists anywhere in the universe is called the absolute pressure,
abs P

.This then is the amount of pressure greater than a pure vacuum. The atmosphere onearth
exerts atmospheric pressure, atm P , on everything in it. Often when measuringpressures
we will calibrate the instrument to read zero in the open air. Any measuredpressure, meas
P , is then a positive or negative deviation from atmospheric pressure.We call such
deviations a gauge pressure, gauge P . Sometimes when a gauge pressureis negative it is
termed a vacuum pressure, vac P .
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The above diagram shows:
(a) the case when the measured pressure is below atmospheric pressure and so is a
negative gauge pressure or a vacuum pressure;
(b) the more usual case when the measured pressure is greater than atmospheric pressure
by the gauge pressure.
Pressure in a Fluid
Statics of Definition
We applied the definition of a fluid to the static case previously and determined that
there must
be no shear forces acting and thus only forces normal to a surface act in a
fluid. For a flat surface at arbitrary angle we have:

A curved surface can be examined in sections:

And we are not restricted to actual solid-fluid interfaces. We can consider imaginary
planes through a fluid:
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Pascal’s Law
This law states:
The pressure at a point in a fluid at rest is the same in all directions.
To show this, we will consider a very small wedge of fluid surrounding the
point. This wedge is unit thickness into the page:

As with all static objects the forces in the x and y directions should balance. Hence:
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Hence for any
angle:

And so the pressure at a point is the same in any direction. Note that we neglected the
weight of the small wedge of fluid because it is infinitesimally small. This is why Pascal’s
Law is restricted to the pressure at a point.
Pressure Variation with
Depth
Pressure in a static fluid does not change in the horizontal direction as the horizontal
forces
balance each other out. However, pressure in a static fluid does change with depth, due to
the extra weight of fluid on top of a layer as we move down wards. Consider a column of
fluid of arbitrary cross section of area, A:

Column of Fluid Pressure Diagram
Considering the weight of the column of water, we
have:

Obviously the area of the column cancels out: we can just consider
pressures. If we
say the height of the column is h = h2 – h1 and substitute in for the specific weight,
we see the difference in pressure from the bottom to the top of the column is:

This difference in pressure varies linearly in h, as shown by the Area 3 of the pressure
diagram. If we let h1 = 0 and consider a gauge pressure, then p1 = 0 and we have:

Where h remains the height of the column. For the fluid on top of the column, this isthe
source of
1 p and is shown as Area 1 of the pressure diagram. Area 2 of thepressure diagram is
this same pressure carried downwards, to which is added more pressure due to the extrawww.studentsfocus.com



fluid.
The gauge pressure at any depth from the surface of a
fluid is:

Summar
y
1. Pressure acts normal to any surface in a static
fluid;
2. Pressure is the same at a point in a fluid and acts in all
directions;

3. Pressure varies linearly with depth in a
fluid.
By applying these rules to a simple swimming pool, the pressure distribution around the
edges is as shown:

Note
:
1. Along the bottom the pressure is constant due to a constant
depth;
2. Along the vertical wall the pressure varies linearly with depth and acts in the
horizontal direction;
3. Along the sloped wall the pressure again varies linearly with depth but also acts
normal to the surface;
4. At the junctions of the walls and the bottom the pressure is the
same.
Problems -
Pressure

1. Sketch the pressure distribution applied to the container by the fluid:

2. For the dam shown, sketch the pressure distribution on line AB and on the
surface of the dam, BC. Sketch the resultant force on the dam.www.studentsfocus.com



3. For the canal gate shown, sketch the pressure distributions applied to it. Sketch the
resultant force on the gate? If h1 = 6.0 m and h2 = 4.0 m, sketch the pressure
distribution to the gate. Also, what is the value of the resultant force on the gate and at
what height above the bottom of the gate is it applied

Pressure Head
Pressure in fluids may arise from many sources, for example pumps, gravity,
momentum etc.
Since p = ρgh, a height of liquid column can be associated with thepressure p arising
from such sources. This height, h, is known as the pressure head.
Example:
The gauge pressure in a water mains is 50 kN/m2, what is the pressure head?
The pressure head equivalent to the pressure in the pipe is just:

So the pressure at the bottom of a 5.1 m deep swimming pool is the same as the pressure
in this pipe.
Manometers
A manometer (or liquid gauge) is a pressure measurement device which uses thewww.studentsfocus.com



relationship
between pressure and head to give readings.
In the following, we wish to measure the pressure of a fluid in a pipe.
Piezometer
This is the simplest gauge. A small vertical tube is connected to the pipe and its top is
left open
to the atmosphere, as shown.

The pressure at A is equal to the pressure due to the column of liquid of

height h1 : Similarly,

The problem with this type of gauge is that for usual civil engineering applications the
pressure is large (e.g. 100  kN/m2) and  so  the height of the column is
impractical(e.g.10  m). Also, obviously, such a gauge is useless for measuring gas
pressures.
U-tube
Manometer
To overcome the problems with the piezometer, the U-tube manometer seals the fluid by
using a
measuring (manometric)
liquid:
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Choosing the line BC as the interface between the measuring liquid and the fluid, we

know: For the left-hand side of the U-tube:

For the right hand
side:

Where we have ignored atmospheric pressure and are thus dealing with
gauge pressures. Thus:

And
so:

Notice that we have used the fact that in any continuous fluid, the pressure is the same
at any horizontal level.

Differential Manometer
To measure the pressure difference between two points we use a u-tube as shown:

Using the same approach as before:
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Hence the pressure difference is:

PROBLEM 8
A U-Tube manometer is used to measure the pressure of water in a pipe line, which is
in excess of atmospheric pressure.  The right limb of the manometer contains water
and mercury is in the left limb.  Determine the pressure of water in the main line, if
the difference in level of mercury in the limbs U.  U tube is 10 cm and the free surface
of mercury is in level with over the centre of the pipe. If the pressure of water in pipe
line is reduced to 9810 N/m2, Calculate the new difference in the level of mercury.
Sketch the arrangement in both cases.
Given,

Difference of mercury   = 10 cm = 0.1 m.
Let PA = pr of water in pipe line (ie, at point A)

The point  B and C lie on the same horizontal line.  Hence pressure at B should be
equal to pressure at C.

But pressure at B = Pressure at A and Pressure due to 10 cm (or) 0.1m of water.

hgpPA 		��

where , P = 1000kg/m3 and h = 0.1 m

1.081.91000 		�� AP

2/981 mNPA �� (i)

Pressure at C = Pressure at D  + pressure due to 10 cm of mercury

000 hgP 		�

where po for mercury
3/10006.13 mkg	�

h0 = 10 cm = 0.1 m

Pressure at � � 1.081.910006.130 			��C

= 13341.6 N (ii)

But pressure at B is = to pr @ c. Hence,
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equating  (i) and (ii)

6.13341981 ��AP

2/6.123609816.13341 mNp A ���

II part: Given 2/9810 mNp A �

In this case the pressure at A is 9810 N/m2 which is less than the 12360.6 N/m2.
Hence the mercury in left limb will rise.  The rise of mercury in left limb will be equal to
the fall of mercury in right limb as the total volume of mercury remains same.

Let, x =  Ries of mercury in left limb in cm

Then fall of mercury in right limb = x cm.

The points B, C and D show the initial condition.

Whereas points B*, C*, and D* show the final conditions.

The pressure at B * =  pressure at C*

Pressure at A + pressure due to (10-x) cm of water.

= pressure at D*  + pressure due to (10-2x) cm of mercury.

(or)

2211 * hgppDhgpPA 		��	�

(or)

�
�

�

�

� �	
�

100
10

81.9
81.91000

8.9
9810 x

� �
�
�

�

�

� �
	

		
��

100
210

81.9
81.910006.130 x

Dividing by 9.81 , we get,

xx 2721360101001000 ����

1100136010272 ��� xxwww.studentsfocus.com



262 x = 260

cmx 992.0
262
260

��

� New difference of mercury  = 10 - 2 x cm

992.0210 	��

= 8.016 cm.

PROBLEM 9
A differential manometer is connected at the two points A and B of two pipes a shown
in figure.  The pipe A contains a liquid of sp. Gr = 1.5 while pipe b contains a liquid of
sp . gr = 0.9 .  The pressures at A and B are 1 kgf / cm2 respectively.  Find the
difference in mercury  level in the differential manometer.

Given,

Sp. Gr of liquid at A, S1 = 1.5  p1 =  1500

Sp. Gr of liquid at B, S2 = 0.9  p2 =  900

Pr at A, PA = 1kgf / cm2 = 24 /101 mkgf	

24 /81.910 mN	� (1 kgf= 9.81 N)

Pr at B,   PB = 1.8  kgf / cm2

24 /81.9108.1 mN		�

Density of mercury 3/10006.13 mkg	�

Pr above   X – X in left limb = � � APh ��		�			 3281.9150081.910006.13

41081.9750081.910006.13 		�			� h

Pr above X – X in the right limb � � BPh ��		� 281.9900

� � 81.9108.1281.9900 4 		��		� h

Equating two pressure, we get,www.studentsfocus.com



41081.981.93750081.910006.13 	�	�		 h

� � 81.9108.1281.9900 4 		��		� h

Dividing by ,81.91000	 we get

� � 189.00.2105.76.13 �	���� hh

8.199.0188.19.05.176.13 ������ hhh

� � 5.178.199.06.13 ��� h or   12.7 h = 2.3

cmmh 1.18181.0
7.12
3.2

���
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