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Fluid Pressure
and its Measurement

L Introduction. 2. Pressure Head. 3. Pascal's Law. 4.Atmospheric Pressure. 5. Gauge Pressure.
6. Absolute Pressure. 7. Measurement of Fluid Pressure. 8. Tube Gauges to Measure Fluid Pressure.
9. Piezometer Tube. 10. Manometer. 11. Simple Manometer. 12, Micromanometer. 13. Differential
Manometer.  14. Inverted Differential Manometer. 15. Mechanical Gauges. 16. Bourdon's Tube
Pressure Gauge. 17. Diaphragm Pressure Gauge. 18. Dead Weight Pressure Gauge.

2.1 Introduction

We see that whenever a liquid (such as water, oil etc.) is contained in a vessel, it exerts force
at all points on the sides and bottom of the container. This force per unit area is called pressure. If
P is the force acting on area a, then intensity of pressure,

s
Py |
The direction of this pressure is always at right angles to the surface, with which the fluid at
rest, comes in contact.
22 Pressure Head

Consider a vessel containing some liquid as shown in Fig. 2-1. We know that the liquid will
exert pressure on all sides as well as bottom of the vessel. Now let a bottomless cylinder be made to
stand in the liquid as shown in the figure.

Let w = Specific weight of the liquid,
h = Height of liquid in the
cylinder, and
A = Area of the cylinder base.

A h.tlle consideration w.ﬂl show, lh_at t!lere .wﬂl be some pressure Fig.2-1. Pressure head."
on the cylinder base due to weight of the liquid in it. Therefore pressure,

_ Weight of liquid in the cylinder

Area of the cylinder base

This equation shows that the intensity of pressure at any point, in a liquid, is proportional to its
depth, from the surface (as w is constant for the given liquid). It is thus obvious, that the pressure can
be expressed in either of the following two ways :

1. As aforce per unit area i.e., N/m?, kN/m? etc.
2. As aheight of the equivalent liquid column.

*The intensity of pressure, in brief, is generally termed as pressure.

1 . .
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Note : The pressure is always expressed in pascal (briefly written as Pa) suchthat 1 Pa=1 Nlmz.

1kPa =1 kN/m” and 1 MPa = | MN/m” = 1 Nfmm’.
Example 2-1. Find the pressure at a point 4 m below the free surface of water.

Solution. Given: h =4 m,
We know that pressure at the paint,
p = wh=981x4 = 3924 kN/m>=3924kPa  Ans.
Example 2-2. A steel plate is immersed in an oil of specific weight 7-5 kN/m’® upto a depth of
2.5 m. What is the intensity of pressure on the plate due to the oil ?
Solution. Given : w=7-5kN/m*and h=2-5 m.
We know that intensity of pressure on the plate,
p =wh= 75%x25 = 1875 KN/m® = 18-75kPa Ans.
Example 2.3. Calculate the height of a water column equivalent to a pressure of 0-15 MPa.
Solution. Given : p = 0-15 MPa = 0-15 x 10" kN/m?
Let h = Height of water column in metres.
We kno» that pressure of water column (p),
015%10° = wh = 981 xh
- h= (015x10%/9-81 = 153m Ans.
Example 2-4, What is ihe height of an oil column of specific gravity 0-9 equivalent to a gauge
pressure of 20-3 kPa?
Solution. Given : Sp. gr. of oil = 0-9 and gauge pressure (p) = 20-3 kPa = 20-3 kN/m?
Let h = Height of oil column in metres.
We know that specific weight of oil,
w= 09x981 = 8829 kN/m>
and gauge pressure (p) 203 = wh=8829xh
h= 20-3/8-829=23m Ans.
EXERCISE 2.1
Find the pressure at a point 1-6 m below the free surface of waler in a swiming pool. [Ans. 15-7 kPa]

2. A po'in( is located at a depth of 1:6 m from the free surface of an oil of specific weight 8-0 KN/m>,
Calculate the intensity of pressure at the point. [Ans, 12.8 kPa]
3. Find the height of water column corresponding to a pressure of 5-6 kPa, [Ans. 0-57 m]

4. Determine the height of an oil column of specific gravity 0-8, which will cause a pressure of 25 kPa.
; [Ans. 3-19 m]

5. Calculate the height of mercury column equiva]cni 1o a gauge pressure of 150 kPa.  [Ans. 1-12m)
2.3 Pascal’s Law
_Itstates, “‘The intensity of pressure at any point in a fluid at rest, is the same in all directions."’
Proof. Consider a very small right-angled triangular element ABC of a liquid as shown in
Fig. 2:2. '

Let Px = Intensity of horizontal pressure on the element of the liquid,
. py = Intensity of vertical pressure on the element of the liquid,
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pz = Intensity of pressure on the diagonal of the tri-angular
element of the liquid, and
6 = Angle of the triangular
element of the liquid.
Now pressure on the vertical side AC of the liquid,

Py= pyxAC (D)
Similarly, pressure on the horizontal side BC of the liquid,
Py = pyxXBC (i)
and pressure on the diagonal AB of the liquid, Fig. 2:2.
P,= p;XAB (i) Element of liquid.

Since the element of the liquid is at rest, therefore sum of the horizontal and vertical components
of the liquid pressures must be equal to zero.

Resolving the forces horizontally,

Pzsin®= Py
or pz.AB.sine= px.AC "'(.‘-PZ =pz-AB)
From the geometry of the figure, we find that

ABsin@= AC '

pz § AC = px 5 AC

or Pz = Px (V)
Now resolving the forces vertically,
ie., P,cos@= P,-W ...(where W = Weight of the liquid element)

Since we are considering a very small triangular element of the liquid, therefore neglecting
weight of the liquid (W), we find that

P, cos0= Py
pzAB .cos0 = py.BC
From the geometry of the figure, we find that

ABcos 6= BC
P,.BC= P,.BC
or Pz= Dy w(¥)
Now from equations (iv) and (v), we find that
Px= Py = Pz

Thus the intensity of pressure at any point in a fluid, at rest, is the same in all directions.

2.4 Atmospheric Pressure

It has been established, since long, that the air possesses some weight. Subsequently, it was
also thought that the air, due to its weight, must exert some pressure on the surface of the earth. Since
the air is compressible, therefore its density is different at different heights. The density of air has’
«also been found to vary from time to time due to the changes in its temperature and humidity. It is
thus obvious, that due to these difficulties, the atmospheric pressure (which is due to weight of the
atmosphere or air above the surface of the earth) cannot be calculated, as is done in the case of liquids.

However, it is measured by the height of iqui i
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It has been observed that at sea level, the pressure exerted by the column of air of 1 square
metre cross-sectional area and of height equal to that of the atmosphere is 103 kN. Thus we may say
that the atmospheric pressure at the sea level is 103 kN/m? (or 103 kPa). It can also be expressed as
10-3 metres of water, in terms of equivalent water column or 760 mm of mercury in terms of equivalent

mercury column.

2.5 Gauge Pressure

It is the pressure, measured with the help of a pressure measuring instrument, in which the
atmospheric pressure is taken as datum. Or in other words, the atmospheric pressure on the gauge
scale is marked as zero, Generally, this pressure is above the atmospheric pressure.

2.6 Absolute Pressure

Itis the pressure equal to the algebraic sum of atmospheric and gauge pressures. It may be noted
that if the gauge pressure is minus (as in the case of vacuums or suctions), the absolute pressure will
be almosphen'c pressure minus gauge pressure. e.g., if the absolute pressure at any point is 150
kN/m? and the atmosphenc pressure is 103 kN/m?, then the gauge pressure at that point will be
150 — 103 =47 kN/m? A little consideration will show, that if the pressure intensity at a point is more
than the local atmospheric pressure, the difference of these two pressures is called the
positive gauge pressure. However, if the pressure intensity is less than the local atmospheric pressure,
the difference of these two pressures is called the negative gauge pressure or vacuum pressure.
Mathematically,

Pabsolute = Patmospheric + Pgauge

27 Measurement of Fluid Pressure
The principles, on which all the pressure measuring devices are based, are almost the same.
However, for convenient sake, we may split up the same into the following two types :
1. By balancing the liquid column (whose pressure is to be found out by the same or another
column. These are also called tube gauges 10 measure the pressure.
2. By balancing the liquid column (whose pressure is to be found out) by the spring or dead
weight. These are also called mechanical gauges to measure the pressure.

2.8 Tube Gauges to Measure Fluid Pressure
The devices used for measuring the fluid pressure by tube gauges are :
1. Piezomeler tube. 2, Manometer.

2:9 Piezometer Tube

A piezometer tube is the simplest form of instrument, used for measuring, moderate pressures.
It consists of a tube, one end of which is connected to the pipeline in which the pressure is required
to be found out. The other end is open to the atmosphere, in which the
Jiquid can rise freely without overflow. The height, to which the liquid
rises up in the tube, gives the pressure head directly.

If the pressure of a liquid flowing in a pipe is to be found out, the
piezometer tube is connected lo the pipe as shown in Fig. 2-3. While
connecting the piezometer to a pipe, care should always be taken that the
tube should not project inside the pipe beyondits surface. All burrs and
roughness near the hole must be removed, and the edge of the hole should
be rounded off.

It may be noted that piezometer tube is meant for measuring gauge
pressure only as the surface of the liquid, in the tube, is exposed to the

iezometer tube.
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atmosphere. A piezometer tube is also not suitable for measuring negative pressure; as in such a case
the air will enter in the pipe through the tube,

2-10 Manometer

Strictly speaking, a manometer is an improved form of a piezometer tube. With the help of a
manometer, we can measure comparatively high pressures and negative pressures also. Following
are the few types of manometers : *

1. Simple manometer,

2. Micromanometer,

3. Differential manometer, and

4, Inverted differential manometer.

2:11 Simple Manometer

A simple manometer is a slightly improved form of a piezometer tube for measuring high as
well as negative pressures. A simple manometer, in its simplest form, consists of a tube bent in
U-shape, one end of which is attached to the gauge point and the other is open to the atmosphere as
shown in Fig, 2-4 (a) and (b).

(a) Positive pressure tb) Negative pressure

Fig. 2-4. Simple manometer.

The liquid used in the bent tube or simple manometer is, generally, mercury which is 13-6 times
heavier than water. Hence it is suitable for measuring high pressures also.

Now consider a simple manometer connected to a pipe containing a light liquid under a high
pressure. The high pressure in the pipe will force the heavy liquid, in the left limb of the U-tube, to
move downward. This downward movement of the heavy liquid in the left limb will cause a
corresponding rise of the heavy liquid in the right limb.

The horizontal surface, at which the heavy and light liquid meet in the left limb, is known as a
common surface or datum line. Let Z-Z be the datum line as shown in Fig. 2-4 (a).

Let h1= Height of the light liquid in the left limb above the commom
surface in metres,
h2 = Height of the heavy liquid in the right limb above the
common surface in metres, .
h = Pressure in the pipe, expreséed in terms of head of water in

Metres,  Downloaded From : www.EasyEngineering.net
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51 = Specific gravity of the light liquid, and
s2 = Specific gravity of the heavy liquid.

It will be interesting to know that the pressures in the left limb and right limb above the datum
line are equal, We know that pressure in the left limb above the datum line Z-Z
= h+s1h1 mof water ()]
Similarly, pressure in the right limb above the datum line Z-Z
= s52h2 m of water (if)
Since the pressure in both the limbs above the Z-Z datum is equal, therefore equating the
pressures given by equations (i) and (i),
h+s1ht = s2h2
or = (s2h2 — s1h1) m of water
Note : If a negative pressure is to be measured by a simple manometer, the same can also be measured
easily as discussed below :
In this case, negative pressure in the pipe will suck the light liquid which will pull up the heavy liquid in
+ theleftlimb of the U-tube. This upward movement of the heavy liquid in the left limb will cause a corresponding
fall of the liquid in the right limb as shown in Fig. 2-4 (b).
In this case, the datum line Z-Z may be considered to correspond with the top level of the heavy liquid in
the right column as shown in the figure.
Now the pressure in the left limb above the datum line
= h + s1h1 + s2h2 m of water
and pressure in the right limb =0
Equating these two pressures,
h+sihy+s2=0
or . = ~s51hy — s2h2 = - (s2h2 + s1h1) m of water
Example 2-5. A simple manometer containing mercury is used to measure the pressure of water
Sflowing in a pipeline. The mercury level in the open tube is 60 mm higher than that on the left tube.
If the height of water in the left tube is 50 mm, determine the presure in the pipe in terms of head of
water. )
Solution. Given : Height of mercury level in the open tube than that in the left tube
h, = 60 mm and height of water in the left tube h; = 50 mm.
Let - h = Pressure in the pipe in terms
of head of water
We know that pressure head in the left limb above Z-Z
= h+sihy = h+ (1 x50)

= h+ 50 mm of water (i)
and pressure head in the right limb above 2-Z

= s2h2 = 13.6x60

= 816 mm cf water ()]

Since the pressure in both the limbs above the Z-Z datum
equal, therefore equating (i) and (ii),
.h+50= 816
or = 816-50
= 766 mm of water Ans.
Downloaded From : www.EasyEngineering.net
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Example 2-6. A simple manometer is used to measure the pressure of oil (sp. gravity = 0-8)
flowing in a pipeline. Its right limb is open to the atmosphere and the left limb is connected to the
pipe. The centre of the pipe is 90 mm below the level of mercury (sp. gravity = 13-6) in the right limb.
If difference of mercury levels in the two limbs is 150 mm, find the pressure of oil in the pipe.

Solution. Given : s; = 0-8; Height of mercury above the centre of the pipeline = 90 mm;
s, = 13-6 and h; = 150 mm. )
From the geometry of the manometer, we find that height of oil column from the datum Z-Z,
h1= 150-90 = 60 mm
Let h= Gauge pressure in the pipe line in terms of water head.
We know that pressure head in the left limb above Z—Z
= h+sth = h+(0-8 x60)
= h+ 48 mm of water N ()]
and pressure head in the right limb above Z-Z
= s2h2 = 13-6 % 150
= 2040 mm of water LD G
Since the pressure in both the limbs above the Z-Z datum
is equal, therefore equating (i) and (ii),
h+48 = 2040

h= 2040-48 = 1992 mm
1992 m of water

and gauge pressure (or pressure of oil in the pipe),

2 p= wh = 98i X|l'992 = 19-54 kN/m? = 19-54 kPa Ans.
Note : The value A may also be obtained directly by the relation :
h=s2h2 - sjh1 = (13-6 X 150) - (0-8 x 60)
= 1992 mm = 1.992 mm of water

Example 2-7. A simple manometer containing mercury was used to find the negative pressure
in the pipe containing water as shown in Fig. 2-7. The right limb of the manometer was open to
atmosphere. Find the negative pressure, below the atmosphere in the pipe, if the manometer readings
are given in the figure.

Solution. Given : h; = 50 mm; h; = 20 mm; s, = 1 (because of water) and 5, = 13-6
(because of mercury).
Let h'= Gauge pressure in the pipe in terms of
head of water.
We know that pressure head in the left limb above Z-Z
"= h+s1hy + 52k
= h+(1%20)+(13:6 x50)
=h + 700mm = h+7mof water ...({)
and pressure head in the right limb above Z-Z
=0 )
Since the pressure in both the limbs above the Z-Z datum is
equal, therefore equating (i) and (i), ,
h+7 =0 or h=-7m of water

. Fig. 2-7.
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and gauge pressure in the pipe,
p = wh = 981 x(-7) = —68-67 kN/m?= - 68-67 kPa
= 68-67 kPa (Vacuum) Ans,

Example 2-8. The pressure of water flowing in a pipeline is measured by a man ‘eter
containing U-tubes as shown in Fig. 2-8.

The measuring fluid is mercury in all the tubes and water is enclosed between the mercury
colwnns. The last tube is open to the atmaosphere. Find the pressure of oil in the pipeline.

Solution. Given : No. of tubes = 3; Height ol mercury in each column = 200 mm or total height
of mercury (h2) = 3 ¥ 200 = 600 mm; Total height of water (41) = 300 + (2 X 200) = 700 mm;
si = 1 ( because of water) and 52 = 13-6 (hecause of mercury).

Let : h = Gauge pressure in the pipe in terms of head of water.
We know that pressure head due to water above Z-Z '
=h+sthy = h+ (1 X700) mm = h+ 07 m of water ()
*arl pressure head due to mercury above Z-Z
= 52h2 = 13.6 x 600 = 8160 mm = 8-16 m of water «.(if)

Since the pressure heads due to water and mercury are equal, therefore equating (i) and (i),
h+07=816 or h = 816-07 = 7-46 m of water
and gange pressure (or pressure of oil in the pipeline),
p=wh =981 x746=732kN/m> = 73-2 kPa Ans.

Example 2-9. Fig. 2-9 shows a conical vessel having its outlet at A to which U tube manometer
is connected,

The reading of the manomeler given in the figure shows when the vessel is empty. Find the
reading of the manometer when the vessel is C()mpllgﬁ’y’;,)’rﬁygdkwiﬂmmlfwww,EasyEngineering.net
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Solution. Given : Manometer reading when the vessel is empty (h;) = 200 mm = 0-2 m;
s; = 1 (because of water) and s, = 13-6 (because of mercury).

Let h = Pressure head of oil in terms of head of water.

First of all, let us consider the vessel is to be empty and Z—Z be the datum line. We know that
pressure head in the right limb = 5;h) = 1 xh = hm of water (i)
and pressure head in the left limb = sk, = 13-6 X0-2=2-72 m of water (i)

Since the pressure in both the limbs above the Z-Z datum is equal, therefore equating
equations, (7) and (i),
= 272m
Now consider the vessel to be completely filled with water. As a result of this, let the mercury
level go down by x metres in the right limb, and the mercury level go up by the same amounl in the
left limb. Therefore total height of water in the right limb
=x+h+3 = x+272+3 = x+572m

and pressure head in theright limb = 1 (x+5-72) = x+5-72 m of water ..({if)
We know that manometer reading in this case )
=02 +2xm

and pressure head in the left limb
13-6(0:2+4+2x) = 272+272x (V)
Again equating the pressures of equations (fii) and (iv),
x+572= 2724+272x or 262x = 3.0
& x= 3/262=0113m
and manometer reading = 02+(2%0-115) = 043 m=430mm Ans.

2-12 Micromanometer

It is a modified form of manometer, in which cross-sectional area of one of the limbs (say left
limb) is made much larger (about 100 times) than that of the other limb as shown in Fig. 2-10. A
micromanometer is used for measuring low pressures, where accuracy is of much importance. [hough
there are many types of micrometers, yet the following two types are important from the subject point
of view : '

1. Vertical tube micromanometer, and

2. Inclined tube micromanometer.

1. Vertical tube micromanometer

Now consider a vertical tube micromanometer
connected to a pipe containing light liquid under a very
high pressure. The pressure in the pipe will force the
light liquid to push the heavy liquid in the basin down-
wards. Due to larger area of the basin, the fall of heavy
liquid level will be very small. This downward move-
ment of the heavy liquid, in the basin, will cause a
considerable rise of the heavy liquid in the right limb.
Let us consider our datum line Z-Z corresponding to

o . Fig. 2-10.
heavy liquid level before the experiment. Vertical migcmmnmm_
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Let Sh = Fall of heavy liquid level in the basin in m,
h, = Height of light liquid above the datum line in m
h, = Height of heavy liquid (after experiment) in the right limb
above the datum line in m,
h = Pressure in the pipe, expressed in terms of head of water in m,
A = Cross-sectional area of the basin in m’,
a = Cross-sectional area of the tube in m?,
5, = Specific gravity of the light liquid, and
s, = Specific gravity of the heavy liquid.

We know that the fall of heavy liquid level, in the basin, will cause a corresponding rise of
heavy liquid level.

ASh=ah, or 8h= %xhz i)

Now let us take the horizontal surface in the basin, at which the heavy and light liquid meet,
as datum line. We also know that the pressures in the left limb and right limb, above the datum line
are equal,

.. Pressure in the left limb above the datum line Z-Z
= h+s.h, +5,0h m of water ' (i)
and pressure in the right limb above the datum line
= $;hy + 5,00 m of water (i)
Since pressure in both the limbs above Z-Z datum is equal, therefore equating these two
pressures,
h+s,hy +5,0h = s5,h; +5,3h
or h = syhy+ 5,0h = s,hy — 5,3h
= Sohy — 5k +Oh(s; - 5))
Substituting the value of 8h from equation (i), '

h= shy~ -"lhl'*‘ Xhy(s3-5) (i)

Note : Sometimes, the cross-sectional area of the basin (i.e., A) is made very large and that of the tube
(i.e., a) is made very small. Then the ratio a/A is extremely very small and thus is neglected. Then the above
equation becomes :

h = Szhz—s‘hl --.(l-)
2. Inclined tube micromanometer

. Sometimes, the vertical tube of the micromanometer is made inclined as shown in Fig. 2-11,
An inclined tube micromanometer is more sensitive than the vertical tube type. Due to inclination,
the distance moved by the heavy liquid, in the narrow tube, will be comparatively more, and thus it
gives a higher reading for the given pressure.

From the geometry of figure, we find

hy . :
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Fig.2-11. Inclined tube micromanometer.

By substituting the value of 4, in the micromanometer equation, we can find out the required
pressure in the pipe.

Example 2-10, In order to determine the pressure in a pipe, containing liquid of specific gravity
0-8, a micromanometer was used as shown in Fig. 2-12.

Fig. 2112,

The ratio-of area of the basin 1o that of the limb is 50. Find the intensity of pressure iv the pipe
Jor the manometer reading as shown in the figure.

Solution. Given: s, = 0-8;A/a = 50; h; = 100 mm; h, = 200mmand s; = 13-6 (because
of mercury). ’
We know that pressure head in the left limb above Z-Z

= h+slh,+§><s,h2 =h+(08x 100)+-51—0><0-8x200
= h+80+32 = h+832 mm of water i)

and pressure head in the right limb above Z-Z
= s2h2+% X $h, = 13:6% 200+§]6 x 13-6 x 200
= 2720 + 54-4 = 2774-4 mm of water (i)
* Since pressure in both the limbs above the Z-Z datum is equal, therefore equating (i) and (i),
' h+832= 27744 '
or h= 27744 - 83-2 = 2691-2 mm = 2.6912'm of water
and intensity of pressure in the pipe

p= wh=981x 26 215 REF MY 26 A KB ABSing net
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EXERCISE 2:2°

1. A simple manometer is used to measure the pressure of water flowing in a pipeline. Its right limb is
open to the atmosphere and the left limb is connected to the pipe. The centre of the pipe is in level
with that of the mercury in the right limb. Determine the pressue in the pipe, if the difference of
mercury levels in the two limbs is 100 mm. [Ans. 1:26 m of water; 12-36 kPa]

2. The pressure of water in a pipeline was measured by means of a simple manometer containing
mercury. The reading of the manometer is shown in Fig. 2-13. Determine the static pressure of water
in the pipe in terms of () head of water in metres and (if) kPa. Take usual specific gravities of mercury
and water. - [Ans, 1-05 m; 10-3 kPa]

Fig. 2:13. Fig. 2-14.

1. A U-tube containing mercury is used to measure the pressure of an oil (of specific gravity 0-8) as
shown in Fig. 2-14. Calculale the pressure of-the oil, if the difference of mercury level be 50 cm.
[Ams. 7-0 m of water]

[Hint : Pressure in the left limb = h — (0-8 x 250) = 4 — 200 mm of water (i)
Pressure in the right limb = 522 = 13:6 x 500 = 6800 mm of water (7))
Equating the equations (i) and (ii).

h=200 = 6800 or h = 6800+200 = 7000 mm=7m

Fig. 2:15. Downloaded From : w@iﬁr.%dgvlingineering.net
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4, Fig. 2:15 shows a manometer connected to a pipeline, containing an oil of specific gravity 0-8. Find
the pressure of oil in the pipe. [Ans. 39-4 kPa]
5. A micromanometer, having ratio of basin to limb areas as 40, was used to determine the pressure in
a pipe containing water. Determine the pressure in the pipe for the manometer reading shown in Fig.
2:16. ) . [Ans. 104 kPa)

2-13 Differential Manometer

It is a device used for measuring the difference of pressures, between two points in a pipe, or
in two different pipes. A differential manometer, in its simplest form, consists of a U-tube containing
a heavy liquid, whose two ends are connected to the points, whose difference of pressures is required
to be found out.

Now consider a differential manometer whose two ends are connected with two different points
A and B as shown in Fig. 2:17 (a) and (). Let us assume that the pressure at point A is more than that
at point B. A little consideration will show, that the greater pressure at A will force the heavy liquid
in the U-tube to move downwards. This downward movement of the heavy liquid, in the left limb,
will cause a corresponding rise of the heavy liquid in the right limb as shown in Fig. 2:17 (a).

3 B

E ety +
3 ! on

2/ *

4 | h

z- | z
(a) A and B at the same leve) and (b) A and B at diffurent levels an
containing same liquid. containing different liquids

Fig.217.
Let us take the horizontal surfaee Z-Z, at which the heavy liquid and light liquid meet in the
left limb, as the datum line.

Let h = Difference of the levels of the heavy hquid in the nght and
left limb (also known as the reading of the differential
manometer) in mm, :

h, = Pressure head in pipe A,

hg = Pressure head in pipe B

s = Specific gravity of the light liquid in the pipes and
) s, = Specific gravity of the heavy liquid.
We know that the pressure head in the left limb above Z—-Z

= hp+s) (H+h) = hy+s,H+5h mof water ()
and pressure head in the right limb above Z-Z
: = hy +s5,h+5,h mof water ..(if)

Since the pressure heads in both the limbs above Z—Z datum are equal, therefore equating the
equations () and (i), Downloaded From : www.EasyEngineering.net
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hA+SlH+Slh= hB+SlH+S2h
. hA_hB = Szh"'slh = h(Sz_sl)
Sometimes, the two pipes or the two points, whose difference of pressures is required to be

found out are not at the same level. And at the same time, the liquids flowing in the two pipes are
different. In such a case, the same principle is applied to obtain the difference of pressure heads.

Now consider a differential manometer, whose two ends are connected to two different pipes
Aand B and containing different liquids at different levels as shown in Fig. 2-17 (b). Let us assume
that the pressure at the point A is more than that at the point B. A little consideration will show that
the greater pressure at A will force the heavy liquid to move downwards. This downward movement
of the hquld 1n the left limb, will cause a corresponding rise of the heavy, liquid i in the right limb as
shown in Fig. 2-17 (b). .

The horizontal surface at which the heavy and light liquids meet in the left limb is taken as a
datum line. In this case, let Z-Z be the datum line, as shown in Fig. 217 (b).

Let h1 = Height of liquid in the left limb above the datum line in mm,
h2 = Difference of levels of the heavy liquid in the right and left limb
(also known as reading of the differential manometer) in mm,
= Height of the liquid in the right limb above the datum line in mm,
ha = Pressure head in the pipe A,
hB = Pressure head in the pipe B,
= Specific gravity of the liquid in the left pipe (A),
52 = Specific gravity of the heavy liquid, and
53 = Specific gravity of the liquid in the right pipe (B).
We know that pressure in the left limb above the datum Z-Z

=

=ha +s1h1  m of water . ’ (i)
and pressure in the right limb above the datum Z-Z
=52h2 +s3h3+ hp m of water ...(i)

Since pressure in both the limbs above the Z-Z datum is equal, therefore equating these two
pressures,
ha +s1hy = soha + s3ha + hg
From the above equation, the value of ha, hp or their difference may be found out.

Note : If a differential manometer has got readings other than those assumed in the above equation (i.e.,
pressure in pipe A is more than that in B), then it is advisable (o start the problem from the fundamentals.

Example 2-10. A differential manometer connected at the two pomts A and B at the same level
in a pipe containing an oil of specific gravity 0-8, shows a difference in mercury levels as 100 mm.
Determine the difference in pressures at the two points.

Solution. Given:s; = 08;h = 100 mm and 52 = 13-:6
(because of mercury) A
We know that pressure head in the left limb above Z-Z

= ha +s1 (H + 100) mm of water-

= ha + s1H + 100s1 mm of water ...(i)
and pressure in the right limb above Z-Z

= hg + s1H + 52 X 100 mm of water

Since pressure heads in both the limbs above the Z-Z
datum are equal, therefore equating (i) and (ii),

Fig. \2-]8.
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hy +5H+100s, = hg + 5,H + 100s,
ho—hg = 100 s,— 1005, = 100 (s, s5,) = 100 (13-6 - 0-8)
100 x 128 .= 1280 mm = 1-28 m of water

and difference of pressures,
p= w(ha-hp)=9-81x1-28 = 12.56 kN/m’ = 1256 kPa Ans.

Example 2.11. A manometer containing mercury is connected to two points 15 m apart, on a
pipeline conveying water. The pipeline is straight and slopes at an angle of 15° with the horizontal.
The manometer gives a reading of 150 mm. Determine the pressure difference between the two points
of the pipeline. Take specific gravity of mercury as 13-6 and that of water as 1-0.

Solution. Given : Pipe length (/) = 15 m; Inclination of pipe, @ = 15°% A =150mm =0-15 m;
s2=13-6ands; = 1.0,

Let x = Height of water in the right limb.

We know that difference between the points A and B due to inclination

AC = 155in 15°=15x0-2588 m
= 3.882m

We also know that pressure head in the left limb above
Z-Z datum

ha+015 %51 +x.51+ 3882 53
ha+0-15x 1) +(xx 1) +3-882x 1
) ha +x+4-032 m of water ()
and pressure head in the right limb above Z-Z datum

hp +0-15 52+ x.51 ‘
hp+(0:15% 13-6) +x x 1 Fig. 2 19,

= hg+2.04 +x m of water (if)

Since the pressure heads in both the limbs are equal, therefore equating (i) and (i),
ha+x+4032 = hg+204 +x
hg - ha = 4032 -2-04 = 1992 m of water
and difference of pressures,

p=w(hp—ha) = 981 x1992 = 1954 kN/m®> ~ 19-54 kPa Ans.

Example 2:12. A U-tube differential manometer connects two pressure pipes A and B. The pipe
A contains carbon tetrachloride having a specific gravity 1-6 under a pressure of 120 kPa. The pipe
B contains oil of specific gravity 0-8 under a pressure of 200 kPa. The pipe A lies 2.5 m above pipe
B. Find the difference of pressures measured by mercury as fluid filling U tube

Solution. Given : 55 =1-6; po =120 kPa, sg =0-8; pp =200 kPa, Ao~ 251 wnd 3 = 136
(because of mercury).

Let h = Difference of pressure measured by mercury in terms of head

of water.

We know that pressure head in pipe A,
P, _ 120
w981

200

o p
and pressure head inpipe B, —2 = = = 20.4 m of water o
w98l Downloaded From : www.EasyEngineering.net
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We also know that pressure head in pipe A above Z-Z 120 kPa
122 4+ (sa . ha) +s5.h 3
122+(1:6x2:5)+13-6xh
= 162+13-6h ()]
and pressure head in pipe B above Z-Z
= 204+sgh = 204 +(0-8x k) ..(iD
Since the pressure heads in both the pipes above the Z-Z
datum are equal, therefore equating (i) and (i)
162+ 136 = 204+084 or 128h = 42
h=42128 = 0:328m =328 mm Ans.

Fig. 2-20.

2:14 Inverted Differential Manometer

Itis aparticular type of differential manometer, in which an inverted U-tube is used. An inverted
differential manometer is used for measuring difference of low pressures, where accuracy is the prime
consideration. It consists of an inverted U-lube, containing a
light liquid whose two ends are connected to the points whose
difference of pressures is to be found out.

Now consider an inverted differential manometer, whose
two ends are connected to two different points A and B as shown
in Fig. 2:21. Let us assume that the pressure at point A is more
than that at point B, A little consideration will show, that the
greater pressure at A will force the light liquid in the inverted
U-tube to move upwards. This upward movement of liquid in the
left limb will cause a corresponding fall of the light liquid in the
right limb as shown in Fig. 2-21. Let us take Z-Z as the datum
line in this case. )

AnAUNARANNANANNRN

, S . Fig. 2-21. Inverted differcntial - ma-
Let hy = Height of liquid in the left limb ——

below the datum line in mm, .
h2 = Difference of levels of the light liquid in the right and left limbs
(also known as manometer reading) in mm,
h3 = Height of liquid in the right limb below the datum line in mm,
ha = Pressure in the pipe A, expressed in terms of head of the liquid in mm,
hp = Pressure in the pipe B, expressed in terms of head of the liquid in mm,
s1 = Specific gravity of the liquid in the left limb,
$2 = Specific gravity of the light liquid, and
53 = Specific grav.ily of the liquid in the right limb.
We know that pressure head in the left limb below the datum line

= ha—-sihi (D)
and pressure head in the right limb bélow the datum line
= hg ~ s2hy~ s3h3 .(if)

Since pressure heads in both the limbs below the Z-Z detum are equal, therefore equating (7)
and (i) . :
ha —sihy = hp — s2h2 - s3h3

From the above equation, the value of h,, hg or their difference may be found out as usual,
Hownioaded From : wivw. asyEngineering.net
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Example 2-13. An inverted differential manometer having an oil of specific gravity 0-75 vsas
connected to two different pipes carrying water under pressure as shown in Fig, 2.22,

Qil of
sp.gr. 0.75

Water

Fig. 2-22.
Determine the pressure in the pipe B in terms of kPa, if the manometer reads as shown in the
figure. Take pressure in the pipe A as I-5 metre of water.
Solution. Given:h, = 200mm=02m; h; = 100mm=0-1m; s, = 0-75, h; = 50 mm
=0-05m; hy, = 1-5mands; = s, ( because of water).

Let hg = Pressure in pipe B in terms of head of water.
We know that pressure head in the left limb below Z-Z
= hy—5,h = 1.5—(1x0-2) = 1-3 m of water ()
and pressure head in the right limb below Z-Z :
= hg —sohy — s3h3 = hg— (0-75 x 0-1) = (1 x 0-05)
= hg —0-125 m of water -..(i)
Since the pressures in both the limbs below Z-Z are equal, therefore'equating (i) and (i),
13= hg~0125
or hg = 1-:3+0-125 = 1.423 m of water

and pressure in the pipe B,
pg= why = 981x 1425 = 13.98 kN/m® = 13.98 kPa Ans.

215 Mechanical Gaugés

Whenever a very high fluid pressure is to be measured, a mechanical gauge is best suited for
the purpose. A mechanical gauge is also used for the measurement of pressure in boilers or other
pipes, where tube gauges cannot be conveniently used.

There are many types of gauges available in the market. But the principle, on which all these
gauges work, is almost the same. Following three types of gauges are important from the subject point
of view ;

1. Bourdon’s tube pressure gauge,
2. Diaphragm pressure gauge, ahd
3. Dead weight pressure gauge.

216 Bourdon’s Tube Pressure Gauge
The pressure, above or below the atmospheric pressure, may be easily measured with the help

of a Bourdon’'s tube pressure gauge.-A Bourdon’s WYHE PRESSULE SRUES: IWIW%%HBW
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of an elliptical tube ABC ; bent into an arc of a circle as shown in Fig. 2.23. This bent-up tube is
called Bourdon’s tube. .

When the gauge wbe is ccnnected to the fluid (whose pressure is required to be found out) at C,
the fluid under pressure flows into the tube. The Bourdon’s tube, as a result of the increased pressure,
tends to straighten itself. Since the tube is encased in a circular cover, therefore it tends to become
circular instead of straight. With the help of a simple pinion and sector arrangement, the elastic
deformation of the Bourdon'’s jube rotates the pointer. This pointer moves over a calibrated scale,
which directly gives the pressure as shown in Fig. 2:23. )

Note : A Bourdon's tube pressure gauge is generally used for measuring. high pressures.

217 Diaphgram Pressure Gauge '

The Pressure, above or below the atmospheric pressure, is also found out with the help of
diaphragm pressure gauge. A diaphragm pressure gauge, in its simplest form, consists of a corrugated
diaphragm (instead of Bourdon's tube as in Art. 2-16) as shown in Fig. 2-24,

Fig. 2:23. Bourdon’s tube Fig, 2:24. Diaphragm
_pressure gauge. pressure gauge.

When the gauge is connected to the fluid (whose pressure is required to be found out) at C, the
fluid under pressure causes some deformation of the diaphragm. With the help of some pinion
arrangement, the elastic deformation of the diaphragm rotates the pointer. This pointer moves over a
calibrated scale, which directly gives the pressure as shown in Fig. 2-24.

A diaphragm pressure gauge is, generally, used to measure relatively low pressures.

2~i8 Dead Weight Pressure Gauge

It is the most accurate pressure gauge, which is generally used for the calibration of the other
pressure gauges in a laboratory. A dead weight pressure gauge, in its simplest form, consicts of a
piston and a cylinder of known-area, which is connected to a fluid through a tube as shown in Fig.
2-25.

The pressure on the fluid, in the pipe, is calculated from the relation,

' _ Weight
P= Ateaof the piston
A pressure gauge, to be calibrated, is fitted on the other end of the tube as shown in Fig. 2:25.

By changing the weight, on the piston, the pressure %n()&g Ogi egf Ig?(l)%l]ﬂassgv %Vn%gg]récggiggg}g g%% e
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at the respective points, indicated by the pointer. A small error due to frictional resistance to the
motion of the piston may come into play. But the same may be avoided by taking adequate

precautions.

Fig. 2-25, .Dead weight pressure gauge.

Example 2-14. A closed tank fitted with a gauge and a manometer contains water as shown in
Fig. 2.26.

Fig. 226

Find the gauge reading if the manometer, containing mercury, shows a reading of 200 mm.

Solution. Given : Manometer reading = 200 mm =02 m.

Since the space above the water in the tank is full of air, therefore pressure of the air will be
the same as that obtained from the manometer reading. Moreover, as the heavy liquid level in the
right limb is below the liquid level in the left limb, therefore there is a negative pressure of the air.

We know that pressure of air in terms of head of water
= -02x136=-272m
Minus sign has been used for negative pressure in the tank. It has been done as the surface of
heavy liquid in the right limb is lower than that in the left limb.

Now the gauge reading will be the pressure of air plus pressure due to water under a head of
3 m. Therefore gauge reading in terms of head of water,

h= -272+30=028m
and gauge reading, = wh = 9.81x028 = 2.75 k/m®* = 275kPa Aus.

Downloaded From : www.EasyEngineering.net
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Example 2 15. A closed vessel is divided into two compartments. These compartments contain
oil and wa er as shown in Fig, 2-27.

A 8

Alr @15 kPa

Fig. 2:27.

Determine the vali.e of h, if the gauges show the readings as shown in the figure.

‘Solution. Given : Gauge reading in A = 35 kPa and gauge reading in B =15 kPa.

Since the space above the oil in tank A and above water in tank B is full of air, therefore the
pressure of the air will be the same as obtained from the gauge readings. Moreover, as the level of
liquid of sp. gr. 1-6 in the right limb is below the liquid level in the left limb, therefore there is a
negative pressure in the tank A. We know that the gauge reading at A in terms iof head of water,

35 35

hy = S = osl = - 3:57 m of water
Similarly, gauge reading at B in terms of head of water,
1S _ 15 '
hg= + el T 1-53 m of water

From the geometry of the figure, we find that the pressure in the left limb above the datum line Z-Z
= -357+(4x08)+hx1-6 mof water
= 1-6h—-0-37 m of water ()
and pressure in the right limb above the datum line Z-Z ‘
= 153+ (1 x 1)+ hx 1 m of water
= h+253 m of water ' ()
Since pressures in both the limbs above the Z—Z datum are equal, therefore equating (i) and (ii),
1-6h-037= h+253 or 06h =253+037=29
h= 2906 = 483m Ans. '

Example 2-16. A container with fluids, vacuum gauge, piezometers and manometer as shown
in Fig. 2-8 is to be used in an experiment.

Find the elevation of liquids in columns E and F and deflection of mercury in U-tube. Gauge
reading in A = — 20-6 kPa.

Solution. Given : Gauge reading = - 20-6 kPa.
Elevation of liquid in column E
We know that pressure head due to gauge reading

20-6 ’
== =21= 2-lén(vacuum) of water .
9-81 Downloaded From : www.EasyEngineering.net
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Since the space above the elevation 20-7 m is full of air, therefore the pressure at elevation
20-7 will be the same as that of the gauge. The pressure in the column E will be the same as the bottom
of the oil. i.e., at elevation 17-4 m.

EL=255m ( »

EL=207m
EL=17.4m
EL=14.8m E==

LT TT

EL=102m

Fig. 2.28.

*. Pressure at elevation 17-4 m

Pressure at elevation 20-7 m

+ Weight of oil between 20-7 m and 17-4 m
-214+(20:7-174)x 0-7 = 0-21 m of water
021707 = 0-3 mof oil

174 4+03 = 17-7m Axs.

" and elevation of oil in column E
Elevation of liquid in column F
From the geometry of the figure, we find that the pressure at elevation 14-8 m
= Weight of water between 174 mand 14-8 m
+ Pressure at elevation 17-4
= 0214 (174 - 14-8) = 2-81 m of water
- Elevation of water in column F ]
= 148+281 = 1761m Ans.
Deflection of mercury in U-tube '
Let h = Deflection of mercury in U-tube.

Now let us consider the datum line at elevation 10-2 m. We know that the pressure head in the
left limb above the datum line

Pressure at elevation 14-8 m
+ Weight of water between 14-8 mand 102 m

= 281 +(14-8-102) =7-41 m of water ' (i)
and pressure head in the right limb above the common surface
= h mofmercury = hx13-6 m of water (i)

Since pressure heads in both the limbs above the elevation 10-2 m are equal, therefore equating
® and (u)'
3.6 = 0-545 m = 545 mm Ans,

741 = 13-6h
owrﬁoaded rom : www.Easy n;smeermg net
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EXERCISE 2.3

1. Adifferential manometer was connected with two points at the same level in a pipe containing liquid
of specific gravity 0-85 as shown in Fig. 2-29. Find the difference of pressures at the two points, if
the difference of mercury levels be 150 mm ‘[Ans. 18-5 kPa]

8 g
5 . 1.8m §:
g Y 0.8 m
I
1 L)
Fig. 229. Fig. 2:30

2. Adifferential manometer containing mercury was used to measure the difference of pressures in two
pipes containing water as shown in Fig. 2-30. Find the difference of pressures in the pipes, if the
manometer reading is 0-8 m. . [Ans. 9-88 m)

3. A differential manometer is connected to two pipes as shown in Fig. 2-31. The pipe A is containing
water and the pipe B is containing an oil of specific gravity 0-8. Find the difference of mercury levels,
the pressure difference in the two pipes be 80 kPa. j [Ans. 426 mm)]

(Hint : Pressure in the pipe B is more than thatin pipe A.]

4. Aninverted differential manometer containing an oil of sp. gr. 0-8 is connected to find the difference

Wat

AAARARAAAN

'Fig. 2:31. © Fig. 232,

of pressures at two points of a pipe containing water as shown in Fig. 2-32. Find the difference of
pressures, if the manometer reading be 300 mm. [Ans. 60 mm of water]

5. With the manometer reading as shown in Fig. 2-33, calculate the difference of pressures in the iwo
tubes A and B containing water. [Ans. 9:07 kPa]
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6.

1.65m

A e

An inverted differential manometer, when connected to two pipes A and B, gives the readings as

shown in Fig. 2:34, Delermme the pressure in the tube B, if the pressure in the pipe A be 50 kPa.
[Ans.47-74 kPa]

FUnAARARIUUTRR RN

Wate

Fig. 2.33. ' Fig. 2-34.

The compartments of the two tanks are closed and filled as shown in Fig. 2-35.
Find the value of A, if the pressure in the left hand tank air is 0-2 m of mercury. [Ans. 5:2 m]
[Hint : Pressure in the left hand tank above Z-Z datum

@ 2 m of Water

. Fig. 2-35.
- "=(-02x13-6) + (08X 4-5) + 1-6Xh m of water )
and pressure in the right hand tank '
=2+2+1xh = h+4 mof water : (i)
Equating equations (i) and (if), ’
h=52m
QUESTIONS

What do you understand by the term intensity of pressure ? State its units.
What is meant by pressure head ? Derive an expression for it.

State and prove Pascal’s Law.

Distinguish between gauge pressure and absolute pressure.

State the different principles of measuchgwn?ofané:ﬁymm : www.EasyEngineering.net
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Distinguish between piezometer and pressure gauge. thn and where are they used ?

Describe the different types of manometers.

Distinguish between a simple manometer and a differential manometer.

What are inclined manometers ? For what purpose are they used in the laboratory ?

What are mechanical gauges ? In what circumstance they are used ?
Write short notes on :

(a) Bourdon's tube pressure gauge.

(b) Diaphragm pressure gauge.

(c) Dead weight pressure gauge.

. OBJECTIVE TYPE QUESTIONS
The numerical value of 1 Pa of pressure is equal to

(@) 1 N/m? (b) 1 kKN/m? (©) 1 MN/m> (d) none of these

The absolute pressure is equal to

{a) Gauge pressure — Atmospheric pressure

(b) Gauge pressure + Vacuum pressuré

(c) Atmospheric pressure + Gauge pressure

(d) Atmospheric pressure — Gauge pressure

The pressure measured with the help of a piezometer tube is

(a) atmospheric pressure (b) gauge pressure
(c) absolute pressure (d) vacuum pressure
A manometer is used to measure
(a) positive pressure (b) negative pressure
(c) atomspheric pressure (d) both ‘a’ and ‘b’
The liquid used in an inverted differential manometer should be of
(a) low density (b) high density
(c) low surface tension . (d) high surface tension
ANSWERS
" 1.(a) 2. (0 3. 4. (d)
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