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1.4 PRESSURE MEASUREMENTS BY MANOMETERS
MANOMETER

A manometer is an instrument that uses a column of liquid to measure pressure,
although the term is currently often used to mean any pressure instrument.

Two types of manometer, such as
1. Simple manometer
2. Differential manometer

The U type manometer, which is considered as a primary pressure standard, derives
pressure utilizing the following equation:

P=P2-Pl =hw pg

Where:

P = Differential pressure

P1 = Pressure applied to the low pressure connection
P2 = Pressure applied to the high pressure connection

hw = js the height differential of the liquid columns between the two legs of the
manometer

p = mass density of the fluid within the columns

g = acceleration of gravity

SIMPLE MANOMETER

A simple manometer consists of a glass tube having one of its ends connected to a point
where pressure is to be measured and other end remains open to atmosphere. Common
types of simple manometers are:

1.Piezometer
2.U tube manometer

3.Single Column manometer
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PIEZOMETER

A piezometer is either a device used to measure liquid pressure in a system by measuring
the height to which a column of the liquid rises against gravity, or a device which
measures the pressure (more precisely, the piezometric head) of groundwater at a specific
point. A piezometer is designed to measure static pressures, and thus differs from a pitot
tube by not being pointed into the fluid flow.

It is the simplest form of manomceter used for
mecasuring gauge pressurcs. One end of this manometer is connected to
the point where pressure is to be measured and other end is open to the
atmosphere as shown in Fig. The rise of liquid gives the pressure

head at that point. If at a point A, the height of liquid say water is /2 in
piezometer tube, then pressure at A

N
=pXgxXh —.
m

Figure 1.5.1 Piezometer
[Source: “Fluid Mechanics and Hydraulics Machines ” by Dr.R.K.Bansal, Page: 43]

U TUBE MANOMETER

Manometers are devices in which columns of a suitable liquid are used to measure the
difference in pressure between two points or between a certain point and the
atmosphere.

Manometer is needed for measuring large gauge pressures. It is basically the modified
form of the piezometric tube.
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(a) For gauge pressure (b) For vacuum pressure

Figure 1.5.2 U Tube Manometer
[Source: “Fluid Mechanics and Hydraulics Machines ” by Dr.R.K.Bansal, Page: 43]

{a) For Gauoge Pressure. Let B is the point at which pressure is w be measured, whose value is p.
The datum line is A-A.
Let h, = Height of light liquid above the datum line
hy = Height of heavy liquid above the datum line
8, = Sp. gr. of light liquid
{1, = Density of light liquid = 1000 x §,
8y = 5p. gr. of heavy liquid
{1, = Density of heavy liquid = 1000 x 5,

As the pressure is the same for the horizontal surface. Hence pressure above the horzontal datum

linz A-A im the left column and in the right column of U-tube manometer should be same,
Pressure above A-A in the left column

=p+p ERX 'F"I
Pressure above A-A in the right column =Py Mgy
Hence equating the two pressures P+ plg.l’il = ngh:,

p=(paghy - py x g x i)
(b} For Vacoum Pressure, For measuring vacuum pressure, the level of the heavy liquid in the
manometer will be as shown in Fig. 2.9 (). Then

Pressure above A-A in the left column = paghy +pigh +p
Pressure head in the right column above A-A =)

paghs + pehy +p=10
p=-(pyghs + peiy

Single Column Manometer

Single column manometer is a modified form of a U-tube manometer in which one side
Is a large reservoir and the other side is a small tube, open to the atmosphere.

There are two types of single column manometer:

1. Vertical single column manometer.

2. Inclined single column manometer.
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1.Vertical single column Manometer

Figure 1.5.3 Vertical single column Manometer
[Source: “Fluid Mechanics and Hydraulics Machines” by Dr.R.K.Bansal, Page: 49]

Let Al = Fall of heavy liquid in reservoir
Iy = Rise of heavy liquid in right limb
/1; = Height of centre of pipe above X-X
P4 = Pressure at A, which is to be measured
A = Cross-sectional area of the reservoir
a = Cross-sectional area of the right limb
S, = Sp. gr. of liquid in pipe
S, = Sp. gr. of heavy liquid in reservoir and right limb
P, = Density of liquid in pipe
P> = Density of liquid in reservoir

Fall of heavv liquid in reservoir will cause a rise of heavy liquid level in the right limb.
AXAh= ax hz

Ak =_axh2
A

()]

axh,

a1 [P28 — P18] + hyprg — hypyg

B

A>> a

Then: PA = haP2g — hip,g
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2. Inclined single column Manometer

This manometer is more sensitive. Due to the inclination the distance moved by the

heavy liquid in the right limb will be more.

Figure 1.5.4 Inclined single column Manometer

[Source: “Fluid Mechanics and Hydraulics Machines ” by Dr.R.K.Bansal, Page: 49]

Let L = Length of heavy liquid moved in right limb from X-X
8 = Inclination of right limb with horizontal
h, = Vertical rise of heavy liquid in right limb from X-X = L X sin 0

From the eq.
Pa=hyprg —hipg
By substituting the value of h2, We get:
P =sin B X pg — hp;g.

DIFFERENTIAL MANOMETER

Differential Manometers are devices used for measuring the difference of pressure
between two points in a pipe or in two different pipes . A differential manometer
consists of a U-tube, containing a heavy liquid, whose two ends are connected to the
points, which difference of pressure is to be measure.

Most commonly types of differential manometers are:
1.U-tube differential manometer.

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

(a)Two pipes at amerent leveis (b) A and B are at the same level

Figure 1.5.5 U-tube differential Manometer
[Source: “Fluid Mechanics and Hydraulics Machines ” by Dr.R.K.Bansal, Page: 51]

In Fig. {a), the two points A and B are at different level and also contains liquids of different
sp. gr. These points are connected to the U-tube differential manometer. Let the pressure at A and B
are p, and pp.

Let h = Difference of mercury level in the U-tube.
y = Distance of the centre of B, from the mercury level in the right limb.
x = Distance of the centre of A, from the mercury level in the right limb.
p, = Density of liquid at A.
P, = Density of liquid at B.
P, = Density of heavy liquid or mercury.
Taking datum line at X-X.
Pressure above X-X in the left imb = p,g(h + x) + p,
where p, = pressure at A.
Pressure above X-X in the right limb = p X gxX A+ p, X g Xy + pp

where pyp = Pressure at B.
Equating the two pressure, we have

P18+ X) + py =P X g X I+ pPrgy+ pPp
Pa—Pp=PgxXgXh+ prgy —p,gh+ x)
=hXgP,— P+ P8y — P 18X
Difference of pressure at A and B = i X g(pg,— P) + P28Y — P 18X

In Fig. (&), the two points A and B are at the same level and contains the same liquid of density
f;. Then
Pressure above X-Xin right imb =p X g XA+, X g Xx +pp

Pressure above X-X in left imb =p X gX(A+x) +p,
Equating the two pressure
PeX & Xh+pgx+pg=p XgXh+x)+p,
Pa—Pg=P, X8 xXh+pgx—pglh+x)
=g X h(p, - py)
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2.Inverted U-tube differential Manometer

It consists of inverted U-tube, containing a light liquid. The two ends of the tube are
connected to the points whose difference of pressure is to be measured. It is used for
measuring differences of low pressures.

Figure 1.5.6 Inverted U-tube differential Manometer
[Source: “Fluid Mechanics and Hydraulics Machines ” by Dr.R.K.Bansal, Page: 53]

Let the pressure at A is more than the pressure at B.

Let ft; = Height of liquid in left limb below the datum line
f1; = Heilght of liquid in right limb
s = Difference of light liquid
p, = Dcnsity of liguid at A
P> = Density of liguid ac B
. = Density of light liguid
P, = Pressurc at A
Pi = Pressure at B.
Takinpg X-X as datum line. Then pressuore in the left limb below X-3
=Pa— P XgX A,
Prcssure in the right limb below X-X
=Pp—PaXgXA-p XgXA
LEquating the two pressure
Pa—PiXgxXh =pg—DaXgXh-p,XgXh
or Pa—Pp=PiXgXh—pXgxh—p,xgxh

Problem1:The right limb of a simple U — tube manometer containing mercury is
open to the atmosphere, while the left limb is connected to a pipe in which a fluid of
sp.gr.0.9 is flowing. The centre of pipe is 12cm below the level of mercury in the
right limb. Find the pressure of fluid in the pipe, if the difference of mercury level in
the two limbs is 20 cm.

Given, Sp.gr. of liquid S1=0.9

Density of fluid p1 = S1 x 1000 = 0.9 x 1000
=900 kg/ m 3

Sp.gr. of mercury S2 = 13.6

Density of mercury p2 =13.6x 1000 = 13600
kg/m3
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Difference of mercury level h2 =20cm =0.2m
Height of the fluid from A-Ahl1=20-12=8cm =0.08 m
Let ‘P’ be the pressure of fluid in pipe
Equating pressure at A — A, we get p + plghl = p2gh?2
p +900 x 9.81 x 0.08 = 13.6 x 1000 x 9.81 x 0.2
p =13.6 x 1000 x 9.81 x 0.2 — 900 x 9.81 x 0.08
p = 26683 — 706
p = 25977 N/m?
p =2.597 N/cm?
Pressure of fluid = 2.597 N/ cm2

Problem2: A simple U — tube manometer containing mercury is connected to a pipe in
which a fluid of sp.gr. 0.8 And having vacuum pressure is flowing. The other end of the
manometer is open to atmosphere. Find the vacuum pressure in pipe, if the difference of
mercury level in the two limbs is 40cm. and the height of the fluid in the left tube from
the centre of pipe is 15cm below.
Given,

Sp.gr of fluid S1=0.8

Sp.gr. of mercury S2 = 13.6

Density of the fluid = S1 x 1000 = 0.8 x 1000 = 800

Densitv of mercurv = 13.6 x 1000
Difference of mercury level h2 = 40cm = 0.4m

Height of the liquid in the left limb = 15cm =0.15m
Let the pressure in the pipe =p
Equating pressures above datum line A—A
p2gh2 + plghl +P=0
P =- [p2gh2 + plghl] = - [13.6 x1000 x 9.81 x 0.4 + 800 x 9.81 x 0.15]
= 53366.4 + 1177.2 = -54543.6 N/m?
= - 5.454 N/cm?
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Problem 3: A single column manometer is connected to the pipe containing liquid of
sp.gr.0.9. Find the pressure in the pipe if the area of the reservoir is 100 times the area
of the tube of manometer. sp.gr. of mercury is 13.6. Height of the liquid from the centre
of pipe is 20cm and difference in level of mercury is 40cm.

Given,

Sp.gr. of liquid in pipe S1=0.9
Density p1=900 kg/ m 3
Sp.gr. of heavy liquid S2 = 13.6

Density p2= 13600

Area of reservoir

Area of right limb a

Height of the liquid hl = 20cm = 0.2m

Rise of mercury in the right limb h2 = 40cm = 0.4m

)

Pa= n hylpog — 181 + hapag — hipyg

= ﬁ % 0.4[13.6 x 1000 % 9.81 — 900 x 9.81] + 0.4 % 13.6 x 1000 x 9.81 — 0.2 x 900 x 9.81

- % [133416 — 8829] + 53366.4 — 1765.8

= 533.664 + 53366.4 — 1765.8 N/m”? = 52134 N/m” = 5.21 N/em®. Ans.

Pressure in pipe A=5.21 N/ cm?

Problem 4: A pipe contains an oil of sp.gr.0.9. A differential manometer is connected at
the two points A and B shows a difference in mercury level at 15cm. find the difference
of pressure at the two points.

Given:
Sp.gr. of oil S1 =0.9: density p1 = 0.9 x 1000 = 900 kg/ m?3
Difference of level in the mercury h = 15cm = 0.15 m
Sp.gr. of mercury = 13.6, Density = 13.6 x 1000 = 13600 kg/m3
The difference of pressure pA—pB =g x h x (pg - pl)
=9.81 x 0.15 (13600 — 900)
PA—pB =18688 N/ m?
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Problem 5: A differential manometer is connected at two points A and B .At B air
pressure is 9.81 N/cm2 . Find absolute pressure at A.

- !,/'; "\l
Given: B .;”AB”"‘_-»( 4
l‘l’ A _ L_'.{')
Density of air = 0.9 x 1000 = 900 kg/m? P g
. _ 3 CA_' -V\i-‘. 60 cm
Density of mercury = 13.6 x 103 kg/ m>. N ‘-éo’wi
: olLoF H 4 {
Let pressure at A Is pA Sp.gr=09 Mroem| |
X . X
Taking datum as X — X
. . . { MERCURY
Pressure above X — X in the right limb Sp.gr. = 136

= 1000 x 9.81 x 0.6 + pB = 5886 + 98100 = 103986
Pressure above X — X in the left limb
=13.6 x 103 x 9.81 x 0.1 +0900 x 9.81 x 0.2 + pA
= 13341.6 +1765.8 +pA
Equating the two pressures heads
103986 = 13341.6 + 1765.8 + pA
= 15107.4 + pA
pA = 103986 — 15107.4
= 88878.6 N/m2
pA = 8.887 N/cm

Problem 6: Water is flowing through two different pipes to which an inverted
differential manometer having an oil of sp.gr. 0.8 is connected. The pressure head in the
pipe A is 2m of water. Find the pressure in the pipe B for the manometer readings
shown in fig.

*

HI TH

#130 em Li e

HoembE] A A

H| wr=fe Al
kPM\.-_}’:j Y "'\'!-_V 7
\WATER7== WATER
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Given:

Pa

Pg
Pa=pxegx2=1000x9.81 x2=19620 N/m?

Pressure head at A =4 =2 m of water
Pressure below X — X in the left limb
= pA - plghl
= 19620 — 1000 x 9.81 x 0.3
= 16677 N/m?
Pressure below X — X in the right limb
=pB —1000 x 9.81 x 0.1 — 800 x 9.81 x 0.12
= pB — 981 — 941.76 = pB — 1922.76
Equating the two pressures, we get,
16677 = pB - 1922.76
pB = 16677 + 1922.76
pB = 18599.76 N/m?

Problem 7: A different manometer is connected at two points A and B of two pipes.
The pipe A contains liquid of sp.gr. = 1.5 while pipe B contains liquid of sp.gr. = 0.9.
The pressures at A and B are 1 kgf/cm? and 1.80 Kg f/cm? respectively. Find the

difference in mercury level in the differential manometer.

Pa = 1.8 kgf fom
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Sp.gr.of liquidat AS1=1.5
Sp.gr. of liquidat B S2 == 0.9
Pressure at A pA= 1 kgf/c m? =1 x 104 x kg/m2 = 1 x 10* x 9.81N/m?
Pressure at B pB = 1.8 kgf/cm? = 1.8 x 104 x 9.81 N/m?[1kgf = 9.81 N]
Density of mercury = 13.6 x 1000 kg/m?3
Taking X — X as datum line
Pressure above X — X in left limb

=13.6 x 1000 x 9.81 x h + 1500 x 9.81(2+3) + (9.81 x 10%)
Pressure above X — X in the right limb =900 x 9.81(h + 2) + 1.8 x 9.81 x 10*
Equating the two pressures, we get

13.6 x 1000 x 9.81h + 1500 x 9.81 x 5 + 9.81 x 10*=900 x 9.81(h + 2) + 1.8 x 9.81 x 10*
Dividing both sides by 1000 x 9.81

13.6 h + 7.5 +10 = 0.9(h+2) + 18
(136-09)h=18+18—-175=19.8 - 17.5=2.3
h=23/12.7 = 0.181m

h=18.1cm

CE3301 FLUID MECHANICS



