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Pressure and its Measurement

> 2.1 FLUID PRESSURE AT A POINT

Consider a small érea dA in large mass of fluid. If the fluid is stationary, then the force exerted by
the surrounding fluid on the area dA will always be perpendicular to the surface dA. Let dF is the force

: 3 datis : dF; ; :
acting on the aréa dA in the normal direction. Then the ratio of 7T is known as the intensity of

pressure or simply pressure and this ratio is represented by p. Hence mathematically the pressure at a
point in a fluid at rest is

_ dF

dA :
If the force (F) is uniformly distributed over the area (A), then pressure at any point is given by

Py Force |
"~ A Area
Force or pressure force, F = p x A.
The units of pressure are : (i) kgf/m2 and kgf/cm ? in MKS units, (i) Newton/m ? or N/m 2 and
N/mm? in SI units. N/m? is known as Pascal and is represented by Pa. Other commonly used units of

pressure are :

kPa = kilo pascal = 1000 N/m?>
bar = 100 kPa = 10° N/m>2.




> 2.2 PASCAL'S LAW

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 : Py * dy *1
The fluid element is of very small dimensions i.e., dx, dy

and ds X
' : A S GO
Consider an arbitrary fluid element of wedge shape in a z
fluid mass at rest as shown in Fig. 2.1. Let the width of the Py ~Ax*1
element perpendicular to the plane of paper is unity and p,, Fig. 2.1 Forces o a fluid element.
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Pressure and its measurement

2.1 Fluid pressure at a point

Consider a small area dA in a large mass of fluid.
If the fluid is stationary, then the force ex will
always be perpendicular to the surface dA.

dF F force
0 = _r_

Unit of P: N/m2 dA A area
Bar = 1075 N/m?2




Pascal’s law

* |t states that the pressure intensity of pressure
at a pointin a static fluid is equal in all
directions.0

Pz.ds.1

* Px=Py=Pz =N o /

. Px.dy.1 —

\4

Py.dx.1 T



py and p, are the pressures or intensity of pressure acting on the face AB, AC and BC respectively. Let
ZABC = 6. Then the forces acting on the element are :
1. Pressure forces normal to the surfaces.
2. Weight of element in the vertical dlrectlon
The forces on the faces are :

Force on the face AB = p, X Area of face AB
=p, Xdyxl1
Similarly force on the face AC=p, x dx x 1
Force on the face BC =p,Xdsx1
Weight of element = (Mass of element) X g
= (Volume X p) X g = (-——AB;AC xl) XpXxg,
where p = density of fluid.
Resolving the forces in x-direction, we have
P XdyXx1—p(dsx1)sin(90°-0) =0
or PxXdyX1—p,dsx1cos® =0.
But from Fig. 2.1, ds cos O = AB =dy
PrXdyx1l-p,xdyx1 =0
or Px =P,
Similarly, resolving the forces in y-direction, we get
pyXdxX1~p, xdsX1cos (90° - 0) - dx>2<dy x1 prg‘=0
or | pyxdx-pzdgsine—ii-xzd—yprg=o.

s 2:1)



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

or P, =p, w(2.2)
From equations (2.1) and (2.2), we have
Px=Py=p, el 2iS)

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. :

» 2.3 PRESSURE VARIATION IN A FLUID AT REST

The pressure at any point in a fluid at rest is obtained by the Hydro- '
\D:REE SURFACE OF FLUID

static Law which states that the rate of increase of pressure in a
vertically downward direction must be equal to the specific weight of :“:-:':-:':':'_'-'.-:{-:':':f}:{:
the fluid at that point. This is proved as : SEEEDETLL ol ST F A
Consider a small fluid element as shown in Fig. 2.2 oA YTy
Let AA = Cross-sectional area of element ::::::::::::‘: ‘-A-Z_-'::::::::::::: :
AZ = Height of fluid element R 'é 'C'*‘-_":':‘:':':‘:i :
p = Pressure on face AB ::::::::::: (p+ ngAZ) RACEEEE

Z = Distance of fluid element from free surface.

] g Fig. 2.2 Forces on a fluid element.
The forces acting on the fluid element are : - f



Pressure variation in a Fluid at Rest

 The pressure at any pointin a fluid at rest is
obtained by the hydrostatic Law.

op
—=pg=0=y
Oz
* Equation above states that the increase of
pressure in a vertical direction is equal to
weight density of the fluid at that point. This is

the Hydrostatic Law



* By integration:

1qb = 1b'a'qs
o.that...
P=p.9.2
or.Z = P pressure.head

.0



1. Pressure force on AB = p x AA and acting perpendicular to face AB in the downward direction.

2: Pfessure force on CD =(p + g—;AZ) X AA, acting perpendicular to face CD, vertically upward
direction. ;

3. Weight of fluid element = Density X g X Volume = P X g X (AA X AZ). .

4. Pressure forces on surfaces BC and AD are equal and opposite. For equilibrium of fluid

element, we have

pAA—(p+a—pAZ)AA+png(AAXAZ) =0

0Z
oF PM-pAA—-%AZAA+ngxAAxZ=o
op
or —a—ZAZAA+ng><AAAZ=0
- g_;AZAA =pXgxAMAZ or g—; = p x g [cancelling AAAZ on both sides]
op v
Az " PasmY (v pxg=w) (2.4)

oZ



where w = Weight density of fluid.

Equation (2.4) states that rate of increase of pressure in a vertical direction is equal to weight
density of the fluid at that point. This is Hydrostatic Law.
By integrating the above equation (2.4) for liquids, we get

ldp=pgz
of - p = peZ (2.5)

where p is the pressure above atmospheric pressure and Z is the height of the point from free
surfaces.

From equation (2.5), we have Z= o ..(2.6)

pxg
Here Z is called pressure head.
Problem 2.1 A hydraulic press has a ram of 30 cm diameter and a plunger of 4.5 cm diameter. Find
the weight lifted by the hydraulic press when the force applied at the plunger is 500 N.
Solution. Given :

Dia. of ram, D=30ecm=03m

Dia. of plunger, d=45cm=0.045m

Force on plunger, F=500N

Find weight lifted =W

Area of ram, A= L. D? = % (0.3)* = 0.07068 m?

Area of plunger, a

&la

& = % (0.045)* = .00159 m?



example

A hydraulic press has a ram of 30 cm diameter
and a plunger of 4.5 cm diameter. Find the
weight lifted by the hydraulic press when the
force applied at the plungeris 500 N.

Solution:

Areaofram= (xz/4)*d”"2

Area of plunger =

(7] 4)*d"2



e Ram area = 0.07063 m?

e Area of plunger =0.00159 m?

* Pressure intensity due to plunger=

* F/a=500/0.00159 = 314465.4 N/m?

* Due to Pascals law, the intensity of pressure
will be equally transmitted in all directions.

* Pressure intensity at the Ram = weight/Area of
ram



* So that (W/0.07068)=314465.4
* Sothat: W=22222 N=22.222 kN



 Example.

* An open tank contains water up to a depth of
2 m and above it an oil of sp. Gr. 0.9 for a
depth of 1 m. Find the pressure intensity (i) at
the interface of the two liquids and (ii) at the

bottom of the tank.



e Solution

* P=p.g.z

 Pressure at interface:

e P=9.81*0.9*1000*1

= 8829 N/m2 (0.8829 N/cm?
* Pressure at the bottom water 20m

oil 1.0 m

* P=plgz,+p2.8.2,
* P=1000*%9.81*2 +900*9.81*1=28449 N/m?
e P=2.8449 N/cm?




Absolute, Gauge, Atmospheric and
Vacuum pressures

* The pressure on a fluid is measured in two
different systems. In one system it is measured
above the absolute zero or complete and it is
called vacuum and it is called the absolute
pressure . In other system pressure is measured
above atmospheric pressure and is called gauge
pressure.

* Absolute pressure: is defined as the pressure
which is measured with reference to absolute
vacuum.



* Gauge pressure: is defined as the pressure
which is measured with the help of a
pressure measuring instrument, in which
atmospheric pressure is taken as datum. The
atmospheric pressure on the scale is marked
as zero.



Vacuum pressure:

Is defined as the pressure below the atmospheric pressure.

Mathematically:

Pa bngauge + Patm

Patm at sea level & 15 °C

is 102.3kN/m2 Or 10.13 N/cm2=1 bar

Atmospheric pressure head= 760 mm Hg
or 10.33 m of water

gauge

b

vac

Absolute zero pressure



 Ex. What are the gage pressure and absolute
pressure at a point 3m below the free surface
of a liquid having a density of 1.53*103 kg/m3
if the atmospheric pressure is equivalent to
750 mm Mercury? SG of Hg=13.6 and
density of water is 1000 kg/m?



Solution:
Patm =po.g.Zo
Patm =(13.6*1000)*9.81*0.75=100062 N/m?
The pressure below 3m under free surface
P1 =pl *g*z1
P1=1.53x103*9.81*3 =45028 N/m? (gauge)
Pabs=Pgauge + Patm=100062+45028
= 145090 N/m?.




Pressure intensity due to plunger
_ Forceon plunger _ F 500

= =Z= N/m?
Area of plunger a  .00159

Due to Pascal’s law, the intensity of pressure will be
equally transmitted in all directions. Hence the pressure
intensity at the ram .

500

e 314465.4 N/m?
Weight w w

But ¢ intensity at = =—= N/m?
Ul pressur intensity al ram Area of — 2 07068
¥ _ 3144654
.07068
Weight = 314465.4 x.07068 = 22222 N = 22.222 kN. Ans.

Problem 2.2 A hydraulic press has a ram of 20 cm diameter and a plunger of 3 cm diameter. It is
used for lifting a weight of 30 kN. Find the force required at the plunger.

Solution. Given :

Dia. of ram, D=20cm=02m ,
- Area of ram, A= % D= %(.2)2 =0.0314 m’
Dia. of plunger d=3cm=0.03m

Area of plunger, a= g(.OI‘l)2 =17.068 x 107* m?
Weight lifted, W =30 kN = 30 x 1000 N = 30000 N.
See Fig. 2.3.

Force _ _I_*"_

Pressure intensity developed due to plunger =

a
By Pascal’s Law, this pressure is transmitted equally in all directions
; F
Hence pressure transmitted at the ram = —
a

Force acting on ram = Pressure intensity X Area of ram

_F _,__Fx0314
T a 7.068x107* °
But force acting on ram = Weight lifted = 30000 N
Fx.0314
30000 = —————
7.068 x 107
4
g BO0OXTOERN0 ~ _ crey N ARG
; 0314

Problem 2.3 Calculate the pressure due to a column of 0.3 of (a) water, (b) an oil of sp. gr. 0.8,
and (c) mercury of sp. gr. 13.6. Take density of water, p = 1000 kg/m3.
Solution. Given :

Height of liquid column, Z=03m.




R

The pressure at any point in a liquid is given by equation (2.5) as
P =pgZ

(a) For water, p = 1000 kg/m3

: P =pgZ=1000 x 9.81 x 0.3 = 2943 N/m?

= 29‘? N/cm? = 0.2943 N/cm?. Ans.

(b) For oil of sp. gr. 0.8,
From equation (1.14), we know that the density of a fluid is equal to specific gravity of fluid
multiplied by density of water.

Density of oil, Po = Sp. gr. of oil x Density of water (po = Density of oil)

=0.8 x p = 0.8 x 1000 = 800 kg/m’ :

Now pressure, P=PoXgXxZ
=800 x 981 X 0.3 = 23544 Sy = 2344 N_

m 10 cm
=02354 N Ans.
cm
(c) For mercury, sp. gr. =13.6

From equation (1.1A) we know that the density of a fluid is equal to specific gravity of fluid
multiplied by density of water

- Density of mercury, ps = Specific gravity of mercury x Density of water
-=13.6 x 1000 = 13600 kg/m>
P=pP;XgXZ

= 13600 x 9.81 x 0.3 = 40025 %

Se o TS0,
10 cm ;
Problem 2.4 The pressure intensity at a point in a fluid is given 3.924 N/em®. Find the corre-
sponding height of fluid when the fluid is : (a) water, and (b) oil of sp. gr. 0.9.
Solution. Given :

Pressure intensity, p= 3924 lz =3.924 x 10* 12
cm m
The corresponding height, Z, of the fluid is given by equation (2.6) as
Z— P
pxg
(a) For water, p = 1000 kg/m3

p_ _.3924x10°
pxg 1000 x981
(b) For oil, sp. gr. =09
. Density of oil Po= 0.9 x 1000 = 900 kg/m>

7P _3924x10°

PoXg  900x981

=4 m of water. Ans.

= 4.44 m of oil. Ans.



Probl.m 2.5 Anoilofsp. gr.09is contamed ina vessel At a point the hetght of ozl is 40 m. Find
the corresponding height of water at the point.
Solution. Given :

Sp. gr. of oail, §,=0.9
Height of oil, Zy=40m
Density of oil, Po = Sp. gr. of oil X Density of water = 0.9 x 1000 = 900 kg/m
Intensity of pressure, P =pg %X g% Zy=900 x 9.81 x 40 —2
m
Corresponding height of water = ___p__
Density of water X g
L HOxa8Lr 40 =0.9 x 40 = 36 m of water. Ans.
1000 x9.81

Problem 2.6 An open tank contains water upto a depth of 2 m and above it an oil of sp. gr. 0.9 for
a depth of 1 m. Find the pressure intensity (i) at the interface of the two liquids, and (ii) at the bottom

of the tank.

Solution. Given :

Height of water, Z;=2m _L

Height of oil, 22 =1lm 10

Sp. gr. of oil, Sp=0.9 )

Density of water, p, = 1000 kg/m’

Density of oil, p, = Sp. gr. of oil X Dcnsxty of water 20
=0.9 x 1000 = 900 kg/m® L

Pressure intensity at any point is given by

=pxgXxZ Fig. 2.4
(i) At interface, i.e., at A
p=p,xgx10

=900 x 9.81 x 1.0
=09 = 22 =
10°

(ii) At the bottom, i.e., at B
p=pyX8Zy+ Py X gXZ =900 x9.81 x 1.0+ 1000 x 9.81 x 2.0
= 8829 + 19620 = 28449 N/m’ = 284:” N/cm? = 2.8449 N/em?. Ans.

Problem 2.7 The diameters of a small piston and a large piston of a hydraulic jack ate 3 cm and
10 cm respectively. A force of 80 N is applied on the small piston. Find the load lifted by the large
piston when :

(a) the pistons are at the same level.

(b) small piston is 40 cm above the large piston.

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

Solution. Given :

Dia. of small piston, d=3cm

Area of small piston, d= % = % % (3)2 =7.068 cm?




s

Dia. of large piston, D=10cm

Area of larger piston, = % X (10)2 = 78.54 cm®
Force on small piston, F=80N :
Let the load lifted =W.

(a) When the pistons are at the same level
Pressure intensity on small piston
£ = o N/cm?
a 7.068
This is transmitted equally on the large piston.
Pressure intensity on the large piston
_ 80
7.068
Force on the large piston = Pressure X Area

803 x 78.54 N = 888.96 N. Ans.

(b) When the small piston is 40 cm above' the large piston
Pressure intensity on the small piston

Pressure intensity at section A — A
= £ + Pressure intensity due to height of 40 cm of liquid.

a
But pressure intensity due to 40 cm of liquid
=p x g x h=1000 x 9.81 x 0.4 N/m?

_ 1000x9.81%x40 (2 — ,3924 Niem®

10*
Pressure intensity at section
LR
7.068

= 11.32 + 0.3924 = 11.71 N/em®
Pressure intensity transmitted to the large piston = 11.71 N/em?
Force on the large piston = Pressure X Area of the large piston
—11.71 x A = 11.71 x 78.54 =919.7 N.

» 2.4 ABSOLUTE, GAUGE, ATMOSPHERIC AND VACUUM PRESSURES

The pressure on a fluid is measured in two different systems. In one system, it is measured above
the absolute zero or complete vacuum and it is called the absolute pressure and in other system,
pressure is measured above the atmospheric pressure and it is called gauge pressure. Thus : :

1. Absolute pressure is defined as the pressure which is measured with reference to absolute
vacuum pressure.

2. Gauge pressure is defined as the pressure which is measured with the help of a pressure
measuring instrument, in which the atmospheric pressure is taken as datum. The atmospheric pres-
sure on the scale is marked as zero.




3. Vacuum pressure is defined as the pres-
sure below the atmospheric pressure.

The relationship between. the absolute pres-
sure, gauge pressure and vacuum pressure are

A
Y "F/ GAUGE PRESSURE ATMOSPHERIC

/ PRESSURE

shown in Fig. 2.7. " " -
Mathematically : ~ VAGUMERESN
; ABSOLUTE ' o
(i) Absolute pressure PRESSURE B
= Atmospheric pressure + Gauge pressure
or Pab= Patm + Pgauge . ABSOLUTE ZERO PRESSURE

——> PRESSURE
—

(if) Vacuum pressure

= Atmospheric pressure — Absolute pressure.

Note. (i) The atmospheric pressure at sea level at 15°C is 101.3 kN/m? or 10.13 N/cm? in SI unit. In case of
MKS units, it is equal to 1.033 kgf/cm®.

(ii) The atmospheric pressure head is 760 mm of mercury or 10.33 m of water.
Problem 2.8 What are the gauge pressure and absolute pressure at a point 3 m below the free
surface of a liquid having a density of 1.53 x 1 (g kg/m3 if the atmospheric pressure is equivalent to
750 mm of mercury ? The specific gravity of mercury is 1 3.6 and density of water = 1000 kg/m’.

(AM.LE., Summer 1986)

Fig.2.7 Relationship between pressures.

Solution. Given :

Depth of liquid, Z;=3m
Density of liquid, py = 1.53 x 10° kg/m’
Atmospheric pressure head, Zy =750 mm of Hg
=ﬂ=0.75mong
1000
Atmospheric pressure, Pam = Po X & X Zy

where  p, = Density of Hg = Sp. gr. of mercury X Density of water = 13.6 x 1000 kg/m3
and Z, = Pressure head in terms of mercury.

Pum = (13.6 X 1000) x 9.81 X 0.75 N/m* (= Zy=0.75) |

, = 100062 N/m*
‘Pressure at a point, which is at a depth of 3 m from the free surface of the liquid is given by,
pP=p1XgXZ
= (1.53 x 1000) x 9.81 x 3 = 45028 N/m”
Gauge pressure, p = 45028 N/m?. Ans
Now absolute pressure = Gauge pressure + Atmospheric pressure

= 45028 + 100062 = 145090 N/m>. Ans.

» 2.5 MEASUREMENT OF PRESSURE

The pressure of a fluid is measured by the following devices :

1. Manometers 2. Mechanical Gauges.
2.5.1 Manometers. Manometers are defined as the devices used for measuring the pressure at
a point in a fluid by balancing the column of fluid by the same or another column of the fluid. They are
classified as :



3. Vacuum pressure is defined as the pres-

sure below the atmospheric pressure. & oA
; . GAUGE PRESSURE

The relationship between. the absolute pres- § & ATMOSPHERIC
sure, gauge pressure and vacuum pressure are I / B
shown in Fig. 2.7.

Mathematically : L VACUUM PRESSURE

; ABSOLUTE e

(i) Absolute pressure PRESSURE B

= Atmospheric pressure + Gauge pressure
or Pab= Pam + Pgauge . ABSOLUTE ZERO PRESSURE

(if) Vacuum pressure

= Atmospheric pressure — Absolute pressure.

Note. (i) The atmospheric pressure at sea level at 15°C is 101.3 kN/m? or 10.13 N/cm? in SI unit. In case of
MKS units, it is equal to 1.033 kgf/cm?.

(if) The atmospheric pressure head is 760 mm of mercury or 10.33 m of water.
Problem 2.8 What are the gauge pressure and absolute pressure at a point 3 m below the free
surface of a liquid having a density of 1.53 x 1 lid kg/m3 if the atmospheric pressure is equivalent to
750 mm of mercury ? The specific gravity of mercury is 1 3.6 and density of water = 1000 kg/m3 :

(AM.LE., Summer 1986)

Fig.2.7 Relationship between pressures.

Solution. Given :

Depth of liquid, Z,=3m
Density of liquid, py = 1.53 x 10° kg/m®
Atmospheric pressure head, Z, =750 mm of Hg
=0 _075mof Hg
1000
Atmospheric pressure, Paem = Po X & X Zy

where  p, = Density of Hg = Sp. gr. of mercury x Density of water = 13.6 X 1000 kg/m3
and  Z,= Pressure head in terms of mercury.
' Pam = (13.6 x 1000) x 9.81 x 0.75 N/m_2 (v Zy=0.75)

= 100062 N/m*
‘Pressure at a point, which is at a depth of 3 m from the free surface of the liquid is given by,
p=p1xXg%xZ
= (1.53 x 1000) x 9.81 x 3 = 45028 N/m’
Gauge pressure, p = 45028 N/m>. Ans
Now absolute pressure = Gauge pressure + Atmospheric pressure

= 45028 + 100062 = 145090 N/m>. Ans.

» 2.5 MEASUREMENT OF PRESSURE

The pressure of a fluid is measured by the following devices :

1. Manometers 2. Mechanical Gauges.
2.5.1 Manometers. Manometers are defined as the devices used for measuring the pressure at
apoint in a fluid by balancing the column of fluid by the same or another column of the fluid. They are
classified as :



open to the atmosphere as shown in Fig. 2.8. The rise of liquid gives

*

(a) Simple Manometers, . (b) Differential Manometers.
2.5.2 Mechanical Gauges. Mechanical gauges are defined as the devices used for measuring
the pressure by balancing the fluid column by the spring or dead weight. The commonly used me-
chanical pressure gauges are : '

(a) Diaphragm pressure gauge, (b) Bourdon tube pressure gauge,

(c) Dead-weight pressure gauge, and (d) Bellows pressure gauge.

» 2.6 SIMPLE MANOMETERS

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, and
3. Single Column Manometer.

2.6.1 Piezometer. It is the simplest form of manometer used
for measuring gauge pressures. One end of this manometer is con-
nected to the point where pressure is to be measured and other end is

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

o N
=pxXgX s Fig. 2.8 Piezometer.

24" Il_#¢uiha Manamabas Wa i ise o S e we O 2 e R 1 . e ww w “



2.6.2 U-tube Manometer. It consists of glass tube bent in U-shape, one end of which is
connected to a point at which pressure is to be measured and other end remains open to the
atmosphere as shown in Fig. 2.9. The tube generally contains mercury or any other liquid whose
specific gravity is greater than the specific gravity of the liquid whose pressure is to be measured.

(a) For gauge pressure (b) For vacuum pressure
Fig.2.9 U-tube Manometer.

(a) For Gauge Pressure. Let B is the point at which pressure is to be measured, whose value is D.
The datum line is A-A. :
Let h, = Height of light liquid above the datum line
h, = Height of heavy liquid above the datum line
S, = Sp. gr. of light liquid
P, = Density of light liquid = 1000 x S,
§, = Sp. gr. of heavy liquid »
P, = Density of heavy liquid = 1000 x S,



ll — \sttbz L S - 144 VA .

Problem 2.9 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 the pipe is 12 cm 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.

Solution. Given :
Sp. gr. of fluid,
Density of fluid,
Sp. gr. of mercury,
Density of mercury,
Difference of mercury level
Height of fluid from A-A,

Let p = Pressure of fluid in pipe
Equating the pressure above A-A, we get

" p+ P18hy = Paghy
or , p + 900 x 9.81 x 0.08 = 13.6 x 1000 x 9.81 x .2

S, =09

p, = S, x 1000 = 0.9 x 1000 = 900 kg/m’

S, = 13.6

p, = 13.6 x 1000 kg/m’ 20 cm
h,=20cm =02m ‘L
hy=20-12=8cm=0.08 m : —— > wh

Fig. 2.10

p=13.6 x 1000 x 9.81 x .2 - 900 x 9.81 x 0.08
— 26683 — 706 = 25977 N/m? = 2.597 N/em’. Ans.

eeians 2o mnmumnntad tna A nino in whirh a
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Problem 2.11 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 mercury and is open to
atmosphere. The contact between 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 of U-tube is 10 cm and the
free surface of mercury is in level with the centre of the pipe. If the pressure of water in pipe line is

reduced to 9810 N/m?, calculate the new difference in the level of mercury. Sketch the arrangements
in both cases. (A.M.LE., Winter 1989)



Solution. Given :
Difference of mercury =10cm=0.1 m
The arrangement is shown in Fig. 2.11 (a)
Let p, = (pressure of water in pipe line (i.e., at point A)
The points 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 + Pressure due to 10 cm (or 0.1 m)
of water RIGHT LIMB —
=pA+pPXgXh
where p = 1000 kg/m® and 2 =0.1 m

=pa + 1000 x 9.81 x 0.1 eSS
= p, + 981 N/m’ e 1
Pressure at C = Pressure at D + Pressure due to 10 cm of mercury

=0+ pyXgXh

where p, for mercury = 13.6 x 1000 kg/m>

and hg=10cm = 0.1 m ;

Pressure at C = 0 + (13.6 X 1000) x 9.81 x 0.1 Mol

= 13341.6 N ..(i1)

But pressure at B is equal to pressure at C. Hence equating the equa-
tions (i) and (ii), we get
' pa + 981 = 13341.6 Fig. 2.11 ()
pa = 13341.6 — 981

= 12360.6 - . Ans.
m



or

or

0

-

or
or
or

1910 + 1000 X 9.81 X (10"")

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 f:--::- D l

- —— - - S

Pat+ Py X8Xh =pp*+p,XgxXh, TaRTRT X

100

=0+ (13.6 X 1000) X 9.81 X (10‘2")

100
Dividing by 9.81, we get
1000 + 100 — 10x = 1360 — 272x
272x — 10x = 1360 — 1100

262x = 260
xX= @ = 0.992 cm
262

V' Fig. 2.11 (b)

New difference of mercury = 10 — 2x cm =10 — 2 X 0.992
= 8.016 cm. Ans.



Problem 2.12 Fig. 2.12 shows a conical vessel having its outlet at A to which a U-tube manometer
is connected. The reading of the manometer given in the figure shows when the vessel is empty. Find the
reading of the manometer when the vessel is completely filled with water. (A.M.LE., Winter 1975)

Solution. Vessel is empty. Given : : | 2M
Difference of mercury level hy, =20 cm

Let h, = Height of water above X-X

Sp. gr. of mercury, _ S, =13.6

Sp. gr. of water, ;=10

Density of mercury, ' p, =13.6 x 1000

Density of water, p; = 1000

Equating the pressure above datum line X-X, we have

PrXgXhy=p X gXh

or 13.6 x 1000 x 9.81 x 0.2 = 1000 x 9.81 X h;
hy = 2.72 m of water.
Vessel is full of water. When vessel is full of water, the Fig. 2.12

pressure in the right limb will increase and mercury level in the right limb will go down. Let the
distance through which mercury goes down in the right limb be, y cm as shown in Fig. 2.13. The
mercury will rise in the left by a distance of y cm. Now the datum line is Z-Z. Equating the pressure
above the datum line Z-Z.

~ Pressure in left limb = Pressure in right limb

13.6 % 1000 x 9.81 x (0.2 + 2y/100)
' = 1000 x 9.81 x (3 + h; + y/100)



x

(a)Two pipes at different levels (b) A and B are at the same level -
Fig.2.18 U-tube differential manometers.

Fig. 2.18 (a). Let 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 py,.

Let h = Difference of mercury level in the U-tube.
‘ y = Distance of the centre of B, from the mercury level in thé 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 limb = P1&h+x) + p,
where p, = pressure at A.

Pressure above X-X in the right limb = PeXgXh+pPyXgXy+py.
where pp = Pressure at B.

Equating the two pressure, we have

P18(h+x) +py=p,X g X h+pygy +pp
Pa—Pp=PyXgXh+p,gy—pgh+x)
=h X g(p,— py) + P8y — Pygx ::(2.12)
Difference of pressure at A and B = h x 8(P,—P1) + Prgy — pi&x

Fig. 2.18 (b). A and B are at the same level and contains the same liquid of density p,. Then
Pressure above X-X in right limb = PeX8Xh+p; XgXx+pg

Pressure above X-Xin left limb =p, x g x (h + x) + Pa
Equating the two pressure
nggxh+plgx+p8=p1Xg><(h+x)+pA
Pa=Pp=PgXgXh+pgx—pgh+x)

=g X h(py—py). oo ey
Problem 2.15 A pipe contains an oil of sp. gr. 0.9. A differential manometer connected at the two

points A and B shows a difference in mercury level as 15 cm. Find the difference of pressure at the.
two points. 2
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Problem 2.16 A differential manometer is connected at the two points A and B of two pipes as
shown in Fig. 2.19. The pipe A contains a liquid of sp. gr. = 1.5 while pipe B contains a liquid of sp.

gr.
in mercury level in the differential manometer. Sp.gr=1.5

or
or

= 0.9. The pressures at A and B are 1 kg)"/cm2 and 1.80 kgf/cmz respectively. Find the difference

Solution. Given :

Sp. gr. of liquid at A, S, = 1.5 ... p,=1500
Sp. gr. of liquid at B; S, =09 .. p, =900
Pressure at A, pa=1 kgf/cm2 =1x10* kgf/m2
=10%x 9.81 N/m? (*- 1 kgf = 9.81 N)
Pressure at B,  pp= 1.8 kgf/cm? '

= 1.8 x 10* kgf/m? .
=18 x 10*x 9.81 N/m? (- 1 kgf=9.81 N) *
Density of mercury =13.6 x 1000 kg/m’
Taking X-X as Qatun.l line. ' Fig. 2.19
Pressure above X-X in the left limb
=13.6 X 1000 x 9.81 X A + 1500 x 9.81 X (2 + 3) + p,
=13.6 x 1000 x 9.81 X h + 7500 x 9.81 + 9.81 x 10*
Pressure above X-X in the right limb = 900 x 9.81 x (h + 2) + pg
=900 x 9.81 x (h +2) + 1.8 x 10* x 9.81
Equating the two pressure, we get
13.6 X 1000 x 9.81k + 7500 x 9.81 + 9.81 x 10*
=900 x 9.81 x (h +2) + 1.8 x 10* x 9.81
Dividing by 1000 x 9.81, we get
13.6h+7.5+10=(h +2.0) x.9 + 18

13.6h + 17.5=0.9 + 1.8 + 18 = 0.9h + 19.8
(13.6 — 0.9)h = 19.8 — 17.5 or 12.7h = 2.3
h=23 _0.181 m = 18.1 cm. Ans.

12.7
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Density of oil

= 0.9 x 1000 = 900 kg/m’
Density of mercury =13.6 x 1000 kg/m>
Let the pressure at 4 is DA ,
Taking datum line at X-X

Pressure above X-X in the right limb
' = 1000 X 9.81 x 0.6 + pj
= 5886 + 98100 = 103986
Pressure above X-X in the left limb Sp. gr.=0.9
= 13.6 x 1000 x 9.81 x 0.1 + 900
X981 x0.2 + p,
= 13341.6 + 1765.8 + p,

- Equating the two pressure head Al ;\SAERCL_;RY
- 103986 = 13341.6 + 1765.8 + yN p.gr.=13.6
P4 = 103986 — 15107.4 = 88876.8 : Fig. 2.20
' 88876.8N N
= 88876.8 N/m*= —— == _gggy N
A ' 10000 cm? cm?’

Absolute pressure at A = 8.887 N/cmz. Ans.
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2.7.2 Inverted U-tube Differential Manometer. It consists of an inverted U-tube, contain-
ing a light liquid. The two ends of the tube are connected to the points whose différence of pressure is
to be measured. It is used for measuring difference of low pressures. Fig. 2.21 shows an inverted U-
tube differential manometer connected to the two points A and B. Let the pressure at A is more than the
pressure at B. v : '
Let - hy = Height of liquid in left limb below the datum line X-X
h, = Height of liquid in right limb
h = Difference of light liquid
P = Density of liquid at A
P2 = Density of liquid at B
Ps = Density of light liquid
P4 = Pressure at A
Pp = Pressure at B. )
Taking X-X as datum line. Then pressure in the left limb below X-X
' ; _SPa—P1XgXh,.
Pressure in the right limb below X-X
=Pp=P2XgXhy—p;Xgxh

Equating the two pressure
Pa— Py X8Xh1=PB‘sz8Xh2‘Psx8><h

or , pA—pB=pl><gxh1—pZnghz—pSngh. ..(2.14)

Problem 2.18 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 2 m of water,

find the pressure in the pipe B for the manometer readings as shown in Fig. 2.22.
Solution. Given : '
Pressure head at CA=Pa _ 2 m of water
: Pg

o Pa=PXgX2=1000x9.81 x 2 = 19620 N/m?
Fig. 2.22 shows the arrangement. Taking X-X as datum line.
Pressure below X-X in the left limb EPa- P XgXh



Problem 2.19 In Fig. 2.23, an inverted differential manometer is connected to two pipes A and B
which convey water. The fluid in manometer is oil of sp. gr. 0.8. For the manometer readings shown
in the figure, find the pressure difference between A and B.

Solution. Given :
Sp. gr. of oil =08 .. p,=800kg/m’
Difference of oil in the two limbs

, =(30 + 20) - 30 =20 cm
Taking datum line at X-X

Pressure in the left limb below X-X
= p, — 1000 x 9.81 x §-3

~ Pressure in the right limb below X-X
| = pp— 1000 X 9.81 x 0.3 — 800 x 9.81 x 0.2

= pp — 2943 — 1569.6 = p, — 4512.6

Equatlng the two pressure p, — 2943 =pz —4512.6
Pp—Da = 4512.6 — 2943 = 1569.6 N/m’. Ans.



1222 1.0 5000

1222

x 1.285

= 101430

)x9.81x

5000 x 1.285

g

1222

299

101430

=101430 |1 - ——x 9.81 %

1.222

101430

]1.222— 1.0

1.222

:l 222

= 101430 [1 - 0.11288]%%° = 101430 x 0.5175 = 52490 N/m’

= 5.249 N/cm>. Ans.
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