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INTRODUCTION

A fluid is a substance which is capable of flowing. If a certain mass of any fluid is held in static
equilibrium by confining it within solid boundaries, then the fluid exerts forces against the
boundary surfaces. The forces so exerted always act in the direction normal to the surface in
contact. The reason for the forces having no tangential components is that the fluid at rest cannot
sustain shear stress. The fluid pressure is therefore nothing but the normal force exerted by the
fluid on the unit area of the surface. The fluid pressure and pressure force on any imaginary
surface in the fluid remain exactly same as those acting on any real surface. The pressure at a
point in a static fluid is same in all directions. The pressure inside the fluid increases as we go
down in the fluid and the gradient of the pressure with respect to the depth of the fluid at any
point is equal to its specific weight. The pressure exerted by a fluid is dependent on the vertical
head and its specific weight.

1. What are the forces acting on a fluid at rest?

When a fluid is at rest, there is no relative motion between the layers of the fluid. During
rest as there is no velocity gradient, therefore tangential shear stress is zero. Hence at rest
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or

or

can write:
dP
dz pxe
dP = p X gdz

Now to find pressure at any point a depth of % of the fluid as shown in the figure.

Pressure

v

Pressure variation with depth

Ja’P=j:p><g><dz

Since p = constant for incompressible fluid

h
J dP=p X g J. dz
P=pxgxh
Py pressure head
P8
The pressure exerted by a fluid is dependent on the vertical head of the fluid and its specific
weight.

What is aerostatic law?

The density of incompressible fluid does not remain constant i.e. p # constant. Now as per
perfect gas equation:
PV = mRT

P = %RT but = density = p

m
Vv
Now as per hydrostatic law, the pressure gradient is:
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The above equation is called aerostatic law.

What do you understand from the hydrostatic paradox?

The pressure exerted by a fluid is dependent on the vertical head if its specific weight
remains constant. In case we take four vessels as shown in the figure and all vessels have
same fluid to the same height (%), then pressure at the button of each vessel will be same
i.e. P = pgh. If each vessel has same area (a) at base, the volume and weight of the fluid
in each vessel have to differ due to their varying shapes. However, the force acting on the
base of each vessel is same as pressure (head is same) and base area are same for these
vessels i.e. Force = pressure X base area. Inspite of different weights of the fluid in different
vessels, the existence of constant force at base of these vessels looks like a hydrostatic
paradox i.e. a statement seemingly absurd but really based on truth.

What do you understand from the atmosphere and atmospheric pressure?

The mass of air surrounding the earth is called atmosphere. The atmospheric air exerts a
normal pressure upon all surfaces with which the atmosphere comes in contact. This
normal pressure is called atmospheric pressure.

What is the value of the atmospheric pressure?

Under normal atmospheric condition of 15°C, the atmospheric pressure is equal to the
pressure generated by 760 mm of mercury or 10.33 m of water.

Water
Atmospheric Pressure Atmospheric Pressure
(Barometric Height) {(Water Lifting)

1 atm = 760 mm of Hg or 10.33 m of water
101.104 kN/m?* or kPa
1.01 bar
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10.

11.

The atmospheric pressure can lift 760 mm of Hg or 10.33 meter of water against vacuum.

What do you understand from manometery and manometers? What are the
different types of manometers?

The technique of pressure measurement by employing hydrostatic law (fl—P = pg) is called
z

manometery. The devices used employing this technique are called manometer. Hence

manometer is device used for measuring the pressure at a point in a fluid by balancing the

column of fluid by the same or other column of fluid. The manometer can be:

(a) Pressure tubes or piezometers
(b) U tube manometers

(¢) Micro manometers

(d) Differential manometers

What is a mercury barometer?

A mercury barometer consists of a glass tube closed at one end and has diameter sufficient
large to minimize the capillary affect. The tube is filled with mercury and a stopper is
inserted at open end. The tube is immersed in the container having mercury so that open
end with stopper is well beneath the mercury surface. The stopper is removed from the open
end and the level of mercury (/) stabilised in the tube as per the atmospheric pressure. The
atmospheric pressure as shown by the barometer is:

Patm:pngth

| Mercury

Barometer

Differentiate between (1) absolute pressure (2) gauge pressure and (3) vacuum pressure.

Absolute Pressure: The pressure, which is measured with respect to absolute vacuum
pressure or zero pressure, is called absolute pressure.

Pabso/ute =P

gauge + P atm

Gauge Pressure: The pressure, which is measured above the atmospheric pressure, is called
gauge pressure. Pressure measuring instruments provide gauge pressure.

P guage — P absolute — P atm
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12.

13.

Vacuum Pressure: The pressure, which is measured below the atmospheric pressure, is
called vacuum or vacuum gauge pressure. The pressure in such system is above the
absolute vacuum pressure (zero pressure) but it is less than atmospheric pressure.

Pvacuum = Patm - Pabs

Pressure A

High pressure line
High x
Gauge pressure

Atm Y
Atmospheric pressure line T
Absolute pressure ~ Vacuum gauge pressure
|\ - ________Atmosphericpressure_______| __ Low pressure line
Low
l Absolute pressure
0 v

Absolute zero vacuum (zero pressure) line

Different Pressures

Besides manometers, what are the other types of pressure measuring instruments?

Other types pressure measuring instruments are called mechanical gauges. The types of
mechanical gauge are:

(1) Diaphragm pressure gauge
(2) Bourdon tube pressure gauge
(3) Dead weight pressure gauge
(4) Bellow pressure gauge

What are the characteristics of mechanical gauges? Describe Bourdon tube gauge.

The characteristics of mechanical gauges are:

(1) They can measure high pressures above the atmospheric pressure
(2) They give direct pressure reading
(3) They are easily portable instruments.

Bourdon Tube: It is a most commonly used mechanical gauge. It consists of a metallic tube
bent into a circular shape as shown in the figure. One end of the tube is fixed and other end
is free to move inward or outward. A pointer is fixed to the free end which moves over the
circular scale graduated in pressure unit (bar) with the help of linkage when the free end
moves inward and outward. The fluid whose pressure to be measured is connected to the
fixed end of the Bourdon tube and the free end of the Bourdon tube moves due to the
pressure of the fluid. The Bourdon tube measures the gauge pressure of the fluid as per the
position of the pointer on the scale.
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Scale

Pointer Free end

Bourdon tube
Fixed end

Bourdon Pressure Gauge

14. What is a pressure tube or piezometer? What does it measure?

The manometers work on the relationship between the pressure and the column of the fluid
balanced by it. The simplest form of manometers is the pressure tube or piezometer as
shown in the figure. The pressure tube consists of a single vertical tube open at the top
connected to the vessel or pipe containing the fluid under pressure. Due to pressure of the
fluid above the atmospheric pressure, the fluid rises in the tube to a height depending upon
its pressure. If fluid rises # meter, then we have gauge pressure of the fluid as:

Tube

\

Vessel with high
pressure fluid (Paps)

Pressure Tube
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15.

Pabs = Patm + Pgh
Pabs - Patm = pgh
Pgauge = Pgh

Hence pressure tube measures the gauge pressure of the fluid.

What is U tube manometer? What are the desired properties of the liquid filled in
the manometer?

U tube manometer consists of a glass tube in U shape with one end of it is connected to
the vessel whose pressure is to be measured and other end is open to the atmosphere as
shown in the figure. The tube contains mercury or any other liquid which has following
properties: (1) immiscible with the fluid in the vessel and (2) density of the liquid is greater
than density of the fluid in the vessel. If the pressure in the vessel is more than atmospheric
pressure, the liquid of the manometer has higher level in open limb than in the closed limb
i.e. hg is the rise of the liquid in the open limb. The height hg is called the gauge pressure
head of the manometer. On other hand, if pressure in the vessel is less than atmospheric
pressure, then liquid rises in the closed limb i.e. A, is the rise of the liquid in the closed limb.
The height 4, is called the vacuum gauge pressure of the manometer. Considering the
equilibrium from line x — x for the manometer:

— —

THHHHHHHHHHHHHHN
=
o

Gauge Pressure Vacuum Pressure

(a) Gauge Pressure:

Pups + pr8hy = p18hg + P
Pups = Pun = P18hg — p 5 8hy
Pouuge = P18hg — p s ghy
If pi1>>py

Pouge = P18hy
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16.

(b) Vacuum Pressure:

Pups +hyprg+h,p18 = Py
Py — Paps =hpprg+h,pig
Pracwum =hrprg +h,pi8
If pr>>py

Bacum =Mp18

What are the micrometers? Why are they called sensitive manometers?

Micrometers are modified form of double column manometer in which the cross-sectional
area of the limb connected to vessel is so large with respect to other limb opened to the
atmosphere that any change in the level in the large limb can be neglected. Hence the gauge
pressure inside the vessel is directly proportional to the level in the open limb. In
micrometers, either one limb is made much larger or a reservoir of large cross-section area
is introduced in one of the limbs. In case the cross-sectional area of larger diameter limb
(G1arge) 18 100 times than the cross-sectional area of smaller diameter limb, then volume
moving from one limb to other has to be same.

.. Change of volume of large diameter limb = Change of volume in small diameter limb

As

MICROMETER

dh xa=hxX Agmall

@ _ Asmall :L
h Qi 100

Pgause = pgh - pgdh

- _dh

= pg(h—-0)
= pgh

-0
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difference between the points is equal to the difference of the levels of the liquid in the
two tubes i.e. dp = h; — h,

Two Piezometer Tubes Method

2. Inverted U Tube Manometer: In case two piezometer tubes are joined at top, they form
an inverted U tube manometer. An opening at the top of the inverted U tube is provided
to drive away air present in the U tube. The upper part of the manometer can also be
filled with a lighter measuring fluid, which is lighter than the fluid flowing through the
pipeline. This helps in restricting the height of the limbs.

AP i —hy=h or AP=pgh
P8
For manometer having measuring liquid (ml)

AP = i (1—M)
pe|1-=

= h'pg(l - s,,) if water is flowing, then S,,; = S, gravity of measuring liquid.

Air cock Air cock

Measuring

Air liquid
(pml’ Sml)
: -F-
N b
X d_x

Inverted U Tube Differential Manometer Differential Manometer with Lighter Fluid
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3. U Tube Differential Manometer: In case pressure difference between two points is

high, then length of piezometer tubes and inverted U tube differential manometer is long
and unsuitable. In such cases. U tube differential manometer is used to measure the
pressure difference. The measuring liquid (generally mercury) used in such manometer
is heavier than fluid flowing through the pipe or pipes. The pressure difference can be
given as:

§3444444445585444454444

Fluid
density =
sp gr=S
x_
(density = 0, .
sp gr=Sy,) :
U Tube Differential U Tube Differential
Manometer: One Pipe Manometer: Two Pipes

(a) One Pipe Line

dP = hp 8 —hpg

= hpg(% - 1) = pg(Su; —1)

(b) Two Pipe Lines

AP= hpg(”% - 1) ~ kpg

= pg[(Sp, — 1)~ k]

19. What are differences between simple and differential manometer?

1.

2.

Simple Manometer Differential Manometer
It is used to measure pressure at 1. It is used to measure pressure between
a point. two points
One limb is connected to the point 2. Limbs are connected to the two points

and other is open to air.

. The pressure at a point is obtained in 3. The difference of pressure is obtained in

terms of difference of level of fluid term of measuring the difference of the
flowing through pipe. levels of manometer liquid.
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_a.h
dh = A><2—>O

The pressure above the line z — z is equal in both limbs.

P+pyxglh +dh)+p, ><g(h2 +%—th

h
=Pz+p1><gh+p2><g(hg—5+dh)+pf x g(hy, —dh)

Py — Py = pigh — p:gh
M:h(&_&
P

where p density of water
P8 )
=h(S; - 5)

22. If atmospheric pressure is 100 kpa and pressure gauge 4 reads 140 kpa, pressure
gauge B reads —60 kpa, then find the absolute pressure of H, and O, Also find the
reading of pressure gauge C.

AU H, 0, s
Ulc

The pressure gauge A is reading gauge pressure of H, as its one end is open to atmosphere.
The absolute pressure of H, is —

Pabs = Pgauge + Patm
= 140 + 100 = 240 kpa

Hence absolute pressure of H, is 240 kpa.
The pressure gauge B is reading the vacuum pressure of O, as its one end is open to
atmosphere. The absolute pressure of O, is —

Pabs = Patm + Pvacuum
=100 - 60
= 40 kpa

Hence absolute pressure of O, is 40 kpa.
The pressure language C is reading gauge pressure of H, w.r.t. O,. If it is reading Pggyge.
then —

PHZZPgause+P02
Pgause = PH2 - P02
= 240 — 40
= 200 kPa

The pressure gauge C will show 200 kpa.
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23.

or

24.

If the readings of a barometer at top and bottom of a hill are 660 and 760 mm of Hg,
then find the height of the hill. Take specific weight of the air (y) = 12 N/m>.

Py = Pressure of top of hill = Iy X py, X g

_ 760
~ 1000
= 101.4 KN/m?>

OV %13.6%x10° x9.81

P, = Pressure at bottom of hill = h, X py, X g

_ 660
~ 1000
= 88.06 KN/m?
Now Py — P, =vh

(1014 -88.06)x 10°
12

_1334x10°
12
=1112m

U % 13.6%x10° x9.81

A tank is filled with water and mercury with air at top as shown in the figure. If gauge
1 reads 400 kpa (absolute), find (1) height of the water and (2) reading of gauge 2.

P, =140 kpa

The pressure read by gauge 1 is P; = 140 kpa. Now pressure P; will be equal to pressure
exerted by 1.20 cm of Hg, height / of water and air. Therefore is equilibrium —

P =120Xpy, X g+hX pX g+ Pair
1.20><13.6><103><9.81+h><103><9.81

10° 10°
=160+9.81x h+230

10
98

400 = +230

h=—==102m
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|2

Water QRDBERRNR

T ——x (datum)

Gauge Pressure

Let P, = absolute pressure of the water in the pipeline during equilibrium —
Pressure in the left limb from datum = Pressure in the right limb from datum

100 100 + 100
P1+1000Xpwxg:(W)Xp”g X8+ Fum
p_p _02x136x10°x981  01x10% x gx 9381

1 atm 1000 1000
Pz = 2668 — 0981

Pyuuge =257 kpa

27. The figure shows a conical vessel having a U tube manometer attached to its outlet
at 4. When the vessel is empty the reading of the manometer is given in the figure.
Find the reading of manometer when the vessel has been completely filled with water.

>4
)
1
1
|
:II

When the vessel is empty, the pressure in both limbs is same from datum line x — x
Pressure left limb = Pressure in right limb
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024x12%x10°x g +hx08x10°x g = (024 +h)1x10°

0.288 + 0.8h =
0.2h =
h =

Pressure =P,

.gg____f____

024 + h
0.078
0.39 m
390 mm

Measuring
liquid, 0,

T X

L2

Pressure =P,

29. Liquids of sp gravity 1.0 flows through pipes 4 and B at 0.5 and 0.2 bar respectively.
Pipe A4 is 2 m higher than pipe B. What would be the difference of levels of U-tube
manometer connected to A and B in case sp gravity of manometer liquid is 13.6 and
when liquid is at higher level in the limb connected to B.

Equating pressure on left and right limb from datum line x — x

PuX(2+h+h)p Xg = B, +hp,g+hp.g

05x10° +(2+h)x10° x98

02x1

03%x10* +(2+h)9.81 = 13.6x

0° +hx136%x10°%x98
9.81xh
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30.

31.

30 + 19.62 + 9.81h = 133.4h

123.6h = 49.62
_ 49.62 _
h= 1266 =0401m

Water flow downward in a pipe inclining at 30° with the horizontal as shown in the
figure. Find the pressure difference between point 4 & B if / and & = 0.14 m. The
manometer fluid is mercury (S = 13.6).

-

:
HE0)
-

1
1

M
=
l
]

I
>

1

THHHIL

<
3
5

During equilibrium, the pressure in left and right limb is same from datum line x — x

Py +1x103 ><9.81(fsin30+h1 +%) —136X10° X h x 9.81+1x 10> x(hl —%)x9.81+PB

Py — P =10° x9.81(13.6x.14 — 1 - 0.14)

=9.83x10°(0.764)
= 7.5 kpa

Determine the pressure difference (P, — Pg) when the reading of manometer is as
shown in the figure.

[
e e e g g gy
o i i s s s e i i i ]
- [~

-]
-]
-]
-

IIIIIIIIIIIIIIII)
j—
o
8
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Guidance: To simplify such multi tubes problem, it is best to divide the setup in two or more
parts as shown below

A
4 /
L
Waav«v«wu
-
ﬁv
24 <3
‘ =
X -

Taking equilibrium from datum x — x for left part and datum y — y for right part

Py +024x08%x10° x g B +0.10x.8x10° x g

=0.12x13.6x10° x g+ P, =0.15x13.6x10° x g

or P, =P, +1.88x10° =16 x10° +010x0.8%x10° x g+ Py
=P, —1412x10° or P, = Py +20.01x10°

Now Pl = Pl
: P, —14.12 x 10° = Py + 20.01 x 10°
PA_PB = 34.13 kpa

32. A multi tube manometer is employed to determine the pressure in a pipeline. The
levels inside the tubes are as shown in the figure. What would be the length of single
mercury U-tube to record this pressure?

Guidance: Divide the tubes in three parts to simplify the problem as shown below:
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Pam
¥
P,
. L
=L
A
G
B+5x1x10°x g P, +05x1x10° x g
P, =0.5%x13.6x10° x g+ A, s 5
=5%x13.6x10°x g+ P, =P,,+5%x13.6x10° x g
P, =66.7x10° + B 5 5
P =618%x10"+ P, P =P,, +61.8x10
=66.7%x10° + P,,,, + =618x10° + P, +
123.6x10° 618x10°
=2003x10° + P, B =P,, +123.6x10°

PA - Patm = Pguuge =200.3 kPa

In case we have ample U tube manometer, then,

PA_Patm:thgxg

200.3 x 10° = 4 x 13.6 x 10°> x 9.81
_ 2003 _
"= Goxogt O™

33. Find the pressure difference between pipe 4 and B for the reading of differential
manometer as shown below



88 Fundamentals of Fluid Mechanics

3s.

Py=hp,Xg+hH Py + pohg = pihg+ R
from eqn (1) P = Py +hg(p, — p1)—eqn(l)

Py =hpyXg+Pg+hg(p, —py)

Py = Pg=(p2 — p1)gh+pahug
For finding P, — P, consider the part of the tubing as shown below

Py+hp,g+hp xg=Fe
Py — P =—(prg+hpig)

Two pressure points in a water pipe are connected to manometer which has the form
of an inverted U-tube the space above the water in two limbs of manometer is filled
with toluene (sp gr 0.875). If the difference of level of water columns in two limbs
reads 12 cm, what is the corresponding difference of pressure?

(AMIE Mech. Engg.)

Guidance: Consider two parts for simplifying

Py+(h +h)x1x10°xg=h Py +h x1x10° x g+ hx875x10° x g = B
Py =P
Pi+(h+h)x1x10°x g = Py +hx875x10°x g+~ x1x10°x g

P, —Pp=hx10° x g(1 — 0.875)

=0.12x10°x9.81x0.125
= 0.147 kPa

RD=0.875
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36. Compute the pressure difference between 4 & B in the figure.

Sp gr=0.92

30

Guidance: The tubing system can be divided in two parts as shown below
P1 P1

Py +hx115%x10° x g
=P+20%x0.92x10° x g
Now Pl = Pl

B +(50-h)x115x10° x g = Py

Py +hx115%x10° xg—02%x092x10* x g
=Py —(5-h)x115x10° x g
Py —Py=02x092x10°xg—-0.5x115x10° x g
=1.8x10° —5.64 x10°
=-384x10° kPa

_384x10°
1x10° x9.81

= —-391 mm of water
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37. The pressure at the point m in the figure is given below is to be measured by the open
manometer as shown. Fluid A is oil (sp gr 0.80) and fluid B is mercury. Height y =
75 cm, z = 25 cm. (Punjab University)

Pam

Guidance: Divide the tubing in to two system as shown above:

Py =P +Yx08x10°xg B =P, +Zx136x10°x g
=P +0.75%0.8x10° x9.81 B =P, +025x13.6x10% x9.81

Now P1:P1

P, —075%08x10° X981 = P, +025%x136x10° x9.81
PM - Putm = Pgause

Pose = 025%136%10° X981+ 0.75% 0.85%x10° x 9.81

&

=(3335+6.25)x10°
=39.6x10° Pa

Pyause = 39.6 kPa
Panspite = Pgause + Putm
=39.6 + 101

= 140.6 kPa

38. Show that P, — Pj =(1+%)(r2 —rl)gh for the manometer as shown below
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41. A hydraulic jack consists of a handle cum lever of 40 cm long and various dimensions
of assembly as shown in the figure. A vehicle of 15 KN is supported by jack by
exerting force P. Find P if distance between plunger and fulcrum of the lever is 3 cm.

VAl AV A AV AV A AR A A A A & AV & 4

A = area of cross-section of larger piston

2
- w =0.0028
Pressure developed in the fluid by load = 15 kN is —
_ 15x1000 _ 6 2
P ~00028 =536%x10" N/m
a = area of plunger =%>< (0.02)*
=.000314
Force on the plunger = a X P
=.000314 x 536 x 10°
F =1684 N
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Taking moment w.r.t. point ‘4’
F x 30 =P x 400

Fx30 _ 1684 %30
400 400

= 1263 N

P =

42. Calculate the gauge pressure at point A, B, C and D in the water and oil storage
arrangement as shown in the figure.

v/
Air

SONNNN NNANNN
L}
\\\\\\ NONNNN

9599959599
$8585854858

Sl

Guidance: The atmospheric pressure is acting on the level point 0. Any level above this level
will have vacuum gauge pressure and below this level will have gauge pressure.
At point A, pressure is —

Py=—pgh
At point 4, h =— 80 cm = — 0.8
P, =-1x10°%x9.81x0.8
kN

=-785—
m2

At point B, h =+ 70 cm

Pp=10.7x1x10° x 9.81
= 6.867 kN/m’
At point C, P- = Py as air column will already change the pressure. Now at point D, we have
Pp = pgh + Pp
_ 09x10°x9.81x2.0
10°
=17.658 +6.87

+6.867

— 24528 %N
m
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43. What is the pressure of air in tank as shown in the figure if /; = 40 cm, 12 = 120 cm
and /3 = 90 cm?

R R Pam

v v

-

z_
{2

¥
¢

b
9

Oil
(spgr=048) |

Nk, o8, 08,08, 08,0

ofoet

I
1335538
5555583
§
)

:
§
$
)

Hy RESRSoFe

13))
999
999
9999

Guidance: The system can be divided in two parts as shown in the figure.

Pairzﬂlxpxg"_Pl
_04x08x10°x9.81+ P,
10° P = Pun +

Patm + €3pHgg = Pl

0.9x13.6x10° x9.81
10°

=314+ PR
=P, +120.07
From eqn (1) put the value of P,

P, = 3.14 + 120.07 + P,
P, — Py = 12321 kPa
P = 123.23 kPa

gause

44. In inclined manometer was used to find the pressure of water in a pipeline as shown
in the figure. Find the absolute water pressure in the pipe in case the inclination of
limb to the horizontal is 30°. The ratio of area of reservoir to the tube is 20. The sp
gravity of measuring liquid is 1.6.

Flow of volume from reservoir to tube remains constant

dh xA=1[1X%Xa A = area of reservoir
a = area of tube

1
A=21=—"x08=004
" 20><08 0.04 m

hzmm9=03x%

Applying the condition of equilibrium on datum line x — x
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2
_ - A B
dpdA = 1000 {1+500+(1000) }dydiXg
2 y y 2
—(dp = 1000g[ |1+ +[ 2| |a
or !p gf[ 100 (1000” Y
2 3 780
P, — P, = 1000 x 9.81 | y+ e +—2—
200 " 3x10° |,
6400 | 512x10°
=9810% | 80 + +
? X[ 200 3x10° }
= 9810[80 + 32 + 0.171]
= 1100.4 kPa

46. 1If the density of sea water at the surface is 1030 kg/m® and the average bulk modulus
is 2.4x10° N/m?, find the density of sea water at a depth of 1500 m.

_________ Q=/_‘f'_/'_/—/" ps = 1030
1500 mmr -
Q\p N
Bulk modulus k& = 4ar
dp
P
dp _dp _ dP
or oK or dp=p X
Now change of pressure dP = pgh
_ (1030) x 9.81x 1500
24x10°
_ 106x10°x9.81x15x 10
24x10°

=65 kg/m’
». Density at 1500 = Ps + dP = 1030 + 6.5

= 136.5 kg/m’
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(a) Flow direction is 4 to B and P, — Pg = 20 kPa
(b) Flow direction is B to 4 and P, — Pz = 1.4 kPa
(c) Flow direction is A to B and P — P, = 20 kPa
(d) Flow direction is B to 4 and Pz — P, = 1.4 kPa

(GATE - 2005)

As per continuity equation—

As

‘A’ to ‘B’.

49.

50.

Ay X Vy=A4Ag X Vp where 4 = area and V = velocity
Ay > Ap
As velocity head at ‘B’ is more than at ‘4’, hence P, > Pp and the flow takes place from
Now P,—Pp=p-g-AB
=13.6 x 10° x 9.81 x 150 x 107
= 20 kPa

Option (a) is correct.

The manometer shown in the given figure connects two pipes, carrying oil and water
respectively. From the figure one.

Qil Water
- Horizontal
plane
l— Pipes —|
Horizontal
plane =TT [T T
Mercury

(a) can conclude that the pressure in the pipes are equal
(b) can conclude that the pressure in the oil pipe is higher
(c) can conclude that the pressure in the water pipe is higher
(d) cannot conclude the pressure in the two pipes for want of sufficient data.
(IES 1996)
Now balancing the liquid columns and pressure in both tubes with respect to horizontal
plane, we have—
Poil T Po8u = Pwater T Pw8u
or Poil - Pwater = (pw - po)gH
As Po < Pu
Poil > Pwater
Option (b) is correct.

A differential manometer is used to measure the difference in pressure at point A
& B in terms of sp weight of water (W). The sp gravities of liquids X, Y and Z are
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54.

55.

Taking base as datum, we have
3hxp+15hx2p+hx3p=HX3p

or 3h+3h+3h=3H

or 3h=H
H _

or Y =3

Option ‘¢’ is correct.

To measure the pressure head of the fluid of specific gravity ‘S’ flowing through the
pipeline, a simple micro-manometer containing a fluid of specific gravity S;’ is
connected to it. The readings are as indicated in the diagram. The pressure head in
the pipeline is—

(a) h S — hS — AW(S; - S)
(b) 1S, — hS + Ah(S; - )
(¢) hS — h S — AW(S; - S)
(d) hS — h S| + AR(S; - S)
(IES 2003)

Balancing both limbs, we have—

Ps+ (h+ AR)S = (h; + Ah) S
or Pg=mS, — hS + An(S; — S)
Option (b) is correct.

The balancing column shown in the diagram contains 3 liquids of different densities
P1, P2 and p;. The liquid level of one limb is ‘/;’ below the top level and there is a
difference of ‘A’ relative to that in the other limb. What will be the expression of ‘4’?
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Introduction

The bellow type gauges are used for the measurement of absolute
pressure. They are more sensitive than_bourdon gauges. It may be used
for measuring pressures

Construction

The bellows are made up of an alloy with high strength and ductility. It should have
very little hysteresis effect. Commonly brass or phosphor bronze is used for making
bellows. For selecting a specific material for bellows, the parameters to be checked
are:

() Range of pressure

(ii) Hysteresis

(i) Fatigue on dynamic operation

(iv) Corrosion

(v) Fabrication ease

(vi) Sensitivity to fluctuating pressures

For strong bellows, the carbon steel is selected as the main element. But the
material gets easily corroded.


https://automationforum.co/2018/03/how-does-a-bourdon-tube-gauge-working-advantages-diadvantages.html

Bellow Pressure Gauge

Compressed Type Expanded Type

Spring Opposed Bellows

Working

The bellows are used in two forms. In one arrangement, pressure is applied to one
side of the bellows and the resulting deflection is counter balanced by a spring. This
arrangement indicates the gauge pressure. In the second arrangement, the
differential pressure is also indicated. In this device, one pressure is applied to the
inside of one sealed bellow while the other pressure is applied to the inside of
another sealed bellow. By suitable linkage and calibration of the scale,

the pressure difference is indicated by a pointer on the scale.

Advantages

() Its cost is moderate.

(i) It is able to deliver high force.

(i) It is adaptable for absolute and differential pressures.
(iv) It is good to low-to moderate range.

Disadvantages

() It needs ambient temperature compensation.
(i) It is unsuitable for high pressures.
(iif) The availability of construction metals is limited.



