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CLEAPTER

PRESSURE MEASUREMENT

quid. 2.3. Pascal’s law. 2.4 Absolute and

2.1. Pressure of a liquid. 2.2. Pressure head ofali
ometers—Mechanical gauges. Highlights—

gauge pressures. 2.5. Measuremen! of pressure=Man

Objective Type Questions — Theoretical QOuestions—Unsolved Examples.

2.1 Pressure of a Fluid
When a fluid is contained in a vessel, it exerts force at all points on the sides and bottom and top

of the container, The force per unit area is called pressure.

If, P = The force, and

: . . P
A4 = Area on which the force acts; then intensity of pressure, p = -; L(2.1)

The pressure of a fluid on a surface will ahways act normal to the surface.

2.2 Pressure Head of a Liquid
A liquid is subjected to pressure due to its 0wn weight, this pressure increases as the depth of

the hqllld 1Ncreases. C}’lil‘ldﬂf

Consider a vessel containing liquid, as
shown in Fig. 2.1. The liquid will exert
pressure on all sides and bottom of the
vessel. Now, let cylinder be made to stand
in the lquid, as shown in the figure.

Let, / = Height of liquid in the cylinder,

A4 = Area of the cylinder base,
w = Specific weight of the liquid, Vessel

and. p = Intensity of pressure. | o w
Now, Total pressure on the base of ig. 2.1. Fressure head.

the cylinder = Weight of liquid in the cylinder

p. A. =wdh

wAh

p=—=wh ie.,

A
As p = wh, the intensity of pressure in a liguid due to its depth will vary directly with depth.

As the pressure at any point in a liquid depends on height of the free surface above that point, 1t
'« cometimes convenient to express a Hquid pressure by the height of the free surface which would

Itllli[*l|t
LR

i
1
11y
Iy
U

ie.,

p = wh ..{2.2)

cause the pressure, i.e.,
h= % {from eqn. (2.2)]
The height of the free surface above any point is known as the static head at that point. In this

case, static head is 7.
44
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Hence, the intensity of pressure of a liquid may be expressed in the following two ways:
1. Asaforce perunitarea (i.e., N‘mm?, Nim), and
2. Asanequivalent static head (i.e., metres, mmor ¢m of liquid).
Alternatively:
Pressure variation in fluid at rest:

In order 1o determine the pressure at any point in a fluid at rest “hydrostatic law” is used; the
law states as follows:

_ _ / Free surface
“The rate of increase of pressure in a __ &

vertically downward direction must be equal to
the specific weight of the fluid at that point.”

The proof of the law is as follows.
Referto Fig. 2.2
Let, p = Intensity of pressure on face LM,

——
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A 4 = Cross-sectional area of the element,

7 = Distance of the fluid element from
free surface, and

AZ = Height of the fluid element.
The forces acting on the element are:

(i) Pressure force on the face Fig. 2.2. Forces acting on a fluid element

LM =p x A4 .. .(acting downward)

(if) Pressure force onthe face 87 = [ p+ % y 52] % A4 .. {acting upward)

(ifi} Weight of the fluid element = Weight density x volume
=y % {Ad X AZ)
(i) Pressure forces on surfaces MT and LS ..... are equal and opposite.
For equilibrium of the fluid element, we have

po~[p+f—’;x&Z}xM+wx(&Ax&Z)=G
&

%,
ar, p'KM—pﬁM—§HMHM+wHMHﬂZ=G

[ i

or, ;—;Z?&ZxﬂA+wxMxﬂZ=0_

C

é’ = w (¢cancelling AZ x A4 from both the sides)
op Y
or, 27 TP T8 (ww=pxg) ) S

Of,

Gz
Eqn. (2.3.) 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”.

On integrating the eqn. (2.3), we get
f dp = [ pg.dZ
or, p =pgi{=wZ) (2.4)
where, p is the pressure above atmospheric pressure.
" Fromeqn. (2.4), we have T

2 ] TIF JTH"E ey TTT ' B -
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Py_P~P
Z = *——[=—J ..12.5]
P-EN W
Here Z is known as pressure head.
Example 2.1, Find the pressure at a depth of 13 m below the free surface of water in a reservoir.

Solution. Depth of water, A=15m
Specific weight of water, w =981 kN/m’

Pressure p:

We know that, p=wh=981x15=147.15kN/m*

ie., p =147 15kN/m* =147.15kPa (Ans.)

Example 2.2. Find the height of water column corresponding 1o a pressure of 54 kN/m?.
Solution. Intensity of pressure, p = 54 kN/m?

Specific weight of water, w = 9.81 kKN/m’

Height of water column, h:

P 54
£ = ——=55m(Ans.)

Usine the relation: p = why A =
sing the relation: p = w W 98l

2.3. Pascal’s Law

The Pascal’s law states as follows :

“The intensity of pressure at any point in a liquid at
rest, is the same in all directions”.

Proof. Let us consider a very small wedge shaped
element LMN of a liquid, as shown in Fig. 2.3,

Let, p = Intensity of horizontal pressure on the
element of liguid,

Intensity of vertical pressure on the
element of liquid,

Intensity of pressure on the diagonal of p‘
the right angled trianguiar ¢lement, '

Angle of the element of the liquid,

Total pressure on the vertical side LA of the liquid,

Total pressure on the horizontal side MV of the liqug, and

Total pressure on the diagonal ZAf of the liquid.
P =p xLN ki)
P}, =p, * MN 0
P =p *xIM ...{fil)

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

Fig. 2.3. Pressure on a fluid element at rest

Resolving the forces horizontally:
P sno=F,
p,. LM sina=p LN
But, LM sina=LN .. FromFig 2.3
‘ p.=p, . {iv)
Resolving the forces vertically:
P o coso= PJ,-— W
(where, W = weight of the liquid element}

o L e e e Ii-| .,':I X '."' . i
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Since the element is very small, neglecting its weight, we have

Pcosau=F,  or p,. LMcosa=p, MN
Bur, LMcos o =MN .FromFig2.3 '
' .ID: = pl: ¢ . {1-"}

Frem{iv)and (v}, we get p = p-J =p.
which is independent of a.
Hence, at any point in a fluid at rest the intensity of pressire is exerfed equally in afl directions, 3

which is called Pascal’s law,
Example 2.3. The diameters of ram and piunger of an hydraulic press are 200 mm and 30 mm
respectively. Find the weight lifted by the hyvdraulic press when the force applied at the plunger is 400 N.

Solution. Diameter of the ram,
P=200mm=0.2m

Diameter of the plunger, d=30mm=0.03m
Force on the plunger, F=400N

F =400 N

Blunger

- — = = e = = = -

- v - == =l

-_— e b em Em W o —

e = o o o — = am

Hydraulic press
Fig. 2.4
Load lifted, W:
Area of ram, .
1 i ] )
d="pi= = %x02°=0.0314m’ |
4 4
Area of plunger, 3
. A i
a=_d EEKD-033=?.053>-< 10~ m? '
Intensity of pressure due to plunger, 3
d F 400 5 A feun g
p=—-= = 5.66 x 10" N/m -

a  7.068x107
Since the intensity of pressure will be equally transmitted (due 0 Pascal’s law), therefore the

intensity of pressure at the ram 1s also
=p = 5.66 x 10° N/m*

.
But intensity of pressure at the ram = Weight _ W il N>

Arcaofram A 00314

(3.
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. 2.5 find the load lifted by the large piston
specific weight of the liguid in the

48

Example 2.4. For the hydraulic jack shown in Fig
when a force of 400 N is applied on the small piston. Assume the

jack is 9810 Nim?,
Solution. Diameter of small piston, d = 30 mm = .03 m

F =400 N

l

Small piston
——— | 00 it ———3»

30 mm —w : 5
dia. Wy \ /— Large piston

al* il 1mpira-

Area of small piston, a=-

Diameter of the large piston, 0 =100mm==0.1m

el .|-'qﬁmllﬂiliﬂwwmuﬂ{ i

: T e , .
Area of large piston, =2 D= 7" 0.12=7.854 x 10~ m*
l Force on small piston, F=400N
:: Load lifted, W:
. . : 400 - 5 7
Pressure intensity on small piston, p=— = = 5.66 x 10" N/m
v g z 7.068 %107

Pressure intensity at section LL,

F .
p;; = — + Pressure intensity due to height of 300 mm of liquid

1
=£+wk=5.66x1ﬂ5 +931D:-=;—320—
a 1000

=5.66 % 105 +2043 =5.689 = 10° N/nr’
Pressure intensity transmitted to the large piston = 5.689 x | 0° N/m?
Force on the large piston = Pressure intensity * area of large piston
- =5.680 x 10° x 7. 854 % 107> =4468 N
* Hence, load lifted by the large piston = 4468 N {Ans.)
' 2.4. Absolute and Gauge Pressures

Atmospheric pressure:
The atmospheric air exerts a normal pressure upon all surfaces with which it is in contact, and 1t

is known as atmospheric pressure, The afimospheric pressure is also known as ‘Barometric pressure .
The atmospheric pressure at sea level {above absolute zero) is called ‘Standard afmospheric
pressure’,

Note. The local atmospheric pressure may be a little lower than thesc va
is higher than sea level, and higher values if the place is lower than sea level, du

or increage of the column of air standing, respectively.

lucs if the place under question
e to the corresponding decrease
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Example 2.5. Given that:

Barometer reading = 740 mm of mercury;
Specific gravity of mercury = 13.6: Intensity of pressure = 40 kPa.
Express the intensity of pressure in S.1. unifs. both gauge and absolute.

Solution. Intensity of pressure, p =40kPa

Gauge pressure:
() p=40kPa=40kN/m*=0.4* 10 N/m? =0.4 bar (Ans.)

(1 bar = 10° N/m)

5 .
{1y h= p_U4x 197 _ 4.077 m of water (Ans.)
9.81 x 10° -

:
h=f = 0419 = (.299 m of mercury (Ans.)

wo 9.81x10° x13.6
Wherﬂ w = specific weight;

{f:‘:‘j

For Wﬂtﬂl‘ w= 981 KN/m®

TR A T

For mercury : w = 9.81x13.6 KN/m® |

Absojute pressure:

Barometer reading (atmospheric pressure)
— 740 mm of mercury = 740 x 13.6 mm of water

_ 740136

1000
Absolute pressure (p_, ) = Atmospheric pressure (p,,, ) T §auge pressure (pgﬂ“g\?).

L P = 10 ﬂﬁ +4.077 = 14,137 m of water (ADS N

=14.137 » {9 21 % 10°)=1.38 x 105 N/m? (Ans.) (p = wh)

= 1.38 bar (Ans.) (1 bar = 10° N/m?)
14.137

13.6
Example 2.6. Calculate the pressure ai a point 5 m below

has av armb!e density g:ven by relation
- - = (350 + Ay) kg/m’ .
| where A = 8 kg/m* and y is Ihe distance in metres measured from the free surface.

Solution. As per hydrostatic equation
dp = p:g.dy= g (350 + Ay)dy

Integrating both sides, we get
[dn = j (350 + ) dv = g j(m + 8y)dy

= 10.06 mof water

= 1.039 m of mercury.(Ans.}

the free water surface in & figuid that

&
il
- p=-gl-350y+8x—
2 1o

2
981 (350x 5+8x -—) _ 18148 KN® = 18.15kN/m” (Ans.)

e pressure of 0.35 bar!

Example 2.7. On the suction side of pump a gauge shows a negariy
Express this pressure in terms of:

LIy
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() Intensity of pressure, kPa.

(iiy N/m® absolute.

(iif) Meires of waler gauge.

(v} Metres of oil (specific gravity 0 82) absolute.
(vy Cenrimetres of mercury gatge. |
Take armospheric pressure as 76 cm of Hg
Solution. Given: Reading of the vacuum gauge =0.35 bar

(i) Intensity of pressure, kPa: '
Gauge reading ~ =0.35bar= 0.35 % 10° Ny’
=035 x 10° Pa=35kPa (Ans.)

ond relative density of mercury as 13.6.

(i) N/m’ absolute;
Atmospheric pressure, Py, = 76 ¢cmof Hg
70 101396 N/m’

= (13.6 x 9810) ¥ 755~

Absolute pressure = Atmospheric pressure — Vacuum pressure

Pabs.” Pam ™ Pac.
— 101396 — 35000 = 66390 N/m? absolute (Ans.)
(iify Metres of water gaige:
p=pgh = wh

0.35 x 10° |
i ugel = — = = 3 567 m (gauge) (Ans.
wacer (8398€) T — = TooTs (gauge) (Ans.)

iv) Metres of oil (sp. gr. = 0.82) abseolute:

E}‘
3 66356 |
A (absolute) = 32 x 9810 - 8 254'm of water (absolute} (Ans.)

(v) Centimetres of mercury gauge:

1 = wh)
5 NJ,rmE)
0.35 x 10°
hmmw(gauge] = T3 x 9310 = {.2623 mof mercury
— 26.236 cm of mercury (Ans.)

is 10.5 m gbove the bottom of sump from which it draws water
wmp inlet is not to fall below 28 kN/m? absolute, work

in o liquid that
a Example 2.8. The infet to pump
i pugh ¢ suction pipe. If the pressure ai the p
ot the minimum depth of water in the tank.
b 4ccume atmospheric pressure as 100 kPa.
Solution, Giver: p, = 100 kPa =100 KNI p, = 28 KN/
Minimum depth of water in the tank:
Let, p... = Lhe vacuum (suction) pressure at the pump inlet.

Then, Piac. ~ Pam ~ Pabs.
= (100 - 28) = 72 kN/m® or 72000 N/m?

Further, let 4 be the distance between the pump inlet and free water surface in the sump.
Invoking hydrostatic equation, we have
Ans.) . p=wh
72000 = 9810 x /
ure of 0.35 bar. 79000
E 7.339m

- Gt i . £oi byl . o __

] = ———

or 6810
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o, Minimum depth of water in the tank
=10.5-7.339=3.161 m (Ans.)

Example 2.9. 4 cylindrical tank of cross-sectional avea 600 mm* and 2.6 m height is filled with
water upto a height of 1.5 m and remaining with oil of specific gravity ().78. The vessel is open (o
atmaspheric pressure. Calculaie:

(Y [ntensity of pressure af the interface.

(i) Absolute and gauge pressures on the base of the tank in terms of water head, oil head and
:F\j;f}ﬁfi'gl )
(1) The net force experienced by the base of the fank

Assume atmospheric pressure as 1.0132 bar.
Solution. Given: Area of cross-section of the tank, A = 600 mmy = 600 x 10°;
sp.gr. of 0il =0.78:p, = 1.0152 bar.

(f) Intensity of pressure at the interface:

The pressure intensity at tlhe interface between the i deical
oil and water is due to 1.1 m of oil and is given by, ' / ylindnca

tank
Plinterface =wh
={{.78 x 9810} x 1.1 ,
— N Frm2 . L~ Qil
= 8417 N/m* (Ans.) (Sp. gr. = 0.78)
Absolute and gauge pressure on the base of the

tank: {'\\

Pressure at the base of the tank 2 Interface

. . between the oil
= Pressure at the interface (due to 1.1 m of o) + and water

pressure due to 1.5 m of water
=8417+{9810 x 1.5)
=23132 N/m? (gauge) {Ans.)

1Eer

|'||'|'I.

[ 1]

M LA

RN

[T

ie., Proase (gauge)

132
= %ﬂ— = 2.358m of water (gauge) (Ans.)

23132
0.78 x 9810

Atmospheric pressure, p, = 1.0132 bar
=1.0132 x 1° N/'m?

C1.0132 x 10°
9810
_1.0132 x 10°

"~ 0.78 x 9810
Absolute pressure = Atmospheric pressure + gauge pressure

Dy, (abselute) = 10,328 + 2,358 = 12.686 m of water (Ans.)
= 13.241 ~ 3,023 =16.264 m of oil {Ans.)
= 101320 + 23132 = 124452 N/m’(Ans.)
(iif) The net force experienced by the base of the tank:

= 3.023 mof oil (gauge) (Ans.)

= 10,328 mof water

=13.241 mof oil

F (= P)=p,,  [gauge) x cross-sectional area
=23132 x 600 x 107°=13.879 N (Ans.)
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Aachinas

Example 2.10. (a) Whatis hydrostatic paradox?

) (5) Acylinderof 0.25 m diameter and 1L.2m height is
of 0.9 m diameter and 0.8 m height. Bm‘h the cylinders

() Total pressure at the botiom of the bigger cylinder, and

(i) Weight of total volume of water.
What is hydrostatic paradox between the two ¢

fixed centraiy on the top of alarge cylinder
are filled with water. Calculate:

illed with
v open 10

sults and how this difference can be

reconciled?

Solution. () Hydrostatic par adox:
Fig. 2.8 shows three vessels 1,2 and 3 having the same arca 4 at ihe bottom and each filled a

-i_ Squid upto the same height A.

r Free surface

ﬂ----—--—-——

head and

)

1y
I
I'i
Iy
I|
'
U
Loy
U
|
—]
AL
NN
(1,

--—---.-l-—.—-

--—F._—.-l---

S
©

“ylindrical
tank

- -

B Liguwid 7 -

———————————————————
---------
___________________
________

—————————

———--—-.—-u-.—-.
_-'.-F--IFI-.

= 0,78 --C-oIoIIlCC- Mttty i

gt ) br ¥ boozzioiie y fooreioss

) A {area) A A = Areg ofithe
bottom

Fig. 2.8. Hydrostatic paradox

interface
equation, p = wh: the intensity 0:

ween the oil
and water

According to the hydrostatic pressure (p) depends only on

ie height of the column and not at all upon the size of ,
kslhe columi. Thus, in all these vessels of different shapes ) U-a?am —
¥ ] 5izes, the same intensity of pressure would be exerted s

T bttom of each of these vessels. Since eachofthe | EZITE
ki <cls Tias the same area A at the bottom, the pressure |  FIIIL

Water

fthese vessels. Since eachofthe | L=<z =

|, o W -m wr N

.-----

- == e o o E

e P=p x4 0n the base of each vessel would be —TTI

by — wm 4 =m N

pe. This 18 independent of the fact that the weightof 12m L rT:s
wid in each vessel is different. This siteation is referred /’ -

i hydmstatic paradoX.
{b} Areca al the bottom, SITII
4= (0.9 =0.6362 m’ T YN SIIil

m mm AW W =W

e wm wm -

—-— == wh

Cyls ders - = ]

—--—--——-"-—-

----‘-—--'-—'.
..-.--.—--..-._.-._-i——_—.-"-—
—r —m mm m we M

Tntensity of pressure at the bottom

p=wh=9810 % (1.2-+0.8) IO R
= 19620 N/m’ RS ey Water 277770
Total pressure force at the bottom l CoTTIIIIiIIIIIo oo
P=px A=19620% 0.6362=12482N
Weight of total volume of water contained in

e ot

the cylinders, |

W = w % volume of water Fig. 2.9

=981D{Ex 0.9° x 0.8 + —E % 0.25% % 1.2} =5571N

4
From the above calculations it may be observed that the total pressure
mder is greater than the weight of total volume of waier (W) containe

astatic paradox.

——-l-—----!——-n-——

ld——l--—l-—ﬂ-—-.—-—-——-d-——

-1—-—-———-—*-.-———-_..—
—--——--—.----I--—d—.-l--—----

——-.-..—n.--.-.—_—__--——-—-.—.-.

furce at the bottom of the
d in the cyiinders. This is

. I

ke
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The following is the explanation of the hvdrostatic paradox: Refer to F1g. 2.9,
Total pressure force on the bottom of bigger tank = 12482 N (downward). A reaction at the roof
of the lower tank is caused by the upward force which equals, -

wAl = 9810 = 5— {;0.92 ~ 02551 x 1.2 =6911N {(upward)

The distance # corresponding to depth of water in the cvlinder fixed centrally on the top of larger

cylinder.,
Net downward force exerted by water = 12482 - 0911
water in the two cylinder.

= 5571 N and it equals the weight of

2.8 Measurement of Pressure

The pressure of a fluid may be measured by the following devices:

1, Manomeiers:

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 o1 another cohonn of liguid. These are classified as follows:

(@) Simple manometers.

(;} Piezometer, (i) U-tube manometer, and i/} Single column manometer.
(h) Differential manometers.

2. Mechanical gauges:
These are the devices in which the pressure is measured by balancing the jluid column by

spring { elastic element) or dead weight. Generally these gauges are used for measuring high pressure
and where high precision is rot required. Some commonly used mechanical gauges are:
(i} Bourdon tube pressure gauge, (i} Diaphragm pressure gauge,
(i) Bellow pressure gauge, and (i) Dead-weight pressure gauge.
2.5,1 Manomeiers

2.5.1.1. Simple manometers

A “simple manometer” is one which consists of a glass tube whose one end Is connected 1o a
point where pressure is 1o be measured and the other end remains open to atmosphere,

Comrmon types of simple manomeiers are discussed below:

1. Piezometer:

A piezometer is the simplest form of manom

pressures of liquids. It consists of a glass tube (F1g
containing liaqnid whose pressure is to be measure

eter which can be used for measuring moderate
2.10) inserted in the wall of a vessel or of a pipe,

by

Open
vesse]

— Piezometer
tube

———————————————————
——————————————————

———————————————————
——————————————————

------------------
——————————————————
———————————————————
——————————————————
-------------------
——————————————————
-------------------
——————————————————
———————————————————
-------------------
-------------------

--l-——_.-—-—---—-—l-—--—---—-
e e o war AR EE Em o LN Em e - W Em o W o=

--—l——"———-———-——--.--.

- mm mm W Em mm oy AN am wm w— R R Em rr W oW

e — = e em — M Em mm — = Em o TR e W

(2)

Fig. 2.10. (z) Piezometer tube fitred to open vessel.

d. The wbe extends vertically upward to such 2

height that liquid can freely rise in it without overflowing. The pressure at any point in the liquid 18 ;
indicated by the height of the liquid in the tube above that point, which can be read on the scale
attached to it. Thus if w is the specific weight of the liquid, then the pressure at point A(p} 1s given

- Pressures f

Pienfl:
of the lg:
subjected)’
suttable ﬂ'
air will el

2.

Piezl:
the /ightsy'.
very iongl
more gadl |
because §:,
limitatia

A U
U-shape,
pressure
B,HI'IDEP - H
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Refes
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k-

p= H-’.IE.'I'
] Plezometer
an at the roof Piezometers easure gauge pressire anly (at the surface '
gaugep v ( be s

of the liquid), since the surface of the liquid in the fube is
subjected to atmospheric pressure. A plezometer tube 18 A0!
suirable for measuring regative pressure, as in such a case the
air will enter in pipe through the tube.

2. U-tube manometer:

Piezometers cannot be employed when farge pressures In \
the lighter liguids are to be measured, since this would require
very long fubes, which cannot be handled conveniently. Further-
more gas pressures cannot be measured by the piezomelers
because a gas forms no free atmaspheric surface. These
limitations can be overcome by the use of U-tube manometers.
t in g fluid by ' A U-tube manometer consists of a glass tube bent 1n Fig. 2.10. {b) Piczometer tube
U-shape, one end of which is connected to a point at which fitted to a closed pipe.
pressure is to be measured and other end remains open o the
atmosphere as shown 11 Fig. 2.11.

() For positive pressure:

Referto Fig. 2.11 {a).

= top of larger i

the weight of

AU

ed as follows:

anorneter.

id column by
high pressure
3re;

~ahnected o o
7e.

ring moderate
el or of a pipe,
ward to such a 3
in the liquid is (@)
3d on the scale |
1t A(p) 15 given

(b)

Fig. 2.11. U-tube manometer.
Let, A be the point at which pressure is to be measured. X—X is the datum line as shown in
Fig. 2.11(a). . |
Let, h, =Heightofthe light Hquid in the left limb above the datum line,
h, = Height of the heavv liquid in the right limb above the datum line,
}i = Pressure in pipe, expressed in ternms of head,
$, = Specific gravity of the light liquid, and
§, = Specific gravity of the heavy liquid.
The pressures in the left limb and right limb above the datum line X—X are equal {as the pressures
at two points at the sqme level in a continuous homogeneous liquid are equal).
Pressure head above X=X in the left limb=h— a3,
Pressure head above X-X'in the right limb =h, 5,
Equating these two pressures, we get
h+h S, =h 35, or h=h, 8-S, (2.6}

S o m LE 3
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(if) For negative pressure:
Refer to Fig. 2.11 (b)
Pressure head above X=X in the lgfi limb = h + h §, + h,5,
Pressure head above XX in the right limb = 0.
Equating these two pressures, we get
A+nS+h,S5=0 o A=-{h§ ~hS) A2.7)
Example 2,11, /n a pipeline water is flowing. A manomerer is used to measure the pressure drop
for flow through the pipe. The difference in level was found 1o be 20 cm. If the manometric flutd is

CCl,, find the pressure drop in 8.1 units (density of CCl, = 1.596 g/cm’}. If the manomeivic fluid is
changed to mercury (p = 13.6gm/em?) what will be the difference in level? (AMIE Winter, 1996)

Solution. Given. hegy = 20cm = 0.2m; pegyy = 1,596 g/cm’ — -
=1.596 x 10 kg/m’
P = 13.6 x 10° kg/m’

Pressuredrop, Ap =gy, B g, 11
~1.596 x 10 x 9.81x 0.2 N/n? |
=3131.3 N/m® or Pa =3.131 kPa (Ans.) |y i
The difference in level with mercury, : :
b = hecy, Pecly _ 90, 1:596 1!1133
Pre 13.6x10 .
={(.02347 mor 2.347 cm (Ans.) Fig. 2.12

Examptle 2.12. 4 U-tube manometer is used to measure the pressure of
oil of specific gravity (.85 flowing in a pipe line. Its left end is connected to the pipe and the right-
limb is open to the atmosphere. The centre of the pipe is 100 mm below the level of mercury (specific
gravity = 13.6) in the right limb. If the difference of mercury level in the rwo limbs is 160 mm,
derermine the absolute pressure of the oil in the pipe.

Solution. Specific gravity of oil, §, = 0.85
Specific gravity of mercury, S, = 13.6
Height of the oi in the left limb,

A, =160-100=60mm=0.06m
Difference of mercury level,

h,=160mm=0.16 m. Liguid (3, = .83}

Absolute pressure of oil:

Let, 4, = Gauge-pressure in the pipe E Ay
in terms of head of water, and -= === S
p = Gauge pressure in terms of ~
kN/m?. 5
- Equating the pressure heads above-ife B
datum line X=X, we get - “ iakaiale Yoo Xy

it h Si=hS,
or, A+006x0.85=016x13.6=2.125

u Mercury (5, =13.0)

The pressure p is given by, = Fig. 2.13

the pipe.]
in the pig
left limb}

Press:

Exs |
is filled wy §
(sp. gravil

in newtomd ;
Sola
Diffed] §

Press

et =t

1=v
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p =wh
=9,81 x 2,125 kN/m?
=20.84kPa (- w=9.81 kN/m’® in S.I. units}
Absolute pressure of o1l in the tube,

2.7)

e the pressure drop
manometric fluid is
manometric fluid is
MIE Winter, 1996)

iy py—

P abs. = Paum. + pgauge
— 100 + 20,84 = 120.84 kPa (Ans.)

1 Example 2.13. U-tube manometer containing mercury was used to find the negative pressure in
| the pipe, confaining water. The right limb was open to the atmosphere. Find the vacuum pressure
b i the pipe, if the difference of mercury level in the fwo limbs was 100 mm and height of water in the

e left limb from the centre of the pipe was found to be 40 mm below.
Solution. Specific gravity of water, §, =1
Specific gravity of mercury, 5, = 13.6

— A Height of water in the left limb,

) h,=40mm=0.04m :
Height of mercury in the left limb, Water (S, = 1.0) ¢
Hpa o h,=100mm=0.1m i

Let, 4= Pressure in the pipe interms of head of .
water (helow the atmosphere).

k' Equating the pressure heads above the datum line
XX, we get
h=hS +hS,=0
e, =~ (ky S, + 1yS5)
=-{0.04 % 1+0.1x13.6)

= —1.4 m of water
Pressure p is given by,

p=wh
=981 x (—1.4) kKN/m??
=—-13.73kPa

= 13.73 kPa (vacuumn) (Ans.)
. Example 2.14. 4 simple U-tube manometer is installed across an orificemeter. The manometer -
i filled with mercury (sp. gravily = 13.6) and the liguid above the mercury is carbon tetrachloride
kgap cravity = 1.6). The manometer reads 200 mm. What is the pressure difference over the manometer e 3
M mewions per square melre.
Solution. Specific gravity of heavier liquid, S, = 13.6 g
Specific gravity of lighter liquid, §,,= 1.6
Reading of the manometer, y =200 mm
Pressure difference over the manometer : p

Differential head,

Fig. 2.12

 pipe and the right-
of mercury (specific
o limbsis 160 mm,

Metcury (S, = 13.6)
Fig. 2.14

f15

160 mm

. 'I. ., .I.
e i aiea 0y
[ S Ty akds ud
, . . .

L2

N,
Mercury (5, = 13.6)

200 {-15—; —1 } = 1500 mm of carbon tetrachloride

Pressure difference over manometer,
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p = wh = (1.6 x 9810 x [ 1500 ]mez

1000
or p=23544 N/'m* (Ans.)

Example 2.15. /n Fig. 2.15 is shown a conical vessel having its outler at L to which U-tube
inanometer is connected. The reading of the manometer given in figure shows when the vessel is
empty. Find the reading of the manometer when the vessel is completely filled with water

Solution. When vessel is empty: {Refer to Fig. 2.15)
Let, A, =Height of water above X—X
Specific gravity of water, S, = 1.0
Specific gravity of mercury, §,=13.6
Equating the pressure heads zbout the datum line XX , we get
RS = RS, or kx10=150%13.6 or A,=2040 mm
When vessel is full of water:

I.Am

Vesse] : I '

Fig. 2,15, Vessel is empty. Fig. 2.16. Vessel is full of water.

Refer to Fig. 2.16. Consider the vessel to be completely filled with water. As a result of this let the

mercury level go down by y mm in the right limb, and the mercury leve! go up by the same amount in
the left limb. Now the dathum line is Z-2Z.

Equating the pressure heads above the datum line Z-Z, we get
(150 +2v) x 13.6 =(h +y +2000) x |
Or, 150> 13,6 +2yx 13,6=2040+y+ 2000 [ -/, = 2040 mm, calculated earlier]
o, 2030+ 272y =4040+~y=763 mm
Thus the reading of the manometer when the vessel is completely filled with water
=(1530+23)=150+2x76.3=302.6 mm
Hence, reading of the manometer 302.6 nim or 8,.3026 m (Ans.)
Example. 2.16. Fig. 2.17 shows a pressure gauge with tne following particulars:
Cross-sectional area of each of the bulbs L and M = 1200 mm?®:
Cross-sectional area of each vertical limb = 30 mm°,
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of the liguid filled in buib M = 0.9;

s in the limb attached to M fin
the surface in M s greater than

Aachines
Specific gravity
If the surface of separation i
separation when the pressure on
20 mm of head of water
Solution. Cross-sectional area ©
Specific gravity ot water, 5, =10
Specific gravity of the lquid, 5, =0.9.
Let, N_X = Tpitial level of separation,
h, = Height of water above X-X, and
h,, = Height of liquid (S, =0.9) above A=X.
Pressure head above N-Xin the left imb = #;
ahove X—X in the right limb =5, 1, = 0.9k,

pressure head
Equating the pressure heads above X=X , we gel
| h, =09 Ry Lold)

essure on the surface in bulb M
ltov. Then Z-Z 15 the new separalion fevel.

20 mm of
Water pressure

yid) a0 1
3 FEELE

d the displacement of surface of
that in L by an amount equal 10

h U-tube
 yessel Is

F

f each vertical limb, @ = 30 m*

is increased by 20 mm of water, let the separaiion

When the pr
b jevel fall by an amount equa

.—_-_-.-_—_..—

ST ¥ 7~ Vlquid [/
VWater /{S:_U.’Q}/

I

-l-# X
}.-

-
=
I1| 1
il

o Limbs |.
::E/ \4 |

| | Initial level of
"|!' [Xsemranan

i ..T_ . =
N B (g%
= = %4
i‘»' = =
el = Fina) level of
t of this let the separation

Fig. 2.17
level inbulb M =4a fallinse

me amount in |
paration fevel in the limb ().

Now. A4 x fallin separation
Fall in separation level in bulb M
axy 0xy Y

—

A 1200 40

culated earlier]
Also, fall in separation level in bulb M = rise In surface levelof L = iﬂ-

et Considering pressire heads above Z—Z, we have

. Y ]

= Pressure head in the left limb L2 hy + ¥ l

2 40 ]
F5. - _ 1 ) ( ‘}.I W

Pressure head in the right limb = In\ g T "5 « 0.9 + 20

Equating the pressure heads, we Zet

| ¥ 1ot 11 |
=+ hy + ¥ |=|th.ﬂr +}/"—:1'E_J:‘{{}.9T20

| 40 4
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o, ;ﬂ 09k, +y=09h, + Y 0.9 + 20 (v By =0.9h,)
41y 39y 41y 329y

ot £—=-i1—xﬂ.9+20 or 2 22X %09 =20
40 40 40 40

oI, 1.025y-0.877y=20 or y=135.1mm

Hence, displacement of the surface of separation = 135.1 mm (ADns.)
3, Single column manometer (rmicro-manometer):

The U-tube manometer described above usually requires reading of fluid levels ai two or more
points since a change In pressure causes a rise of liquid in one jimb of the manometer and a drop in
the other. This difficulty is however overcome by using single column manometers. A single column _ |
manometer is 2 modified form of a U-tube manometer in which a shallow reservoir having a large 3 N
cross-sectional area (about 100 times) as compared to the area of the tube is connected to one limb ;
of the manometer, as shown in Fig. 2.18. For any variation in pressure, the change in the liguid level | '
i the reservoir will be so small that it may be neglected, and the pressure 15 indicated by the height
of the liquid in the other limb. As such only one reading in the narrow limb of the manometer need
be taken for all pressure measurements. The narrow limib mav be vertical or inclined. Thus there are
two types of single column manometeras given below:
Light liguid

------ | - e is neglek:

- - B Em o w— B Sm Em wT

NUTTIRTL I il

(bW

—m e mm oS T E than i

X === =—== ) ; limb isdi

crmpdi e teen st

— e AR Em o W TR Em Em ww — R Em o b

— o mm — N o mr - R Em wr omy — W o

—_— s m TT —

Heavy liquid
Fig. 2.18. Vertical single column manometer.

(@) Vertical single column manometer, and

(&) Inclined single column manemeter.

(@) Vertical single column manometer:

Refer to Fig. 2.18

Let X_X be the datum line in the reservoir when the single colurn manometer is not connected
to the pipe. Now consider that the manometer is 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
reservoir downwards. Asthe area of the reservoir is very large. the fall of the heavy liquid level will

be very small. This downward movement of the heavy liquid, in the reservoir, will cause a considerable
2 rise of the heavy liquid in the right limb,

Let, #, = Height of the centre of the pipe above X-X,

ji. = Rise of heavy liquid (after experiment) in the right limb,

[

1+ i . s ER .
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lake specific gravipy of mercury as 13.6.
Solution, Specific gravity of liquid in the pipe, 3, =0.8.
Specific gravity of mercury, 3, =136
Area of reservoir
Area of right limb
Liguid
(S, =0.8)

=2 2100
a

—_—

_ T W — — mEm a — o ww o — o

50K mymn

N

300 mm

-l — o EE SR oy wm

R Em m A — e o U oy o o B o

e B i R —
— T T e — — o — o Em a — — o oma
e e R

R Em omm o o R — o o . — om wr oEm am

Mercury /'

(S, = 13.6)

Fig. 2.20

Height of the liquid in the left limb.

. Using the relation:

cylinder standing upright, liquid fills the apparatus 1o a fixed zero mark on the tube when both the

cylinder and the tube are open to atmosphere. The upper end of the cylinder is then connected fo a gas |
supply at a pressure p and manometric liquid rises through o distance [ in the tube Establish the relation:

V]

d
h =5 sfﬂa-f-(—
Y

for the pressure head of water column in terms of inclination « of the tube, specific gravity §
of the liguid, and ratio of diameter d of th tube to the diamerer D of the cyiinder.

-

D |
Also determine the value of [ E] so that the error due to disregarding the change in level in;

the cylinder will nor exceed 0.1 percent when o = 25°

-------

R

A, =300 mm
Height of mercury in the right limb.

A, =500 mm -
Let, # = Pressure head in the pipe.

B N L L 11 T L R S A )

o .
h= = by (S~ 8)+ Sy ~hS o
Or, =ﬁx 500(13.6—0.8)~ 500 13.6—300 % 0.8 mm of water
: = 0624 mmofwater or 6.624 mofwater o,
Pressure, p=wh=0981x6624
; t = 94.98 kN/m? or 64,98 kPa
- - ie, 2 =64.98 kPa (Ans.) 3
Example 2.18. 4 manometer consists of an inclined glass wbe which communicates with a metal - .

o=
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2.5.1.2. Differential Manometers

A differential manometer is used to measure the difference in pressures between two poins in
a pipe, or in o different pipes. In its stmplest form a differential manometer consists of 2 U-tube,
containing a heavy liguid, whose two ends are connected to the points, whose difference of pressures

is required to be found out. Following are the most commonly used types of differential manometers.
. U-tube differential manometer,

2. Inverted U-tube differential manometer,
1, U-tube differential manometer:

A U-rube differential manometer is shown in Fig, 2.21,

Case L. Fig. 2.21 (a) shows a differential manometer whose two ends are connected with two
different points A and B at the same level and containing same liquid.
Let,

# = Difference of the centre of 4, from the mercury level in the right limb, f’_ 4
S (=5, ) = Specific gravity ot liquid at the two points 4 and 8 '
5 = Specific gravity of heavy liquid or mercury i the {U-tube,
n, = Pressure head at 4, and
An = Pressure head ar B,

We know that the pressures in the left limb and right imb, above
Pressure head in the /ef fimb

=h+{(h +h)S
Pressure head in the righs limb
=hy = h xS +hx§
hyt{h +mS = fig h S, +hS
or, hd—ﬁﬁ=h]51fﬁ5—{h] +4) S,
= $ +hAS- A8, = hS, =h (3 -35,)
t.e., Dhfference of pressure head,
hy=ty =1 (5-5) L(2.11)

Case IL Fig. 2.21 (b) shows a differential manometer whose two ends are connected to two
different points 4 and B at different levels and containing different liquids.

H i | vl -

the datumn line, are equal.

1

1 |+|:|:1|_1'..lg:'-l-‘.-i HH-IHMFH-H

VR ety

HY

e

.“T-: CEREEY
e H

Sl LT

R e e e T

Liquid B (S.)

Heavy Liquid
ar mercery (S)

1
| JII JIFIIIi!IIIIIIIlJ

—_——r . - — — m o

. 't-"'iﬂ;ﬂmmmmm.* ;

(a)
{@} Two pipes at same levej.

Fig, 2.21. U-tube differential manometers,
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hetween two points in

consists of a U-tube,
ifference of pressures
ferential manometers.

re connected with two

level in the right limb,

d B
he {~tube,

datum line, are equal.

.”{2.11)
ds are connected to two

1B (S))

(3)

Pressule Measuremeant

Let, 4 = Difference of mercury level (heavy liquid} m the U-tube,

h, = Distance of the centre of 4, from the mercury level inthe left limb,

5, = Distance of the centre of B, from the meTcury level in the right limb,

-2

5. = Specific gravity of liquid in pipe 4,
5, Specific gravity of liguid n pipe B,
§ = Specific gravity of heavy liquid or mercury,
h, = Pressure head at A, and
h, = Pressure head at B.

—

{5)
Fig. 2.21. (b) Two pipes at differential levels.

Considering the pressure heads above the datum line X-X, we get

Pressure head in the Jeft limb = h | © (hy + i) S
Pressure head in the right limb =y + iy % 5,7 =S
Equating the ahove pressure heads, we get
h,+(h '—h)51=hﬂ+h2:ﬂ53+h X 5
{hr{:hﬂ}=hzx S,Th* S-{hl+h}51
= A1, % S, h* 5—!1151—115] ——'h{S—S1}+hISE—h}Sl

i.g,, Dafference of pressure head at 4 and B,

h,—hg=h (§-8) haSy— 1S, (2.12)
Example 2.19. 4 differential manomerer connected at the two points 4 and B in a pipe containing
Find the difference

L an oil of specific gravity of 0.9, shows ¢ difference in mercury levels as 130 mm.

§ dm pressures di the two poinis.

Solution. Specific gravity of oil, S =09
Specific gravity of mercury, §=136
Difference of mercury levels. i =150mm
}  Let. h,— g™ Difference of pressures between A and 5. in terms of head of water, and

p,~Pg= Difference of pressures berween 4 and 5.

Using the relation: hy=hp= hiS-35))
~150(13.6-09)= 1505 mm= 1.905 m of water (ADS.)

[Egn.{2.11)]

T
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-,

Now, using the relation,

P4=Pp=wh,wehave,p ~p. =981 x1905=18 68 kN/m? = 18.68 kPa (Ans.)
Example 2.20, Fig 2.22 shows g U-tube differential manometer connecting two pressure pipes at
A and B. The pipe A contains a liquid of specific gravity 1.6 under q pressure of [0 kN/m-”. The pipe B

comains oil of specific gravity 0.8 under a pressure of 200 kN/m’. Find the difference of pressure
measured by mercury as fluid Filling U-tube.

Solution, Specific gravity of liquid at 4, P S
3, =16
Specific gravity of liquid at
8,5,=0.8
Pressure at 4, p, =110 kN/m?
Pressure head at 4,

=24 210 o mofwater

w 98] A S Shbbh
Pressure at B, p, = 200 kN/m?

Pressure head at B,

R E '

LILE

o O U B B I e e €
e

n _ Pa _ 200

5 = ——=——=2038mof water
W 9.81

Taking X' — X as the datum line:

Pressure head above X-Xin the left limb =h, Ti(2.6+1.0) 8, ~h % 13.6 mofwater
Pressure head above X-X'in the right fimb = h, + (1,0 + &) x S, m of water
EquaTing the above pressure heads, we get
R, +t(26+4 LOYS, + A% 1348 =hy+(1.0+ k) S,
21+ 576 - 13.6 h=2038 + (0.1 + i) x 0.8
1697 +13.6h=2038+08+08kor 12.8/ = 4.21]
A =0.329mor 329 mm (Ans,)

Example 2.21. Fig. 2 23, shows a differential manometer ¢
A air pressure is 100 kN/m?. Find the absoluie pressure ar B,

Solution. Pressure of air at A,

P, =100 kN/m?
Pressure head at A,

ar,
Qr,

onnected at 'wo points A and B. At

Water

hy = 190 =102m
© o 9Kl1

Let the pressure at & {s Py

Ot (§ = 0.85)

650 mm [
Then, pressure head at A = Ps -
W By
Considering pressure heads above the Xy
datum line X=X, we have -]
Pressure head in the Jeft fimb AR A o
650

= +hy=065+102=1085m

1000
- Pressure head in the right limb r‘;‘?mi“%_
(D= 1206)
2 . 0 | |
=y + = 085+ 150 5

1000 1000 Fig. 2.23

......

oS
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fy— XS =hy—h, xS,k %S
hy—hg=h 8 =h, x5 —hx3
le., = hg=hS —hS,—hS .(2.13)
Example 2.22. Fig. 2.2 shows an inverted differential manometer having an o1l of specific

gravity 0.8 connected to two different pipes carvying water under pressure. Determine the pressure
in the pipe B. The pressure in pipe 4 is 2.0 merres of water

Solution. Height of water in the left limb,

A, =300 mm
Height of water in the right limb,

h, = 100 mm
Height of light liquid in right limb,

i =150 mm

Pressure inpipe 4, 2, = 2.0 m of water

Light liquid
($=0.8)

R o R (A ___ %
£ £ K
= E i
= %
o] it o,
- = ; .
4 £ - “}- --1=
= 1
= z Water (S, = 1}
; Water {8, = 1} ;
ki 5
L ¢ = Y

h, = 2.0 m of water
Fig. 2.25

Let, 8,, 8, =1 (sp. gr. of water) .
We know that pressure heads in the left and right limbs below the datum line X=X are equal, |
Pressure head in the left Iimb below X=X |

=i, -5

—10_ 300
1060

x1=17m

Pressure head in the right limb below X=X

i —— . Ll e
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= h,— h,S,— hS
100 150
-(213) ;._- =hs = 7500 ° 1 " 7000 < 0"
oil of specific ; =h,—01-012=h;-022

te the pressure Equating the two pressure heads, we get 1.7=h,-0.22

or,. h,=192m (Ans.)
Also, py=why =981~ 1,92 =18 8 kN/mY’
=18.8 kPa (ARs.)

Example 2.23. An inverted differential manometer is _caﬂﬂected to two pipes A and B carrying
water under pressure as shown in Fig. 2.26. The fluid in the manometer is oil of specific gravity

0.75. Determine the pressure difference herween A and B.
Sohution. Specific gravity of oil, § = fl.75
Specific gravity of water, 5, 5,=1
Difference of oil in the two limbs
= (450 =+ 200) - 450 =200 mm
We know that pressure heads on the left and right
timbs below the datum line A=A are equal. Qil (8 =0.75)

Pressure head in the left limb below X=X
ch - 1=k, - 045
21000
Pressure head in the right limb below X=X
= hg —ﬂxl— 200 x .73
1000 - 1000
=h3—0.45—0115 =hy—-0.6

Equating the two pressure heads, we get
h,—045=hy—0.6
hy—h,=015m {Ans.)

Fig. 2.26

01, pB—P'quJ.li or pE—p‘4=wH
1

W
E @15=9.81x0.15= 1 .47 kN/m? = 1.47 kPa (Auns.)
Example 2.24. Describe giving a cketch. a micromanometer. Explain how it could be used for

measuring small pressure difference. (AMIE Summer, 2001)
E Solution: Micremanometer. 1t 18 shown in the Fig. 2.27 and is used for measuring small
e pressure differences. It atilizes two manometer liquids which are immiscible with each other and

ifference is to be measured. The heavier liquid fills the lower

b also with the fluid whose pressure dr
¢ part of the U-tube upto 0-0 and then the lighter liquid is added on both sides filling the tanks C and
be measured filis

¥ upto the level X-X. The fluid (liquid or a gas} whose pressure difference s to
space above X—X. When the pressure p 18 slightly greater than pp, the liquid levels will be as
& shown in the figure, The volume of the liquid displaced In each tank is equal to the volume of
Bquid displaced in the U-mybe. If a is the cross-sectional area of the U-tube, and A that of the tank,

-+

ve X-X are equal.

- 1
-

é )

. AAL =—=a
2 I - I
£ Letbethe S, be the specific gravity of heavier manometric liquid, and S, be that of the lighter

obtained by equating pressures along

Smanometric liquid. An expression relating p, and p, may be
L in the L-tube. If w is specific weight of water, then
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“lir

Known fluid ef sp. gr. §

VY,

Heavier liguid .5,

Fig. 2.27

1+ ‘":i'“.!'.*il"‘“‘:!'i"h'im‘“'-mllﬂlmh:ii::r'i:ri'!-ll'iir;n i 10 l_q_i:';'.p'.:_;:{l 1iLs

&";"(ZE + AZ)S +({ 2 —ﬂZ+EJSE

7 '\ 2

Pr . . h

W “ 2

P 4 é
or, =:+ZE}I+i&Z.S+ZlSE-ﬂukZ;iz-1-552

“—_&4-215“&251'2152 +:ﬁLZSE “%Sl +hS|
W/

\
Pressure difference, P4 ”P3 = AZ (S, - S+ Sl -8 +h[‘gl _ 'S; _ "-;3 j

W

h
Substituting for AL = ﬁ (from (i}} and simplifying, we get

— he
or, Pa— 28 = 22 (25, - 28)) + 4[S, — 5, ]

w24

=h{%{:51—-—5}+(5| *—Sz)l!=hK(Ans*}

The quantity K within the bracket is a constant for a given manometer and given manometric
iquids of specific gravities S, S, and known fluid of specific gravity S.

Example 2.25, Fig. 2.25. is shows a fuel gauge, for a gasofine tank in car, which reads
proportional to the borrom gauge. The tank is 30 cm deep and accidently contains 1.8 cm of water
in addition fo the gasoline. Determine the height of air remaining at the top when the gauge
erroneousiy reads full.

Take: W, 1, = 6.65 kN, and
w_ = 0.0118 kN/m? (Panjab University)

Solution. When the tank is full of gasoline,

' h=6.65 39 {.995 kN/m?
— b — :l: ——
Poauge~ W17 O 100 © m

fpm aap.
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i /—— Gasoline tank

A | A
| Alr fr ;. €M
%
30 m 110 g ling (30 - L8 A em

--F—L-----—d--—-.----r—-l---—

B e R R LR S
 Esrtoro s Waer IS o =i 8omss
¢ — — — = - T T T e T L T T TN Paauge

The gauge would erroneously read 1.595 lql'wT.f'I_]l‘L2 aven when 4 cm of air remains 21 the top;

evidently when water is also accidently present.
- Pressure due to # cm height of air + pressure due to [30 - 1.8—Alcem

height of gasoline + pressure due to 1.8 cm of water = 1.995

, 0-18-hr .
O, 00718 x e + 6.65 % £ Pair ) + 081 x -LE = 1.995
| 100 100 100

hS, £ o 0.0118 % +187.536.65 i, + 17.658=199.5

or . 187.53 + 17.658 — 199.5 - 0.857cm (Ans.)

6.638
_}S ; Example 2.26, For the Fig. 2.29 determine the pressure difference between pipes A and B, Take
o d 2 =045m, Z,=0225m Z;=0.675mand Z,=0.3m
2

S
d given manometric . - Water

1 r -
......

...........

in car, which reads Mercury

ains 1.8 cm of water
op when the gauge

(Panjab University)

Fig. 2.29
Neglect pressure due to pressure of air column in the inclined tube.
Solution. Starting from point A, the governing manometric equation is:

J TYTEE T
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Patw il —w, (Z,+Z,sind5%) =p,
*. Pressure difference,
Py—pg=—-w 2 tw (2,77, sin45°%
=—0.81 x0.45+13.6 x9.81 (0.675+ 0.3 5ind5%)
=-4.414+ 118.357 =113.943 kN/m? (Ans.)

Example 2.27. From the Fig. 2.30 determine the absolute pressure in pipe A that contains oil
of specific gravity = 0.88. Take Z, = 0.66 m, Z,=033m Z,=0165mandZ,=0.11 m.

Assume an atmospheric pressure 103 kPa. (Madras University)

Solution. Starting from F.W.S (free water surface) in tank {at atmospheric pressure), we get
parm B wuzi - WH'ZE - meE + o ( ZS - 24} =p.-f
105 +9.81 x0.66-9.81 x 0.33 - 13,6 x 9.81 x 0.165 + .88 x §.8]
*{0.165+0.11)=p

Mercury
{($§=13.6)

W

L - L]

TP
L L E R LRI L N IR NN
E AN Al e s s —— ey R RN d . -

-
SRR L TR T T P
-

I EEEESLiLL g wwEEEEEE

llllllll

"y R A AFThkdmm

.................................

.....

oo rl :d':r!lirhh'flhqﬂmbmﬂkﬁ"ﬁ“*ﬁhm%ﬂ-‘lﬁﬁﬂi:HE Atedi b 4.|l| ; el -.;.:-l-:" sl L R

BERLrl oy =
T LR LT e mmm==TT=EEEEL

B R R e e e e T N R e R N e e

b s -
I et o S LT T T T
bbb LLLL EELY ST T T T
LT ey -
- FIEFrrrrassLLEa -
- TTELITTTTT T T T -
el o o BT T g
T L T T .
- i B e -
oy b2t tarrw s a s s remE AL s -
o= T

2T . e
AL T T T T T I —

- ar

h - g
LR L LI R NPT T
et Y T LTI T T T T NN NN e
FEERRARSLL Lhd e —m -

FEEL - rTrra s T E SR s AR AR

CE T T TR RN TR R FT L R pr pu—
EEEEEEFEFF+Fdd brm s am s
TrEmEEEE - -

of, py=105+6475-3237-22014+2.374
= 88.6 KN/m? (absolute) (Ans.)

Example 2.28. Find the pressure difference berween L and M in Fig. 2.31,
Solution. p, —p. :

iij—iff—+h:m:1.5-(?}.15:»10.3

W
(atl) (ath) (at L/ =V}
P

+(0.154+02-k)x1.3= L

f%+ 1.5A —0.12+0525 15 =PM

‘I"t-" H.l'

o, Pr ™ PM _ _0.405m

Hl'l

H Pyt pory
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ntains oil

niversity)

we get

.81
0.11)=p,

Pressure Measurement

O {S=10.8)

Liquid (S= 1.5)

Liquid (§ = 1.5)
Fig. 2.31
Negative sign indicates p,, > p,
ie., p—p;=0.405 %581
=3.97 kN/m? (Ans.)

73

Example 2.29. /n the Fig. 232, if the local atmospheric pressure is 753 mm of mercury (sp.

gravity = 3.6}, caleulate:
([} Absolute pressure of air in the tank,
(it} Pressure gauge rveading ar L.

Solution. (i) Absolute pressure of air, (p_, ) .

Ompen end
Starting from the open end, we have 1

0-(13.6xw)x0.6 =p {pressure of air}
ie., p, =—13.6x9.81x0.6=-80 KN/mM?

p.,.. = (atmospheric pressure)

£
=
=
v

IEEEN 12.6 x 9.81 = 100.73 kN/m” F
1000
B oy )i =Py P =— 80+ 100.73 =20.73 KN/m? 4
Hence (p_, ) .= 20.73 kN/m? (Ans.) Mercury

(5=13.0)
{i{) Pressure gaugereading at L.;

Pressure at L=p , (air}+wh
p; =20.73-981 x2=40.33 kIN/m? abs.
Now, 4035=p .. TP

(ArH.

P gougerty = 4035 =P, =40.35-100.73

Adr
=
o
o~ Water
Fig. 2.32

T PR

T
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=—60.38 kN/m?
€., Vacuum pressure = 60,38 kN/ng?
Rence, pressure gauge reading ar L = 60,38 kKN/m? (vacuum) (Ans.)

Example 2.30. Fing the gauge redadings at L and M in Flg. 2.33 §f the local armespheric
pressureis 755 mm of mercury:

35

Solution. Assuming the vapour pressure of mercury (Hg) and pressure due to short column of
air (w . is very low) to be negligible, we have

Ford

—— Closed

Hg vapour

M

o —— r
JRE— Alr
T ﬂ - A
. p. Hg | v
: = Ol b
3 - : Tt
g Fep
i Tt B
3 T EE R
E 3 R
: o

Heg (Mercury)
(3=136)

Fig. 2.33

P Hg=0)=-05x116
(a1 () (at D=F=4)
= 0.8 mof water abs.
{at.4)

pgauge B pmm. - pﬂm-

755
But atm, — m *13.6=1027 mofwater

c Popnee T10.27=6.8
or,

P oange =~ 347 mof water
=-347 %9 8]
=-34 kNm?

Hence, gauge reading at [ =

-':""'.ii-:‘f'-'ll,'!'!':"I"""ll'a'.";-i""-' T

34 kKN/m? {vacuum) (Ans.)

i

IR LETLANEFEL

BT, .
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[H) {pgﬁugl..) M
68 +12x0.85+(1.5-0.1)=9.22 m of water abs.
(at A) (at B) (at M)
pgﬂugt’ + pmm. ~ pabs.
+10.27=9.22
=—1.05 m of water
=_1.05%9.81=—103KN/m’
Hence, gauge reading at M =10.3 kN/m? (vacuum) (Ans.)
Example 2.31. For the Fig 2.34 determine specific gravily of gauge liquid B if the gauge
pressure at A is — 18 EN/me.
Solution. Sp. gravity of liquid B:
Pressure at L = pressure at M

P gauge

Cr, P (TP

ie., - 18+ (1.5 x9.81x 0.6)=p,,
or, p, =917 YN/m?
_ \
u Al
I r.ul'
E L
oo A F
= I
R RN - S
N £
< . .
Liquid B ] % a
X =t
e S E Liquid Al
| / (s =1.5)
E_.k"__—;__'J___J
Fig. 2.34

Between points M and U, since there is an air column which can be ne glected, therefore,
py=py(=-9.17 kKN/m?)

Also, pressure at N = pressure at T

But poini 7 being at atmospheric pressure,

pT= D:PN
Thus py=py TS x93l x(),8=0
or 0=-9.17+7.848%

§=1.17 (Ans.)

Example 2.32. (Compound manometer). [n the Fig. 2.3 15 shown a compound manomeler
Find the gauge pressure at A if the manometric fuid is mercury and the fluid in the pipe and in the
rubing which connects the two U-tubes is waler

" r—
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Solution. Gauge pressureat A, p .
Pressure at B = pressure at C

Water
(S=1}

i

Mercury
(S=13.8) . T )

Fig. 2.35

- Pg _ P4 | (18+165) =L
W W 155

Further,
Pressure at D,

Pp . Pc _165x13.6

W W
P4 (18+1.65)-165x13.6
"
=L4 3452244
W

or, Po . P4 1899 (D)

W W

Also, pp=pPs and po=pg
But, Pr _Pe 156
H! W

1.6 x13.6=2170
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ie. PE 156=2176 (v Pr=Pg)
W

of P _9202 or P2 o202 (v pp=Pg
W W

Substituting the value of Po iy eqn. (1), we get, 202 = Pda 1899

135 W

or, P4 - 0.2 + 18.99 = 39.19 m of water.
W

ie., p,=981x39.19= 384.4 kN/m* (Ans.)

Example 2.33. (Compound manometer). In the Fig. 2.36 is shown a compound manomeler.
Calculate pressure difference between the points A and B, Take w = 10 kN/m? for water, w_ = 136
kN for mercury and w, = 8.3 kN/m? for oil. (Panjab University)

water Water

lff—-— 1.0 m

Fig. 2.36
Solution, Given: w' = 10 kKIN/m?; W= 136 KN/ W, = 8.3 kN/m?

p_,q _Fﬂ:
Starting from point A, the governing manometric equation 1s:
p, tw, < 108-w x0T2+w,> 0.48-w, x0.6-w,(0.96-0.6)=p,

or p, =10x 1 0%-136x0,72+8.5%0.48-136x0.6-13(0.96-0.6)=p,
or o +10.8-97.92+4.08-81.6-3.6=p,
or p, —pp=168.24 kN/m? {Ans.)

Example 2.34. A cplindrical bucker (empty) 450 mm in diameter and 750 mm long is forced
with it open end first info water until its lower edge is 6 m below the surface. Determine the force
required to maintain position, assuming the trapped air remains at constant temperature during ine

(1) e whole operation. Atmospheric pressure = 1.01 bar.
_ The wall thickness and weight of the bucket may be considered as negligible.

Solution, Diameter of the bucket, 4 =450 mm = 0.45 m
Length of the bucket, /=750 mm =075 m

Atmospheric pressure, p = 1,01 bar.
Force required to maintain position, F: Referto Fig 2.37
Let, p, .. = Absclute pressure of compressed air trapped in the cylindrical bucket, and

y = Depth of water raised in the bucket.

g
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Then, since the temperature of air remains constant, therefore, as per isothermal condition, we
have

Dam ?{E x 045 x 075 = p_. x i:— x 0.45° x (0.75 - y)

(v py V,=p, V,.... for isothermal process)

i A

Bucket
\

Alr _
(Compressed)

0r, i - {1
7 1)

Also, Poie=Pum TWA=p_ +9810 {61} .(fi)

(- w=9810N/m’)
From equn. (7} and (77}, we have
0.75
075 -y

Pam, = Pamm, T+ 9810(6 - .}")

‘075

0755 ) X 101x10°=1.01 X 10°+ 9810 (6~ 3)

1.01x 105 =202 4 =9810(6 — )
0.75 — y

1.01 x 10° (0.75-075+y

— 6__
9810 | 075y g

10.29 x fl =6~y or 19.29y
 0.75 —y .75 — ¥

10.29y +(0.75-1) = 6 (0,75 <)
10.29y + 0,75y - 3*=4.5-6y or ¥ -17.04p +45=0

+y=6

17.04 £ 1704 — 4% 45  17.04 +16.5
OF, Y= =

2 2
{ignoring + ve sign being not possible)

=027 m

Substituting the value of y in (1), we get
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lition, we

| process)

(d)

i)
310 N/m’)

7 m

t possible)
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75

3 P = ! W x 1.01 =1.578 bar
2 0.75 — 1.27 4

The force tending to move the bucket in upward direction,

Fi = Pair = "E s 0452

T
=(1.578 x 10°) % ks 0.452 x 1077 kN = 25,097 kKN
The force acting on the bucket in the downward direction,

- ﬂ , .
P,=(1.01 % 10°+9810 % 5.25) x = x 0457 107 kN =24.254 kN

». The force required to maintain the bucket in position,

F=pP —P,=25097-24.254=0.843 kN (Ans.)

Example 2.35, A glass tube of uniform bore is bent into the form of a square of sides [ and
filled with equal amounts of three invisible liguids of densities p,, p, and py. It is known that
p,< P,< Py [f the tube arrangement is placed in a vertical plane {i.e. two sides vertical) and if
one of the vertical sides is completely filled with the liguid of density p,:

i 1
(i) Show that 5{2% ~p) > P> 5(&33 +2p)

(i) If the relative densities of the first and third liguids are 1.0 and [.22 respectively, find the
range of the relative densities of the second liquid which makes the above arrangement
possible.

Solution, Refer to Fig 2.3%. f >
® - >|1 g T
_ 1 1 D
(i} Toprove, -3—{2|:-3 t PP ? E(Pa +2p 3t A 7] A
¢
Let E. F and G be the interfaces, and .E
EA=x g
Then, DE={-x E
Total length of the glass tube = 4/ ] ¢
g
- 4 g
*. length ot each liquid = gf %
_ For liguid-1-
.::'_ 4
- — —f Y ¥ D G EHEEFHCHE Fa
HG=y C 5
43 1 1‘ Liquid-3 ; .(
=~ _{(J—x)j==1+x
DG=7f —(I-x)=3 +
: For liquid-3; Fig. 2.38
GC=I—(lf+x]=£f-x
3 3
2
FB=E—[—E+I]=11’-—I
3 3
4 - ™, \I
.FC='—‘{—GC=£—LEI—‘EJ=EI#I1
3 3 3 3 J

—pr
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The pressure balance at the interface £ is given by,
Pressure of (column DG + column GC ) = pressure of column AB

] 2
pgl=l+x)+pg(si-x)=pgl

3 3

! 2
ar D1[§E+I}+93(Ef——’f):m?

1
x{(p, — P3) =§f (—p; +3p;: — 2p; )

i 1 )
53 (—p, +3p2 — 2p3) 5:(2;:3 - 3p; + /)

. T (py — P3) - {p; = P1)

1
It 1s known that x > 0 and also ¥ < E!

Hence, 0<x< E

L N ot D
(py—py)
Also since p, < p, < p; the denominator (p, — p,) 18 positive.

Hence numerator is
U{(ng'—ng_i_ F]'J{ 1

or, P T 2p; > 3P,
1 .
or, p, < g{zll"a +Py) D
Al . 2P3_3pz+!31 o1
S0 [
;S Py = P
o, 2p;—3p; TP, <Py —9y)
or, 3p, > P, =~ 2P,
1
or, Py > 3Py 2py) .. (1)

Hence from inequalities (¢) and (i), we have
1 |
5(293 + P> Ps :-E{pg + 2P )

(if) Range of relative densities of the second liquid:

Given: p, =10 p, = 1.22
1
Now, Py >~ (ps + 201
};—{1.22 + 2 x 1.0) = 1.0733
1
Also, D;}Eﬁ%"‘lﬂ])
1
> E(ZH 1,22+ 1.0)=1.1467
Hence 1.0733 < p, < 1.1467 (Ans.)

= Fy =gl by T
= == e e v

S L

B

S
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2.5.1.3. Advantages and Limitations of Vlanometers
Advantages of manometers:

Easy to fabricate and relatively Inmexpensive.
(Good accuracy,

High sensitivity,

Require little maintenance.
Not affected by vibration,

Specially suitable for low pressure and low differential pressures.

It is easy to change the sensitivity by affecting a change in the quantity of manometic liquid
in the manometer,

Limitations:

SO R o e

Lsually bulky and large in size.
Being fragile, get broken easily.

Readings of the manometers are affected by changes in temperature, altitude and gravity.
A capillary effect is created due to surface tension of manometric fluid.
5. For better accuracy meniscus has to be measured by accurate means.

.2. Mechanical Gauges

B N e

_ The manometers (discussed earlier) are suitable for comparatively low pressures. For high
Epressures, they become unnecessarily larger even when they are filled with heavy liguids. Therefore
i measuring medium and high pressures, we make use of elastic pressure gauges,
bifTerent forms of elastic systems such us tubes, diaphragms or beliow
f The elastic deformation of these elements is used to show the effect of
me deformed within the elastic limir only, therefore these gauges are sometimes called elasfic gauges,

esometimes they are also called secondary instruments, which implies that they must be calibrated
Wy comparison with primary instrumenis such as manomefters etc.

Some of the important types of these gauges are enumerated and discussed below:
1. Bourdon tube pressure gauge,

2. Diaphragm gauge, and
3. Vacuum gauge.

They employ
§ etc. to measure the pressure,
pressure. Since these elements

1. Bourdon tube pressure gauge;

Bourdon tube pressure gauge is used for measuring high as well as low pressures. A simple
Horm of this gauge is shown in Fig, 2.9, In this case, the pressure element consists of a metal fube of
approximately elliptical cross-section, This wube is bent in the form of a segment of a circle and
responds 1o pressure changes. When one end of the tube which is attached to the gauge case, Is
jronnected to the source of pressure, the internal pressure causes the tube to expand, whereby

jarcumferential stress i.e, hoop tension 1s set up. The free end of the tube moves and is in m

ronnected by suitable levers to a rack, which engages with a small pinion mounted on the same
spindle as the pointer.

1hus the pressure applied to the tube causes the rack and pinion to move. The
pessure 1s ndicated by the pointer over a dial which can be graduated in a suitable scale,

The Bourden tube are generally made of bronze or nickel steel T
pw pressures and the latier for high pressures.

he former is generally used for

Depending upon the purpose for which they are required Bourdon tube gauges are made in
fferent forms, some of them are:

(1) Compound Bourdon tube-used for measuring pressures both above and below: qmmospheric
DYessure.
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Rourdon tube

- -|-l. .':.ri

[RE LR BT I

Pinion Rucl
ack

Fig. 2.39, Bourdon tube pressurc gauge.

-

(i
2. Diaphragm gauge: "
This type of gauge employs a metallic disc or diaphragm instead of a bent tube. This disc or

diaphragm is used for actuating the indicating device.

Refer to Fig. 2.40 When pressure is applied on the lower side of the diaphragm it is deflected

upward. This movement of the diaphragm 1s transnutted to 2 rack and pinion. The latter is attached
to the spindle of needle moving on a graduated dial. The dial can again be graduated in a suitable

scale,

iy Double Bourdon mihe—used where vibrations are encountered.

Needle
____Corrugated

diaphragm

2.40. Diaphragm gauge.

——

' L il

e

——— ——
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3. Vacuum gauge:

Bourdon gauges discussed earlier can be used to measure vacuum instead of pressure. Shight
changes in the design are required in this purpose. Thus, in this case, the tube be bent inward instead
of outward as in pressure gauges. Vacuum gauges are graduated in millimetres of mercury below
stmospheric pressure. In such cases, therefore, absolute pressure in millimetres of mercury is the
difference between barometer reading and vacuum gauge reading.

- Rack Vacuum gauges are used to measure the vacuum in the condensers, etc. If there is leakage, the
vacuum will drop.

The pressure gauge installation requires the following considerations.

1. Flexible copper tubing and compression fittings are recommended for most installations.

3 The installation of a gauge cock and tee in the line close to the gauge is recommended
because it permits the gauge to be removed for testing or replacement without having to
shut down the system.

3, Puylsating pressures in the gauge line are not required.

The gauge and its connecting line 1s filled with an inert liquid and as such liquid seals are
provided. Trapped air at any point of gauge lines May Cause serious errors in pressure reading.

2.6 Pressure at a Point in Compressible Fluid

In case of compressible fluids, the density (p) changes with the change of pressure and
wemperature. [n the fields of meteorology, oceanography and aeronautics, we come across with
E  problems involving atmosphenc air where density, pressure and temperature change with the elevation.
e Therefore, for fluids having variable density eqn. (2.4) cannot be intergrated unless relation between

ube. This disc or p and pis known.
The ‘equation of state’ for gases is given as:
gm it is deflected p=pRI L.(2.13)
 Jatter is attached _r
ated in a suitable oh P RT
We know that, Do weprg (Eqn.2.4)
dz
he;
= — X
rT €
d
P xaz (214
p RT
When Z is measured verticallv upward, the above equation reduces to:
P _—E, 4z {2.15)
p RI

[sothermal process:
In an isothermal process, temperature 1 remains constant, therefore, integrating eqgn. (2.13) we get

j‘” dp _ _ jz __g_ﬂrzz_ij*z 47
P p z,  RT RT 2
3
or, m(f—'z-i{zazﬂ)
I'x_p':',a' ‘ET

where, p 1s the pressure, and Z, is the height.

If the datum line 1s ta{_}ken at Z,, then Z,, becomes z€10 and p, becomes the pressure at datum line.

M
f??Lii=——'g—.Z
Po A RT

R

ms ot

[P e} ORI T T
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P _ - 8ZIRT)

o,
Po
or, Pressure at a height 7 is given by .(2.16)
p=pyet §Z'RT)

Adiabatic process:
When the process follows an adiabatic law, the relation between pressure and density 1s given by:

%m constant = C ..(H)
o’
where, v is the ratio of specific heats,

or, p= LD

Now egn. (2.4) becomes -

15

dp p i :
=g = . .. Z measured vertically u
dZ P8 C . S Jup
E d W d
: or, —‘Dl__,?:ng.a’Z or ' x ‘?F =-g.47
c)
Integrating the above equation, we get
r I ] ~ R
i [---1]
yl P _ z
- — 4]
i L
- ' —

=2y

]."I ]_.-"‘:.r
From eqn. (¢}, we have, oty = | £ _ P (C being constant, can be taken inside)

o ..
S P
Substituting this value of ¢!'7 in the above equation, we get

B [.F]--Pix.-.ﬂ
pltp T
G g Z_g[Z*ZD]
¥ -1}
P|~ )
- N - P
- : — -0
oft, - E! =—-glZ-Z;)
Y—l—p—:ﬁ?n
=t £ Lz - Z))
Y-l P Pg

If datum line is taken at Z, (where pressure, temperature and density are p,, T, p,), then Z,=90.

sldaraiierd]nn

AT
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P

But from eqn. ()

i)

Substituting the value of Po in eqn. (#f), we get
P

rertically up

=
' £ L
g . Pressure ata height Z from the ground level is given by,

q:,r _ 1 p ¥ -1
p=po|l - g2 x ="
 inside) ' _ T Po
| her = Pressure at ground level (when Z, = 0}, and
= Density of ar at ground level.

-_ Also, equation of state 1s
El - RTCI or Pe =
P Fo R TD

e Substiruting the value of -EEL is eqn. (2.17), we get
4 g

P=Dn — V- ! L4 gz -‘T_l {218)
Y RT |
fluid in an adiabatic process is caleulated as

E @ Temperature at any po int in compressible

-

-

R Equation of state at eround level and at a height Z from the ground level is writien as
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EQ=RT{}, and £ _pr

Po P
Dividing these equations, we have
Po P _Rh
pg  p RI
T
or, S
n P P
But from egn. (2.18}), L s given by
- Po v
IRIST S
Pa i RTy J
& H
Also for adiabatic process ‘E; = p? or | Py =24
Pt Po L P p
1. “1iy
F’I}_fﬁ;“:’u\1 r_’f p
w-(2) (5
£ k P Po .

Qr. =
RT, i

Substituting the values of £ and % in eqn. (iv), we get
Py |
1:(1— ﬁf_l:x: gz !T_1 :-f[l—?_lx
Tl} i|. ¥ HTD J _

oyl gz };'—1"-{_1
\_ i RI, :

ﬂf—lx gl |
".rr RT-I':'

T=T,|1-

Temperature lapse rate (L):

It is defined as the rate af which the temperature changes with efevation. Tt can be obtained by

differentiating the eqn. w.r.t. Z as follows:

ffT:d i 1_?—1 KgZ
dZ dZ Y RT,
where 7., 1. & and R are constant, ’
¥ —1
..{1_ i TD .c:l — T ot g ¥ = — g.-
az L b Ry | R

Hence, temperature lapse-rate, [ =

r it SR

.......

. iv)

{2.19)

remperatre
temperaturd
Solutiey

where, i

L
Since, A
Or.

Since,

Subsan

Integra I.. 5

g Exampld
3 devation abe
b Pressure is 7§
} am ideal pas. |
ll-_-a-_"

Elevatig

Temperat
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— Inthis egn., if y = | the process in an isothermal one which means ar _ 0: it indicates that
| , dz
temperature does not chaiige with height.

— Ify> 1, lapse-rate is negative which means that femperature decreases witlt increase of
height.
Following points are worth noting:
-(1V) : __ The value of v in armosphere varies with height.
—  Upto an elevation of 11kim, above sea level, the temperature of air decreases at the rate of
0.0065° C/m. From 11 km to 32 km, the temperature remains constant but rises above 32 km

of height. |
Example 2.36. Derive an expression for the pressure ratio in the troposphere if the absolure
lemperature is assumed 1o vary according 1o the luw T =Ty~ 4 Z-Z,), where T;15 the absolute
temperature at sea level and O is the temperatire gradiendt. (Nagpur University)
Solution. The variation in altitude is given by:
dp=—pgdl=-~wdl
where, 0 = Density of air, kg/m-, and

w = Specitic weight, N/m”.

-

Since, P = R—‘L;: . substituting in above relation, we get dp = -H -% J gdZ
o, @ -_ 5 47 L)
p RT
singe, r=7,-d {(Z -2, LGiven)
S Al =-0dZ
Substituting for 42 i (1), we have
dp g df
p OR T
Integrating between (p,. p} 10 {Z,, 7). where suffix 0 denotes sea level conditions. we get
S op ! (T T, -o{Z-Z
] En|—~p—i: S In'*—l.:—g—fn - { Gﬂ;
» . P | OR | T, | oR T, ]
E:I J . . .=
3 14 _|V {2 - £p) | . .
- or, —=|1- J ....Required expression (Ans.)
(219) ] 3 Fo o TD

e Example 2.37. The temperature of the earth’s atmosphere drops abour 5°C for every 1000 m of
belevation above the earth’s surface. If the air temperature af the ground level is 15°C and the

e obtained by aressure is 700 mm Hg, at what elevation is the pressure 380 mm Hg? Assume that air behaves as
ideal gas. {Roorkee University)
Solution: Given: T, = 153 +273 =288 K;p,= 760 mm Hg; p=380mm Hg;
dT >
2l .2 _=C/m
daz 1000
Elevation Z:
d iy =1
Temperature lapse-rate. L= —T; - I ]
dz Rl v
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5 _QMfT—ll

. 1000 - 287\ 7
Y1 _ 01463
y _f
v—1 gZ |-t
Using the relation: p=p|1- f £ -‘
v Rl |

0kl = Z 01463

380 = 760 {1 ~ 0.1463 X

o ] 287 x 288 |
0. 1463
o, (3—8{{] =1 - 0.1463 x 9812 _ 1 _1736%10°2Z
_____ 760 287 % 238
SRELE
or, 1 736 %107 Z =1—(E‘-D-] = 0.0964
760
OF, = 0.0964 - = 8553 m (Ansj
1.736 x 1077

Example 2.38, The barometric pressure al seq level is 760 mm of mercury while thar on a
mountain top is 735 mm. If the density of air is assumed constant at 1.2 kgim?, what is the elevation

of the mouniain top? {Panjab University)
Solution. Given: Pressure at sea level, py = 700 mm of Hg

_ 760

- 1000

Pressure at mountain, p = 735 mm of Hg
Gedeeon Ll = 132 (13.6 x 1000) x 9.81 = 98060 N/m’
' C 3 1000

Density of air, p = 1.2 kg/mr’

Height of the mountain tep from sea-level, he

Tt is a known fact that as the elevation above the sea-l
decreases, As the density is constant (given), hence the pressure
level is given by the equation,

% (13.6 = 1000) x 9.81 = 101396 N/nv’

evel increases, the atmospheric pressure
at any height ‘4” above the sea-

_ 106 -
p=p,-pgh o h=Fr_F- (101396 -~ 98060) _ 583 4 m (Ans.)
pg 1.2 x 9.81

Example 2.39. Determine the pressure at a height of 800 m above sea level if the atmospheric
pressure is 10.139 x 10° N/m? and temperature is 13°C at sea level assuming:
(i} Air is incompressible;
(i) Pressure variation follows isathermal law,
(iif) Pressure variation follows adigbatic law.
Take: Density of air at sea level = 1.28) kg/m’
Neglect variation of g with altitude.
Solution. Given: Height above sea-level, Z = R000 m
p, =10.139 x 10* N/m”
(, =15°C . T,=15+273=288K

p =p,=1285 kg/m’.

(Nagpur University)

Pressure at sea-level,
Temperature at s¢a level,
Density of air,
Pressure p:
(i) When air is incompressible:

- rr———
frw

fmu—.a

ulu_-ﬂ'r'q i

bR

e —— —er

.....
......

" — i —
—_—
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yheric pressure
above the sea-
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re atmospheric
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dp h
We know that - = —p g ; o fdp=- [ogd
Az
F Zy
Of, p-py=—PELZL-Zy)
of, p=p,—pgl (" Z,=datumline=0)

=10.139 x 10%~1.285 x 9.81 x 8000 = 543.2 N/m? (Ans.)

(iiY When pressure variation follows isothermal law :

We know that p = p, & ¥'*7) -{Eqn.2.16
7= Py n

1
= P E[ugzﬂl}’fﬁn] ] pD RT ar - p -
’ P Py RT
= 10.139 x 10* x o(—9.8] = 5000 1.285/1013%0)
=10.139x 10% x ¢ 994 =10.139 x 10 x 0.3699
= 37504 N/m® or 3.75 N/em? (Ans.)

(iif) When pressure variation follows adiabatic law (y = 1.4):

_1 EiER Al
- Using the equation: p = pJ - L gz p—“J LJEqn2. 7]
28 L f Pu
Substituting the values, we get
[ 1.4
5210130 x10° | 1= 12710 081 x 8000 x — 222 )
1.4 13,139 x 10

= 101390 {1 — 0.2842)('4%4=101290 % (0.7158)*°
=31460 N/m¥* or 3.146 N/em? {Ans)

Example 40. Determine the pressure and density fmr at a height of 4500 m from sea-level
'iere pressure and temperature of the air are 101400 N and 13°C respectively. Density of air at
e seq-Jevel is equal to 1.285 kg/m?® and the temperature lapse-rate ts .0065°C/m.

Solution. Given: Height, Z=4500m
Pressure at sea-level;  p,= 101400 N/m*
Temperature at sea-level 7,=1-273=15+273=283K

Temperature lapse-rate, f = ar —0.0065°C/m
dZ

Density of air at sea level, p, = 1.285 kg/m’
al gfy—-1

We know that, L= - 2| —— LEgn. (2.20
n 7~ TR (Eqn. (2.20)]
where I 101400 =174
' pafe 1.285x 288 |
Substifuting the values in the above equation, we get — 0.0065 = - 74 i ;
| y—-1 0006Sx2?4_ﬁ_1815
¥ 981
1
v (1 -0.1815) =1 = ' =122
/{ ) or Y I —0.1813

Pressure (p) and density (p) of air at a height of 4300 m:

- .y -
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We Know that, P = P TEZ . | .[Bagn. (2.17)]
0o
Substituting the values, we get
1.22
p=101400] 1= 22271 981« 4500 x 253 °%
R 101400

A e T T T R R 372l

]
+:

= 101400 (1~ 0.1"* = 56534 N/m’® or §.6534 N/em? (Ans.)

--" -'E :

s,
Also, —= RT
P

where, p, p and 7 are pressure, density and temperature respectively at a height of 4500 m.
. Now the value of Tis calculated from temperature lapse-rate as follows ;

1at4500 m =, %x 4500 = 15 — 0.0065 x 4500 = - 14.25°C

=273 +{-1425)=25875K

.n

. . . 2 0334 3
: D= = = (.797 kg/m~ {Ans.
. Densiry of air at a height c:rf_ﬁiﬁDO m; P BT 274 % 258 75 g/m- | )

Example 2,41, Calculate the pressure round an aeroplane which is flving at an altitude of
4200 m. The temperature lapse-rate is 0.0065 K/'m. The pressure, temperature and density of air at
ground level are 101400 N/m?, 15°C and 1.283 kgim® respectively:

Variation of g with altitude may be negiecred.

1
|

. =i
[T L PR AP, S iy

s b

Solution. Given, Height, Z=4200 m; Lapse-rate, L = % =_0.0065 K/m;

p,= 101400 N/m* T, =15+ 273 =288 K, p, = 1.285 kg/my’
Pressure round the aeroplane, p;
Let us first calculate the value of power index v as follows;

T (v — 1 5
We know that, L= a1 = — EL ! W ..[Eqn. {2.20}]
&z  RL v
where. R=-Po o 1000 _ o
Poln  1.283 x 288
L . !
- Substituting the value, we have — 0.0065 = _9‘81 fy-l |
274

y =1  0.0065x 274

or, ={,1815 ot y=1.22
Y G &1 ;
- o Y — | Po ¥
Pressure round the aeroplane is givenas: = 2 | | - T gz 'p_ LLEgn. {2.17)]
L [ . '
22 - \ 1.285 Joxz
_ 10140[}[1 1222 g 81w 4200 iw
1.22 | 101400 |

= 101400 [1 — 0.094]%°% = 538656 N/m* = 5.8656 N/cm” (Ans.)

HIGHLIGHTS

1. The force (P) per unit area (4} is called pressure (p}, mathemartically, 2 = Py

2. Pressure head of a liqud, / = £ (0 p =wh)

. yEh
where, w 18 the specific weight of the liquid.

———

roTw

i1-|+||[ =
| LI ETE]
[EX :.|'|1-|.'||| .
. 1 . - .
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3. Pascal’s law states as follows:
“The intensity of pressure at any point in a liquid at rest, is the same in all directions”.
4. The atmospheric pressure at sea level {above absolute zero) is calied standard atrnosphenc

pressure.

LJEqQn. (2.17))

1.22
0.22 (/) Absolute pressure = atmospheric pressure + gauge pressure
Pobs. ~ Pam. + pgnuge . ]
em? (ARs.) (i) Vacuum pressure = Atmospheric pressure — absolute pressure (Vacuum pressure is
defined as the pressure below the atmospheric pressure)
5. Munomeiers are defined as the devices used for measuring the pressure ata point in fluid by
‘ balancing the column of fluid by the same or another column of hiquid.
ht of 4500 m. 6. AMechanical gauges are the devices in which the pressure 1s measured by balancing the fluid
column by spring (elastic element) or dead weight. Some commonly used mechanical gauges are;
(i) Bourdon rube pressure gauge, (iiy Diaphragm pressure gauge,
(iif) Bellow pressure gauge, and (iv) Dead-weight pressure gauge.
7. The pressure at a height Z in a static compressible fluid (gas) undergoing isothermal
bt
n’ {Ans.} COMpPression [ -E— = ¢const. .
\ .
at an altirude of P = P '?(_ 2R
d density of air at where, p, = Absolute pressure at sea-level or at ground level,

Z =Height from sea or ground level,
R = (3as constant, and
T = Absclute temperature,
8. The pressure and temperature ata height Zina static compressible fluid (gas) undergoing
adiabatic compression {p/p’ = const.):

oyl pe et [yl eZ -
;= i 1 — - Z e — |, 1 —
P =Py l_ v g o J Py l_ R
[Eqn {220]1 . ‘;
and, temperature, 7 = 1, !‘1 _ Y | g2 |
lf_ ¥ RTD |

"

]

v
by
o
~

:

.-
or
:ul
A
.
1

-
i

L
T
T
-

E,

=

2. -

= .
-4y -

ar

where, p,, 7, are pressure and temperature at sea-level; y = 1.4 for air.

9. The rate at which the temperature changes with elevation is known as Jemperafure Lapse-
Rate. It is given by,
—g{y-1"

R'x Yy )

r

if {f)y = 1, temperature is zeto; (i) ¥ > 1, temperature decreases with the increase of height.

L=

[Eqn. (2.17)]

1.22

_‘0.22

OBJECTIVE TYPE QUESTIONS

} ] iRoose the Correct Answer:

o ; |
56 N/em” (Ans.) . 3. The pressurc ...... as the depth of the liquid

i. The force per unit area is called increases.
(a} pressure (k) strain, {a) increases

p (c)y surface tension (d} noneoftheabove, (&) decreases
= P 2 The pressure of a liguid on a surface will (c) remain unchanged

‘ always act ...... to the surface. {d) none of the above.

4. The intensity of pressure in a liguid due to its

{a) parallel ¢(b) normal :
depth will vary ... with depth.

{¢) 457 (d) 60°

-
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