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Manometer

»Devices used for measuring &
the pressure at a point by
balancing the column of fluid

or another column. Mﬂﬂﬂrﬂefﬂ?'ﬁ LESe
Types: verticel or inclined

ligeeic columns to
FIEGSUIre PresSSiUre.

1) Simple Manometer
2) Differential Manometer




Simple Manometer

» A simple manometer consists of a glass tube having
one of Its ends connected to the point, where

pressure Is to be measured and other end is open to
the atmosphere.

TYPES OF SIMPLE MANOMETER

» PIEZOMETER
» U-TUBE
» SINGLE COLOUMN

\‘



PIEZOMETER MANGOA

Piezometer Is a vertical
tube, usually transparent, In
which a liquid rises In

response to a positive
gage pressure.

p = pgh N/m?
Or
P ="Al




ADVANTAGES

» Simplicity.
» Direct Measurement (No Need For Calibration).
» Accuracy.

DISADVANTAGES

» It cannot easily be used for measuring pressure in a
gas, so the fluid in the container in which the
pressure iIs to be measured must be a liquid.

» Piezometer Is limited to low pressures because the
column height becomes too large at high pressures.




U-TUBE MANOMETER

» It consists of glass tube bent Open
In U-Shape, one end of which
IS connected to a point at " |
vhich Dpre 0] 0 be \ I
A
= 2 » hy
K
K] of ~t
¥z .
{goge ™
fiuid)




For Gauge Pressure

hi- Height of light liquid above the
datum line.

N2- Height of heavy liquid above the T
datum line. f-:ff_r:’*__ )

Si=sp. gr of light liquid. %}:‘_& =7/
[0 1=Density of light liquid = 1000 xSu.

So- Sp. gr of heavy liquid.

[0 2= Density of heavy liquid = 1000 xSz (a) For gauge pressure

Pressure above A-A 1n the left column =p+ P Xexh,
Pressure above A-A 1n the nght column = p. X g XL
Hence equating the two pressures P+ pgh, = paghy

p=1(p,gh,—p; X g xh).




For Vacuum Pressure

For measuring
Vacuum pressure ,the
level of heavy liquid
in the manometer will
be as shown in Figure

(b).

(b) For vacuum pressure

Pressure above A-A 1n the left column =pgh, + pghy +p
Pressure head in the right column above _ AA=10

Prghy + pyghy +p =10
p =~ (pyghy + p1ghy).




Single Column Manometer

» Modified form of a U-tube Manometer in which a
reservior,having a large cross sectional area(about 100
times)as compared to the area of the tube Is connected to
one of the limbs of the manometer .

» For any variation in pressure, the change in the liquid level
In the reservoir will be very small, which may be neglected
and henceb pressure i1s given by the height of liquid in the
other limb.

Types of Single Column Manometer

» Vertical Single Column Manometer.
» Inclined Single Column Manometer.




Vertical Single Column Manometer.

Let Al = Fall of heavy liquid in reservoir

hy = Rise of heavy liquid in right limb

h; = Height of centre of pipe above X-X
P4 = Pressure at A, which is to be measured

A = Cross-sectional area of the reservoir

a = Cross-sectional area of the right limb

8, = Sp. gr. of liquid in pipe

5 = 5p. gr. of heavy liquid in reservoir and right limb
0, = Density o liquid in pipe |
p, = Density of liquid in reservoir

Vertical single column
manometer,




Fall of heavy liquid in reservoir will cause a rise of heavy liquid level in the right limb.

AXAh=axh,
axh
Ah = - - (i
y (i)
Now consider the datum line ¥-Y as shown in Fig. 2.15. Then pressure in the right limb above Y-Y.
=p, X g X(Ah+ hy)
Pressure in the left limb above Y-Y = p, x g x (Ah + hy)+p,
Equating these pressures, we have
P2 X g X (Ah+ hy)) =p, X gx(Ah+ h) + p,
or Pa = P28 (Ah + hy) — pg(Ah + h))
= Ahlpg - pigl + hyprg — hip g
But from equation (i), Ah=2 ihz
axh
Pa=— % [Pog — P18l + hypag — hypyg -.(2.9)

: . a
As the area A is very large as compared to a, hence ratio "y becomes very small and can be

neglected.

Then py = hyp,g — hypg ..(2.10)

From equation (2.10), it is clear that as h, is known
and hence by knowing h; or rise of heavy liquid in the
right limb, the pressure at A can be calculated.



Inclined Single Column Manometer

It is more sensitive ,due to inclination
the distance moved by the heavy liquid
In the right limb will be more.

L=Length of heavy liguid moved in
right limb from X-X.

0 = Inclination of right limb with
horizontal.

h2 = Vertical rise of heavy liquid in
right limb from X-X=L x sin 0.

From cquaton (2.10), the pressure at A 1s
Pa = fopo8 — )Py 8.
Substituting the value ot i, we gelt

P.=sin 8 x p.g — h,p,2-



Differential Manometers

Differential manometers
are the devices used for Types
measuring the difference

of pressures between two U-tube Differential

points in a pipe or in two
different pipes. Manometer

A differential manometer
consists of a U-tube |,
containing a heavy liquid ,
whose two ends are
connected to the points | Inverted U-tube

whose  difference  of differential Manometer

pressure Is to be measured.




U-tube Differential Manometer

It is widely used to measure the difference in pressure between two

containers or two points in a given system.

fj

AN

Ii!l|.|.T11L.L1I1L||||1'|_T.'IJI_|_:|
Pl 1

(a)Two pipes at different levels

(b) A and B are at the same level
h = leference of mercury level in the U-tube.

— Distance of the centre of B, from the mercury level in the right limb.

x = Distance of the centre of A, from the mercury level in the right limb.
p, = Density of liquid at A.
p, = Density of liquid at B.
p, = Density of heavy liquid or mercury.



Taking dawm line at X-X.
Pressure above X-X in the left limb = p,g(h+ ) + p,

where p, = pressure at A.
Pressure above X-X in the right limb = p, X g X h+p; X g Xy + Pg
where p, = Pressure at b. ’
Equating the two pressure, We have
| pglh+x)+py=pX8 X h+ gy +pg

Pﬂ‘PB=ng3Xh+Pzgf‘"P;g(h+I)
=h X g(p,— P1) + P28y — P18X

Difference of pressure at A and B = h X g(p, = P1) + P28Y = P18¢
" A and B are at the same level and contains the same liquid of density p,. Then

Pressure above X-X in right limb =p, X g X h+p; X g XX+ pg
Pressure above X-X in left limb = p, X g X (h+x)+p,

(2.12)

Equating the two pressure
Pﬁgﬁh“'PISI"'PEZPIKN(“IHPA
Py Pp =Py X g Xh+pgx- pg(h +x)

=g x h(p,-p)) (213




Inverted U-tube differential Manometer

It consists of an inverted U-
tube, containing a light
liguid. The two ends of the
tube are connected to the
points whose difference of
pressure is to be measured.

It is used for measuring
differences of low
pressures.




h, = Height of liquid in left limb below the datum line X-X
h, = Height of liquid in right limb

h = Difference of light liquid
p, = Density of liquid at A

P, = Density of liquid at B
p, = Density of light hquid
ps = Pressure at A
pp = Pressure at B.

Taking X-X as datum line. Then pressure in the left limb below X-X
=Pa—Pr X8 XA
Pressure in the right limb Below X-X
=pp—PrXgXh-p;XgXh
Equating the two pressure
Pa=PIX8Xh =pp—PryXgXhy—pXgXh
or Pi—Pp=P; XgXh—pyXgXhy—p;xgxh.





