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Pressure

k3

* ] Actual pressure

Gauge Pressure (bar g)

Variable pressure level

=== Normal atmospheric air

Local ressure level
atmospheric atm = 1,013 bar
pressure

P = 0 (100% of vacuum)
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. Gauge Pressure _uadl Laacall | a5 o<l Atmospheric Pressure

(1 bar) Jb1 S5 b
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The pressure below a liquid surface exerted by the Hydrostatlc ‘"’S'-'u JJ%

liquid above. Pressure
Line Pressure

Force per unit area exerted on a surface by a fluid C L e e Jind ) L)
flowing parallel to a pipe wall.

Static Pressure . . . .

Same as line pressure. Line Pressure Jail) v
Vacuum

Pressure below atmospheric. b ke lm oo Al daliaall san s e dindadl 5 53

Working Pressure

Same as line pressure. . Pipe Wall sa) 5 1adll Jas 3131 5

Static Pressure SstiuY) bl
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Working Pressure Jsdil) hiua
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U-TUBE WELL (RESERVOIR) INCLINED MERCURY FLOAT
MANOMETER MANOMETER MANOMETER MANOMETER
Wet meters include the oldest and simplest pressure ol 3,0k Wet Meters dabibadl (ulall Bl g panas

indication method in industry—the liquid manometer. ‘):\A};\LA“ Jie el I Lacall 3 y ,“5 Z\A:mﬁj\
Where static pressures are low and only visual
e gilall aladid 2 s L Jilis (teall Manometer
indication is required, visual manometers are used.

Figure 3 shows the simple U-tube, well (or reservoir), OSL“’ L '“ﬂv Visual S O «:J\ 4*1‘3\ e

and inclined manometers, respectively. . Bt Al
Their similarity is obvious. Where high pressures exist, e bia 2y e (353 ?\ A Al e 3ale
mercury is often used as the liquid. Figure 3 also shows

a typical mercury float-type manometer. Here the Jie bial) (uldl L..SF\ Al ld Jilug a5
position of a float on the surface of the mercury defines . ring balance meter s inverted bell meter

the level of the mercury, which in turn defines the
pressure required to give this level. There are many
other related “wet meter” techniques to use in pressure
measurements, such as the inverted bell meter, and the

ring balance meter.
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Inverted U-tube manometer is used for measuring
pressure differences in liquids. The space above the
liquid in the manometer is filled with air which can
be admitted or expelled through the tap on the top, in
order to adjust the level of the liquid in the
manometer.

Equating the pressure at the level XX'(pressure at the
same level in a continuous body of static fluid is

i sud) (b Taaall (38 (el pastid sl U sl iagila
23 b (Say A o) sedl (liae Qi (558 0 sasall ad) (S5
Gl ploy) hual gl el e el z A
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For the left hand side: o) ol el il
Py =P, - pg(h+a)
Oal) sl Y daally
P =P, - (pga + pngh)
Pe=Pe : of Lass
P1 - pg(h+a) = P> - (pga + pmgh)
P1-P2=(p - pm)gh
PO P << p OsSs Sun el e laal S 1Y)
P, - P, =pgh

. ¢) 5 s Manometric Fluid s _jie silall sl ¢ 55 Lo sale Cosliall U ol e gilal Al
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If the pressure to be measured is very small then tilting
the arm provides a convenient way of obtaining a larger
(more easily read) movement of the manometer. The
above arrangement with a tilted arm is shown in the
previos figure.

The pressure difference is still given by the height change
of the manometric fluid but by placing the scale along the
line of the tilted arm and taking this reading large
movements will be observed. The pressure difference is
then given by

PP =

diameter d

Daturm line

o g Alda s s 4uld Gllad) il oS 1Y
Siagildl 103 & Jll HSF Jsh e Jpanll dleus 455k

Ll (KA 4 e Cia ol 138 L (361 A Algu () 5S5)
oS! biall Aed Lphey Bl sl 4 Qi) sy J) ke
QN ¢ sl) AL A 5ol ded liey) & 3aY) aey

p U ADLNIIA (e hinall dad e Jseand (Ko

FEZ

= pgxsin &

S Resolution & suas i Las (me Jakuza Gl 5 bl Ll 38 a Amplification ,u€s Jasy Jilall cossl) a5y s AuadIAd)

. Gilulall

An inclined manometer tube causes amplification in liquid motion for a given amount of pressure change,

allowing measurements of greater resolution.
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The manometer in its various forms is an extremely
useful type of pressure measuring instrument, but
suffers from a number of limitations.

While it can be adapted to measure very small
pressure differences, it can not be used
conveniently for large pressure differences -
although it is possible to connect a number of
manometers in series and to use mercury as
the manometric fluid to improve the range.
(limitation)

A manometer does not have to be calibrated
against any standard; the pressure difference
can be calculated from first principles. (
Advantage)

Some liquids are unsuitable for use because
they do not form well-defined menisci.
Surface tension can also cause errors due to
capillary rise; this can be avoided if the
diameters of the tubes are sufficiently large -
preferably not less than 15 mm diameter.
(limitation)

A major disadvantage of the manometer is its
slow response, which makes it unsuitable for
measuring fluctuating pressures.(limitation)
It is essential that the pipes connecting the
manometer to the pipe or vessel containing
the liquid under pressure should be filled with
this liquid and there should be no air bubbles
in the liquid.(important point to be kept in
mind)

8 eal (e LD ae g g 22l LKL ) i gilall i

1258l Gamy e (At LISl ¢ de sial) Jaraall a8

Digital Manometers 4 i &) sia gilall

A liquid manometer has limitations. Glass
tubing, indicating fluids, and level mounting
requirements are more suited to a laboratory
than the field. Also, it cannot be interfaced
with a computer or PLC. Such limitations can
be overcome with digital manometers. These
microprocessor-based instruments are

Jilall g ala ) s e JS 0l jiegile e 3 a s
gisdl oo ST Janall g ST i o) 321 i e
Saill aUsi J penesl Sles leduas (S Y X L field
a1 ) gia gl Slasinly sl Gl e il (Sayy ¢ PLC
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available in convenient, portable sizes for
ease of use in the field, or in panel or stand-
alone mounting styles, with outputs for
controlling a process or transferring
measurement data.

Variations from standard conditions of
density and gravity must be compensated for
manually when making pressure
measurements with liquid manometers. This
is easier with digital manometers, because
some of the correction factors for liquid
manometers can be ignored and others can be
compensated for in software.

With dual ports, swapping sensors is all that
is needed to change among differential, gauge
and absolute pressure measurements.

Other common  features of

manometers include:

digital

« Onboard memory for data logging or
storing min./max. readings

« Averaging a number of readings to
dampen pressure pulses

Higher accuracy digital manometers are used
to calibrate pressure transmitters and other
pressure instrumentation in the field. Digital
calibrators are faster and simpler as they
require no boxes, gas cylinders, regulators, or
weights to set up and have no special
platforms or critical leveling requirements.
Further comparisons of liquid and digital
manometer specifications are shown in Table
1.

Gy gl e ) 5 36aY) o2 . digital manometers
G sl (i) el Wsenas dulie alaali 385k
stand-alone mounting  Jiusall leall alai f oSan da gl
clly ol § b Al 4 WSaall 2 A )l styles
iy hiall Gl B @ agile dadiul vie .l
<l Jie standard conditions Al oy pill ey gt

. Gravity 4uial 5 Density

Jueal oSar 4 Jend 5San (el il slasinly Guldl
S Lemnys (Bl e gilally sl aaadl Jdlse i

Ol Ay (8 LA daman

Jasud s Jleall Dual Ports (pdise ) zlsiu L
Laal J Differential bl 58 (Wil Sensors cilulual)
. Absolute 3l § Gsauge (il
e eyl e gilall 5 jaT dale i jaas
bl Jasy 580 Ldaly b e
el Jall 5 jrall/s saail

lagl s

) 8 dae Jare juxi e

Ju)) 33eal 3 ee 8 382 Al Lpad )l < jia il aadind

cedsall b gAY Jarall Gl 8 jeal SIS Tl 5 5L
S Gelial ZUas Y L Ll s g ol Ll 5 el 3 eal
Lals @l jead gl 0o ek clalaie § gle il g

t A Janl) 8 dam ge bl & lie 2agis b _plaall o) oY
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ABLE 1

Manometer Specifications

Liquid Manometers Digital Manometers

graduation

graduation

graduation

U-tube Well Inclined General Purpose Calibrating
Range 100 in. 100 in. 20 in. 20-2000 in H20, 2000 in H20,
20-2000 psig, 2000 psig,
2000 mmHg 2000 mmHg
Accuracy 1% of minor scale +%2 of minor scale +%2 of minor scale +0.025-0.1% F.S. +0.025-0.1% F.S.

Wetted Parts

Cast iron, stainless

Stainless steel,

Acrylic, stainless steel,

Clean, dry non-corrosive gases;

Clean, dry non-corrosive gases;

or Media steel, PVC, glass, glass, Viton aluminum, glass, Viton liquids compatible with stainless liquids compatible with stainless
Compatibility Viton steel steel
Pressure 250 psig 250-500 psig 100-350 psig 2 x range 2 x range
Rating
Mounting Wall, table Wall, table, flush Wall, table Portable Portable
front, pipe
Relative Low Low/medium Medium Medium High
Cost
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