WHATIS PRESSUREY

Pressure 1s a normal force exerted
by a fluid over a surface area
Absolute, Gage, Vacuum Pressure
Static & Dynamic Pressure

Pa. Bar, atm., Psi1

WHY MEASURE PRESSURE?
Pressure negates the properties of a fluid:
State, flow, forces
Quality and Safety of Operation:

Tire, compressors, etc
Pressure measurements 1s used 1n various

Pressure Measurements
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Flaid Mamometer Abzolute, gage, vacuum pressures

general, industry and research applications

INDUSTRY APPLICATION]

o Weather forecasting

o Aviation © Pressure Vessels

to see working as an engineer

o Drilling Technologyv utilise pressure sensors
for real time downhole data transfer
> Medicine

Many other application you are guarantee

(HOW TO MEASURE PRESSURE?) bl ¢

» Hydrostatic pressure P

 Pressure can be derived using several methods:

= pgh+ P,_ (forstatic iquids only) Sphyzmomanometer
(where h 1s liquid depth below the free surface: & P is hquld density)

Pressure Chart

» Dynamic Pressure ¢
1 _ 2 (for any moving fluid with a
9= 7 F7 velocity, v, and density, 0)
- Behaviour of (3ases(moving or
P = PRT State eq.of Ideal Gas Stagnent)

PDI:differential press. indicator
PI : pressure indicator

& CALIBRATION

» Manometer & Barometer

Clj » Microphone

Hydrostatic level |

Elastic Deformation £ = ;
(where o 1s normal stress Hooke's Law
at point in fluid & £ is strain, P=-0")

svinbol

General Insturement

P&ID Pressmre Sensor Symhbol

Bourdon-tube Gauge

tvpe symbol
L Schrader Gauge

HIGH PRESSURE SENSORS

o Tvpes of medium pressure sensors

(changes dynamic sound pressure waves into
analog electric signal)<: gua 304 (i (%lcdabiin 487y
> Tvpes of high pressure sensors

o Calibration of pressure sensors




Atmospheric Pressure: pressure is force/unit area by fluid on container walls.
We have absolute, gauge &vacuum pressure. P,

Atmospheric Pressure vs,. Alfitude

T atmospheric Pressure (KPa)
114

1040
90
B
FO
G0
5
A0
30
20

0 Computed for 15 deg C and 0% humidity

Altitude {m

2000 000 &0

=10

E000

10000

@Imsming Atmospheric Pl‘l‘SSlll‘l.;]

m=14.696psi=101.325kPa at SPT
pto altitude b and

The equatian relating
L-h
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other parameters is 0

atmospheric pressure
here the constant parameters are as described below:

Parameter Description Value

o sea level standard atmospheric pressure 101325 Pa
L temperature lapse rate 0.0065 Kim
T sea level standard temperature 28815 K
g Earth-surface gravitational acceleration 9 30RES mis?
M molar mass of dry air 0.0269644 kg/mal
R universal gas constant 8.31447 Jmol«k)

Torricelli's Barometer

l/—\ Sealed

760 mmHg Tube

N

Atmospheric
Pressure

Atmospheri
Pressure

Container of Mercury

Any mstrument that measures an pressure 15 called a barometer. The fust measurement of atmosphenc pressure began with a siple
expermment performed by Evangelista Torvicelli m 1643, In hs experment, Tornicelh mumersed a tube, sealed at one end, mto a
contamer of mercury (see Figure 7d-2 below). Atmosphenc pressure then forced the mercury up mto the tube to a level that was
ponsiderably hugher than the mercury m the contamer. Tornicelh determmed from this expermment that the pressure of the atmosphere

s approximately 30 mehes or 76 centuneters (one centimeter of mercury 18 equal to 13.3 millibars). He also llﬂtlﬂtil that height of
he mercury varied with changes m outside weather conditions. "

aneroid bharometer

The most conunon type barometer used m homes 15 the
-Inside tlas mstiuanent 15 a siaall,
flexable metal capsule called ann aneroind cell. Im the
constiuction of the device,
the capsule so that small changes m outside anw presswre

cause the capsule to expand or contract. The size of the
aneroicd ce]l 1= then calibr at-e:-n:l and any changce m its

oluime 15 transnuatted by sprmes and levers to mudicatmg
a111) that pomits to the cormrespondme atmosphenc

a vacimun 15 created msade

MNEESE1L1I1C.

Aneroid barometer.




GE;AR( )METEH m Atmospheric i . QL’%NOMETER S]
> One common application of i Fressuge 3§ - - The manometer consists of a A
manometer is the barometer 5’: = AT \ | | tube filled with liquid of

> The barometer measures d -le . 1] il l?| inown dens;.?f ] | h
atmospheric pregeure T RA ; . g |- 3 pressute QUierence actoss

the tube causes the hquid to

barometer uses reference iy | shift position ogh,
gas separated from the | The change 1n position can be
atmosphere by a Lquid Lo 0T ; | measured to give the pressure
If the atmospheric pressure | Best suited to static pressure ¥
changes. the reference gas measurement
expandsfcgntractg Difficult to use for small : gl‘
T How it warks pressure changes, unsuitable 5= pghy

B s for very large pressures Very simple manometer

Dodgy harometer

Dynamic response consideration: the transient response of pressure measurement system depends on
two factors: 1-the transducer dynamic response; 2-the response of tubes & the fluid connects
transducer. The latter factor is frequently determines the overall frequency response of system, & so
the direct calibration must be made to determine this response.
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complexity Con.deaser Miczophoas comstruction Pressure-transmitting system transducer device




L Ld p
Mechanical Pressure Transducers: simplest |2 ryessure v‘r “ Pgy t . n
i LI ! 2 r
{nean for. static pressure measures, easy 1}se, el 8 p-p,= gh (A_ +1][pm— ) 'fi
inexpensive, can not be used for automatic < Ao Aol R S
R Pa
control, low accuracy. Manometers may be 1 Pq /
inclined to lengthen the scale for small AP. ke — P
Optical sight-glasses & vernier scale may be R l |
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CALIBRATION]

The most common Way to

calibrate pressure sensors 1s with
a dead-weight tester

Has accuracy in the O.005% to
0.1% range

Allows pressure tests up to
10EkEBar (—145.000 ps=s1)

SCHRADER GAUGE

Uses a piston connected to a
spring

Simple & sturdy construction
Not particularly accurate

Dead-Weight Tester: used for static
calibration of Bourdon Tube or
other pressure gauges. Accuracy is
limited by:1-friction; 2-uncertainty
in effective area bet. cylinder &
piston which depends on clearance
spacing & viscosity of oil . At high
pressures, there is elastic
deformation of cylinder which
increases clearance spacing &
increases error of tester.

TyTe pres;m\‘ d

Spring
[A-LLLINLT LN

.
Dead Weight Testers 4
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1 Handpump 2 Testing Pump

3 Pressure Gauge to be calibrated

4 Calibration Weight 5 Weight Support

6 Piston 7 Cylinder 8 Filling Connection

Common use 13 in simple tyre : Stopper
Pressure gauges el Inlet
Performs better than Constructian
_ 7 ] 57
bourdon-tube under dvnamac u: =
loads pF=pa
kx=F Pressurized gauge
x = (AP
Dead
Weights T
(paP)2b?
Pressure Percent Error~——
~. Gage, G MDL
= T p - density of the oil
t ——Piston ||: :;| AP :pressure differential on the cvlinder
| L ] | :
catERad -; b :clearance spacing
before Bt viscosity of the oil
rea;;lmg D : piston diameter
0
reduce L . piston length
friction)
n I Ei..ﬁ
| | Cleanail
Chamber
B p Plunger
Valve, V T
1S Open \, J
LN




Bourdon-Tube Pressure Gauge: Bourdon tube
used widely for inexpensive,
static measurements, can not be
used for automation or data
acquisition/ storage. Linkage is
constructed to be adjusted for
optimum linearity & minimum
hysteresis& to compensate for
wear which may develop over
time. Electrical resistance strain
gauges may also be installed on
the surface of the bourdon tube
to sense the elastic deformation

to change it into electric

display

Adjusting
screw

Pivot

Adjusting
linkage

Bourdon-Tube

P "#’ Pressure Gauge ,—5

Diaphragm and Bellows Gauges: use both elastic deformation of diaphragm or bellows along with
some displacement transducer to measure pressure. Elect. Strain gauge/LVDT/capacitance to be used
to sense diaphragm displacement. Deflection is linear with AP if deflection is less than 1/3 of
diaphragm thickness, t (as shown by given equations where outer edge of disk is rigidly fixed &
supported). To get also a linear response over a larger range of deflections, diaphragm be constructed
from a corrugated disk as shown. This type is most suitable for applications where mech. Device is used

for sensing deflection of diaphragm. Diaphragm is stiff & suitable for high-frequency measurements.
1 P> I

P1
gages/ '\
y I_U[}TI Diaphragm gauge using

Diaphragm * J,
*Pl D JV[L_
( 7—-‘ i
Diaphra gln*%
resistance strain gauge

Corrugated-disk diaphragm




(DIAPHRAGMN CAUGES)
> Can be uszed to measure gauge. differential.
wacuum or absolute.

plezoresistive and capacltive means.

- Follows a linear variation with Ap when the
deflection is less than 1/3 the diaphragm
thickne=ss.

- (Food Dynamic sensor.

o Can be measured using mechanical. electrical

Calbrated st

—— ==
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Pramagurs

Ciapraijles.

metallic diaphragm pressure gauge with
stacked capsules.

diaphragm pressure gaug
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2P
Q
16Et3

3p(1—pu?)
16Et3

Ymax = A-p3®) & y(r) = (a® —r?)?

a

(a) Edges fixed, uniform load over entire surface

3p(1—p® » & 4 : 16a2 L@t
p P

—>—|b

(b)outer edge fixed & supported, inner edge fixed, uniform
load over entire actual surface

4 |

3W —u® | bz _ 4a2b2
—_——_— T — —_—
4 Et3

o

il gy e

——r

=7 g— i
(c)outer edge fixed & supported, inner edge fixed, uniform
load along inner edge.
The natural fregquency of a circular
diaphrasm is
g Er?

# 10.21 \/ -
g I
where a? 12(1 — u3)pe

£ = modulus of elasticity, psi or Pa
thickness, in or m

radius of diaphragm, in or m

density of material, Ibm/in® or kg/m°?
g = dimensional conversion constant

= 385.9 Ibm - in/1bf - 52 or 1.0 kg - m/IN - 52
. = Poisson’s ratio

B
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CAPACITIVE PRESSURE SENSORS]

bellows causes

diaphragm I . L
, Pressure mmmw
| port p, I

LVDT diaphragm differential pressure gauge

Bellows Gauges: applied differential pressure on
some larger displacement of
them. This large displacement is not suitable for
dynamic measurement due to larger relative
motion & the involved mass of the bellows.

Inculating
Maledal

Riear Cavity:
Termsisabiong,
Stalis Pl e,

Defleched
Diaphengra

Digleette

The variable gap created by
can be used as a capacitance sensor.

The capacitance of the sensor is related to pressure

a moving diaphragm
= P 8

i VIAY;
111 oo

MEMS DIAPHRAGM SENSOR

o Current MEMS pressure sensors
can contain onchip compensation

and amplification

Uses elastic deformation of a convoluted unit
which expands and contracts with pressure.
Either electrical or mechanical output.

Doesn't work well with dyvnamic pressures
due to mass and large displacements.

Capacitance pressure gage.

\ Diaphragm|

SCALE

BT

HAIRSPRING SECTOA

o Can perform signal conditioning
and compensate for temperature.

| Spring loaded bellows gauge

MV — Linw 1o /\ - unit and prolongs the
1\ (= ____'__:'r: — i l\\./ & cm:;rﬁirmu ,
D2 A= I B ol bellows Iife.
C : % fﬂ: E b -:1_"4 ‘I 1 . ' '
s === g #e | o Resulting deflection is
— = E": s— et ?J_’uuuows .
TEE S = 3 force acting on the bellows
LAAA - | i | [ ] L CASE d h " "
solarrs e semesena ! and the opposing spring
Displacement A bellows spring-loaded conmee Tiow /’h H
of bellows pressure gauge bellows pressure gauge Bellows gauge. f[]].'ﬂe.

A spring opposes hellows.

Limits the expansion of




PIEZORESISTIVE PRESSURE SENSOR| CAPACITIVE PRESSURE SENSORS

Piezoresistive consist of a silicon diaphragm with | © Basic concept: C = & A/x

a semiconductor strain gauge bonded to the Sensitivity: AC/Ax = -s A/x
: Advantages
diaphragm. . _ o
. more sensitive than piezoresistive
. . . . r. - _ " T 'I'Ir . ot
Pressure sensitivity: S = AR/ (Ap*R) (mV/V-bar) less temperature dependant 1 >
Advantages: great dynamic pressure sensor A ?*l

: e Disadvantages

- High sensitivity radvanEees . {
’ . requires special electronics +

b2

- Good linearity at constant temperature. diaphragm mechanical properties

Bridgman Gauge: for high AP . Resistance of fine wires changes with pressure as: R=R ,(1+b
AP); R, is at 1atm, b is pressure coefficient, AP is gauge pressure. The device may be used for
measurement up to 10°atm. It uses fine wire of Manganin (84%Cu, 12%Mn, 4%Ni)
wounded in a coil & enclosed in suitable pressure container. Bridge circuit used for
resistance measurement. It is subject to aging over time, so frequent calibration is must. Its
accuracy is 0.1% & has very good transient response.

Pirani Thermal-conductivity gauge: measure vacuum press. o /_\___
by change in thermal conductivity of gas. Heat loss from hot T

l
|
filament depends on gas temp.& thermal conductivity. As
press. decreases, so does thermal conductivity & get higher | |
filament temperature for given elect. energy input. Temp. | :
. . - electrically

measurement is made by change of resistance of filament |=L PR . heated SRR D
material (tungsten, platinum ,..etc) by Wheatstone bridge. x Galvanometer | filaments evacuated
Systems are made to compensate for change in ambient
temp. Device requires empirical
calibration&not good for pressu. Tobridge
much below 1 torr. It has poor | circuit
dynamic Response.

To vacuun
Wheatstone b
space

bridge

electrically g © T
heated O vacuun

filament Space —)

Pirani gauge Pirani-gauge circuit to compensate for change in ambient temp




Low-Pressure Measurement &McLeod Gauge: careful instrumentation to be made especially for absolute
pressure below 1 torr (Imm Hg). Movable reservoir is lowered until mercury drops below opening O.
The Bulb B & capillary C are at same pressure as the vacuum source, P. Reservoir is then raised until
mercury fills bulb& rises in capillary to point where level in the reference capillary is at zero point.
Cross-section of capillary is a. Gas volume in capillary V =ay, where y length of gas in capillary. If
Vy=volume of capillary, bulb & tube down to the opening O, we get P =P(Vy/V.). Also P.P=y, or
P=ay’/(Vg-ay), but ay <<V So finally, we get: P=ay’/V, The device is insensitive to condensed vapors in
the sample & is generally applicable to pressure range 10-2 to 10> micrometers.

it ) -
lo vacuum space, p il
Ref lTo vacuum
o eferenc space, P
Reference papillary|
\f = C
iy VI T Y o
p‘ I m;:f___ Movable
o B0 1 gl reservoir
- B DL I 5 |
gt Capillary, || - 4 Bulb,B
"3 ' . J
tal Lower the reservoir
— B R
e A | to take a sample 8
1 LE of the vacuum.
|II s \

| B =volume of capillary, bulb &tube
down to the opening 0

f
opening
0
Movable
Teservoir _.

The McLeod gauge




ULTRA LOW PRESSURE (ULP) ULP SENSORS
5> Also known as Ultra High Vacuum(UHV) 0 T}-‘pES of ULP Sensors

> Pressures below 100 nPa (107° torr) + [onisation Gage + Alphatron
5> Extreme conditions so require G
» Knudsen Gage  » Others

extensive measures to ensure
accuracy. Issues include: i © ULP Requires specialised sensors:
« High Precision & accuracy.

* High Speed Pumps. No one single pump
is capable of operating from standard
pressure to UHV so need several.

« Indirect Pressure Measurement -
| measure some property of the

vacuum rather than the vacuum 1itself,
'  Mustn't contaminate environment

* Seals — Need special metal seals to
prevent trace leakage.

* Extremely Clean.
* Minimal Surface area

* Qutgassing. Construction materials . O T - ! ;
absorb other chemicals. Example Vacuum Chamber |* Only concerned with gases.

OSES FOR UIT.TRA T.OW PRESSTITRE

Uses for UHV generally revolve around research:

N-rav photoelectron spectroscopy (XPS)

- Analyvse composition, chemical and electrical state within material.
Auger electron spectroscopy (AES)

- TUsed to study surfaces for material sciences.
Secondary ion mass spectrometry (SIMS)

- DNMieasure the composition of thin films and solids.
Thermal desorption spectroscopy (TPD)

- NMeasure adsorption binding energy.
Angle resolved photoemission spectroscopyv (ARPES)

- Analvse the density and distribution of electrons.
Particle accelerators

Atomic Physics Experiments involving ‘cold atoms”
L'Hv is mecessary for these applications to reduce surface
contaminmnation, by reducing t e humber of molecuales reachmg the -

sample over given time period. At 0.1 mPa (10~° Torr). it only takes
1 second to cover a surface with a contaminant. so much lower

pressures are needed for long experiments.




The Knudsen gauge: As shown, separation
distance bet. Vanes & plates is less than
mean free path. Vanes & gas areat T, <T
of hot plates. Due to (T-Tg), there is net
momentum imparted to Vanes which may
be measured by observing angular
displacement of the mirror. Total
momentum is function of gas press & T,.
Device measures absolute pressure & is
independent of molecular weight of the
gas. It is suitable for use bet. 10 to 1 Pa &

freate

1’ 255 | and oil and is therefore hetter for high
r : precision environment.
" 1 - . . -
'. =4FT7;": Doesn't require expensive auxiliary
| ~lg
':
|

Key Advantages -

Can be configured to be ahsolute.
i.e. Doesn't require calibration
Unlike McLeod Gauge doesn't introduce

foreign contaminants such as Mercury

. Mirror, M

heated plate
[\Q P
T_ : V Vane

sensors like the ionisation gage

Filaments can't burn out and suspension
is not delicate — so more versatil

N

. i . Knudsen Pressure DiSHd‘.’ﬂﬂtﬂgES -
may be used as a calibration device for Gauge Cannot measure pressure as
other gauges in this region. AN accurately as Jonisation.
[IONISATION GAGE 1L Three T Hot
* mea —
Works by emitting electrons i | Plae ol i Wit Iree 1ypes 0
from the cathode. These k= (oo L } ! Cathﬁde (old
collide with gas atoms and | _L—'_ oy / i illameke
1ionise them. The electrons e

and negative ions are then
attracted to the positively

charged grid to produce the
orid current. The positive ions
are attracted to the plate and
produce the plate current. p — Pressure
1, — Grid Current

— Plate Current

Hot cathode generates
electrons by heat, cold cathode

generates electrons by a large
potential difference

§
Dependant)

—=—. | Cathode

‘Sensitivity’ (Chemical

Cathode and Spinning
Rotor
(eneral Range of
0.13 Pa - 1.3x10Pa.
Can measure as low
as .13 nPa.
Detect Tonisation of gas

T

=

il




[ONISATION GAGE CALIBRATION]
Most ultra-low pressure gages measure pressure
indirectly, hence are non-absolute.

Eg. Ionisation gage measurements are dependant on
the chemical properties of the gas in the vacuum.

Non-Absolute pressure measurement requires
calibration.

Use either McLeod, Knudsen or deadweight.
Must also be used in conjunction with a mass
spectrometer to calculate chemical composition.

ALPHATRON & OTHERS]

b Alphatron is special radioactive Ionisation Gage.

o Emits radiation and determines resulting ionisation of gas
o No filament, so can measure pressures up to 1 atm as well

' lt’ﬂ{‘lllllll SOurce

e

Radium //] Ton collector ‘IL
source *{f ?

Gauge enclosure __L 35 {IE

b Other Type:

o Langmuir Gage — measures pressure in terms of

damping on high frequency vibration of quartz fibres

=
o
oo
|
_3‘

—
o
[=1]
I
|

=
=
e
i

Pressure, min Hg

—t
=
[
|

107 S—

Electric resistance L

Piezoelectric [
Bellows [
Bourdon |

1072}

1 Ionization
Diaphragm [

10~ |

Manometers

Pirani [

McLeod |
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| 1
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Summary of applicable range of pressure guage
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