
Pressure Measurements



Atmospheric Pressure: pressure is force/unit area by fluid on container walls.

We have absolute, gauge &vacuum pressure. Patm=14.696psi=101.325kPa at SPT



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.



Mechanical Pressure Transducers: simplest 

mean for static pressure measures, easy use, 

inexpensive, can not be used for automatic 

control, low accuracy. Manometers may be 

inclined to lengthen the scale for small ∆P. 

Optical sight-glasses & vernier scale may be 

used to more accuracy. Special metal floats 

may used to provide more accurate location 

& indication of manometer fluid height.



Dead-Weight Tester: used for static

calibration of Bourdon Tube or

other pressure gauges. Accuracy isother 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.



Bourdon-Tube Pressure Gauge:

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 straintime. 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

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 ∆P 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
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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.





Bellows Gauges: applied differential pressure on

bellows causes 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.



Bridgman Gauge: for high ∆P . Resistance of fine wires changes with pressure as: R=R1(1+b

∆P); R1 is at 1atm, b is pressure coefficient, ∆P is gauge pressure. The device may be used for

measurement up to 105atm. 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.  

by change in thermal conductivity of gas. Heat loss from hot 

filament depends on gas temp.& thermal conductivity. As filament depends on gas temp.& thermal conductivity. As 

press. decreases, so does thermal conductivity & get higher 

filament temperature for given elect. energy input. Temp. 

measurement is made by change  of resistance of filament 

material (tungsten, platinum ,..etc) by Wheatstone bridge. 

Systems are  made to compensate for change in ambient 

temp. Device requires empirical

calibration&not good for pressu.

much below 1 torr. It has poor 

dynamic  Response.



Low-PressureMeasurement &McLeod Gauge: careful instrumentation to be made especially for absolute 

pressure below 1 torr (1mm 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 atzero point.

Cross-section of capillary is a.  Gas volume in capillary VC=ay, where y length of gas in capillary. If

VB=volume of capillary, bulb & tube down to the opening O, we get  PC=P(VB/VC). Also PC-P=y, or  

P=ay2/(VB-ay), but ay <<VB So finally, we get: P=ay2/VB . The device is insensitive to condensed vapors in 

the sample & is generally applicable to pressure range 10-2 to 102 micrometers.   





The Knudsen gauge: As shown, separation 

distance bet. Vanes & plates is less than 

mean free path. Vanes & gas are at Tg < 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 & Tg. 

Device measures absolute pressure & is 

independent of molecular weight of the independent of molecular weight of the 

gas. It is suitable for use bet. 10-6 to 1 Pa & 

may be used as a calibration device for 

other gauges in this region.    














