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General information

Office hours

Instructor _: Cosme Furlong; cfurlong@wpi.edu
Everyday from 11:00 to 11:50 am
or by appointment

Teaching Assistants : During laboratory sessions
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Pressure measurements: definitions

Absolute (e sia)
pressure -9 P
\
: Positive gage
(€.9., psig) pressure
Atmospheric pressure
Negative gage
pressure
0 , Zero absolute

pressure
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Pressure measurements: definitions

14.696 pounds per square inch absolute

1 atmosphere (atm)

1.01325 % 10° newtons per square meter (Pa)

= 2116 pounds-force per square foot (1bf/ft”)
I N/m’ = 1 pascal (Pa)
I atmosphere (atm) = 760 millimeters of mercury (mmHg)
1 bar = 10” newtons per square meter (100 kPa)

I microbar = 1 dyne per square centimeter

= 2.089 pounds-force per square foot

= 0.1 newtons per square meter (0.1 Pa)
e

1333.22 microbar

I millimeter of mercury (mmHg)
= 133.322 newtons per square meter (133.3 Pa)

. 3 .
I micrometer = 10 " meters of mercury ( wm, microns)

=().133322 newtons per square meter
(0.133 Pa)
_

1 torr = I millimeter of mercury (mmHg)

=10 ° millimeters of mercury (mmHg)

1 inch of mercury = 70.73 pounds-force per square foot
1 inch of water = 6.203 pounds-force per square foot

1 pound per square inch absolute = 6894.76 newtons per square meter
(6.894 kPa)

= (1.070307 kilograms-force per square

E%lé: centimeter (kgf/cm?) [kilopounds per f§
square centimeter (kp/ecm”)]




Mechanical pressure measurement devices: U - manometer

Pressure balance indicates:

Atmosphere g ?
TS e p.t  he,=pt = ho

e p
signal \5 & , g g.

8
Unknown A P—P.~ g h(p,, — pf)

P - B Pa i
pressure - ‘

- ; h
Recall:

e drenSIty: M 1. g =32.1741bm - ft/Ibf- 8
f o . .
2. g = 1slug-ft/Ibt-s
Fluid density: 3 g = ]_gwc:nl--"dj.-'|1”:;'~
! rinSIty. 4. g =1 kg'”lﬁlNﬁ: L
5. g = 9.800665 kgm - m/kgf-s°
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Static calibration of gages: dead - weight tester

Gage to
calibrate

Weights

Gage, (J

|l Piston

Oil with
viscosity: m

Accuracy limited by: (1) friction between cylinder and piston; and (2) uncertainty in the
area of the piston.

Percentage error due to

) ) (p Ap)' <52
cylinder -piston clearance: Percent error ~ A0

uDIL

where  p = density of the oil
Ap = pressure differential on the cylinder
b = clearance spacing
L = VISCOSIty
D = piston diameter
L. = piston length
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Bourdon- tube pressure gage
For consistent and inexpensive measurements of static pressure

/%clion A-A

Linear, uniform, deformations
of the tube are desired Elliptical
section
//
- Bourdon tube / 4
: \ o
- Rack — S
SO\
\- Adjusting \\:\\
. screw \\
U
Pivot

Adjusting
linkage

Unknown
pressure
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Differential pressure

Schematic of a gage

’F’:
L

Diaphragm

Il

Il
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fP-:

Strain
gages
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Schematic of a gage
wi t h
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Diaphragm gages

Deflection characteristics of
three diaphragm arrangements:
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Diaphragm gages: capacitive sensors

Cross section of a die

Metallic
electrode Silicon cover

-

Metallic
o4 electrode

Silicon die

/ Constraint
base

Measurand

fluid inlet
Capacitance:
A
C—q%a

Wheatstone bridge:

_ DC
" 2(2C + DC)

(0]

Electronic circuit

Variable
capacitance, A C
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Diaphragm gages: resistive sensors
f\ Make sure to know the meaning of this term
Typical piezoresistive pressure sensor die and package

Schematic

=
: Actual packages

http://www.novasensor.com

Die
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