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Measuring Pressure

« Pressure transducers: Strain gauge sensor

Diaphragm

Strain gauge
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Measuring Vacuum

 Thermal conductivity sensor — Pirani gauge

» Current flow through filament
causes it to heat up

» Gas inside vacuum chamber allows
heat to be transferred away from
fillament

Vacuum

q=C(T,-T,)P

vacC

Vacuum

Filament chamber
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Measuring Temperature

 Thermocouples

Metal A Copper
Digital
Sensing Volt
junction Metal A Meter
: Copper
Metal B Reference
junction
V A
V =1(T)
T
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Temperature Measurement

Linear bi-metallic strip

%

Expansion coefficient A

Metal A
Metal B Deflection = f(T)

—>
Expansion coefficient B

77
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Non-contact Temperature Measurement

Blackbody radiation

e

CA°

G
-

r |

g

.

B, -
. e -

A

1000 —-

0.1

Emitted
power

100

10
Wavelength (um)

0.1

Copyright ©2007
opymng 20-6/xx

Stevens Institute of Technology - All rights reserved

E232

4/8/2007



Today’s topics

e Measurement sensors
— Fluid Flow Rate
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Measurement Systems

Parameter
to measure

* Fluid flow rate, fluid velocity, fluid level
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Bernoulli Equation

Consider a frictionless duct with an incompressible fluid

P, Vi, Ay Zy e— Pressure, VeIomty,____ P, Vz’ A, Z,
Area, Elevation

-———

\
/

£+E+ gz, £+E+ gz,
2 2
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Mass flow in = mass flow out

 For compressible or incompressible fluids

P, Vi, Ay, 24 Py, Vo, Ay, 2,

— /! T

PV A = p, VLA,

/

It p1=p;

ViA =V, A, =Q
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Flow Rate

P, Vi, Ay, 24 Py, Vo, Ay, 2,

T

PV A = p, VLA,

/

\/2[(F’1+9p21)—(P2 +9p12,) |
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Q=2 ;
M
A
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Venturi Tube

P, Vi, A1,z Py Vo Ay 7,

)

/Turbaén ce/
\m:‘-ideal effects

\

Pressure CA, 2[|:>1 _ pz]

transducer Q=

E232 Copyright ©2007

4/8/2007 Stevens Institute of Technology - All rights reserved 20-12/xx



Venturi Tube

P, Vi, A1,z Py Vo Ay 7,

N

/Turbaén ce/
\m:‘-ideal effects

\

Issues:
Pressure * Flow restriction
transducer e Calibration

* Fluid characteristics (e.g., viscosity)
* Low flow rate limitations
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Variable-Area Flowmeters

e Rotameter

Float is in equilibrium
at height y

A

R, =F, +F,
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Variable-Area Flowmeters

e Rotameter

e -

szaAa *

A

annular

Vv

annular

Design float so V, is constant
Design flowmeter so A, is linear with y
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Variable-Area Flowmeters

 Rotameter Issues:
* Rotameter design is sensitive

to fluid characteristics, e.g.,
viscosity, which changes with
"""""" temperature

Q:VaAa 1

V Aannular
annular

Design float so V, is constant
Design flowmeter so A, is linear with y
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Turbine Flowmeters

Rotation
sensor
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Thermal Mass Flowmeters

Signal

- conditioner -
ﬁ #

Heater
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Ultrasonic Transit Time Flowmeters

« With speed of sound in liquid, C=f(T, P, p)
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T, =—
“ sin(@)(C +V cos(6))
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Ultrasonic Transit Time Flowmeters

* Measuring transit time in both directions makes measurement independent of
speed of sound in liquid
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T, =—
“ sin(@)(C +V cos(6))

T,-T,, 2Vsindcosd
T == d T2,1T2,1 d
= sin(@)(C -V cos(0))
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Hot-wire Air Mass Flowmeter

—

<

Hot
wire

v

v

A 4

» Air flow cools wire
« Current required to maintain Controller
wire temperature = f(V)

E232 Copyright ©2007

4/8/2007 Stevens Institute of Technology - All rights reserved 20-21/xx



Hot-wire Air Mass Flowmeter

/\ -
; — V =1(r)
> Hot
"""" o > wire
E —
L~ J
» Air flow cools wire
« Current required to maintain Controller
wire temperature = f(V)
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Next time

e Finish measurement sensors
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Homework 8

 Problems 9.2, 9.15, 9.21, 10.27, 10.30
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