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Chapter 7 Pressure
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Chapter 7 Pressure

 Basic theory:

— Pressure is one of the most commonly
measured variables on board a vessel

— Steam pressure, feed water pressure,
condenser pressure, lubricating oil pressure,
gas pressure, air compressor pressure etc.

— Pressure is the measurement of force acting
on area of surface, thus:

* S| Units: Pa, kPa, MPa
A ¢ British: PSI (pounds per square inch)
e Common: bar (100 kPa)
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* Basic theory:
— Absolute pressure (P, = zero)

— Atmospheric pressure (101.3 kPa) (standard:
temperature = 20 C (68 F), air density = 1.225 kg/m? (0.0765 Ib/cu ft),
altitude = sea level, and relative humidity = 20%)

— Gauge pressure (P, = atmospheric pressure)
—Vacuum (P, smaller than atmospheric pressure)
— Differential pressure (P, = at a certain pressure)

DP - Pl - P2 Pressurep:

Figure 7.1 Pressure wansducer
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 Bellows-type pressure instrument

*Metallic bellows: 0.5-75psi,
used with a heavy range

spring up to 1000psi Input Pressure

*Diameter: 0.5 — 12 inches
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Bourdon Pressure Tube
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Glass
tube

Evanelista Torricelli (1608-1647) invented
the Torricelli Mercury Barometer in 1644.
He used a long glass tube, closed at the

upper end, open at the lower and filled
with mercury.

Pressure head:
— Mercury barometer:

— static pressure head or
static head

— 760 mm Hg
— Approx. 101.3 kPa :
— Approx. 1 bar

Mercury

Approximate 29.9 inches
(76 cm) at the sea level
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* Pressure at d.epth: o » P: pressure at depth h, A: cross-sectional area of
—Acts equally in all directions acylinder, : density, and g: acceleration of
— Acts normally to surface gravity (9.81 m/s2)

Surface

Cross-sectional area A p - r g h

Cross-sectional area A

h=—=— rg i
P P
r g Figure 2.18 Pressure at depth « his called static head in mmHg or mm of water
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» U-tube manometer: Simplest differential pressure « Example 7.1 : U-tube mercury manometer
instrument — liquid filled manometer
Pipe o Orifice plate it
High pressure p; Low pressure py I
- Flow ——
P.- P= (r'rl)gh _I_——
» :density of liquid -
in U-tube (Mercury) = .
. >> ;:_ J25)
p,- p,=rgh I
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D/P Transmitters D/P Transmitters
. . 0-5V, -5-+5V
¢ Converts pressure to other forms of signal, electrical P 0-10V.-10-+10V
signal for indication and control Pressure P1
« Output: volt (0-5V, 0-10V) or current (4mA — 20mA) - ] ] ]
Ref Pressure P2
e Commonly used types: 4-20mA
— Bellows/Bourdon resistance (potentiometer) Sensor 0-20mA
— Inductive Signal conditioner
— Linear variable differential transformer (lvdt) (Converter amplifier)
— Capacitive ’ Recorder or
— Diaphragm, inductive, piezoelectric or piezo-resistive .
(crystal materials) Indicator
http://www.enercorp.com (dlgltal)
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* D/P transmitters: Bellows,
resistance, inductance (lvdt),
capacitance, diaphragm, piezo-
electric types

http://www.foxboro.com
http://www.enercorp.com
http://www.pressure-transducer.com

Resistance Transducer

» Combination of a bellows or a Bourdon tube
with a variable resistor (potentiometer)

Inductive Pressure Transducers

« Inductive pressure transducer

Inductive Lvdt

Diaphragm Inductive or
Piezoelectric Pressure Transducers

Principle of diaphragm
and inductive pressure
transducers

Principle of diaphragm
& Piezoelectric pressure
transducers
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Capacitance Pressure Transducer

 Principle

P
clecrode Comctonfor ) proces  Avium Hectrode

More: http://mww.fic-net.jp/eng/products/transmitter/top.html
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» Capacitance type D/P transmitter
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D/P Transmitters (electronic) Functional Uses of D/P transmitters
« Digital D/P transmitter (Foxboro)

 Three basic functions: indication, alarm and
control (pressure, flow, level)
» Environmental concerns:

— Atmospheric pressure: Pressure instrument is
sensitive to variations in the atmospheric
pressure surrounding the detector — cause the
indicated pressure to change

— Ambient temperature: resistance of components,
then reduce accuracy and reliability

— Humidity: high moisture affects electric/electronic
Piezo-resistive equipment: short circuits, grounds, corrosion
sensor
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« Applications of pressure transducers & D/P

" » Applications of D/P transmitters:
transmitters — Three basic functions: indication, alarm and control
— Flow control systems (pressure, flow, level control systems)
— Environmental concerns:
— Pressure control systems « Atmospheric pressure: Pressure instrumentis
— Level control system

sensitive to variations in the atmospheric pressure
surrounding the detector — cause the indicated
pressure to change

« Ambient temperature: resistance of components, then
reduce accuracy and reliability

« Humidity: high moisture affects electric/electronic
equipment: short circuits, grounds, corrosion
http://mww.williamsfire.com/remotemonitors/remotemonitors.html
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e Summary of Chapter 7
— Basic theory (absolute, gauge, differential)
— Pressure head
— Pressure at depth
— Pressure measuring methods: mercury
barometer, Bourdon tube, bellows type,
manometers (U-tube, Well-type and Inclined)

— Differential pressure transmitters (many types)

¢ Control Lab Tour for Pressure Instruments:
Two groups




