Chapter 19. Continuous Pressure Measurement
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1 Chapter 19 A &
Chapter 199] 4 A2 th53 .

3739 &S oBA AASIAL, SA Ve TR HEsiy, AV B T AR
dgstal, A4 @A ZsstA S8 A7

A 252 v 2

Pressure — Liquid Height / Mechanical Force — Electrical Quantity — Pressure
Transmitter — Differential Pressure — Inferential Measurement — Field Accessories

Qrejo] 7|5 Z Ao 4 Azkstel A4 9, transmitter, 49 24, 7PZ A, A DA FA RS

2 8o A
2.1 Pressure

gFel e w9 WAl 21§35k ok,
F
P="
A

webs] QT WAL 71 sensing elemento] Felo] AotA WO W 4 rk

- 1} A= %35& process variableo| 2%, th2 S-S M2 0 2 SA5HE bl ARt

P = pgh

Q x VAP

wrebA S ©]-8-519] liquid level = fluid lowE FHT 4 At

2.2 Manometer

o)

o}

B[\

Manometeri= 182 0] o|2 HI}sto] =3

P = pgh

Pressure — Liquid Column Height




2.2.1 Gauge Pressure

= pressure portE 7ol 7Rt

o}t A] process pressure?} atmospheric pressure?] 2}o|& =%t}

P, = Pprocess - Patm

Gauge Pressure = Atmospheric Pressure 7]—@‘

2.2.2 Differential Pressure

= pressure portS W& AR&stc}

whebd 5 240 deAE 2 SAw

2.2.3 Absolute Pressure
2H%: pressure portE WHE vacuum chambero] 231t

w2t Al process pressureE vacuum} H| n SHct

Pabs = Pprocess - Pvacuum

o] g E o)Lt tEAQ A7} mercury barometero]t}.

’Absolute Pressure = Vacuum 7]—5—‘

2.2.4 Well-type Manometer

Well©] ThH 212 manometer tube Rt} of- 7] qH=T}.
wheb A well U ojro] o] Wk ul.e ),

183 5 dFe] ROl A B ¢ gk B Aol Folw g 4 ek

‘ Single-point Reading ‘

Well®] Bt W37} BAIS &= ¢S 9o = scale divisiong HA5to] 9215 HAFgt}

2.2.5 Inclined Manometer

Manometer tubeZ 7]-&0] % 515 2] o] #slo] tha] A7} tube we} & 71 7212 o] 5

whebd] 22 gFel Wk} o 2 o] WatE ehdct
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S
i
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‘Inclination — Travel Distance <7} — Sensitivity %7}‘

2.3 Mechanical Pressure Elements

e Bourdon tube
e Diaphragm

e Bellows

rr

712 BA

r

olct.
w4

Pressure — Force — Mechanical Deformation

o= olshd % gtk

Mechanical pressure element= @ -5

2.4 Electrical Pressure Elements

Chapter 1994 = tH &4
Sensor grejo] WSt A AE 249
Resistance R

Piezoresistive / Strain Gauge Mechanical strain

Differential Capacitance

Resonant Element

Diaphragm position Capacitance C

/  Mechanical Resonant frequency f

Tension
state

watA g3t Zo] 7] ol gt.

‘Pressure = R, C, f‘

2.4.1 Piezoresistive / Strain-gauge Sensor

o] diaphragm 5l 2185t 7] A4 straino] LAYt}

0] strain®]| 2]3}] sensor?] electrical resistance’} B s}stct.



Pressure — Mechanical Strain — Resistance Change — Electrical Signal

—_L
=

I
tA
rr
&

=
3

=

o,
g

g
=
i
i
>
ofo
ek
>
%9
v

T Q& 9] 2fo]7} sensing diaphragmol] §1-2 7}gtct.

F=(Py—Pp)A

Diaphragmo] g% 0 2 o]%35}H oFZ& capacitance’} A= Hit)] HIgFo 2 4
Capacitance?] 7|& A=

S
=

€A
C=7
o|ch.
wHebA
di = C1 1
dy t= Cy |
o|ch.

AIA 3] 2= high-frequency AC excitation2 ©]-85}0] T capacitance?] z}o] & =S}

7 2o] = DC signal 2 ¥gste] 2|Z pressure signal2 THET}

2.4.3 Isolating Diaphragmi} Fill Fluid

Process fluid2] ¢}l o] sensing diaphragmo]] 25 A& =2 ¢ o} FA2E 55 A

‘ Process Pressure — Isolating Diaphragm — Fill Fluid — Sensing Diaphragm ‘

o] 720 FoF AL &4 J%H A BT F)5e Balste Holtt

Sensing diaphragm: capacitance =%

Isolating diaphragm: process pressure A&

Fill fluid: diaphragm Ato] 4= A&

Solid frame: isolating diaphragm®] ¥} =gt o]% ||t

Capacitance sensing diaphragm-2 JAF 248 Q]3] conductive framed} % Z6}2] grotof it

Z124} overpressure protection2 $j A4+ diaphragm] o]52 At solid backstopo| = Q 5}t

utebA shte] diaphragme] 7 7162 RF FoIshA] ¢fal 752 2Rt



F}oto] WAYSHA isolating diaphragmo] solid frameo]] W2FE]o] o o)A} &2 0]Z7]

A
71 A3} 37} process pressure’| 7} A & sensing diaphragmo]] ¥ 5t 912 A6} b=t}

‘Measurement # Overpressure Protection‘

= 7158 A2 thE diaphragmo] Esict.

2.5 Resonant Element Sensor

Z 0|1} resonant element ] A2l o] Z7}6HH natural frequency”’} Z7}SHct.
20| 712 FAFT4E
1 [Fp
=y L
2L\ wu
o},
o] 7] 4]

e f: fundamental resonant frequency
e [L: string length
e Fp: string tension
e 4 unit mass
olct.

QF= o] diaphragm = bellowso] ZH-goH glo] HBHASEL, o] 90| resonant element®] tensionS

EEREE

‘ Pressure — Force — Tension — Resonant Frequency ‘

Oscillator circuit-2 resonant elementE A< Z5A]7]11, detector= 1 resonant frequencys =74

st

Fae e

foc\/Fr

o] B2 forces} frequency TA7F Ago] obulat Flolt
w2tA] transmitter o]l A4] electronic characterizing functions ©]-85}¢]

gy,

A7k linearized]oF

AN

‘ FrequencyM easurement — Linearization — Pressure‘




2.6 Force-Balance Pressure Transmitter

Force-balance HF21-2 process pressure’} BFHE 312 th2 24 715351 9 o 2 Abafsict

715 2] = self-balancing system©]|Tt.

Fsensed = Fbalance

QF& o] sensing diaphragmo] ZH-85}H

Fsensed = APA

o] ¢ iz force bar7} 7]F 1[4 Hofutd Rt o] balancing forceE 574Xt

Fsensed = Fbalance

F=lJ L
rhtl
)

-2 =7] 95 2 835 balancing quantity”} process pressures LUEHHATE.

2.6.1 Force BalanceE o]@A HE&sI=717

ForceZ 2|7 v|wdl= Zo| ol
= glo] T2 force bar7h 712 2o A] okzF LIk,
uebA A 2Ee

’ Force Z}A|7} o}y gt Position Errors @%@'E}‘

olsHstel et
Position error’} 002 =0} 2™ %F force’} balance®| ¢l thal Theksict,

2.6.2 Pneumatic Force-Balance

Pneumatic transmittero| 4= baffle-nozzle©| force bar2] u|A|st £]x] H3I=E A=

et

o},

Force Bar Displacement — Baffle-Nozzle — Relay — Bellows Pressure — Counter Force ‘

Bafflenozzle At 91718 2451 #x o] 912 A2k

‘Balance Positiono||A] Hloj= 7]-7‘

£ 1A 5F= null detector &8k Ghet,

Yl
ofl
o

Ej o A] bellows2] pneumatic pressure’} process pressure?] A&l o] =}



2.6.3 Electronic Force-Balance

Z 2} A of A= balance sensorZ} force bar®] 9Jx] W5 HE3Ht

‘ Force Bar — Balance Sensor — Amplifier — Force Coil — Counter Force

Force coilo] A7) 9 5o} Baigic.

F balance X I

w2t Al equilibriumof| A force coilo]] 2= current’} pressureS LEHHATEH

2.6.4 Force-Balance9] &3
o =2 A%4
e Sensing element 2] motion®] oj-$ ZF-&
e Spring characteristic H3}2] 9 gFo] 22
o Metal fatigueo]] o3t S 210] YF= 24 7 U=

Force-balance HFA]o]| 4] = diaphragm 2] spring forceZ balanceA]7]= Z o] oty z} 2]H 9] pneumatic
pressure = electric forceZ2 balanceSttt.

2.6.5 Force-Balance?] &3

F27} 27 B3

External vibrationo]] W73}

Vibration©] inertial forceZ} E©] output noise TrAYJ

Electronic force-balance+= balancing force AAJof| B2 = power Q.

Intrinsic safety 7+ o] 22 4~ &

2.7 Differential Pressure Transmitter
DP transmitter= F ¢} 9] 2}fo]& A 3itt.

AP =Py - Py,

e H: High-pressure side

e L: Low-pressure side

Al
™

& o] 502 ZAISHE pressuresth 5 pressures] 7o]o] ¥4 5HE Holck,
713 2 9] differential amplifier®} §-A}6HA A2 4= )t

o

i<

rx

‘/out = A(Vl - ‘/2)



&

Common ComponentH t} DifferenceS =

& 0]-85}o] THE process variable

sl Fzoltt.
2.8 Inferential Measurement
Pressure T differential pressureS 217 =A 5t H =24 A 4]
g A4 4 Sint.
0] £ inferential measurementz}il Stc}.
2.8.1 Liquid Level
At dA=
P = pgh
o},
whebA] density7} G A Qo™
P
h=—
P9
2 liquid level& A4FS 4= Q).
Pressure — Liquid Level

2.8.2 Fluid Flow
Differential-pressure flow element ]| 4=
Q x VAP

Differential Pressure — Fluid Flow

rE
o
ndk
4>
30
o)

. H
M

‘ Pressure — Dif ferential Pressure — Inferential M easurement

2 27 W7t st
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3 Pressure Sensor Accessories

A AL @AM pressure transmitter AFA|FE tsheka siA] A4 2 go] HBHe 2 ohct.
R 2 AR BA EAR

e Pulsation

e Residual pressure
e Trapped gas

e Condensed liquid
e High temperature
e Corrosion

e Plugging

e Vibration

e Freezing

whetA] pressure accessories©] =42

‘Pressure Sensor7} AAA o g2 =ASE 4 Q= AL vt = A

o]t

3.1 Valve Manifold

DP transmitter®] H2} L pressure portS process impulse line®]] 235}, transmitterS processo]| A
Ad|shH, He} L pressureS equalizest”] ¢al AFE-SHot.
Standard 3-valve manifold= o2 A valvez FA =},

e High-side block valve
e Low-side block valve

e Equalizing valve

ZQ735F AL standard 3-valve manifold ZH|o|= bleed valveZ} X§HE %] gt Aot
H2} L bleed fittingS transmitter flangeo]] M 2 A x|E 4~ 9t}
kA 7] & v= 5719 22 tide a3t

1. High-side block valve

2. Low-side block valve

3. Equalizing valve

4. High-side bleed fitting
5. Low-side bleed fitting

11



3.1.1 Normal Operation

48 3 dHe o 2o

Valve / Fitting A} el

High-side block Open
Low-side block  Open
Equalizing Closed
High-side bleed Closed
Low-side bleed  Closed

wtta] Hel LO] pressureZ} ZH2} transmittero] g H ot
AP = Py — P,

3.1.2 Normal — Removed from Service

4 24 ¢ DP transmitterE processo| A HsHA 22 wo] &A= w23 £t

Step 1. High-side block valve Close

H : Open — Closed

rok

o}

H= process pressures 2+

Step 2. Equalizing valve Open
E : Closed — Open

He} L chamberE ¢ZA35}o] transmitter &Fthe] differential pressureS A A gt

PH ~ PL
whetA]
AP =0

o] Hrk.

Step 3. Low-side block valve Close

L : Open — Closed

o|A] HZ1} L= X% process=2 5 Z 2| Hct.

12



Step 4. High / Low Bleed Open

By : Closed — Open

By, : Closed — Open

UiHoll ‘ot Q= pressuresS HiERt.

#|F Removed JHl= th&t 2t

Valve / Fitting A} el

High-side block Closed
Low-side block  Closed
Equalizing Open
High-side bleed Open
Low-side bleed  Open

et 2AE

Hc—>Eo—>Lc—>BO

o]t
o1 7] A

e (" Close
e O: Open
e B: High/Low Bleed

o]ct.

3.1.3 Removed from Service — Normal

A2 B 9 1Y dzolct.

Step 1. High / Low Bleed Close

By : Open — Closed

By, : Open — Closed

72 49 F2E 1A Abdett

13



L : Closed — Open

Step 2. Low-side block valve Open
¢} L chambero] 2 differential pressure’} WAYSHA] &

L= process pressureS transmittero] Agstc}.
H

Equalizing valverx= o} €& Q17| uj&2o

o},
Step 3. Equalizing valve Close
E : Open — Closed

H2} L chamberS A2 ZEa]gitt.
H : Closed — Open

differential pressure

o
Ojll_

Step 4. High-side block valve Open

HZ pressure”} transmittero]] A& HA AAFZ
Z|& Normal o= b3 £
Valve / Fitting AFelf
High-side block Open
Open

Low-side block

Equalizing Closed
High-side bleed Closed
Low-side bleed  Closed

Bc—>Lo—>E0—>HO

wreby 29 24

3=
3.1.4 Manifold 22} ¢4 719
27} A
Normal — Removed H Close — Equalize Open — L Close — H/L Bleed Open
H/L Bleed Close — L Open — Equalize Close — H Open

R

ol

%l

Removed — Normal
5]97) W 22 ¢A7HA) 7] 2soF gk,
Normal - Ho — Eo — L¢ — Bpo — Removed‘

et

P
ofN

|
‘Removed — Bo— Lo — Ec — Hp — Normal‘

14



3.2 Bleed / Vent Fitting

Bleed fitting-2 transmitter T pressure chamber U5-9] ¢3-S g|7| 2 #E35H7] 9351 A&ttt
74 2Ae L P
1. §A X< A residual pressure A7
Zero-energy state A
Liquid process W+-9] trapped gas A A

Gas process WH-2] condensed liquid #|A

o W

Test pressure connection A||-&

3.2.1 Zero-Energy State

Live service <l pressure transmitterS A|75F7] Aof WjHo] =A% fluid pressureS atmosphere
2 ventdfof st}

=
=

‘Isolation + Bleeding — Zero-Energy State

olct.

3.2.2 Bleed Fitting9] Axz] 93]

Liquid process©]|A] air bubble2 A|A St 7|47} &0 o|E 2 bleed fittingS $J&o] A x|5=
Aol felsht

‘ LiquidProcess — GasVent — UpperPosition‘

Gas processo]|A] condensed liquidE A A5t A7} ofgf|Zof o]|EZ bleed fitting2 o}efjZ0]
a71eke Aol Relst.

‘ GasProcess — LiquidDrain — LowerPosition‘

3.2.3 Stinger
Bleed plugE ¢+5] A| 7514 bleed portE Al A48 port2 AR 4= Qlot.
ofuf AH83H

e Bleed port adapter

e DP transmitter calibration fitting

‘ Hand Pump — Test Gauge — Stinger — DP Transmitter

15



3.2.4 DP Transmitter Pressure Test A} H]

Pressure test A E]o]| A= process@} transmitterS 2 2]t}
Block valve A H|=

H = Closed

L = Closed
olct.
Differential pressureS FAJdjof sf2L 2
Equalizing = Closed

ol
He} L bleed port= A A2 2 ventE Y3l open AE| 2 Frt.

Valve / Fitting Under Test

High-side block Closed
Low-side block  Closed
Equalizing Closed
High-side bleed Open
Low-side bleed Open

HZoll&= hand pump@} test gaugeS AAgH
L=& ventE| o] reference pressuresS & AJst

Equalizing valveS go] FH

Py = Py,
7} =]

AP =0

o|B2 2 DP pressure testE 8 4 Qitt.

3.3 Pressure Pulsation Damping

ek

Pump, compressor S0 A= pressure’} &L F7]|2 HHE HESE 4= 9l

O]& pressure pulsationo|2tal $ct.

Pulsation th& BA1E YA
e Gauge pointer vibration

16



e Measurement fluctuation
e Mechanical sensing element fatigue
e Instrument life 7}4A

Snubber = dampers= 54| 2] 0| %o restrictionS F0] WE pressure M3} instrument7}A] 1t
= A= A qt.

‘ Rapid Pressure Pulsation — Restriction — Smoothed Pressure ‘

Signal T A=

‘ Low-Pass Filtere} -5-At ‘

sH) olshd % itk
o, dampingo] ZUA1A) 2 AA] process pressure Wak7hx] Lo At
wfetA

‘Pulsation Reduction <+ Response Speed‘

Abolof trade-off7} Q).

3.4 Isolating Diaphragm / Process Isolation

lo

O
L

AA] == B AIA process fluid7} pressure sensor U Hof A4 HZst= AL mjdjof & 4 At
2

AN
2l

=
| B¢ isolating diaphragmd} fill fluidE ©]-8&56}¢] pressureqt A&}l process fluid=

olct.

0]

‘ Process Fluid — Isolating Diaphragm — Fill Fluid — Pressure Sensor

Process Fluid= 2}t+  Pressure= A3

4 801 7 ¥A

Chapter 19%= 7J|'H sensorS W= 47|5t= ZAXTHH

o
r g
iy
i
ofx
uta)
o
ol
0
=2
ol
rlr
of

ko
ol
AL
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41 gL FACE MR

A g I

rlo

Manometer Pressure — Liquid Height
Mechanical Element Pressure — Force / Displacement
Strain Gauge Pressure — Strain — Resistance

Capacitance Sensor Pressure — Diaphragm Position — Capacitance

Resonant Sensor Pressure — Force — Frequency
Force Balance Pressure — Force — Counter Force
DP Transmitter Py, P, — AP

12 AW 2HNA Y 2Ho=

A gol pressure AA|E =45},

P
o2 SHA A= F pressure®] 2po|E At
AP — PH — PL
mpxEro 2 Ze ghA| Al o] gttt
AP — Level, Flow
e A

‘ Pressure — Dif ferential Pressure — Inferential M easurement

=
So=z 9

roll

o)} o},

"
of

4.3 Sensor9]A] Measurement System© =

A 215} pressure measurement+ sensor tH=92] 24|71 ofth.

‘ Sensor + ProcessConnection + Accessories + OperatingProcedure = Reliable M easurement

o] ct.

Z} accessory Q] ¢ere t}ea} At}

18



A I
Manifold Process ¥12, isolation, equalization
Bleed / Vent Residual pressure ¥ trapped fluid A7
Stinger Field test pressure 9424

Damper / Snubber  Pressure pulsation &3}
Isolating Diaphragm Process fluid®?} sensing element 2 2]

5 71e 9 AR
5.1 Step 1. 48 714 daotA S
Tanko]| pressure’} £A|5tt}.
71 Sed e 52 Adelt Aol
P = pgh

Pressure’} 7 Z]™ liquid height7} 3t}
0| Z1 o] manometer©]|t}.

o] 7] 4] gauge, differential, absolute pressure?] 7|5 2}o| & o]3| gt}

5.2 Step 2. 43 A 7|4 F2ES AHgFT
AFA A Ao A BFE SHA) AR

w4

2

8l

3

rr

AN
—r' .
e Bourdon tube

e Diaphragm

e Bellows

ol
tlo

A8t
P — F — Mechanical Deformation

oz ¥y

righ

gy,

5.3 Step 3. 71414 Msle A/NE2 HEo

Control room7}A] ZAZFe H35}7] 26} electrical sensor7} = Q s}ct.

Strain — R

Diaphragm Position — C

19



Tension — f

=, 51} pressures A2 THE electrical quantity 2 HEHsF 4= )t}

5.4 Step 4. Sensor7} @o| 23Fo|x] &A st
Mechanical displacement7} B 9™ spring characteristic T+ fatigueZ7} S0 92 & o U
H

utebA pressure’} B o2 it o2 SA] A

Fsensed = Fbalance

Force bar@] position errorZ} 00] =™ balance”} o]Fo]%l Zl o]t}
ojuj At

e Pneumatic pressure

e Electric current

7} pressure®] =75 YERATE

o] A o] force-balance transmittero]t}.

5.5 Step 5. & AW FARE ZRATt

TA A= FY pressure R} F Z|H

M)
1o
2
1%
B

N
N
g
ko
o
o,
o
N
N
G2
L

DP transmitter2 2}+-& SA 3t

=
1% 2o BANE ol gt

P
P =pgh=h=—
rg

Q x VAP

w}2}A] pressure measurement’} level ¥} flow measurement = 2= T}

5.6 Step 6. AA dFo At}
AA| processofl =

e Pulsation

e Vibration

e Trapped gas

e Condensed liquid

20



e Residual pressure
e Corrosive fluid

e Contamination

o ZAfgit.

whA] transmitter@ A XS4 = FESHA] &

Control System

Process — Manifold / Bleed / Damper / Isolation — Pressure Transmitter — Signal —

5.7 Step 7. FABLTE 93| <HASHA Ea st

DP transmitters 28] tl&= @3] T block valves TAJo &

Qe A

Zo=2 Tz

5%
rlr
o)

rr

’Hc—>E0—>Lc—>Bo‘

|Bc = Lo = Eg — Ho|

o] &AE E3f transmitterES processZ2HE] A6k, differential pressure?} residual pressures

6 Chapter 19 S84 7] &%

1. Pressuret 3} g8 WHE11, sensor= 9|5 R, C, f = balancing force2 H3}

rsL‘

.

2. DP transmitters Py — P& &35}, gL 0] L5} leveld} flow 5L 7+ AT

% 9ot
3. Force-balance: 3 ZAAS I3 Z=A5= 7-10] olyzl, #4902 WAS position error
£ 007 9= g ¥ Q3 counter-forceS A3},

4. A33t pressure measurementt transmitter§te] EA|7} olya}, manifold, bleed,
damping, isolation¥} &HIE valve operating sequence® X3 AA A|AH Q] EA|

olch.
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7T HF A7 A=

Pressure
{
Liquid Height / Force / Deformation
i}
R, C, f, Force Balance
{

Pressure Transmitter

!
AP

l

Level / Flow Inference

!

Manifold / Bleed / Damping / Isolation

!

Reliable Field Measurement

Chapter 19 AA& ¢ #3402 He|otd o7t Zr.

AL AF, 7|41 ¥y, Y, AHALF, 34304 EE force balance2 £35}131,
A& o] g5t o2 FHAHSLTA] FASHY, Ao A= manifold9t ZHE accessory

£ 0]85}9] ¢HASHY AFA 9= pressure measurement system3 LA g},
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