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Flow measurement with DP transmitter E

Fuji Electric

Measurement of a differential pressure: upstream and
downstream of a primary element

y Qv =V1S1 =V2S2

(2)
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* Increase the speed (Qv)
* Increase the dynamical pressure
* Decrease of the static pressure
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Primary Element E
Fuji Electric

Volumetric flowrate is depending of the differential pressure
square root made by the primary element

Qy=C Eex/d d2 V2 ap/p % FCX _ g

Qu=KV Ap

C = pressure lost coefficient determined by experimental test
E = approach coefficient E = 1/v1 — b*

€ = expansion coefficient

d = internal primary element diameter

D = Internal pipe diameter
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Flow type ﬁ
uji Electric

Laminar Turbulent

So it is necessary to ensure to have the right straight length
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Primary elements R 9
Fuji Electric

Nozzles

E J Pitot Tube

Diaphragm

Wedges
Orifice plate

15/05/2018 Primary element flowrate measurement



Innovating
Energy Technology @

Fuji Electric

Pitot Tube

Fuji Electric Corp. of America

50 Northfield Avenue Edison, NJ
x-fea-icsales@fujielectric.com
(732) 560-9410
americas.fujielectric.com

15/05/2018 Pitot tube



Principle E
Fuji Electric

Pitot tubes generates a differential pressure proportional
to the dynamic pressure

]

Average point for the e

//

speed
Positive pressure \&
—I—— Y -
Flow direction \
Y

Low cost solution for measurement in large diameter pipes or ducts

' Negative pressure

<

** Low permanent pressure lost — energy lost use is minimal
¢ Robust construction — long service life and virtually impossible to wear out
* Negligible wear — long term stability with Zero drift or degradation
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Pitot Tube
FUII Electric

Pitot Tubes with FKC
for Flow measurement and corrected Flowrate (Nm3/h)

Single point 5 RB

Average 5RD

15/05/2018




Pitot tube characteristics F‘.. EE,ect-
uji rc

* Rangeability: 10:1

* Accuracy * 1 % of real flow rate P
* Maxi Temperature: 500°c o .
» DN50 to DN1500 L fm—
e 3161L
* Be careful with loaded fluids=>» fooling ! R
tube 1 tube 2 Fascordement =
pression pression | ||
statigue dynamigue pression Chambre Basze Pression ] <=
bl il o By o totale I]
e — | m “
— -
s
Tube de moyennage intemne
ligne H 1
_____ e e e e e e i s ot Yo ] | Tube d Tmpact externe —»
E— mesure -~ -
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What kind of fluids? E

Fuji Electric

** 5RD Average

Water Steam

** 5RD Single point
Gas

(1 iy

{7

16/09/2015

Pitot Tube



What kind of pipe? @

Circular pipe Rectangular pipe

To know the internal diameter To know the internal length, height and
and the thickness of the pipe thickness of the duct

IMPORTANT: Specify the pitot tube
localization: in the length or height

Be careful if the pipe has a thermal protection !!!

16/09/2015 Pitot Tube




Pitot tube accuracy with the flowrate E
Fuji Electric

DN 40 & DN 20

Incertiude supplémentaine
%)

o Dégradation de la précision de la mesure pour des débits correspondant & Re<12000

Pressure transmitter only
FKC11 and 22 Accuracy

o 50-100% of output 0,10% span
20-50 % of output  0,25% span
. 10-20% of output  0,50% span

Pitot tube only

Be careful to the minimal flowrate !!!

15/05/2018 13 Pitot Tube



Straight length

0" Elbow in dilfarent plane of Fitol fubs

! 1] L
4« e b
m |

0 L]
i L I L
2D a i 40
b ]
il i = g
‘ 12 i
>
o 0 . H I.D
clbows in 2 perpendicular planes
D ‘ £n s E“ H
P T T — 4 b
CIIE B W Moo

Standard 80° T

15/05/2018

FC

Fuji Electric

5RB pitot tube is more
sensitive ot the straight lenght
than 5RD pitot tube !!'!

A

No straight length, degraded accuracy !!!

ncertitude - négradation de la précision en cas de non
supplémen .

taire (%) respect des longueurs droites
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Exemple of accuracy R 9
Fuji Electric

URV transmitter : 1,74
FKC11 et FKC22
Flowrate DP Transmitter accuracy Measurement accuracy
T/h or m3/h mbar % Span mbar %
1200 1,74 0,1 0,00174 0,1
900 0,98 0,1 0,00174 0,2
800 0,77 0,25 0,00435 0,6
600 0,44 0,25 0,00435 1,0
500 0,3 0,5 0,0087 2,9
400 0,19 0,5 0,0087 4,6
300 0,11 0,5 0,0087 7,9
200 0,05 0,5 0,0087 17,4
100 0,01 0,5 0,0087 87,0

Imprecision (pitot (2%) + transmitter) - 10 % around at 300 m3/h

Accuracy = Transmitter + Pitot + all element of the measurement chain
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Application FR_. 5.9
uji Electric

* Biogaz

* Boiler

* Incineration plant
* Cogeneration plant

* Compressor and HVAC |

* Flow gas or atmospheric emission flue gas measurement
* Oxygenation of water treatment plant’s aerating tank

15/05/2018 Pitot Tube




Measurement of steam flowrate with a pitot tube E

Fuji Electric

Condensat
chamber

Pitot Tube
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Pitot tube with a remote
erection

Differential pressure transmitter

Pressure transmitter
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Biogaz flow measurement with Pitot tube E

Fuji Electric

Differential
pressure XTR

Temperature
measurement

Absolute
pressure XTR

Pitot tube

15/05/2018 Primary element flowrate measurement




Automatic unclogging cabinet system — Pitot tube @

Fuji Electric

Air injection with programming time in the 5RD and 5RB pitot tubes

For loaded fluids

15/05/2018 20 Pitot tube



Velocity profile EA/
uji Electric

50 To determine the velocity profile

_,ﬁﬁ Inside the pipe
. W
Check and/or verify the /

precise localization of the
pitot tube inside the pipe ...

iy \

Folnts de mesura dans |a condulbe \

Standard NF X10-112 / A
Can be made by FEF
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Technical datasheet — V-Cone ﬁ
uji Electric

15/05/2018

¢ Liquid, gas and steam measurement
for high loaded and high viscosity
fluid. For example: waste water, oil...
s Straight length very low (3D/1D)

** Flow profile very stable, High accuracy
(< 1% of the flow) and reputability: 10:1

*» No corrosion of the cone by abrasion

* Many FCX working for « subsea »
flowrate measurement (oil&gas
application)

< Measurement in 2 ways

23 V-Cone



Performance E
Fuji Electric

* Accuracy: to +/- 0.5% of rate
* Turndown: from 10:1

* Repeatability: +/- 0.1%

15/05/2018




Accuracy Mi@

* All and each V-Cones are supplied with standard water calibration.

% +/-0.5% Accuracy for all V-Cones calibrated over the total Re Range
of the application for a 10:1 turndown.

s +/-1.0% Accuracy for all V-Cones operated above 20,000 Re but not
calibrated over the total Re application range.

*» Meters operated below Re 8,000 may require a high viscosity
calibration.

¢+ Stated accuracy is valid through all the Turndown of the meter.
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Wafer-Cone
Accuracy:
High Pressure Tap Turndown:
Repeatability:
Line Sizes:
Low Pressure Tap Standard Beta Ratios:
Head Loss:

Removable Cone

B=045 B=0.50

15/05/2018 26

Piping Requirements:

FC

Fuji Electric

+1.0% of rate

10:1

+0.1%

1”10 6"

0.45 through 0.85

% of dP, varies with beta ratio
1-3 diameters upstream and

1 diameter downstream of the cone

B=0.55 PB=0.60

V-Cone



FC

Fuji Electric
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Technical specification: Orifice plate ﬁ
uji Electric

* Accuracy: 1,5 % or flow (ISO 5167) * Connection clogging because of
* Rangeability: 6: 1 high loaded fluid
 Excellent repeatability * High pressure lost
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Integrated orifice @
uji ric

e Measurement of low flowrate
(liquid or gas)

* Assembly with flange upon request

15/05/2018 30 Orifice plate



Steam flowrate with orifice plate E

Fuji Electric

Isalalion valve Monobloc onfice plate

Pressure
transmitter
FKP

Condensale
chamber

5 valve Manilold
+

Differential

prassure

transmitier

FKC
Temperature
Canlraller
PXH
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Corrected steam flowrate with orifice plate @

Fuji Electric

- Chambre annuloire

- Vanne disclement

- Manifold 5 voies

- Tronsmetteur de pression AP

- Sonde de température

- Piquoges de test T

- Sonde de temperciure
- Transmeiteur de Pression absolue
- Pois de condensation (montés &
la méme hauteur)

10 - Siphon cor de chasse

11 - Manifeld 1 voie

OO0 D de WP

%/I Crasmon | e i)
— Duncrds M cwn | Apcrcusy Desctptcn | com  [we.
Créer [ Creoie *cwn.t Gale 2718110 AT Mutrue <ive weoter
VapEu Troit Jiseat
comze & pression et tempéranus Echiicoe: 1F VRO PECSTART owEER |
powe mavure dénsegie fomat A3 TR B 00500
USbotins Ure A [T f———
mmr_ " NUNERD DEISMCRAWHC NUNBR
[y Aty 8 rri . BT - 620 B 005 T
I 3 l 3 l . I T OOCTAEAT IIT LA PRCIEETE IR FUS IIATIC MEACT 1A TR W8 TRLT RS IIPRATALT OF COMMINIZE AT A TIRSATINETUTE e OA

Be careful to the straight length !
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Straight length: Orifice plate

Fuji Electric
Down-
stream
Upstream (inlet) side of orifice plate (outlet) side
of the
orifice plate
Diam- Two 90° Single 45°
eter | o o | WO Two90° | Two 90° \ . . bend
ratio | Sndle90° | bends in bendsin | bendsin | JWe90 Single 30 - | Concentric | Concentric Ther- Fittings
5 bend the same | o' Che | perpen. | Demdsin | teewithor Two 45 reducer | expander | [Ull bore mometer | (columns 2
Two9g® |  Plane: plane: dicular | PerPen- | withoutan ':f"“ in | 2ptoD | 05Dtop | Pallvalve | Abrupt pocket | t511) and
bends in | S-configur- | . o g.u | planes dicular extension | [ EI same over a over a orgate |symmetrical | orwell® | {0 densi.
any plane ation ation planes Mitre 00° | cpozggur length of length of | '@ I::e f;:ll!.r reduction | of diameter | tometer
. WD =5z ) -
(5= 30D)2 (30D = g = (10D = 5)@ { ﬁ-D] a” | (BD=25) ab bend ation 1,50 to 3D Dto 2D < 0,03D d pocket
10D) -
(5=2D8
1 2 3 4 5 i} 7 8 9 10 11 12 13 14
_ AE‘ Bf ."!‘;E Bf '&'E Bf ."!‘;E Bf AE Bf P‘.E Bf AE Bf AE Bf A& Bf AE Bf A& Bf AE Bf AE Bf
=020( 6 3 10 g 10 19 18 34 17 3 7 5 6 g 12 3] 30 15 5 3 4 2
0,40 16 3 10 g 10 g 44 18 50 25 9 3 30 9 5 g 12 8 12 3] 30 15 5 3 G 3
0,50 22 g 18 10 22 10 44 18 75 M4 19 9 30 18 8 5 20 9 12 i] 30 15 5 3 G 3
0,60 42 13 30 18 42 18 44 18 | 85N | 25 29 18 30 18 g9 5 26 11 14 7 30 15 5 3 T 3.5
0,67 44 20 44 18 44 20 44 20 60 18 36 18 44 18 12 3] 28 14 18 2] 30 15 5 3 7 3.5
0,75 44 20 44 18 44 22 44 20 75 18 44 18 44 18 13 g 36 18 24 12 30 15 5 3 8 4
Straight length according to ISO 5167
15/05/2018 33
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Orifice plate

Fuji Electric
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Diaphragm installation

Fuji Electric
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Exemple of installation
FullElectnc
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Exemple of installation E

Fuji Electric

15/05/2018 Diaphragm
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Venturi and micro venturi
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Venturi & Micro-venturi, the difference E

Fuji Electric

Venturi Micro venturi

15/05/2018 Venturi and micro venturi




Technical datasheet - Venturi ﬁ
uji Electric

* Accuracy: 1,5% of maximal flow

 Rangeability:6:1

* Low pressure lost

e Recommended for high viscosity and high loaded fluid

Nuclear detector Flow computer

Venturi section Nuclear source

Pressure transmitie DP transmitter

15/05/2018 Venturi and micro venturi




Straight length — Venturi

Fc

Fuji Electric

Twro or
i more 30° Reducer Expander Reducer Expander Full bore
Diameter . . | bendsin | 1.33DtoDl | 067D toD D to D P
ratio Single 90 th 0,750 to D ball or gate
bend 3 e same Over a ower a oVEr 3 over a valve fully
g plane or length of length of length of length of D A
' different 23D 25D 35D d
planes 3
1 3 4 4] g T 8
ab | B® | ab | B® | &P | B® | AP | gt Ab | ge | ab | gt | ab Bt
0,30 8 3 g 3 4 d 4 d 25 d 2.5 d 25 d
040 8 3 g 3 4 d 4 d 25 d 2.5 d 25 d
050 g 3 10 3 4 d 5 4 5.5 25| 25 d 3.5 2.5
0.60 10 3 10 3 4 d i} 4 8.5 2.5 3.5 2.5 4.5 2.5
0.70 14 3 18 3 4 d Fi L] 10,6 | 2.5 | 6.5 3.5 5.5 3.5
0.75 16 g 22 ] 4 d Fi i 11,8 | 3.5 | 6.5 4.5 5.5 3.5

15/05/2018

Straight length according to ISO 5167

Venturi and micro venturi




Technical datasheet - Micro venturi

 Rangeability: 6:1
e Accuracy: 1,5 % of flow
* Low pressure lost

15/05/2018
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Technical datasheet - Nozzle ﬁ
uji Electric

* Recommanded for high Reynolds number > 50000, for exemple : steam with
high temperature. DO NOT USE THIS PRIMARY ELEMENT FOR SLUDGE

s Accuracy: 1,5 % of flow (ISO 5167)
*» Rangeability: 6 : 1

15/05/2018 Nozzle



Straight length - Nozzle

Fuji Electric
Downstream
Upstream (inlet) side of the primary device n{fﬂtl:fg—i:;:y
Diam- device
eter Thermometer
ratio Single S0° Thermometer | pocket or
sa | bendortse T;'ﬂ'{, or more T;f, or more 'E't““'g Eg”;;‘di{ Globe valve | FUllbOre ball | Abrupt pocket or well D of Fittings
{flow from . n = DEns o ' o Vawe | o gate valve | symmeirical well © of diameter {Columns 2
in the same in different | ower a length | ower a length fully open 3 -
one branch plane planes of 15D to 3D of D to 2D fully open reduction diameter beteesn to )
only) ' = 0.03D 1.030 and
013D
1 2 3 4 5 i T 3] ] 10 11 12
a® | B9 | a® | B | af | B? | &% | BY | A® [ BY | &% | BY | &® | B? | A® | BY | A® | BY | A° | BY | a® | B¢
0,20 10 & 14 T S 17 5 2 16 ] 13 a 12 g 30 i5 5 3 20 10 4
0.25 10 [i] 14 T ES 17 5 2 16 ] 13 ] iz i 30 15 5 3 20 10 4 2
0,30 10 & 18 B S 17 5 & 16 ] 13 ] iz g 30 15 5 3 i 10 5 25
0,35 12 & 16 B 38 18 5 ® 16 3] 13 a 12 g 30 15 5 3 20 10 5 25
0.40 14 T 13 A 38 18 5 2 16 ] 20 10 12 g 30 i5 5 3 20 10 g 3
045 14 T 13 a 38 12 5 2 17 2 20 10 12 a 30 i5 5 3 2 10 i 3
0.50 14 T 20 10 40 il i 4] 18 2 22 11 iz g 30 i5 5 3 i 10 g 3
0,55 16 ] 22 11 44 2 a 5 20 10 24 12 14 7 30 i5 5 3 20 10 i 3
0,80 18 2 24 13 45 24 4 5 22 1 24 13 14 ¥ 30 i5 5 3 20 10 T A
0.85 22 A a2 16 L 7 11 3] 25 13 23 14 16 a 30 i5 5 3 20 10 T A
0,70 28 14 3 18 G2 k] | 14 T 30 15 32 16 20 10 30 15 5 3 i 10 T 3h
0,75 36 18 42 21 T0 a5 22 1 38 14 34 18 24 12 30 i5 5 3 20 10 B 4
0,80 45 23 50 25 B0 40 30 15 54 27 44 22 30 15 30 i5 5 3 i 10 B 4
Straight length according to ISO 5167
15/05/2018 45 Nozzle
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Flowrate measurement with a wedges E
Fuji Electric

Measurement for high viscosity or high loaded fluid

7334 £64

15/05/2018 47 Wedges



Technical datasheet - Wedges @
uji ric

% Accuracy: < 1% of maximal flow
»* Repeatability: = 0,2%

» Correct measurement with a low
Reynolds (<300)

% Low pressure lost

* Measurement for fluid with high
Viscosity

» Dual measurement

Oil&Gas application

15/05/2018 48 Wedges
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Straight length — Wedges

DISTANCES (DIMENSIONS A & B)
EXPRESSED IN MOMINAL PIPFE DIAMETERS

ACCURACY:

CALIBRATED £0.5%
UNCALIBRATED 3%

CON RATIO (H/ID) 53 —of—

UPSTREAM DISTURBAMCE
DIMENSION i 3 4 B
é—ﬁiﬂ_'% A 7 9 0 12
Single Elbow 2 4 4 4 4
a— A 10 12 14 16
Two elbows in the same plane = 4 4 4 4
A 8 A 20 22 24 30
Two elbows in diffarent plones 8 4 4 4 4
- 1.5 TO 3D
a B A 9 11 14 16
< 2D e
Reducer T 8 4 4 4 .
- 1'3#7'3 20 A g 10 12 14
0505 | ,w--i
Expander T B 3 5 5 5
¢ OR D —EET " B"‘[ A 7 g 10 12
b
I 1
Tee connection with different diumetérs g 4 4 4 4
|-----_.b..—1.5:-| A 12 12 14 16
— - — . . .
Globe walve fully cpaned 8 4
A—-|-E'Fj A 7 7 4 10
Gote wvalve fully opened 8 4 4 * &
49

Fuji Electric

Wedges



Exemple of measurement with a wedges ﬁ
uji Electric

Dual Taps
COIN Meter Chrome-Moly |

Flanged Taps
COIN Meter 316 SS

R

Chemical-Tee Taps

15/05/2018
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Some advises... @
Fuji Electric

 DP transmitter must be in square root or the PLC

Do not put the square root function on both

* The range of the pressure transmitter is according to the primary
element calculation so to the flowrate

The URV is link to the maximum flowrate calculated

e Caution during the installation of the primary element (for example
not in the right direction)

e BE careful to the clogging of the primary element

15/05/2018 Primary element flowrate measurement



Primary element comparison

Fc

Fuji Electric

DIAPHRAGM

VENTURI

NOZZLE

PITOT

Pressure lost

High pressure lost

Low pressure lost

Low pressure lost

Low pressure lost

Accuracy

According to a standard

(1ISO 5167) arround 1,5%

According to a standard

(1ISO 5167) arround1,5%

According to a standard

(1ISO 5167) around 1,5%

No standard.
Accuracy at 1,5%

Very dependant of the
flow

Need to cut the pipe and

Need to cut the pipe and weld

Need to cut the pipe and

Easy. No big works: No

Erection weld the flange the flange weld the flange weld etc..
According to the standard: According to the standard: DN |According to the standard: |According to the
DN limits g " |between 200 mm and 1200 |DN between 50 mm and [standard: DN between
DN>50mm
mm 630 mm 25mm and 6000 mm
. . . |[Median use because of the Rare. Very expensive for  |Very often. Erection and
Conclusion [Frequent use due to its price

cost of the erection

erection

price very interesting

15/05/2018
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Primary element comparison R 9
Fuji Electric
(single hole) (multi hole)

++ ++++ +
Efficiency on + + + +++ + ++ ++
loaded fluid

Straight length +++ ++++ + + ++ + +++

High viscosity + + + ++++ + ++ 4+

Erection ++ ++ ++ ++ + +++ ++
parameters

+ Low
++++ High

15/05/2018 Primary element flowrate measurement



Straight length - Comparison E

Fuji Electric

Example: Pipe with 1 elbow downstream and upstream
Beta: 0,50

Primary Orifice plate | Orifice plate | Venturi Wedge | V-Cone
Element Single hole | Multi hole *

Straight 3D/1D

i 7D/4D 22D/6D 2D/2D oD/3,5D 3D/2D  14D/6D 12D/AD 00/0D"

* Not included to ISO5167
1 According to manufacturer McCrometer

15/05/2018 Primary element flowrate measurement



Important technical point !! ﬁ
uji Electric

 Technical information datasheet

* Minimum required technical data:
*** Internal diameter, thickness, thermal protection or other
**Nominal Pressure
** Nominal temperature

+* Fluid type
s Maximal REAL flowrate !

¢ Density if non standard
* Check straight length
e Check connection and erection

* DP pitot tube calculation note

15/05/2018 Primary element flowrate measurement



Selection table — Primary element

Fuji Electric

Element déprimogéne — Tableau de sélection
Primary element — Selection table

Mom du chienl § Custamar name
Mom du projet / Project name .
——— New table to be filled and
Tube de pilol moyennd | Average Pitol tube  []  Tube de pitol menopeint / Single point Pitot tube [ ] sent to FEF
Wione [ Tuyére / Nozzie [ Débitmatre & coin { Wedge fowmeter [
Crifice integré / integrated onfice plate [ ] Venturi [ ] Micro venfuri [ |

Plague 3 orfice | Omfice plate |_ | Diaphragme monobloc |/ Monobiock arfice ||

Chambre annulaire / Annuiar chamber
Yauillez spécifier | Please speacify | Simple orifice / Single orffice |:| Muili orifice | Ml orifice |:|

Fluide | Fluid
Mom - | | Liguide [] Vapeur[ | Gaz[ |
Dirgction du fuide | Horzontale | | venticase | | Units
- Physical vi Minimum MNominal Waamum
tevic | Pige Inf m Physical values Hniz
) [réhit / Flowrate
Matigre fMatena - [ ] Fression Nomnale | Operating Fressure: [ | mbar
Température | Temperafure
Classe DIM - [ DN ! Schedule - | Classe ANSI : Iﬂ P
) Fression/ Fressure
Diamétre interne [ fnternal diometer ] mm abs.[ ] Rel ! Gauge []
Epaisseur tuyauterie | Fige Wall thickness [ Jmm Dienaitd | Donsity
Epaisseur calorifuge / Heal insulator Thickness [ | mim
Longueur interne J internal fienght [ |mm  Hauteur interne / internal height [____|mm
Version vissée [ Screwed version : [ Ty de raccordement f Connection twpe: [
Wersion & brides / Flange version : [_| Extractible / Extroctabie - [
Brides DN  Flange DiN:[DN - 7PN Brides ANS| / Flangs ANSI :
Modéle compact [ Compact model -] Modéle déportd [ Remate mode! [ |

montage si canalisation rectangulaire [ Erection fype if rectangulor pipe
[ans la hauteur f inthe beight <[] dans la longueur / in the lenght [

15/05/2018 Primary element flowrate measurement
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