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Flow measurement with DP transmitter
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Measurement of a differential pressure: upstream and 
downstream of a primary element

Qv = V1S1 = V2S2

• Increase the speed (Qv)

• Increase the dynamical pressure 

• Decrease of the static pressure 
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C = pressure lost coefficient determined by experimental test

E = approach coefficient   𝐸 = 1/ 1 − 𝑏4

ε = expansion coefficient

d = internal primary element diameter

D = Internal pipe diameter  

Primary Element 
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Volumetric flowrate is depending of the differential pressure 
square root made by the primary element
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HP LP



Flow type
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LAMINAIRE TURBULENT

So it is necessary to ensure to have the right straight length 
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Laminar Turbulent
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What are the Primary Element ?
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Primary elements
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Pitot Tube

Diaphragm

Venturi and micro-venturi Nozzles

V-Cone
Wedges

Orifice plate
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Principle
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Low cost solution for measurement in large diameter pipes or ducts

❖ 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

Negative pressure
Positive pressure

Flow direction

Average point for the 

speed

Pitot tubes generates a differential pressure proportional 

to the dynamic pressure



Pitot Tube

15/05/2018 Pitot Tube9

Single point 5 RB

Average 5RD

Pitot Tubes with FKC 

for Flow measurement and corrected Flowrate (Nm3/h)



Pitot tube characteristics

• Rangeability: 10 : 1

• Accuracy  ± 1 % of real flow rate

• Maxi Temperature: 500°c 

• DN50 to DN1500

• 316 L 

• Be careful with loaded fluids➔ fooling !
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❖ 5RD Average

16/09/2015 Pitot Tube 11

What kind of fluids? 

Water Gas Steam

❖ 5RD Single point

Gas
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What kind of pipe?

Circular pipe Rectangular pipe

To know the internal diameter 

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

thickness of the duct

IMPORTANT: Specify the pitot tube 

localization: in the length or height

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



Pitot tube accuracy with the flowrate
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Pitot tube only

Be careful to the minimal flowrate !!! 

FKC11 and 22 Accuracy
50-100% of output 0,10% span
20-50 % of output 0,25% span
10-20% of output 0,50% span

Pressure transmitter only



Straight length
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No straight length, degraded accuracy !!!

5RB pitot tube is more 

sensitive ot the straight lenght

than 5RD pitot tube !! ! 



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

Exemple of accuracy

15/05/2018 15

Accuracy = Transmitter + Pitot + all element of the measurement chain

: Imprecision (Pitot (2%) + transmitter) : 10 % around at 300 m3/h 

Pitot Tube 



Application

• Biogaz

• Boiler 

• Incineration plant

• Cogeneration plant
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• Compressor and HVAC

• Flow gas or atmospheric emission flue gas measurement

• Oxygenation of water treatment plant’s aerating tank



Measurement of steam flowrate with a pitot tube 
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Condensat 

chamber

Pitot Tube

Pitot Tube 15/05/2018



Pitot tube with remote transmitter
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Pitot tube with a remote 

erection

Pressure transmitter

Differential pressure transmitter

15/05/2018 Pitot Tube 
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Absolute 

pressure XTR

Temperature 

measurement

Differential 

pressure XTR

Pitot tube

Biogaz flow measurement with Pitot tube



Automatic unclogging cabinet system – Pitot tube
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Air injection with programming time in the 5RD and 5RB pitot tubes

For loaded fluids



Velocity profile
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Can be made by FEF 

Standard NF X10-112

To determine the velocity profile 

inside the pipe 

Check and/or verify the 

precise localization of the 

pitot tube inside the pipe … 
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Technical datasheet – V-Cone
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❖ Liquid, gas and steam measurement 

for high loaded and high viscosity 

fluid. For example: waste water, oil… 

❖ 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 



Performance
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• Accuracy: to +/- 0.5% of rate

• Turndown: from 10:1   

• Repeatability: +/- 0.1%



Accuracy
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❖ 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. 

❖ +/-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.



Wafer-Cone

15/05/2018 V-Cone26



V-Cone
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Technical specification: Orifice plate
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• Accuracy: 1,5 % or flow (ISO 5167)
• Rangeability: 6 : 1
• Excellent repeatability

• Connection clogging because of  
high loaded fluid 

• High pressure lost



Integrated orifice

• Measurement of low flowrate 
(liquid or gas) 

• Assembly with flange upon request

Orifice plate3015/05/2018 



Orifice plate3115/05/2018 

Steam flowrate with orifice plate 



Corrected steam flowrate with orifice plate 
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Be careful to the straight length !



Straight length: Orifice plate
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Straight length according to ISO 5167
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Diaphragm installation

Orifice plate15/05/2018 



Diaphragm installation
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Exemple of installation

36 Diaphragm15/05/2018 



Exemple of installation

37 Diaphragm15/05/2018 
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Venturi & Micro-venturi, the difference
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Venturi Micro venturi



Technical datasheet - Venturi
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• Accuracy: 1,5% of maximal flow

• Rangeability: 6 : 1

• Low pressure lost

• Recommended for high viscosity and high loaded fluid 



Straight length – Venturi
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Straight length according to ISO 5167



Technical datasheet - Micro venturi

• Rangeability:  6 : 1

• Accuracy: 1,5 % of flow

• Low pressure lost

15/05/2018 Venturi and micro venturi42
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Technical datasheet - Nozzle
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❖ Recommanded for high Reynolds number > 50000, for exemple : steam with 

high temperature. DO NOT USE THIS PRIMARY ELEMENT FOR SLUDGE 

❖ Accuracy: 1,5 % of flow (ISO 5167)

❖ Rangeability: 6 : 1



Straight length - Nozzle
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Straight length according to ISO 5167
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Flowrate measurement with a wedges

15/05/2018 Wedges47

Measurement for high viscosity or high loaded fluid   



Technical datasheet - Wedges
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❖ 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 



Straight length – Wedges
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Exemple of measurement with a wedges
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Conclusion 
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Some advises…

• 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 

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

• BE careful to the clogging of the primary element

5215/05/2018 Primary element flowrate measurement 
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Primary element comparison

DIAPHRAGM VENTURI NOZZLE PITOT

Pressure lost High pressure lost Low pressure lost Low pressure lost Low pressure lost

Accuracy According to a standard According to a standard According to a standard
No standard. 
Accuracy at 1,5%

(ISO 5167) arround 1,5% (ISO 5167) arround1,5% (ISO 5167) around 1,5%
Very dependant of the 
flow

Erection
Need to cut the pipe and 
weld the flange

Need to cut the pipe and weld 
the flange

Need to cut the pipe and 
weld the flange

Easy. No big works: No 
weld etc..

DN limits
According to the standard: 
DN> 50mm

According to the standard: DN 
between 200 mm and 1200 
mm

According to the standard: 
DN between 50 mm and 
630 mm

According to the 
standard: DN between 
25mm and 6000 mm

Conclusion Frequent use due to its price
Median use because of the 
cost of the erection

Rare. Very expensive for 
erection

Very often. Erection and 
price very interesting

Primary element flowrate measurement 15/05/2018 
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Nozzle Orifice plate 
(single hole)

Orifice plate 
(multi hole)

V-Cone Pitot Micro-
venturi

Venturi

Price +++ ++ + ++++ + +++ +++

Efficiency on 
loaded fluid

+ + + +++ + ++ ++

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

High viscosity + + + ++++ + ++ +++

Erection 
parameters

++ ++ ++ ++ + +++ ++

Primary element comparison

+ Low

++++ High

15/05/2018 



Straight length - Comparison
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Example: Pipe with 1 elbow downstream and upstream
Beta : 0,50 

Primary 
Element

Pitot * Orifice plate
Single hole

Orifice plate
Multi hole *

Venturi Micro 
venturi *

Nozzle Wedge V-Cone

Straight
length

7D/4D 22D/6D 2D/2D 9D/3,5D 3D/2D 14D/6D 12D/4D 3D/1D
0D/0D1

* Not included to ISO5167
1 According to manufacturer McCrometer



Important technical point !! 

• Technical information datasheet

• Minimum required technical data: 

❖Internal diameter, thickness, thermal protection or other

❖Nominal Pressure

❖Nominal temperature

❖Fluid type

❖Maximal REAL flowrate !

❖Density if non standard

• Check straight length 

• Check connection and erection  

• DP pitot tube calculation note
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Selection table – Primary element 

New table to be filled and 

sent to FEF
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