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KROHNE, a short introduction
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KROHNE

• 13 Production facilities in 9 countries
• 29 KROHNE offices
• 59 KROHNE representatives

• 1500 employees
• dedicated to flow and level

measurement
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Region North
Hamburg

Region West
Duisburg

Region 
Rhein/Main
Hochheim

Region South
Munich

Sales offices in Germany

Head Office / Germany

Development and
production of:

• Variable Area
Flowmeters

• Level Radar
• Central Electronics

Development and
Production for the
KROHNE Group

KROHNE Messtechnik, Duisburg
Central Management Head Office
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Sales office for Netherlands

Dordrecht

KROHNE Altometer, Dordrecht, NL

Netherlands, Birthplace of Magmeters

Development
and production
of:

• Electromagnetic
Flowmeters
since 1952

• Ultrasonic
Flowmeters
since 1980
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Calibration in Netherlands (1)

• World’s largest and most precise
production calibration rig

• 44 meters high,
• takes up to DN 3000 / 120” meters
• ½ million liters of water through meters

within 1 minute
• Used for

• Electromagnetic flow meters
• Ultrasonic flow meters
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Calibration in Netherlands (2) 
Accredited to EN 17025,
Uncertainty: 0,03% up to 18.000 m3/hr
Full range up to 40.000 m3/hr
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Operating principle of EMF
Main factors influencing reproducibility
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Electromagnetic flowmeters, principle (1)

As simple as an electric power
generator…

• Electrically conductive fluid  moves
through a magnetic field in an
electrically insulating pipe

• In the moving fluid a voltage U  is
induced  (Faradays Law):

• U = k · v · B · D with
• k = geometric constant
• v = average velocity of the 

fluid in the magnetic field
• B = Strength of the magnetic

field  (induction)
• D = Length the conductor

moving in the magnetic
 field
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Electromagnetic flowmeters, principle (2)
• The voltage  U = k • v • B • D

picked off by electrodes is  a
precise measure of the flowrate
q:

• With
q = v • D2 / 4
the indicated flowrate will be :
q = U • D / (4 • k • B)

• A signal converter is used to
• amplify voltage U
• filter and suppress noise
• and to convert U into

appropriate signals for
process control,
totalisation...

• Very simple, but ….
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Electromagnetic flowmeters, principle (3)

• Even with the small number of factors (k, v, B, D) involved in these
simplified basic equations

• U = k • v • B • D
• qi = U • D / (4 • k • B)

the reproducibility is dependant on subfunctions as
• v = v0 (x,y,z) flow profile
• k = K0 • (1 + f1(v)) is influenced by flow profile slightly
• B = B0 • (1 + f2(TFluid, TAmb)) is influenced by temperature
• D = D0 • (1 + f3(TFluid, p, t)) is influenced by temperature, pressure

and time (in case of plastic linings)
• High reproducibility (low uncertainty) requests:

• Minimization of all fx in the equations above!
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Why electromagnetic flowmeters as transfer standards?

• High mechanical and
metrological stability

• even after heavy stress of
• transportation, vibration

mechanical shocks
• inherent linearity and accuracy
• excellent repeatability and

reproducibility
• Proven system with

well known parameters
• Reliable
• Affordable
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Performance of electromagnetic flowmeters 2003
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Error curve definitions

Manufacturer statements on repeatability, examples:
• A: 0,1% of actual value, min. 1mm/s
• B: max. ± 0,1% of actual value ± 0,5 mm/s
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Repeatability data

Electromagnetic Flowmeters (EMF) repeatability data shown on the
following pages have been taken from:

• EMF used as  working standard for calibration of water meters,
• regularly recalibrated against weighing instruments

(not readjusted)
These data have not been selected in any way, but just used as available

• Unknown: Repeatability of comparison method
Weighing system, times, time delays involved
Designed to meet 0.2% totally including flowmeter
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EMF, Repeatability (1)
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EMF, Repeatability (2)
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EMF, Repeatability (3)
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The following 2 pages are courtesies of 
PTB Berlin, D

and 
NMi Dordrecht, NL
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EMF, Repeatability, Reproducibility (4)

• Courtesy of PTB
Berlin, Dr. Stuck:

• Data 04.01.99
P (pump) and
H (high tower)
have been taken
at BEV, Vienna.

• Data before and
after have been
taken on various
PTB rigs.

• Data H and P as
shown could be
reproduced
precisely in 2003
on a new PTB rig.
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EMF, Repeatability, Reproducibility, NMi (5)
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 Effects on Reproducibility

• The last diagram (NMi)
indicates at least three factors
influencing repeatability (and
naturally reproducibility, too):

• Temperature of fluid, acting on:
• Viscosity (Re-number)
• Inner diameter of flowtube
• Reluctance and geometry of

magnetic circuit
• Aging / pre-aging

• Stabilization
• Standing dry without liquid

• Electrode surface effects
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Effects on Reproducibility: Fluid Temperature (1)

• Estimates of flowtube
diameter coefficients

• Table and diagram only
consider reversible linear
effects, no creeping

0,0007
%/K

0,011
%/K

40 mm

0,0007
%/K

0,018
%/K

10 mm

0,0007
%/K

0,035
%/K

 3 mm

Diameter
variation:
Al2O3 -
flowtube

Diameter
variation:
2 mm
PTFE or
PFA:

Inner
diameter
of
flowtube:
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Effects on Reproducibility: Fluid Temperature (2)

• Magnetic field strength B = f(TFluid,, Tamb):
The magnetic field strength B in flowtube at leass to a small extend

depends on
• Mechanical shape of the ferromagnetic return circuit,
• permeability of its ferromagnetic material,
• Both is influenced by

fluid temperature and
at a smaller extend by ambient temperature

This will influence magnetic field strength B slightly
• Data today for total temperature sensitivity of DN = 50:

• Optimum achievable: 0,2 % / 100K (0,002%/K or 0,01% / 5K)
• Realistic optimum today: 0,5 % / 100K (0,005%/K or 0,01% / 2K
• Low Cost designs: > 2%  / 100K     (0,02%/K   or 0,1% / 10K)
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Effects on Reproducibility: Fluid Pressure

• Liquid volume = f (Pressure)
• Compressibility of water at 20°C:

47*10-6 /100 kPa =
0,005%  per 100 kPa (1 bar) or
0,01%    per 200 kPa (2 bar)

• Diameter = f (Pressure)
Conventional electromagnetic flowmeter
(Stainless steel tube, lining fixed to pipe wall)

• Typ 0.2% with nominal pressure
(e.g. 40 bars).

• Result:
0,005%  per 100 kPa  (bar)
0,01%    per 200 kPa (2 bar)

p
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Effects on Reproducibility: Flow Profile (1)

Flow profile influence:
Data from WIB-Test 1994,
classical EMF with straight tube:

Flow profiles measured by PTB Berlin:
Water, 20°C, DN 100, 85 m3/h
Left:    3 D downstream of gate valve, 25% open
Right: 5 D downstream of gate valve inside reduced measuring section of IFS 5000

0,02+0,07Swirl :Two 90°
bends in different
planes  upstream

0,02-0,12Horizontal single
90° bend
5D upstream

Repea-
tability
[±%]

Av.
Error
[%]

IFM 4080 K
DN 50,
WIB test 1994
Flow velocity
3m/s
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Effects on Reproducibility: Flow Profile (2)

Repeatability is not the problem, but…
• Reproducibility under varying flow conditions as

• change in upstream diameter
• change in asymmetric upstream flow conditions

• Means as reducers (e.g. integrated into the flowmeter or external as
a firm part of the transfer standard flowmeter assembly)

• will improve reproducibility under varying upstream conditions
• but will not reduce all possible effects down to < 0,05%

Result:
• Additional upstream flow conditioning will be necessary

• to achieve reproducibility effects below 0.05%
• independent from upstream conditions > 10D.
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Effects on Reproducibility: Deposits (1)
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Effects on Reproducibility: Deposits (2)

Deposits (circular incrustation) in electromagnetic flowmeters:
• Deposits with conductivity lower than conductivity of liquid

• Main effect: Change of diameter D,
• Result: Positive deviations of flow indication

• Deposits with conductivity higher than conductivity of liquid
• Main effect: Short circuit of electrode signal
• Example:  Magnetite with low conductivity water (<200µS/cm)
• Result: Possibly high negative deviations of indication

• Deposits with conductivity similar as conductivity of liquid:
• Main effect: “Distorted flow profile”
• Example:  Ferro-manganium sludge in water
• Result: Nearly no deviations
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EMF, Effects on Reproducibility: Ambient

• Influence of ambient temperature on
• flow sensor

is negligible with flow and stable water temperature
• signal converter:

may be as low as 10-5 / K
• KROHNE does temperature cycling tests over at least 24 hrs

on all signal converters individually as part of standard quality
assurance,

• so selection of low TC converters is no problem
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EMF, Reproducibility: Comprehension

• An attempt to list and quantify the most important factors for meters
with firmly mounted up- and downstream pipe assemblies:

± (1 mm/s +
0.0x mm/(s x K)

Water > 100 µS/cmZero uncertainty

± 0,x %Water > 100 µS/cm, 20°C:Accuracy fluctuation (Noise)

Signal converter

Flow profile (20D)

Magnetic field strength:

Pipe diameter (ceramics)

2 x 10-5/KTemperature Coeff.:

10-5/K +
0.0x (mm/s)/K

Ambient temperature

0,06% (????)Influence on indication::

2 x 10-5/barPressure Coeff.

7 x 10-6/KTemperature Coeff.:

Optimum today:

Yellow markings indicate fields, where improvements seem possible 
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Conclusions

• The actual repeatability of EMF with s= 0.02% indicates good chances,
• to achieve a similar or better reproducibility

with meter sizes = DN 10 and flowrates > 300 l/h
• that in future even for smaller flows this target may be achieved using

electromagnetic flowmeters
• For approaching s  of 0.01% on reproducibility

with electromagnetic flowmeters there must be:
• Close cooperation between users and manufacturers starting with

• Precise definition of
– of targets
– of test and application conditions
– and a project,

which is technically and commercially satisfying for both parties


