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Executive summary 

Electromagnetic flowmeters have been used for decades throughout many industries and have become 

the major technology for flow measurement. To guarantee full performance, long and straight inlet and 

outlet runs are required. Electromagnetic flowmeters with 0 x DN full-bore technology from 

Endress+Hauser provide a solution for challenging applications without inlet and outlet runs. The 

maximum measuring performance regardless of the mounting location is achieved using multiple 

optimally positioned electrodes and advanced signal processing to average out the flow velocity across 

the entire flow profile. 
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Introduction 

Historically standard electromagnetic flowmeters define at least 5 x DN inlet run and 2 x DN outlet run 

to comply with the specified accuracy. The measuring accuracy of electromagnetic flowmeters is directly 

affected by changes in the flow profile caused by flow disturbances, such as elbows, t-fittings, insertion 

devices or nominal diameter differences. Figure 1 shows a simulation of the flow profile after a 90° bend 

which is characterized by a strong asymmetry and a pair of Dean-vortices. While electromagnetic 

flowmeters with sufficient inlet and outlet run average the flow velocity across the cross section of the 

pipe, averaging a disturbed flow profile is more challenging. For instance, the flow immediately in front 

of the electrodes contributes more to the signal. As a result, a flow disturbance causing increased flow 

close to the electrodes is likely to deliver a positive measurement error. Calculating the measurement 

error resulting from a flow disturbance, requires solving a complex volume integral and for this reason it 

is very difficult to provide a quick estimate of the error. Consequently, a full simulation or measurement 

is needed.  

 

Figure 1: Flow profile after 90° bend 

The traditional solution to this problem is to ensure a well-conditioned flow profile at the measuring 

point by installing sufficient lengths of straight pipe before the flowmeter, see Figure 2. Alternatively, 

flowmeters with a reduced inner diameter attempt to condition the flow by compressing it, resulting in 

pressure loss, higher energy consumption, build-up and possible cavitation at higher flow rates. 

 

Figure 2: Completely symmetric flow profile as found in a long straight pipe  
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0 x DN full-bore technology  

With the Promag 0 x DN full bore Endress+Hauser offers a solution without constrictions in the flow tube 

and therefore without pressure loss while at the same time enabling installations without inlet and outlet 

runs. 

 

Figure 3: Installation of Promag 0 x DN full bore before or after bends 

The patented technology uses multiple electrodes placed optimally within the flow tube to average the 

flow velocity across the entire pipe, resulting in an improved weight function. Compared to traditional 

flowmeters with two measurement electrodes this makes the 0 x DN full-bore meter robust against 

disturbed flow profiles and in fact increases measurement reliability in any installation condition. The 

electromagnetic flowmeter can be installed as a full-bore flowmeter directly after bends or a variety of 

challenging situations such as directly after insertion flowmeters, after misaligned sealings, after open 

valves or directly after nominal diameter differences. As a consequence, this leads to reduced installation 

costs, since traditional inlet and outlet runs are not required. 

 

Figure 3: Installation of Promag W 0 x DN full bore with no restrictions 
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Computer aided simulation 

For the verification of the 0 x DN full-bore technology, state of the art finite element method simulation 

was used to create accurate digital product twins of the flowmeters. Using these models, the performance 

of the flowmeters can be accurately simulated. Combined with computational fluid dynamics simulations 

of the flow, virtually any flow disturbances can be tested. A visualization of these simulations is shown 

in Figure 4. The asymmetric flow profile after a 90° bend is shown as a cross section with arrows at the 

inlet. The highly homogenous weight function is plotted as a half section through the center of the pipe. 

In addition, the coil current (red arrows) and magnetic field lines (streamlines) are shown. Any 0 x DN 

full-bore flowmeter can be digitally tested in thousands of possible installation scenarios ensuring 

optimal performance in the field. Measuring the influence of a bend or a valve on the performance in the 

laboratory or a field trial would require extensive piping and rebuilding of the setup for every 

measurement. In the simulation all of this is accomplished, using a few physical measurements to verify 

the results. 

 

Figure 4: Visualization of a simulation model showing a cut through a Promag W sensor 

 

Figure 5 shows an example of the overlap between physical measurements and computer aided 

simulations of the measurement error after a change in pipe diameter upstream of the flowmeter. The 

results deviate on a sub-per-mille level, and additionally illustrate the good reproducibility of the 

flowmeter. 
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Figure 5: Simulation and measurement of a Promag W 0 x DN full bore DN 200 (8"), 5.0 ms 

 

The relative step indicates the difference in inner diameter of the connecting pipes causing the 

disturbance in the flow profile. The agreement between simulation and measurement validates the 

computer aided simulation to support the engineering of the optimal 0 x DN full-bore sensors for the 

entire range of diameters and installation locations. 

Verification of the 0 x DN full-bore technology 

The technology was tested in a 3rd party laboratory, TÜV SÜD National Engineering Laboratory in the 

UK.1 According to TÜV SÜD NEL the evaluated flowmeters have been fully within the specified accuracy 

in a variety of tests in after-bend-installations. These tests at the 3rd party laboratory validate the 0 x 

DN full-bore technology with the specified accuracy of ±0.5% across the entire flow range. Figure 6 shows 

the corresponding measurement error of the test of Promag W 0 x DN full bore DN 250 (10") with a 

remote transmitter installed directly after a sharp 90° bend. The measurement error for this test was 

around -0.25% and independent of the flow rate. 

 
1 The laboratory is accredited in accordance with the recognized International Standard ISO/IEC 17205. This 
accreditation demonstrates technical competence for a defined scope and the operation of a laboratory quality 
management system.   
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Figure 6: Promag W 0 x DN full bore DN 250 (10") tested in a 3rd party laboratory, TÜV SÜD NEL 

Errors from flow disturbances are very linear, meaning that the error is constant across the entire flow 

range. This is also illustrated in Figure 7 where the same installation condition is shown for DN 150 (6"). 

This measurement was done on an accredited rig at Endress+Hauser, with the full flow range up to 10 

m/s (33 ft/s). 

 

Figure 7: Promag W 0 x DN full bore DN 150 (6"), accredited calibration rig at Endress+Hauser, Switzerland 

A common cause for flow disturbances are valves, including control valves, isolation valves and check 

valves. It is always recommended to install valves downstream of the flowmeter, this applies also to 0 x 

DN full-bore sensors. Valves placed upstream of the flowmeter, should be operated in a fully opened state 

(isolation valves).  
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An example of an open butterfly valve installed in front of a Promag W 0 x DN full-bore flowmeter DN 

80 (3") is presented in Figure 8. The results show two different installation angles of the valve. 

 

Figure 8: Open butterfly valve installed directly in front of Promag W 0 x DN full bore DN 80 (3") 

This installation is not recommended as it might have a negative influence on the measurement error. 

In an open state the butterfly valve might even protrude into the flowmeter. Despite this serious 

disturbance the measurements in this test measurement are within specification. However, due to the 

variety of valves and installation scenarios the specification of 0 x DN full-bore flowmeters in 

combination with valves are relatively cautious. An open gate valve barely influences the flow profile, 

some control valves such as globe valves are generally uncritical even when used for regulating the flow. 

Check valves which are used to ensure that flow only occurs in one direction must, on the other hand, 

always be placed downstream of the flowmeter. 

The OIML R 49 norm specifies a set of flow disturbers used to create disturbances like those found in the 

field. These include disturbances intended to induce swirl in the pipe, a type of disturbance which 

generally does not influence electromagnetic flowmeters strongly. In addition, they include a flow 

disturbance creating an asymmetric flow field “of a type usually found downstream of a protruding pipe 

joint, single bend or a gate valve not fully opened”.2 For large diameters where real test measurements 

are difficult these flow disturbers offer a practical way to test the performance of a flowmeter. A test with 

the latter asymmetric disturbance is shown in Figure 9. The wafer used to create the disturbance is 

mounted directly in front of the electrodes of a Promag W 0 x DN full bore DN 800 (32") with a remote 

transmitter. The measurement error is around -0.25%, well within the specified ±0.5% and better than 

the best OIML Class 1 of ±1%. This test was performed on the accredited calibration rig FCP 7.2 at 

Endress+Hauser in Cernay, France, at the flow rate specified in the OIML R 49 norm, inlet is from the 

right side. 

 
2 OIML R 49-2 
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Figure 9: Promag W 0 x DN full bore DN 800 (32") with OIML wafer, in Cernay, France 

Limitations  

Promag 0 x DN full-bore flowmeter provide a solution with robust measurement performance in the most 

difficult applications, however, two limitations are worth mentioning.  

T-fittings or other joints of two pipes must be handled with care if liquids with different properties are 

being mixed. A partial mixture results in a two-phase flow in the flowmeter, causing excessive noise or 

measurement errors even in a 0 x DN full-bore flowmeter. This can occur even if the two mixed liquids 

are water of different conductivities, something which is often the case when pipes from two different 

wells meet. 

For high measuring accuracy with low flow rates a 0 x DN flowmeter with constricted flow tube is a viable 

alternative. Due to the constriction the flow is accelerated through the flowmeter resulting in an 

increased measurement performance at low flow rates with the disadvantage of pressure loss resulting 

from the reduced inner diameter. 

Conclusion  

The Promag 0 x DN full-bore technology enables installations of Promag electromagnetic flowmeters 

without inlet and outlet runs, while guaranteeing an accuracy of ±0.5%. This is achieved by using 

additional measuring electrodes and advanced signal processing. The use of computer aided simulation 

technologies and computations allows to predict how all line sizes perform in different installation 

scenarios. This has been validated with a series of tests in a controlled environment and worst case 

considerations. Based on the internal and external test measurements of Promag 0 x DN full bore in 

combination with simulations we prove that the 0 x DN full-bore technology achieves an accuracy of 

±0.5% without inlet and outlet runs for the line sizes DN 25 to 3000.3  

 
3 Special Documentation SD02761D/06/01.21: Inlet and outlet runs 0 x DN 
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Attachment: 3rd party laboratory TÜV SÜD NEL confirmation 
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