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A true multipath ultrasonic clamp-on flow meter

• Background

• Principles of operation

• Demonstration of multipath operation

• Conclusions

Outline
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• Ultrasonic transit-time flowmeters

• Path flow: average velocity along the path of the beam

• Path distribution and volume coverage affect integration

– Diameter paths can over-read up to 10%

• Measure profile: paths in different radial positions – true multipath

Background
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• Lamb wave type transit time flowmeter

• Uses pipe in guided-wave resonant mode

• Efficient energy transmission

• Broader volume coverage

Principle of operation – diameter paths
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• Signal propagation steered helically in pipe 

• Here: by transducer waveguide orientation

• Chord calculated by rotating axial beam accordingly  

Principle of operation – chordal paths

7



• Continuous signal emission from wave in pipe wall 

• New helical set-up after traversing fluid

• Broad volume becomes sector coverage

• Transducers positioned to set-up cover a full annulus 

Principle of operation – chordal paths
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Meter configuration:

– Three reflective diameter paths (one shown here)

– Clockwise and counter-clockwise chordal paths

• Diameter paths suppresses/cannot detect swirl

• Acoustic paths as for in-line but with wider coverage

Demonstration of multipath operation
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Diametral and chordal paths used for 

• Flow profile integration

• Swirl detection

… in different upstream bend configurations

Demonstration of multipath operation
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Results – 10 diameters downstream single bend
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Results – 10 diameters downstream single bend
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Results – 5 diameters downstream single bend
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Results – 5 diameters downstream single bend
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Results – 10 diameters down double in-plane bends
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Results – 10 diameters down double in-plane bends
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Results – 10 diameters down out-of-plane bends
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Results – 10 diameters down out-of-plane bends
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Results – 10 diameters down out-of-plane bends
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CFD simulations:

• Two first bend configurations: Low net symmetrical swirling

• Two vortices creates a cross-flow and cancels out swirl

Discussion

Simulated transversal flow ten diameters downstream bend configuration at Reynolds-number 200.000 

Single bend Double in-plane bends
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CFD simulations:

• Out-of-plane bend configuration: High net symmetrical swirling

• The transversal flow spins around a single vortex

Discussion

CFD simulation10 diameters downstream bend configuration at Reynolds-number 200.000 

Double out-of-plane bends
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From results:

• Single and in-plane bends: Strong (>10°) clockwise swirling

• Out-of-plane bends: Weak (<5°) counter-clockwise swirling

Observation:

Possible clockwise swirl present at the inlet of set-up bend configurations.

Swirl survive over long distances and care must be taken using CFD and 

flow disturbance compensation.

Discussion
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• A non-invasive transit-time flowmeter with off-centre paths
– Installed on a standard process pipe

– Demonstrated by its ability to: 

1. Detect swirl

2. Compensate for flow profile changes using path flow weighting

• A true multipath ultrasonic clamp-on flow meter, with capability 

to improve accuracy by ‘in-line meter methods’ 

Conclusions
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