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Remark to this presentation:

Because of a structural change in organisation and locations the 
calibration rig had to be dismounted and rebuild in the last 

several months before this summer school.

Despite all efforts it had not be possible to do the second part of 
the measurements, which we were so eagerly hoping for.

Our apologize.

====
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Background of the Principle

• Goal
• Acquisition of the complete metrological curve in one single sweep
• The signature of the meter‘s principle in combination with it‘s technical 

realisation
• Not only qmin, 0.1 qp, qpermanent, qmax, but an infinite number of flows
• Compare the transfer function H(jω); spectrum analyser (Signals & Systems)

• Physical principle
• Constant flow increment dq/dt [m3/s/s], an acceleration
• Linear increment first priority, other patterns under investigation

• Endless test volume
• Flow meters with large slew-rate (slow response meters) demand bigger 

volumes
• A four alternating piston prover system enables an endless test volume
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Physics fundamental description

• The basics of an electronic measurement setup of the spectral
analysis method is assumed to be known here. In short, with a
continuous increase in flow (or for practical reasons better the
decrease, see later) constantly smaller partial measurements are
recorded. If these are chosen too small, there is a resolution problem
(aliasing).

• So, for a specific measurement principle with a specific measurement
setup as test object, the combination of slew rate and resolution
should be well chosen in order to match each other.

• It is therefore recommended to integrate live-monitoring of these
values in the software.
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Practical installation introduction

The structure of the process layout is briefly shown here. Special devices
and measures have been taken to feel the basic requirements.
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Video of the rig in operation
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Minimum stability conditions
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The following aspects are important for the measurement stability:

• A good constant spatial room temperature stability

• Double-walled tubes through which tempered water flows

• Constant pressure stability, without pressure surges during piston changing

• Smooth piston flow transitions

• Fully-developed flow profiles
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Data acquisition / Data processing
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• The piston test rig provides high-resolution data of the actual piston position (i.e.,
volume sections) and their correlated time stamps.

• These are synchronously collected when pulses appear at the DUT output. A turbine
wheel meter is used here as example, with seven integrated blades.

• The pulses belonging to a particular blade are processed in a correlated manner during
rotation (so, attributed to that specific blade).

• At the beginning some start pulse value [litre/pulse] is assumed, or its inverse, the
primary constant PC [pulse/litre].

• When traversing the flow gradient, a metrological curve emerges in the following way:

• Horizontal X-axis: the instantaneous flow = (Vi+7-Vi)/(ti+7-ti)*3600 [l/h]

• Vertical Y-axis: Deviation = (one DUT-pulse)/(Vi+7-Vi)/PC-1)*100 [%]

• Key data:

• The medium temperature in the underlying example is 23.0 °C

• The absolute pressure in the system is 5 bar
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Data aquisition / Data processing
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Example flow calculation  horizontal axis : right blue flashes group
Example deviation calculation  vertical axis : left blue flashes group

The calculation uses the corresponding blade position in relation to the consecutive 
rotation position of this particular blade. In other words: “blade-fidelity”. In this 

example there are seven blades.

The degree of approximation of a calculation between different blades would depend 
on the mechanical design quality of the equiangular blade positions of the rotor.

1      2      3      4      5      6      7      1
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Example: metrological curve against flow (linear scale)
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Example: metrological curve against flow (log scale)
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Fundamental metrological curve shift with temperature (log scale)
[independent of flow measurement principle or technical realisation !]
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Example: metrological curve against Reynolds number (log scale)
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Analysis of the metrological curve: 1
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Physically the suitable presentation of the metrological curve is against log_Reynolds.

• A hysteresis between the ascending and descending ramp becomes visual in the

lower flow area. Starting resp. fading of the measurement principle will be different

due to inequality of sense dependent viscosity gradient effects.

• Start-up values become dependent from the side one is approaching.

• There is a strong temperature dependency.

• Measurement principle inertia comes into consideration, as pressure differences per

step gradually become so small reaction begins to lose its effectiveness.

• Practically formulated: the measured start-up value is lower from high flow to low

flow than vice versa.

• Besides, there is also a hydrodynamic deceleration effect. Small changes in tiny

pressure changes experience different friction depending on the flow profile.
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Analysis of the metrological curve: 2
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• Around Reynolds number 800 the measurements

show increased fluctuations. Somewhere here

starts the transition regime between laminar and

turbulent flow. Order of magnitude for ideal fully

developed flow 1000 < RE < 4000. [Westerweel].

The name “Intermittent” regime is more realistic.

• Constantly changing transitions between too fast

for laminar and too slow for turbulent with a

typical time constant from a few seconds up to

somewhat less than a minute.

• Unfortunately, these measurements for the

underlying case could not be carried out further

up to qp (1500 l/h for G 1") for the time being.



17

Analysis of the metrological curve: 3

EMATEM 2022, Q-Sweep, Humphrey Spoor; page / 25

• The flow part measured here (10 < q[l/h] < 95) of the total range includes 1727

traceable partial measurement fractions (with 6/7 blade redundancy); measuring

time a total of 8 minutes .

• For comparison, the log_QV graphic shows classical discrete measurement

points from an identical model; more comparison measurements with more

points are needed for these measured parts.
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Resolution and minimum test volume
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Minimum volume for a particular DUT

1. An inaccuracy of e.g., 0.1 % is desired

2. The uncertainty of impulse counting is twice (one at the start; one at the stop of the

measurement), or less than one for pulse-synchronization. Stability also plays a role

3. Pulse synchronisation can achieve say about 1/5th pulse, jitter taken into account

4. So about 200 pulses would be the minimum number

5. The PC is e.g., 50 pulses/litre (turbine meter)

6. The minimum volume is 4 liter

Likewise to be analysed for all other metrologic relevances.

The ratio between Reference and DUT should be better than five.
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Analysis of the slew rate: 1
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The slew rate in electronics is defined as

An hydrodynamic analogue will be defined here as

, following the (V,I) to (P,qv) analogy.

The Joukowsky equation for acoustical wave propagation in a tube is
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Analysis of the slew rate: 2
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Intermezzo: Joukowski linearizing

consequently from Pa/s to l/s

, following the (V,I) to (P,qv) analogy, both their multiplications expressing

the unit of power, as should be for a full analogy.

And per definition:
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So, a faster response comes with a better physical resolution. Not electronics, sometimes 

not even the meter itself, but also hydrodynamics might be the limitation!

Therefore the slew rates of both meter and flow inertia have to be considered.
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Analysis of the slew rate (relation to the FRM): 3
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The result is

The slew rate SRq characterises a real flow rate ≡ a flow-change with time. This

is an extra reason to use only the word flow (UK) and not flow rate (US) for a

volume rate [m3/s].

In reverse, the maximum sweep frequency ∆f/∆tallowed should be defined by

the DUT manufacturer through:

1. The primary constant PC [p/l]; PCDUT_principle/realisation >>

2. The slew rate in [m3/s2]; from now on manufacturer specified ?
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Uncertainty analysis: 1 (under construction)
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The standard approach to determine the global uncertainty is to derive the

physical working formula, then apply the total differential equation onto it,

specify the various sources and methods and apply the type of

determination (type-A, the statistical option is favourite).

This part is under construction.
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Conclusion part-1
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• The spectral analysis technique is an excellent way to rapidly determine

the complete metrological curve (signature) of a DUT with sufficiently

small uncertainty regarding the normative part of say EN 1434, or others,

e.g., water meters.

• It detects every anormal exemplary behaviour (Ausreißer), also outside

the three (four) obligatory EN 1434 flows, in an early stage.

• For existing piston prover - and secondary standard rigs the method is

relatively easy to implement. For primary standard rigs (scale references)

the situation is more complex.
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Advanced future program
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• Traceability (under construction)

• Consecutive measurement series (e.g., ultrasonic DUT)

• Interpretation encountered phenomena

• Ultrasonic principle meters under testing

• Step and pulse responses (as experiment)

• The influences of parameter variation

• Bigger diameters

• DIN TC176 and EN 1434 consequences


