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Critical Venturi vs. Bell Prover - A Comparison of Gas Flow Calibration
Technologies

When calibrating gas flow meters, the highest level of precision is essential. Two technologies are at the forefront of
this task: the classic Bell Prover as a primary reference standard, and Critical Venturi or Sonic Nozzle gas
calibrators, which are based on modern fluid dynamic principles.

Although Bell Provers have long been considered the standard in gas flow metrology, the question is increasingly
being raised: Are they still relevant today in industrial environments where high flexibility, low maintenance, and cost-
efficiency are key factors?

Advantages and Disadvantages of a Bell Prover

A Bell Prover is a device used as a primary standard for calibrating gas flow meters. It works by precisely measuring
the displacement of a calibrated bell within a sealed container, typically filled with a liquid, over a measured time
period. This displacement, along with temperature and pressure measurements, allows for accurate calculation of
gas flow rate.

As a purely mechanical system, it presents certain practical limitations. Due to its finite stroke length, Bell Provers
are suitable only for time-limited calibration runs. Calibration point must be taken before the stroke of the Bell ends.

Additionally, the moving parts require regular maintenance, which increases operational effort. Bell Provers also take
up a considerable amount of space and involve comparatively high investment costs. The usable flow range is
limited as well - the typical turndown ratio is approximately 100:1 to a maximum of 150:1.

Advantages and Disadvantages of a Critical Venturi / Sonic Nozzle Gas Calibration System

Critical nozzle systems utilize the principle of choked flow to enable high-precision flow measurement. In a
precisely designed nozzle, the upstream-to-downstream pressure ratio is set to at least 1.4:1, which causes the flow
velocity at the narrowest point (the throat) to reach Mach 1. This state is referred to as choked flow. At this point, the
flow rate can no longer be increased by further reducing downstream pressure -it becomes dependent only on
upstream pressure and temperature.

At a constant temperature, the flow rate is directly proportional to the upstream pressure. By combining multiple
nozzles, an exceptionally wide flow range can be achieved -with a turndown ratio of 2,000:1, 4,000:1, or even higher.
Since there is no mechanical movement involved, continuous operation without interruptions is possible.

Another advantage lies in pressure independence: calibration can be carried out precisely even under varying
system pressures. The absence of moving parts eliminates the need for typical maintenance tasks and mechanical
wear.

From an economic perspective, the technology is also convincing: compared to a Bell Prover with a similar
measurement range, the investment in a critical nozzle system is significantly lower.

Calibration and Operational Reliability

A common argument against sonic nozzles is that they are not primary standards and therefore require traceability.
However, in practice, this is not a significant drawback. Thanks to their mechanical stability, sonic nozzles typically
only require recalibration at long intervals - usually every 5 to 10 years. When traceability is ensured, the
measurement uncertainty can match that of a primary standard such as the Bell Prover.

Due to the comparatively low cost, it is economically viable to keep a second nozzle set available. This allows one
set to be recalibrated while the other remains in operation - completely avoiding calibration downtimes and
increasing overall operational reliability.
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Conclusion: What Is the Right Choice?

|Criteria ||Be|| Prover ||Sonic Nozzle |
|Primary Standard ” Yes ”X No |
[Flow Range |[100:1-150:1 |[Up to 4,000:1 or more |
|Continuous Calibration ”X No ” Yes |
|Ca|ibration at High Pressure ”X No ” Yes |
|Maintenance Costs ”X High || Very Low |
|Investment Costs ||X High || Low |
|Measurement Uncertainty ” Very Low ” Very Low (when calibrated) |

¥ Recommendation:
If a primary standard is legally or normatively required, the Bell Prover remains the appropriate choice.

In all other cases - especially in industrial calibration processes - critical nozzle technology offers a more
efficient, economical, and low-maintenance alternative.
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