Collecting Transient Two-phase Flow Data from
Periodic Oscillations
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Introduction — Two-phase flow and its statistical description

Two-phase flow is stochastic and complex with small-scale randomness and discontinuity.

Its deterministic and continuous description are derived through averaging which extracts
the mean and removes the discontinuity.

@ Theoretically, this is not a weak assumption. For a single realization, the time averaging alone
only rigorously removes discontinuity when the average window reach infinity. Af — +oo
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@ The deterministic, continuous, and differentiable description of two-phase flow is based on
the requirement of sampling sufficiency.
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Introduction — Sampling sufficiency requirements in experiments

Two-phase measurements face the similar requirements of sampling sufficiency.

@ For the current presentation, the conductivity probe is discussed.
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Casing size: O(1 mm) AN N =
Sensor size: O(100 pm) = Casing or channel

@ Reliable measurements of two-phase parameters requires thousands of bubble counts.
This leads to a typical measurement duration of O(1 min).
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Introduction — Limitation of time-averaging in a single realization

During a single realization of a fast transient, smoothness and convergence for local two-

phase measurement might only be met with a large running-average window.
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Introduction — Ensemble averaging

Ensemble-averaging can compensate this sampling insufficiency at the potential

cost of extra difficulty in reproducing transients.
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Introduction — Periodicity

Periodic flow repeats its realization continuously.

Collecting periodic mean flow is a good option for generating a
transient two-phase flow dataset beyond steady states.
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Method — A practice on a natural circulation facility

The idea is demonstrated on a low-pressure natural circulation facility with

flashing instability.
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Method — Flashing instability and its periodic flow

Flashing instability leads to periodic flow with low

frequencies and large amplitudes.

Adiabatic
=2m

It occurs in low-pressure natural circulation systems which experience
the transition from single-phase to two-phase operation.

Heated
3m

@ The anticipated but never reached steady states have flashing vaporization
initiated within the adiabatic chimney. _

Inlet Flow
Valve meter

It is widely reported to lead to periodic flow.

@ It leads to low-frequency oscillations. The period is in the same order

of magnitude of the fluid residence time in the hot leg. For the current % 3'2
practice, this period ranges from 7s to 30s. 3 0’4
s
I : ~ 0.2
@ It can cause strong oscillations. Inlet velocity can change from 0.2 m/s 2 oo
to 0.8 m/s in some tests. "0 5 10 15 20 25 30 35

Time, [s]
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Method - Measurement of periodic flow

Utilizing the periodicity, signals can all be “synchronized”, including those

measured during different cycles or at different locations

@ :"} @ i :} E’x i Time stamps separating oscillation
-f -* " ’ cycles can be extracted from the
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ek clean waveform.
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Method - Measurement of periodic flow
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Over 200 realizations for the globe parameters.
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Over 10 realizations for each local point measurements.
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Results — Captured waveforms of mean flow oscillations
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Results — Animation with synchronized flow visualization
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Results — Using the data as a benchmark for code validation
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Results — Using the data as a benchmark for code validation
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Results — Using the data as a benchmark for code validation
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Conclusion

Periodic flows are valuable options for practically collecting

high-quality two-phase flow dataset beyond steady states.

The periodicity of flow facilitates the collection of data for

® modeling two-phase phenomena beyond steady state.

® generating transient benchmark for code validation.
® testing the performance or investigating the convergence criteria for transient measurement devices.
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Thank you!
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Results — Test Matrix

This methodology has been practiced in the stability tests on this facility,

capturing more than 70 periodic conditions with details.
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] marks the examples.
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