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Lecture Notes: Measurement of Two-Phase Flow Parameters

Introduction

Accurate measurement of two-phase flow parameters is essential for
understanding and optimizing multiphase flow systems. These measurements help
characterize flow regimes, phase distributions, velocities, and mass flow rates in
gas-liquid, liquid-liquid, or gas-solid systems. Various techniques, both intrusive
and non-intrusive, are employed depending on the complexity of the flow and the

required accuracy.
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Key Two-Phase Flow Parameters

Flow Regime:
o The pattern of phase distribution (e.g., bubbly, slug, annular, stratified).
o Qualitative or quantitative analysis of flow regime transitions.
Void Fraction (ay):
o Fraction of the cross-sectional area occupied by the gas phase.
o Critical for determining the phase distribution and mixture properties.
Phase Velocities (ug, uy):
o Gas (ug) and liquid (u;) velocities, which influence flow dynamics.
Mass Flow Rates (m',, m’):
o The amount of each phase transported per unit time.
Interfacial Area:

o The surface area between the phases per unit volume, relevant for mass and heat
transfer.

Pressure Drop (4P):.

o The frictional and accelerational pressure losses due to two-phase interactions.
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Measurement Techniques
1. Void Fraction Measurement

Electrical Capacitance Tomography (ECT):
o Measures permittivity distribution.
o Non-intrusive, suitable for real-time monitoring.
Gamma-Ray Attenuation:
o Uses radioactive sources to measure phase densities.
o Accurate but requires safety precautions.
Optical Techniques:

o High-speed cameras or laser-based systems to visualize and quantify void
fraction.

Conductivity Probes:
o Measures electrical conductivity to infer phase fractions.

o Intrusive but highly localized.
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2. Phase Velocity Measurement
Pitot Tubes:
o Measures dynamic pressure to infer velocity.

o Intrusive and may disturb flow.
Laser Doppler Velocimetry (LDV):

o Non-intrusive, laser-based technique for local velocity measurements.
Particle Image Velocimetry (P1V):

o Uses seeded particles to track velocity fields.

o Provides spatially resolved velocity maps.
Ultrasonic Doppler Velocimetry (UDV):

o Ultrasonic waves measure phase velocities based on Doppler shift.

o Non-intrusive and effective for opaque flows.
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3. Mass Flow Rate Measurement _
Venturi or Orifice Meters: alaill @] gyl
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o Measures differential pressure to estimate total flow rate.
o Requires corrections for two-phase flow.
Coriolis Flow Meters:
o Measures mass flow rate based on fluid-induced vibrations.
o Accurate for two-phase systems.
Thermal Flow Meters:
o Measures flow rate based on heat dissipation.
o Limited by phase change effects.
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4. Flow Regime Identification
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High-Speed Imaging:

o Visualizes flow patterns for qualitative analysis.
Acoustic Sensors:

o Detects sound patterns associated with different regimes.
Pressure Fluctuation Analysis:

o Measures unsteady pressure signals to infer flow regimes.
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5. Interfacial Area Measurement
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Laser-Induced Fluorescence (LIF):

o Visualizes and quantifies interfacial surface area.
X-ray Tomography:

o Provides detailed 3D phase distribution.
Conductivity Probes:

o Estimates interfacial area based on local measurements.
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6. Pressure Drop Measurement
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Differential Pressure Transducers:
o Measures pressure difference across a known length of pipe.
Capacitive or Strain-Gauge Sensors:

o Detects small pressure changes with high accuracy.
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Comparison of Techniques
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Parameter Technique Intrusive Accuracy Remarks S e
Void Gamma-Ray, Mixed High Gamma-Ray for dense
Fraction ECT. Probes flows; ECT for real-time

monitoring.
Phase LDV, PIV, UDV Mon- Very High LDV and PIV require
Velocity Intrusive transparent media.
Mass Flow Coriolis, Venturi, Mixed Moderate- Coriolis i1s robust but
Rate Orifice Meters High expensive,
Flow High-5peed Mon- Moderate Imaging is qualitative;
Regime Imaging. Intrusive acoustic sensors for
Acoustic real-time.

Pressure Pressure Intrusive High Simple and reliable.
Drop Transducers
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Challenges in Measurement

Phase Separation:

o Difficulty in ensuring uniform phase distribution.
Opaqgue Flows:

o Non-intrusive techniques like LDV and PIV struggle with visualization.
Dynamic Flows:

o Rapid transitions in flow regimes complicate measurements.
Intrusive Effects:

o Probes and sensors may disturb the flow field.
Calibration and Validation:

o Empirical corrections are often needed, especially for non-Newtonian or
complex fluids.
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Applications
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Oil and Gas Industry:

o Monitoring pipelines for slugging and phase distribution.
Nuclear Reactor Systems:

o Ensuring coolant behavior in two-phase heat transfer.
Chemical Engineering:

o Optimizing distillation columns and multiphase reactors.
Environmental Engineering:

o Studying sediment transport and pollutant dispersion.
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Measurement of two-phase flow parameters is critical for the design and ~ sowworcsces

operation of multiphase systems. While no single method is universally
applicable, combining techniques (e.g., optical methods for visualization and
ultrasonic methods for velocities) often yields the most comprehensive
understanding of the flow. Engineers must balance accuracy, cost, and
Invasiveness when selecting the appropriate measurement approach.
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