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Lecture Notes: Pressure Drop Measurement in Two-Phase Flow

Introduction

Pressure drop measurement in two-phase flow is a critical aspect of 

understanding and designing multiphase systems such as pipelines, heat 

exchangers, and reactors. Two-phase pressure drop results from frictional, 

accelerational, and gravitational effects as gas and liquid phases interact. 

Accurate measurement is essential for optimizing energy efficiency and 

ensuring system reliability.
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Components of Pressure Drop in Two-Phase Flow
The total pressure drop (𝛥𝛥𝑃𝑃𝑇𝑇𝑇𝑇) in a two-phase flow system is the sum of three 
components:
Frictional Pressure Drop (𝚫𝚫𝐏𝐏𝐟𝐟):

o Caused by shear stresses at the pipe wall.
o Depends on flow regime, fluid properties, and pipe roughness.

Gravitational Pressure Drop (𝚫𝚫𝐏𝐏𝐠𝐠):

o Due to the weight of the fluid in the flow direction.
o Significant in inclined or vertical pipes.

Accelerational Pressure Drop (𝚫𝚫𝐏𝐏𝐚𝐚):
o Results from phase acceleration due to density and velocity changes.
o Common in systems with boiling or condensation.

𝛥𝛥𝑃𝑃𝑇𝑇𝑇𝑇 = 𝛥𝛥𝑃𝑃𝑓𝑓 + 𝛥𝛥𝑃𝑃𝑔𝑔 + 𝛥𝛥𝑃𝑃𝑎𝑎`
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Pressure Drop Measurement Techniques
1. Differential Pressure Transducers
• Measures the pressure difference across two points in the pipeline.
• Used for steady and unsteady flow conditions.
• Highly accurate for local pressure drop measurements.
Advantages:
• Simple and reliable.
• Suitable for a wide range of flow conditions.
Limitations:
• Sensitive to calibration errors.
• May require multiple sensors for long pipelines.
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2. Orifice Meters

• Measures pressure drop across an orifice plate installed in the pipe.

• Empirical correlations are used to relate pressure drop to flow rates.

Advantages:

• Widely used and inexpensive.

• Easy to install and maintain.

Limitations:

• Introduces a flow obstruction.

• Requires corrections for two-phase flows.
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3. Venturi Meters

• Measures pressure drop across a converging-diverging section of the pipe.

• Accurate for mass flow rate calculations in two-phase systems.

Advantages:

• Minimal energy loss.

• Well-suited for compressible and incompressible flows.

Limitations:

• More expensive than orifice meters.

• Complex flow regimes require empirical corrections.
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4. Pitot Tubes

• Measures the stagnation pressure of the fluid.

• Used to estimate velocity and pressure drop in localized regions.

Advantages:

• Non-intrusive to the overall flow.

• Effective for gas-liquid systems.

Limitations:

• Requires detailed calibration.

• Less effective in highly turbulent or slug flow regimes.
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5. Capacitive or Strain-Gauge Sensors

• Measures deformation caused by pressure differences.

• Suitable for real-time monitoring of unsteady flows.

Advantages:

• High sensitivity and accuracy.

• Ideal for transient measurements.

Limitations:

• Requires regular calibration.

• Expensive compared to traditional transducers.
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6. Gamma-Ray and X-Ray Tomography

• Indirectly measures pressure drop by analyzing density variations across 

phases.

Advantages:

• Non-intrusive.

• Provides additional information on phase distribution.

Limitations:

• Expensive and requires safety precautions.

• Limited to specific industrial applications.
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Factors Influencing Pressure Drop Measurement
Flow Regime:

o Bubbly, slug, annular, and stratified flows exhibit different pressure drop 
characteristics.

o Empirical correlations are flow-regime dependent.
Pipe Orientation:

o Horizontal, inclined, and vertical pipes require different gravitational 
corrections.

Phase Interaction:
o Slip between phases and void fraction significantly affect the measured 

pressure drop.
Fluid Properties:

o Density, viscosity, and surface tension of the phases alter flow dynamics.
Instrumentation:

o Accuracy, calibration, and resolution of sensors impact measurement 
reliability.
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Empirical Correlations for Two-Phase Pressure Drop
Lockhart-Martinelli Correlation:

o Relates two-phase pressure drop (ΔPTP) to single-phase pressure drops (ΔPL
andΔPG).

o Introduces the dimensionless Lockhart-Martinelli parameter (X).
ΔPTP = ϕ2ΔPL

Where ϕ2 is the two-phase multiplier, dependent on X and flow regime.
Chisholm Correlation:

o Extends Lockhart-Martinelli for compressible flows.
o Uses a flow regime constant (C).

Homogeneous Flow Model:
o Assumes no slip between phases.
o Simplifies calculation but less accurate for stratified or annular flows.
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Applications

Oil and Gas Pipelines:

o Pressure drop measurement ensures efficient transport of oil-gas 

mixtures.

Heat Exchangers:

o Monitoring two-phase pressure drop in evaporators and condensers.

Chemical Reactors:

o Optimizes gas-liquid and liquid-liquid multiphase systems.

Nuclear Reactors:

o Ensures safety and efficiency in coolant flow systems.
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Challenges in Measurement

Complex Flow Regimes:

o Rapid transitions between regimes complicate measurement and 

interpretation.

Instrumentation Limitations:

o Sensors may struggle in high-pressure, high-temperature environments.

Empirical Corrections:

o Require experimental validation for specific fluids and flow conditions.

Phase Distribution:

o Uneven distribution of gas and liquid phases affects accuracy.



Dr. Burhan S. A.

Conclusion

Pressure drop measurement in two-phase flow systems is critical for 

system design, operation, and troubleshooting. A variety of methods, from 

transducers to advanced imaging techniques, are available to address 

specific needs. However, the choice of method must consider flow regime, 

fluid properties, and required accuracy. Combining direct measurements 

with empirical correlations often provides the best results.
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