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8.1 Introduction

❖ Mixture momentum equation

✓ Alternative form

✓ The acceleration terms are often important in two-phase flows with phase

change.

✓ In steady-state boiling or condensing flows, the magnitude of the spatial

acceleration term is often larger than the frictional pressure gradient.



8.1 Introduction

❖ Integration of the momentum equation

✓ Other terms appear that cannot be included in 1D equations.

✓ Form (minor) pressure drops

▪ Caused by abrupt changes in flow area

▪ Result from complicated multi-dimensional processes

❖ In the forthcoming sections

✓ Frictional pressure drops

✓ Minor pressure drops

total pressure drop due to flow disturbance



8.2 2- frictional pressure drop in homogenous flow

❖ In homogeneous mixture (HM)

✓ Two phases remain well mixed and move with identical velocities everywhere

✓ Acts as a single-phase fluid that is compressible and has variable properties

❖ HM flow along a 1D conduit

✓ For turbulent single-phase flow

✓ For homogeneous two-phase flow

▪ Viscosity of a HM

Blasius’s correlation, fanning friction factor – ¼ of Darcy friction factor



8.2 2- frictional pressure drop in homogenous flow

❖ Four different forms

✓ For example,

Single-phase-flow based pressure gradient terms

L0, G0: frictional pressure gradient when all the mixture is liquid and gas

L: frictional pressure gradient when only pure liquid at a mass flux 
G(1 – x) flows in the channel

G: frictional pressure gradient when only pure liquid at a mass flux 
Gx flows in the channel



8.2 2- frictional pressure drop in homogenous flow

❖ Four different forms

✓ For example,

✓ Also,

✓ This analysis also has introduced us to the concept of two-phase multipliers,

which provides a good way for correlating two-phase frictional pressure losses.

✓ However, the idea of two-phase multipliers was developed based on an

idealized annular flow (Lockhart and Martinelli, 1949)

Φ𝐺
2 = Φ𝐺0

2 ⋅ 𝑥−7/4



8.2 2- frictional pressure drop in homogenous flow

❖ Correlations for the homogenous two-phase viscosity



8.2 2- frictional pressure drop in homogenous flow

❖ Beattie and Whalley (1982)

✓ For mini channels and narrow rectangular channels and annuli

✓ Modification of the homogeneous flow model

❖ HM model

✓ Performs reasonably well when the two-phase flow pattern represents a well-

mixed configuration (e.g., dispersed bubbly).

✓ In general, however, it deviates from experimental data for flow patterns such as

annular, slug, and stratified flows



8.3 Empirical Two-Phase Frictional Pressure Drop Methods

❖ Empirical model

✓ Originally developed by Lockhart and Martinelli (1949)

✓ Based on a simple separated flow model

✓ Applicable to all flow regimes

✓ G effect is included.

❖ Lockhart and Martinelli method

✓ Martinelli parameter (factor)

✓ Correlated Φ𝐺
2 and Φ𝐿

2 as functions of 𝑋

✓ For turbulent-turbulent flow combination

▪ Using Blasius’ correlation

Martinelli parameter

Φ𝐺
2 = Φ𝐺0

2 ⋅ 𝑥−7/4



8.3 Empirical Two-Phase Frictional Pressure Drop Methods

❖ Lockhart and Martinelli method

✓ Algebraic correlations have proposed based on the LM approach

✓ Widely used correlation (Chisholm and Laird, 1958; Chisholm, 1967)

✓ It has been found, however,

that C is not a constant and is sensitive to

the size of the channel.

water, oil, and hydrocarbons in flow passages with D = 1.49– 25.8 mm



8.3 Empirical Two-Phase Frictional Pressure Drop Methods

❖ Some proposed methods for the calculation of the constant C



8.3 Empirical Two-Phase Frictional Pressure Drop Methods

❖ Kim and Mudawar (2012)

✓ 7115 adiabatic and condensing two-phase channel flow data points, and covers

the following parameter range



8.3 Empirical Two-Phase Frictional Pressure Drop Methods

❖ Kim and Mudawar (2012)

✓ For single-phase Fanning friction factors

▪ 𝛼∗: aspect ratio of the rectangular cross section

▪ Maximum mean average error: 26.8 %



8.3 Empirical Two-Phase Frictional Pressure Drop Methods
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8.3 Empirical Two-Phase Frictional Pressure Drop Methods

❖ Example of two-phase pressure drop calculation

● A mixture of gas and oil flow through a pipeline.

● Find the two-phase pressure gradient using the Lockhart-Martinelli correlation.

● Physical parameters

▪ Pipe relative roughness e = 0.0001

▪ Pipe diameter D = 150 mm

▪ Liquid flowrate WL = 20 kgs- 1

▪ Gas flowrate WG = 2 kgs- 1

▪ Liquid viscosity  L = 0.005 Pa  s

▪ Gas viscosity G = 1.35×10-5 Pa  s

▪ Liquid density L = 710 kgm-3

▪ Gas density G = 2.73 kgm-3



8.3 Empirical Two-Phase Frictional Pressure Drop Methods

❖ Example of two-phase pressure drop calculation

● A mixture of gas and oil flow through a pipeline.

● Find the two-phase pressure gradient using the Lockhart-Martinelli correlation.

● Mass fluxes

▪ Cross-sectional area of pipe A=D2/4 = 0.018 m2

▪ Liquid mass flux GL=WL/A = 1131.8 kg/(m2S)

▪ Gas mass flux GG=WG/A= 113.2 kg/(m2S)

● Reynolds numbers

▪ Liquid Reynolds number ReL=GLD/ L = 3.395104

▪ Gas Reynolds number ReG=GGD/ G = 1.258106

● Friction factors: numerical solution method
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8.3 Empirical Two-Phase Frictional Pressure Drop Methods

❖ Example of two-phase pressure drop calculation

● A mixture of gas and oil flow through a pipeline.

● Find the two-phase pressure gradient using the Lockhart-Martinelli correlation.

● Individual pressure gradient

▪ Liquid phase pressure gradient

▪ Gas phase pressure gradient

● Lockhart-Martinelli factor and the total pressure gradient
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8.3 Empirical Two-Phase Frictional Pressure Drop Methods

❖ Martinelli-Nelson method (1948)

✓ Frictional pressure drop in boiling channels, assuming a saturated mixture

✓ Pressure: 1 bar~221 bars (water’s critical pressure)

✓ For a uniformly heated boiling channel with uniform cross section

✓ Approximation to Martinelli-Nelson curve

▪ Soliman et al. (1968)

▪ Friedel (1979)

← 𝐿 ← 𝑥𝑜𝑢𝑡

←
𝑥
𝑜
𝑢
𝑡

vertical downward flow

horizontal and vertical upward flow

𝐹𝑟 = 𝐺2𝐷/𝑔𝐷𝜌ℎ
2

𝑊𝑒 = 𝐺2𝐷/𝜌ℎ𝜎



8.3 Empirical Two-Phase Frictional Pressure Drop Methods

❖ Martinelli-Nelson method (1948)



8.3 Empirical Two-Phase Frictional Pressure Drop Methods

❖ Martinelli-Nelson method (1948)



HW-3

❖ Frictional pressure drop in NEOUL-R

✓ Before OSV, single-phase pressure drop

✓ After OSV, Martinelli-Nelson

▪ Interpolation for pressure conditions

← 𝐿 ← 𝑥𝑜𝑢𝑡

←
𝑥
𝑜
𝑢
𝑡


