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Introduction

Models Assumptions Application

Homogeneous 
model

• Equal vapor & liquid velocities
• Thermodynamic equil. between phases

• Dispersed flow
• High-speed flow

Separated flow 
model

• Constant but not equal velocities for both 
phases

• Thermodynamic equil. between phases

• Annular flow 
• Horizontal separated 

flow

Drift flux 
model

• Mixture momentum equation
• Relative velocity + concentration & velocity 

profiles

• Bubbly, slug & churn 
flow

• Counter-current flow

Two-fluid 
model

• Two sets of balance equations 
• Thermodynamic equilibrium within phases
• Detailed model for interface interactions

• General

Three-fluid 
model

• Different treatment of droplet fluid from the 
liquid film

• General (in particular 
annular dispersed flow)



Drift Flux Model

❖ History of diffusion model
✓ Drift-flux model (Zuber & Findlay, 1965)
✓ Mixture model (Ishii, 1975)
✓ Algebraic-slip model (Pericleous & Drake, 1986)
✓ Suspension model/approach (Verloop, 1995)
✓ Diffusion model (Ungarish, 1993; Ishiii, 1975)
✓ Local equilibrium model (Johansen et al., 1990)

❖ Drift flux model (DFM)
✓ The most widely used diffusion model
✓ Semi-empirical method for modeling the gas-liquid velocity slip
✓ Accounting for the effects of lateral non-uniformity

✓ One momentum equation
▪ Velocity of one of the phases (or the mixture)
▪ Slip velocity relation to find the other phasic velocity
▪ Significant savings in computational cost
▪ Major difficulties associated with the 2FM can be avoided

– Interfacial transport constitutive relations
– Flow regime dependent parameters
– Numerical difficulties



Drift Flux Model

❖ Drift flux parameters

✓ Multiply 

✓ Area averaging
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Drift Flux Model

❖ Drift flux parameters

✓ Distribution parameter (concentration parameter, distribution coefficient)

✓ Gas drift velocity
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Drift Flux Model

❖ Drift flux parameters
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Drift Flux Model

❖ Drift flux parameters
✓ Distribution parameter (concentration parameter, distribution coefficient)

If the void fraction is uniform across the duct

If the void fraction at the center is lower
than that at the wall

If the void fraction at the center line is 
larger than that close to the wall
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Drift Flux Model

❖ Useful relations

✓ Slip ratio and slip velocity
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Drift Flux Model

❖ Useful relations
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Eqs. (6.14-15)

( )
LLGG UUj  −+= 1 ( )

'

gj

GL
V

G
j







−
+=

Eqs. (6.13)



Drift Flux Model

❖ Useful relations
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Drift Flux Model

❖ Suitability of the DFM

✓ Ordinate intercept

✓ Slope

❖ Limitations of the DFM
✓ Best applicable to 1D flows
✓ Not recommended for flow patterns with

▪ Large slip velocities
▪ Bubbly, slug churn flow patterns
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Drift Flux Model

❖ Empirical drift flux model parameters (Chap. 6.3~6.5)

✓ Distribution parameter

✓ Gas drift velocity

✓ For pipe flow (proposed by Ishii)

▪ For bubbly flow For churn flow

▪ For slug flow For annular flow
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Drift Flux Model

❖ For various angles

✓ Woldesemayat and Ghajar (2007)

▪ θ: angle of inclination with respect to the horizontal plane

▪ Fluid: air–water, water–natural gas, and air–kerosene

▪ The coefficient 2.9 in this equation is in 𝑚−0.25 units in the SI unit system



Drift Flux Model

❖ For various angles

✓ Bhagwat and Ghajar (2014) 

▪ θ: angle of inclination with respect to the horizontal plane

▪ Fluid: air–water, argon–water, natural gas–water, air–kerosene, air–glycerin, argon–

acetone, argon–ethanol, argon–alcohol, steam–water, air–oil

– Liquid–vapor mixtures of various refrigerants

– R-11, R-12, R-22, R-134a, R- 114, R-410A, R-290, R-1234yf

▪ Liquid viscosity:

▪ System pressure: 

▪ Two-phase Reynolds:



Drift Flux Model

❖ For various angles

✓ Bhagwat and Ghajar (2014) 



Drift Flux Model

❖ For various angles

✓ Bhagwat and Ghajar (2014) 



Drift Flux Model



Drift Flux Model



Drift Flux Model
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Drift Flux Model
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Drift Flux Model
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Drift Flux Model
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Drift Flux Model

❖ Homework-1

✓ Void fraction estimation in NEOUL-R experiment

✓ Vertical and inclined conditions

✓ Using Bhagwat and Ghajar (2014) 

✓ Check the OSV point

✓ If 𝑥𝑒𝑞,𝑒𝑥𝑖𝑡 < 𝑥𝑂𝑆𝑉, this approach is not available.

✓ If 𝑥𝑒𝑞,𝑒𝑥𝑖𝑡 > 𝑥𝑂𝑆𝑉, calculate the flow quality using the Ahmad (1970) model.

✓ Then, you can calculate the void fraction

000,70LPeIf

(ℎ𝑓 − ℎ𝑂𝑆𝑉) ≤ 0.0022𝑞𝑤
" 𝐷𝐻𝐶𝑃𝐿/𝑘𝐿

000,70LPeIf

(ℎ𝑓 − ℎ𝑂𝑆𝑉) ≤ 154𝑞𝑤
" /𝐺

LPLHL kCGDPe /= 𝑥𝑒𝑞,𝑂𝑆𝑉 = (ℎ𝑂𝑆𝑉 − ℎ𝑓)/ℎ𝑓𝑔



Drift Flux Model

❖ Homework-1
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