
One-Dimensional Two-Fluid Model  
for a Two-Phase Flow 
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One-Dimensional Two-Fluid Model (I) 

 The one-dimensional, transient, two-phase flow:  
     - a two-phase steam-water mixture 
     - noncondensable gases (NCG) in the steam phase  
     - a soluble component in the water phase 
 
      Two-Fluid Model  
 
         G.B. Wallis (1969) 
            M. Ishii (1975) 
            J.M. Delhaye (1981) 
            R.T. Lahey, Jr. (1977) 
            M. Ishii and T. Hibiki (2006) 
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One-Dimensional Two-Fluid Model (II) 

 Void fraction (Volume fraction of vapor phase) 
     - Time-averaged volume fraction: 

 
 
 

     - Local volume fraction  
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In the two-fluid formulation, it is assumed that the liquid and vapor phase 
occupy common space with a volume fraction of αk  under the common 
pressure gradient. 
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One-Dimensional Two-Fluid Model (III) 

 The two-fluid equations are formulated in terms of  
     volume and time-averaged parameters of the flow:  
     - Two-phase mixture is divided into liquid (l) and vapor (v) phases 
     - Conservation of mass, energy, and momentum is separately  
        established for each phase. 
     - The conservation equations for two phases are interconnected  
        by jump conditions at the liquid-vapor interface. 

Bubbly flow 
 
 
Stratified flow 
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Governing Equations (I) 

 Mass Conservation  
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where  Volume fraction of k-phase, 

Density of k-phase, 

Velocity of k-phase, 

Interfacial mass transfer rate of k-phase.  
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 Momentum Conservation 
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Governing Equations (II) 
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Pressure, 

Body force (Gravity) of k-phase, 

Virtual mass force, 

Interfacial drag force of k-phase, 

Wall frictional force of k-phase. 
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 Energy Conservation 
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where Qik represents the interface energy transfer due to the phase change 
and the interfacial heat transfer.   

Governing Equations (III) 
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Jump Conditions 

 Mass Transfer at the Liquid/Vapor Interface 

 Momentum Transfer at the Liquid/Vapor Interface 

 Energy Transfer at the Liquid/Vapor Interface 
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Summary of the Governing Equations  
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iliv QQ −=
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Mathematical Closure  

 The number of unknowns should be equal to the number  
     of the equations 
 
      Equation of State 
      Models and Correlations 
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Equation of State (EOS) 
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Under the presence of noncondensable gases, 
the gas-phase EOSs become different from  
the above EOSs. 
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Models & Correlations 

 For mathematical closure, models & correlations as  
    well as EOSs are needed: 
    - Wall heat transfer 
    - Wall friction 
    - Interface heat & mass transfer 
    - Interface momentum transfer 
    - Etc. 
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