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1- Introduction: 
   
Background         
           Two-phase flow is widely seen in the nature: Rain, snow, smog, 
dust-flow, etc. 
 
Two-phase Flow: 
Is a flow of two-phase mixture of a substance with the same chemical 
composition.    (e.g., Water-steam flow, water-ice flow, etc.) 
 
Two-Component Flow:  
Is a flow of two-component mixture with different chemical composition. 
(e.g., air-water flow, oil-water flow, air-dust flow, etc.) 
 
Two- phase flows are related to the phase-change Phenomena. 
(e.g., boiling, condensation, freezing, melting, solidification, 
crystallization). 
 
 
 
2- Notation and relations: 
Subscripts   

f = fluid 
g= gas 
l= liquid 
h= enthalpy 
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3- Flow patterns: 
 
Vertical flow patterns 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a), (d), (f), (h) and (i): Flow patterns frequently observed in large diameter 
tubes. 
(b), (c), (e) and (g): Flow patterns specially appear in capillary tubes. 



Horizontal flow patterns 
 

 
 
     
 
 
 
 
 
 
 
 
 

 
Flow pattern maps 
 

(1) Vertical flow [Hewitt & Roberts, 1969] 
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(2) Horizontal flow [Baker, 1954] 
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(3) Generalized map [Taitel & Dukler, 1976] 

 
 

         a+b : F vs. X 
         
         c : K vs. X 
         
         d : T vs. X 
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When using the McAdams Correlations, 
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     Laminar flow 
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(Laminar Flow) 
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Acceleration Pressure Drop 
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Gravitational Pressure Drop 
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5- Separated flow model: 
 
Pressure Drop Correlations:- 
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For a circular tube of diameter, D 
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Where gfgofo φφφφ ,,,   are the two-phase frictional multipliers related to 
each other as follows: 
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Finally,  
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6- Examples: 
 
  1- Using the homogeneous flow pressure drop method, calculate the two 
phase pressure drop for up flow in vertical tube of 10mm internal diameter 
that is 2m long .The flow is adiabatic ,the mass flow rate is 0.02 kg/s and 
the vapor quality is 0.05 .The fluid is R-123 at a saturation temperature of 

3οC and saturation pressure of 0.37 bar ,whose physical properties are : 
ρl= 1518 kg/m3  ,  ρg= 2.6 kg/m3  ,  µg= 12.6×10-6 Pa.s  , µl= 58.56×10-5 Pa.s 
 
Solution: 
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1- Find the flow pattern when 4 kg/s of steam –water mixture of quality 20% at 20 bar             
flows in a circular tube of internal diameter 0.1 m: 
   a) When the flow is vertically upward. 
   b) When the flow is horizontal. 
The physical properties required are: 
ρl= 850 kg/m3,    ρg = 10 kg/m3   ,  μl= 128*10-6 Pa.s  ,  μg= 16*10-6 Pa.s       
 
 
2- A steam –water mixture of quality 0.1 at 5 bar flow through a smooth vertical round 
tube of diameter 0.05m.The total flow rate is 0.6 kg/s .Calculate: 
  a) The homogeneous void fraction.  
  b) Homogeneous gravitational pressure gradient. 
  c) Homogeneous frictional pressure gradient. 
The physical properties required are: 
ρl= 915 kg/m3,    ρg = 2.67 kg/m3   ,  μl=180*10-6 Pa.s ,  μg= 14*10-6 Pa.s 

[0.97 ; 255 N/m3 ; 547 N/m3] 
 

3- Consider mixture of water (Wl=0.42 kg/s) and air (Wg=0.01 kg/s) flowing upward in a 
vertical pipe (D=25mm ,L=45cm). Given friction factor of (f=0.079/Re0.25).Find the total 
pressure drop ,the volumetric flow rates ,void fraction ,and mean water and air velocity. 
Using homogeneous model. 
the physical properties required are: 
ρl= 915 kg/m3,    ρg = 1.2 kg/m3   ,μl= 1*10-3 Pa.s ,  μg= 1.8*10-5 Pa.s       

[3169 N/m2 ; 0.00833m3/s ; 0.0042m3/s ; 0.952 ; 17.65m/s] 
 


