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In this paper, gas-liquid two-phase flow in the annulus of a real well during under-balanced drilling 
operations is simulated numerically. Oil and gas flow from the reservoir into the annulus is considered 
due to under-balanced drilling condition. A numerical code based on one-dimensional form of steady-
state single pressure two-fluid model in the Eulerian frame of reference is developed and its results are 
validated using experimental data from two real wells. The results of numerical simulation show better 
accuracy in comparison with other researches. Given the importance of prediction and control of the 
bottom-hole pressure and the amount of oil and gas production during the drilling operations, the effects 
of controlling parameters such as liquid and gas injection flow rate and choke pressure are discussed. 
Also, the effects of different controlling parameters on the characteristics of two-phase flow pattern, 
including liquid and gas void fractions, liquid and gas velocities and pressure distribution along with the 
annulus are discussed. According to the results, the effects of choke pressure and injected liquid flow 
rate on the production of the oil from the reservoir are independent of the values of each other and are 
dependent on the injected gas flow rate. 
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Fig. 1 Well geometry, discretized annulus and calculation path 
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Table 1 Muspac 53’s annular well geometry  

)m( )mm( )mm( 
0-2555 152.5 88.9 

2555-2597 152.5 120.7 
2597-2605 149.2 - 

 

2 53 
Table 2 Muspac 53’s operational parameters  

  
  2605 m 

 940 kg m 
 301.15 k 

 2.83 k/100m 
)  28.02 

 15.008 m min 
 0.503 m min 

)  0.31 MPa 
 17.24 MPa 
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Fig.  2 Comparison of pressure distribution obtained from two fluid 
model with actual data and mechanistic model 

2 
   

3  1166 
Table 3 Iride 1166’s annular well geometry  

)m(  )mm( )mm( 
0-3764 168.3 88.9 

3764-3901  168.3 120.7 
 

4  1166 
Table 4 Iride 1166’s operational parameters  

  
 949 kg m 

 302.4 k 
 3.06 k/100m 

)  28.02 
 10 m min 

 0.4542 m min 
)  0.207 MPa 

5  1166  
Table 5 Iride 1166’s flow test data  

   
 27.1 MPa 

  1275.2 m day 
 287.3 m m 
 805.6 kg m 

 0.65 
 18.83 

 20.7 MPa 
 474 m day 

  

6  
Table 6 Result validation  

   
 MPa 

 
m day 

  ]13[ 20.700 474 
 20.645 489 

 %0.266 %3.166 
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Fig. 3 Grid study 
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Fig.  4 The effect of gas injection flow rate on the distribution of gas 
void fraction in the annulus  
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Fig.  5 The effect of gas injection flow rate on the distribution of gas 
velocity in the annulus  
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Fig. 6 The effect of gas injection flow rate on the distribution of liquid 
velocity in the annulus  
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Fig 7 The effect of gas injection flow rate on the distribution of 
pressure in the annulus  
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Fig. 8 The effect of liquid injection flow rate on the distribution of gas 
void fraction in the annulus  
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Fig. 9 The effect of liquid injection flow rate on the distribution of gas 
velocity in the annulus  

9   

  

Fig. 10 The effect of liquid injection flow rate on the distribution of 
liquid velocity in the annulus  

10   

  

Fig. 11 The effect of liquid injection flow rate on the distribution of 
pressure in the annulus  
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Fig. 12 The effect of choke pressure on the distribution of gas void 
fraction in the annulus 
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Fig. 13 The effect of choke pressure on the distribution of gas velocity 
in the annulus  

13   

  

Fig. 14 The effect of choke pressure on the distribution of liquid 
velocity in the annulus  
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Fig. 15 The effect of choke pressure on the distribution of pressure in 
the annulus  
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Fig. 16 The effect of injected gas flow rate on the oil production at 
different flow rate of injected liquid phase  
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Fig. 17 The effect of injected gas flow rate on the oil production at 
different chock pressure  
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Fig. 18 The effect of injected liquid flow rate on the oil production at 
different flow rate of injected gas phase 
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Fig. 19 The effect of injected liquid flow rate on the oil production at 
different chock pressure 

19   

"20" 
    .

  .  .
   

   . 
 

"17" 

   
"21"   

 .   

  .
  .

  

  

Fig. 20 The effect of chock pressure on the oil production at different 
flow rate of injected gas phase 
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Fig. 21 The effect of choke pressure on the oil production at different 
flow rate of injected liquid phase 
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