
Flow in Gas Wells 
 
 Assumptions 
  Kinetic Energy change is negligible 
  Flow is steady state and isothermal 
  No work done by the gas flow 
 
R. V. Smith derived the equation for vertical flow 
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 Q = Flow rate, mscfpd 
 Ta = Average Temperature, oR 
  d = ID of pipe, inches 
 P1 = Sand face pressure, pwf , at depth X, psi 
 P2 = Well head pressure, THP, psi 
 S = .0375γX/Taza 
 γg = gas gravity 
 f = friction factor 
 
This equation also assumes a constant z and temperature. 
The gravity of the fluid when a liquid is present is found be the following 
equation 
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There is two ways of finding the friction factor required for equation 2-18.  
The first is using a table using the ID of the tubing and γQ/μ to get the value.  
Cullender & Binckley showed that the absolute roughness of .0006 and 
.00065 will work for all pipe from 1.25 to 8.625”.  So they expressed the 
friction factor in terms of Q, γ, d, & μ, 
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Moody friction factors 
 
Rewrite equation 2-18 for Moody Friction Factors   
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Cullender & Binkley Friction Group 
 
Rewrite equation 2-18 for Fanning Friction Factor 
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 Q is mmscfpd,  P2 is in 1/1000 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
Poettmann derived an equation to take in to account the changing z factor. 
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tables are used to solve the integrals in these equations.  This method 
requires for the pressure to computed at several depths and then plotted 
pressure vs. depth.  The value for the BHP is found from this graph. 
 
 
To calculated the static bottom hole pressure of a gas well use the following: 
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X is the Δh, P1 is the wellhead pressure, P2 is the bottom hole pressure, psia. 
 
 
 
 
 
 
 
 
 



 
 



 



Wellbore Flow 
Summary 

 
Flow regimes 
  Flow in the wellbore is not single phase in most cases but a 
multiphase flow of gas and liquid.  This breaks down to 5 flow regimes with 
varying ratios of liquid to gas.  Each of these regimes has different effects on 
the friction generated by the flow up the well. 
 
Methods  
Poettman & Carpenter Method  
 
 Assumes negligible kinetic energy and external work done by the 
flow.  The energy loss is caused by slippage and frictional effects. 
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and is found from a plot of empirical data using 
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The pressure drop over short lengths of the well is used to find a pressure 
profile of the well.  The Δp should not be more than 10% of the pressure. 
 
 
Modified Hagedron & Brown(mH-B) 

A two-phase flow correlation using a two phase Reynolds Number.  
This is for non-bubble flow, Griffith method is used for bubble flow.  The 
input fraction of gas is used to determine if the flow is in the bubble regime, 
λg<LB. 
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Then using 4 dimensionless numbers to find the liquid hold up (ψ), and the 
Reynolds number from the correlation graphs.  Using the two-phase 
Reynolds number and the Moody chart to find the friction factor to use in 
the equation.   
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If the flow is in the bubble flow regime use the Griffith correlation. 
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The Reynolds number is calculated by the equations 
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Gilbert Method 
 A graphic method using plots for each flow rate, tubing size, oil and 
gas gravities and temperature.  These are plots of pressure vs length, by 
using equivalent length either the bottom hole pressure can be found from 
the tubing head pressure, or the tubing head from the bottom hole pressure. 
 
   
 
 
 



 
 
 
 
 
 
 
 


