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Steady-State Flow
Radial Flow of Compressible Fluids (Gases)

For a radial gas flow, the Darcy’s 
equation takes the form:

Referring to the gas flow rate at standard condition as Qg, the
gas flow rate qgr under pressure and temperature can be
converted to that of standard condition by applying the real gas
equation of state to both conditions, or:

……………. (1)

……………. (2)
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Combining Equations 1 and 2 yields:

Integrating Equation 3 from the wellbore conditions (rw and pwf) to any point in the reservoir (r and p) to give:

………..……. (3)

Imposing Darcy’s Law conditions on Equation 4, i.e.:
 Steady-state flow, which requires that Qg is constant at all radii.
 Homogeneous formation, which implies that k and h are constant.
gives:

……………. (4)
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Combining the above relationships yields:

This Equation indicates 
that a graph of ψ versus 
ln(r/rw) is a straight line.
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Example
PVT data from a gas well in a Gas Field are given below:

The well is producing at a stabilized bottom-hole flowing pressure of 3600 psi. The wellbore radius is 0.3 ft and the
average reservoir pressure is 4400 psi. The following additional data are available: k= 65 mD, h=15 ft, re=1000 ft,
and T= 600 R. Calculate the gas flow rate.
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Solution:
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Note: Area under the curve represents 
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Step 3. Calculate numerically the area under the curve for each value of p.

Step 4. Calculate the flow rate

𝑄௚ =
0.703 65 (15) (2.046 × 10ଽ − 1.251 × 10ଽ)

600 (ln
1000

0.3
)

= 111.96 𝑀𝑀𝑠𝑐𝑓/𝑑𝑎𝑦
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Pressure-Squared Method
This method is limited to flow calculations when the reservoir pressure is less that 2000 psi. It is considered that
(z μg) is almost constant under a pressure range of < 2000 psia. The flow rate can be calculated from the
following equation:
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Example
Using the data given in the previous Example, re-solve for the gas flow rate by using the pressure-squared method. 
Compare with the exact method (i.e., real gas potential solution).

Solution

g= 0.02618 cp

Z= 0.8778

𝑄௚ =
65 15 (4400ଶ − 3600ଶ)

1422 600 0.02618 0.8778  ln (
1000

0.3
)

= 39,233.33 𝑀𝑠𝑐𝑓/𝑑𝑎𝑦

𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑒𝑟𝑟𝑜𝑟 =
39,233.33 × 10ଷ − 111.96 × 10଺

111.96 × 10଺
× 100 = 65 %
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Horizontal Multiple-Phase Flow
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THANK YOU


