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Contents Summary

Duns & Ros Correlation................ 2 Four multiphase flow models or correlations (Duns & Ros, Hagedorn &
Hagedorn & Brown Correlation....2 ~ Brown, Orkiszewski, and Beggs & Brill) are currently available in Hydra
Orkiszewski Correlation................ 3 for predicting the pressure profile in a well. The range of applicability of
Beges & Brill Correlation ......... 4 the multi‘phase ﬂow mod;ls is dependent on several factors such as, 'tubing
General Recommendations 4  size or diameter, oil gravity, gas-liquid ratio, and, two-phase flow with or
References 5 without water-cut. The effect of each of these factors on estimating the

pressure profile in a well is discussed separately for all the multiphase
models considered. A reasonably good performance of the multiphase flow
models, within the context of this document, is considered to have a rela-
tive error (between the measured and predicted values of the pressure pro-
file) less than or equal to 20%.
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Duns & Ros Corre-
lation

The Duns & Ros correlation is developed for vertical flow of gas and liquid
mixtures in wells. This correlation is valid for a wide range of oil and gas
mixtures and flow regimes. Although the correlation is intended for use
with “dry” oil/gas mixtures, it can also be applicable to wet mixtures with a
suitable correction. For water contents less than 10%, the Duns-Ros corre-
lation (with a correction factor) has been reported to work well in the bub-
ble, slug (plug), and froth regions. The pressure profile prediction
performance of the Duns & Ros method is outlined below in relation to the
several flow variables considered:

B Tubing Size. In general, the pressure drop is seen to be over predicted
for a range of tubing diameters between 1 and 3 inches.

B Oil Gravity. Good predictions of the pressure profile are obtained for a
broad range of oil gravities (13-56 °API).

B Gas-Liquid Ratio (GLR). The pressure drop is over predicted for a
wide range of GLR. The errors become especially large (> 20%) for
GLR greater than 5000.

B Water-Cut. The Duns-Ros model is not applicable for multiphase flow
mixtures of oil, water, and gas. However, the correlation can be used
with a suitable correction factor as mentioned above.

Hagedorn & Brown
Correlation

This correlation was developed using data obtained from a 1500-ft vertical
well. Tubing diameters ranging from 1-2 in. were considered in the experi-
mental analysis along with 5 different fluid types, namely: water and four
types of oil with viscosities ranging between 10 and 110 cp (@ 80°F) The
correlation developed is independent of flow patterns and its performance
is briefly outlined below.

B Tubing Size. The pressure losses are accurately predicted for tubing
sizes between 1 and 1.5 in., the range in which the experimental inves-
tigation was conducted. A further increase in tubing size causes the
pressure drop to be over predicted.

B Oil Gravity. The Hagedorn-Brown method is seen to over predict the
pressure loss for heavier oils (13-25 °API) and under predict the pres-
sure profile for lighter oils (40-56 °API)

B Gas-Liquid Ratio (GLR). The pressure drop is over predicted for
GLR greater than 5000.

B Water-Cut. The accuracy of the pressure profile predictions is gener-
ally good for a wide range of water-cuts.
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Orkiszewski Cor-
relation

This correlation is limited to two-phase pressure drops in a vertical pipe
and is an extension of Griftith & Wallis work. The correlation is valid for
different flow regimes such as the bubble, slug, transition, and annular mist
and is a composite of several methods as shown below:

Method Flow Regime
Griffith Bubble

Griffith & Wallis Slug (density term)
Orkiszewski Slug (friction term)
Duns & Ros Transition

Duns & Ros Annular Mist

It should be noted that the liquid distribution coefficient (hold-up) is evalu-
ated using the data from the Hagedorn & Brown model. The performance
of Orkiszewski correlation is briefly outlined below for the flow variables
considered.

Tubing Size. The correlation performs well between 1 and 2 in. tubing
sizes. The pressure loss is over predicted for tubing sizes greater than 2
inches.

Oil Gravity. At low oil gravities (13-30 °API), the correlation over
predicts the pressure profile. However, predictions are seen to improve
as oil °API increases.

Gas-Liquid Ratio (GLR). The accuracy of Orkiszewski method is
very good for GLR up to 5000. The errors become large (> 20%) for
GLR above 5000.

Water-Cut. The correlation predicts the pressure drop with good accu-
racy for a wide range of water-cuts.
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Beggs & Brill Cor-
relation

The Beggs & Brill correlation is developed for tubing strings in inclined
wells and pipelines for hilly terrain. This correlation resulted from experi-
ments using air and water as test fluids over a wide range of parameters.
The performance of the correlation is given below.

B Tubing Size. For the range in which the experimental investigation was
conducted (i.e., tubing sizes between 1 and 1.5 in.), the pressure losses
are accurately estimated. Any further increase in tubing size tends to
result in an over prediction in the pressure loss.

B Oil Gravity. A reasonably good performance is obtained over a broad
spectrum of oil gravities.

B Gas-Liquid Ratio (GLR). In general, an over predicted pressure drop
is obtained with increasing GLR. The errors become especially large
for GLR above 5000.

B Water-Cut. The accuracy of the pressure profile predictions is gener-
ally good up to about 10% water-cut.

General Recom-
mendations

In general, the Orkiszewski and Hagedorn & Brown model are found to
perform satisfactorily for vertical wells with or without water-cut, and
should therefore be considered equally as the first choice in such wells. As
mentioned earlier, the Duns & Ros correlation is not applicable for wells
with water-cut and should be avoided for such cases. The Beggs & Brill
method is applicable for inclined wells with or without water-cut and is
currently the best choice available for deviated wells. However, the method
can also be utilized for vertical wells as the last choice. Finally, it should be
noted that the performance of the multiphase flow models may not always
be affected entirely by the particular flow variable against which the per-
formance trend is indicated. In most cases, the performance of these mod-
els may be dependent on a combination of several of these flow variables
considered. Therefore, keeping these limitations in mind, the above discus-
sion could be used as a guide to eliminate or select a particular correlation
in the absence of other relevant information.
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