Void Fraction Correlations on Geothermal Two-Phase Flows
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METHOD OF ANALYSIS

Taking oft from the works of (Woldesemayat & Ghajar, 2007)
which recommend correlations with good void fraction
prediction for horizontal and upward inclined pipes regardless
of flow regimes, this study will analyze the following
correlations (a) Toshiba (Coddington & Macian, 2002), (b)
Rouhani I (Rouhani & Axelsson, 1970), (¢) Dix (Coddington
& Macian, 2002), (d) Filiminov (Filimonov, Przhizhalovski,
Dik, & Petrova, 1957).

Chisholm correlation (Chisholm, 1973) will also be included
in the analysis because it 1s notable that 1t follows the
thermodynamic limits such that when x — 0, S — 1, and as x
—1,S — (pG / pL) "* (Thorne, 2016) .

In addition, a correlation based on the Seventh Power Law de-
rived by (Zhao, Lee, & Freeston, 2000) 1s also included 1n the
analysis.

TFT and/or BOM data of multiple wells of varying branchline
sizes (10-18” nominal size diameter) from Energy Develop-
ment Corporation’s integrated database system were used in
the analysis. The measurements were taken from 1997 up to
2018. The following information are available in the database
for each TFT data set, (a) total mass flow, (b) water flow, (c)
total discharge enthalpy, and (d) wellhead pressure. Using this
data set, void fraction, steam flow quality, and other fluid
properties were calculated.

INTRODUCTION

Two-phase flow 1s the simultaneous flow of two distinct phases, 1.e. liquid water and steam, which 1s the focus of this study.

Calculations for two-phase flows are more complicated than those of single-phase flows. Different techniques for analyzing two-phase flows
include correlations, the phenomenological models, simple analytical model, and other methods such as integral analysis, differential analysis,
computational fluid dynamics, and artificial neural network (Awad, 2012).

The general governing equations for two-phase flows require that (a) the fluids may be treated as continua and (b) the physical variables
denoting the thermal and dynamic state of the fluid are well-defined. The area of research that takes the approach of solving the full
conservation equations 1s generally referred to as Computational Fluid Dynamics (CFD) (V1) & Dun, 1996).

A comparison of the performance of 68 void fraction correlations based on unbiased data set covering wide range of parameters were done by
(Woldesemayat & Ghajar, 2007). They classified the correlations into four categories (a) slip ratio, (b) KeH , (¢) dnift flux, and (d) general void
fraction correlations. Slip ratio correlation are expressed as a function of the ratios between wetness fraction (1 - x) and x the “quality” or
“dryness fraction”, where x 1s defined as the ratio of gas tflow rate to the total flow rate; the ratios of densities of the gas and liquid phase (pG
and pL); and the ratios of the viscosities of the liquid and gas phase (uL and uG). KeH correlations are a constant or some functional multiple
of the no-slip or homogeneous void fraction, pressure (P), the Froude number (Fr) based on the two-phase mixture velocity (UM), liquid input
content (A), or Reynolds number (Re). Drift flux correlations take into consideration the non uniformity in the flow captured by a distribution
parameter (CO), and the drift velocity (UGM), defined as the difference between the gas phase velocity (UG) and the two-phase mixture veloc-
ity (UM).

In geothermal, the lip-pressure 1s the standard method of measuring flow of geothermal wells (Grant, James, & Bixley, 1982) (James, Factors
Controlling Borehole Performance, 1970) (James, Maximum Steam Flow Through Pipes to Atmosphere, 1964) (James, Steam-Water Critical
Flow through Pipes, 1962).

In 2000, (Zhao, Lee, & Freeston, 2000) derived a correlation from the analysis of two-phase tlow velocity distribution using the Seventh Power
Law where the average velocity of the equivalent single-phase flow 1s used to determine two-phase pressure drop.

In this paper, tracer fluid test (TFT) and/or bore output measurements (BOM) data from multiple wells will be used to analyze the performance
or fitness of the different void fraction correlations from prior authors. Different relationships will be shown such as void fraction versus flow
quality, discharge enthalpy, slip ratios, and other parameters.
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Figure 1 Plot of calculated void fraction versus flow quality using different correlations and the histogram.
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tal mass flow can be
indirectly measured,
respectively. Discharge enthalpy can then be calculated using the void fraction correlation to complete production well output calculations. Alternatively, electrical capacitance volume tomography can be used to
determine steam and brine velocities as well as the void fraction. These two methodologies were field tested in EDC geothermal wells and proven precise and accurate.

Figure 3 Plot of slip ratio versus void fraction and local mix density distributions sing different correlations.
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SUMMARY AND CONCLUSIONS

Void fractions of geothermal two-phase tflows are higher than 0.6 while calculated slip ratios range from 2.6 to 12.2. Generally, the flow regime predicted 1s either annular or fully mixed
mist flows. For fully mixed homogenous two-phase flow, the total mass flow can be measured indirectly using differential pressure meter (orifice, venture, etc.) assuming mix density 1S
correlated to total discharge enthalpy while for separated flow, two-phase flow equations can be solved using any two of the following: water/steam phase velocities, total mass tlow, void
fraction, or steam flow quality. Void fraction and/or fluid mix density can be determined using gamma ray attenuation, fluid electrical capacitance/resistivity/inductivity measurements,
ultrasonic, and/or vibration frequency.
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