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DETERMINATION OF Pressure drop TWO-phase flow OIL AND GAS FOR Isothermal FLOW in HORIZONTAL PIPELINE

Crnojević C. 
, Lečić M. 

Summary: In this paper, an onedimensional isothermal two-phase flow of oil; and gas mixture in the straight horizontal pipeline was analyzed. The flows of the stated fluids are considered as one-dimesional and the pressure distrubution in the pipe is determinated for each of the fluid. In this case, condition of equal pressure drop of two-phase mixture and the particular pressure drops of one-phase flows was used. As the result of presented analize, the new formula for pressure drop determination of two-phase flow in hydraulically smooth and rough pipes was obtained. The new formula shows that the pressure drop two-phase mixture is a complex function of flow regime, density and viscosity of oil and gas, the mass concentration of components and the parameter X which appears in the method of Lockhart-Martinelli.
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1. INTRODUCTION 
Two-phase flow accurs in a number of application such as oil and gas flow, water vaporation or condensation in thermal plants, in the process of cavitation, etc. In the oil industry, liquid-gas, liquid-liquid (oil-water), liquid- solid particles and gas-solid particles are the posible types of two-phase flow. Beside the two-phase flow, the flow can apear as three-phase flow of oil-gas-water and presents more complex case for study. For determination pressure drop in the straight circular horizontal pipes through which the two-phase mixture flow of liquid and gas is commonly used well-known Lockhart-Martinelli method for incompressible flow involves mixture of both phases. The two phase flow is decomposed in two one-phase flows, using the equality of pressure drops. Lockhart-Martinelli method is the basic method of one-dimensional two-phase flow calculation, and there are a number of its amendments, which are also based on a model incompressible flows of both phases of the mixture. For the calculation of incompressible two-phase flow in inclined pipelines as a standard method is used Beggs-Brill [1]. 
However, in the transport of oil, natural gas or two-phase mixture of oil and natural gas, it is often necessary to consider the flow of the gas in the pipeline as compressible, as in this paper is done. 
2. Problem statement and governing equations
Consider isothermal two-phase flow of oil and gas mixture with mass flux 
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, in the horizontal straight pipeline (lenght L and diameter D), Fig. 1. This flux consists of the oil mass flux and gas mass flux, and continuity equation and expression for the  gas mass concentration can be applied, sequenced:
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The arbitrarely taken cross section S-S (Fig. 1a), with cross sectional area A, can be decomposed in two parts: the first one with liquid flow AL and the second one with gas flow Ag (Fig. 1b),  where applicable: 
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Figure 1. Decomposition of two-phase flow in two single-phase flow.
These surfaces can be represented as a circular, determined by the hydraulic diameter 
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, such as:
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where 
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 is a corection coeficient of the area due to the use of hydraulic diameter.  Formed one-phase flows through the pipes with diameter 
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 (i=L,g) are considered as  flow in hydraulically smooth pipes and the friction factor can be determined by Blasius expression: 
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Where 
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are Reynolds numbers estimeted by average flow velocities 
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 in the cross sections, and coefficients 
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 (i=L,g) define the flow regime, and their characteristic values ​​are given in Table 1 [2,4,5].
Table .1 Parameter values 
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	Fluid
	a
	n

	Laminar flow
	Luquid + gas
	64
	1

	Blasius formula
	Luquid + gas
	0,3164
	1/4

	Langs formula
	
	1,7
	1/2

	Panhandle A formula
	Natural gas
	0,0847
	0,1461

	Panhandle B formula
	Natural gas
	0,01471
	0,03922


For further analysis it is useful to specify the parameters of the method Lockhart-Martinelli
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Observed two-phase flow of oil and gas is decomposed into two single-phase isothermal flows, except that the flow of oil  is incompressible and the flow of the gas is compressible.

2.1 Isothermal oil flow
The basic assumption of Lockhart-Martinelli method is that the pressure drop is the same for both phases, that is 
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. Pressure drop in a straight-line pipes for single-phase isothermal flow of oil determines the Darcy formula:
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that with expresions: (3), (4) and (6) can be transformed as following:
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where 
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 is the pressure drop arrisen if throw the pipe with diameter D flows the oil only with the same mass 
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2.2 Isothermal gas flow
One-dimensional compressible isothermal flow of gas in an imaginary pipe of diameter 
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 is described by the equations of motion:
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state 
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 and continuity 
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, where  M  is Mach number, 
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 is isotrope coefficient and 
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 is a gas compressibility factor determined with a mean pressure [4]. In classical fluid mechanics [2] the differential equation (10) has a solution as follows:

[image: image32.wmf])

ln

2

(

)

(

2

1

2

2

2

2

1

p

p

D

L

A

m

RT

Z

p

p

g

g

g

g

m

+

l

=

-

&

.                                  (11)
It is common [4,5], that in the long pipeline the member 
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, the lower order of magnitude, neglect in relation to a member 
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, so that (11) becomes:
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This expression can be transformed in a way that the right side of equation has the form of the right side of Darcy formula:
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Expression (13) defines the pressure drop in the isothermal gas flow. Using expressions (3), (5) and (6) expression (13) becomes:
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The resulting solution (14), valid for single phase gas flow in the tube defined by hydraulic diameter, can be written as:
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where 
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is the pressure drop if in the tube with diameter D is the isothermal gas flows with the same mass flow rate 
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2.3  Two-phase isothermal flow
Individual pressure drops for one-phase flow of oil and gas are defined by (9) and (14), respectively. Merging these single-phase flows, under the condition of the pressure drop equality, and using expressions (2) and (7), result in pressure change of one-dimensional flow of two-phase mixture:  
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or in the form of pressure drop:
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The resulting solution (17) or (18) shows that the pressure drop of two-phase flow of oil and gas under high pressure is a complex function of: the flow regime, physical properties of oil and gas - density and viscosity, the mass concentration of gas 
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 and Lochart Martinelli X  parameter. In the case where the oil has no natural gas, 
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, the solution (17) or (18) is not reduced to a known expression, because for 
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Furthermore, we can analyze some special cases: namely, when the friction coefficients of liquid and gas phase can be represented by the same expression, when applicable: 
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, the following expression for the pressure drop is obtained:
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which in the case of both laminar flow - oil and gas (
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Expression (18) which defines the pressure drop of two-phase flow in hydraulically smooth pipes can be used for the case of the flow of both phases of a mixture in a regime of hydraulic fully rough pipes. Namely, if 
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which is valid for hydraulically completely rough pipes.
3. CONCLUSION 

The proposed model of isothermal two-phase flow of oil and gas under high pressure follows a well-known Lochart Martinelli method, but unlike it, in which the liquid and gas phases are considered incompressible fluids, in this paper the flow of crude oil is considered incompressible and the gas flow  compressible. In this way, the new formula, (18), was obtained, for determination of  the pressure drop of two-phase flow of oil and gas. This new formula shows that the pressure drop is a complex function of: the physical properties of oil and gas - the density and dynamic viscosity, flow regimes, which are covered by coefficients
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and the X Lochart-Martinelli parameter. New expression (18) is valid for hydraulically smooth pipes, and its shape (21) for hydraulically rough pipes completely.
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