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Abstract. The CFD simulations are carried out for the flows in a helical gas-liquid separator, 
which is installed at the inlet of the electric submersible pump (ESP) to separate gas from 
gas-liquid mixture and keep the efficiency of the pump. The effects of mass flux, curvature and 
helix angle on two-phase pressure drop have been investigated. Through theoretical analysis and 
numerical simulation, it is found that the mass flux of two-phase flow and the curvature of spiral 
passage have influence on pressure drop, while the spiral angle has little effect on pressure loss. 
Keywords: pressure drop, air-water flow, structure parameter, helical separator. 

1. Introduction 

The gas-liquid separator is widely used in artificial lifting system, mainly installed at the 
entrance of centrifugal pump, sucker rod system and screw pump and so on, in order to separate 
as much gas as possible from the mixed flow of oil and gas underground. The separation of gas 
and liquid occurs in the air chamber of the separator. The guide vanes at the entrance of the 
separator can convert the tangential flow into axial flow, thus reducing the flow loss. Compared 
with the straight tube, the curvature of spiral tube, helix angle and the number of helical coils may 
affect the flow characteristics of the fluid. Therefore, many researchers have also carried out 
investigations on them. Chen and Guo [1, 2] studied the pressure loss of oil, gas and water in the 
spiral tube through the experimental method, and gave the calculation formula of pressure drop 
under the test condition. A series of studies on flow morphology and pressure loss in spiral 
channels with rectangular cross sections were carried out by Xia et al. [3]. It is obvious that the 
pressure loss of gas-liquid separator through the spiral channel with rectangular cross section is 
predicted by the CFD method, which has some guiding significance for the optimization and 
structure design of the separator. 

2. Theoretical analysis and numerical calculations 

2.1. Characteristics of helical pipe 

As shown in Fig. 1(a) and (b) respectively show the geometric structure of the spiral separator 
and the main parameters of the spiral channel. The separator is placed along the vertical direction. 
The hub and casing have diameters of 𝑑 and 𝐷, respectively. The distance between two adjacent 
turns is defined as pitch 𝐻. The ratio of hub diameter to the casing diameter is defined as curvature 𝛿 = 𝑑 𝐷⁄ . The Dean number is defined as 𝐷𝑒 = Re𝛿଴.ହ, which is used to characterize the flow in 
helical pipe, where Re is the Reynolds number Re = 𝜌𝑣𝑑/𝜇. The properties of the fluid used in 
the simulation is shown in Table 1. 
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Table 1. Properties of the fluid used in the simulation study 
Properties Air Water 
Density 1.225kg/m3 1.7894×10-5kg/m·s 

Viscosity 998.2kg/m3 0.001003 kg/m·s 
 

 
a) 

 
b) 

Fig. 1. The structure of a helical separator with its main geometrical parameters 

2.2. Boundary conditions 

The wall is provided as a fixed wall surface, and the velocity inlet and pressure outlet serve as 
boundary conditions for fluid to enter and exit the separator, respectively. The discretization of 
the continuity equation and the momentum equation uses a QUICK method. The calculation of 
turbulent dissipation rate, Reynolds stress and turbulent flow energy is based on the second-order 
upwind.  

2.3. Numerical model 

The algebraic slip mixing model can reflect the relative slip and rotation of the two-phase flow, 
and the numerical simulation of the gas-liquid separation of the spiral channel is carried out by 
the finite volume method. Fig. 2 shows the 3D CFD model for calculating two-phase flow after 
mesh generation. In this study, the RNG κ-ε turbulence model proposed by Yakhot and Orszag [4] 
is adopted.  

 
Fig. 2. Whole grid of the helical channel used for analysis 

Continuity equation: ∂∂𝑡 ൫𝛼௤𝜌௤൯ + ∇ ⋅ ൫∂௤𝜌௤𝑣௤൯ = 0. (1) 

Momentum conservation equation: 
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∂∂𝑡 ൫𝛼௤𝜌௤𝑣⃑௤൯ + ∇ ⋅ ൫𝛼௤𝜌௤𝑣⃑௤𝑣⃑௤൯ = −𝛼௤∇𝑝 + ∇ ⋅ 𝜏௤ + 𝛼௤𝜌௤𝑔⃑
     + ෍൫𝑅ሬ⃑ ௣௤ + 𝑚ሶ ௣௤𝑣⃑௣௤൯ + 𝛼௤௡

௣ୀଵ 𝜌௤𝐹⃑.  (2) 

The study on the independence of grid when dividing the grid was conducted. When the 
interval size of grid is set to 0.0015, it has little influence on the calculation results, so as to ensure 
the reliability of the calculation results. 

3. Results and discussion 

3.1. Comparison between numerical prediction and formula 

The total pressure drop in gas-liquid two phase straight flow has three main components of 
frictional, acceleration and hydrostatic pressure drop. As shown in Eq. (3): 

൬𝑑𝑃𝑑𝐿൰௧௣ = ൬𝑑𝑃𝑑𝐿൰௙ + ൬𝑑𝑃𝑑𝐿൰௔ + ൬𝑑𝑃𝑑𝐿൰௚. (3) 

The gravity, acceleration and frictional pressure drop in a vertical pipe are shown as followed 
equations, respectively: 

൬𝑑𝑃𝑑𝐿൰௚ = 𝜌௧௣𝑔, (4) ൬𝑑𝑃𝑑𝐿൰௔ = − 1𝐿 ቊቈ 𝐺௟ଶ𝜌௟ሺ1 − 𝛼ሻ − 𝐺௚ଶ𝜌௚𝛼቉ − ቈ 𝐺௟ଶ𝜌௟ሺ1 − 𝛼ሻ − 𝐺௚ଶ𝜌௚𝛼቉ቋ, (5) ൬𝑑𝑃𝑑𝐿൰௧௣,௙ = 𝑓௧௣𝐺ଶ2𝐷𝜌௧௣, (6) 𝜌௧௣ = ሺ1 − 𝛼ሻ𝜌௟ + 𝛼𝜌௚, (7) 

where 𝐺 is the two-phase mixture flow rate, 𝑙 represents the liquid phase and 𝑔 represents the gas 
phase. 

The separate flow model of two phase frictional pressure drop is also determined by two phase 
friction multiplier. Pressure drop is usually written as: 

൬𝑑𝑃𝑑𝐿൰௧௣,௙ = 𝜙௟௢ଶ ൬𝑑𝑃𝑑𝐿൰௟௢ = 𝜙௟௢ଶ 𝑓௟௢𝐺ଶ2𝐷𝜌௟ . (8) 

The liquid only friction factor 𝑓௟௢ agrees well with the results in an earlier study for a helically 
coiled flow, as is presented by Ito [5]: 𝑓௟௢ = 0.029 𝐷𝑒Re + 0.304Reି଴.ଶହ. (9) 

Taylar [6] has studied the two-phase flow pressure drop in the small bending radius helical 
tube by the experimental method, and based on the uniform flow formula with correction 
coefficient, the friction pressure drop formula was written as follows: 𝜙௟௢ = 𝜓 ൤1 + 𝑥 ൬ 𝜌ீ𝜌௅ − 1൰൨, (10) 
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𝜓 = ሺ1.29 + 𝐴௡𝑥௡ሻ ቊ1 + 𝑥 ቈ𝜋 ൬𝜇௅𝜇ீ൰଴.ଶହ − 1቉ቋ, (11) 

where 𝐴ଵ = 2.19, 𝐴ଶ = –3.61, 𝐴ଷ = 7.35, and 𝐴ସ = –5.93. 
Fig. 3 gives a comparison between the simulated pressure drops and those obtained by 

Eqs. (8)-(11). Pressure drops measured by the Fluent agree well with those estimated by using 
Taylar et al. formula although with a maximum error of 19.3 %. 

 
Fig. 3. Comparison of present predictions with Eqs. (8)-(11) 

3.2. The effect of structure parameters on pressure loss 

The effects of curvature and spiral angle on pressure loss are studied by numerical simulation. 
Fig. 4 shows pressure distribution at different sections in the flow channel, the entrance presenting 
a high pressure distribution. When the fluid approaches the outlet of the screw, pressure on the 
left and right sides of the screw channel is evenly distributed. Fig. 5 shows that for the research 
object of this article, when the helix angle changed, the pressure loss is almost unaffected. 
However, when the curvature of the helical channel changes, the centrifugal forces acting on the 
gas and the liquid have a great influence and the separation between the gas and the liquid is 
accelerated. It also generates more energy loss, as shown in Fig. 6. 

 
Fig. 4. The predicted pressure distribution of air-water flow at different axis location  
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Fig. 5. The effect of helix angle on pressure drop 

 
Fig. 6. The effect of curvature on pressure drop 

4. Conclusions 

The effects of curvature and spiral angle on pressure loss at different inlet velocity were studied 
by numerical simulation and theoretical analysis. It is found that the change of helix angle has 
little effect on pressure drop, while the change of curvature will lead to the change of centrifugal 
force on gas-liquid two-phase flow, which will have a significant impact on pressure drop. 
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