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Abstract: In the downhole, gas separation is crucial for the Electrical Submergible Pumps’ normal operation. This paper 

presents a new type of downhole gas-liquid separator (DGLS) and studies its separation performance in experiments that 

interests the oil industry. Laboratory results show that the pressure drop in the DGLS is rather small and that the gas-liquid 

separation in the DGLS can be seen as an incompressible flow. When the split ratio equals the gas content at the inlet, complete 

gas-liquid separation occurs. In addition, as the liquid density increases, the gas-liquid separation performance improves. The 

separation mechanism of the DGLS is related to the centrifugal acceleration, which is better when it is less than 30 times the 

gravitational acceleration. A method for predicting the separation performance is proposed. 
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1. Introduction 

During gas extraction, as the gas pressure and gas flow rate 

gradually decrease, the output of gas reservoir water or liquids 

cannot be carried out of the wellbore by the natural air flow 

and is thus stranded in the wellbore [1-5]. These liquids 

accumulate over a period of time in the bottom hole to form a 

fluid column, which causes additional hydrostatic pressure in 

the reservoir. Under this condition, the gas well energy flow 

declines [6-9]. Eventually, the accumulated fluid column in 

the wellbore will cause the gas well to stop production 

[10-13]. 

To solve the above problems, the bulky conventional 

gravity-based vessel-type separator cannot be used in 

downhole [14]. Thus, a new kind of axial Down-hole 

Gas-Liquid Separator (DGLS), as shown schematically in 

Figure 1, is proposed and studied in this paper. The DGLS is a 

pipe that covers half of the cylinder pipe, with bi-symmetric 

involute-shaped entrances between them. The phases enter the 

cylinder pipe through bi-symmetric involute-shaped entrances 

and move in a swirling motion. In the DGLS, the swirling 

produces a centrifugal separation, whereby gas moves toward 

the pipe central area and exits through the top (the gas outlet) 

and a water-rich stream leaves the system through the liquid 

outlet due to gravity. 

 

Figure 1. Schematic representation of the DGLS and cross section at its 

bi-symmetric involute shaped entrances. 
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2. Method 

2.1. The Structure of the DGLS 

To replicate the separation process of the DGLS described 

above, an experimental DGLS is constructed at the Laboratory 

of Applied Fluid Dynamics in CAS, and experiments of 

gas-liquid flow inside the DGLS are conducted. The DGLS in 

Figure 2 is made of plexiglass to enable visual observation of 

the gas-liquid separation process. The DGLS is an 800 mm, 

100 mm ID vertical pipe covering a 750 mm, 60 mm ID 

cylindrical pipe. A 15 mm ID pipe located at the top is used as 

the gas outlet, and the liquid outlet is a 25 mm ID pipe located 

at the bottom. 

2.2. Flow-loop 

In the experiments, the gas is mixed with the liquid with a 

mixer, and the gas/liquid mixture is separated by the DGLS 

and enters the sampling bucket. Finally, gas is released, and 

the liquid flows back to the water tank. In this study, air and 

water are used in the experiments, and the physical properties 

are as follows (20°C): 

Table 1. Physical property of the experimental liquids. 

 Density (kg/m3) Viscosity (mPa·s) 

Water 998.2 1.00 

Gas 1.2 1.81×10-3 

Pressure sensors are located at each outlet to calculate the 

pressure drop. Two valves are installed vertically at the gas 

outlet and the water outlet to calculate the gas volume fraction 

and the control of the flow rates leaving the DGLS. 

The gas volume fraction gα  is defined as 

gi

gi

gi li

Q

Q Q
α =

+
                 (1) 

where giQ  is the gas flow rate, liQ is the liquid flow rate, 

and the subscrips 1-3 refer to the inlet, the gas outlet and the 

liquid outlet. 

The liquid volume fraction lα  is defined as 

1li giα α= −                    (2) 

In the experiments, the gas volume fraction at the inlet is 

controlled between 50.0 and 95.0%. 

3. Results 

The measured static pressure at the inlet and the pressure 

drop between the inlet and two outlets are shown in Table 2. 

The experimental results show that the pressure at the inlet is 

higher than those at the gas and liquid outlets. The pressure 

drop between the inlet and the two outlets is less than 5 kPa, 

and the inlet pressure is greater than 100 kPa. 

Table 2. The experimental results about pressure. 

QI (m
3/d) αg1 pI (Pa) ∆P13 (Pa) ∆P12 (Pa) αg3 

69 0.65 103039 1434 808 0.01 

69 0.65 102572 1092 1024 0.00 

145 0.63 103490 2212 1254 0.18 

145 0.63 103382 2157 1232 0.14 

145 0.63 103366 2122 1244 0.02 

145 0.63 103361 1919 1714 0.00 

210 0.84 104466 1737 869 0.30 

210 0.84 104327 1705 912 0.12 

210 0.84 104306 1650 930 0.10 

210 0.84 103588 1479 976 0.05 

210 0.84 105719 1451 1135 0.00 

289 0.92 105621 1305 797 0.50 

289 0.92 105261 1239 1078 0.00 

According to the PVT equation of state, the following 

relationship can be obtained. As can be seen, the absolute 

volume change rate is less than 0.05, which means that the 

liquid in the DGLS is nearly incompressible. 

0.05
V p

V p

∆ ∆≈≤ − ≤              (3) 

where V is the fluid volume in the DGLS, V∆ is the fluid 

volume change in the DGLS. 

The experimental results suggests that the split-ratio can be 

introduced to describe the gas-liquid separation in the DGLS. 

The split-ratio is defined as the ratio between the liquid outlet 

flow rate and the inlet flow rate and is given by 

W

I

Q
F

Q
=                    (4) 

where WQ  is liquid outlet flow rate, IQ is the inlet flow rate. 

4. Discussion 

Figure 2 shows the effect that the split ratio has on the 

DGLS’ separation performance when the velocity is 0.88 m/s 

and the gas content is 0.78 at the inlet. As shown, when the 

split ratio increases, the gas content at the water outlet 

increases, and the water content at the gas outlet decreases. 

There is an optimal split ratio that equals the liquid content at 

the inlet exists for gas-liquid separation in the DGLS because 

the gas and water in the DGLS form a weak swirl flow under 

the action of gravitational and centrifugal forces. A gas-liquid 

interface that looks like a bowl is produced in the weak swirl 

flow. When the split ratio increases, the gas-liquid interface 

decreases to the water outlet, and the gas content at the water 

outlet increases. When the split ratio equals the gas content at 

the inlet, the gas and water are fully separated: the gas content 

at the gas outlet is 100%, and that at the water outlet is 0%. 
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(a) Influence of the split ratio on two outlet separation performance 

 

(b) Gas-liquid interface evolving with decrease in the split ratio 

Figure 2. Effect of the split ratio on the phase separation performance. 

When the mixture velocity is 0.85 m/s at the inlet, the 

influence of the gas content on the gas-liquid separation 

performance of the DGLS at the inlet is shown in Figure 3. It 

is shown that complete phase separation is achieved for any 

gas content at the inlet as long as the split ratio approximately 

equals the liquid content at the inlet. 

 

Figure 3. Gas-liquid separation at different inlet gas content. 

Figure 4 shows the effect of the fluid viscosity on the 

gas-liquid separation when the gas content is 0.63 and the 

mixture velocity is 0.85 m/s at the inlet. It can be seen that 

when the liquid viscosity increases, the gas content at the 

liquid outlet increases and the liquid content at the gas outlet 

changes slightly. This is because when the liquid viscosity 

increases, the drag on the gas bubbles required for them to 

separate from the viscous liquid becomes larger. Thus, more 

bubbles are retained in the liquid, and the gas content at the 

liquid outlet increases. The drag on the liquid droplets 

generated in gas changes only slightly, so the liquid content at 

the gas outlet does not change excessively. 

 

Figure 4. Effect of liquid viscosity on performance. 

The design of the DGLS is based on the concept of 

gravitational and centrifugal separation. Thus, the limits of 

centrifugal acceleration are critical to the design of the DGLS. 

The centrifugal acceleration a is defined as 

21( ) / ( )
2

Q
a Rg

LH
=              (5) 

where L and H is the bi-symmetric involute-shaped entrances’ 

width and height; R is the average distance from the entrances’ 

center to the cylinder’s axis. 

Figure 5 shows gas-liquid separation in the DGLS when the 

gas content at the inlet is 0.63 and the centrifugal acceleration 

changes. When the centrifugal acceleration is low, liquid and 

gas are mainly separated by gravity. Under this condition, the 

liquid locates at the bottom of the cylinder space, and the gas 

distributes in the upper part. Complete phase separation occurs 

in the DGLS. When the centrifugal acceleration increases, a gas 

core shaped like a fine cone forms. If the centrifugal 

acceleration is too large, the gas core will expand to fill the 

whole cylinder. Under this condition, incomplete separation 

occurs, which means that liquid flows out through the gas outlet 

and gas leaves the DGLS through the liquid outlet, with liquid. 

Experiments show that the critical centrifugal acceleration is 

within 30 times that of gravity, which means that gravity plays a 

major role compared to centrifugal force. 
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Figure 5. Influence of centrifugal acceleration on gas-liquid separation in the 

DGLS. 

When gravity’s effect is non-negligible in gas-liquid 

separation, the gas content at the liquid outlet can be 

calculated by the following method 

1

3

g

g

F

F
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α

−
=  1( )gF α>          (6) 

3 0gα =  1
( )

g
F α≤              (7) 

The gas-liquid separation performance can be inferred from 

the experimental data by Eqs. (6) and (7). The values of the 

gas-liquid separation experimental results obtained when 

gravity plays a major role are compared with those from the 

inferred model and shown in Figure 6. As can be seen, the 

results predicted are very satisfactory. They demonstrate that 

the method can be used to calculate the gas content at the 

liquid outlet for gas-liquid separation when gravity plays an 

important role [15]. 

 

Figure 6. Comparison between experimental and predicted separation 

performance. 

5. Conclusion 

An experimental investigation of the gas-liquid separation 

in a DGLS is carried out when gas content is greater than 50%. 

The separation performance of the DGLS is studied 

experimentally. The pressure drop in the DGLS is small, and 

the gas-liquid flow can be considered an incompressible flow. 

When the gas content at the inlet changes, an optimal split 

ratio exists and approximately equals the liquid content at the 

inlet. When the liquid viscosity increases, the gas content at 

the liquid outlet increases, and the liquid content at the gas 

outlet does not change significantly. For DGLS, the 

centrifugal acceleration is better when it is within 30 times the 

gravitational acceleration, and a method for predicting the gas 

content in the liquid is derived. 
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