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Abstract. To understand the stated theory and technical specifications, a 
specific problem of optimizing experimental studies of the gas-lift process 
has been solved: the process of measuring the parameters of a gas-lift well 
necessary for solving and plotting the dependence of the well flow rate on 
the flow rate of injected gas is given. The measurements consisted of three 

main components (stages of types of measurements). It is indicated that all 
components are interconnected, therefore, an error in readings at any one 

stage leads to a violation of the relationship curve between the well flow 
rate (lifter supply) and the flow rate (volume) of injected gas. The 
reliability of the instrument's readings can be increased by duplicating each 
measurement step by step. As a result of the research, a method was 
indicated to improve the technical and economic indicators of the gas-lift 
method of oil production.  

1 Introduction  
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2 Principles of operation and basic designs of gas lift wells 

A gas-lift well is a well in which the gas missing for the necessary degassing of the liquid is 

supplied from the surface through a special channel (Figure 1). Through the pipe string 1, 

gas from the surface is supplied to the shoe 2, where it mixes with the liquid, forming a 

GSL, which rises to the surface through the lifting pipes 3. The injected gas is added to the 

gas released from the reservoir fluid. As a result of the mixing of gas with liquid, GLS is 

formed of such a density at which the available pressure at the bottom of the well is 
sufficient to lift the liquid to the surface. The point of gas entry into the lifting pipes (shoe) 

is submerged under the liquid level by the value h; the gas pressure P1 at the point of its 

entry into the pipes is proportional to the immersion h and is related to it by the obvious 

relationship P1 = hρg. The pressure of the injected gas, measured at the wellhead, is called 

the working pressure Pp. It is practically equal to the pressure at the shoe P1 and differs 

from it only by the value of the hydrostatic pressure of the gas column ΔP1 and the pressure 

loss due to gas friction in the pipe ΔP2, and ΔP1 increases the pressure below P1, and ΔP2 

decreases. Thus, 

 

P1=PP+ΔP1-ΔP2. 
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The use of hydrocarbon gas, although it contributes to the formation of an emulsion, but 

such an emulsion is unstable and is often destroyed (stratified) by simple sludge without the 

use of expensive processing to obtain clean conditioned oil. This is due to the absence of 

oxygen or its low content in the hydrocarbon gas used and the chemical relationship of gas 

and oil, which have a common hydrocarbon base. Oxygen contained in the air contributes 

to oxidative processes and the formation of stable shells on water globules, which prevent 

water from merging, enlargement of globules and their subsequent settling during 

sedimentation. Due to its relative explosion safety, the exhaust gas after separation is 

collected in a gas collection system and disposed of [17]. Moreover, the separated gas of a 

gas-lift well, when it is vigorously mixed with oil while moving along the tubing, is 

enriched with gasoline fractions. 

Thus, the gas lift allows to improve the use of gas and operate the field more rationally 

in comparison with the air lift. The only advantage of an airlift is the unlimited source of air 

as a working agent for a gas-liquid lift. Real gas lift wells are not equipped according to the 

scheme shown in Figure 2, since it is practically impossible to lower two parallel rows of 

pipes into the well, rigidly connected at the bottom with a shoe. This diagram is shown only 

to explain the principle of operation of the gas lift. However, its use is quite possible and, in 
some cases, expedient for pumping large volumes of liquid, for example, from mines or 

other containers with a wide flow area. 

 

 

For the operation of gas-lift wells, hydrocarbon gas is used, compressed to a pressure of 

4-10 MPa. Sources of compressed gas are usually either special compressor stations or 

compressor gas processing plants that develop the necessary pressure and provide the 

necessary supply.  

Such a gas lift operation system is called compressor gas lift. Systems in which natural gas 

from purely gas or gas condensate fields is used for gas lift are called non-compressor gas 

lift. In uncompressed gas lift, natural gas is transported to the location of gas lift wells and 

usually undergoes preliminary treatment in special installations, which consists in 

separating condensate and moisture, and sometimes in heating this gas before distribution 
to wells. Excess pressure is usually reduced by throttling the gas through one or more 
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stages of fittings. There is a system of gas lift operation, which is called downhole gas lift. 

In these systems, the source of compressed gas is gas from gas-bearing formations above or 

below the oil-saturated formation. Both layers are opened by a common filter. 

3 Mathematical model of the optimal distribution of the working 
agent 

2

210 )(lnln)( VVVQ  

One of the main parameters characterizing the operating mode of a gas-lift well is the 

specific consumption of the working agent R, which in this case is defined as: 

))(lnln/()(/)( 2

210 VVVVQVVR  
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Тable 1.

V, m3/day. Q (V), m3/day 

20 65 

23.1 62.1 

25 58.3 

17.1 66 

14.6 64 

12.7 62.5 

11.3 57 

9.6 38 

 

0 1 2

0 = -567.5299; 1 = 435.2467; 2 = -74.7523 

2)(ln7523.74ln2467.4355299.567)( VVVQ   

Therefore, the specific consumption of injected gas is represented by the following 
relationship: 

))(ln7523.74ln2467.4355299.567/()(/)( 2
VVVVQVVR  . 

Based on the research results, control curves are built (the construction can be carried 

out both in Microsoft EXCEL and in the MATLAB software package) (Figures 3 and 4). 

The extremum on the curve (Q=66.0282 m3/day) corresponds to the maximum feed of 

the lift (point B). The perpendicular drawn through this point to the tangent at the 

intersection of the curve Q(V)=f(V) gives a point corresponding to the optimal lift feed. 

The above optimal and maximum parameter values can be calculated using the 
following formulas: 

2
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4 Solution of the problem of optimal distribution of the working 
agent 

 

 

As we can see, the experimentally obtained values of the variable y are practically 

located on the approximating curve. Below is a program by which coefficients are 

calculated and control curves are plotted. 
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5 Conclusion 
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