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Abstract. The article discusses a technique for identifying the features of the lifting process of 

abnormal oils that significantly affect the flow rate of the working agent. When assessing the 

relaxation time of non-Newtonian oils, it was found that with an increase in temperature, a 

degeneration of viscoelastic properties is noted, which in turn affects, under the same conditions, 

the specific consumption of the working composition, which tends to increase. 

 

Аннотация. В статье рассматривается методика выявления особенностей процесса 

подъема аномальных нефтей, существенно влияющих на расход рабочего агента. При оценке 

времени релаксации неньютоновских нефтей установлено, что с ростом температуры 

отмечается вырождение вязкоупругих свойств, что в свою очередь влияет, при тех же 

условиях, на удельный расход рабочего состава, который имеет тенденцию к увеличению. 
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The article considers the methodology of the process of lifting to the day surface of non-

Newtonian oil, which, in turn, significantly affect the flow rate of the working agent. 

When estimating the relaxation time of rheophysically complex oils, it was noted that as the 

temperature increases, the viscoelastic properties of reservoir fluid degenerate. These conditions 

lead to an increase in the specific flow rate of the working agent. 

The previously published articles [1, 4] provide a methodology for calculating the rate of 

pressure change both in the bottomhole formation zone and in the wellbore. The presence in the 

“reservoir-well” system of delayed “response” times to the influence of the working agent, which is 

compressed gas, requires taking into account the relaxation times of the gas-liquid mixture both in 

the reservoir and in the wellbore. In this connection, it is relevant and of interest to determine the 

relaxation times from the data of normal well operation and search for ways to regulate this 

parameter. As regulation of relaxation times, and consequently, giving non-Newtonian oils 

Newtonian properties, the authors proposed numerous studies on the application of physical fields - 

pressure field, thermal fields, magnetic, electric, etc. [4, 5]. 

Thus, when using barotreatment of downhole production with rapid pressure changes, there is 

a possibility to control the rheological properties of formation fluids by selecting the technological 

mode of production. Experimental works on treatment of non-Newtonian oils by sequential 

unloading of the system were carried out. As a result of baro-treatment by unloading, the tested 
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fluid began to acquire Newtonian properties, but with preservation of nonlinear viscoelasticity.  

Evaluation of rheological properties before and after the experiment in the PVT bomb was carried 

out on a rotational viscometer Reotest-2 with the sequential application of a computer program. 

In this connection, studies were carried out to reveal rheophysical properties of oil of NGDU 

“Narimanovneft”. After baro-treatment and temperature decrease it was observed that oils acquire 

Newtonian properties. 

 

Estimation of relaxation time 

To investigate the relaxation properties of reservoir fluid, we processed experimental data 

according to the method proposed by M. Cross [6] and more widely developed in [2, 3].  

The essence of mathematical processing is to determine the relationship between the values of 

tangential shear stress (τ) and the values of effective viscosity (ηэф ), in the following form: 
 

         
1

ηэф
2 =  

1

ηt
2 +  

τ2

4G2ηt
2     

(1) 

 

here G-modulus of shear elasticity of the studied fluid; ηt - is the true viscosity. 

It should be noted that equation (1) will hold if ηt and G take constant values, i.e., provided 

that the system is linear. The indices of the curves (Figure 1) of the dependence 𝜏 = 𝑓(�̇�) were 

recalculated in the coordinates 
1

𝜂эф
2 = 𝑓(𝜏2). According to the results of the performed calculation 

using the above formula, a new dependence was constructed and the obtained curves are presented 

in Figure 2. On the rectilinear part of the graph (Fig.2) the system has a linear character. 
 

 

Figure 1. Dependence of  𝜏 = 𝜏(�̇�)  for the solution of transformer oil +10% tar at different temperatures 

 

By analyzing the character of the curve it is possible to evaluate the interval of shear rates, as 

well as to identify the zone of curvature (nonlinearity). 

According to the results of studies on rotoviscosimeter at different temperatures of 

transformer oil and tar sands solution, it was obtained that the areas parallel to the axis  𝜏2 , will 

correspond to the viscous flow of the tested fluid, and are characterized by linear dependence. The 

other zone of the graphical curve, corresponding to nonlinear sections, shows viscoelastic properties 

of the fluid. 
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Figure 2. Dependence of  

1

𝜂эф
2 = 𝜏2 for the solution transformer oil + tar at different temperatures: 1 - 

500, 2 - 400, 3 - 300 

 

As the oil moves towards the bottom of the well, the pressure drops in its volume, causing gas 

to be released. The rate of change of formation pressure values is determined from the expression: 
 

|
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(2) 

 

As can be seen from equation (2), the detection in the bottom-hole zone of inertial forces 

occurs well because of the change in the direction of filtration velocity, which leads to an increase 

in the influence of anomalous oil properties [1]. 

According to the experimental data on the viscometer Reotest-2, and using the Cross 

dependence (Cross), it is possible to calculate the relaxation time for different temperatures. 

Conditionally assuming the conditions (х=𝜏2,   у =  
1

𝜂𝑡
2 ),  then by the straight line equation the 

dependence will take the form: Y = ах+b, where а =
1

4𝐺2𝜂𝑡
2 ; b = 

1

𝜂𝑡
2. 

Let φ - be the angle of slope of the line to the abscissa axis, a and b be the segment that is cut 

off by the line on the ordinate axis. Then : 
 

  𝐺 = √
𝑏

4𝑡𝑔𝜑
  (Па) 

(3) 

 

  𝜂𝑡 = √
1

𝑏
   (Па ∗ с)  

(4) 

 

By differentiating (dividing) the value of the modulus of elasticity by the viscosity of the 

fluid, taking into account that tо, the relaxation time of the solution is easily determined. The results 

of the mathematical analysis are shown in Table 1, from which it can be seen that the relaxation 

time of non-Newtonian oils will decrease with increasing temperature. 
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According to dependence (5) it is possible to estimate the rate of change of formation 

pressure: 
 

  
dp

dt
=  

μ

km
(

Q

2πhr
) 2    

(5) 

 

where d — is the diameter of the column. 

According to the bench studies, it is shown that in the bottom-hole zone of the well the 

filtration velocity of liquid in the formation rock takes the highest value. However, the maximum 

speed of hydrocarbon gains at the walls of the well. 
 

Table 

RESULTS OF STUDIES ON RELAXATION TIME ESTIMATION 
 

b Temperature, 

Т0, С 

Tilt angle, 

𝜑/𝑡𝑔𝜑 

True viscosity, 

𝜂𝑡 , мПа∗с 

Modulus elastic 

modulus, G, Pа 

Relaxation time, 

t, c 

2 3 4 5 6 7 

0,3 30 30/0,57 1,3 0,36 3,6 

1,1 40 45/1 0,95 0,5 1,9 

2,3 50 60/1,73 0,65 0,57 1,1 

9 60 70/2,74 0,33 0,9 0,4 

 

Results of the study 

The obtained results show that for lifting the same volume of viscoelastic fluid (mixture of tar 

and transformer oil) it is necessary to inject a working agent of smaller volume than for the same 

flow rate of Newtonian fluid. 

According to the results of analyzing the results of experimental studies, it was obtained that 

viscoelastic properties of anomalous oil can be used to improve technological processes of oil 

production. 

The rheological properties of a non-Newtonian fluid were investigated on a Reotest-2 

rotational viscometer. 
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