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Abstract – The article is devoted to determining the intensity of hydraulic shock in pressure pipelines, taking into account the two-
component flow. Based on the processing of the results of experimental studies, a dependence is proposed for calculating the maximum 
pressure during hydraulic shock. Достоверность полученной взаимосвязи доказана сопоставлением расчетных с опытными 
данными. 
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I. INTRODUCTION 

The problem of optimal control of the automatic re-heating system of oil pipelines (ball and cork valves, shut-off valves, 
etc.) is reduced to obtaining reliable information about the intensity of hydraulic shock and does not lose its relevance, since its goal 
is to reduce product losses as a result of leak – tightness of pressure oil pipelines [1,2,3,4,5]. 

Modern pressure pipeline systems mostly transport multiphase mixtures. The need to equip such systems with various 
types of emergency shut-off valves poses a task for researchers related to determining the optimal time of pipeline shut-off in order 
to reduce the intensity of hydraulic shock, as well as the optimal response time of automatic shut-off systems to prevent false shut-
off during changes in technological operating modes [6,7,8,9,10]. 

The issues related to determining the optimal shut-off time of pipeline systems were considered earlier by us and it was 
pointed out that it is necessary to conduct experimental and theoretical studies to study the phenomenon of hydraulic shock in gas-
liquid flows [2,3]. 

II. RESEARCH METHODOLOGY 

The most well-known and practically tested in the theory of hydraulic shock for a single-phase flow is the formula of N. 
E. Zhukovsky and its modifications [2,3]. This formula is also confirmed by the methods of the theory of elasticity of continuous 
media. However, the complexity and variety of flow forms of a two-phase mixture does not allow using traditional methods to 
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determine the magnitude of the hydraulic shock [2,3,11,12,13]. In this regard, the most acceptable way to establish a quantitative 
and qualitative picture of the phenomenon of hydraulic shock in two-phase flows is an experiment. 

At the experimental installation, studies were carried out to determine the values of hydraulic shock [2,3]. The experiment 
was carried out with the movement of a water-air mixture, which is given in [2,3]. The speed of sound in the medium was determined 
as follows: the hydraulic shock was reproduced by blocking the flow by switching on quick-working cut-offs installed at the 
beginning and end of the pressure pipeline. Pressure sensors with amplifiers were mounted in the pipe: one at the end of the pipeline 
in front of the cut-off, and the second in the middle of the pipeline for more accurate recording of the impact amplitude on the 
oscillogram when shock waves are applied. 

After the flow is blocked, the compression wave propagates at a certain speed from the cut-off device located at the end of 
the pipeline, while the sensor registers an increase in pressure. Then the shock wave is perceived by a sensor located in the middle 
of the pipeline. The sensor consists of two parts: a membrane and an amplifying one. The first perceives pressure fluctuations, the 
second amplifies them and transmits them to the four-channel ID-2I amplifier, noting the process of hydraulic shock on the 
oscillogram. Due to the noisiness of the main parameters, it is not possible to identify the general trend, although on the basis of the 
data obtained, a certain pattern can be noticed; Based on the experiments carried out, a fairly good correlation was established 
between the parameters P / Pst and Fr (Fig. 1). 

At the given values of the flow rate (velocity) of the liquid, the pressure ratio changes linearly depending on the Fr number, 
and with an increase in its pressure ratio, the pressure ratio decreases. This can be explained by the fact that an increase in the Frcm 
number at a constant liquid flow rate leads to an increase in the gas content of the flow, which, in turn, causes a decrease in the 
magnitude of the water hammer. 

 

Fig. 1. Dependence of the relative shock pressure on the Fr number at different values of the average fluid velocity ϑ in the 
pressure pipeline: 

 - at ϑ=0,56 м/с;  - at ϑ=0,85м/с;  - at ϑ=1,24 м/с;  - at ϑ=1,49 м/с;  - at ϑ=1,76 м/с. 
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A slight increase in the flow rate of the liquid phase leads to a noticeable increase in water hammer and, in contrast to a 
single-phase flow, the magnitude of the water hammer during the movement of two-phase mixtures is also a function of the system 
pressure. This is quite natural, while the density of the two-phase flow is determined by the magnitude of the pressure [3]. 

III. RESEARCH RESULTS 

The processing of experimental data using the methods of mathematical statistics made it possible to obtain the following 
empirical formula for determining the magnitude of the shock pressure at an instantaneous stop of the two-component (gas-liquid) 
pressure flow in pipes:                       Р0

уд=10-2Рст(6,29+5,71Reж-2,68 Fr),               (1) 

Where Рст - system pressure; Reж - Reynolds number for a two-component liquid,  Fr – Froude number. 

According to the experimental data (Fig. 2) [2,3], an estimate of dependence (1) is given, which is in good agreement 
with the experimental data. 

 

 

Fig. 2. Comparison of the results of experiments and calculations according to the proposed dependence (2). 

 

If we take into account the time when the flow is cut off by the cutter, then the shock pressure will have the form:                    

l

сТ
РРР удсруд 2

0 ,                                        (2) 

where T is the time when the flow is blocked by the cut – off device; c is the speed of sound propagation in a gas-liquid 
mixture. 

The dependence (2) can be used to estimate the magnitude of the hydraulic shock during the movement of gas-liquid 
pressure flows in pipes. 

Based on the conducted studies, it was found that the value of the hydraulic shock for a gas-liquid mixture is directly 
proportional to the flow rate of the liquid phase, the number of Fr with a negative correlation coefficient and the average pressure 
in the pressure pipelines. 

An empirical formula (2) is proposed for determining the maximum pressure of a hydraulic shock during the transport of 
gas-liquid mixtures, which can be used to estimate the time of an emergency pipeline shutdown in such systems 
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IV. CONCLUSION 

Based on the above, we can draw the following conclusions: 

1. According to the proposed dependence, it is possible to determine the values of the maximum pressure of a hydraulic shock 
during the transport of gas-liquid mixtures, which can be used to estimate the time of an emergency shutdown of the pipeline in 
such systems.  

2. The recommended scientific approach to solving the task prevents accidents and ensures normal operation of the pumping 
pipelines of the gas-liquid flow.  

3. The conducted studies ensure resource saving and do not allow for pressure-hydraulic systems when transporting gas-liquid flow 
in the event of a hydraulic shock. 
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