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Pumping complexes are energy-consuming multi-component systems which mainly consist of pumping 

units with the non-controlled electric drive, hydrodynamic network and consumers. When operating 

pumping complexes, operation modes need to be adjusted to correspond to a current water consumption, 

which has been implemented by using the frequency-controlled electric drive. One of the key problems of 

using pumping complexes is reducing the number of failures as they cause significant tangible and intangible 

losses. Therefore, dynamic loads control in pumping complexes is a topical scientific and engineering problem 

since hydraulic shock in pipelines resulting from sudden cut-offs, frequent starts/stops of the pumps and 

non-controlled closing/opening of the isolation valves is an extremely dangerous phenomenon causing the 

development of pipe cracks or fractures, pump failure, etc. 

Chapter 1 presents the main characteristics of pumps and their connection diagrams, as well as the 

characteristics and calculation of the hydraulic network parameters for various configurations. Dynamic 

operation modes of the pumping complexes are considered. Functioning and emergency operations are 

distinguished. Based on the experimental data, the specificities of starting the pumping unit for different 

conditions of the pipeline are discussed. A particular focus is on the analysis of the causes of emergency 

modes and major tools for their prevention or alleviation of possible adverse consequences. An overview of 

advantages and drawbacks of each type of hydrodynamic protection is provided. When discussing the 

dynamic modes, the authors made a special accent on the phenomenon of cavitation, which is an important 

plus of the manuscript. The calculated dependencies and graphs of the main characteristics of cavitation are 

presented. Based on the analysis of the anti-cavitation methods, the controlled electric drive was proposed 

to be used for alleviating adverse consequences. 

In Chapter 2, the authors proposed an approximation formula relating the hydraulic resistance coefficient 

with the degree of opening the hydraulic valves. Using it, graphic dependencies of the head variation for 

different laws of pipeline valves control were calculated. The authors developed the model of the pumping 

complex with controlled pipeline valves which, in contrast to the conventional models, combines the pump, 

the customer and the pipeline network into one system. Besides, this model takes into account the cavitation 

channel.  This makes it possible to study dynamic modes in any point of the hydro-transport system and 

calculate the energy balance of fluid movement within the pumping complex. Based on the analysis of the 

simulation results, the authors provided substantiation for using cavitation energy.  

Chapter 3 discusses the methods of alleviating the negative effect of the dynamic load on the hydraulic 

network. The calculation of the mechanical characteristics of the valve driven by an electric motor is 

presented. In order to avoid hydraulic shock, the authors proposed algorithm for choosing an optimal gear 

reduction rate combined with the frequency control of the electric drive of the valve. A specific feature of 

this algorithm is that it takes into consideration the non-linearity of the characteristics of the hydraulic 

network.  

The work is the first to have developed a method for determining the boundaries of cavitation-free 

operation of the pumping unit with the controlled electric drive for a pipeline network with variable water 

consumption. This allowed determining the range of variation of the rotation speed of the electric drive of 

the pump while implementing its productivity control. Besides, the authors proposed a method and 

constructed a device that makes it possible to transform cavitation energy into electrical energy. They 

developed a mathematical model of the pumping complex which includes a cavitation control device. The 

developed mathematical model was used for carrying out experiments. 



In Chapter 4, using the method of hydraulic analogy, the authors proposed a model of the electro-

hydraulic complex taking into consideration cavitation.  Based on the devised model, a number of 

experiments were conducted aimed at revealing the degree of effect of cavitation on the total energy balance 

of the electro-hydraulic complex. The viability of using the energy model for identifying the parameters of 

the electro-hydraulic complex was shown.  

Chapter 5 states the requirements to control systems for pumping complexes which are supposed to 

minimize the adverse impact of dynamic loads. Based on them, quality criteria for a closed-loop control 

system for pumping complexes were laid down. Using the optimization methods, the authors synthesized 

control algorithms for the pipeline valves and electric drives of the pumps, which enhance the efficiency of 

the pumping complexes in functional and emergency modes. It should be notes that the synthesized 

algorithms take into account the effect of cavitation on the pumping complex operation. In order to verify 

the efficacy of the proposed solutions, the manuscript presents a comparative analysis of the pumping 

complex operations both without the automatic control system and with it.  

Chapter 6 provides the description of the developed experimental unit on which the static and dynamic 

modes of the pumps in the systems with controlled and non-controlled electric drive were studied. The 

technological and energy characteristics of cavitation development in the hydraulic network were analysed. 

The analysis of the presented experimental dependencies proves the adequacy of the proposed 

mathematical models.  

There are a number of points of concern in the work being peer-reviewed: 

 while selecting the quality criteria (Chapter 5), the authors did not draw a comparison between 

the existing criteria; 

 the manuscript does not consider the combined method of reducing the negative effect of the 

dynamic loads, in particular for controlled electric drive of the pump and the valve. 

The above-mentioned points do not diminish the scientific value of the research. The work has a 

theoretical value and practical importance and will enable specialists and students in this area to develop 

design and operation solutions for pumping complexes. Taking the above-said into consideration, I 

recommend the manuscript for publication. 
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