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Abstract 

Hydraulic impact is a negative character of inertial forces in 

pipes, a change in speed and pressure as a result of local 

resistance in a space filled with liquid. 

The causes of hydraulic shocks in pumping stations can be the 

starting and stopping of the pumping station, the gradual 

closing of the shut-off and control fittings, the release of air 

packs, hydraulic processes, etc.. 
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Introduction. We will consider the most common types of them. Placing a device on an open valve in the 

outlet pipe of the pump is mainly a violation of the technological process, which can only be explained by 

the failure of a part of the pumping station equipment. 

At the same time, the pressure increase in the initial section of the pipeline at pumping stations with a high 

lift height is limited by the pressure classification of the pump, as an example of the analysis of the transition 

process through the graph (Fig. 1). 

In this case, the traditional assumptions developed for quality analysis are used: the pump is considered to be 

a link without inertia, it is considered that the hydraulic resistance of the pipe is concentrated at one point 

and does not depend on the flow acceleration. 

There are other options for the development of the process, but in any case, the above conditions remain 

valid. Shutting down a pumping unit is the most common cause of dangerous pressure fluctuations. 

According to the rules of technical use of pumping devices, the closing of the primary valves at the outlet 

should be controlled when stopping the pumps, but they cannot be controlled all the time, for example, by 

turning off the power supply from the motor or suddenly in case of disturbances in the process in which the 

liquid is being consumed can be deleted. 
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Figure 1. Graphical analysis of the transition process when starting the pump: 

H – pressure; Q – fluid consumption; L – pipe length; t – time; c - shock wave propagation speed; 1 – 

pressure description of the pump; 2 - network consumption description; AB, BC, CD, DE, EF - wave 

classification of the pipe. 

Hydraulic impact corresponds to a significant pressure amplitude at the same time and can be dangerous 

(Fig. 2). 

 

Figure 2. Graphical analysis of pressure fluctuations in the initial section of the pressure pipe when 

the pumping device is suddenly turned off: 

H - pressure; Q – fluid consumption; L – pipe length; t – time; c - shock wave propagation speed; 1 – 

pressure description of the pump; 2 - network consumption description; AB, BC, CD, DE, EF, FG, 

GK, KM - wave description of the pipe. 

In pressure pipelines, rapid closing (opening) of the valve at a sufficiently high pressure is observed before 

(in the direction of flow) and after the valves, a sharp increase in pressure is observed. The need to quickly 

close the valves or to reduce the current consumption depends on the functional nature of the hydraulic 

system. 

Material and methods. As a result of slow closing of the valves, the delay in stopping the flow in the 

sections of the water supply pipes causes the pipes to bend excessively and, as a result, they burst. 
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Graphical and analytical analysis of hydraulic hammering shows its danger with partial or complete closure 

of the shut-off valve (Fig. 3). Pipe resistance is not taken into account, and during sudden closing (opening) 

of the closing device, it is considered less than the hydraulic impact phase. 

 

Figure 3. Graphical calculation of the hydraulic blow in complete and partial closing of the closing 

device: 

1 - description of the reservoir; 2 - consumption description of an open tap; 3 - consumption 

description of partially open faucet; AB, BC, CD, DE, EF, FG, GK, KM - wave description of the pipe 

In the closed position of the valve, the release of the air plug from the pipe through the suction cup is similar 

to the partially closed position of the valve. The exact amount of pressure increase depends on the 

performance of the system and can reach dangerous levels. 

The effect of hydraulic hammering is as follows: 

 First of all, they can cause direct damage to pipes, closing fittings, fastening elements of pump 

equipment. 

 It can cause damage to auxiliary equipment, loss of pressure. 

 In some cases, hydraulic hammering can stop the work process of the entire enterprise. 

 Non-hermeticity of pipes, failure of closing fittings often occurs in household heat supply systems, which 

also depends on their relative deterioration (Fig. 4-5). 

 

Figure 4. Breakage of a cast iron pipe as a result of hydraulic hammering 
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Figure 5. Failure of the gearbox as a result of hydraulic hammering. 

Conclusion 

Almost all water supply systems face the problem of hydraulic hammer. In pressure pipelines, rapid closing 

(opening) of the valve at a sufficiently high pressure is observed before (in the direction of flow) and after 

the valves, a sharp increase in pressure is observed. The need to quickly close the valves or to reduce the 

current consumption depends on the functional nature of the hydraulic system. The physical model of the 

hydraulic hammer phenomenon is a complex issue, and it is necessary to use the method of similarity of 

physical processes in the modeling process. 

Reliable, shock-resistant devices have been developed to prevent and protect against hydraulic shocks, and a 

set of shock-resistant complexes for large-diameter water pipes has been developed. This complex also 

includes air valves to admit air or water in places where the flow may be interrupted, check valves in corner 

sections to separate the flow, and devices designed to flow water in the opposite direction after the pump is 

turned off takes. 
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