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Annotation: The article is devoted to the calculation of a hydraulic shock absorber with a
diaphragm installed at the end of a pressure pipeline. Theoretical solutions of hyperbolic type
wave equations for a polytropic process (n=1.20) are proposed.

To dampen the intensity of hydraulic shock from increasing pressure in pressure-hydraulic
systems, an effective design of a hydraulic shock absorber with a diaphragm is proposed.

The article presents the results of analytical and experimental studies of water hammer in the
presence of a damper. The results of the proposed method for calculating the water hammer are
in good agreement with the experimental data. This confirms the reliability of the proposed
analytical method for calculating the water hammer.
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AnHotammsi: CraThsi MOCBSIICHA JUIS pacdeTa TracuTels TUapoyaapa ¢ jauadparMowu,
YCTAHOBJICHHBIM B KOHIIE HAIlOPHOTO TpyOompoBoza. [IpenokeHbl TEOPETUISCKUX PEIICHUN
BOJIHOBBIX YpaBHEHUH TUTIEPOOIMYECKOTO THITA JJIs TOJIUTPOITHOTO mporecca ( n = 1,20).

Jis ramieHust CWIIBl TOJIOKUTEIFHOTO THIpPOYAapa B HAIOPHBIX CHUCTEMax MPeIIokKeHa
3 PeKTHBHAS KOHCTPYKIIUS TaCUTENsS THAPOyAapa ¢ AuadparMoi.

B crathe mpuBeneHBI pe3yabTaThl TEOPETUYECCKUX M IKCICPHUMEHTAIBHBIX HUCCIICIOBAHHIMA
THIpOyapa NPy HAIWYMU TacHTeNsl. Pe3ynbTaThl MpeiaracMoil METOJMKN pacueTa racUuTes
THIpOyJapa  XOpPOIIO COTJIaCyeTcsl C ONBITHBIMH JIaHHBIMH. OTO TOJTBEPXKIACT O
JOCTOBEPHOCTH MPEIaraéMoi TEOPETUIECKONH METOIMKU pacdeTa THAPOyaAapa.

KawueBble cioBa: ruIpoyaap, HANOPHBIA TPYOONPOBOJ, TaCUTENb THUAPOYAapa, HaropHas
CHUCTEMa, TaCHUTEIIb C quadparmMoid, MoJI0KUTEIbHBIN THAPOYAAP.

Introduction. To protect pressure pipeline systems from the effects of hydraulic shock (HSH),
various dampers are used [1,2,3,4,5,6,7,8], in particular, air-hydraulic caps (AHC)
[9,10,11,12,13,14].

In [1], N.E. Zhukovsky proposed a method for calculating the WH in the presence of a AHC
installed on a pipeline. The author proposes an approximate formula for determining the
volume of air in the AHC and adopts the adiabatic law of compression and expansion of air in
the AHC, since, according to the author, the WH process is rapid [1].

I.A. Charny [2] uses linearized WH equations to calculate the AHC. In this case, the author
adopts an isothermal law ( n=1.0) for the compression and expansion of air in the AHC.

In practice, the most widely used calculation method was the one proposed by G. Evangelisti
[3]. This method is based on the use of special graphs compiled by G. Evangelisti as a result
approximate integration of wave differential equations of hydraulic shock using the finite
difference method [3].
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The disadvantage of these graphs is the limited range of variation of the initial parameters and
therefore in many cases the Evangelisti method is not applicable.
In the work [4] V.S.Dikarevsky, trying to eliminate the shortcoming of the method of G.

Evangelisti, constructed diagrams Zmax = f O-,Zmpo)for Zuin = f (O-,Zmp()) the isothermal law

(n=1.0) in a wide range of changes in the parameters ¢ and Empo . However, the author [4]

allows for inaccuracies in solving the basic equations.
F.M. Darson and A.A. Kaliske [5] present an analytical method for determining the dimensions
of a cap located at the end of a pressure pipeline in front of a valve. In this case, the author [5]
adopts an isothermal law (n=1.0) for the change in gas volume in the pressure vessel and does
not take into account the effect of pressure losses on friction in the pressure pipeline. This
method for calculating the cap is also approximate.
In the work [6] B.F. Lyamaev developed a method for calculating the AHC on a computer. The
proposed method is based on the combined solution of the WH equations, the continuity at the
connection point of the cap to the pipeline and the state of the gas in the AHC. The calculation
is performed by the author using the iteration method [6].
In the work [7] D.A. Fox presents a numerical method for calculating the AHC. The author
applies the method of characteristics with a regular rectangular grid with constant steps Ax and
At . The author solves the equations of continuity, the equations of the air (gas) state, and the
equations of relationships on the characteristics simultaneously. The calculations are
implemented on a computer. The author [7] proposes to take the polytropic coefficient equal to
n=1.20 in the calculations and takes into account the pressure losses along the length according
to the quasi-stationarity hypothesis.
To conduct the experiments, an experimental setup was designed and built, which is intended to
study the WH with increasing pressure in the presence of a damper with a diaphragm installed
at the end of the pressure pipeline [8].
Experiments conducted to determine the value n confirm that when calculating the WH in a
gas-liquid flow n=1.20 is very practical and effective, relative to isothermal and polytropic
processes, and the experimental data are in good agreement with the calculated data [8,15].
Therefore, in this work, all studies and calculations were carried out at n=1.20.
To dampen the shock wave that occurs in pressure pipelines, along with other shock absorbers,
a diaphragm air-hydraulic cap (DAHC) is used - a damper with a diaphragm (Fig. 1), the
dimensions of the damper are determined by the conditions for starting and stopping the pumps
[2,3,4,6,7,8].
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Fig. 1. Pumping unit diagram: 1-tank; 2-suction pipeline; 3-pump brand 3K-6; 4.8-valves;
5,9-quick-acting plug valves; 6-pressure pipeline; 7-water hammer absorber; 10-
connecting pipeline; 11-diaphragm; D 1, D 2 - pressure sensors; M 1, M 2- pressure gauges.
In this work and in Fig. 1 we will use the notations that we described earlier in detail in [8,15].

Methods and materials. This paper presents an analytical method for calculating the
DAHC installed at the end of a pressure pipeline [8,15] (Fig. 1).
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When developing the methodology in [8,15], it was assumed that the closing time of the fast-
acting plug valve 9 is equal to zero.

To calculate the hydraulic shock absorber with pressure increase, installed at the end of the
pipeline, the following system of equations is used [4,8] :

Y ERY:

=

T+n _
%=2nh” 7z1/2—o-l9
dt n

The system of equations (1) is solved under the following initial conditions [4,8] :

525021; -
_ ,at =0 (2)
hozl_hmpo

Results. To determine Ha min and Ha max in a pressure system with a DAHC as a result of a
theoretical solution of the system of equations (1) the following dependencies were obtained.
To determine hmax

[1 = + 1o 9\9\]
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= Il

where & max is found by =

max i

h%

From equation (3) or (4), with known x, o, y and &, one can determine the value of &musing the
method of successive approximations, and then calculate hmax and Hamax using the formulas

n

h, = —2 AndH,_ =h H, (7)

max amax

max
From equation (5) or (6), with known %, o, ¥ and & m (hmax), one can determine the value of &max
using the method of successive approximations, and then calculate hmin and Hamin using the
formulas

P = (?) " And H,, =h 1, (8)
The problem of determining hmin and hmax using equations (3) - (6) is implemented on a
computer.

It should be noted that the use of approximate formulas (3), (4), (5) and (6) allows us to
determine the dimensions of the DAHC with a margin of 0+14.5% [8].

To verify the reliability of the above-proposed analytical dependencies for calculating the
DAHC, experimental studies were conducted. The results of comparing the calculated data
using formulas (3) and (5) and the experimental data [8] for studying the DAHC at n=1.20 are
shown in Fig. 2 and Fig. 3.
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Fig. 2 Comparison of the results of analytical calculations of the WH in the presence of a
DAHC according to formula (3) with experimental data [8] .
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Fig. 3 Comparison of the results of analytical calculations of the WH in the presence of a
DAHC according to formula (5) with experimental data [8].

Discussion. A literature review shows that a positive pressure drop in a long pressure pipeline
leads to a non-stationary process. To prevent this, it is crucial to develop a new methodology
for calculating the pressure drop in the presence of a pressure regulator installed at the end of
the pressure pipeline.

To effectively dampen the intensity of WH shocks in pressurized systems, it is crucial to
consider changes in local resistance in the diaphragm of the connecting pipe and the law of air
expansion and compression in the proposed cap design. These factors must also be considered
when integrating the wave differential equations of WH shocks using the finite difference
method to determine the optimal dimensions of the proposed damper design.

Conclusion. Thus, as a result of the analytical solution of the wave differential equations of the
WH with increasing pressure in the presence of a damper, dependencies for calculating the
maximum and minimum pressures of the WH are proposed.

The reliability of the proposed formulas (3) and (5) is proven by comparing the calculated
values maximum and minimum pressures of the gas turbine unit with their experimental values

[8].
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