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Annotation

The article presents the results of analytical and experimental study of the
polytropic coefficient in the process of hydraulic shock with an air-water pressure
flow. At the same time, a reliable coincidence of the results of calculating the
polytropic coefficient by the proposed method with experimental data is obtained,
which also confirms the variability of the polytropic coefficient during hydraulic
shock in the air-water flow. The conducted experiments prove that the coefficient of
polytropes is strictly polytropic in nature.
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AnHoTanmsa

B crathe mnpuBemeHBl pe3ynbTaThl aHaJINUTUYECKOE W SKCIIepYMeHTaJIbHOe
vcciiefoBaHe KoadduiimeHTa MOIUTPOIIL IIPY IIpoliecce IMpaBINdecKoM yaape
C BO3OYIIHO BOASIHOM HaIlOpHOM HOTOKe. IIpm 3TOM mHOJIy4YeHO OOCTOBEpHOE
COBHa/IeHNe pe3yJIbTaTOB pacueToB KoadduImeHTa NOIUTPOILI MO0 HpelaraeMom
MeTOAMKe C OIBITHBIMM [JaHHBIMM, 4YTO TakKXe IIOATBepKaeT W3MEeHUYMBOCTHU
3HadeHMe KoadduiieHTa MOJINTPOILI IpW I'MAPaBINYecKOM yape B BO3YIIHO-
BOJISIHOM IIOTOKe. [IpoBefieHHBIe 3KCIIEPVMMEHTHI IOKa3bIBalOT, YTO KO3 PUITMEHT
HIOJINTPOIIBI MIMeeT CTPOro IOJIUTPOIIMYECKOro Xapakrepa.

KiroueBsble cj10Ba

KO3(pPUIIMeHT MOIUTPOIIbI, TIMAPABINYeCKUI yaap, BO3MYIIHO-BOISHONM
HalOpHBIVI IIOTOK, HaIlOpHAas CHUCTeMa, 3aKOH CKaTud-paclIVpeHNusl BO3JyXa,
CKOPOCTM  pacHpOCTpaHeHMs  BOJIHBI  yJapa, W30TepMUYeCKUNI  IIPOoIiecc,
azrabaTaecKu mporiecc.
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AHHOTATIUA

Makosaga monmTporna Ko3dPUITMeHTMHMHT TMApaBInK 3apba >XapaéHuIa
HAIIOpJIM XaBOJIM CYIOKIMK OKMMMOAa aHaJIUTUK Ba SKCIeprMeHTasl TaIKUKOTH
HaTVDKaJlapy KelTupwiraH. bynna taximd sTmiiaérrad ycys Oymnda HOIMUTpPOIa
KO3(PULMEHTUHNHT XMCOOMIT KUMMAaTiIapyu TaxXpuba MabIyMoTIapu OwiaH
VUIIOHWIN MOC KeJIWIIV OJIVHTAHKY, IIYHMHIZEK IOJIUTporna Ko3dPuiimeHTn
KAVIMaTV Y3rapyBUaHJINIV TacAMKIaHaANM. YTKaswiraH TaXpuOasap HOIMUTPOIa
KO3 PUIIMEHTVHVHT IOJIMTPOIIMK XapaKTepra sra 3KaHJIUTMHN McOoTIanan.

Tayanch so'zlar

politropa koeffitsiyenti, gidravlik zarba, bosimli havo-suv oqimi, bosim tizimi,
havoning siqilish-kengayish qonuni, zarba to'lqinining tarqalish tezligi, izotermik
jarayon, adiabatik jarayon.

Currently, there is no consensus on the selection of the numerical value of the
polytropic coefficient n, which takes into account the law of compression-expansion
of air in a gas-liquid pressure system. In works [1,2,3,4,5] the authors recommend
accepting the law of compression-expansion of air in a gas-liquid pressure flow as
adiabatic n=1.41, while other authors [6,7,8,9,10] accept n=1.0, considering that the
process of compression-expansion of air in the system is isothermal. At the same
time, in the works [11,12,13,14,15,16] it is stated that the process of compression and
expansion of air in the system proceeds according to the polytropic law. Therefore,
the justification of the correct choice of the numerical value of the polytropic
coefficient when calculating pressure gas-liquid systems for hydraulic shock is very
important, since the reliability of determining the speed of propagation of the shock
wave, as well as the minimum and maximum pressures in the pressure system,
depends on this.

The speed of propagation of the impact wave is the most important parameter
when calculating water hammer. When deriving the dependence for determining
the speed of propagation of the impact wave, changes in the mass of the gas-liquid
pressure flow in an elementary section of the pipeline over time At were adopted.
The following assumptions were made:

1) the average speeds of the components of the air-water flow (air and
water) are equal to the average speed of the flow mixture;

2) the components of the air-water flow are mixed fairly well with each other;

3) the mass transfer equation is broken down into independent mass transfer

equations for each component of the air-water flow;
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4) during the impact, neither absorption nor release of air occurs, that is, the
mass of air in the air-water flow is constant;

5) the volume concentration of air is insignificant ¢=0.03;

6) the process of changing the volume of air is considered adiabatic, that is,
n=1.4.

The dependencies obtained in accordance with the described methodology are
reduced by equivalent transformations to an equation of the form (1) [3].

We compared the experimental values of the propagation speed of a hydraulic
shock wave in an air-water flow Cex with the values Cec calculated using
dependence (1) [3]. The results of experiments conducted by D.N. Smirnov,
A.G.Dzhvarsheishvili and G.I. Kirmelashvili, V.S. Dikarevsky and A.A. Markin,
N.G. Zubkova were used.

To experimentally determine the numerical value of the polytropic coefficient
n in a gas-liquid pressure flow, special experiments were carried out in the
laboratory, consisting of several series, the methodology for which is described in
[3]. The standard deviation of the experimental values of Cex from those calculated
using formula (1) [3] is 12.7%. Presumably, one of the possible reasons for these
discrepancies is that the process of gas compression during hydraulic shock in an
air-water flow is not exactly adiabatic. In all likelihood, the value of the polytropic
coefficient n lies in the range from 1 to 1.4.

To obtain the value of n corresponding to the experimental data, we will use

the least squares method and find the minimum value of the expression:
i C -C

F = z ( P on )21

T~ C

on

Where C, =f,(P.V

P

,¢,N) - calculated values of the propagation speed of the

hydraulic shock wave according to formula (1) [3];

C,, =f(P.V,,p,n)- the speed of propagation of a hydraulic shock wave
according to experimental data; i - number of experiments.

We will look for n - corresponding to the minimum value of F with an
accuracy of £0.5% and the expression itself according to the “minimax” plan. The
problem is to solve a system of difference equations in the rangex' =1<n<x"=14
with an accuracy of n=+0.5%, that is it should be

. mes[x’, X"]
U,+2

4
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Where x' =1 and x" = 1,4 - boundaries of the interval of the desired n; Un+2 -

Fibonacci number defined by the following ratio Un+2=Un+1+Uy; n - number of
steps.
14-10 4
If n< ~0,5%, that U,,,>——=80
4 0.5% that Ur.z =5 005

We'll find it Un+2280. The table of Fibonacci numbers is written as follows:
Uo=0, U1=1, Ux=1, Uz=2, Us=3, Us=5, Us=8, Ur=13, Us=21, Uo=34, U10=55, U11=89,
that is U12=89 and therefore, to determine the value of F with an accuracy of
n=20.5%, it will be necessary to calculate the expression n=11-2=9 times.

The polytropic indices n, at which the values of F were calculated, and the
values of the expression F themselves are given in Table I.

Table I

Values of the polytropic exponent n and the expression F

n 1 1 1 1 1 1 1
152 | ,163 174 ,183 ,192 ,201 212
Th F* 1 1 1 1 1 1 1
104 4859 | 4690 |3958 [4504 |1197 |0905 |0256

us, the

minimum value of the expression F=1.0256 corresponds to no equal to 1.212. This
result was obtained by analyzing several series of experimental values of the
propagation speed of a hydraulic shock wave in natural and laboratory conditions
with an air content of up to 3% by volume at atmospheric pressure. However, the
experiments conducted did not aim to study the influence of the air-water flow
structure on the values of the propagation velocity of the hydraulic shock wave.

In conclusion, it can be noted that the research results (Table No. 1) show that
the value of the polytropic coefficient n is not constant. The average value of the
polytropic coefficient obtained in the experiments is n=1.182. In calculations of
pressure pipeline systems for hydraulic shock with gas-liquid flow, take n=1.20
with some reserve, which also proves the reliability of the recommendation of D.A.
Fox [12].
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