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The paper studies accumulated in a pipeline air emission into the atmosphere. The analysis of the
differential equation of a fluid column motion has shown that flow rate at the outlet section tends to infinity.

Since the blowout rate is finite then it is commonly accepted that blowout of air-mixed mass occurs not
at the outlet section but at the section located at some Xx distance from the outlet section. This assumption is
proven by the experiment carried out at the damaged force pipeline of the Saralanj pump station.

A formula has been derived to determine the blowout rate. To evaluate the Xx distance a laboratory
experimental studies have been carried out. The measured magnitude of range obtained by the experiments
enables to quantify the Xx value.

An analytic calculation method for energy loss in a straight hydraulically smooth pipe of uniform cross-
section through which a viscous fluid flows in steady-state conditions has been suggested. This method enables
to determine hydraulic friction losses based on a unified approach, i.e. without binding it to the fluid flow
regime. Satisfactory convergence of calculated and known in literature values of friction resistance coefficients
has been shown.
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Introduction

Complex and effective use of water resources requires combination of environmental, socio-
economic and technical issues. In irrigation and drinking water systems of the Republic of Armenia
hundreds of pump stations, gravity water pipelines are in operation of which the total length of the
water main measures three thousand km. [3]. Physiographic characteristics, rough landscapes of
mountainous countries cause serious difficulties for implementation and effective operation of
engineering infrastructures and especially water supply systems.

In highlands pressure lines of irrigation, drinking water gravity cannels and pump stations
have many siphon sections in the vertical plane where air accumulations occur which sometimes are
called air cushions [1,2,7,8,10]. The main reason of air accumulations development in high locations
of gravity pipelines is an aerated water entry developed in head works. rising and descending branches
of high location pipelines in many cases are of large inclination due to which air accumulations
developed in the siphon sections in conditions of operation hydraulic mode are not entrained by the
fluid flow. As a consequence of all this the value of discharge flow through the pipeline is diminished.
Not frequently, particularly, in small diameter siphon pipes the bubbles can occupy the entire section
of the siphon pipes and make the siphon flow stop [4, 9, 12].

Many research workers carried our theoretical and experimental study of air accumulation
development reasons in siphon sections of a pipeline and impact of the accumulations on the hydraulic
mode. Release from the pipe end of the accumulated air entrained by fluid flow is less studied and
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known as “Air Shot”. This phenomenon occurs almost in all pipelines functioning in pressure mode
mainly when hydraulic mode undergoes a drastic change [5].

At the moment you open your kitchen water tap after a long interruption of the water supply
service when the pipeline became full of air a sudden release of water mixed with accumulated air will
occurs with a specific noise reminding that of sneezing. This stream of the water and air mixture
strongly hits the washbasin. This phenomenon is far more dangerous in gravity water lines, pressure
pipelines of pump stations. There it causes destruction and rupture of the pipe in head works
(Mkfchian pump station first step, Saralanj pump station, Hermon-Elpin gravity canal [4]).

Waterlines of turbine installations of small hydropower stations built in the last decade in
Armenia are located higher than the head works of the gravity waterline. It makes operation of the
station complications [7,11].In case the small hydropower stations taken out of service in the head
works of the waterline due to water discharge abrupt decrease a difference occurs between the given
and demanded discharges and as a consequence on some part of the waterline adjacent to the head
works non-pressure flow is developed.

When on derivation length at the river section the discharge is recovered, in the head works the
water level rise takes place, but the waterline no longer can receive additional discharge, till the
entrapped in the pipeline air is not removed by an air release valves.

Currently a number of gravity waterlines are under design and construction in the country.
Most of problems we are after is related to the design, effective operation, raising of safety, and
maintenance.

Release of accumulated air was also observed in non-pressure tunnel of Tatev hydropower
stations. As a result of a discharge more than water discharge, the tunnel cross-section was locked and
when the entrapped air was released from the entrance section, the metal structures of the tunnel portal
were destroyed.

Conflict settings

The problem of theoretical analysis of the water and air mixture stream release from the pipe
end is reduced to determination of two physical magnitudes: release velocity and a force that stream
hits on the motionless obstacle.

Theoretically, determination of these two physical magnitudes, particularly, impact of the
released mass on an motionless obstacle, is impossible, because releasing aerated two-phase mass
concentration is unknown. For this reason investigation of this phenomenon should be carried out
experimentally.

Researchresults. We planned to design, build, and install an experimental setup (Fig.1) in the
hydraulic research laboratory of the Institute of Water Problems and Hydro-engineering after
Academician Eghiazarov.

The experimental setup consists of a D=25mm diameter glass tube (1), plug valve (2), check
valve (3), valve of discharging unit (4), air release valve (5), flexible unit of connection (6), slope
changing device (7). The experimental setup is fed from a large basin, which is installed at H=7m
height from the entrance valve.

Sequence of experiments performance and obtained results

The experiment is performed in the following way: the glass tube is installed at i, =sina angle

and by full opening the entrance valve the discharge Q and long-term L,are measured (Fig.1).
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Figure 1. Experimental setup for release phenomenon observation

Trajectory equation of the stream’s central particle can be expressed as

2

y—L—tha
2V cos’ a (1)
Taking into account thatwhen y =h, X =L ;0 phave
V : 2 ain?
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g

It is evident that LO IL=k quantity will characterize atmospheric air influence on the range
of the stream.

A.Ya.Margaryan [5,7] differential equation of the fluid column situated in front of air
accumulation (in the line of flow) presents as

dv gi P, W,
it A N Q% )|’ )

where Po and Wa are initial absolute pressure and volume of air accumulation, respectively, & is

pipeline transmission capacity, ¥ is the length of the fluid column between the outlet cross-section and
air accumulation.

From Eq.(3) it follows that when x — 0, dV/dt — oo}V > that is from the pipe’s end air

accumulation is released by infinite high velocity.
The below table shows relative release ranges
Table 1

Relative release ranges

« |h |Q Vv Le | L L L/, [k=L/L

cm cm®/s cm/s cm cm cm . -
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Actually the release velocity is final. This means that air mixed fluid flight starts from a

section located at some X, distance from the pipe end (Fig.2).

Let us determine V(x)function in the [ Xo, X, ] interval. As far as dx =—Vdt, then Eq.(3) takes
the following expression of a differential equation with detachable variables

vav =P dx , 4

Figure 2. Time-dependent positions of air accumulation

1 2
where b=p0W0%1C:pg(io+%j: 5)

Substituting the variable, we have

X +& = u and denoting Po _ a: (6)
2C 2c
Eq.(4) takes the following expression
vdy =_2_du . )
cu —a
Integrating Eq.(8) for boundary conditions
u=u,, V=0, (8)
we get
Ug —a)lu+a
V2:£In ( 0 )( )| (9)

ca |(up+a)u-a)’
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Substituting constants of Egs.(5) and (6), we have

- XO(X“L ( Po Z/KZ)J
v=\/29}§W° In P91l +Q : (10)
x(x0+ . Po s J
pg(|O+Q /K )

First root of Eq.(10) has a dimension of velocity

291,W,

Wf—gpo\ s=V (11)
o [ % (x+m)

V=V, In—x(x0+m)’ (12)

Po
_ 13
[m pg(i0+Q2/K2)J (13)

Hence

According to the above assumption and substituting X=X, .  Eq.(12), we get the release

V, =V, [InXeX M) (14)
X, (X, +m)

Experimental studies will enable to clear up a number of problems which play a decisive role
in design and operation processes, including the following:

velocity

Conlusion

1. findings obtained by experimental study on air accumulations displacement nature in gravity
waterlines,
2. analysis of results obtained by theoretical and experimental study on critical velocity value of
air accumulation entrainment by fluid flow,
3. theoretical and experimental study on air accumulation development reasons in the pressure
pipeline and impact mechanism of water and air mixture stream released from the end outlet of
the pipeline.

The work has been performed within the framework of 15T-2K263 theme.
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Wu wunnwip hwunwwnyb] b Uwpwjwush wyndwywlwjwuh Jpwpjwd dndwu funnnjulwowph ypw
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Uunwgyb) £ wpunwubindwt wpwgnigjwu npnadwt pwuwdl: Npwbtiugh qguwhwwngh Xx-h dtdnieyniun,
Yuuwwnyb) Gu jwpnpwwnnp thnpduwlwu hbinwgnnnieyniuutip: “Hpwug wpnyniupnd npnagwd hbinwhwpniyejwt
swihjwd dtidnipjwu dhongny quwhwwinyb) £ Xx- h dtdnie)niup:

Pwuwih pwnbp. htinnwy, dwénighyniyeinit, wpwgnipiniu, fubipghw, Ynpnwuwn, ugnid:

SKCHEPUMEHTAJIBHOE UCCJIEJOBAHUE INPOBJIEMBI BBIBPOCA
CKOIIMBUIETI'OCS BO3AYXA

A.M. Cumonsin’, A.SI. Maprapsu® T.C. Maptupocsin®, A.B. Bawoni®
YUnemumym eoonwix npo6nem u cuopomexnuxu um. Axademuxa U.B. Ecuazaposa
?HayuonanoHolil yHUSEPCUMEN apXUmMeKmypbl U cmpoumenscmea Apmenuu
[IIywunckuii mexnono2uueckutl yHusepcumen

B cratbe paccMaTpuBacTCA npoﬁneMa BLI6pOCﬁ BO3AyXa B aTMOC(bpr,CKOHHBHIeFOCH B
pr60HpOBOI[€.AHaJ'II/I3 ﬂI/I(i)(l)epeHHI/IaHI/IaIILHOFO YpaBHCHUA ABUKCHUA KUIAKOCTU B pr6€ IIOKa3bIBaACT,4YTO
CKOPOCTD IMOTOKA Ha BBIXOJAC U3 CCKIUU,KAK HpaBI/IHO,6€CKOHe‘IHa.
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IMockonbky npeber QoHTaHMpPYIOIIEH CKBa)XKMHBI OTPaHUYCH,TO OOBIYHO CYMTAETCS,4YTO Je0eT
CMEIIaHHBIX BO3AYIIHBIX MAacC MPOMCXOJUT HE HA BBIXO/E BBITYCKHON CEKIMM,a Ha YU4acCTKe,pacCloN0KEHHOM B
HEKOTOPOM XX  PACCTOSHUM  OT  CEKIMOHHOM  pO3eTKH.OTO  MPEAINOJ0KEHHE  IMOATBEPKAAeTCS
9KCIIEPUMEHTOM,IPOBEICHHM TPYOOIIPOBOJOM HACOCHOM cTaHnuuu CapanaHIx.

KioueBble c10Ba: )XUAKOCTH, BA3KOCTh, CKOPOCTh, SHEPTHSI, TOTEPS, TaBICHNUE.
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