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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 Yeghiazarov.

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?
L:—COSa(\/SIHOH-\/V sin a+Zgh): )
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

b dx 4)

Figure 2. Time-dependent positions of air accumulation

i,g ) 2
where b:pOWOOT,c:pg(|O+%j: 5)
Substituting the variable, we have
X +& = u and denoting Po _ a: (6)
2c 2c
Eq.(4) takes the following expression
vdv = -2 zd“ _ )
cu‘-—a
Integrating Eq.(8) for boundary conditions
u=u,, V=0, (8)
we get
Ug —a)lu+a

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.

References

1. Pwpfunipwpwu U.U. runnnqulwowph gnpdwpynuip npwund npudwsd onh wnfwjniyejwu
ntwpnd //Cwjwuwnwuh  shuwpwpubiph  wbnblwghp, hwwnly  pnqupynd.  -Gplwu:
Lwjwuwnwup 2htuwpwputiph dpnigyntt hpww., 2004. N1.-ke 7-10:

24



10.

11.

12.

WATER SYSTEMS

Cwynpjwu. U.MN., Gunpgyuu U.U. <bnniyh hnuwuph Ynndhg onwjhtu Yninwlydwu nwpdw
wnbnwywu wpwgnejniup // <wjwuwnwh sghtuwpwpubph wnbntywaghp.-Gplwu: <wjwuwnwuh
ohtwpwnubiph dhnyejniu hpwun., 2012. N11-12. -9 23-30:

Cwjwuwnwup <wupwwbnnypjwu opwiht optitughpp /<< wwounnuwlwl wbntYwghp. -
N24(199):

Uwpgqunjwu U.3w., Uhdntjwu u.u. pwwnwnp pupwgwe«dh punpdwu
wnwuduwhwunynigyniubipp  (nuwiht nbhtdbh wwjdwutbpnd (<Gpdnu-Githhu gpwwwnp
ophuwyny): // 6GBCML-h wnbnbYwaghp. -Gpuwt: GBATML-h hpwwn., 2010. N1. -Eo 45-48:

. Uwpqupjwu U.Bw. <hnpwyhywlwi hwpdws b funnnulwownpbph wwownwwunyeniu //

Gpluwu: 6GBCNL-h hpwwn., 2010. 292 ky:

Uwpqupuwu W.Bw., fenpdwowu L.d., Twonnuwu LY. funnnulwowpbph Jpwpubph
wqnbgnieniup hpnpwyhywywu nbdhdubph ypw b ninblgynn Gppnypubpp / << FUU L
<MAL-h wnbintlwghp (nbfu. ghwn. ubiphw), 2014. N1(67). Lty 89-94:

AxonsiH MLIL. YcnoBuepaBHOBeCHsT BO3AYIIHTOCKOIUIEHUS, KPUTHYECKast CKOPOCTh. // COOpHUK
HayuHbIX TpynoB EI'YAC. — EpeBan: U3zn-Bo ET'YAC, 2013. N2(49), C.144-150.

HuxapeBckuit  B.C. Brumsaue ckomieHunii BO3AyxaHapabOTy HAMOPHBIX  BOZOBOJIOB.
BopnocHaOxxenue u canuTapHas Texauka. -M.: 1962. Ne 4. C. 14-15.

CeemmaukoB W.I1., Kapes B.H. Hekoropsie Bompockl, cBsizaHHBIE COOpa30BaHUEM BO3TYLTHBIX
mpoOoK B TpyOoIpoBoaax// BomocrabkeHre u cannTapHas TexHuka, M.: 1959, Ne 9, C. 7-9.
Slkosnes H.II. MWccrnenoBanue JBMIKCHHS BO3AYLIHBIX CKOIUICHWE BTpyOompoBomax //
I'mnporexnuka u menuopauust: Tpyast BHUUT'uM, -M., 1964. 1. 44. - C. 52-60.

Margaryan A.Ya., Tokmajyan V.H., Impact of air Accumulation on the hydrulic regime of
canal// International Simposium on Engineering and Architecture Sciensse of Balkan, , Vol.3,
2009, P.223-229

Veronese A. Sul motto delle bolle d’aria nelle condotte d’acqua (in Italian).” Estrato dal
fasciacolo X, Vol X1V, October. 1937, p15.h

References

Barkhudaryan M.A. Startup of a pipeline in case there is entrained air therein.// Bulletin of
Builders Union. Special issue. Yerevan. Union of Builders of Armenia. 2004. N°1, pp.7-10.

Hakobyan M.P., Gevorgyan A.A. Local velocity of carrying along the accumulated air by fluid
flow.// Bulletin of Builders Union. Special issue. Yerevan. Union of Builders of Armenia. 2012.
Ne11-12, pp.23-30.

RA Water Code// Official Register. Ne24 (199).

Margaryan A.Ya., Simonyan A.M. Particulars of a water passage choice in mountain relief
conditions (by the example of Hermon-Elpin water duct).//NUACA Bulletin. Yerevan,
YUAC Publishers. 2010.Ne1, pp.45-48.

Margaryan A.Ya. Hydraulic shock and pipeline protection.//Yerevan, YUAC Publishers. 2010.
Nel, p.292.

Margaryan A.Ya., Tokmajyan H.V., dashtoyan L.V. Influence of pipelines damage on hydraulic
regimes and phenomena.//[RA NAS and NUACA Bulletin(technical sciences series), 2014,
Ne1(67), pp-89-94.

Hakobyan M.P. equilibrium condition of entrained air, critical velocity.//Collection of papers,
YUAC Publishers, 2013, Ne2(49), pp. 144-150.

25



WATER SYSTEMS

8. Dikarevski V.S. Influence of entrained air on pressure water conduit performance.//Water supply
and sanitary engineering. M, 1962. Ne4, pp.14-15.

9. Sveshnikov I.P., Karev V.N. Some issues related to formation of airlock in pipelines.// Water
supply and sanitary engineering. M, 1959. N9, pp.7-9.

10. Yakovlev N.P. Study on entrained air in pipelines.//Hydro engineering and land reclamation.,
Proceedings of VNIIGandM, M.1964, VVol.44, pp.52-60.

11. Margaryan A.Ya., Tokmajyan V.H., Impact of air Accumulation on the hydrulic regime of
canal// International Simposium on Engineering and Architecture Sciensse of Balkan, , Vol.3,
2009, P.223-229.

12. Veronese A. Sul motto delle bolle d’aria nelle condotte d’acqua (in Italian).” Estrato dal
fasciacolo X, Vol X1V, October. 1937, p15.

N1nduyucurnrs OHu3htL UNhSULU UL UMSULESU UL eNraururuuudy
<GSURNSNrE3NRLLENh LY PLENE

UW.U. Updnuywi', L.3w. Uwpqupyui?, S.U. Uwpnhpnuywi?, <.J4. Pwyniug®

"Uhwnbdhynu b.d. bnpwqupnyh wadwb spuyhti hhduwhwnpglinh b hhnpnipbfuthlyuyh htugphgpinun
Bupypupwwbgpnyut b phtwpwpnygyut <wjwuypwuh wqquphti hwdwuwpwi

3Cnipphh pbfutininghwlwl hwdwuwpw

Lutwpyynud £ funnnduynid winw onwihtu Ynunwldwt' dpuninpn wpunwubindwu Gplnypep: Onwihu
Ynunwdwu wnglnwd ginuynn htinniyh ujwt owpddwtu nhptiptughw) hwywuwpdwu Jtipinwdniyejuwdp wywngybip
£, np Gph Yupdwdpnud hnuwuph wpwagniejniup dgunnd £ wuygbiponiejwt:

Lwuh np wpnwubtinndwu wpwgnieniup whinp £ jhup ybpowdnnp, www punniudwsd k, np onwfuwnp
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B cratbe paccMaTpuBacTCA npoﬁneMa BLI6pOCﬁ BO3AyXa B aTMOC(bpr,CKOHHBHIeFOCH B
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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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2a %2
u :(—ZJ o2 f =, f
v
The local shear stress is determined by the below equation
@)= LU Zaj% L
0 ﬂar o \/E 2 Z%
The average value of shearing stresses is determined by the below formula
I Ry (2aj% 1
" 3\/_ v? |%
Pressure loss in the / long section of under consideration will be
16 () (22 Y
Ap, = fo U u
32 ° d

Making some simple transformations of the above equatlon, we have

% 2
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Figure 1. Comparison of friction resistance coefficients for %2, =100

. 455 (14 64 |
1- theoretical curve plotted by Eq. (20) ¢ =| —-+| — | +2.42|,2-plotted by {' = —-— [1],

0.316

3- plOttEd by é/ _W d

[4] -

[1], 4- plotted by ¢ = [0.0032+ 0'221) !

Re %237 E

Pressure general loss in the pipe is summed up from losses at the initial section where velocity
profile is stabilized and in the section of stabilized flow

_ lase L (1Y plu)’
ApAp2+Ap0[ . Re% (dj +2.42] > (20)

Comparison of calculated values of the friction resistance coefficient with experimental data
available in the literature (see the Figure)
Discrepancy between the two Averaged 8 per cent.
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