Limiting air release from air valves on pipelines

The reasons and motivations why VENTOMAT limit the amount of discharge
fram their air release valves

Preamble

Thiz is one of the most misundersicod areas of air release valve applization. Tradibanalty
manufaciurers have scld their saticular 2ir valves based on the sapabilily of verting as mueh
A as possitle, hanoe the perfarmance of one manuiacturer of a given size o vent rmore 1
the compebior was seen as a benehl. Logically then a lame number of specilications ir.
consultants and awthorilies were based on the fact that air valves should be czpable of
meeling some requirement for air relezse. A lypical specifoalion would go as lollows: -
Touble orilice air vabves must be capakds o vending air up o 100kPa {1 bar ) without closing
kinetically ar in the presence of ai”

105 Smpartant o uncarslang e kestonical steps which led 1o some of these speciications -
The arigingl ball valve type air relzass valve design s almost 2 hundred years ald and wowld
ingvitably “blow closed” at reeghly 5kPa differential, which =i large amaunis of air in the
pipsling znd resulted 0 surges and reducad flows el (in hindsight we now believe be air,
although reducing perfarmance. assisted in reducing pipe burst), This led manufzeiunsrs b
start procucing kinetic air miease vales thal were copable venling air at higher diferenbial
prassuras. Although this resolved the problem of getting the air out, 7 brought with iF a whels
host of other problems related 1o higher discharge velociies. Typically the manufacturer
would bolt on the air valve to some air scurce and demonstrale the valve vasling ais up lo
say T00Fa aillerential wilhoul closing by air along - ha valve was then specified and placed
an the pipeline, but unliks the est g venting sir an the plpeine itmeant that as soon a5 the
airwiag vented aut ol e pipelies these was walsr behind i, and # was travelling at the same
vialooity B8 he &ir being vented. The air valve 15 designed o close as soon as possible wilh
e presence of waler and it does so. This leads 1o the unraveling of the puzzle as 1o why the
pipelires stzrted b0 Durst and leak,

Jelkovwski

Joukowski and formally Allew discovensd that if a fuid was contined 1o a Cosed conduit such
s @ pipeling, and allewed 1o discharge 2t 2 cerain rate, and the flow was suddenly closed
off {25 in &n air valve closure oo the amival of waler), the pressun inlemally would rise, The
resulls arg well documented and understood. Simplified Joukowski's equstion goes like this:
P= Ko VW OP = resullan pressure in bar, K = Celerily Faclor or stilfness of the conduit or
pe and oW = velacity in M of the fluid being discharged) The less flexible the conduit or
Fipe (or the more sE the bigher the celernily Faciorn, and the higher e induesed pressure.
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What does this mean to the pipeline desigmer #

Linforunately g is one area whers e designer does nol have oo of contrel. (Hbe eld typs
ball air valves are used the air would nomally be rapped inede the plpaine On the ofher
hand if the kinelic tvpe air vahes are wsed thees is ne conleal oo how much air i released
and subsequerd increased velocilies and induced pressurss. From the following graph i s
alear thet the higher the air & waker dischane selodity o e valve throal or riser, he "|ighr='-r

the induced pressuss, The graph shows the possible induced pressures from air valve
clogure, Data obiained from GEIR festing 1984

Example of induced pressure wilth a celerty factor of 7.72
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Haow are we sure this phenamena exists ?

The Yenlamal seres REX s an evelution of the eriginal Ventarmat R serizs, the X denaling
tne zddizion of the anti - sheck eolicz. The BE ssries valve has always had 8 secondary
safely syslem in the fomm of bwo gaskets at the top and bollom of the bamel which forms e
seal. Faciory testing verdies that these seals will fzil at zpprox 80 bar or 900 melens
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I ang padticular example we had a costemer wilh o gravity pipeline of about 30 meters head.
The pipgling was fitled wilh Yentomal  seres RE wvalves and the customer reporied el
Auring g inilial operation the =22l on the Air valves bad filed, We demenatrated on our tesl

g trat 500 meters was reguired o make then fail and that the pipeling had been sub;eiod
1 e than 900 meters, The custemer was adamant (hal 1his was impossible as ne anly had
= nead of 30 meters, Some lests wore conducted using various commercial band hold
devicas all of wihizh shawsrd a maximum of 30 - 40 mefers when the Sclahon valve was
closed. This led us to 2 more in deplh ok al measunng devices.

What sort of messuring devices can be used to get an effective pressune | lime graph 7

We conducted various Further inducod prossure testing and founa: -

a. Bourkon lube g gauges ans simply oo show

b. Hard held devices wilh pressure Fansducers ranged in a scan every 1.0 seo - 1.5 soos
and could simply not ss8 1he pressura rise - oo show

c. High speed zcanning devices ware the chvious way but unlzss they were coupled wilk a
ransducer which had 2 similar scanning frequency the resulls were uselass.
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Limately we carme up with an electronic scanting device with 2 suitable transduces (vary
difficult to get hold of) that had the capability of scanning and recording 2000 times a sec or
2 scans per ma. This opened a whole new world for us, allowing us to “zee” the range and
shape of the induced pressures. In subsequent lests on our test rig we could repeatedly
proguce 140 bar wath 30 melers bead by simply allowing an aic valve b discharge and closs
wWiten waler enterad it (coples of thase CSIH lesls available on regquest)
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Layout of Test Rig Required to Conduct Induced Pressure Tests

W Tound the pressure spike to be only 20ms witde and withoul his specislised squipment
simply imposs ole to sesl

Developed Madel

This mode! serves to simplify the relationshig belween waler / air flow in the man pipseline,
riser and air valye, -
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W= elocity
In tre model A = e main pipoine and has an intemal dizrmeter of 356.82 mm = 100 Limeder,

B irsoes = 11283 mm = 10 L'mater. € = air valée which has an eullet of 100mm Diz.
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I arder to gel some real workd figures we have aken B low rates from three air valve
manutacturers of 100mm dia valves, Thay wers averaged 1o et & mezn avarane which is os
fealloees

CGamparison Cischarge 100 mim Air Valvas

00 - -

4]

pral —

b e b e - R 1y 1]

—8— AR moded B0 7 10

T -8 10
- e - APCD 400
] | o - o - ]
300 s '-fj:alﬂr = R

Flow nll's
-3
=
i
d
4
!

il Fross KFa

Mote: The methods used by each manulasiurer o get 1o the given data mesds ta be
questioned, but 1or now the graph gives an indication of 1he given range of data

Mo wee g fabulade and sompare fiow ratss o valooibas:-
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Cne thing & painlully clear - by specifying that the valve musl be capable of discharge of say
20 kPa air presaure will equats water velocities of up to 57 melersses in Ire valve throat
ithe assooialed pressuresvelocily charges as the waler enters the fzer is quite complax -
sulfice here to simplify it 1o 10 ® the main pipeline velecity]. Couple that with ke range of
induced pressure 8s por Joukowsk's equation &nd the resull can be extreme. Centrary to
popular beliet many instances of damage have been found zlthough it iz dificult to glearly
indicate cauze and effes] bocause of the ability to record data and indeed 1o see inside the
olpeling



The indueced pressure is not confined to the air valve but is transmitted back into the
systam!
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Imar actuzl test on a gravly pipcling, e poeling burst 800m away rom the air valg e tesl,
proving thal he induces pressurs, although aflenuaied By [Be pipsine structure was
sufiicient 1o damage the pipeling 300m away frem the source of the pressure rise

(a copy of 2 test conducted by a promines] Waler authesdy whare damaged cocurred almas
1 ke drgem hie ais walv tested - svailabls on request)

Boyles Law

In Ihe raps for higher discharge rates from air valves some of the basic prnciples are
forgodten. Lets take a ook al the actual mechanics of an example. The specilizatien calls tar
amair valve capeble of venting up to 100kPa il prossure sir - where are we going 1o get this
air to meet the specificalion? Cur pipsling iz say 20kms long. The ooly way we can gl
100kPa of air in the pipsline (Bovle's law - halve the valume 1 deuble the pressurs) is 1o seal
it off complately ie ne air valves open and the end is closed - then 1o fill it with waler untit had
the pipebing is filled with water - 25 kms! Only then could the air valve be opened and only
then would the pipeline have ersugh 2 e mast the specification !

MirWalve
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| 10okPa = s00kPa absalule |

Urder normal aperabsg circumstances e poeline would be Blied willh a aumber of air
valies, and the outlet would probably be open masing i1 very difficu’ to get very Bigh internal
zir pressures during mitial filing - so where does the higher pressure @ come from during
initizl filling?

It all comes down to the ability 1o halve the valume of the zir as the pipeline fills. o lhe
following skelch the water goes up the first s=ction and lhen dewn the second section, filling
e lower part of the sscond seclion, This creates 2 °U7 tube and the water al the Beltam of
iz seoond section sfectively seals off the pipslfine

I ‘.illlr‘{; rate 15 e same 335 0 the iest pgeine edample, bul the valume (1) @ now
reduced dramafically. This mesns fhe volume can b2 halved much more rapidly than the
whnle pipehing and Bence the pressan ol e as can Be rassod much kigher than 20 KPa. This
iz where the problem begins, a5 all the air is dischargsd from the Air Valve (&Y 1) the water
resiveng) Dehindd il is reeling al thee same welocly as the oir ond the resul! s o sudden riss in
pressure. probakby higher than the design test pressure. Whils 4 s true the pipeling is oot
Dlocked olf, the mags of the waler in e "U - Wwbe” in the secand secticn will sSimphy not move
thal fz&1 and inatanansously looks like 2 acld, In s example it impodant ©ooneed the ain
Nl el of U air valvie when the velociby gels oo high.

This iz where the Vanlomai “anti - shock” is designed 1o change the outlst of the zir valve and
ol up the ar pressuns as the pocket ol air s 'S'Dil'lﬁ cormpregsed by e wader filling the
nipaline, As the internal pressure reaches approx 5 kPa, the “Anti - shock” orifice = lifted up
reducing the cullel size, The cooosing Back pressun: of Ine air slows down the approaching
water and Ihe process is ever incressng - ie haking the volume doubles the bacs pressuns,
g g reduchian of the appreaching walsr wolecily i congidarabla, The air howeansr is always
S5caping ensuring tmat by the ime the water gets there, most of the 2ir and ensngy 15 el zndd
Thi sl is TG ar no Surgo.

Filling Rodes

Itz impordant here to put in perspestive the relzhonship between fillieg and drainicg rates, In
st papelines with the cxception of lairly flad ones the dilling or pumping rzle s generally
slower than the drzinacs rates. If the alr release wvalves have been seaed in ander to prales)
the pipeling from negative pressures either from scouring or pumao 0, it means they wil be
sized comectly for filling,

Canclugian

s absolutaly vilal that in amy form of specification, that perdormanss is based on the ahility
of the air valve 1o alow the atmosphenc pressune Back inle the pipeline when it gees below
the atmozspheric. It is also equzlly imporant that the air vaive is capable of controlling the air
Flow From the popeling into aimosphere when e pipeling venls, and theraby conlralling the
induced prassure as the gir valve is closed by the approaching water,

For Further technical information pleass contast Klambon Water 312 -

Tal: (+671) 0F G524 3755 Sydney Australz
Fax (451) 02 252d 5361
Emazil- bbright@ klambon.com.au

Or check oul or wesbsie at: httpdfesnweoventomat.com
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