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CONTROLLING AND UNDERSTANDING THE EFFECTS

OF AIR IN PIPELINES.

CoalinKirkland , Product Manager & Engineer , Amiad Audrdia Pty Ltd

ABSTRACT

The paper covers some of the experiences encountered in vidting and discussng many of the problems
asociated with the controlled reease and intake of ar into pipdines to maximise their performance. It
appeared that there was generdly a poor understanding of how critical the product was to the safety and
rdiability of the pipeine,

Today in dl indudtries involved within water trandfer, the issue of reduced pipdine falure and increasing
performanceis high on al agendas. This paper will best describe some of the roles that the air release valve
playsin various pipeines, and how it can be safely and effectively used in order to achieve greater results.

1.0

2.0

INTRODUCTION

The controlled intake and release of ar from pressurised pipdines, is controlled by the ingtalation
of saverd different types of ar release valves, located generaly at the high spots along the pipeine
length. The valves have generdly ranged from 20 to 200mm in Size, and have been manufactured
in awide variety of desgnsin order to provide various functions reaing the contral of ar in liquid
pipelines. After consultation with many different pipeline operators and engineers, there were many
problems found with existing indalaions.

Some of the fallowing were typical comments of exigting pipeines:

Vaveswereincorrectly specified to perform their required function in the pipeline.

The valves were undersized for the pipeline profile and diameter.

The valves were generaly corroded and several lesks apparent from different areas.

As many of the vaves leaked, snakes were attracted to the pits much to the danger of the
operators.

The inability to stop the valves lesking ether due to fallure of one of the floats, or low-pressure
conditions, caused the valves to be isolated by the gate/duice valve under the air valve.

Many of the vaves located in below ground pits did not have the area vented sufficiently in
order to have the valve operate within its desgn. The valves would then fall to operate
correctly.

Many of the operators and engineers had a poor understanding of the operation of the valves,
and an ability to safely select a correct product to suit a pipdine profile.

PROBLEMSASSOCIATED WITH INEFFECTIVE AIR VALVES.

The problems associated with ineffective air release valves impact on the performance of the
pipdine. The introduction of the correct product can rectify many inherent problems that have
existed since pipdine inception.

Reduced flow. As many pipelines use a kinetic (large orifice) arr vave only, there is no
automatic manor in which dissolved air is rleased from the pipeline when it is the charged. In
this ingance, dissolved air will rest at the high spots in the pipeline, which in effect reduces the
pipdine diameter a this point. The ar will only continue aong the pipeline when the veocities
are increased beyond 2m/sec.
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If the velocities remain low, then the high point will generate a head loss across that location,
and thus reduce the flow. In some ingtances, fitting a hydrant valve, and trying to scour the air
out under high water velocity will rdease mogt of the ar as long as the hydrant is a a high
point and the velocity.

Increased pump-running costs. As the dissolved arr is not released automaticaly (when
using kinetic valves), the head loss generated at the peaks of the main in effect reduce the pipe
diameters a these points. As we are generating a head loss at these points, the pump has to
work harder in order to achieve the required performance.

Water hammer. When the pipeline has the pockets of ar a the high points, these can
compress on pump sat up and shut down, which can exaggerate the water hammer
conditions. In addition if sections of the pipeline drain and refill on pump start up, undersized
ar vaves can prematurely close when the velocity is too greet a the kinetic valve. When this
function occurs, the air is compressed and can generate excessive water hammer problems,

Corroson. When dissolved air Sts a the high spots on the pipeline, the vaves and metdlic
pipeine is subject to oxygen, which in effect will sart corrosion at these points. Corrosion will
weaken the sed and shorten life expectancy.

Collapsed pipelines. In pipe diameters where the relaionship to from the pipe thickness to
the diameter is below a specific ratio, then the pipe is a risk during vacuum conditions of
collgpang. Insufficient Sze and spacing of ar vaves during ether scouring or draining can
cause excessve vacuum, which theoretically can collgpse pipdine lengths. It is more apparent
in government owned effluent irrigation pipelines where pipe sdection is not anywhere as
critical asin water distribution systems.

3.0 PRINCIPALSOF AIR VALVE OPERATION

One of the mgor problems associated with incorrect ingtalation is the poor understanding of the air
valves operation. The operation of the three different types of valves are detailed as shown below:

Kinetic valve. This product is sometimes cdled the large orifice vave. Itsprime purposeis
to release large amounts of air during the filling of the pipdine. As the pipe isfilling the vave
should be szed to ensure that the air volumes leaving the orifice do not exceed a specific
velocity which will prematurely close the valve before dl the air is adequately released. During
dranage the vave mug dlow ar to re-enter the pipeline to prevent vacuum conditions.
Admitting air into the pipeline is critical for pipes which may collgpse due to negetive pressure
in the line. It aso has an effect on the flow rate of drainage.  Thisis particularly important
when emptying pipelines for maintenance purposes. When the pipe is charged and under
pressure, the kinetic valve will not let dissolved air reease from the pipdine. The system
pressure on the surface of the upper orifice of the valve will creste aforce exceeding the weight
of thefloat. When there is no pressure in the system, the float will fal dlowing ar to re-enter
the pipdine. Typicdly the kinetic vave will sedl from pressures as low as 2 metres, and have
maximum pressure ratings up to a maximum of 100 bar. The vaves are manufactured in elther
engineered plagtics, or cast meta's dependant on the pressure ratings of the vaves. Vave szes
range from 25 to 200mm in diameter.
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4.0

Automatic valve. Thetypicd terminology for thistype of vaveissmall orifice. Itsprimary
purpose is to dlow smdl quantities of dissolved air to release from the valve when the pipeline
Isunder pressure.  This ensures that the pipeline remains fully charged, and avoids many of the
problems associated with entrapped air. The vave can dso be used as a kinetic in amdler
diameter pipeinesto fill and drain the pipe. This needsto be accurately selected due to limited
orifice sze of such vaves. The materids of congruction vary from engineered plagtics to cast
metasin Szesfrom 12 to 25mm.

Combined valve. The comhbination vave is commonly referred to the double orifice or
double acting vaves, as it incorporates both the kinetic and automatic function in the same
vave. The two functions are generdly cast or moulded into the same housing, and in some
Instances can incorporate an isolation vave.  The materias of congruction and vave Szes are
gmilar to the kinetic valves.

DISSOLVED AIR

When discussng with many water authority personnd, problems associated with entrgpped air in
larger trunk mains, a frequent response has been “ our main is always charged, and we do not
have any entrapped air”. Due to this misunderstanding, many larger pipdines only utilise kinetic
ar release vaves as ther primary method of air release and intake. As previoudy discussed the
kinetic vave will never release dissolved air from the pipdine. It there foreis critical to understand
“how does dissolved air release from the water in the pipeling” . Theusua way in which high
volumes of dissolved air becomes apparent, is when water gppears milky or whitein colour. When
left to settle in a glass, it returns to tranducent.  In bore pump inddlations where the water
temperature can be up to 40 degrees C, it is easlly seen in the water exiting the bore. |If this water
Is travelling dong long pipelines, dissolved air can be amgor problem.  The following points are
examples where dissolved air conditions are Stuations where the air is dissolved from the water:

Pump gation. On the inlet to transfer pumps, if the fittings are not tight enough, ar can be
drawn into the pump suction, which can cause the pump to cavitiate and run rough.

This is more apparent when the pump suction is working in a vacuum condition, rather than a
flooded suction.  The end result is that the air is discharged into the pipdine when the main is
under pressure. Typicd fittings can include strainer sedls, foot vaves or pump gland sedls.
When the pumps are drawing from rivers and the depth of water is low in summer conditions,
it is possble to draw a vortex in the suction line, which in some instances can release up to
15% of the water cagpacity in disolved air.
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Shoud multistage pumps be used with severd impdlors, this generates a very high turbulent
zone, which can release dissolved air into the pipeline as the pipe diameter increases after the
pump shed.

Friction along the pipe length. Aswater travels dong the pipe length, friction is generated
between the water and the inner wall of the pipe. The greater the velocity in the pipe, the
greater the amount of air is rdeased from the water. Typicaly when trunk main velocities
remain around 1m/sec, it usudly takes long sections of pipe to have substantid amounts collect
at the high spotsin the pipe. When the velocities are greater than 1m/sec, the rate of air release
Is increased. It is very gpparent in fire control conditions where severa hydrants are used.
These high velocities release great amounts of air and accentuate water hammer conditions,
which are frequent a thistime.

Turbulent zones. At many points aong the pipeline where there is high turbulence, air can
be released at these points.  As previoudy mentioned, a pump ouitlets the water has changed
direction frequently. Air will be rdeased immediately into the main. Where the pipe changes
direction quickly (ie. 90-degree bends), the turbulence created here will over time leave a
pocket of ar at this point.

Changes in velocity. Where pressure reducing vaves or globe vaves are indaled dong
trunk mains, the water velocity is reduced in accordance with the pressure. At this point the
water is trying to expand down stream of the PRV and thus releasing smal pockets of
dissolved ar. This is accentuated in larger diameter pressure reducing vaves with reduction
ratios grester than 2.21.  Where pipe reducers are used, this can have a amilar effect to a
pressure-reducing valve. In the gpplication where the gradient of the pipe changes dramaticaly
to along descending pipe outlet, the velocity increases dramdticdly. A sufficient air vave is
required to release high quantities of ar to dlow correct drainage without any possbility of
excessve vacuum.

'._\v;_.' -_-f/
5.0 AIR RELEASE
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6.0

In the mgority of water industry pipdlines, typical water velocities would be between 0.5 to 1.5
m/sec. In conditions where the velocities are as greet as 2 m/sec, the dissolved air released from
the water, has a high possibility of travelling dong the pipeline as long as there is not a greet fal in
gradient. In conditions where the pipe is running verticaly downwards (ie road crossng bends), a
velocity as greast as Sm/sec is required in order to push the ar verticaly downwards.  This
highlights the importance in having an autométic orifice air release vave inddled prior to the bend
running downwards to avoid the energy loss required keeping the air moving. It is obvious that an
automatic orifice ar release vave is required in order to release the dissolved air from the high
goots. Typicaly an automatic ar release valve, if being used on its own, will have an inlet thread
around 17 BSP in sze. When thisiis attached to larger pipe diameters (ie >300mm diameter), this
isavery smdl opening for the air to collate at.

By ingdling atee with an 80mm to 100mm upper flange, dlows the air to accumulate in this area.
With the 17 ar valve located on a blank flange on top of the tee gives a good possibility of the
vave being effective. In many ingtances, it is more cogt effective to indal atapping saddle with the
1” valve located on top of the saddle.

This gives a very smdl opening for the air to accumulate, and reduces its effectiveness.  The key
point is ensuring that the air is able to collect a the air valve locetion in order for it to be released
effectively. In gpplications where there is a high percentage of dissolved air release (ie bore pump
ingdlations, long pipe lengths), by reducing the water velocity and ingalling a tee, this will further
enhance the ability of the air to release effectively.

The vaves must dways be ingdled on top of the vave, and where possble used in the verticd
plan. It is often found in below ground inddlations used in trestment plants where the pipe is
Stuated close to the roof, that the air valve is located off the Sde of the pipe. This ineffective when
dissolved air has to be released during pump running.

WATER HAMMER

In many ingtances where air release vaves are used in long pipdines with varying pesks, problems
can sometimes occur when pumps ramp down quickly. Typicdly this is more apparent when
power failure occurs at the pump dtation, and a return wave creates large pressure pesaks at the
pump dation. During this condition, the air vaves dong the main open very quickly, during the
vacuum condition. When the return wave dlows the pogtive pressure vent the air from the air
valve, the water columns meeting can cause severe water hammer aong the pipdine length. This
effect of water column separation can be controlled in two different methods. Specific air release
vaves can be ingdled which dlow ar to enter the pipe quickly, but release in a controlled closure
oeed. In effect the air valve tends to act as a shock absorber during the exiting of the air. A
consderably safer and more effective method is introducing a surge anticipation control vave at the
pump getion. This vave will anticipate the return wave travelling to the pump stetion check vave,
and will dlow the momentum of the water to continue in the one direction and close under adow
controlled speed.  This in effect reduces the effect of the water column return &t the air relesse
vave, which reduces air valve water hammer.

More commonly ar release valves have a consderable effect on reducing the water hammer
conditions aong the profile of the pipeine, which is highlighted in the mgority of the water hammer
computer modelling programs. The ar release vaves effect on ensuring the pipeline is not
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7.0

subjected to excess vacuum conditions, ensures the pipelines do not collapse during drainage,
scouring or pipeline rupture.

Another little known problem that can occur with traditiond vaves is the Stuation caused by the
kinetic valve prematurdy closng prior to the pipdine filling with water completdy. In this
condition, the kinetic valve being dlosed, ar will only vent from the automatic orifice, which usudly
isonly Imm diameter. This condition will compress the air trying to leave the vave creeting high-
pressure spikes, and effectively reducing the velocity of the filling water subgtantidly over a Folit
second. It isthere fore critica to understand the closure point of the valve sdlected for the pipeline
gpplication. A method over partidly overcoming this problem is to sdlect a suitable automatic air
vave that incorporates the rolling seal principle. This type of vave has air discharge rates many
times greater than the traditiona round bal float mechanism. The greater orifice diameter reduces
the effects of the kinetic vave damming shut.

AIR VALVE SELECTION

If al of the conditions are understood how air is accumulated in the pipe and conditions where this
Is accentuated, it makes the task of selection consderably easier. For some time now engineers
have used the thumb rule condition “ the valve will be 10% of the pipe diameter” . Usng this
percentage rule today is not satisfactory, understanding the ramifications of incorrect sdection.
With many manufacturers today developing new and non-traditiona methods of vaveswith greetly
varying degrees of performance, many points should be taken into consderation. The following
points are some of the key areas to be congdered when sdlecting the best vave for the location.

Pump sation. This is a high turbulent zone, and there is a great possibility of ar being
dissolved from the water, it is criticd to effectively rdease the ar prior to its entering the
pipdine. Where possble locate a minium of an autometic orifice vave a the high collection
point where the water velocity is @ is lowest. If the pipdine is travelling downward use a
combination ar vave. The diameter of the kinetic valve should be sized to match the pipe
diameter and next available air vave location dong the pipe length.

High peaks along the pipeline. All of the pesks in the pipdine should be mapped out in a
tabulated form indicating the distance between vave locations and variance in height. Scour
points, pipe diameters and classes of pipes ae essential for kinetic vave sdection. The
relationship between the pipe diameter and wall thickness of the pipe indicates the differentia
ar pressure acceptable at the ar valve. Thisin turn ensures the pipe does not exceed the safe
working vacuum conditions. As for the filling rate for the kinetic orifice, both the filling rate of
the liquid in the pipeline and the topography of the pipeline are needed to calculate the correct
orifice 9ze. It isnot aways safe to assume that if the pipeineisfilling a avelocity of 0.1 nv/sec
(eg 100 |/sec), you should not assume that the air would congtantly release air at the same rate.
Being an easily compressible medium the velocity will increase as the pipeline extends.

L ocations of changing direction and varying water velocity. Asdiscussed, it isimportant
to locate automatic orifice ar valves at points where dissolved air will accumulate.

The fallowing table is a thumb rule combined air release vave sdection chart indicating vave Szeto
pipe diameter. This data is specificaly based on the ARl air release valves, and may not suit other
manufacturer specifications. The sdlection is basad on having an air valves located dong a pipdine
with a spacing every 500 metres. As athumb rule only, this will ensure vacuum conditions will not
dress the pipe during drainage or pipeline falure conditions. A correct andyss should be made to
confirm valve sdlection.

Pipeline Combined Air Release
Inside Diameter Valve Diameter
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50 to 250mm 50mm
300 to 400mm 80mm
450 to 550mm 100mm
600 to 900mm 150mm

1000mm upwards 200mm

8.0 CONCLUSONS

Itismy belief that with further industry education, and continued development on the correct usage

of such vaves, that they will be part of a complex solution to improve the efficiency of pipeinesin

municipa water authorities.
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