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INTRODUCTION

The aim of this article is to discuss what forms of air can be
present in closed-loop hydronic systems, explain how the air
can get into these systems, determine what issues it may cause
and, finally, review the common air management practices
and air elimination equipment.

FORMS OF AIR IN HYDRONIC SYSTEMS
There are two distinct forms of air in hydronic systems –
dissolved and non-dissolved. Dissolved air refers to gases being
“blended in” to the water on the molecular level, while nondissolved air refers to gases being physically separate from the
water molecules in the form of large, small and microscopic
bubbles.

Dissolved air
Gases that make up air mixture (21% of oxygen, 78% of nitrogen
and other “trace” gases) can exist in a dissolved state with
water molecules. This physical property is called solubility,
and it determines the amount of a substance that can be
dissolved in water at a specific temperature and pressure.
Even if water appears to be perfectly clear with no visible
bubbles, it can still contain a significant amount of dissolved air,
which needs to be taken into consideration.
The amount of air that can be dissolved in water decreases
with the increase in temperature and increases with the increase
in pressure. Solubility of air in water can be calculated using
Henry’s Law [1]:

x = p/H
Where
x

solubility of air in water (% by volume)

p

absolute pressure (kPa)

H

Henry’s Constant (kPa/Mole fraction)

Henry’s Constant is only constant for a given temperature,
and changes as shown in the Figure 1.
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Henry’s constant,
H x 10 -6, kPa/Mole fraction

Modern high-efficiency hydronic systems demand efficient
air removal to realise their full potential and achieve the
intended performance. Investment in high-performance heat
sources, heat emitters, circulators and flow-control valves may
not pay off because of the downgrade in efficiency caused by air.
The ideal working fluid in any hydronic system would be the
one that is purified from air bubbles and dissolved gases forming
the air mixture. Therefore, it is crucial to have effective means
of air management in place, so the system can quickly gather air,
rid itself of it, and maintain virtually air-free operation over
its entire serviceable life.
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Figure 1: Henry’s Constant versus temperature for air and water. [2]

There are two far-reaching implications of Henry’s Law
in relation to hydronic systems[1]:
• If the water is not yet saturated and is in direct contact with
air, it will keep absorbing the air until the point of saturation
(i.e., maximum solubility) is reached;
• When the temperature or pressure of water is changed
such that solubility is reduced, dissolved air will be released
from the water in the form of gas (bubbles).
An everyday example of Henry’s Law in action is a bottle
of soft drink. Soda manufacturers inject carbon dioxide
into a watery drink at high pressure and seal the bottles up.
An unopened bottle is virtually bubble free, as most of the gas
is dissolved within the liquid. When a bottle is opened, pressure
instantly decreases, which allows carbon dioxide to escape
in the form of tiny bubbles.

Non-dissolved air
Non-dissolved air can appear in hydronic systems in the
form of large air pockets, discrete bubbles of various sizes,
and microbubbles. Large air pockets can form at high points of
the system if it’s not properly purged or vented. Discrete bubbles
are usually formed by entrainment, or by merging (coalescing)
microbubbles. Microbubbles can appear as cloudy water in
large concentrations, or can be virtually invisible in small
concentrations if they are uniformly distributed within
the working fluid.
In hydronic systems, microbubbles are usually generated when
air is released from the solution after being heated by a heat
source (e.g., boiler)[3]. They can also emerge in chilled water
systems where water absorbs heat while being at relatively
low pressure, for example in a cooling coil far out in the field.
In both examples, generation of microbubbles would be the
result of changes in solubility in accordance with Henry’s Law.
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Figure 2: Examples of expansion tank locations and their effect on a system.

Microbubbles can also form and implode locally due to abrupt
changes in pressure at balancing valves, control valves, pumps
and the like. This phenomenon is called cavitation and is further
discussed below.

Depending on the scope of required maintenance, air may
be removed locally via dedicated air-bleeding valves, or
by sub-circuit purging.

HOW DOES THE AIR
GET INTO A SYSTEM?

Closed-loop hydronic systems must be designed and installed
with all points in the system having pressure above atmospheric
level. As a rule of thumb, if a minimum gauge pressure of
30–35kPa (4) is maintained at all high points of hydronic system,
it would ensure that air-venting devices operate as designed.
It is also critical to maintain pressure on the suction side of the
pumps above the minimum net positive suction head (NPSH)
required by the pump manufacturer.

In practice, every hydronic system would start off with air
in the working fluid in both dissolved and non-dissolved
forms. Air could also enter a system throughout the course
of its operation due to malfunctioning of certain components
in a loop, during maintenance, or even through hydronic devices
designed to expel it.

Air left in the system after purging
Any newly constructed or refurbished hydronic system begins
its service life completely filled with air, and the vast majority
of it is best removed by forced water purging. There are various
methods and piping arrangements that can be employed for
purging. A common modern method is to arrange piping and
valves in such way that the water can flow at high velocity
through a system in one direction, thus pushing the air ahead
of it like a piston in a cylinder. It is generally accepted that the
minimum velocity of 0.6–0.8m/s [4] is required for purging
in order to carry air bubbles along with the flow. Although it
largely depends on the bubble diameter, such velocity is deemed
sufficient to move bubbles vertically downward against their
natural buoyancy, which is a desired effect in this case.
Effective air purging is a critical step in commissioning to
get the system up and running. Nevertheless, it is practically
impossible to get rid of all non-dissolved air, especially in
large systems, thus the remainder of it will have to be removed
via dedicated air-removal devices.

Air introduced during maintenance
Similarly to newly installed hydronic systems, air may
be introduced during maintenance, when components
are disconnected from the circuit for repair or replacement.

Vacuum-induced air

However, if a system is improperly designed or installed,
pressure in some parts of it may drop below atmospheric level,
thus creating a vacuum. In such circumstances, air can be sucked
in via pump flange gaskets, valve packings and even through
the automatic air vents.
A common scenario under which this can occur is when an
expansion tank is connected to the discharge side of a pump.
Since the expansion tank establishes a “point of no pressure
change” in a system, and the pump creates flow by establishing
pressure differential, this can create a negative pressure on the
suction side of the pump (expansion tank charge pressure less
differential pressure of a pump). Although one might reasonably
argue that the best location of expansion tank may not always
be at the pump’s suction [5], it would still be a safe bet to place
it there. The effect that the expansion tank location in relation
to the pump can have on a system is illustrated in Figure 2.

Dissolved air after initial filling and make-up
During initial filling, water is usually taken directly from a
domestic water service. Domestic water contains dissolved air,
which needs to be considered and managed appropriately.
As an example, let’s assume a closed-loop heating hot water
system, which is to operate at 80/60°C flow and return
temperatures. It is being filled with 1,000 litres of domestic
cold water at approximately 15°C and 150kPa gauge pressure,
DECEM BER 2018

•

ECO L I BR I U M

45

FORUM

which would have the solubility of approximately 4.7%. After the
system is purged and filled, the water would be gradually heated
by a boiler (aka heating hot water generator) until the design
flow temperature of 80°C is reached. Under the same pressure
of 150kPa, the solubility of water at 80°C would be reduced
to approximately 2%.
Thus, in the process of bringing 1,000 litres of water up
to the design flow temperature, as much as 27 litres of air could
be released, and would have to be expelled from the system.
The same would apply to the water added to this system during
operation via an automatic make-up device.

Ferrous oxide particles formed as a result of corrosion can
also break off and get trapped in sensitive components of
hydronic systems such as pumps, valves and heat exchangers.
Furthermore, a chain of chemical reactions associated with
corrosion can lead to the formation of magnetite (Fe3O4) and
hematite (Fe2O3) oxides [8]. Magnetite would normally appear
as a black or brownish-black sludge. It tends to get into the tight
spaces such as pump bearings, valve seats, packings and the
like, and it could also be attracted by magnetic fields of pumps
with high-efficiency EC motors. Hematite, when present, would
induce pitting corrosion throughout the system.

Oxygen diffusion via polymer piping

Poor pump performance and premature failure

Cross-linked polyethylene piping, commonly known as
PEX piping, is now widely used in hydronic radiant heating
and cooling systems thanks to flexibility of application and
durability. It can easily be installed within a concrete screed,
slab, or under wooden flooring. Polymer piping can also
be used for water reticulation in branches of hydronic
systems as a cheaper and more flexible alternative to copper.
One important thing to note, however, is that uncoated
polymer pipes (including PEX pipes) have a certain degree
of gas permeability, which allows oxygen to pass through
the piping walls and dissolve within the working fluid [6].
Even if such piping is embedded within a slab or in a screed,
oxygen would still be able to pass through due to the porous
nature of concrete [7].
The majority of PEX piping designed for floor heating
and cooling systems incorporates oxygen diffusion barriers,
which reduce the oxygen transmission rate, although do not
completely eliminate it.
For instance, German standard DIN 4726 allows maximum
oxygen transmission rate of up to 0.32mg per m2 of piping
per day at 40°C, or 3.60mg/m2 per day at 80°C. It is still worth
checking with the manufacturer of selected PEX products
if an oxygen diffusion barrier is provided and if its performance
has been tested to a certain permeability standard.

AIR-RELATED ISSUES
A number of issues can arise due to air being trapped in hydronic
systems.

Noise
Noise in hydronic systems can be quite irritating for building
occupants. If pipes are adequately sized, e.g., for up to 1.5m/s
velocity in 50mm copper piping, water running through them
should not cause turbulence-induced noise [6]. However, a mixture
of water and air is much more “acoustically active” [3], hence noise
in piping and associated cooling and heating terminals is usually
the first sign of air presence in a hydronic system.

Corrosion
If air is constantly present in a system because of inadequate
deaeration and purging, oxygen would accelerate corrosion
of ferrous metals that could be present in certain hydronic
components. Continuous exposure could affect steel distribution
piping, cast iron boilers, expansion tanks, panel radiators, etc.,
and eventually lead to leaks.
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As a minimum, entrained air would result in a decrease
of the pump efficiency; in worst-case scenarios it can lead
to the complete loss of flow, and even to total pump failure.
Pumps create flow by transferring mechanical energy of
a motor to the fluid. A basic physical principle on which the
pump design relies on is incompressibility of the working fluid.
As opposed to water, air is compressible. Therefore, the presence
of air in the water can result in inadequate performance due
to compressibility of the air-water mixture.
Complete loss of flow may occur if air accumulates in an air
pocket at a high point of a system and the pump cannot produce
sufficient head to force the water through this air pocket[3].
Modern water pumps also rely on the working fluid for
self-lubrication [9]. If air bubbles are present in the water
stream, they can displace the liquid lubricating film near
pump’s shaft, which will eventually lead to the premature failure
if the problem persists.

Poor performance of
balancing and control valves
Hydronic balancing and control valves require deaerated
working fluid in order to achieve the designed flow
characteristics. Kv factor determines the water flow in m3
through a valve in one hour at a pressure drop across the valve
of 100kPa, and it is generally used as a valve selection criterion.
Presence of air in the water would change the Kv factor of valves
and, consequently, their water flow characteristics. Air would
also cause excess turbulence and unstable pressure signals
downstream of a valve. If balancing is attempted without
prior elimination of air from a system, it would lead to
the significant deviation in flow measurements, and render
the whole exercise invalid.

Poor heat transfer
Unlike water, air is a very good insulator due to its poor heat
transfer characteristics. If air is present within heat-transfer
devices, such as coils, radiators, water-to-water heat exchangers
and the like, it significantly reduces the rate of heat transfer and,
as the result, the overall efficiency.

Cavitation
Cavitation is a complex topic and deserves a separate discussion
on its own. For the purposes of this article, it can be noted
that this is usually a localised rather than a system-wide
phenomenon.
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Figure 3: Example of purge valve and its application in a system.

Cavitation occurs when the pressure of a liquid falls below
the saturated vapour pressure point, also known as the
boiling point. During this process, air bubbles continuously form
and implode in the liquid. Although bubbles are microscopic,
these implosions are quite powerful in their nature and are able
to cause significant damage. Other “symptoms” of cavitation
are noise and vibration produced by the implosion of bubbles.

The traditional approach to purging used to be filling
the system from the bottom up to allow the air to escape via
high-point manual bleed vents until the system is completely
filled with water [4]. Although this method may be suitable
for small systems, it can be inadequate for large distribution
systems, in which case forced purging and dedicated purge
valves are applied.

In closed-loop hydronic systems, pumps, control valves
and balancing valves generally bear the highest risk of
cavitation. Pumps may experience cavitation if the pressure
at pump inlet drops below the net positive suction head (NPSH).
Cavitation in valves can occur due to extensive throttling,
which causes an abrupt increase in water velocity at an orifice
with a corresponding decrease in pressure (as per Bernoulli’s
principle) to below saturated vapour point. Reduction in the
pressure instigates the generation of air bubbles, but after
leaving the throttling device, velocity and pressure reverse
again, forcing the bubbles to implode.

Purge valves are the devices that are routinely used for bulk
air removal in modern hydronic systems. Such valves usually
consist of two isolation valves combined in the single body:
one in line with the piping being purged, the other – in a side
drain port to allow discharge of the drained water[10]. Combined
with the high-fill flow velocity, this would allow for removing
the majority of air in a system fairly quickly. It can also be used
as an isolation valve after purging is complete. An example of a
purge valve and its application in a system is shown in Figure 3.

Heating hot water systems possess an inherently higher risk
of cavitation compared to chilled water systems due to higher
operating temperatures, which result in higher saturated vapour
pressures. The risk of cavitation can be mitigated by elevating
minimum system pressure through the increase of charge
pressure at the expansion tank.

AIR MANAGEMENT AND REMOVAL
Any new hydronic system starts its life completely filled with air,
thus the main objective is minimising the amount of air in it
during filling and purging and then getting rid of the remainder
once the system is up and running. Manual bleed and purge
valves allow releasing air from different parts of the system
during purging, while automatic air vents and air separators
are intended to capture and expel entrapped air when a system
begins to function in the closed-loop arrangement.

Manual bleed and purge valves
Effective purging is the first and foremost step in commissioning
and should not be neglected. Manual air bleed valves are usually
provided by the manufacturers at chilled water/heating hot water
coils and other heat-transfer devices to assist with expelling
air from them.

Automatic air vents (AAVs)
After purging is completed, the remainder of the air would
tend to collect at high points of the system due to its natural
buoyancy. This is where automatic air vents come in handy
to release accumulated air and prevent formation of large air
pockets. These devices should be installed at all high points
(e.g., risers), as well as at the top of equipment designed to
operate at low water velocities, such as buffer tanks, hydraulic
separators, hydronic manifolds and the like[3].
Float-type air vents are typically employed for automatic air
release in hydronic systems. They contain a floating mechanism,
an air/water chamber and an air release valve. As the air floats
up and fills the chamber, it displaces the float, which in turn
opens up the air release valve. Once air is released, water fills
the chamber and a floating mechanism closes the air valve.
Schematic representation of such vents is depicted in Figure 4.
Float-type air vents are designed to operate in a certain
pressure range, hence they should be selected for the correct
system water pressure between the maximum and minimum
thresholds as specified by a manufacturer. Furthermore, if the
system pressure at the AAV’s location drops below atmospheric,
air can be sucked back in through it. Therefore it’s crucial to
always maintain gauge pressure in all parts of the system above
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Air scoops are the legacy devices that are being slowly phased
out. They are designed for low-flow velocities and, combined
with buoyancy effect, rely on vanes to deflect bubbles in the
water stream upwards to the upper chamber of the device as
shown in Figure 6. From there, accumulated air is expelled
via an automatic air vent. The biggest drawback of air scoops
is that they have no facility to remove mircrobubbles from the
water stream, which are easily entrained and much less buoyant
compared to larger bubbles.

Automatic air vent

Figure 4: Schematic representation of float type automatic
air vent (AAV) and suggested installation.

atmospheric level. A rule of thumb is to maintain a minimum
35kPa of static pressure (gauge) at all high points, or 28kPa plus
25% of the saturation vapour pressure[5], to ensure the correct
operation of automatic air vents, but it can vary on a case-bycase basis.
Efficacy of AAVs can be improved through the use of “air bottles”.
Fundamentally, air bottles are the small extensions of piping at
high points designed to provide a reservoir for air to be naturally
trapped in. They are typically located at the top of risers, but
can also be used to provide high points in horizontal pipe runs.
An example of suggested AAV installation with an air bottle
is shown in Figure 4.

Air separators
An air separator is the key component responsible for air
elimination in hydronic systems. The main principle of its
operation is to detach air bubbles from the water stream, allow
them to rise up to a collection chamber and release accumulated
air via a built-in air vent. Air separators are usually placed in close
proximity to central plant, in a location where solubility of air
is at its lowest – a point in a system with the lowest pressure and
highest temperature. Therefore, the best location for such device
in chilled-water system would be on the return side, close to the
chiller inlet, while in heating hot water systems it would be near
the outlet of a heat source on the flow side, as shown in Figure 5.
It’s also important to note that air separators are multi-pass
devices, which implies that the same volume of water would have
to pass through the device several times before the air content is
significantly reduced.
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Figure 6: Schematic representation of Air Scoop Separator.

Coalescing Separators
Coalescing separators are also designed for relatively
low-flow velocities; however, they incorporate an element
that allows microbubbles to cling to it and, subsequently,
merge (i.e., coalesce) into larger bubbles. When a bubble
becomes large enough, it rises upwards to the air collection
chamber to be later expelled via an automatic air vent.
Schematic representation of this process is depicted in Figure 7.
The element that allows microbubbles to cling is referred
to as coalescing element. It can come in different forms and
shapes (e.g., mesh, collection of small cylinders, brush, etc.,)
but the underlying working principle remains the same.
Due to the low-flow velocities that these devices are designed
for, the static pressure drop across them is usually negligible.

Vortex separators
Vortex separators create a rapid internal whirlpool (i.e., vortex)
action of the water. Due to the differences in density between
water and air bubbbles, water is pushed to the edges of the
vortex, while air remains at its centre, as schematically shown
in Figure 8. Vortex action also creates a low pressure zone at
the centre of the whirlpool, which triggers the release of some
dissolved air. In the process, separated air rises up to a collection
chamber and is expelled through an air vent.
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Figure 7: Schematic representation of coalescing type air separator.

Such separators rely on relatively high entering water velocities
to create swirling action, usually in the order of 1.2–1.5m/s,
which also translates into considerable pressure drop that
needs to be accounted for in the design. It’s also important
to consider the minimum and maximum design velocities
of vortex separators in systems with variable speed pumps
to ensure the appropriate operating conditions are always
maintained.

Vacuum deareators
Unlike air separators, vacuum deareators are not passive
devices, as they incorporate vacuum pumps. A volume
of water is isolated from the rest of the system in a vessel,
which is then brought to a pressure below atmospheric
by a built-in vacuum pump. Such reduction in pressure
dramatically reduces solubility of air in the water and leads
to the quick release of dissolved air gases – i.e., deaeration.
Released air is collected and expelled to the atmosphere, while
deaerated water is released back into the closed-loop system.
When the deaerated volume of water makes its way back into
the loop, it absorbs the dissolved gases from the rest of the
water until equilibrium is reached, thus bringing the overall
air content in the system down.

DESIGN RECOMMENDATIONS
In summary, air management is an important factor to
consider during both design and installation of any closed-loop
hydronic system. If neglected, presence of air can lead to many
unexpected consequences, premature deterioration of equipment
and decrease in overall system efficiency.

AAV

whirlp

o ol

Figure 8: Schematic representation of vortex type air separator.

Here are some important points to consider during system
design and installation:
• Locate air vents at all high points of the system
in an accessible location
• Utilise “air bottles” where possible to improve efficacy
of automatic air vents
• Provide air vents on top of devices that are designed
to operate at low water velocities (buffer tanks, manifolds,
hydraulic separators, etc.,)
• Ensure that the discharge pressure rating of automatic
air vents is greater than the maximum pressure in the system
• Maintain at least 35kPa at the highest points of the system
to ensure AAVs always expel air
• Expansion tank should be located on the suction side
of the pump (return piping) to avoid vacuum
• Locate a central air separator at a point of lowest pressure
and highest temperature of a system
• Design piping system for a minimum velocity
of 0.6–0.8m/s to ensure that entrapped air bubbles
make their way to air removal devices
• Avoid excessive pressure differential across balancing
and control valves to reduce the risk of cavitation
• Avoid utilisation of polymer piping with no oxygen barriers.
Certainly, each system is somewhat unique and would inevitably
present its own challenges. However, the considerations listed
here can serve as a good starting point.
DECEM BER 2018

•

ECO L I BR I U M

49

FORUM

REFERENCES
[1] ASHRAE. ASHRAE Handbook – Systems and Equipment.
Atlanta : The American Society of Heating, Refrigerating
and Air-Conditioning Engineers, 2008.

[9] Grundfos. Pump Handbook. s.l. : Grundfos Management
A/S, 2004.
[10] Siegenthaler, John. The basics of purging hydronic circuits.
HPAC Magazine. 2017.

[2] Air in Hydronic Systems: How Henry’s Law Tells Us What
Happens. Pompei, Fransesco. s.l.: ASHRAE Transactions,
1981, Vol. 87.
[3] Separation in Hydronic Systems. Caleffi. 15, Milwaukee:
Caleffi Hydronic Solutions, 2014.
[4] Modern Hydronic Heating: For Residential and Light
Commercial Buildings. Siegenthaler, John. s.l.: Cengage
Learning, 2012.
[5] Understanding Expansion Tanks. Taylor, Steven. s.l.:
ASHRAE Journal, 2003.
[6] CIBSE. Heating – CIBSE Guide B1. London : The
Chartered Institution of Building Services Engineers, 2016.
[7] Technical Bulletin TB196: Oxygen Diffusion Through
Raupex O2 Barrier Pipe. REHAU. 2015.
[8] Olson, Mark. How water behaves in hydronic systems.
HPAC Magazine. 2017.

ABOUT THE AUTHOR
Vlad Mykhailov is a mechanical engineer based
in the Sydney office of Umow Lai. Boasting a Master
of Professional Engineering (Mechanical) degree from
the University of Sydney, he has worked as a mechanical
services consultant for more than four years.
His areas of interest are hydronic systems, commissioning,
computational fluid dynamics and thermal comfort
modelling.
Before switching over to HVAC he specialised in
industrial hydraulic and pneumatic systems, hence
the interest in hydronics.

