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Balancing Hydronic Systems

In today’s energy conscious environment, building
design plays an increasingly important role in energy
efficiency. Balancing the HVAC system makes sure
that the occupants maintain comfort while maximizing
efficiency. When designing a heating or cooling
system, engineers determine how much flow is
needed to satisfy the heating and cooling loads of the
building. It is important that the design flow be
available at all terminals to ensure comfort level.
ASHRAE 90.1 states that “hydronic systems shall be
proportionately balanced in a manner to first minimize
throttling losses; then pump impeller shall be trimmed
or pump speed shall be adjusted to meet design flow
conditions.”

Why a System Needs to be Balanced

In the example system below (Figure 1), the pump has
a specified duty point of 900 GPM at 56 ft. The design
flow rates for each zone in this example have been
made equivalent to simplify the mathematics.
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Before balancing, the flow varies by zone with the
zone closest to the pump seeing the highest flow and
the zone furthest away receiving the lowest. The
unbalanced example system is displayed in Figure 2.
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An unbalanced hydronic system will be plagued by
noisy operation, high energy use, inadequate heating
or cooling, and reduced valve and pump life.

In the example system, the flow rate in Zone 1 is
58% higher than design. This could cause damage
to the components and noisy operation. The high
velocities in the over-supplied zones can lead to
control valve cavitation. Furthermore, Zone 1 sees
58% more flow than design, but that does not result
in the zone heating or cooling 58% faster. It will
increase energy consumption.

Zone 3’s flow rate is 33% lower than design leading
to an extended heating or cooling time. Zone 3 will
receive an increase in flow rate after Zones 1 and 2
reach their set points.

The pump in the example system was selected to
operate at 900 GPM at 56ft, but it is actually
operating at 1100 GPM at 50ft. This forces the pump
to operate further to the right on its curve.

Depending on the pump selection, this could result in
the pump operating outside of its preferable or
allowable operating region. As the operating point of
the pump moves further to the right of BEP,
horsepower requirements and energy costs
increase. Shortened bearing and seal life can occur,
and higher Net Positive Suction Head Required can
lead to cavitation issues.
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Proportional Balance

In a balanced hydronic system, each zone and unit in
the zone has the proper flow to satisfy the designed
heating and cooling loads. Balancing valves such as
circuit setters are used to achieve this. To
proportionally balance the example system, the pump
is run at full speed and all valves are opened. The
flow in the critical zone, typically the one furthest from
the pump, is measured and often will be found to

be less than design for peak load. In this example,
design flow through Zone 3 is 300 GPM, but the actual
flow is 200 GPM. The design flow in Zone 1 is 300
GPM, but the actual flow is 475 GPM. Using a
balancing valve, the resistance through Zone 1 is
increased so that more flow is diverted into Zone 2
and Zone 3. The balancing valve is then adjusted

in Zone 2 so that additional flow is diverted to Zone

1. Since the design flow through each zone is equal,
the objective is for each zone to receive one third of
the total flow, thus making the system proportionally
balanced. If the system is proportionally balanced and
an excess of flow remains, an impeller trim or variable
speed drive can be used to adjust the pump speed
and further reduce energy costs (Figure 3).

Figure 3:
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Diversity

While a system can be proportionally balanced for a
given load condition, diversity can still cause issues
after balancing.
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Even after a system is manually balanced, it is only
balanced at full flow position. Varying load
requirements such as the sun rising and setting on
eastern and western facing zones or zones that
only require occasional heating or cooling introduce
diversity into the system. When any valve in the
system is changed to accommodate this diversity,
the pressure in the system changes and can cause
unbalance.

In addition to manual or calibrated balancing valves
like circuit setters, flow limiting valves or pressure
independent control valves can be utilized. A
pressure independent control valve is an automatic
control valve and an automatic flow regulating valve
packaged in one valve body. Systems with pressure
independent control valves (Figure 4) do not need to
be balanced and rebalanced during commissioning.
They regulate and maintain a constant flow to the
coil as water pressure in the system varies with the
changing loads.

Figure 4:

Whichever type of balancing valve is used, it is
important that the hydronic system is balanced and
that the impeller is trimmed or pump speed is
adjusted so the system operates as designed
without excess noise, maintenance wear, or energy
use, while heating and cooling efficiently.
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