Total Hydronic Balancing in
Chilled Water System
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Introduction

A typical chilled water distribution system
consists of pumps and chilled water piping and
air side equipment units regulated by control
valves. Traditionally, manual hydronic balancing
is performed using balancing valves based
on the design chilled water flow at full load
condition. However, when the system is at part-
load conditions, for example, one or a few of
the air side equipment units being at partial
load or switched off, the hydronic balance
may not be maintained due to interaction
of different distribution circuits. Some air
equipment units may get excess chilled water
supply whereas others may get insufficient
flow due to changes in differential pressure
across different distribution circuits affecting
the performance of the control valves. Energy
saving opportunity may exist if the system could
better match chilled water flow under partial
load conditions.

This pamphlet aims to introduce the concept of
total hydronic balancing, which encompasses
control technologies to achieve chilled water
system balancing at full load and part-load
conditions.
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Conventional Chilled Water
System Balancing

Traditionally, balancing of a chilled water
distribution system is based on design full load
to ensure design water flow at the air side
equipment units. However, in reality, all air-
conditioning systems are mostly operating
in the part-load conditions with modulating
control valves to requlate the chilled water flow
supply to air handling units (AHUs) and fan coil
units (FCUs) with a view to achieving the design
room temperature. This will result in differential
pressure variations across different chilled water
distribution circuits and as pressure drop at
piping and coil accessories will be lower under
reduced water flow conditions, the control
valves will be subject to higher differential
pressure affecting the operating control valve
authority and hence hydronic control quality.

Control valve authority (8) can be defined as the
ratio of “pressure drop across the fully opened
valve (at design flow)” to “the maximum
differential pressure in the circuit”. To ensure
reasonable flow control ability, p should range
from around 0.25 to 0.5. When control valves
are operating consistently at low authority
values, this may result in unstable modulating
control and larger temperature control band.
As various distribution circuits in the chilled
water system are interactive with one another,
excessive chilled water flow may also be
delivered to AHUs/FCUs on other distribution
circuits due to increased differential pressure
across control valves on some distribution
circuits and this may cause pumping energy
wastage.
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Total Hydronic Balancing

Total hydronic balancing refers to a set of
devices and methods for making hydronic
systems readily controllable under different
load conditions. Self-acting differential pressure
control valves are used to stabilize the local
differential pressure variations and make
distribution circuits independent of each other.

A differential pressure control valve is installed
at return pipe of the circuit to be stabilized
which senses water pressure of the supply
side through an interconnecting capillary pipe
anchored at the partnering balancing valve at
the supply pipe. The varying upstream head
pressure is taken up by the spring action of
differential pressure control valve to maintain a
stable differential pressure on the downstream
load side. This provides the necessary stable
differential pressure environment for control
valves to perform flow modulation effectively.
Figure 1 shows the mechanism of a typical
differential pressure control valve.
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Figure 1: Mechanism of differential pressure control valve for total hydronic balancing
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To optimize the use of differential pressure
control valves, differential pressure distribution
at the piping circuits under full load and various
part-load conditions should be evaluated.
Pressure distribution profiles of a typical chilled
water system under full load and part-load
conditions are shown in Figure 2 to illustrate
the changes in differential pressure across air
side equipment near main circuit and on far
end distribution circuit under different load
conditions. Apart from manual calculation,
the evaluation process could also be assisted
by appropriate hydronic design software.
Properly sized differential pressure control valves
could then be incorporated to provide local
differential pressure stabilization at distribution
branches and terminal circuits as necessary. A
typical application of this technology in a chilled
water system is shown in Figure 3.
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Figure 2: Changes in differential pressure across main and far end distribution circuits for constant speed pump system
under different load conditions
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Figure 3: Typical system configuration of total hydronic balancing in chilled water system
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Energy Saving Mechanism

This technology saves energy mainly by
reduction of total chilled water flow during
part-load conditions in which less chilled water
flow will be required to meet the cooling load
demand. In turn, chilled water pumps could be
run at a lower speed, say, by means of variable
speed drives (VSDs), to achieve energy saving.
For retrofit projects, actual saving in pumping
energy will depend on the configuration of the
chilled water system, control strategy for the
chilled water pumps as well as part-load pattern
as highlighted below.

Implementing Control Strategy

This technology can be implemented with
minor retrofit work in the chilled water
distribution system if the chilled water pumps
are already operating with VSDs. It could also
be incorporated into a new system quite easily.
The followings are some general considerations
for implementation of the technology:

e |f the original system is not equipped with
VSDs, technical requirement of installing
VSDs for the pumps should be considered.

e Long operation hour system provides more
opportunities for energy saving with such
technology.
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e The overall saving in chilled water flow under

part-load conditions depends very much on
the control strategy of chilled water pumps
as well as the pump head requirement of the
chilled water distribution circuits. In some
circumstances, if certain air side equipment
units are particularly far away from the
pumps, the overall potential saving may be
less because the system has to maintain
sufficient pump head to ensure adequate
chilled water be delivered to the air side
equipment units on the far end circuits.

Selection and installation locations of
differential pressure control valves are
important, which may affect the saving
potential of chilled water flow. Usually, a
differential pressure control valve should
be installed at each tee-off from the main
chilled water pipes and the main branches
for groups of AHUs/FCUs. However, the
actual installation location and selection
should be determined through evaluation of
differential pressure distribution at the piping
circuits under full load and various part-load
conditions.

The setting of each differential pressure
control valve is also important to ensure
thermal comfort. In general, the setting
should allow the air side equipment units
on the distribution circuit to be stabilized to
have adequate chilled water supply at design
full load condition.
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Benefits from Better Control
Strategy

This technology enables chilled water pumps
to be operated more closely with the cooling
demand of the building and reduces energy
wastage due to pumping excessive chilled water
flow. With better chilled water flow control
at air side equipment units under different
cooling demand conditions, the technology
could also help better maintain the indoor air
temperature for thermal comfort. It should
however be noted that the achievable energy
saving is site specific which depends on the load
pattern and conditions of the plant equipment.
For further information, please contact the
Energy Efficiency Office of The Electrical and
Mechanical Services Department.
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Case Study

Total hydronic balancing for chilled water
distribution was applied in one of the
government premises as a pilot project.

Basic Information

. 2 nos. of 370kW
air-cooled chillers

Cooling capacity of
the HVAC system

Number of chilled water pumps: 3 Nos.
Rating of pump motor: 12 kW
Pump operating hour: 24 hours x 7 days

Result of the Pilot Project

Chilled water is teed off at each floor from
the main chilled water pipe branches to
supply air side equipment units (e.g. AHUs
and FCUs). Differential pressure control valves
were retrofitted in the tee-offs of the chilled
water distribution piping for groups of air side
equipment units on each floor.

Performance of the chilled water distribution
system controlled by this technology was
analyzed. From September 2008 to August
2009, the estimated monthly saving of chilled
water flow was found to be ranged from 18%
to 44%, with an annual average of about 24%.
In general, the chilled water flow saving was
more significant during winter period. However,
the actual saving in electricity consumption of
chilled water pumps due to reduction in chilled
water flow may vary depending on the locations
of the part-load conditions in the chilled water
system and the control scheme of the chilled
water pumps, which are site specific.
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