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Introduction

Variable air volume (VAV) system is a common
design for air distribution of a large central air
conditioning system. The control enables the
air distribution system to react more agile to the
highly dynamic nature of cooling demand and
hence lower the operating cost especially during
part-load operations. However, the intricacies
of the system control also post a challenge for
engineers when energy efficiency is now one of
the determinants for the design.

As one of the main components of VAV system,
the supply air fan can account for 20 - 30% of
the whole air conditioning system's year round
electricity consumption. Thus optimizing the
supply air fan operation saves both energy
and operating cost. This pamphlet discusses
an advanced static pressure reset control for
optimising the operation of the VAV supply air
fans.

Conventional VAV Fan Control

In VAV design, the air volume delivery varies with
the cooling demand. The regulation of air delivery
volume is usually achieved by adjusting either the
position of an inlet guide vane in older design or
the fan's running speed if it is driven by a variable
speed drive (VSD).
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Fig 1 - Convem‘iona/ constant static pressure control of VAV supply air fan
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The control of the inlet guide vane or variable 18R NEIR R KRHET - %
speed drive is usually accomplished by a closed loop 6 5% i % 5 B R U B 5 5% R 4 4
control which keeps track of the fan static pressure BEEREL RS REYE - L

to achieve a predetermined pressure set point. A -
typical design arrangement is shown in Fig.1. The ABEMBENER  —BRORAE
common design is to mount the pressure sensor EENEESLRZERBHERAT

immediately downstream of the fan outlet or at M SKEEHERD —REMN ER

a distance downstream along the main air duct. ETIHAE EXEMNAE2ERT

When the cooling demand of a zone decreases, B ZRMASRE T RN e

the VAV box damper will react by closing to reduce B WHLYZENERE - &
A

the supply air volume delivering to the zone. The

i B =g
throttling will build up a high static pressure in the R RS FE LT R

air duct, and will actuate the fan control to trim MERLERRAE  EEFHE T i 2
down the supply air volume until the static pressure BEKFERILE - En2ETHERE
is brought down to its set point. This is known as AR o

constant static pressure control.
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Static Pressure Reset Control for
VAV

Static pressure reset control for VAV is an advanced
control scheme for controlling the static pressure
set point of the supply air fan. For better results,
the fan is recommended to be driven by variable
speed drive. In this control scheme, the damper
position of the VAV box in the "critical zone"
is monitored. The critical zone is defined as the
zone that requires the highest static pressure for
supply air delivery. The objective of the control is
to keep the damper of this VAV box open within a
predetermined range, say between 70% and 90%.

Principle of Operation

By implementing static pressure reset control, the
static pressure of the fan is no longer constant but
continuously being reset according to the dynamics
of the cooling demand so as to keep the critical
zone VAV box damper open in the predetermined
range. It is only with this kind of arrangement that
the energy saving potential of a fan with variable
speed drive can be fully unleashed.

In simple term, when the VAV box in the critical
zone is operating with a damper opening below
the lower limit of the predetermined range (i.e.
excessive throttling occurs), the control will
reduce the static pressure set point slowly. This
will reduce also the supply air volume to the
zone resulting in a slightly elevated room air
temperature. The VAV box will then adjust its
damper opening, relaxing the throttling, to allow
more supply air to be delivered to the zone to
maintain the room temperature at its set point.

On the other hand, if the VAV box damper is too
widely opened (e.g. opening larger than 90% in
our example) for a long enough period, it will be a
beacon indicating insufficient supply air delivering
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to the zone to meet the cooling demand. The
control will increase the static pressure set point
by speeding up the supply fan and deliver more
supply air to avoid starving the zone. Provided the
VAV box is correctly sized, increase in supply air will
bring down the room air temperature and the VAV
box damper will be reacting by closing its damper.
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Fig 2 - System with static pressure reset control
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Energy Saving Mechanism

The power consumption of the VAV supply fan is
proportional to the volume of air delivering as well
as the static pressure lift of the fan. A reduction
of either the air volume or the static pressure lift
will reduce the fan power consumption. Static
pressure reset control saves energy by reducing
the static pressure lift of the supply air fan while
delivering the same amount of supply air into the
zones. This is achieved by appropriately relaxing
the throttling of the VAV box in the critical zone.
Figure 3 illustrates the pressure profile of the
supply air along its delivery path.
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Fig 3 - Static pressure profile along the air path
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By relaxing the damper position in the VAV
box, the fan can deliver the same amount of
air with less static pressure and hence achieves
energy saving. The extent of static pressure trim
varies with the cooling demand as well as the
characteristics of the system.

Implementing the Control Scheme

The control scheme can be implemented with
traditional analogue circuits or with direct digital
control (DDC) circuits. VAV box equipped with
damper position feedback signal is a prerequisite
for implementation of the control. The difficulty
mainly lies on the identification of the critical
zone. Thus, VAV system with zonal DDC is more
preferable because of its capability to monitor
all the VAV boxes within the zone which can
eliminate the need to identify which particular
VAV box in control is the critical zone. A simplified
arrangement is shown in figure 4 below.
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Fig 4 - Simplified schematic of static pressure reset control with a zonal DDC
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In the DDC implementation, the control objective
is to keep at least one of the VAV boxes damper
opens in the predetermined range. When all the
VAV box damper positions are under monitoring,
the one that is most widely opened is treated as
the critical zone. Its VAV box damper position
is used for determination of the supply air fan's
static pressure set point. The set point is then
passed on to a closed loop control to alter the fan
speed to accomplish the control objective.

Although the control objective seems very simple,
cautious system commissioning is essential for
successful implementation. According to experiences,
there are two main difficulties to handle:

1) Stability

The scourge of instability is the rapid
interactive oscillation between the VAV
box control and the static pressure
reset control, especially in system that
employs pressure-independent VAV
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box control which is a design norm
in modern VAV system nowadays.
Pressure-independent VAV boxes
employ a cascaded control which uses
the temperature reading of the room
thermostat to establish an air flow set
point for the VAV box. The VAV box
will control the damper opening by an
air velocity sensor feedback signal to
accomplish the set point requirement.
Compared with older pressure
dependent VAV box in which the air
volume delivery may be influenced by
the upstream static pressure, pressure-
independent control modulates the
VAV boxes more accurately according
to the cooling demand. However,
combining with a badly tuned (in terms
of the response timing and speed) static
pressure reset control system, the two
control systems disturb each other and
may oscillate in a very unstable manner
as shown in figure 5.

Zones with VAV box undersized

Undersized VAV box will provide
insufficient supply air to the zone and
starving the zone. The temperature set
point for the zone is usually not achievable
most of the time during cooling season.
This is usually known as "rogue zone".
VAV box undersize may be a result of
either a bad VAV box selection process or
an unexpected large heat load in the zone.
This leaves the VAV box damper opened
most of the time without allowing much
chance for part loading. That is, the VAV
box loses its controllability to respond to
cooling load fluctuations. Static pressure
reset control will see this as a sign
showing static pressure request and will
speed up the fan trying to make up for the
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demand. The result is underperformance EEINEERAHE  RES
of the static pressure reset control and the EEIE MR E - 48
static pressure of the system is staggering EEEEANEERNE T
on the high side.
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If the response timing and speed of
the two control systems are tuned
badly, the two systems disturb
each other and oscillate
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Fig 5 - The possible oscillating cycle when pressure-independent VAV box control is working with static pressure
reset control
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Resolving Problems in Static
Pressure Reset Control

To combat these issues, good control logic can
be developed to achieve the control objective.
The details can be worked out with the control
specialist contractor provided the control objective
is clearly stated. Despite the logic employed, a
precise commissioning process is inevitable.

The stability issue can be resolved by adjusting
the speed of set point reduction to slow down
the oscillation to an acceptable level. The
implementation logic should allow slow static
pressure set point trimming in order to avoid
instability during the course. However, one may
also want to keep the speed of set point increment
reasonably fast in order not to compromise the
indoor environmental comfort when the cooling
load is picking up quickly. Thus a logic allowing
trimming down and picking up of the set point at a
different pace can be considered. To illustrate the
response of such an arrangement, the response of
a hypothetical system is shown in figure 6 below.
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Fig 6 - Diagram illustrating the response of a hypothetical system.
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For the rogue zone, undersized VAV box should be
identified during the commissioning. This can be
done by logging the static pressure set point and
the actual measured static pressure in the duct. If
the static pressure set point is found operating in
the middle or lower range of the static pressure
band, the static pressure reset control should
be working properly without any noticeable
undersized zone and the system should generate
reasonable saving. If however, the data indicated
that the set point is staggering in the high range
most of the time, there may be zones with
undersized VAV box. In this case, one may choose
to ignore these zones if the supply to these zones
is not essential after reviewing.

Energy Saving Potential

Static pressure reset control saves VAV supply
fan energy, if properly implemented. The energy
saving can be remarkable. However, the saving
is also site and system specific. For illustration,
in our trial project for an office building, the year
round saving was found to be about 17.5% fan
electricity consumption with conventional constant
static pressure control as the base for comparison.
The payback period was estimated to be around 3
years.

For further information, please contact the Energy
Efficiency Office of the Electrical and Mechanical
Services Department.
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