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Introduction

With the introduction of VAV systems into the air conditioning 
industry many years ago, varying supply air volumes (at 
constant temperature) in response to room load variations 
became the accepted method of conditioning many types of 
spaces. There was concern; however, that the reduction of air 
volumes would result in insufficient room air motion. 

The ASHRAE comfort Standard (currently 55-2004) clearly 
states there is no minimum air motion required for occupant 
comfort, as long as the local temperature is uniform and 
properly controlled. Subsequent research has shown that the 
primary driver of room air motion at reduced loads, which is 
prevalent in most spaces, is driven by convective air currents 
created by the loads themselves.  

Maintaining uniform temperatures at reduced, varying loads is a 
challenge to diffuser design and layout. Equally as challenging 
is to satisfy large temperature control zones without limiting the 
ability of occupants to have control of their environments. 

ONE SOLUTION: 
Variable Geometry VAV Diffusion Equipment (VGD)
With the introduction of variable geometry VAV diffusers (VGD), 
diffuser layout is simplified. A system can operate effectively 
over a broader range of space loads with smaller sized control 
zones. Due to a growing need to conserve energy, designers 
have in the past used VAV systems as the most economical 
and efficient solution to the problems posed by the multi-zone 
requirements of modern buildings. VGD systems are able to 
overcome limitations often imposed by these fixed geometry 
systems, while significantly decreasing the size of local control 
zones. 

Types of VAV Systems (Refer to diagrams below.)

1.   VAV systems that control the volume of supply air at the 
point of entry into the room. (Figure 1)

2.   VAV systems that control the volume of supply air further 
upstream in the system, such as in a mixing terminal unit 
or duct. (Figure 2)

In many cases, the first group may be more efficient and 
therefore more desirable. A modern VGD design ensures 
acceptable supply air distribution and uniform temperature 
control when supplying as little as 30% of the maximum airflow.
Traditional VAV systems utilize an air volume control device 
that is located a considerable distance upstream of the room 
air diffusion unit. Because of this, those systems may not be 
able to take advantage of the higher leaving air velocities that 
result with VGD devices, which can be effective over a greater 
area at low delivery rates.

With conventional fixed geometry diffusers at reduced flows, 
cold air may drop into a space (often referred to as “dumping”), 
which may result in high temperature variability in a space - 
both vertically and laterally. Systems such as these are seldom 
a problem in internal zones or other applications which do 
not exhibit large load variations, such as shops with relatively 
constant internal heat gains. When loads may vary significantly 
or where smaller control zones are desirable, VGD systems 
may offer a performance advantage. 

VAV System Design
Generally, the design considerations governing constant 
volume air conditioning systems may be applied to the design 
of air handling and air distribution equipment for variable 
volume systems. While the subjects of heat loads, air quantity, 
and temperature calculations are fully explained in such 
publications as the ASHRAE Handbooks, the following general 
procedures are suggested:

1.   Cooling and heating load calculations are made for every 
module or zone in the building so that individual maximum 
and simultaneous maximum cooling/heating requirements 
and air quantities may be established.

2.    The design temperature of supply air at the diffuser 
(allowing for all normally calculated extraneous gains such 
as fan heat and duct wall heat pick-up) is achieved by 
conventional psychometric calculations.

3.   Individual maximum module or zone air volumes are 
calculated using the maximum room sensible heat gain, 
temperature difference (between supply air temperature 
at the diffuser), and design space temperature. These air 
volumes are then used to select air diffusers.
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4.   Maximum simultaneous air supply and cooling 
requirements are then computed in order to establish 
the capacity of air handling units and central cooling 
equipment. Care must be taken during the design phase 
to ensure that ducts are adequately sized to convey the 
correct amount of air to every module or zone, under all 
conditions.

KRUEGER VGD SYSTEM DESIGN :
Control of Duct Pressure
An essential requirement of variable volume systems is 
maintaining control of static pressure in supply air ducts within 
the design limits of the diffusers. Such control is easily achieved 
by a combination of the following methods, which is dependent 
on the size and configuration of the air distribution system:

1.    Control of fan output, within the supply air duct, by means 
of a static pressure regulator operating in conjunction 
with its capacity modulation device. In smaller systems, 
this device does not need to be more than a good vortex 
damper; although, acceptable performance will probably 
be achieved with a face and bypass damper configuration.

2.    Divide the air distribution systems into the most conveniently 
selected low pressure supply duct zones (supplied from 
low/medium pressure main ducts or risers) by installing 
branch duct dampers that operate in conjunction with 
branch supply duct static pressure regulators.

Duct Static Pressure Variations
Design and manufacturing discrepancies in supply duct systems 
are largely compensated for by terminal volume adjustment in 
response to thermostat action. Tolerances of -10% to +20% in-
duct static pressure will not materially affect correct functioning 
of variable volume diffusers. Under all terminal unit output 
conditions, duct pressure variations will be compensated for by 
temperature controllers, which react to an incorrect supply of 
air by terminal volume regulation. At minimum flow, variations 
in duct static pressure are normally slight as duct pressure 
losses at low airflow are almost non-existent.

Recommended Branch Duct Pressure
The determination of design branch duct pressure should be 
governed by the following:

1.   The noise levels to be satisfied.
2.   The area the conditioned air should serve.
3.   The throw and the duct pressure needed to deliver the air 

flow required by thermal load calculations. 

All of these details are provided in the relevant sections of this 
manual.

Recommended Main Duct or Riser Pressure
For economical fan operation, the pressure should be just high 
enough to accommodate main duct or riser pressure losses 
and design tolerances. With careful riser duct design, it should 
not be necessary to require that the riser or main duct pressure 
be more than 0.4” WG above branch duct pressure.

Positioning of Static Pressure Sensors
In all cases, static pressure sensors for branch ducts should 
be fitted in the branch ducts themselves and not in the feeder 
ducts to individual diffusers, nor in the diffusers themselves. 
Generally, it is recommended that static pressure sensors in 
branch ducts be fitted half-way between the duct pressure 
control damper or supply fan and at the end of the relevant duct 
so that the most representative pressure is sensed.

Branch Duct Velocities
In the case of branch ducts serving diffusers, it is recommended 
that conventional criteria be used in the determination of 
branch duct velocities. It is assumed that, depending on noise 
level requirements, these velocities will be in the range of (3.5-
6m/s) 650 – 1200 ft/min. In some cases, slightly higher branch 
duct velocities are allowed because of the inherent noise 
attenuation properties of the diffusers with associated flexible 
duct connections. Generally, a maximum of (7.5m/s) 1500 ft/
min is recommended. In the case of smaller fan coil type units 
(that incorporate light duty centrifugal fans), volume modulation 
can be achieved by installing supply duct restrictors and bypass 
dampers. 

Cooling plants of the direct expansion type can be used for 
virtually every application and are generally cheaper to install 
and operate than chilled water generating plants. Limitations 
of cooling plants are imposed only by capacity. In the case 
of smaller plants, where cooling is controlled in only one or 
two steps, the temperature sensor for cooling control should 
be placed in the “warmest” room. This avoids short-cycling of 
the compressors, which would result if the off-coil temperature 
were to be measured and controlled. 

Generally, individual reciprocating compressor cooling stations 
are limited to 45 tons capacity of refrigeration, above which, the 
economics of centrifugal or screw type chilled water generators 
begin to influence the choice.

A TYPICAL SYSTEM IN OPERATION 
WITH PRESSURE CONTROL DAMPERS
Intelligent Comfort Control VAV Systems
In a well designed system, when heating is required, the 
cold air that is supplied to the terminal unit is in fact obtained 
”freely” by the economy cycle damper operation, which avoids 
unnecessary reheating of previously cooled air.

VAV Cooling / VAV Heating System
Through low-cost, modern technology, the action of the 
conventionally controlled Krueger VGD terminal equipment 
may be reversed, such that during the heating mode, a 
decrease in room temperature will cause an increased 
volume of preheated air to enter the occupant space. This is 
brought about automatically by the integral thermally actuated 
controller, which can detect that the supply air temperature 
entering the VAV unit is above a predetermined set point. In 
summary, through careful design and zoning considerations, 
the amount of reheat required could be substantially reduced 
without sacrificing flexibility or individual control.

VAV Diffuser Introduction
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THE PRINCIPLE OF AIR FLOW MODULATION
OF VARIABLE GEOMETRY TERMINALS
The diagram below (Figure 3) shows a supply air duct, a circular 
flexible connection and a Krueger VGD variable geometry VAV 
terminal unit.

The terminal unit has a variable geometry air volume control 
device that activates in response to room temperature 
conditions. To modulate the airflow, the static pressure in duct 
“B” is controlled at a constant level while the variable geometry 
control device varies the aperture of the terminal unit. As a 
decreasing air volume flows from “B” to “A”, the resultant static 
pressure of “A” is increased. The increased static pressure at 
the lower flow rates is converted to velocity pressure, which 
results in an increased air velocity that enters the occupant 
space. Although mass flow at minimum supply air status is 
considerably reduced, the increased air velocity ensures long 
enough throw that room air distribution and temperature control 
are not compromised.

High Velocity System
Building space limitations may dictate the use of high velocity 
systems (at an operating cost premium) due to the resultant 
higher fan duties. At the point of change from high velocity, 
pressure reducing dampers are installed. Each damper unit 
requires a sound actuator to reduce high velocity duct and 
damper noise that is generated through pressure reduction.

Variable Geometry Terminal Unit Design
Having discussed overall design, we now consider the 
advantages of the Krueger VGD air diffusion concept. 
Essentially, the concept utilizes the principle of varying the 
shape of the diffusion device at the point of discharge into the 
occupant space. This ensures that acceptable air distribution 
patterns are maintained from minimum to maximum airflow 
conditions.
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