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2 ASHRAE Guideline 16-2010

(This foreword is not part of this guideline but is included
for information only.)

FOREWORD

This is a revision of Guideline 16-2003. This guideline
was prepared under the auspices of the American Society of
Heating Refrigerating and Air-Conditioning Engineers
(ASHRAE). It may be used, in whole or in part, by an asso-
ciation or government agency with due credit to ASHRAE.
Adherence is strictly on a voluntary basis and merely in the
interests of obtaining uniform standards throughout the
industry.

Changes made for the 2010 revision include

• updated references to the guideline,
• updated disclaimers preceding informative annexes, and
• new reference to Informative Annex C.

1. PURPOSE

This guideline provides the basis for selecting and sizing
control dampers (outdoor, return, and relief) commonly found in
constant-air-volume (CAV) and variable-air-volume (VAV) air-
handling units (AHU) and systems with air-side economizers.

2. SCOPE

2.1 This guideline covers the application of mixed air con-
trol dampers in AHUs and systems that incorporate air-side
economizer systems for cooling.

2.2 This guideline addresses the selection of control damp-
ers based on damper characteristics and damper pressure drop.

2.3 This guideline is not intended to cover dampers used
elsewhere in heating, ventilating, and air-conditioning
(HVAC) systems.

2.4 This guideline does not cover air mixing.

3. DEFINITIONS

3.1 Definitions of most terms used in this guideline can be
found in ASHRAE Terminology of Heating, Ventilation, Air
Conditioning, & Refrigeration.1

3.2 Terms used in this guideline that are not found in
ASHRAE Terminology of Heating, Ventilation, Air Condition-
ing, & Refrigeration or that are used differently are defined in
this section.

maximum outdoor air damper: a modulating damper or set of
dampers used to control the outdoor airflow to the system in
excess of minimum ventilation outdoor air for free cooling
(air-side economizer). Also called “economizer” outdoor air
damper. May also serve to provide the minimum outside
airflow control.

minimum outdoor air damper: a two-position damper in
parallel with the maximum outdoor air damper to provide the
minimum outdoor air required for ventilation.

path pressure drop: the pressure drop in the air path that is
affected by the control damper.

relief air: building return air discharged by the AHU equip-
ment to control building pressure when an HVAC system is
operating in the economizer cycle.

ventilation air: the minimum amount of outdoor air required for
the purpose of controlling air contaminant levels in buildings.

α-value: the ratio of path pressure drop, including fully open
control damper pressure drop, to the pressure drop across the
fully open damper at design flow.

4. SYSTEM ARRANGEMENTS

4.1 General

4.1.1 This guideline covers air-handling systems that
include an air-side economizer. The most common variations
are:

1. Arrangement 1 (Figure 1): HVAC system with a return
fan

2. Arrangement 2 (Figure 2): HVAC system with a relief fan 
3. Arrangement 3 (Figure 3): HVAC system with a gravity

or motorized relief damper

4.1.2 Figures 1–3 show features and controls that are
optional. For example, supply/return/relief fan motors are
shown with variable-speed drives as the method of controlling
fan capacity. Other methods of fan capacity control may be
used. The figures shown are VAV systems. This guideline also
applies to CAV systems.

4.1.3 The supply air temperature sensor (T-1) normally
controls dampers D-2 and D-3 so that one damper closes as the
other opens (Figure 4). For Arrangements 2 and 3, sequencing
the dampers (Figure 5) reduces energy costs in VAV systems by
reducing pressure drop in the mixing mode. This has an impact
on the way dampers are selected (see Section 4.3.3.4, second
paragraph).

4.1.4 The required minimum outdoor airflow rate must be
delivered to the building regardless of the ambient conditions
or the supply airflow rate. The type of minimum outdoor air
control system has an impact on plenum pressure PL-2 and,
therefore, an impact on sizing dampers. Three approaches to
ensure minimum outdoor airflow rate are as follows:

a. Approach A—Injection fan with volume control (Figure 1).
The minimum outdoor air is drawn through the minimum
outdoor air damper (D-4) and injected into the mixed air
plenum (PL-2). Volume control is required because of the
pressure variations in both the mixed air plenum and out-
side the building. Volume control options include varying
fan speed and modulating the outdoor air damper (D-4).
When varying injection fan speed is used for volume con-
trol, damper D-4 is a two-position damper for shutoff of
outdoor air when the AHU is OFF. The modulating ventila-
tion air damper option should be used when a relief fan or
barometric relief is used, since the pressure in PL-2 will be
considerably less than ambient with these designs, possi-
bly causing excess outdoor air to be drawn in when the
injection fan is at minimum speed. Outdoor airflow rates
are typically determined with either a flow sensor in the
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