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SPECIAL NOTE

This Guideline was developed under the auspices of the American Society of Heating, Refrigerating and Air-Conditioning
Engineers (ASHRAE). ASHRAE Guidelines are developed under a review process, identifying a guideline for the design, testing, appli-
cation, or evaluation of a specific product, concept, or practice. As a guideline it is not definitive but encompasses areas where there
may be a variety of approaches, none of which must be precisely correct. ASHRAE Guidelines are written to assist professionals in the
area of concern and expertise of ASHRAE’s Technical Committees and Task Groups.

ASHRAE Guidelines are prepared by project committees appointed specifically for the purpose of writing Guidelines. The
project committee chair and vice-chair must be members of the ASHRAE; while other members of the project committee may or may
not be ASHRAE members, all must be technically qualified in the subject area of the Guideline.

Development of ASHRAE Guidelines follows procedures similar to those for ASHRAE Standards except that (a) committee
balance is desired but not required, (b) an effort is made to achieve consensus but consensus is not required, (c) guidelines are not
appealable, and (d) guidelines are not submitted to ANSI for approval.

The Manager of Standards of ASHRAE should be contacted for
a. interpretation of the contents of this Guideline,
b. participation in the next review of the Guideline,
c. offering constructive criticism for improving the Guideline,
d. permission to reprint portions of the Guideline.

ASHRAE INDUSTRIAL ADVERTISING POLICY ON STANDARDS
ASHRAE Standards and Guidelines are established to assist industry and the public by offering a uniform method of 

testing for rating purposes, by suggesting safe practices in designing and installing equipment, by providing proper definitions 
of this equipment, and by providing other information that may serve to guide the industry. The creation of ASHRAE Standards 
and Guidelines is determined by the need for them, and conformance to them is completely voluntary.

In referring to this Standard or Guideline and in marking of equipment and in advertising, no claim shall be made, either
stated or implied, that the product has been approved by ASHRAE.

DISCLAIMER

ASHRAE publishes Guidelines in order to provide assistance to interested parties on issues that relate to the design, testing,
application, and/or evaluation of products, concepts, and practices where there may be more than one acceptable approach.
Guidelines are not mandatory and only provide one source of information that may be helpful in any given situation.
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2 ASHRAE Guideline 16-2003

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

FOREWORD

Control damper selection and sizing are a critical first
step in the design of a control system. The system designer
should take care to make the correct damper selections.
Improper selection and sizing may cause hunting; improper
temperature, flow, and pressure control; and other opera-
tional difficulties.

The objective of this guideline is to address the applica-
tion and sizing of outdoor, return, and relief dampers used to
control

• outdoor air intake for economizer (“free”) cooling, 
• minimum ventilation outdoor airflow for indoor air

quality, and
• building pressure.

This guideline focuses on the three most common damper
configurations for systems employing an air-side economizer:

1. supply and return fan, 

2. supply and relief fan, and

3. supply fan with gravity (nonpowered) relief.

These configurations have outdoor, return, and relief
dampers. For other damper configurations, such as multiple
return dampers within a system, the general information in
this guideline is still beneficial.

The methods of control described in this guideline are not
intended to indicate a control preference but to show how
dampers typically operate in heating, ventilating, and air-
conditioning systems that include an air-side economizer.

NK mromlpb

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 and systems with air-side economizers.

OK p`lmb

OKN This guideline covers the application of mixed air con-
trol dampers in air-handling units and systems that incorpo-
rate air-side economizer systems for cooling.

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

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

OKQ This guideline does not cover air mixing.

PK abcfkfqflkp

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

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

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. It 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 air-handling
unit (AHU) equipment 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 build-
ings.

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.

QK pvpqbj=^oo^kdbjbkqp

QKN General
QKNKN 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 grav-
ity or motorized relief damper

QKNKO Figures 1, 2, and 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 variable volume systems. This
guideline also applies to constant volume systems.

QKNKP The supply air temperature sensor (T-1) normally
controls dampers (D-2) and (D-3) so that one damper closes
as the other damper 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 Sec-
tion 4.3.3.4, second paragraph).

QKNKQ 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
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