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FOREWORD

In keeping with its policy of disseminating information and providing standards of design and construction, the Sheet

Metal and Air Conditioning Contractors’ National Association, Inc. (SMACNA), offers this comprehensive funda-

mental HVAC Systems−Duct Design manual as part of our continuing effort to upgrade the quality of work produced

by the heating, ventilating and air conditioning (HVAC) industry.  This manual presents the basic methods and proce-

dures required to design HVAC air distribution systems.  It does not deal with the calculation of air conditioning loads

or room air ventilation quantities.

This manual is part one of a three set HVAC Systems Library.  The second manual is the SMACNA HVAC Systems−Ap-

plications manual that contains information and data needed by designers and installers of more specialized air and

hydronic HVAC systems.  The third manual is the HVAC Systems−Testing, Adjusting and Balancing manual, a recently−

updated publication on air and hydronic system testing and balancing.

The HVAC duct system designer is faced with many considerations after the load calculations are completed and the

type of distribution system is determined.  This manual provides not only the basic engineering guidelines for the siz-

ing of HVAC ductwork systems, but also related information in the areas of:

a. Materials

b. Methods of Construction

c. Economics of Duct Systems

d. Duct System Layout

e. Pressure Losses

f. Fan Selection

g. Duct Leakage

h. Acoustic Considerations

i. Duct Heat Transfer

j. Testing, Adjusting and Balancing

With emphasis on energy conservation, the designer must balance duct size with the space allocated and duct system

pressure loss. Duct pressure loss increases fan power and associated operating costs.  Materials, equipment, and

construction methods must be carefully chosen to achieve the most advantageous balance between both initial and

life cycle costing considerations.  This manual is designed to offer both the HVAC system designer and installer de-

tailed information on duct design, materials and construction methods.  Both U. S. and metric units have been provided

in examples, calculations, and tables.

The SMACNA HVAC Systems−Duct Design manual is intended to be used in conjunction with the American Society

of Heating, Refrigerating and Air Conditioning Engineers, Inc. (ASHRAE) Fundamentals Handbook.  The basic fluid

flow equations are not included here, but may be found in the ASHRAE handbook.  Practical applications of these

equations are included through use of reference tables and examples.  Some sections of this manual have been reprinted

with permission from various ASHRAE publications.  Another important source of HVAC systems information is the

Air Movement and Control Association International, Inc. (AMCA).  SMACNA and the entire HVAC industry owe

these two organizations a debt of gratitude for continued investments testing and development of HVAC standards.

Although most HVAC systems are constructed to pressure classifications between minus 3 inches water gage (wg) to

10 inches wg, (−750 to 2,500 Pascals (Pa), the design methods, tables, charts, and equations provided in this text may

be used to design other duct systems operating at higher pressures and temperatures.  Air density correction factors

for both higher altitudes and temperatures are included.

SMACNA recognizes that this manual will be expanded and updated as new material becomes available.  We will

continue to provide the HVAC industry with the latest construction methods and engineering data from recognized

sources including SMACNA research programs and the services of local SMACNA Chapters and SMACNA Contrac-

tors.
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NOTICE TO USERS
OF THIS PUBLICATION

1. DISCLAIMER OF WARRANTIES

a) The Sheet Metal and Air Conditioning Contractors’ National Association (�SMACNA") provides its product for informational
purposes.

b) The product contains �Data" which is believed by SMACNA to be accurate and correct but the data, including all information,
ideas and expressions therein, is provided strictly �AS IS," with all faults. SMACNA makes no warranty either express or implied
regarding the Data and SMACNA EXPRESSLY DISCLAIMS ANY IMPLIED WARRANTIES OF MERCHANTABILITY OR
FITNESS FOR PARTICULAR PURPOSE.

c) By using the data contained in the product user accepts the Data �AS IS" and assumes all risk of loss, harm or injury that may result
from its use. User acknowledges that the Data is complex, subject to faults and requires verification by competent professionals, and
that modification of parts of the Data by user may impact the results or other parts of the Data.

d) IN NO EVENT SHALL SMACNA BE LIABLE TO USER, OR ANY OTHER PERSON, FOR ANY INDIRECT, SPECIAL OR
CONSEQUENTIAL DAMAGES ARISING, DIRECTLY OR INDIRECTLY, OUT OF OR RELATED TO USER’S USE OF
SMACNA’S PRODUCT OR MODIFICATION OF DATA THEREIN. This limitation of liability applies even if SMACNA has been
advised of the possibility of such damages. IN NO EVENT SHALL SMACNA’S LIABILITY EXCEED THE AMOUNT PAID BY
USER FOR ACCESS TO SMACNA’S PRODUCT OR $1,000.00, WHICHEVER IS GREATER, REGARDLESS OF LEGAL
THEORY.

e) User by its use of SMACNA’s product acknowledges and accepts the foregoing limitation of liability and disclaimer of warranty
and agrees to indemnify and hold harmless SMACNA from and against all injuries, claims, loss or damage arising, directly or indi-
rectly, out of user’s access to or use of SMACNA’s product or the Data contained therein.

2. ACCEPTANCE

This document or publication is prepared for voluntary acceptance and use within the limitations of application defined herein, and
otherwise as those adopting it or applying it deem appropriate. It is not a safety standard. Its application for a specific project is contin-
gent on a designer or other authority defining a specific use. SMACNA has no power or authority to police or enforce compliance with
the contents of this document or publication and it has no role in any representations by other parties that specific components are, in
fact, in compliance with it.

3. AMENDMENTS

The Association may, from time to time, issue formal interpretations or interim amendments, which can be of significance between
successive editions.

4. PROPRIETARY PRODUCTS

SMACNA encourages technological development in the interest of improving the industry for the public benefit. SMACNA does not,
however, endorse individual manufacturers or products.

5. FORMAL INTERPRETATION

a) A formal interpretation of the literal text herein or the intent of the technical committee or task force associated with the document
or publication is obtainable only on the basis of written petition, addressed to the Technical Resources Department and sent to the
Association’s national office in Chantilly, Virginia. In the event that the petitioner has a substantive disagreement with the interpreta-
tion, an appeal may be filed with the Technical Resources Committee, which has technical oversight responsibility. The request must
pertain to a specifically identified portion of the document that does not involve published text which provides the requested informa-
tion. In considering such requests, the Association will not review or judge products or components as being in compliance with the
document or publication. Oral and written interpretations otherwise obtained from anyone affiliated with the Association are unoffi-
cial. This procedure does not prevent any committee or task force chairman, member of the committee or task force, or staff liaison
from expressing an opinion on a provision within the document, provided that such person clearly states that the opinion is personal
and does not represent an official act of the Association in any way, and it should not be relied on as such. The Board of Directors of
SMACNA shall have final authority for interpretation of this standard with such rules or procedures as they may adopt for processing
same.

b) SMACNA disclaims any liability for any personal injury, property damage, or other damage of any nature whatsoever, whether
special, indirect, consequential or compensatory, direct or indirectly resulting from the publication, use of, or reliance upon this docu-
ment.  SMACNA makes no guaranty or warranty as to the accuracy or completeness of any information published herein.

6. APPLICATION

a) Any standards contained in this publication were developed using reliable engineering principles and research plus consultation
with, and information obtained from, manufacturers, users, testing laboratories, and others having specialized experience. They are
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subject to revision as further experience and investigation may show is necessary or desirable. Construction and products which com-
ply with these Standards will not necessarily be acceptable if, when examined and tested, they are found to have other features which
impair the result contemplated by these requirements. The Sheet Metal and Air Conditioning Contractors’ National Association and
other contributors assume no responsibility and accept no liability for the application of the principles or techniques contained in this
publication. Authorities considering adoption of any standards contained herein should review all federal, state, local, and contract
regulations applicable to specific installations.

b) In issuing and making this document available, SMACNA is not undertaking to render professional or other services for or on
behalf of any person or entity. SMACNA is not undertaking to perform any duty owed to any person or entity to someone else. Any
person or organization using this document should rely on his, her or its own judgement or, as appropriate, seek the advice of a compe-
tent professional in determining the exercise of reasonable care in any given circumstance.

7. REPRINT PERMISSION

Non−exclusive, royalty−free permission is granted to government and private sector specifying authorities to reproduce only any
construction details found herein in their specifications and contract drawings prepared for receipt of bids on new construction and
renovation work within the United States and its territories, provided that the material copied is unaltered in substance and that the
reproducer assumes all liability for the specific application, including errors in reproduction.

8. THE SMACNA LOGO

The SMACNA logo is registered as a membership identification mark. The Association prescribes acceptable use of the logo and
expressly forbids the use of it to represent anything other than possession of membership. Possession of membership and use of the
logo in no way constitutes or reflects SMACNA approval of any product, method, or component. Furthermore, compliance of any
such item with standards published or recognized by SMACNA is not indicated by presence of the logo.
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8−12 Air Monitor Device 8.10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8−13 Louvers with 45° Blade Angle (*Based on AMCA Certified Louvers) 8.11 . . . . . . . . . . . . . . 
8−14 3 Rectangular Sound Traps – 3 Foot (1M) 8.11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8−15 Rectangular Sound Traps – 5 Foot (1.5M) 8.11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8−16 Rectangular Sound Traps – 7 Foot (2M) 8.11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8−17 Rectangular Sound Traps – 10 Foot (3M) 8.12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8−18 Round Sound Traps 8.12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8−19 Eliminators Three Bend 8.12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8−20 Air Washer 8.12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8−21 Screens 8.13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8−22 Air−to−Air Plate Exchangers (Modular) 8.13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8−23 Air−to−Air Single Tube Exchangers 8.13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8−24 Rotary Wheel Exchanger 8.13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8−25 Multiple Tower Energy Exchangers 8.14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8−26 Dry Air Evaporative Cooler 8.14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
8−27 Recommended Criteria for Louver Sizing 8.17 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
9−1 Design Considerations for Diffuser Layouts and Balancing 

Damper Locations 9.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
9−2 Duct Design Considerations for Suggested Balancing 

Damper Locations 9.3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
9−3 Design Considerations to Minimize Airflow

Turbulence and Stratification from Terminal Boxes 9.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
9−4 Fan Rating Test 9.6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
9−5 Typical Velocity Profiles Encountered in Velocity Pressure Measurement Planes 9.9 . . . 
10−1 Source, Path, and Receiver 10.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
10−2 Mechanical Equipment Room Adjacent to Office Area 10.2 . . . . . . . . . . . . . . . . . . . . . . . . . 
10−3 Illustration of Well− Balanced Hvac Sound Spectrum for 

Occupied Spaces 10.3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
10−4 Frequency Ranges of the Most Likely Sources of Acoustical 

Complaints 10.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
10−5 Frequency At Which Different Types of

Mechanical Equipment Generally Control Sound Spectra 10.4 . . . . . . . . . . . . . . . . . . . . . . 
10−6 Dissipative Passive Duct Silencers 10.9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
10−7 Active Duct Silencer 10.9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
10−8 External Duct Lagging on Rectangular Ducts 10.10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
10−9 Breakout and Break−In of Sound in Ducts 10.11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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INTRODUCTIONCHAPTER 1

1.1HVAC Systems Duct Design • Fourth Edition

1.1 SCOPE

This manual provides the duct system designer with

the technical information required to design a com-

plete air distribution system. This text has been exten-

sively revised and updated, and now includes key por-

tions of the previously separate Duct Design Home

Course Study material.

1.2 HOW TO USE THIS MANUAL

This manual is divided into chapters that address each

step of  duct system design, layout, and sizing.

CHAPTER 1 INTRODUCTION
Brief introduction to the history, related building

codes, smoke control, and system types for duct instal-

lations in commercial facilities.

CHAPTER 2  ECONOMICS OF DUCT
SYSTEMS

How duct sizing and system layout impacts the eco-

nomics for a project.

CHAPTER 3 ROOM AIR DISTRIBUTION
All of the design considerations related to room air dis-

tribution and indoor air quality.

CHAPTER 4 GENERAL APPROACH TO
DUCT DESIGN

Basics of duct system design, including pressure

losses, duct and diffuser noise, and basic system bal-

ancing issues.

CHAPTER 5 DUCT DESIGN 
FUNDAMENTALS

Fundamental elements of fan curves, pressure loss cal-

culations, duct leakage, and duct heat gains and losses.

CHAPTER 6: FAN−DUCT CONNECTION
PRESSURE LOSSES

Issues related to the transition from supply and return

fans to the ductwork.

CHAPTER 7 DUCT SIZING PROCEDURES
Pressure loss design information for duct components

including fittings, diffusers, registers, and duct transi-

tions.

CHAPTER 8 PRESSURE LOSS OF
SYSTEM COMPONENTS

Tables and graphs to estimate pressure drop for each

component in a duct system.

CHAPTER 9 PROVISIONS FOR TESTING,
ADJUSTING, AND
BALANCING

How a new air distribution system should be balanced.

Common duct system testing and balancing proce-

dures.

CHAPTER 10 DESIGNING FOR SOUND
AND VIBRATION
Noise generation and methods to reduce system noise.

CHAPTER 11 DUCT SYSTEM 
CONSTRUCTION

Construction and how duct material selection can im-

prove indoor air quality.

CHAPTER 12 SPECIAL DUCT SYSTEMS
Kitchen and dishwasher exhaust ducts, and duct sys-

tems for corrosive and noxious gases.

APPENDIX
Tables and charts of duct design information in an easy

to use format.

1.3 PURPOSE

The purpose of any heating, ventilating, and air condi-

tioning (HVAC) duct system is to provide:

a. Thermal comfort

b. Humidity control

c. Ventilation air

d. Air filtration

However, a poorly designed or constructed HVAC

duct system may result in a system that is costly to op-

erate, noisy, and does not meet occupant comfort re-

quirements.

This manual and associated SMACNA publications

will assist both the system designer and the installer to

provide an HVAC system that meets all these basic re-

quirements.

1.4 HISTORY OF AIR DUCT SYSTEMS

Over 2,000 years ago, both the Greeks and Romans

used masonry and terra cotta pipe to distribute flue

gases from a central heating source to indirectly heat

interior rooms and baths. The use of flues and ducts

eventually disappeared until the twelfth century when

heating fireplaces were moved from the center of a

great−room to a sidewall, and chimneys or flues were

used  again.
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