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FOREWORD

It is the policy of the Sheet Metal and Air Conditioning Contractors’ National Association (SMACNA) to continually
re visit and update the technical manuals that have become the backbone of the industry.

With this policy in mind, a Task Force was organized and tasked with the purpose of reviewing and bringing up to
date the HVAC Systems Applications. This manual is often referred to as one of three manuals that constitute SMAC
NA'’s approach to HVAC systems. The other two manuals making up this group are the “HVAC Systems — Duct Design”
manual and the “HVAC Systems — Testing, Adjusting and Balancing” manual. It is recommended that this manual be
used in conjunction with the latest ASHRAE (American Society of Heating, Refrigeration and Air Conditioning
Engineers) “HVAC Applications” handbook.

Accordingly, the Task Force found areas that were in need of updating, primarily due to the advancement of techno

logy, since the manual was last revised. This included hardware as well as software improvements. In addition, the
science and methodology of Heating, Ventilating and Air Conditioning has changed, with an increased emphasis on
energy efficiency and sustainability.

As you review this 2" edition, you will notice that some chapters have been re named, others have been deleted, and
the order of the remaining chapters presented has been adjusted. However the emphasis is still on Air and Hydronic
systems. You will also notice new topics of discussion, i.e.:

¢ Displacement Ventilation

® Variable Flow Refrigerant systems

* Fan Wall Systems

e HVAC Systems as they pertain to Sustainable Buildings

¢ Updated review of modern Variable Frequency Drives

* Revised/Updated Figures

¢ Expanded chapters for Smoke Control, Cleanrooms and Laboratory HVAC systems

It is the hope of the Task Force that this revised manual will be of value to those contractors who participate in the
Design Build arena, as well as those that are involved with retro fitting existing building systems. For those working
in the retro fit market, references to systems that may be obsolete by today’s standards have been retained to offer an
insight into these systems.

Finally, the Glossary has also been updated to reflect these changes.

SHEET METAL AND AIR CONDITIONING CONTRACTORS’
NATIONAL ASSOCIATION, INC.
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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 indirect-
ly, 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 Asso-
ciation's national office in Chantilly, Virginia. In the event that the petitioner has a substantive disagreement with the interpretation, 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 information. 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 unofficial. This
procedure does not prevent any committee or task force chairman, member of the committee or task force, or staff liaison from ex-
pressing 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
subject to revision as further experience and investigation may show is necessary or desirable. Construction and products which com-
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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 be-
half 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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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION

This chapter provides an introduction to heating, vent-
ilating, and air conditioning (HVAC) applications.
This chapter starts with stating the purpose of HVAC
systems followed by a discussion of human thermal
comfort and the industry standards that are used to es-
tablish the operating parameters for HVAC systems.
Basic HVAC system components are then identified
and discussed and a typical central HVAC system is
presented. The importance of HVAC operating effi-
ciency is addressed along with discussion of energy
codes and standards. Energy codes and standards,
green building rating systems and their relationship to
HVAC system applications are also covered. This
chapter closes by addressing various issues that should
be considered when selecting, designing, and in-
stalling HVAC systems.

1.2 HVAC SYSTEM PURPOSE

The purpose of an HVAC system is to provide a suit-
able thermal environment in a defined space that
meets the needs of the occupants and the activity that
takes place in the space. Most HVAC systems are in-
stalled to establish an indoor environment within
which building occupants can live, work, and play.
The indoor environment impacts the quality of life,
productivity, and well being of building occupants. As
people spend an increasing amount of time inside
buildings HVAC systems and their associated control
systems are becoming more important. To address this
growing need this manual focuses on HVAC equip-
ment that creates human comfort indoors. Energy use
in buildings is becoming increasingly important and
impacting the type of the HVAC distribution system
design, the HVAC equipment specified, and how the
HVAC operates. HVAC systems are also required to
provide suitable environmental conditions in addition
to providing human comfort. In addition, energy use
in buildings is becoming increasingly important and
impacting the type of the HVAC distribution system
design, the HVAC equipment specified, and how the
HVAC operates. HVAC systems are also required to
provide suitable environmental conditions for pur-
poses other than human comfort.

1.3 HUMAN THERMAL COMFORT

1.3.1 Variables That Determine Human
Thermal Comfort

Human thermal comfort is determined by the follow-
ing four variables:

*  Temperature

¢ Humidity

* Air Movement
*  Air Quality

The objective of an HVAC system installed for human
comfort is to control these four variables within an ac-
ceptable range for the occupants in the zone served by
the HVAC system. The zone can be an entire building,
an enclosed space within a building such as a room, or
an area within a building. The HVAC system must be
capable of controlling these four variables considering
the activity taking place in the zone as well as changes
in the outside environment, changes in the occupancy
of the zone, and changes in the activity taking place in
the zone. All of these changes take place continuously
throughout the day and the HVAC system must be able
to adjust and adapt to the dynamic nature of building
thermal loads.

1.3.2 Establishing Parameters For
Human Thermal Comfort

There are a number of industry standards and recom-
mended practices that provide recommendations and
guidance in establishing the parameters for achieving
human thermal comfort for a given occupancy that
take into account the activity being performed in the
zone served by the HVAC system. Two important in-
dustry standards that establish the general parameters
for human thermal comfort are published by the Amer-
ican Society of Heating, Refrigerating, and
Air-Conditioning Engineers, Inc. (ASHRAE) and are
as follows:

* ASHRAE Standard 55-2004: Thermal Envir
onmental Conditions for Human Occupancy

e ASHRAE Standard 62.1-2004: Ventilation
for Acceptable Indoor Air Quality

Both of these standards are referenced in building
codes, project technical specifications, and green
building rating systems and their requirements may be
mandatory on a building project. The following sec-
tions will discuss each of these industry standards.

1.3.2.1 ASHRAE Standard 55

ASHRAE Standard 55 specifies the combinations of
indoor space environment and personal factors that
will produce thermal environmental conditions ac-
ceptable to 80 percent of the occupants in a space. The
environmental factors addressed are temperature,
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