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1.1. Overview

The Functional Testing Guide for Air Handlers: From the Fundamentals to the Field
(Functional Testing Guide) provides both a practical understanding of the fundamentals of air
handling systems and field tips for functional testing. The Functional Testing Guide also
reviews the energy and performance implications of common problems and provides links to
test procedures.

The Functional Testing Guide allows easy access to the many functional tests collected in the
Commissioning Test Protocol Library (CTPL) developed by Pacific Gas & Electric
Company. The CTPL is the largest existing collection of functional test procedures,
including many non-copyrighted test procedures that can be customized to suit individual
system configurations. Since the test procedures in the CTPL do not include detailed
explanations, the Functional Testing Guide explains the “how” and “why” behind the
functional tests in the CTPL. Understanding the reasoning behind test procedures and how to
interpret and act upon the results is essential for successful testing.

Together, the Functional Testing Guide and the CTPL will help commissioning providers
standardize their functional testing procedures and improve quality control, two issues which
continue to burden the commissioning industry. The Functional Testing Guide also covers
design issues as a basis for design review and to help identify solutions for failed functional
tests. The information in the Functional Testing Guide will help commissioning providers:

Understand how to test from a systems perspective
Identify common problems and the root causes of these problems

Customize test procedures to meet the needs of their specific projects

|

|

B Understand why a specific test sequence is being executed

B Understand the possible outcomes and necessary precautions for the test sequence
|

Understand the costs and benefits of the test sequences

Commissioning providers are the primary audience for the Functional Testing Guide and the
CTPL. The commissioning providers using the Functional Testing Guide should already be
familiar with the commissioning process, HVAC fundamentals, and the building construction
process and industry.

1.2. Chapter Summaries

Chapter 2: Functional Testing Basics The first chapter of the Functional Testing Guide
covers the general functional testing concepts that underlie all subsequent chapters. Basic
concepts that are given only minor treatment during later chapters are covered in detail here.
This chapter includes an introduction to the system approach - a fundamental way of looking
at the components of an HVAC system as a whole. Other topics include the testing
hierarchy, training, verification checks, useful tools, components of a functional test
procedure, precautions, and test preparations.

Chapters 3 — 18: Air Handler Components These chapters cover the functional testing
of each component of an air handler, from the outdoor air intake section to the exhaust air
discharge point. Regardless of the system configuration, the functional testing associated
with a component is similar. For example, a preheat coil in a variable volume system
performs the same function as it would in a constant volume system. The following
components are included:
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Outdoor air intake (Chapter 3)

Fan casing (Chapter 4)

Economizer and mixed air (Chapter 5)
Filtration (Chapter 6)

Preheat (Chapter 7)

Cooling (Chapter 8)

Humidification (Chapter 9)

Reheat (Chapter 10)

Warm-up (Chapter 11)

Fans and drives (Chapter 12)
Distribution (Chapter 13)

Terminal equipment (Chapter 14)
Return, relief and exhaust (Chapter 15)
Scrubbers (Chapter 16)

Management and control of smoke and fire (Chapter 17)

Integrated operation and control (Chapter 18)

These chapters will help commissioning providers, building operators, and designers identify
and solve problems on paper during design and in the field. Each chapter contains links to
relevant test procedures from the CTPL and other additional test procedures, which give
commissioning providers easy access to all publicly available tests. The tests from each
chapter can be combined and customized to suit specific system configurations.

Although each chapter covers a different component of the air handling system, they all
follow the same format:

Table of Contents The table of contents allows the user to quickly assess the chapter’s
content and jump to topics of interest.

Theory and Applications This section provides general insight and theory regarding
the typical applications of the component or system.

Functional Testing Benefits The benefits associated with testing the component are
described, including energy and resource savings, reliability issues, and indoor
environmental quality.

Functional Testing Field Tips Practical, field-tested functional testing information
includes:

Purpose of the Test
2 Instrumentation Required
3 Test Conditions
A Time Required to Test
9 Acceptance Criteria
6 Potential Problems and Cautions

Design Issues Overview This insightful look at how the design parameters affect the
outcome of functional testing also supports the design review process. Currently, this
overview has been completed for following components: Cooling (Chapter 8),
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Humidification (Chapter 9), Reheat (Chapter 10), Warm-up (Chapter 11), Fans and
Drives (Chapter 12), Distribution (Chapter 13).

m Typical Problems Important problems normally uncovered during testing or design
review are highlighted. Currently, this section has been completed for the following
components: Preheat (Chapter 7), Cooling (Chapter 8), Reheat (Chapter 10), Warm-up
(Chapter 11), Fans and Drives (Chapter 12).

® Non-Copyrighted Tests Hyperlinks provide access to the CTPL test procedures and,
in some cases, additional test procedures created for the Functional Testing Guide. The
tests can be edited to serve a specific project or as the basis for development of a new test
procedure. The structure of the Functional Testing Guide allows the user to extract tests
from the applicable component chapters to develop a comprehensive procedure for a real
air handling system. The Functional Testing Guide is a work in progress, and future
versions will contain additional test procedures to supplement those currently available in
the Functional Testing Guide and the CTPL.

m Supplemental Information Supplemental information describes the fundamental
concepts behind the component under discussion. The extent to which this information
has been developed will vary from chapter to chapter. Chapter 5: Economizer and Mixed
Air and Chapter 13: Distribution include a more complete presentation of supplemental
information.

Appendices The Functional Testing Guide features three Appendices.

m Appendix A Overview of the Commissioning Test Protocol Library provides
direct links to all publicly available test procedures available in the library. While links
to each of these procedures have been included in the appropriate FT Guide chapters, the
links are provided in one place as Appendix A for convenience.

m Appendix B Resources provides a list of resources that can be useful for further
reference.

m Appendix C Calculations is the main component of the cost-benefit analysis for the
Functional Testing Guide. Currently, the calculations for fan energy savings associated
with static pressure reduction have been fully developed and serve as a model for
additional calculations. Spreadsheets associated with these calculations are provided to
help streamline their use.
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1.3. Getting Around the Guide

While the Functional Testing Guide contains a large amount of information in each chapter,
this information can be easily accessed using four features: the table of contents, the web
toolbar, hyperlinks, and the FTG Document Access Panel. The Functional Testing Guide is
intended to be used electronically with these navigation features, rather than printing out the
entire document. As needed, individual functional tests and chapters can be printed for ease
of use.

The navigation features within the Functional Testing Guide were carefully designed to allow
users to easily find topics of interest and edit 40 different non-copyrighted tests for use on
their own projects. Users can access the functional tests through hyperlinks embedded in
each chapter or through a control panel designed for the Functional Testing Guide.

1.3.1. Using the Table of Contents

The table of contents for the Functional Testing Guide is titled, “TableofContents FTG.doc”.
It provides links to each of the seventeen chapters. Clicking on the chapter title opens the
chapter as a separate document. Within each chapter, you will find another table of contents.
The chapter’s table of contents contains links to each section of the chapter, figures, tables,
and equations.

1.3.2. Web Toolbar Navigation

The easiest way to navigate through the Functional Testing Guide is to use each chapter’s
Table of Contents, along with the “back” button on the Web Toolbar. Figure 1.1 below
identifies the back button, a left-facing blue arrow. The back button allows you to return to
your previous location in the document, much as the back button on your web browser
returns you to the previous web page.

L._E. 1-Introduction - working doc - Microsoft Word

JEiIe Edit Wiew Insert Format Tools Table wWindow Help

| BECI~ || Headings  + Arial v 18 =

JD@H|§|E‘@|“‘“* 100% TE | o= |ﬁaFavnritESv|@:

I;l ﬂ' L 2 : =
3 1.5. Getfiha Around the Guide

2 3

Figure 1.1 Identifying the Web Toolbar Navigation Arrows

If the back button is not currently showing in your toolbar, you can add it by following these
steps:

Go to the Tools menu, click on Customize. ..
2 In the Toolbars tab, check ‘Web’ to add this toolbar.
3 The Web toolbar will show up at the top of your screen, including the navigation arrows

Try using the back button in the following exercise:
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B Begin with the Introduction document.

B Click on the link to the Table of Contents for the Functional Testing Guide for Air
Handling Systems (TableofContents FTG.doc)

B Click on any chapter within the Table of Contents — for each chapter, you’ll see a table of
contents for that chapter

B Click on any topic in the chapter’s Table of Contents and it will take you to that section
B To get back to the chapter’s Table of Contents, click the back button.

B To get back to the Functional Testing Guide’s table of contents, click the back button
again.

You will also notice that the “forward” button (a right-facing blue arrow) appears after you
use the back button. The forward button has a similar navigational effect — it returns you to
the previous location in the document. The back button and forward button will help you
explore the chapters of the Functional Testing Guide and still get you back to the primary
navigation point — the Table of Contents.

1.3.3. Hyperlinks

Hyperlinks embedded throughout the Functional Testing Guide can be used to quickly access
information. Clicking on a hyperlink will take you directly to the topic of interest. In the
Functional Testing Guide, the hyperlinks are formatted in two ways, with examples from
Chapter 5 shown below:

E Blue Text With Underline:

Example: Poor mixing causes numerous operational problems, which are discussed in
Section 5.4 Typical Problems.

H Blue Button:

Link to a checklist that helps assess the susceptibility of a
Link to Check List new or existing economizer to operating problems.

EconEval Includes evaluation criteria, links back to the Guide and
directs the user to appropriate follow-up actions.

There are two types of Blue Button links. There are static hyperlinks to a document and there
are macro links that open a testing form or CTPL reference document. When clicking on a
macro button, there is an additional message prompt that confirms the user’s desire to open
the document.

The macro code has been designed for extensible user linking. If the user finds documents in
the CTPL database that they want linked to the Functional Testing Guide, the documents can
be added with the simple addition of a correctly formatted bookmark. Please contact the
Functional Testing Guide authors for help. Additionally, custom tests or verification checks
created by the user can be added to the FTG Document Access Panel through the same
bookmark process.

Also remember that each line in the main Table of Contents document as well as in each
chapter’s Table of Contents has an embedded hyperlink.
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1.3.4. FTG Document Access Panel

The FTG Document Access Panel is launched with a button at the top of the Functional
Testing Guide’s Table of Contents document (Figure 1.2). Note, this button will not appear
until the Functional Testing Guide has been installed by closing all FTG chapter documents
and then opening “FTG_Install.doc” to execute the installation macros. Before attempting
installation, make sure your MS Word setup is configured for a Medium security level. This
is done by opening any MS Word document, open the “Tools|Macro|Security...” drop menu,
select Medium and click OK. Close MS Word. MS Word will now notify the user of the
presence of document macros and provide an option to enable or disable their operation. The
Functional Testing Guide requires that macros be enabled.

E—— i/
. |
& G = l@‘ B T 75% + [2) J Fi FTG-Document Access Panel )

BC AEE 3% x* % A Change Case ”EEE ,m |

E-542.2. 1% inal\COBFT Guides 5-034TableofContents_FT =

L 0

Its: Functional Testing Guide

Figure 1.2 Functional Testing Guide Document Access Panel Button

Functional Test Guide - Document Access Panel x|
List of Test 8 Verification Checks List of Available CTPLReferences:
Select a docurment namel ;l Select a CTFL Reference document ;I
Click to open document | Click to open CTPL docurnent |
Cancel | Cancel |

Commissioning Test Protocol Library (CTPL)
User Interface (Devl.3)

Start CTFL Interface

Figure 1.3 Functional Testing Guide Document Access Panel

The Functional Testing Guide Document Access Panel (Figure 1.3) will help you find tests
and verification checks as well as open the CTPL itself. These functions are described below.
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Click to open document: This drop-down menu allows you to directly access all test
procedures and checklists created for the Functional Testing Guide. (Note: When
initiated within the tool bar of a Functional Testing Guide Chapter, it will display the
only the links in that chapter.)

2 Click to open CTPL document: This drop-down menu allows direct access to all the
publicly available tests in the CTPL. The functional tests in the Commissioning Test
Protocol Library include specific procedures or test protocols that are referenced
throughout the Functional Testing Guide. You will find hyperlinks to applicable tests
within each chapter of the Functional Testing Guide. A master list of CTPL tests is also
included in Appendix A. (Note: When initiated within the tool bar of a Functional
Testing Guide Chapter, it will display the only the links in that chapter.)

The automation features in the Functional Testing Guide allow the user to open and edit
the CTPL procedures and save their modifications in a project folder. This feature allows
utilization of the CTPL to create both job-specific tests and edited templates for future
use.

3 Start the CTPL: Clicking this button starts the Microsoft Access application and the
Commissioning Test Protocol Library (CTPL) database. Here, you can search through
reviews of both copyrighted and non-copyrighted test procedures and manuals. The non-
copyrighted test procedures can be accessed from the CTPL as well. Appendix A
contains more information on the CTPL and its background.

1.4. The Commissioning Process

Figure 1.4 illustrates the general steps in the commissioning process and how the Functional
Testing Guide fits into that process. The commissioning process for HVAC systems is
detailed in ASHRAE Guideline 1 1996 — The HVAC Commissioning Process.

The Functional Testing Guide supports the development of verification checks, while
focusing on supporting the functional test writing and the functional testing process. The
verification checks and functional tests developed for the commissioning process will ideally
form the basis for an ongoing or continuous commissioning process that is a part of the
building’s operating standard for its useful life.

This flow chart illustrates the steps in the commissioning process. Shaded steps are the areas
targeted by the information in the Functional Testing Guide for Air Handling Systems.
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1.5. Non-Copyrighted Test Procedures in the
CTPL

An important function of the Functional Testing Guide is to make the CTPL test procedures
casily accessible. These tests cover a wide range of equipment and system types, and should
be used and modified as necessary by commissioning providers. The non-copyrighted
protocols in the CTPL are linked to each chapter of the Functional Testing Guide as they
apply to the subsection in that chapter. In addition, each procedure can be opened as a
separate Word document by clicking on the CTPL ID# in Appendix A: Overview of the
Commissioning Test Protocol Library. The CTPL includes an evaluation, summary, and
bibliographical information for each test reviewed. To access these materials, browse the
CTPL Reviewed Protocols and jump to the specified ID#.

The list below summarizes all sources of publicly available test procedures in the CTPL.

Kaplan, Mike. Multnomah County, Oregon Document Review. Publisher: Multnomah
County, Oregon.

Summary: These protocols cover all aspects of HVAC and Lighting commissioning
tasks for county projects. The author indicates that these standardized procedures fit no
real case exactly and that it is critical that the user of these forms (or any standard form)
take the time to tailor them to the case at hand.

Seattle City Light, Building Commissioning Assistance Handbook. Various Authors.

Summary: Seattle City Light, an electric utility in Seattle WA, has developed a
commissioning-related guideline entitled "Building Commissioning Assistance
Handbook", which supports the city's building code requirements and the utilities energy
efficiency program. These protocols are a more recent version of Kaplan’s Multnomah
County protocols. The Building Commissioning Assistance Handbook can also be
accessed online at:
http://www.ci.seattle.wa.us/light/conserve/business/bdgcoma/cv6_bcam.htm

USDOE/FEMP/PECI Version 2.05 Commissioning Tests, PECI. 1998. Publisher: U.S.
Department of Energy and PECI, Portland, Oregon.

Summary: This collection of protocols contains multiple pre-functional checklists,
functional test forms, and instructions.

Each of the pre-functional checklists contains the following sections:
1. Submittal / Approvals
2. Requested documentation submitted
3. Model verification
4. Physical Installation Checks
5. Operational Checks
6. Sensor and Actuator Calibration
Each of the functional test forms contains the following sections:
1. Participants
2. Test Prerequisites

3. Sampling and Additional Testing
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4. Sensor Calibration Checks

5. Device Calibration Checks

6. Verification of Misc. Pre-functional Checks
7. Testing Procedures and Record

The publicly available documents are intended to provide contractors and the
commissioning provider with examples of a format that may be used, and an indication of
the rigor of the required pre-functional examinations, functional testing, and
documentation for various equipment types. The functional test procedures include
details on the expected system response to each step.

Malek, Bill & Caluwe, Bryan. Comprehensive Commissioning Services Guideline.
Consultant; Pacific Gas & Electric Co. Rev.0, May 1995, Section 6, 274 pages (never
officially published).

Summary: This document details a utility design assist/build program to promote the
installation of energy efficient technologies in existing commercial buildings. It details
the process and duties of the participants. It includes program requirements and
documentation, inspection, verification and functional performance checklists and design
and O&M issues. This document has never been officially published and only one
complete hardcopy copy is known to exist.

Gillespie, Kenneth. A General Commissioning Acceptance Procedure for DDC Systems.
Pacific Gas & Electric Co. Publishing source: Commissioning Test Protocol Library
Developmental Release 1.3., November 2001.

Summary: PG&E has developed a general commissioning procedure for direct digital
control (DDC) systems. The procedure was developed with the assistance of PG&E’s
Commissioning Test Protocol Library’s Templates and user input as part of a Library
upgrade project.

The procedure includes definitions and terminology; a general description of method(s);
required information and conditions for initiating a check or test; recommendations for
applying general protocols specific applications; uniform method(s) including
identification of test equipment and measurement points for performing such checks or
tests; identification of requirements for acceptance; and references and bibliography. The
protocols included are not intended to be used “as is” on a specific project, but are to be
used as guides for developing project specific protocols that aid the user in verifying that
a DDC system has been installed as specified and performs as intended. Specific
verification check and functional test forms are provided as well as examples.
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2.1. Introduction

The Functional Testing Basics chapter provides general guidelines for performing the
functional tests discussed for the systems and subsystems in Chapters 3-18. This section is
not focused on any particular system type or configuration.

Chapter 2 begins the Functional Testing Guide for Air Handlers. This chapter explores
functional testing concepts and practices that will be nearly universally applicable to any test
process, regardless of the component or configuration of the system. After gaining an
understanding of these subjects, the reader will be able to move about through Chapters 2
through 18 as necessary to learn what they need to know for specific projects.

Each of the chapters 2 through 18 contain both educational information as well as actual
testing routines that can be developed and customized for a given project. The chapter topics
were selected to reflect the key components associated with air handling systems and are
presented in the general order in which the components would be encountered as you moved
through an air handling system from the intake to the exhaust. It would be unusual for one air
handling system to contain all of the components included as chapter topics, and many
systems will contain only a few of the components covered. Most users will focus on the
chapters that cover topics that relate to the subsystem they are currently involved with.

2.2. Understanding the Fundamentals

To be truly successful in the commissioning arena, it is essential to
understand the background behind how the system will respond to a test as
well as wha