
Table of Contents

CHAPTER 1 INTRODUCTION...................................................................1
Don’t read this ........................................................................................................................1
Success in the HVAC Industry ...............................................................................................2
Misunderstandings, misconceptions and confusion ..............................................................2
Going forward .........................................................................................................................3

CHAPTER 2 AIR FLOW BASICS .................................................................4
Volume ....................................................................................................................................4
Velocity ...................................................................................................................................6
Pressure ...............................................................................................................................10
The Designer’s Dilemma ......................................................................................................12

CHAPTER 3 FAN LAWS .......................................................................... 13
PSC Motors ..........................................................................................................................14
Variable Speed Motors .........................................................................................................16

CHAPTER 4 DUCT SYSTEM TYPES .......................................................... 19
Extended Plenum Duct System ............................................................................................20
Reducing Extended Plenum Duct System ...........................................................................21
Flexible Duct Systems ..........................................................................................................26
Perimeter Loop Duct Systems .............................................................................................29
Reducing Trunk Duct System ...............................................................................................30
Radial Duct Systems ............................................................................................................31
Duct System Efficiency ........................................................................................................32

Shape .............................................................................................................................32
Duct Material ..................................................................................................................33

CHAPTER 5 ESP AND AIR SIDE COMPONENTS ........................................ 34
Air-Side Components ...........................................................................................................38

CHAPTER 6 THE #1 AIR FLOW PROBLEM IN THE HVAC INDUSTRY ............ 43
The myth of .10” duct systems ............................................................................................44
A brief history of .10” – where it all began ............................................................................46
The Friction Rate Formula ....................................................................................................47
Fitting Equivalent Length (EL) ...............................................................................................49

ACCA Manual D text pages.indd   3 1/30/17   1:27 PM



CHAPTER 7 THE LOST ART OF CHOOSING A BLOWER ............................. 75
The Critical Air Path ..............................................................................................................75
The other #1 problem in the HVAC industry .........................................................................77
What if you’re using an air handler? .....................................................................................80
One last thing .......................................................................................................................82

CHAPTER 8 HUMAN COMFORT ............................................................. 83
The Occupied Zone ..............................................................................................................83
Terminal Velocity ..................................................................................................................83
Human comfort.....................................................................................................................84
Throw ....................................................................................................................................86
Drop ......................................................................................................................................88
Spread ..................................................................................................................................90
Directional Ceiling Diffusers .................................................................................................93
Return Air Grilles ...................................................................................................................95
Undercutting Interior Doors for Return Air ...........................................................................97
Louvered Doors Used as Central Return Grilles ..................................................................98
Return Air General Guidelines ..............................................................................................98

CHAPTER 9 DUCT SYSTEM DESIGN – PART 1 ..........................................100
Choosing a Duct Material ...................................................................................................100
Residential and Light Commercial Duct System Design ....................................................104
Step 1 Calculate the Manual J heat loss and/or heat gain ............................................106
Step 2 Assign the volume (cfm) per room or area ..........................................................107
Step 3 Locate all outlets and inlets ................................................................................108
Step 4 Locate the air handler .........................................................................................109
Step 5 Draw the trunk lines ............................................................................................110
Step 6 Connect the branch lines ....................................................................................111
Step 7 Locate the trunk reductions ................................................................................112
Step 8 Calculate the TEL of the longest run ..................................................................113

CHAPTER 10 DUCT SYSTEM DESIGN – PART 2 ........................................124
Step 9 Choose an air handler or blower.........................................................................124
Step 10 Calculate the friction rate ....................................................................................126
Step 11 Size the trunk ducts............................................................................................128
What if you’re using flexible duct? .....................................................................................130
What if you’re using lined metal duct? ...............................................................................131

ACCA Manual D text pages.indd   4 1/30/17   1:27 PM



CHAPTER 11 DUCT SYSTEM DESIGN – PART 3 ........................................144
Step 12   Size the branch ducts .........................................................................................144
What if you’re using flex duct for the branch run-outs? .....................................................146
Are the two returns adequate for this home? .....................................................................169
What changes when you have a two-stage system for heating and/or cooling and/or a 

variable speed air handler? ..........................................................................................169

CHAPTER 12 A SIMPLE BALANCING METHODOLOGY ............................171
What’s next?.......................................................................................................................171
Air Balancing Procedure .....................................................................................................171
Pressure measuring devices ..............................................................................................175
Evaporator Pressure Drop ..................................................................................................177
Probe locations ..................................................................................................................179
Total system pressure drop ................................................................................................181
What if? ..............................................................................................................................183
Total system pressure drop using an air handler ...............................................................190
Go to the forms ..................................................................................................................192
One last thing .....................................................................................................................194

EPILOGUE .........................................................................................196

BIOGRAPHY.......................................................................................197

INDEX ...............................................................................................198

ACCA Manual D text pages.indd   5 1/30/17   1:27 PM



CHAPTER 1

Introduction

1

DON’T READ THIS

This book is about another book, ACCA Manual D 3rd Edition.  However, the perquisite for this 
book is a thorough, working knowledge of ACCA Manual J 8th Edition or later.  If you don’t 
have that background information, and you only learn how to use Manual D to design ducted 
systems, then you will design exactly the wrong size systems.  The very first thing that you 
do when designing a duct system is to convert the sensible Btuhs from your Manual J load 
calculation to cfm of air flow (volume).  If you guessed at the sensible load, then the duct sizes 
that you come up with will be nothing more than an approximation at best.  So stop reading 
this book and get into a Manual J class now, and then return here once you have those skills.

The purpose of this book is to give you all of the tools necessary to properly design a ducted 
distribution system.  The Equal Friction method of duct system design that Manual D teaches 
can be used for both residential and light commercial applications.  In fact, in ACCA Manual 
Q, Commercial Low Pressure, Low Velocity Duct System Design, the Equal Friction method of 
duct system design is one of four different methodologies offered for commercial buildings.

Be sure to get a copy of Manual D and the ACCA Duct Calculation Slide Rule.  That calculator 
is worth its weight in gold.  It is laminated so you can spill your coffee all over it without harm, 
and it’s also very sturdy and will survive the rigors of life in your tool bag.

There is computer software available that can be used to size your duct system, but be careful 
with your choice, as not all software is the same.  You need to know what methodology the 
program is using and how it arrives at its sizing values.  After you finish this book, you will have 
all of the necessary information to make an intelligent selection of appropriate software.  In the 
meantime, you can go to ACCA’s website (www.acca.org/software) to get a list of approved 
providers.  If a software program has been sanctioned by ACCA, the words “Powered by 
ACCA Manual D” will appear on the packaging.

I could teach you everything you need to know about the mechanics of Manual D in a few 
dozen pages.  However, if I did that, I would have done you a disservice.  There is so much 
peripheral information that you need to know in order to design a proper duct system.  It’s not 
enough that you did a perfect Manual J load calculation and that you designed the perfect 
Manual D duct system, if the registers and grilles were not chosen or placed correctly, then the 
job will not function as it should.  

What if you didn’t choose the correct furnace blower?   What drive would you choose for 
a furnace that had a 3-ton evaporator coil and was connected to a 3-ton condensing unit?  
Quiet, don’t answer that question just yet, because you’ll probably answer it wrong at this time.  
But please remember what you would have said when we get to Chapter 5 ESP and Air Side 
Components.
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SUCCESS IN THE HVAC INDUSTRY

To be successful in the HVAC industry, you need to be the master of three separate disciplines:  

Electric (both line and low voltage circuits)

The refrigeration circuit 

Air flow 

I travel all over the country on a regular basis talking to contractors, engineers, architects, 
etc., and the weak link in the chain is clearly air flow.  Unfortunately, it lends itself to much 
misunderstanding and confusion.  There are so many myths about how air flow works that 
whenever I teach a class, the first thing I have to do is to deprogram the students in the class.  
I have to clear out all of the garbage in their brains that was put there by people who didn’t 
know how air flow worked, but yet insisted on passing that misconception on ad infinitum.  

A former employer of mine in New Jersey, John Conforti, once said to me, “It seems to me 
that the thing we do the most of, we know the least about.”  I thought that statement was so 
insightful that it stuck in my brain.  John was talking about duct systems.  We were having a 
discussion about the industry in general and how, almost without exception, most contractors 
would be happy to install a thick media filter into any home.  Once they did that they would 
walk away thinking that they had scored one for Indoor Air Quality (IAQ).  

The fact of the matter is that a new media filter, without a speck of dust on it, has the same 
resistance to air flow as a dry evaporator coil.  It’s unlikely that that same contractor would 
put two evaporators into the same duct system and not believe that he had actually created a 
reason for concern.  

MISUNDERSTANDINGS, MISCONCEPTIONS AND CONFUSION

I, like most of you in the industry, was taught to take any duct slide rule calculator and line 
up the volume of air (cfm) that you wanted in a given duct with .10” of static pressure.  Then, 
magically, a round duct size would be indicated on the slide rule calculator as well as an 
equivalent rectangular duct size.  All you had to do, as a designer, was to select the shape 
you desired.  What could be easier?  If it were only true!  Soon you will learn why this is pure 
hokum.  It’s not a “static pressure,” it’s a friction rate, and you don’t get to assign it.  You have 
to calculate its value with a simple formula with mathematics that you learned in elementary 
school.
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There are many misconceptions in our industry relative to air flow.  Some of my favorites are:  

So many square feet (usually 300 or 400) of floor area per ton of cooling capacity. 

400 cfm of air flow per ton of cooling capacity. 

High returns for cooling and low returns for heating, or vice versa.

The infamous .10” w.c. duct systems. 

Return grilles that actually suck air off of floors and from rooms far away.  

They’re all myths, fables and fairy tales, and if I do my job well, I’ll get all of that junk out of 
your head so that you can start thinking clearly.  Like Manual J, everything in Manual D can be 
reduced to mathematics.  There are no grey areas, only black and white.  It’s a science, not an 
art form. 

GOING FORWARD

What I bring to this table is a good forty-five years of experience using Manual D.  Early on, 
it was all done manually as there simply were no PC’s back then.  Manual D is a wonderful 
tool to achieve the ultimate industry goal of human comfort.  Like Manual J, the principles of 
Manual D are a learned skill.  The more you use those principles, the better you will be at using 
them.

We can’t cover absolutely everything in Manual D in this book.  To do that would be 
unnecessary.  But, we will cover everything that is important to the most common duct 
systems.  I strongly encourage you to read Manual D cover to cover.  There is a wealth of 
knowledge in there, and it was written by one of the best minds in our industry, Henry T. 
Rutkowski, P.E.

We’re going to start out with the basics and build a strong foundation.  We’ll discuss every 
single aspect of air flow from the Fan Laws, to system types, to air side components, to 
equivalent fitting lengths, to the different duct materials, to choosing a blower, to calculating a 
friction rate, to human comfort, and to a simple balancing methodology.  One of the last things 
we will do is to take a three-bedroom, ranch-style home and design the duct system for that 
home from the ground up.  This exercise will give you a procedure that you can use to design a 
duct system for any home.

If all of this seems a bit overwhelming, don’t fret.  I will walk you through it one step at a time.  
So, let’s get started, because it’s time to boogie!
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