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Introductions & Guidelines
• Participation Guidelines:

• Audience will be muted during the session.

• Questions can be submitted anytime via the Airmeet platform 
and will be addressed at the end of the presentation.

• Reminder: This session is being recorded!

• To earn PDH credit for today, please stay clicked onto the 
platform for the entire hour.

• A post-program survey will be emailed to everyone within one 
hour of the conclusion.  Your feedback is greatly appreciated, 
and the survey must be completed to qualify for today’s PDH 
credit.



Q & A
To submit questions:

- From the interactive panel on the right side of the screen, select 
the “Q&A” option at the top.

- Type your question in the box and click “Send”.

- Remember: All attendees can see all questions submitted.

- If you would like to verbally ask your question, please click the 
“Raised Hand” icon at the bottom of your screen.

- Questions will be answered at the end of the program.



AMCA International has met the standards and requirements 
of the Registered Continuing Education Program.  Credit 
earned on completion of this program will be reported to 
RCEP at RCEP.net.  A certificate of completion will be issued 
to each participant.  As such, it does not include content that 
may be deemed or construed to be an approval or 
endorsement by the RCEP.

Attendance for the entire presentation 

AND a completed evaluation are required 

for PDH credit to be issued.



DISCLAIMER

The information contained in this webinar is provided by AMCA
International as an educational service and is not intended to serve
as professional engineering and/or manufacturing advice. The views
and/or opinions expressed in this educational activity are those of the
speaker(s) and do not necessarily represent the views of AMCA
International. In making this educational activity available to its
members and others, AMCA International is not endorsing,
sponsoring or recommending a particular company, product or
application. Under no circumstances, including negligence, shall
AMCA International be liable for any damages arising out of a party’s
reliance upon or use of the content contained in this webinar.
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prohibited.

© AMCA International 2021



Pat Brooks
Senior Project Manager, SMACNA

• Over 35 years experience in HVAC ductwork 
design and manufacturing

• Bachelor’s & master's degrees in mechanical 
engineering, and masters’ degree in business

• Member of ASHRAE and SPIDA technical 
committees on duct design; recently named 
ASHRAE Distinguished Lecturer



Understanding Ducted Systems
Purpose and Learning Objectives

The purpose of this presentation is to teach the fundamentals of supply duct 
design & pressure losses.  

At the end of this presentation you will be able to:

1. Describe friction and dynamic losses, and fitting selections.

2. Identify the various duct shapes and how to convert duct shapes.

3. Calculate initial duct size.

4. Explain duct system layout, use of loss coefficients & friction calculations.



V = 𝑸 → Ad = 𝑸
Ad 𝑽

Duct System Design Guide



V = 𝑸 → Ad = 𝑸
Ad 𝑽

• Design energy efficient HVAC systems that deliver the proper amount of 
air to specific areas of the building

• Design balanced systems  

• Minimize fan energy use

• Minimize first cost

• Minimize the maintenance cost

• Keep noise levels within the required NC/RC levels

• Provide a comprehensive design to the owner per the Owner’s Project 
Requirements (OPRS) 

Goals of a High-Performance Air System



Flat Oval:  Ad = (𝝅a2 )+ a (A-a)

4

Velocity

Basic Equations

Round: Ad = 𝝅𝑫𝟐

4

Rectangular : Ad = WH

Cross-sectional Areas

V = 𝑸 → Ad = 𝑸
Ad 𝑽Flat Oval:  Ad = (𝝅a2 )+ a (A-a)

4



Flat Oval:  Ad = (𝝅a2 )+ a (A-a)

4

Velocity

Basic Equations

If  Q (cfm[L/s])  and A (ft2 [m2]) are known, the duct velocity, V (fpm, m/s) can be 
calculated.

Example 1: If the volume flow rate in a 22 in. (560 mm) duct is, Q = 5000 cfm (2360 L/s), what is the 
average velocity of air in the duct?

D = 22 inch (1.83 ft) [ 560 mm]

Ad =  𝜋 𝐷 2

4

Ad =  𝜋 1.83 2 =  2.64 ft2 (.25 m2)
4

V =  5000 / 2.64 = 1894 fpm [(2360/.25/ 1000) = 9.6 m/s]

Velocity V = 𝑸 → Ad = 𝑸
Ad 𝑽



Example 2: If the design volume flow rate is 13,000 cfm (6135 L/s)  and the velocity is 4000 fpm (20.3 

m/s), what is the H dimension in a rectangular duct if the W dimension is 14 inches (355 mm)?

Ad = Q / V = 13,000 / 4000 = 3.25 ft2 (Multiply by 144 to get in2) = 468 in2

[Ad = Q / V = 6135 / 20.3/1000  = 0.30 m2]

Velocity V = 𝑸 → Ad = 𝑸
Ad 𝑽

Ad = WH  ->  H  =  Ad /  W

H  =  468 / 14 =  33.4 inches

[H = .30 x 10002/355 = 845 mm]

Basic Equations



According to the law of conservation of mass, the volume flow 

rate before flow divergence  is equal to the sum of the flows 

after divergence.

Qc = Qb + Qs

Where:

Qc  =  common (upstream) volume flow rate, cfm (L/s) 

Qb =  branch volume flow rate, cfm (L/s)

Qs  =  straight-through volume flow rate, cfm (L/s)

Basic Equations – Diverging Flow



Basic Equations - Pressure

pt = ps + pv

Pitot-static tube



Total Pressure
• Total pressure (pt) represents the total energy of the air flowing in a duct 

system.

• Energy cannot be created or increased except by adding work or heat 
(typically at the fan).

• Energy and thus total pressure must always decrease once the air leaves the 
fan.

• Total pressure losses represent the irreversible conversion of static and kinetic 
energy to internal energy in the form of heat.

• These losses are classified as either friction losses or dynamic losses.



Static Pressure
• Static Pressure is a measure of the static energy of air flowing

• Air which fills a balloon is a good example of static pressure

• Equally exerted in all directions

• The atmospheric pressure of air is a static pressure = 14.696 psi at sea level. 
One psi ~ 27.7 in. of water,  1 atm~ 407 in. of water [101.325 kPa]

• Static pressure will decrease with an increase of velocity pressure

• Static pressure can increase if there is a decrease in velocity pressure (static 
regain)



Velocity Pressure

• Velocity pressure (pv) is always a positive number in the direction of flow

• Will increase if duct cross-sectional area decreases

• Will decrease if duct cross-sectional area increases

• When velocity pressure increases,  static pressure must decrease

• When velocity pressure decreases,  there can be a gain in static pressure, 
commonly called STATIC REGAIN p𝒗 = 𝝆

𝑽

𝟏𝟎𝟗𝟕

𝟐



Velocity Pressure

p𝒗 = 𝝆
𝑽

𝟏𝟎𝟗𝟕

𝟐

p𝒗 = 𝝆
𝑽

𝟏𝟎𝟗𝟕

𝟐

Where:

pv = velocity pressure, in. of water (Pa)

V = velocity, ft/min (m/s)

ρ = density, lbm/ft3 (Kg/m3)

p𝒗 = ρ V2/2

For standard conditions, ρ = 0.075 lbm/ft3 (1.204 kg/m3)

I-P

SI



Pressure – Changes in Pressure

Δpt = Δps + Δpv

Derived from the Bernoulli Equation

𝑝s1+
𝜌1𝑉1

2

2𝑔𝑐
+

𝑔

𝑔𝑐
𝜌1𝑧1 = 𝑝s2 +

𝜌2𝑉2
2

2𝑔𝑐
+

𝑔

𝑔𝑐
𝜌2𝑧2 + ∆𝑝𝑡,1−2

(ASHRAE 2017 Handbook, Chapter 21)



Pressure – Changes in Pressure



Pressure Losses
Types

Friction Losses  

Dynamic Losses



Pressure Losses
Darcy-Weisbach Equation  (ASHRAE 2017 Handbook, Chapter 21)

Where:

𝒇 = friction factor

L = Length, ft (m)

𝑫_𝒉 = hydraulic diameter, ft (m)

pv = velocity pressure, in. ( Pa)

C = loss coefficient

Left hand side is the Darcy Equation for the friction losses.

Right Hand Side is the Weisbach Equation for fittings or other dynamic losses.

The ASHRAE Duct Fitting Database Determines Friction Losses and Fitting Losses and Coefficients and includes over 
200 types of fittings.

𝜟𝒑𝒕 =
𝒇 𝑳

𝑫𝒉
𝒑

𝒗
+ σ 𝑪 ∗ 𝒑

𝒗



Friction – Colebrook Equation

Pressure Losses

𝟏

𝒇
= −𝟐 𝒍𝒐𝒈

𝜺

𝟑. 𝟕 𝑫𝒉
+
𝟐. 𝟓𝟏

𝑹𝒆 𝒇

The Colebrook equation was developed to calculate the friction factor, f; 

requires you  to also know the Reynolds Number, Re and the absolute 
roughness, ε (ft[mm]), which is determined experimentally.



Pressure 
Losses

(From ASHRAE 
2021 Handbook)



𝜟

Pressure Losses

Dynamic

The right-hand side of the Darcy-Weisbach Equation is the Weisbach
Equation

𝒑𝒕,𝒇𝒊𝒕𝒕𝒊𝒏𝒈𝒔=෍ 𝑪 ∗ 𝒑𝒗



𝜟𝒑𝒕,𝒇𝒊𝒕𝒕𝒊𝒏𝒈 = 𝑪 ∗ 𝒑𝒗
,

C  =  
𝜟𝒑𝒕,𝒇𝒊𝒕𝒕𝒊𝒏𝒈

𝒑𝒗

Dynamic -How Loss Coefficients are Determined

Pressure Losses



𝜟𝒑𝒕,𝒇𝒊𝒕𝒕𝒊𝒏𝒈 = 𝑪 ∗ 𝒑𝒗
,

C  =  
𝜟𝒑𝒕,𝒇𝒊𝒕𝒕𝒊𝒏𝒈

𝒑𝒗

Dynamic – Loss Coefficients , ASHRAE Duct Fitting Database

Pressure Losses

ASHRAE Duct Fitting Database (DFDB)

• Has 232 Fittings 

• Calculates Loss of Round, Rectangular and Flat Oval Duct and Fittings

• Calculates and Takes into Account Density – Can Change Air Properties

• Determines Pressure Loss Base on Input Dimensions and Flow Rates

• Can Look at Complete Fitting Loss Coefficient Table Data, Print it or Export it to Excel

• Can Lookup Fittings in Table View by Filters

• Can create  projects of duct/fitting pressure losses 

• Results in I-P or SI



Example Using ASHRAE Duct Design Database I-P

Friction Loss, 10” Diameter, Airflow is 1000 cfm, L = 100 ft, ε = 0.0003 ft

Pressure Losses



Example Using ASHRAE Duct Design Database SI

Friction Loss, 254 mm Diameter, Airflow is 472  L/s, L = 30 m ,ε = 0.09 mm

Pressure Losses



Example Using ASHRAE Duct Design Database I-P

Example: 10” Dia, 90° Smooth Radius Elbow, R/D = 1.5.  Airflow is 1000 acfm. 

Elevation is 5000 ft.

Pressure Losses



Example Using ASHRAE Duct Design Database   S-I

Example:   250 mm Dia,  90° Smooth Radius Elbow, R/D = 1.5.  Airflow is 472 L/s. 

Elevation is 1524 m.

Pressure Losses



Friction Efficiency – Roughness vs Velocity, I-P

Example:   24” x 32” Rectangular Duct, L = 100 ft, Standard Density using ASHRAE 

DFDB

Pressure Losses



Friction Efficiency – Roughness vs Velocity SI

Example:   610 mm x 815 Rectangular Duct, L = 30 m, Standard Density

Pressure Losses



Example:   24” x 32” (610 mm x 815 mm) Rectangular Duct, L = 100 ft (30 m), 

Standard Density using ASHRAE DFDB

Friction Efficiency – Roughness vs Velocity

Observations:

❑ Factor of 13+!! Increase in Pressure Loss when Velocity is Increased by a Factor of 4, 

From 1000 to 4000 fpm (5 to 20 m/s)

❖ 0.05 in wg (9.5 Pa)  increased to 0.65 in wg (132.4)

❑ Factor of only 1.2 to 1.4 Increase in Pressure Loss When Roughness (ε ) is Increased 

by a Factor of 10
❖ At 1000 fpm (5 m/s) , 0.05 in wg (9.5 Pa) increased to 0.06 in wg (12.1 Pa)

❖ At 4000 fpm (20 m/s), 0.65 in wg (132.4 Pa) increased to 0.93 in wg (186.6 Pa)

Pressure Losses



Pressure Losses
Equivalent Round for Rectangular and Flat Oval Duct – Converting Duct Sizes

De= Equivalent Round, in (mm)

W= Rectangular Width, in (mm)

H = Rectangular Height, in (mm)

A = Flat Oval Major Dimensions, in (mm)

a = Flat Oval Minor Dimensions, in (mm)

2

Rectangular, De

Flat Oval, De



Equivalent Round for Rectangular and Flat Oval Duct – Converting Duct Sizes 

Example:  W= 14 in (355 mm), H = 24 in(600 mm) for Rectangular, a = 14 in (355 mm) and A = 24 in (600 mm) 
for Flat Oval.  What are the Equivalent Round Dimensions

Solution:
Rectangular:
De = 1.3 x ((14 x 24)0.625) /(14 +24) 0.25 = 19.9 in (I-P)
De = 1.3 x ((355 x 600)0.625) /(355+600) 0.25 = 500 mm( SI)

Flat Oval:
AR = (π x 142 /4 + 14 x (24 – 14)) = 294 in2 (I-P)
AR = (π x 3552 /4 + 355 x (600 – 355)) = 185954 mm2 (SI)
P =π x 14 + 2 x (24-14) = 64 in (I-P)
P =π x 355 + 2 x (600-355) = 1605 mm (SI)

De = 1.55 x 2940.625 / 640.25 = 19 in (I-P)
De = 1.55 x 1859550.625 / 16050.25 = 481 mm (SI)

If the round size is known, then 
knowing one of the rectangular 
or flat oval dimensions, the 
solution must be solved 
iteratively or use a chart.

Pressure Losses



Pressure Losses

Example:   Diameter = 10 inch, Standard Density using ASHRAE 

DFDB

Fitting Efficiency – Round Elbows, I-P



Pressure Losses

Example:   Diameter = 250 mm, Standard Density using ASHRAE DFDB

Fitting Efficiency – Round Elbows, SI



Pressure Losses

Example:   Diameter = 12-inch x 12-inch , Standard Density using ASHRAE 

DFDB

Fitting Efficiency – Rectangular Mitered Elbows, I-P



Example:   Diameter = 305 mm x 305 mm, Standard Density using 

ASHRAE DFDB

Fitting Efficiency – Rectangular Mitered Elbows, SI

Pressure Losses



Fitting Efficiency – Rectangular Mitered Elbows

SMACNA Research HVAC Systems Duct Design – Fourth 
Edition Shows:

❑ vanes with trailing edges have higher loss 
coefficients than standard construction 

❑ removing every other vane can more than double 
the pressure loss 

❑ turning vanes are 90°; if used in elbows of other 
angle the pressure loss will increase

Pressure Losses



Fitting Efficiency – Round Taps, I-P



Fitting Efficiency – Round Taps, SI

Pressure Losses



Designing the Duct System Overview

• Step 1 - Determine air volume requirements.  Include an allowance for leakage. 

• Step 2 - Locate duct runs.  Avoid unnecessary directional changes.

• Step 3 - Locate balancing dampers if necessary.

• Step 4 - Determine the allowable noise (NC) levels.

• Step 5 - Select design method. 

• Step 6 - Select the initial duct size. 

• Step 7 - Determine duct sizes based on the design methodology.  Use efficient fittings.

• Step 8 - Keep aspect ratios as close to 1 as possible.

• Step 9 - Determine system pressure requirements.  Include total pressure losses of 
components.



• Step 10 - Determine the design leg(s) for both Supply and Return

• Step 11 - Determine the required fan operating pressure

• Step 12 - Analyze the design to improve balancing and reduce material cost.

• Step 13 - Select fan according to proper guidelines for the operating pressure and 
maximum total volume flow rate 

• Step 14 - Analyze the design to make sure it meets the acoustical requirements.

• Step 15 - Select  materials that minimize cost and meet SMACNA Duct Construction 
Standards.

• Step 16 - Analyze the life-cycle cost of the design.  

• Step 17 - Commission the design to make sure it meets the Owner’s Project Requirements 
(OPRS) 

Designing the Duct System Overview



Pressure Losses – The Design Leg

Critical Path

Critical paths are the duct sections from a fan outlet to the 
terminal device with the highest total pressure drop for supply 
systems or from the entrance to the fan inlet with the highest 
total pressure drop for return or exhaust systems.



Designing the Duct System Overview

• Selecting the Design Method



• Selecting the Design Method

Designing the Duct System Overview



Equal Friction Rate Design

• Size all main and branch duct at a constant friction rate per 100 ft (1 meter) 

including the initial section

• Calculate the total pressure loss for each section, both supply and return ductwork 

including all fitting losses

• If by hand, a spreadsheet will be helpful 

• For each main and branch of a junction be sure to account for the straight-through 

and branch loss coefficients

• Tabulate the total pressure required for each path from the fan to the supply terminal 

(and return grill for return systems) 

• Determine the critical path and maximum operating pressure

• Determine the excess pressure for each non-critical paths

Designing the Duct System Overview



Equal Friction Rate Design

Designing the Duct System Overview

• For Total Pressure Design,  balance the system with smaller duct sizes then 

less efficient fittings in non-design legs. (This is usually not done with equal 

friction designs) calculate the excess total pressure for the path to each terminal

• If excess pressure is  greater than 0.1 in. of water (25 Pa), consider using a 

higher friction rate in non-design legs with smaller duct sizes in that area

• Perform an acoustical analysis of the system. Provide lined duct or silencers as 

necessary



Static Regain Design

• Determine the initial size .  Use the same size as you would for the Equal Friction 

Rate or use the Maximum Recommended Duct Airflow Velocities to Achieve 

Specified Acoustic Design Criteria table

• Size the straight-through and branch  sections using

• Δ ps,1-2 = pv1 – pv2 – Δpt,1-2 = 0 .  Use the junction upstream velocity to determine 

pv1. Use efficient fittings

• Size ductwork downstream of VAV terminal units by the equal friction method

• Tabulate the total pressure required for each path from the fan to the supply 

terminal  

Designing the Duct System Overview



Duct Design –Static Regain



Static Regain Design

• Determine the critical path and maximum operating pressure

• Determine the excess pressure for each non-critical paths

• Design should be reasonably in balance, but for Total Pressure Design, adjust 

appropriate branches using smaller duct sizes

• If there is still excess pressure, consider using some less efficient  fittings

• Unbalance of 0.1 in. of water (25 Pa) is acceptable (well within the accuracy of 

the fitting loss coefficients)

• Perform an acoustical analysis of the system. Provide lined duct or sound 

attenuators where necessary

Designing the Duct System



Example

Size the system shown using Equal Friction and Static Regain. The

design air temperature is 69 °F (21°C), located in Denver. Density

(ρ) is 0.061 lbm/ft3 (0.983 kg/m3), zero duct air leakage, Ducts are

round spiral galvanized steel. The diffuser and distribution

ductwork downstream of the VAV box has a pressure loss of 0.05

in. of water (12 Pa). The VAV terminal units have loss coefficients

according to the following Table.

Designing the Duct System



Designing the Duct System
Example

Assume the first section is in a shaft and the RC requirement is 35

maximum.



Example: Sizing the First Section

• Sum the airflow requirements at the terminal VAV 

boxes. Assume no diversity or leakage

• The total fan airflow is 11,400 cfm (5381 l/s)

• Sizing the first section for the maximum velocity 

of 3500 (17.8 m/s) results in a diameter size of  

25 inches (625 mm) off the fan transition. Use 

CD11-3 for initial size and friction rate

• The initial velocity in the round section is 3,334 

fpm (17.5 m/s)

Designing the Duct System



Example: Sizing the First Section, I-P

Designing the Duct System



Example: Sizing the First Section, SI

Designing the Duct System



Example: Equal Friction

• That has a friction loss rate of 0.41 inch water 

per 100 ft (3.63 Pa/m)

• That rate will be used to size the other 

sections

• Use DFDB CD11-4 to size the Duct and CD11-

1 to calculate the pressure loss

• We must also account for fitting losses,  so a 

spreadsheet is used to calculate the data for 

each section

Designing the Duct System



Example: Equal Friction Section 11, I-P

Designing the Duct System



Example: Equal Friction Section 11, SI

Designing the Duct System



Example: Equal Friction Spreadsheet, I-P

Designing the Duct System



Example: Equal Friction Spreadsheet, SI

Designing the Duct System



Example: Equal Friction Unbalance 

Designing the Duct System



Example: Static Regain

• Size the first section the same as the Equal Friction Method using 

the Maximum Recommended Duct AirFlow Velocities to Achieve 

Specified Acoustic Design Criteria table.

• Use the static regain equation for other sections:

Δ ps,1-2 = pv1 – pv2 – Δpt,1-2 = 0

Designing the Duct System



Example: Static Regain, I-P

Designing the Duct System



Example: Static Regain, SI

Designing the Duct System



Example: Static Regain, I-P

4rth iteration

5th iteration

Designing the Duct System



Example: Static Regain, SI

4th iteration

5th iteration

Designing the Duct System



Example: Static Regain Critical Paths

Designing the Duct System



Critical Paths and 
Excess Pressure 

Designing the Duct System



Critical Paths and Excess Pressure 

Static Regain vs Equal Friction 

Designing the Duct System



Critical Paths and Excess Pressure 

Static Regain vs Equal Friction 

Designing the Duct System



Total Pressure Method Comparison with Static Regain

Designing the Duct System



Critical Paths and Excess Pressure 
Designing the Duct System



Total Pressure Method Comparison with Static Regain, I-P

Designing the Duct System



Total Pressure Method Comparison with Static Regain, SI

Designing the Duct System



✓Equal Friction Designs May Not be Well Balanced

✓Static Regain Designs Should be Better Balanced and for the 

Same First Section, Should Have a Lower Operating Cost than

Equal Friction

✓First Sections can be Sized to Meet Acoustical Objectives

✓Efficient Fittings Should be Used in the Initial Design

✓Smaller Duct Sizes or Less Efficient Fittings can be Used

After the Initial Design to help Balance the non-design legs

which should Lower First Cost… This is the Total Pressure 

Method of Design and can be Applied to Equal Friction 

or Static Regain Design.

Conclusion



Thank you for your time!

To receive PDH credit for today’s program, you must
complete the online evaluation, which will be sent via 
email 1 hour after the conclusion of this session.

PDH credits and participation certificates will be issued electronically 
within 30 days, once all attendance records are checked and online 
evaluations are received.

Attendees will receive an email at the address provided on your 
registration, listing the credit hours awarded and a link to a printable 
certificate of completion. 



Questions?



NEXT PROGRAM
Join us for our next AMCA & O’Dell Associates Education 
Session:

- Tuesday, December 21

- 10:00-11:00am ET

- Topic: Stall Detection & Control in Commercial and Industrial 
Fans

- Presenter: Geoff Sheard, President, AGS Consulting

>> For additional session details please contact Sarah Johnson, 
Marketing Manager, O’Dell Associates (sjohnson@odellassoc.com)


