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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.



COPYRIGHT MATERIALS

This educational activity is protected by U.S. and 
International copyright laws. Reproduction, distribution, 

display and use of the educational activity without written 
permission of the presenter is 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



The Impact of Duct Fitting Selection
Purpose and Learning Objectives
The purpose of this presentation to help duct system designers learn how to 

calculate friction and dynamic losses as well as understand how the velocity 
and type of fitting impacts the design.

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

1. Explain how friction loss is calculated and how velocity affects the friction 
loss.

2. Explain fitting loss coefficients and how fitting losses are calculated.

3. Explain how the selection of a fitting affects the design leg of the duct 
system.

4. Describe how the size of ductwork or fitting selection can affect the system 
balance.



SMACNA Manual



Pressure

pt = ps + pv

Pitot-static tube



Pressure - Changes in Pressure

Δpt = Δps + Δpv

Derived from the Bernoulli Equation
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Where:

pv = velocity pressure, in. of water

V = velocity, ft/min

ρ = density, lbm/ft3

Pressure - Velocity  Pressure (pv)
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Where:

pv = velocity pressure, in. of water

V = velocity, ft/min

ρ = density, lbm/ft3

Pressure - Velocity  Pressure (pv)

p𝑣 =
𝑉

4005

2
for standard air ρ = 0.075 lbm/ft3



Pressure
Pressure Changes During Flow in Ducts - Graphically



Pressure Losses

• Types

• Friction Losses

• Dynamic Losses



Pressure Losses

Darcy-Weisbach Equation

𝜟𝒑𝒕 =
𝒇 𝑳

𝑫𝒉
𝒑
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+ σ 𝑪 ∗ 𝒑
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Where:

𝒇 = friction factor

L = Length, ft

𝑫𝒉 = hydraulic diameter, ft



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

the Darcy Equation:

Δ𝑝𝑓 =
𝑓 𝐿

𝐷ℎ
𝑝
𝑣

Pressure Losses

Friction – Darcy Equation
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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), which is determined experimentally.

Pressure Losses

Friction – Colebrook Equation



Friction Losses are a function of the length, hydraulic 

diameter, the roughness of the material and the velocity 

pressure. Higher friction losses are caused by:

• Rougher Material (including joints)

• Longer Lengths

• Larger Velocity Pressures

• Smaller Diameters

Pressure Losses - Friction



Pressure Losses

Friction – How Friction and Roughness Factors are 

determined



HVAC SYSTEMS DUCT 

Table A-1, pg A.4. 

Pressure Losses
Friction – Colebrook Equation



Example:  Calculate the Friction Loss in 100 ft of 

rectangular duct 24” x 32” at 1000 fpm, 2000 fpm, 

3000 fpm and 4000 fpm  for standard galvanized 

metal (ε = 0.0003 ft)   and lined duct (ε = 0.003 ft)

Pressure Losses

Friction – Comparison of Different Velocities and 

Materials



Pressure Losses – Friction
Comparison of Different Velocities and Materials



𝜟𝒑𝒕,𝒇𝒊𝒕𝒕𝒊𝒏𝒈𝒔 = ෍ 𝑪 ∗ 𝒑𝒗

Pressure Losses

Dynamic

The right-hand side of the Darcy-Weisbach Equation 

is the Weisbach Equation



𝜟𝒑𝒕,𝒇𝒊𝒕𝒕𝒊𝒏𝒈 = 𝑪 ∗ 𝒑𝒗
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Pressure Losses

Dynamic - How Loss Coefficients are Determined



Pressure Losses

Dynamic – How Loss Coefficients are Determined

𝜟𝒑𝒕,𝒇𝒊𝒕𝒕𝒊𝒏𝒈 = 𝑪 ∗ 𝒑𝒗
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Cs = 
𝜟𝒑𝒕,𝟏−𝟐

𝒑
𝒗𝟖

Main: Δpt,1-2 = Δps,7-8 + (pv7 – pv8) – (L7-1Δpf,7-1 + L2-8Δpf,2-8)

Branch: Δpt,1-3 = Δps,7-9 + (pv7 – pv9) – (L7-1Δpf,7-1 + L3-9Δpf,3-9)

Cb= 
𝜟𝒑𝒕,𝟏−𝟑

𝒑
𝒗𝟗

L7-1, L2-8 and L3-9

are measured to the centerline of the fitting

Pressure Losses
Dynamic - How Loss Coefficients are Determined – Diverging Fittings



• Loss coefficients are often published in table form or equations.  

See tables A-7 to A-15 in the SMACNA HVAC SYSTEMS DUCT 

DESIGN manual.

• If a branched fitting, check to see what referenced velocity 

pressure is used.

• If non-standard conditions are encountered, use the density 

correction factors from Figure A-4.

Pressure Losses
Dynamic - Loss Coefficient Tables



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

is 1000 acfm. Elevation is 5000 ft.

Solution:
Ad = (π d2 / 4)/144  = (π x 102/4)/144 = 0.545 ft2

V = 𝑄 = 1000/0.545 = 1834 fpm
Ad

p𝑣 =
𝑉

4005

2
=

1834

4005

2
= 0.21 in wg.  

Pressure Losses
Dynamic - Loss Coefficient Tables



Table A-7A, page A.15

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

Airflow is 1000 acfm. Elevation is 5000 ft.

Pressure Losses
Dynamic - Loss Coefficient Tables



Table A-7A, page A.15

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

Airflow is 1000 acfm. Elevation is 5000 ft.

Pressure Losses
Dynamic - Loss Coefficient Tables



Table A-7A, page A.15

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

Airflow is 1000 acfm. Elevation is 5000 ft.

Pressure Losses
Dynamic - Loss Coefficient Tables



Pressure Losses
Dynamic - Loss Coefficient Correction Factors

0.83



Δpt =  C x pv x Ke

Δpt = 0.15 x 0.21 x 0.83 = 0.03 inch of water

Pressure Losses
Dynamic - Pressure Loss for the Elbow



Example: Tee, 45°, 10” x 10” Rectangular Main and 7” x 7” 

Rectangular Branch.  Airflow is 1000 cfm in Main and 500 cfm in 

Branch.

Pressure Losses
Dynamic - Loss Coefficient Tables



Example: Tee, 45°, 10” x 10” Rectangular Main and 7” x 7” Rectangular Branch.  

Airflow is 1000 cfm in Main and 500 cfm in Branch.

Pressure Losses
Dynamic - Loss Coefficient Tables



Area Main, Ac = (10 x 10) /144 = 0.69 ft2

Area Branch, Ab = (7 x 7) /144 = 0.34 ft2

Velocity, Vc = 1000/0.69 = 1440 fpm
Velocity, Vb = 500/0.34 = 1469 fpm
Velocity pressure pvc = (1440/4005)2 = 0.13 in H20
Velocity pressure pvb = (1469/4005)2 = 0.13 in H20
Velocity Ratio, Vb / Vc  = 1469/1440 = 1.02
Flow Rate Ratio, Qb / Qc  = 500/1000 = 0.50

Example: Tee, 45°, 10” x 10” Rectangular Main and 7” x 7” Rectangular 

Branch.  Airflow is 1000 cfm in Main and 500 cfm in Branch.

Pressure Losses
Dynamic - Loss Coefficient Tables



Page A.33
Pressure Losses
Dynamic - Loss Coefficient Tables



Page A.33
Pressure Losses
Dynamic - Loss Coefficient Tables

Table A-11N, Cb = 0.74

Table A-11N, Cb = 0.74 Δpt,c-b = 0.74 x 0.13 = 0.10  inch of water

Page A.33



Pressure Losses – Designed Fitting Won’t Fit
How to Determine What Will Work

Consider:
❑ Is the Fitting in a Design Leg?

❑ What is the Velocity Pressure?

❑ What are the Options For Replacement?

❑ Which of the Fitting Options is Most Economical?

❑ Will the Fitting Change the Design Leg, i.e.:

o Will it Cause the Fan Operating Pressure to Increase?

o Will the Change Affect the System Balance?



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.

Will a Fitting Change Affect the Design Leg or Balance of the 

System?

Pressure Losses



Pressure Losses – Critical Path



Pressure Losses – Critical Path



Pressure Losses – Critical Path

Did not Change!!

Increased from 0.09 in wg



Pressure Losses

Fitting Efficiency



Pressure Losses
Fitting Efficiency – Round Elbows



Pressure Losses
Fitting Efficiency – Round Elbows



Pressure Losses
Fitting Efficiency – Round Elbows



Pressure Losses -Fitting Efficiency – Elbows
What if the Elbow Doesn’t Fit?

Example: a Round Elbow with an R/D =1.5 was specified but wont fit. Will a 

smaller R/D fit or do I have to use a Mitered Elbow?  The Velocity is 2000 fpm.

Mitered Elbow 
w/Vanes or w/o 
Vanes

Losses of the Four Different Elbows:
o R/D = 1.5 Elbow, Pressure Loss is 0.04 in wg
o R/D = 1.0 Elbow, Pressure Loss is 0.06 in wg
o Mitered Elbow w Vanes, Pressure Loss is 0.11 in wg
o Mitered Elbow w/o Vanes, Pressure Loss is 0.30 in wg

Questions:
• Will the R/D= 1.0 Elbow Fit?
• Will R/D=1.0 Elbow Change the Design Leg?
• Will the Mitered Elbow Change the Design Leg and Thus 

increase the Fan Operating Pressure?
• What is the Cost Differential?
• How will it Affect the Balancing?



Pressure Losses
Fitting Efficiency – Rectangular Elbows



Pressure Losses
Fitting Efficiency – Rectangular Elbows



Pressure Losses
Fitting Efficiency – Rectangular Elbows

Most Efficient Mitered Elbow



Pressure Losses
Fitting Efficiency – Rectangular Elbows

SMACNA Research Shows:
• Vanes with trailing edges have higher loss 

coefficients than standard construction. 
(section 5.16.2)

• Removing every other vane can more than 
double the pressure loss. (section 5.16.3)

• Turning vanes are 90°; if used in elbows of 
other angle the pressure loss will increase.



Pressure Losses
Fitting Efficiency – Other Rectangular Elbows

Other elbows without turning vane configurations can reduce the elbow loss 

coefficient, including:



Pressure Losses
Fitting Efficiency – Other Rectangular Elbows



Pressure Losses
Fitting Efficiency – Offsets



Pressure Losses
Fitting Efficiency – Offsets



Pressure Losses
Fitting Efficiency – Offsets



Pressure Losses
Fitting Efficiency – Offsets



Keep the angle and change in area low.   16° , A1/A = 2 has much lower loss coefficient than 180°, 

A1/A = 10 

Pressure Losses
Fitting Efficiency – Diverging Transitions



Keep the angle and change in area low.   10° , A1/A = 2 has much lower loss coefficient than 

180°, A1/A = 10 

Pressure Losses
Fitting Efficiency – Converging Transitions



Pressure Losses
Fitting Efficiency – Diverging Flow Fittings



Pressure Losses
Fitting Efficiency – Diverging Flow Fittings



Pressure Losses
Fitting Efficiency – Diverging Flow Fittings



Pressure Losses
Fitting Efficiency – Diverging Flow Fittings



Pressure Losses
Fitting Efficiency – Diverging Flow Fittings



Pressure Losses
Fitting Efficiency – Converging Flow Fittings



Pressure Losses
Fitting Efficiency – Converging Flow Fittings



Duct Design –Static Regain



If you are designing using 
Static Regain Duct Design:

❑ Use Efficient Fittings in the Initial Design.

❑ If there is Excess Pressure in a Non-Design Leg, Consider 
Using a Smaller Size Duct.

❑ If there is still Excess Pressure Look at Substituting Less 
Efficient Fittings.



Resources

• AMCA International: www.amca.org

• AMCA Publication: www.amca.org/store

> 200-95 (R2011): Air Systems (Available for purchase)

• SMACNA - HVAC Systems Duct Design Manual - 2006, 4th Edition:
www.smacna.org/store (Available for purchase)



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 this webinar.

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 insite™Webinar:

- Wednesday, April 21

- 6:00-7:00pm CT

- RSES Journal & AMCA insite WEBINAR: Field Modifications of 
Fire, Smoke, and Combination Fire/Smoke Dampers

- Presenters: James Carlin, Product Manager- Dampers, AMCA 
Member Company

>> For additional webinar details go to: www.amca.org/webinar


