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Fan to System Interface; 
A Critical Point of Interaction
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System Effect Varies with Configuration

Fitting 
placement 
and/or lack of a 
discharge duct 
has the same 
effect as 
adding static 
pressure

• .55 in.w.c. at 0% 
effective duct length

• .18 in.w.c. at 50% 
effective duct length

• .20 in.w.c. at 0% 
effective duct length

• .05 in.w.c. at 50% 
effective duct length

System effect assessed at 2,500 
fpm and an outlet area to blast 
area ratio of 70%
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Supply Fan - Greenheck 36-AFDW-41
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Supply Fan - Greenheck 36-AFDW-41
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Supply Fan - Greenheck 36-AFDW-41
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Fan Energy is Directly Related to Flow and 
Fan Static Pressure

Flow rate – 25,000 cfm
Unnecessary static pressure burden – 0.50 in.w.c.
Fan static efficiency – 72%
Brake horsepower used  - 2.8 bhp
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Motors Come in Standard Incremental Sizes

Fan brake horsepower requirement is typically less than 
the incremental motor horsepower supplied
Motor service factor provides some margin for error
• For our example:

‒ Brake horsepower at design is approximately 18 bhp
‒ Brake horsepower required if system effect is 

accommodated is approximately 21 bhp
‒ Horsepower available from a 20 hp motor with a 

service factor of 1.15 is 23 hp
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This Problem is Often 
Solved by Throwing Energy 
at It

For our example:
Speed the fan up and everyone 
wins!
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This Problem is Often 
Solved by Throwing Energy 
at It

For our example:
Speed the fan up and everyone 
wins!

(Except the planet)

Image Courtesy NASA ISS Image Archives

"If I could use only one word to 
describe the earth as seen from the 
moon, I would ignore both its size and 
color and search for a more elemental 
quality, that of fragility.  The earth 
appears "fragile," above all else.  I 
don't know why, but it does.”

Michael Collins, “Carrying the Fire”
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We don’t inherit the world 
from our ancestors;
We borrow it from our children
Unknown

11

This Problem is Often 
Solved by Throwing Energy 
at It
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Remember …

Simply using “Best Practices” could save significant fan 
energy

“Best Practices” are things we already know how to do

12DUCTS



Making progress …

… but still room for improvement

Field Report
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Effective Duct Length

14DUCTS



Rectangular Duct Equivalent Diameter 
ASHRAE Basis
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Rectangular Duct Equivalent Diameter 
AMCA Basis
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Flat Oval Duct Equivalent Diameter 
ASHRAE Basis
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Hydraulic Diameter

18DUCTS



Darcy Equation for Friction Loss in Duct
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Reynolds Number
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Relative Roughness
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Nikuardse’s Experiment
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Moody Diagram

23DUCTS



Duct Friction Chart
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System Effect and Duct Fittings 
(Fittings Interact!)
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Subtle Geometry Difference = 
Big Pressure Drop Difference
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Loss coefficients rely on a uniform velocity profile for 
accurate measurements
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Turns and other 
obstructions distort the 
flow profile
Interactions between the 
air and the duct wall will 
eventually restore the 
uniform flow profile
Generally takes 5-10 
equivalent duct diameters 
of distance
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Typical  Terminal Unit Inlet 
Duct
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Using Loss Coefficients
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Velocity Pressure is VERY significant
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A Closer Look at a Mitered Elbow
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An Exercise

What is the loss for the 
fitting?
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An Exercise

What is the loss for the 
fitting?
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Different Geometry = Different Loss

Base Case
• Square duct
• Low velocity
• 12” centerline radius
• No vanes

inches w.c. % of base 
case

12 12 12 0 1,500 1,500 0.14 0.21 0.03 Base Case
12 12 12 1 1,500 1,500 0.14 0.05 0.01 33%
12 12 12 3 1,500 1,500 0.14 0.01
12 12 12 0 3,000 3,000 0.56 0.21 0.12 400%
12 12 12 3 3,000 3,000 0.56 0.01 0.01 33%
12 12 8 3 3,000 3,000 0.56 0.04 0.02 67%
21 7 12 3 3,000 2,939 0.54 0.09 0.05 167%

Loss 
Coefficient

Loss

No measurable loss

Losses Through A Radius 90 Degree Elbow with Different Flows, Numbers of Vanes, Turning Radiuses, and Aspect Ratios
Height 

(inches)
Width

(inches)
Centerline 

Radius
(inches)

Number of 
Vanes

Flow
(cfm)

Velocity
(fpm)

Velocity 
Pressure

(inches w.c.)
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Different Geometry = Different Loss

Base Case with One Vane

inches w.c. % of base 
case

12 12 12 0 1,500 1,500 0.14 0.21 0.03 Base Case
12 12 12 1 1,500 1,500 0.14 0.05 0.01 33%
12 12 12 3 1,500 1,500 0.14 0.01
12 12 12 0 3,000 3,000 0.56 0.21 0.12 400%
12 12 12 3 3,000 3,000 0.56 0.01 0.01 33%
12 12 8 3 3,000 3,000 0.56 0.04 0.02 67%
21 7 12 3 3,000 2,939 0.54 0.09 0.05 167%

Loss 
Coefficient

Loss

No measurable loss

Losses Through A Radius 90 Degree Elbow with Different Flows, Numbers of Vanes, Turning Radiuses, and Aspect Ratios
Height 

(inches)
Width

(inches)
Centerline 

Radius
(inches)

Number of 
Vanes

Flow
(cfm)

Velocity
(fpm)

Velocity 
Pressure

(inches w.c.)
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Different Geometry = Different Loss

Base Case with Three Vanes

inches w.c. % of base 
case

12 12 12 0 1,500 1,500 0.14 0.21 0.03 Base Case
12 12 12 1 1,500 1,500 0.14 0.05 0.01 33%
12 12 12 3 1,500 1,500 0.14 0.01
12 12 12 0 3,000 3,000 0.56 0.21 0.12 400%
12 12 12 3 3,000 3,000 0.56 0.01 0.01 33%
12 12 8 3 3,000 3,000 0.56 0.04 0.02 67%
21 7 12 3 3,000 2,939 0.54 0.09 0.05 167%

Loss 
Coefficient

Loss

No measurable loss

Losses Through A Radius 90 Degree Elbow with Different Flows, Numbers of Vanes, Turning Radiuses, and Aspect Ratios
Height 

(inches)
Width

(inches)
Centerline 

Radius
(inches)

Number of 
Vanes

Flow
(cfm)

Velocity
(fpm)

Velocity 
Pressure

(inches w.c.)
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Different Geometry = Different Loss

Base Case with Twice as Much 
Air Flow (Twice the Velocity)

inches w.c. % of base 
case

12 12 12 0 1,500 1,500 0.14 0.21 0.03 Base Case
12 12 12 1 1,500 1,500 0.14 0.05 0.01 33%
12 12 12 3 1,500 1,500 0.14 0.01
12 12 12 0 3,000 3,000 0.56 0.21 0.12 400%
12 12 12 3 3,000 3,000 0.56 0.01 0.01 33%
12 12 8 3 3,000 3,000 0.56 0.04 0.02 67%
21 7 12 3 3,000 2,939 0.54 0.09 0.05 167%

Loss 
Coefficient

Loss

No measurable loss

Losses Through A Radius 90 Degree Elbow with Different Flows, Numbers of Vanes, Turning Radiuses, and Aspect Ratios
Height 

(inches)
Width

(inches)
Centerline 

Radius
(inches)

Number of 
Vanes

Flow
(cfm)

Velocity
(fpm)

Velocity 
Pressure

(inches w.c.)
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Different Geometry = Different Loss

Base Case with Three Vanes 
and Twice as Much Air Flow 
(Twice the Velocity)

inches w.c. % of base 
case

12 12 12 0 1,500 1,500 0.14 0.21 0.03 Base Case
12 12 12 1 1,500 1,500 0.14 0.05 0.01 33%
12 12 12 3 1,500 1,500 0.14 0.01
12 12 12 0 3,000 3,000 0.56 0.21 0.12 400%
12 12 12 3 3,000 3,000 0.56 0.01 0.01 33%
12 12 8 3 3,000 3,000 0.56 0.04 0.02 67%
21 7 12 3 3,000 2,939 0.54 0.09 0.05 167%

Loss 
Coefficient

Loss

No measurable loss

Losses Through A Radius 90 Degree Elbow with Different Flows, Numbers of Vanes, Turning Radiuses, and Aspect Ratios
Height 

(inches)
Width

(inches)
Centerline 

Radius
(inches)

Number of 
Vanes

Flow
(cfm)

Velocity
(fpm)

Velocity 
Pressure

(inches w.c.)
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Different Geometry = Different Loss

Base Case with Three Vanes 
and a Smaller Centerline 
Radius and Twice as Much Air 
Flow (Twice the Velocity)

inches w.c. % of base 
case

12 12 12 0 1,500 1,500 0.14 0.21 0.03 Base Case
12 12 12 1 1,500 1,500 0.14 0.05 0.01 33%
12 12 12 3 1,500 1,500 0.14 0.01
12 12 12 0 3,000 3,000 0.56 0.21 0.12 400%
12 12 12 3 3,000 3,000 0.56 0.01 0.01 33%
12 12 8 3 3,000 3,000 0.56 0.04 0.02 67%
21 7 12 3 3,000 2,939 0.54 0.09 0.05 167%

Loss 
Coefficient

Loss

No measurable loss

Losses Through A Radius 90 Degree Elbow with Different Flows, Numbers of Vanes, Turning Radiuses, and Aspect Ratios
Height 

(inches)
Width

(inches)
Centerline 

Radius
(inches)

Number of 
Vanes

Flow
(cfm)

Velocity
(fpm)

Velocity 
Pressure

(inches w.c.)
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Different Geometry = Different Loss

Base Case with Three Vanes, 
and a High Aspect Ratio (Thin 
and Wide) and Twice as Much 
Air Flow (Twice the Velocity)

inches w.c. % of base 
case

12 12 12 0 1,500 1,500 0.14 0.21 0.03 Base Case
12 12 12 1 1,500 1,500 0.14 0.05 0.01 33%
12 12 12 3 1,500 1,500 0.14 0.01
12 12 12 0 3,000 3,000 0.56 0.21 0.12 400%
12 12 12 3 3,000 3,000 0.56 0.01 0.01 33%
12 12 8 3 3,000 3,000 0.56 0.04 0.02 67%
21 7 12 3 3,000 2,939 0.54 0.09 0.05 167%

Loss 
Coefficient

Loss

No measurable loss

Losses Through A Radius 90 Degree Elbow with Different Flows, Numbers of Vanes, Turning Radiuses, and Aspect Ratios
Height 

(inches)
Width

(inches)
Centerline 

Radius
(inches)

Number of 
Vanes

Flow
(cfm)

Velocity
(fpm)

Velocity 
Pressure

(inches w.c.)
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A Tool that Makes the Analysis Easy
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A Recent Field Example
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Assessing the Operating Point
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Interesting Relationships
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Interesting Relationships

51 -
11/7/2017

Less sheet metal for a round or 
low aspect ratio duct implies a 
more sustainable solution (fewer 
resources used) assuming 
building height is not affected

Higher velocities for ducts with less 
sheet metal implies higher 
operating cost all things being 
equal and more susceptibility 
problems due to poor fitting design
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Interesting Relationships
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Interesting Relationships

Small ducts don’t handle much air relative to 
large ducts at the same friction rate 
because a relatively small volume of air is 
contained by a relatively large sheet metal 
perimeter.  

Thus, small duct velocities and velocity 
pressures are low relative to large ducts and 
poor fittings are not as much of an issue.
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I Specify Construction to SMACNA 
Standards so I’ll Get Low Loss Fittings

Maybe … … or Maybe Not

SMACNA is a design and construction standard, not an efficiency 
standard
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For Any Given SMACNA 
Duct or Fitting:

There are multiple combinations of 
metal thickness (gauge) and 
reinforcement

DUCTS



Internal Reinforcement
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External Reinforcement and a Flow Division 
Fitting

57DUCTS



Inside the Fitting
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Spiral Duct and a “Boot” Type Duct Tap
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Inside Spiral Duct
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For Any Given SMACNA 
Duct or Fitting:
There are multiple combinations of 
metal thickness (gauge) and 
reinforcement
There are multiple joint and seam 
specifications

Drive slip

Standing 
drive slip

Flange with 
gasket; bolted or 
riveted

Hemmed 
S slip

SMACNA shows about 27 transverse 
joint options and about 7 longitudinal 
joint options
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For Any Given SMACNA 
Duct or Fitting:
There are multiple combinations of 
metal thickness (gauge) and 
reinforcement
There are multiple joint and seam 
specifications
There are multiple geometries;  
SMACNA details:
• 15 different elbow designs
• 21 different branch connections
• 9 different ways to offset around 

an obstruction
ASHRAE documents 11 different 
turning vane designs

Three different ways to split of flow;  
three different pressure drops;  three 
different costs to fabricateDUCTS



Typical Turning Vanes

Mounting Rail 
Screwed to Duct wall

Double Thickness Turning 
Vanes Slip Over Tabs on 

the Mounting Rail

63DUCTS



Leakage;  
Another SMACNA Standard

Multiple leakage classes in terms of 
cfm per hundred square feet of duct 
area for a given test pressure
General procedure:
• Calculate anticipated leakage
• Select test section based on test 

machine capacity
• Temporarily seal open ends of 

duct
• Gradually pressurize duct
• Read leakage from flow meter
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Duct Sealant
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Duct Sealant as a Clue to a Different 
Problem
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Flex Duct

Accommodates field tolerances 
for final alignment of exposed 
devices
Provides some vibration isolation
Proper installation is critical
• Use minimum lengths
• Support is critical

‒ Frequency 
‒ Methodology

• Bend radius is critical
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Insulation and Duct Liner

Thickness typically set 
by energy and efficiency 
codes and standards …
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Installation requirements typically 
set by industry association 
standards like SMACNA …
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Protection during construction 
usually covered by LEED® or other 
project contractual requirements 
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Protection during construction 
usually covered by LEED® or other 
project contractual requirements …    or not
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Flex Duct Resources

JPLFlex website (www.jplflex.com)
• Installation guide lines
• Friction loss calculator
Predicting the Performance of Flexible Duct Systems
• William Allen
• December 2010 Heating, Piping and Air Conditioning 

Magazine, page 28
• www.HPAC.com
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Loss Coefficient Exercise

Given 
The ASHRAE loss coefficient 
table that follows
A 12” x 12” duct dimension
A 12” centerline radius
A flow rate of 1,500 cfm

Determine
• The loss through an elbow with 

no vanes
• The loss through the elbow 

with 1 vane
• The loss through the elbow 

with no vanes if the flow rate is 
3,000 cfm

DUCTS
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Calculating Velocity Pressure

)air! the of state the on depends (Which            
constant conversion units A  005,4

minute per feet in Velocity  

column water inches in pressure Velocity  
:Where

005,4

:Therefore

005,4

2



















V

p

V
p

pV

velocity

velocity

velocity
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Calculating Velocity Pressure

in.w.c. 14.0
005,4
500,1

:Therefore

005,4

2















velocity

velocity

velocity

p

p

pV
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Calculating Velocity Pressure

in.w.c. 56.0
005,4
000,3

:Therefore

005,4

2















velocity

velocity

velocity

p

p

pV
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Selecting and Applying the Loss Coefficient

pressure Velocity
equivalent or tables ASHRAE from tcoefficien loss Local

loss pressure Fitting
:Where









velocity

o

fitting

velocityofitting

p
C

p

pCp
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Selecting and Applying the Loss Coefficient

in.w.c. 03.
14.21.







fitting

fitting

velocityofitting

p
p

pCp
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Selecting and Applying the Loss Coefficient

in.w.c. 03.
14.21.







fitting

fitting

velocityofitting

p
p

pCp
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Selecting and Applying the Loss Coefficient

in.w.c. 12.
56.21.







fitting

fitting

velocityofitting

p
p

pCp
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Selecting and Applying the Loss Coefficient

in.w.c. 12.
56.21.







fitting

fitting

velocityofitting

p
p

pCp
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in.w.c. 01.
14.05.







fitting

fitting

velocityofitting

p
p

pCp

Selecting and Applying the Loss Coefficient
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in.w.c. 01.
14.05.







fitting

fitting

velocityofitting

p
p

pCp

Selecting and Applying the Loss Coefficient
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in.w.c. 03.
56.05.







fitting

fitting

velocityofitting

p
p

pCp

Selecting and Applying the Loss Coefficient
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in.w.c. 03.
56.05.







fitting

fitting

velocityofitting

p
p

pCp

Selecting and Applying the Loss Coefficient
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A Contrast

Cp = Co for a 90°
elbow
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A Contrast

The loss coefficient for a 
mitered 90° elbow is about 
twice that of a radiused
90° elbow with one vane
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