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AMCA Definition

The effect of the system 
connections on the fan’s 
performance.

– Accounted for by a 
system effect factor

– Velocity dependent
– Connection configuration 

dependent
• Relative to discharge 

velocity profile
• Relative to distance 

from the fan



Fan Tests are Based on Ideal Conditions

0% Effective duct length

100% Effective duct length
50% Effective duct length



AMCA Definition

• .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

The effect of the system 
connections on the fan’s 
performance.

– Accounted for by a 
system effect factor

– Velocity dependent
– Connection configuration 

dependent
• Relative to discharge 

velocity profile
• Relative to distance 

from fan

System effect assessed at 
2,500 fpm and an outlet 
area to blast area ratio 
of 70%



Performance Implications
Supply Fan - Greenheck 36-AFDW-41
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Performance Implications
Supply Fan - Greenheck 36-AFDW-41
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This Problem is Often Solved by Throwing 
Energy at It

• 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



This Problem is Often Solved by Throwing 
Energy at It

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



This Problem is Often Solved by Throwing 
Energy at It

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

(Except the planet)

We don’t inherit the world 
from our ancestors;

We borrow it from our children
Unknown



A Known  Phenomenon
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AMCA Data Becomes Available in the 
Late 1970’s/Early 1980’s



Current ASHRAE Handbooks and Fitting 
Database



Field Experience Indicates Some Room 
for Improvement

Left image courtesy of HPAC Editorial Advisory Board 
Member Ron Wilkinson



Why Does This Matter?

Recent PIER (California’s Public 
Interest Energy Research program)  
found that:
– For small commercial buildings 

(30,000 – 50,000 sq.ft.)
• Installed fan power exceeds 

ARI assumptions
– Fan scheduling and control
– Fan sizing and distribution 

system issues
• Best practices savings 

potential – 10-15% over 
current approaches

http://www.energy.ca.gov/pier/final_project_reports/500-03-082.html



Why Does This Matter?

Recent PIER (California’s Public 
Interest Energy Research program)  
found that:
– For large commercial buildings

• Best design practices could 
save $0.12 per square foot 
in fan energy

• Fan selection and duct 
sizing are significant 
contributorshttp://www.energy.ca.gov/pier/final_project_reports/500-03-082.html



Design Phase Issue with Life Cycle Cost 
Implications
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Savings Summary

Air handling unit 
discharge 

configuration

Static pressure 
savings at design 

flow compared to the 
base case, inches 

water column

Annual energy cost 
savings at 2,600 

operating hours/year 
(typical office 

building)

Annual energy cost 
savings at 8,760 

operating hours/year 
(typical hospital)

Top, reversed turn 0.00 Base Case
Top, forward turn 0.17 $69 $234
Front with offset 0.30 $120 $406

Savings based on $.09/kWh electricity and a 10,000 cfm system



For More Information on Why and How 
Design Details Matter

Energy Design Resources
– Design Details

www.energydesignresources.com



A Common Commissioning Problem

• Resort Spa = High profile, High revenue, High client 
expectation area

• Poor “As Built” Spa AHU discharge condition resulted 
in poor performance

– Fan ran at full speed all of 
the time

– Operating staff juggled set 
points to maintain comfort



Innovative Improvement By The Staff
• Founded on fundamentals
• Implemented directly with 

contractors
• Fan runs at 50% speed or 

less most of the time
• Comfort through-out the area 

served



• The Modifications:
– Save 11,508 kWh and $1,150 in electricity 

annually
Savings based on $0.10 per kWh electrical costs

– Improved Spa client satisfaction …

… Priceless!



• These benefits and others could have been 
realized by right sizing during design
– Spa reputation for quality established from the 

start
– Modification costs avoided



Fan Energy is Directly Related to Flow 
and Fan Static Pressure
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Fan Energy is Directly Related to Flow 
and Fan Static Pressure

• Flow rate – 25,000 cfm
• Unnecessary static pressure burden – 0.25 in.w.c.
• Fan static efficiency – 72%
• Brake horsepower used  - 1.4 bhp



A Powerful Relationship Out 
in the Field
• The Issue

– Resolve a balancing 
problem

– AHU flow below 
design

– Fan motor run into 
service factor

• The design approach
– Estimate static required 

based on past experience
– Use one line duct 

drawings to convey 
requirements

• The situation
– “Tense”

• The Cx provider’s goals
– Achieve design flow
– Focus on the problem
– Minimize 

• Cost of correction
• Operating costs



The Insight

• Eliminating less than 0.25 in.w.c of static from the 
system would solve the problem with out a larger 
motor
– Revise filter change-out pressure drop
– Improve poor fittings



Resolving the Problem

• Estimate anticipated static pressure at various points 
in the system at a given flow rate

• Measure actual static pressure in the system at the 
same points and flow rate
– Reference pressure may be important

• Investigate any differences encountered



• Identify the longest pressure 
drop path

• Start with the system diagramCollecting the Data



Analyzing the Data

• Estimate the losses on 
an item by item basis

• Depict the results 
graphically – a pressure 
gradient diagram

• Measure the real 
pressure drop under 
similar conditions as 
calculated



Conclusions

Pressure Gradient Diagram
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Significant observed loss 
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Solutions

• Improve fitting design at areas with higher than 
anticipated losses;
– Improved plenum connection at the AHU 

discharge 
– Improved fitting design at a branch connection in 

the main run
• Much more palatable to the sheet metal contractor 

than the new motor, drive and wiring service required 
to go to a larger motor

• Much more palatable to the Owner who will see 
reduced operating cost for the building’s life



The Results

Pressure Gradient Diagram
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The Bottom Line;  Everyone Wins

Planet
– Performance 

improved with brain 
power, not electric 
power

Contractor
– Improved profit 

margin

Owner
– Lower operating 

costs for the life of 
the system

Contractor
Owner

Planet



The Bottom Line;  Everyone Wins

Planet
– Performance 

improved with brain 
power, not electric 
power

Contractor
– Improved profit 

margin
Cx Provider
– Job satisfaction
– Beer (or a nice 

Cabernet)
– New relationships

Owner
– Lower operating 

costs for the life of 
the system

Contractor
Owner

Planet



Plug Fans Solve Space Problems …

… but they may raise efficiency and sustainability issues
• Comparing a plug fan and a house airfoil fan

– Identical requirements 
– Best efficiency selection

Fan Style Model Volume SP (in. wg) TS OV FRPM Max Class Operating SE %
(CFM) (ft./min) (ft./min) FRPM Power (hp.)

Housed Airfoil 33-AFDW-21 23,052 5.09 10,169 2,045 1,177 1,225 25.4 75
Backward Inclined Plug 44-PLG-II 23,052 5.09 10,205 2,024 876 1,105 28.6 67



Plug Fans Solve Space Problems …

… but they may raise efficiency and sustainability issues
• Comparing a plug fan and a house airfoil fan

– Identical requirements 
– Best efficiency selection

Fan Style Model Volume SP (in. wg) TS OV FRPM Max Class Operating SE %
(CFM) (ft./min) (ft./min) FRPM Power (hp.)

Housed Airfoil 33-AFDW-21 23,052 5.09 10,169 2,045 1,177 1,225 25.4 75
Backward Inclined Plug 44-PLG-II 23,052 5.09 10,205 2,024 876 1,105 28.6 67

• Ripple effects
– Larger drive
– Larger electrical service
– Capturing benefits now – Easy
– Capturing benefits later - Hard



Filter Location Impacts Fan Energy

Longer

No negative 
pressure after 
filters

Higher loss 
potential

Longer

Shorter Minimum loss 
potential

Negative pressure 
after filters

• Different configurations
• Different dimensions
• Different fan static 

requirements



Early Discovery = Better

Detail improved fitting at design
– May lower first cost

• Less sheet metal
– Capture life time savings with a wiser and/or lower 

first cost expenditure
• Less static = Smaller fan

Smaller drive
Smaller wire
Smaller service 



Early Discovery = Better

Discover a problem during installation
– May take money to correct

• Reconfigure
• Design issue vs. contractor issue

– Capture operational savings 
– Loose first cost savings 



Early Discovery = Better

Discover a problem after installation
– Correction may be financially unviable unless driven 

by a performance requirement
– Operational penalty for the life of the system
– First cost savings opportunity lost



System Effect and Duct Fittings 
(Fittings Interact!)

System Interaction for Closely Spaced Duct Elements,
12" Diameter Duct
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Fitting to Fitting Interactions = Big 
Difference



Techniques For Addressing Fitting Losses 
Have Been Around for a While
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Techniques For Addressing Fitting Losses 
Have Been Around for a While



The Effects of Multiple Fittings Were 
Recognized



The Effects of Multiple Fittings Were 
Recognized



The Current ASHRAE Handbooks and 
Fitting Database Expand What we Know



Relationships 

velocity Fluid 
flowconduit  developed fullyfor  loss Friction 
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Relationships 

pressure Velocity
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loss pressure Fitting
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As with Most Relationships …
There are games to be played!

• Low aspect ratio or round ducts may be more 
sustainable
– Square shafts vs. long thin shafts
– Accommodate deeper ceiling space requirements 

with:
• Soffits for main ducts
• Exposed ductwork



As with Most Relationships …
… there are games to be played!

Looking at Different Options for Moving 10,000 cfm at a Nominal .2 in.w.c./100 ft.,    
2 inch Pressure Class Duct

Duct Size - inches Aspect 
Ratio

Cross 
Sectonal 
Area - 
sq.ft.

Perimeter 
- ft.

Ratio of 
Cross 

Sectional 
Area to 

Perimeter

Gauge Pounds of 
Sheetmet

al per 
lineal foot 
of duct

Velocity - 
fpm

Height Width Diameter
N/A N/A 29.0 N/A 4.59 7.59 0.60 24 9.10 2,180
26.5 26.5 N/A 1.0 4.88 8.83 0.55 26 8.00 2,051
18.0 41.0 N/A 2.3 5.13 9.83 0.52 24 11.37 1,951
14.0 56.0 N/A 4.0 5.44 11.67 0.47 24 13.49 1,837
12.0 70.0 N/A 5.8 5.83 13.67 0.43 24 15.80 1,714

Round duct weight information based on spiral construction.

58 - 3/8/2007



But, Sometimes you Win … 

… and some times, you loose.
Velocities and Velocity Pressures in Small vs. Large Ducts at Equal Friction Rates

Duct Size - inches Aspect 
Ratio

Cross 
Sectonal 
Area - 
sq.ft.

Perimeter 
- ft.

Ratio of 
Cross 

Sectional 
Area to 

Perimeter

CFM 
Capcity at 
a Friction 
Rate of 

.15 
in.w.c. 
per 100 

ft.

Velocity - 
fpm

Velocity 
Pressure -
in.w.c.

Height Width Diameter
N/A N/A 6.0 N/A 0.20 1.57 0.13 130 662 0.03
N/A N/A 48.0 N/A 12.57 12.57 1.00 32,000 2,546 0.40
6.0 12.0 N/A 2.0 0.50 3.00 0.17 420 840 0.04
24.0 48.0 N/A 2.0 8.00 12.00 0.67 16,500 2,063 0.27



But, Sometimes you Win … 

… and some times, you loose.
Velocities and Velocity Pressures in Small vs. Large Ducts at Equal Friction Rates

Duct Size - inches Aspect 
Ratio

Cross 
Sectonal 
Area - 
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Perimeter 
- ft.
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Capcity at 
a Friction 
Rate of 

.15 
in.w.c. 
per 100 

ft.

Velocity - 
fpm

Velocity 
Pressure -
in.w.c.

Height Width Diameter
N/A N/A 6.0 N/A 0.20 1.57 0.13 130 662 0.03
N/A N/A 48.0 N/A 12.57 12.57 1.00 32,000 2,546 0.40
6.0 12.0 N/A 2.0 0.50 3.00 0.17 420 840 0.04
24.0 48.0 N/A 2.0 8.00 12.00 0.67 16,500 2,063 0.27



Specifying SMACNA is a Good Start

… but it’s not a design 
solution!



SMACNA  Elbow Standards



SMACNA  Flow Division Standards



Duct Elbows

Turning vane 
design significantly 
impacts mitered 
elbow 
performance!.11 vs. .41



Duct Elbow Losses

Minor design 
differences 
=
Major loss 
differences! 

1.53 vs .15

.52 vs.05



How I Learned About This
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Details Matter
Minor cost addition = Major energy reduction
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Single Line Drawings

• Single Line Duct 
Drawings
– Contain all the 

basic 
information

– Are subject to 
interpretation

– May introduce 
their own 
problems



Single Line Problems

1. Fire damper 
issues

2. Turn geometry 
issues

3. Flow division 
issues

4. Terminal unit 
issues

1&3 2

3

4



Double Line Solutions

Double line duct 
drawings clarify 

many of the issues 
noted in the previous 

slide

1&3 2

3

4



One Thing Leads to Another

The fan horsepower used in moving air results in heat 
the becomes part of the room sensible load, provided 
the fan is on the leaving air side of the conditioner.  If 
the fan is on the entering air side, the fan heat becomes 
part of the refrigeration load, but not of the room 
sensible heat.

Dr. Willis Carrier



One Thing Leads to Another

Example:
– Draw through system, motor in the air stream
– 20°F supply air to space temperature differential
– Fan static = 4 inches w.c.
– Fan heat = 10% of the sensible cooling capacity!



One Thing Leads to Another

The power of the chilled water circulating pump is a 
heat gain similar to that of the fan, but is added to the 
total heat since it affects only the refrigeration load.

Dr. Willis Carrier



One Thing Leads to Another

Example:
– Chilled water system; 1,000 full load hours per 

year
– 2 gpm per ton circulated at 75 ft.w.c. head with 

70% pump efficiency
– Pump heat accounts for 10% of the total cooling 

ton hours furnished by the plant!



One Thing Leads to Another …
• The bottom line:

– Fan static becomes fan power
– Fan power becomes cooling load leading to:

• Bigger pumps and refrigeration machines
• Additional cooling load due to the extra pump 

heat
• Cooling tower capacity due to the additional 

chiller motor efficiency losses associated with the 
larger chiller

– Interested in learning more?
• See Jerry William’s Fan Heat Articles Published 

in HPAC in September and October of 2005



Want To Learn More?

www.HPAC.comGo to 
– Subscribe!
– Use the on-line resources

http://www.hpac.com/


Want To Learn More?

Use the resources available from 
vendor web sites like our sponsor’s 
at www.ebmpapst.us

http://www.ebmpapst.us/


Want To Learn More?

Take advantage of resources like 
the ASHRAE Duct Fitting Database 
and the ASHRAE Handbooks



Want To Learn More?
• Purchase the Buffalo Fan Engineering 

Handbook
– Order on line from 

http://www.howdenbuffalo.com/
– Look in a used book store

• Purchase Air Movement and Control Association 
International (AMCA) publications
– 200 – Air Systems
– 201 – Fans and Systems
– 202-88 – Troubleshooting
– 203 – Performance Testing
– Order on line from http://www.amca.org/

http://www.howdenbuffalo.com/
http://www.amca.org/


Want To Learn More?

Make use of publicly available 
resources:
– The DOE/AMCA 

sourcebook Improving Fan 
System Performance can be 
downloaded at 
http://industrial-
energy.lbl.gov/node/297

http://industrial-energy.lbl.gov/node/297
http://industrial-energy.lbl.gov/node/297


Want To Learn More?

Make use of publicly available 
resources:
– The Advanced VAV System 

Design Guide can be 
downloaded at 
http://energy.ca.gov/reports/
2003-11-17_500-03-082_A-
11.PDF

http://energy.ca.gov/reports/2003-11-17_500-03-082_A-11.PDF
http://energy.ca.gov/reports/2003-11-17_500-03-082_A-11.PDF
http://energy.ca.gov/reports/2003-11-17_500-03-082_A-11.PDF


Want To Learn More?

Make use of publicly available 
resources:
– The Small HVAC System 

Design Guide can be 
downloaded at 
http://www.energy.ca.gov/re
ports/2003-11-17_500-03-
082_A-12.PDF

http://www.energy.ca.gov/reports/2003-11-17_500-03-082_A-12.PDF
http://www.energy.ca.gov/reports/2003-11-17_500-03-082_A-12.PDF
http://www.energy.ca.gov/reports/2003-11-17_500-03-082_A-12.PDF


Want To Learn More?

Energy Design Resources offers:
– Publications
– Online Tools
– Software
– Training

Visit them at 
www.energydesignresources.com

http://www.energydesignresources.com/


Want To Learn More?

The Functional Testing and Design 
Guides at www.peci.org/ftguide
provide field insights into design 
and operational issues related 
to fans and the utility systems 
that support them

http://www.peci.org/ftguide
http://www.peci.org/ftguide/


Want To Learn More?

The Pacific Energy Center 
– Training for Californian's in their 

service territory.  
– Some classes available as web 

broadcasts

And, they have a tool lending library!

Find out more at www.pge.com/pec/



Want To Learn More? 
Get a Field Perspective on Design!

• Attend the 15th National Conference on 
Building Commissioning
– May 2-4, 2007
– Chicago, IL 
– The Sheraton Towers 

• Learn Techniques
• Meet other Providers, Owners, and 

Researchers
• Share Ideas
• Attend the Trade Show
• Eat, Drink and Be Merry!
• Go to www.PECI.org for details

http://www.peci.org/


Questions?

Thanks for attending!
Go make the world a better 
place
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