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Learning Objectives

* Explain the difference between system resistance and system effect and describe how each
impacts the performance of a fan in a system.

* Identify causes of system effect and describe how it can be minimized or compensated for in
various applications.

* Describe factors that cause a change in system resistance and explain how this will affect the fan
performance.

* Apply engineering judgment to select fans to minimize the risk of unstable operation.

ASHRAE is a Registered Provider with The American Institute of Architects Continuing Education
Systems. Credit earned on completion of this program will be reported to ASHRAE Records for
AIA members. Certificates of Completion for non-AIA members are available on request.

This program is registered with the AIA/ASHRAE for continuing professional education. As such,
it does not include content that may be deemed or construed to be an approval or endorsement
by the AIA of any material of construction or any method or manner of handling, using,
distributing, or dealing in any material or product. Questions related to specific materials,
methods, and services will be addressed at the conclusion of this presentation.



SYSTEM INTERACTION - EFFECT

* Two different types of system effects impact
the performance of the fan motor units

1. Installation variations that modify the flow
path directly in front of or behind the
rotating component.

2. Installation variations that change the
pressure rise of the overall flow path.
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FAN CURVES
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Tested with Normal Airflow
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UNKNOWN * A Fan with an obstruction will not

operate on its known fan curve.

EFFECT




Usefulness
of the
System
Resistance
Line

* The fundamental use of the System
Resistance line is to understand how the
fan and system will operate under
different conditions.



* The Equation for the system resistance line is:

Creation of y=m

y = the required pressure at the known volume

th e SySte m x = the volume flowrate required

m = a constant defining the shape of the curve

i (based on components in system providing
ReSISta n Ce resistance to flow)
Line

e Each pressure differential throughout the
system is based on the actual volume (velocity) of
the air passing through that section. As the
volume decreases so does the differential pressure
requirement.



Deficiency due to obstruction

System Line and Reduced
Performance Expanded view
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Correction
Method

* Modify the installation

* Modify the rotating component

* |Increase the unit’s speed
Confirm new volume and absorbed
power — Trial and Error



,IA\\IICIQEII_\(A)e\I/- A Fan with normal airflow
MUST
PERFORMANCE operate on its fan curve!




Typical Fan Train
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TYPICAL AXIAL FAN PRESSURE & POWER CURVE

System Line and Absorbed Power
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Effects of
Pressure
Changes on
Units with
Normal
Airflow
Performance

* When the air moving equipment is
presented with a change in the required
pressure the fan can only operate on
the fan curve.

 What is impacted is the system
resistance line and the intersection
point on the fan curve.



Volume variation due to Pressure variation

Volume Variations
Based on System Line and Fan Curve
intersection
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Absorbed power will coincide with the new pressure requirement

System Line and Absorbed Power
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Correction
Method

* Modify the rotating component —
Change the Angle of Attack of Blades

* |Increase or decrease the unit’s speed
Confirm new volume and absorbed
power — Follows the Fan Laws



Definition of stability
1 :the quality, state, or degree of being stable: such as

a :the strength to stand or endure : FIRMNESS

b :the property of a body that causes it when disturbed from a condition of
equilibrium or steady motion to develop forces or moments that restore the

original condition

¢ :resistance to chemical change or to physical disintegration



An Example with a STALL in the static pressure fan curve

TYPICAL FAN CURVE
Fan system line Intersects fan curve in 3 location
UNSTABLE FAN OPERATION
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An Example with a “DIP” in the static pressure fan curve

TYPICAL FAN CURVE
Pressure Pulse from moving stock
What is actually delivered to the system?

8.00

The black system line
{ { represent a pure pressure
7.00 FIUI‘SE ﬂ‘f 2“ W.B: it is

{ { uniform and parallel to
the original system line.
The resultant intersection
yields 180,000 CFM at
5.2" w.g.

Static Pressure "w.g.

4

2.00
1.00

0.00 : :
o S0000 100000 150000 200000 250000 300000

Volume CFM



System resistance line impact

Note: That even though
the potential high pressure
Is greater than the fan
curve can provide the

. system will still operate on
? the fan curve.




Conclusion

It is crucial that the required fan volume and pressure be understood by all parties.

The equipment must be installed according to the manufacturer’s recommendations -
Care must be taken to avoid air path obstructions.

With properly installed fans -- the system line will aid the installer in understanding the
volumes delivered.

Understanding the system line and the interaction with the fan static pressure curve will
ensure stable fan operation.



Questions?

Michael J Feuser PE

MFeuser@Clarage.com



