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Learning Objectives

= Review the primary engineering principles
involved in fan operation, rating, and
performance.

= Understand conditions beyond the fan that
impact fan performance.



Fan Fundamentals

Subjects

 Fan Laws

 How Fans are Tested and Rated
 Various Fan Types

« System Effects



Key Terms

- CFM
- SP (Ps)
- VP (Pv)
- RPM

- BHP

- KW
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Fan Laws
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Fan Laws

« CFM = 10,000 « CFM =

+SP =1 + SP =

« RPM = 1,000 « RPM = 2,000
« BHP = 10 « BHP =
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Fan Laws

+ CFM = 10,000 « CFM = 20,000
+SP =1 . SP =

« RPM = 1,000 « RPM = 2,000
« BHP = 10 « BHP =
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Fan Laws
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Fan Laws

- CFM = 10,000 - CFM = 20,000
+SP=1” «SP =
« RPM = 1,000 « RPM = 2,000

- BHP = 10 « BHP =



Fan Laws

« CFM = 10,000 « CFM = 20,000
e SP =1” e SP =4”
* RPM =1,000 * RPM = 2,000

- BHP = 10 « BHP =



Fan Laws

BHP,., (RPM,..\"
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Fan Laws

- CFM = 10,000 - CFM = 20,000
+SP =1 +SP = 47
« RPM = 1,000 « RPM = 2,000

- BHP = 10 « BHP =



Fan Laws

+CFM=10,000  «CFM = 20,000
+SP =1 +SP=4

+ RPM = 1,000 + RPM = 2,000
+ BHP = 10 + BHP = 80
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Testing
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Testing
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Testing
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Fan Performance Curve
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Product Selection Software
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Operation in a System
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Operation in a System
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Operation in a System
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Operation in a System
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Density and Airstream

* A fan’s operation is impacted by the density and the
component make-up of the gas stream moving through
the fan.

* The gas stream density is affected by temperature and
altitude.

* The primary concern for the operating temperature of a
fan is a mechanical issue.




Fan Types

* Different fan (impeller) types have differing
characteristic (performance) curves.
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Radial
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Backward Inclined
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Backward Inclined
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Axial
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orward Curve
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Forward Curve
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System Effects

 Laboratory Environment

» Specified (AMCA)
Configurations
* Inlet and outlet conditions

specified...why?
...1o minimize system effect
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System Effects

PL X
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The Intemalional Autherily on Air Sysiem Components Figure 3.3 - Controlled Diffusion and Establishment of a Uniform Velocity

Profile in a Straight Length of Outlet Duct
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System Effects

POSITION D

M
"\f(é}

SUNN
I

AMCA 201-02 (R2007)

POSITION C

POSITION B

S

POSITION A

SWSI CENTRIFUGAL FAN SHOWN

Note: Fan Inlet and elbow positions must be oriented as shown for the proper application of the table on the facing

page.

Figure 8.5 - Outlet Elbows on SWSI Centrifugal Fans
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AMCA 201-02 (R2007)
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SYSTEM EFFECT CURVES FOR SWSI FANS
DETERMINE SEF BY USING FIGURES 7.1 AND 8.1
For DWDI fans determine SEF using the curve for SWSI
fans. Then, apply the appropriate multiplier from the
tabulation below
MULTIPLIERS FOR DWDI FANS
ELBOW POSITION A = AP x 1.00
ELBOW POSITION B = AP x 1.25
ELBOW POSITION C = AP x 1.00
ELBOW POSITION D = AP x 0.85
Figure 8.5 - Outlet Elbows on SWSI Centrifugal Fans
34
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System Effects

IDEAL SMOOTH ENTRY TO BELL MOUTH INLET FRODIUCES VEMNA CONTRACTAAT INLET
DUCT ONA DUCT SYSTEM FULL FLOW INTO FAN REDUCES EFFECTIVE FAN INLET AREA

. -\.;*n
d. e.
COMVERGING TAPERED ENTRY FLAMGED ENTRY INTO
INTO FAM OR DUCT SYSTEM FaM OR DUCT SYTEM

Figure 9.1 Typical Inlet Connections for Centrifugal and Axial Fans
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System Effects

IMPELLER
ROTATION

COUNTER-ROTATING SWIRL

Figure 9.7 - Example of a Forced Inlet Vortex

LENGTH __

OF DUCT

Figure 9.3A - Non-Uniform Airflow Into a Fan
Inlet Induced by a 90°, 3-Piece Section Elbow--
Mo Turning Vanes

Figure 9.3B - Non-Uniform Airflow Induced Into
Fan Inlet by a Rectangular Inlet Duct
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‘\ Opposed Blades

iffuser
(Evase)

Qutlet Damper
Horizontal
Opposed Blades

Variable
Inlet Vanes %

/ Cylindrical

Type Variable
Inlet Vanes

Outlet Damper

/ Horizontal Parallel Blades

Qutlet Damper
Vertical Opposed Blades

N7

Qutlet Damper
Vertical Parallel Blades

Figure 10.1 - Common Terminology for Centrifugal Fan Appurtenances
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System Effects
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Figure D.3 - Pressure Gradients - Abrupt Expansion at Fan Outlet
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System Effect Demonstration
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