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What's in this Module?

Fan flow variation techniques and technologies
Parallel fan considerations

Lags and VAV systems

The two-thirds rule applied to VAV systems

Optimizing DDC AHUs with pneumatic terminal units or
terminal units on a separate control system
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Flow Variation Technologies

Discharge Dampers
Inlet Guide Vanes
Variable Speed
Variable Pitch
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Power Consumption
Comparison

Source:
Howden Buffalo
Fan Engineering
oth Edition

Inlet Guide
Vanes

Theory (Fan Power
Equation)
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Increasing Flow
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Power Consumption
Comparison

Greenheck publishes inlet
vane performance metrics
and other useful information
like torque requirements in
Dampers for Centrifugal Fans
— Inlet and Outlet

Brake Horsepower vs. Wide Open Volume
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http://www.greenheck.com/media/pdf/catalogs/centrifugal damper catalog.pdf
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Parallel Fan
Considerations

Backdraft dampers are
desirable

Back draft dampers are
not perfect




Size Wheel Glasa
Diameter, Maximum ‘Weight, Ib Maximum || Weight, b

Parallel Fan

122 1225 3957 5,158

. . 135 1250 3,374 4398

O n S I e ratl O n S 150 1500 3232 4213
165 1650 2761 3,599

182 1825 2,248 2,930

Backdraft dampers are: o | s | 1e3 S os

245 2450 1,668 2,175

° Desirable 270 27.00 1541 2.009

300 320.00 1387 1,808

° Not perfect 330 33.00 1,261 1,644

365 36.50 1114 1452

. 402 4025 1,010 1,317

Fan wheels can be massive e ssee o ion
490 49.00 830 1,082

542 5425 750 977

600 60.00 678 883

660 66.00 803

. 730 73.00 726

Moment Of Iner'tn'a = I = Zmr'z 807 8075 656
890 89.00 h96

« Things with a lot of inertia tend to 2 s 539

Steel DWDI Wheels

stay in motion once they are set in 270 | 270 2,009

300 30.00 1,808

motion 330 33.00 1,644

365 36.50 1452

« VSD have to deal with this when [ ot

490 49.00 1,082

starting against a spinning motor |- =

Hub bolts and shafts have to deal [ 203
730 73.00 726

with this when starting against a 807 8075 656

890 89.00 596

spinning motor o8z 9825 539
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It All Depends on the Lags

David W. St. Clair
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Actuator
Motion

Pneumatic
tubing lags

Mass of the
Equipment Modifies
the Real
Temperature

Linkage

Control |
Process
Reaction
Time
L

Sensor
Air Must Reaction
_Move to the Time

Sensor
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Some Observations
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Red to Black is the control system response with
increasing gains applied to the controller until the
natural period is identified
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Some Observations
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Apparent dead time (Lag; L)
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Some Observations

Reszet

........... Background Color

CONTROLLED YARIABLE
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Some Observations

Reszet

........... Background Color

CONTROLLED YARIABLE
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40
The deviation from set point upon an upset with tightly tuned control
loop (gray line) is about the same as a totally un-tuned loop (red

line) at a point in time equal to about half the natural period
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Some Observations

Reszet

........... Background Color

CONTROLLED YARIABLE
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20 A tightly tuned control loop (gray line) will take about twice the

natural period to re-stabilize after an upset
0 1] 1 2 3 4 5 b 7 g 9 10
TIME
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VSD Acceleration Settings and Ramps are
Two Different Things

Acceleration Settings Ramp

* Applies any time the drive * Applies on a start until the
speed changes system discharge pressure
gets into the normal control

ranges then drops out of the
picture

» |s part of the lag chain Is not part of the lag chain

« Can work against tight control Helps achieve stable start-up
and operation and tight control
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Bottom Lines

There are a number of ways to vary fan flow
 Different levels of sophistication and complexity

 Different levels of power consumption reduction with
flow

You need to be careful with parallel fans

VAV systems have unique lags which can make them
harder to bring on line and control

Just because your terminal units are not on the DDC
system serving the AHU does not mean you can't
optimize the system
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Surge Line Varying Fan
/ Volume

 Modulate based on zone
temperature
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Increasing Flow
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Surge Line Varying Fan
/ Volume

 Modulate based on zone
temperature

« Zones modulate based on
temperature
may be
meintained at some point in
the system

Increasing Static

Increasing Flow
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Surge Line Varying Fan
/ Volume

Increasing Static

Increasing Flow
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Modulate based on zone
temperature

Zones modulate based on
temperature

wixed pressure may be
meintained at some point in
the system

Fan follows the total zone
flow requirement

Work on a family of system




Surge Line Varying Fan
Volume
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Even lower constant
rake norse power

Increasing Flow

FAN FLOwW AND STATIC CONTROL




Surge Line Varying Fan
Volume

* Push the fan up its curve
« Approach the surge line
* Noise can be an issue
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Increasing Flow
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Surge Line Varying Fan
-/ Volume

Direct the flow into the fan
wheel imparting “swirl”

Changes the shape of the
surge line

Droops the fan curve

Tend to follow the system
curve

May be integral to the fan’s
peak efficiency point

Even Less
Open

Increasing Flow

Less Open

Increasing Static
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Inlet Guide Vanes; Directing Airflow into the
Fan Wheel
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Inlet Guide Vanes; Directing Airflow into the
Fan Wheel




Inlet Guide Vanes,f lnrectlng Airflow. into the
Wheel '




Iet Guide Vanes; Directing Airflow into the
Fan Wheel
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Inlet Guide’ ' Should You Remove

“It Depends”

Jay Santos

See Inlet Guide Vanes (IGVs) and Variable Speed Drives(V/SDs) at
http://av8rdas.wordpress.com/ for more information




Image courtesy Bill Michell - DOE — NY Marriott Marque

Adding VFDs?

Remove the Vanes (Maybe),
Leave the Inlet Cone (For Sure)




Surge Line Varying Fan
/ Volume

Traditional balancing approach

Family of similar shaped
operating curves

Tends to preserve the efficiency
at the original operating point

« Tend to follow the system
curve

Even Lower
Speed

Increasing Static

Increasing Flow

FAN FLOwW AND STATIC CONTROL




Varying Fan
Volume

Vane axial fan approach

Similar to speed variation in
terms of power reduction

Tend to follow the system curve

Mechanically complex
Less Course

Pitch

Increasing Static

Fine Pitch

Increasing Flow
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Uncontrolled Drawing

TWO STAGE CONTROLLABLE PITCH FAN
FOR DETAILS

SEE JO14C

Image courtesy AVA HVAC Products

FAN FLittp #{ayehvacproducts:cam/Joy_Fan_Service

FOR DETAILS SEE JO12C

® GIVE FAN MODEL
® GIVE FAN SERIAL NUMBER
® GIVE FAN ITEM NUMBER

ORDERING REPAIR PARTS

o,



Uncontrolled Drawmg

e CONTROLLABLE PITCH ROTOR ASSY

1. . 1.
17;", 21" AND 28}" HUB

ORDERING REPAIR PARTS @

* GIVE FAN MODEL
* GIVE FAN SERIAL NUMBER

* GIVE FAN ITEM NUMBER
%@ L _-"’F’—-
/

~

ITEM _NUMBERS ™, 4 7

1)

C.P. BLADE
TEFLON WASHER
BUSHING
26-1/2" HUB
HUB INSERT
SPACER
THRUST WASHER
BUTTON HEAD CAP SCREW
FLAT WASHER

LOCK NUT

CLAMP

WASHER

NUT

SUPPORT WASHER

ROLLER

INSERT LOCK RING

HEX SOCKET HEADLESS SET SCREW

Image courtesy AVA HVAC Products
FAN FLhttpA{ayehvagproductsicam/Joy_Fan_Service___Parts.html













