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- Fan Fundamentals;
(Very Similar to Pump Fundamentals)
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Centrifugal Fan Operation




Centrifugal Fan Operation




Centrifugal -
* Pressure created by:

_;____"_M k — Centrifugal force

— Velocity added at the

3 impeller
- “8ingle Width/Single Inlet
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Common HVAC Fan Types

Centrifugal
* Pressure created by:
— Centrifugal force

— Velocity added at the
impeller

Single Width/Single Inlet

(SWSI)

Double Width/Double Inlet
(DWDI)




lhon HVACHEaN Types
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Centrifugal
* Pressure created by:
— Centrifugal force

— Velocity added at the
impeller

Single Width/Single Inlet
(SWSI)

Double Width/Double Inlet
(DWDI)

Plenum or Plug
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_Com on_._I:HVAC Fan Types

Centrifugal
* Pressure created by:
— Centrifugal force

— Velocity added at the
impeller

Single Width/Single Inlet
(SWSI)

Double Width/Double Inlet
(DWDI)

Plenum or Plug
AV(E]




* Pressure created by:
3 Céﬁtrgugal force — —
~ Velocity added at the

impeller

"+ “Single Width/Single Infet
(SWSI)

Double Width/Double Inlet
(DWDI)

Plenum or Plug
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‘Fan Wheel

(partially
cut of in this picture)




Airfoil Fan Wheel
Characteristics:

Static Pressure
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Increasing Flow




Backward Inclined Fan Wheel
Characteristics:

Static Pressure
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Increasing Flow




Forward Curved Wheel
Characteristics:
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Increasing Flow




Forward Curved Wheel
Characteristics:
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: Static Pressure
Increasing Flow




See the ASHRAE Systems and Equipment Vane Axial Fan Characteristics:
Handbook Table 1 and the ASHRAE Pocket
Guide pages 12 and 13 and the Buffalo Fan

Engineering Manual for more information

Static-Pre
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Increasing Flow

Images courtesy of NASA,; http://www.nasa.gov/centers/langley/images/content/221601main_image-0222-2008_full.jpg
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Fan Efficiency

Air Horse
Power Out
(Mass in

Motion)
-

Leakage
Losses

Mechanical and
Fluid Dynamics
Losses

Motor
[ Losses

Electrical
Power In




RADIAL GAP, OVERLAP & WHEEL ALIGNMENT

Efficient fan performance can be maintained by having the correct radial gap, overlap and wheel alignment. These items
should be checked after the fan has been in operation for 24 hours and before start-up when the unit has been disassembled.
Radial gap and overlap information applies to models: BISW, AFSW, BIDW, AFDW, PLN, and PLG.

Inlet Cone to
Backplate Distance

linches)
Unit A dim.
Size t Tolerence
7-10| 35/ t1/8
122 | 4 £1/8
13 416 +1/g
15 5 *1/g
16 5116 +1/g
18 6 38 1/g
20 7 +3/16
22 71316 +318
24 85/8 +1/4
27 916 +1/4
30 10 916 3
33 11 71 + 38
36 12 34 +3/g
40 14 316 +3fg
44 15 96 *3fg
49 17 /8 +1/2
54 1813/16 | +1/2
60 2015/16 | £1/2
66 22 18 £1/2
73 251/2 =1l

— Overlap Overlap - —= Overlap

. PLN, PLG BIDW, AFDW

aryap is adjusted by loosening the inlet cone/ring bolts and centering the cone/ring
on the wheel. If additional adjustment is required to maintain a constant radial gap,
loosening the bearing bolts and centering wheel is acceptable as a secondary option.

OVERLAP

Overlap is adjusted by loosening the wheel hub from the shaft and moving the wheel to
the desired position along the shaft. The Inlet Cone to Backplate Distance chart lists the
distance between the wheel and the inlet cone spacing for non-double width fans. Overlap
on double width fans is set by having equal spacing on each side of the wheel.

Imagess courtesy of Greenheck (left) and ASHRAE 2008 Handbook of Systems and Equipment, Chapter 20 (right)
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Image courtesy Bill Michell - DOE — NY Marriott Marque

Inlet Cones, Inlet Vanes, and VFD Retrofits




Image courtesy Bill I\ﬁ:hslﬁ. OE
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Image courtesy Bill Michell - DOE — NY Marriott Marque

Adding VFDs?

Remove the Vanes, Leave the Cone!




DW Airfoll

> Selected Fans - B
Cataloged |
Fan Detais || (P2 |I5ize et | dia|=:-aj.-:id|a-a p&ﬂl.c|Eriwe|lj~'.Pr.j|r.1axRF'r.1|Etd.EI-HII:'|Dp.EHF'|D‘-:-.f |sE. |r.1.E.. |-In.L'~'.',C~|-Dut.L'-.'.';-‘x 2 | A Reports
Sound Details || [gacDw 185 | 100, 100 7249 BD 1793 2761 247 247 1773|6354 6976 87 88 0.93 urees
Octave Band<ll [BAE-DW (150 |l 100 100| 4949 BO (2298 3232 285 285 2146 55.15|63.06 90 91 0.85 AMCA Stts
— U |BaEDW 135 | 100 100 45.87 BD 2755 3374 341 311 2646 5049 6151 91 93 0.79 —




DW Backward Inclined Wheel

Z Selected Fans = B
Cataloged |
FanDetais || [1¥PC |§ize ot | dia|“a'a:-.'.'i|:l|“a"u peak|Drive|EPr-j | Max HF'r-1|Etd.E.HI.:‘|Dp. EIHP|D‘-:-’ |sE. |r.1.E.. |.In.L'-.'.'F~|-Dut.Lx'.'A ~ | Reports
sound Details BCDW 200 | 100 100 9286 BD 1160 1961 .30 230 1208 6827 71.38 88 N/A HrEes
Octave Bandsll |BC-DW 182 | 100 100 83.83/BD (1338 2148 236 236 1449 8669 71.05 89 NIA AMCA Stmts
— 1l |BAE-DW 185 | 100 100 7249 BD 1783 2761 247 247 1773 B354 G976 &7 a8 e
BC-DW 185 [ 100 100 7261 BD 1595 2358 283 263 1773|59.86 65.50 29 NIA
BAE-DW 150 | 100/ 100 49.49 BD 2298 3232 285 285 2146 5515 63.06 890 91
BC-DW 150 | 100 100 6075 BD (1918 2504  2.90 260 2145|5428 62.05 91 N/A
BAE-DW 135 | 100/ 100 4587 BD 2755 3374 311 311 2645 5049 6151 91 93
W
£ >




Static Pressure (in wg)

CAPS31.23

1178 RPM

Volume (CFM) x 1,000
FANS

Power (hp) (dashed lines use this axis)

28
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(in wg)

CAPS31.23

33-AFDW-41 Volume (CFM): 23.000 Air Density (IbAt3): 0.075
SP (in wg): 51 Drive Loss (%): 3
Fan Performance Chart: RPM Family Power (hp): 2238 Elevation () °
FRPM: 1,178 Air Stream Temp. (F): 70
Inlet Sound Data QOutlet Sound Data
625 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | Lwa | dBA |Sones|| 625 | 125 | 250 | 500 | 1000 | 2000 | 4000 | s000 | Lwa | dBA |Sones
100 ] 97 1 o7 [ o0 | 88 | 85 | 81 | 78 | 94 | 83 [ 42 |l 102 f 98 | 95 | 80 | a7 | 82 | 78 | 76 | 92 | 81 | 39
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Volume (CFM) x 1,000
FANS
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Fan Performance Presentation

There is a difference between the applied fan curve and
the fan curve

Some manufacturers document this

Unit Size 25D (22-inch AF)

Without Without Inle
Inlet Vanes Vanes :.!-




System Flow Rates are Gen '
the Loads Served




System’ Flew,Rates are Generally Set by
the Loads Served
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System Flow Rates are Generally Set by
the Loads Served ==

% <
- -t
e Sl
B =
S R

e




Ll Facles
o ThelChighs

—e—Solar, Transimission, Return Gains
(Cooling) Btu/hr

—a—People, Internal, Lights to Return, No
Fan (Cooling) Btu/hr

—=—Space Load (Solar, etc. plus People etc.)

Btu/hr

—— Infiltration, Ventilation (Cooling) Btu/hr

—m—Total Cooling Btu/hr

=z Qutdoor Temperature °F



Static Requirements
are Set by Geometry

Fabrication details versus as
designed details can make a
difference

« Design — 25° mitered offset
- Cy—-0.11
— Loss - 0.05in.w.c.

Fabrication — 45° mitered
offset

— Loss —-0.14 in.w.c.




Static Requirements
are Set by Geometry

Fabrication details versus as
designed details can make a
difference

* Design — single thickness
turning vanes
- Cy,—-0.11
— Loss — 0.05 in.w.c.

Fabrication — double thickness
turning vanes

— Loss —-0.10 in.w.c.




Static Pressure, inches w.c.

0 2 10 15 20 25 30 39
Location in Duct System (See Table for Node Associated with Each Number)

— Supply Fan As Designed Pressure Gradient
— Supply Fan As Fabricated Pressure Gradient
= = Return Fan As Designed Pressure Gradient
- Return Fan As Fabricated Pressure Gradient
+ FDE 12-08 Measurements Adjusted to Design Flow
O FDE 08-09 Measurements Adjustedto Design Flow
A TAB Report Final MeasurementAdjusted to Design Flow



The AHUS8 Supply Duct
Some Perspective

Plotted to scale from the fan
discharge (A) to the terminal unit
inlet at the most remote terminal
unit (C)

40% of the static pressure is used
up between the discharge (A) and
the mechanical shaft point of
entry (B).




Given:

The fan curve in the next slide
A measured fan speed of 1,411 rpm
A measured flow rate of 30,000 cfm

Determine:

The fan static pressure
The fan class

The fan brake horsepower
The system curve

The speed required to produce 28,000 cfm and the operating
conditions at that speed

What would happen if you throttled to 28,000 cfm instead of
reducing fan speed?

Could you speed the fan up and obtain 35,000 cfm?
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Static Pressure (in wg)

CAFS3.1.23
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33-AFDW-41 Volume (CFM); 23,000 Air Density (IbAt3): 0.075
SP (in wg): 5.1 Drive Loss (%): 3
Fan Performance Chart: RPM Family E:‘";::(hp): ff’;: i:f‘g::’:nfﬂ;emp . 20
Inlet Sound Data Outlet Sound Data
625 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | LwA | dBA [sones|| 625 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | Lwa | dBA [Sones
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33-AFDW-41 Volume (CFM); 23,000 Air Density (IbAt3); 0.075
E SP (in wg): 5.1 Drive Loss (%): 3
Fan Performance Chart: RPM Family Power (p): 2538 Eleyaion{fty 0
FRPM: 1,178 Air Stream Temp. (F): 70
Inlet Sound Data Outlet Sound Data
625 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | Lwa | dBA |Sones|| 625 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | Lwa | dBA |Sones
100 | 97 1 o7 | o0 | 88 | 85 | 81 | 78 | 94 | 83 | 42 |l 102 | 98 | 95 [ 89 | 87 | 82 | 78 | 76 | 92 | 81 | 39
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33_AFDW_41 Volume (CFM): 23,000 Air Density (IbAt3): 0.075
E SP (in wg): 5.1 Drive Loss (%): 3
Fan Performance Chart: RPM Family Power (p): 2538 Eleyaion{fty _ 0
FRPM: 1,178 Air Stream Temp. (F): 70
Inlet Sound Data QOutlet Sound Data
625 1 125 | 250 | 500 | 41000 ] 2000 | 4000 | 8000 | LwA | dBA |Sones]] 625 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | LwA | dBA [Sones|
100 97 97 90 88 85 81 78 94 83 42 102 98 95 89 87 82 78 Fis] 92 81 39
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Static Pressure (in wg)

CAFS3.1.23

33_AFDW_41 Volume (CFM): 23.000 Air Density (IbAt3): 0.075
SP (in wg): 5.1 Drive Loss (%): 3
Fan Performance Chart: RPM Family Power (p): 25.36 Elevation (). _ 0
FRPM: 1,178 Air Stream Temp. (F): 70
Inlet Sound Data Outlet Sound Data
625 | 125 250 500 14000 ] 2000 | 4000 | 8000 | LwA | dBA |Sones|] 62.5 | 125 250 500 | 1000 | 2000 | 4000 | 8000 | LwA | dBA |Sones|
100 97 97 90 88 85 81 78 94 83 42 102 98 95 89 a7 82 78 76 92 g1 39
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= 5 ~~~ S \ | \C !
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Volume (CFM) x 1,000



SP (in wg): 5.1 Drive Loss (%): 3
Power (hp): 25.36 Elevation (ft): 0
FRPM: 1,178 Air Stream Temp. (F): 70

E 33_AFDW_41 Volume (CFM): 23,000 Air Density (IbAt3): 0.075
Fan Performance Chart: RPM Family
Inlet Sound Data QOutlet Sound Data

625 1 125 | 250 | 500 | 1000 | 2000 } 4000 1 8000 | LwA | dBA |Sones|) 625 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | LwA | dBA |Sones|
100 97 97 90 88 85 81 78 94 83 42 102 98 95 89 87 82 78 76 92 81 39
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Volume (CFM) x 1,000

CAFS3.1.23



Discussion Point

Do VAV systems operating on a single fan curve?
« Where is the origin of the fan curve for a VAV system.
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Static Pressure (in wg)

33_AFDW_41 Volume (CFM): 23,000 Air Density (IbAt3): 0.075
E SP (in wg): 5.1 Drive Loss (%):
Fan Performance Chart: RPM Family E:‘";:_(hp): fi:: f\!e‘éatti°” (ﬂT): _
: : ir Stream Temp. (F):
Inlet Sound Data QOutlet Sound Data
625 1 125 | 250 | 500 | 41000 ] 2000 | 4000 | 8000 | LwA | dBA |Sones]] 625 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | LwA | dBA [Sones|
100 97 97 90 88 85 81 78 94 83 42 102 98 95 89 87 82 78 Fis] 92 81 39
5012 RPM = Max Class Ill / /
- [T~ .
- Assuming no changes in the
1805 RPM 7/ ' system, the new operating point can
- %0, / be assessed by moving down the
- o / /‘sy_stem curve to the new flow rate
nd readina the remainina
’ I\ lpuuula (9 | | _.>I\JIIIUIIIIII3
~ parameters from-the fan curve
(.| . Static pressure =.about 6 in.w.c.

CAFS3.1.23

N33 N Bhp's about

35 bhp
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60 65 70 75

80
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Static Pressure (in wg)

CAFS3.1.23

33_AFDW_41 Volume (CFM): 23,000 Air Density (IbAt3): 0.075
SP (in wg): 5.1 Drive Loss (%): 3
Fan Performance Chart: RPM Family Power (p): 2538 Eleyaion{fty _ 0
FRPM: 1,178 Air Stream Temp. (F): 70
Inlet Sound Data QOutlet Sound Data
625 1 125 | 250 | 500 | 41000 ] 2000 | 4000 | 8000 | LwA | dBA |Sones]| 625 | 1", 0 ;..ZZZ..L , R
100 | o7 | o7 | 90 | 88 | 85 1 81 1 78 | 94 | &3 [ 42 |l 402 [ ¢z] '\(‘.FQHSIng th e fan speed:
18 |
5012 RPM = Max Class |l /
16 ' H
- 7\~y/ « Requires 68 bhp; a 17% increase
WL ’ ™. in flow required a 51% increase in
1805 RPM power
. \6‘0 ~
12 |- S /— The ne n be
~ N . f
1597 RPM = Maflass N~ /‘ {\ "\, assessed J ity law
10 b ang == V .
B ~. Y relating bhp and fan speed
— 30 ~ o ~ S
~s.~/<//b ES / S ~ - D 3
s [JAT1LREM - Y4 "« HPnew = HPgjg X (RPMyew/RPMgg)
- i/ A \
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Fan Operating Limits

a -"-| T
| |

s meeting the requirements of a spec] Elled Class, |

Standard, a fan mu: t be physically capable of |
ly at avery poin I of raling on or below the “minimum
IImilI r that Clas: 1

Fan wheels have structural limits

“.. must be physically capable
of operating safely at every
point of rating on or below the
minimum performance limit ...”

Class | — Class IV (minimum to
maximum rating) w E8  bel
Result in a maximum speed e el

rating for each class

nches of water

TATIC PRESSURE (SP) i

]
QUTLET VELOCITY {OV) feet per minule

 H———
1 + 1 ! - - { —
; 2
Adopted
AN a0 |OPERATING LIMITS FOR SINGLE WIDTH CENTRIFUGAL FANS —| 102069
PAGE 1 OF 5 Ventilating Airfoils & Backwardly Inclined. faw
Supe 08-69




This Is What Can Happen If You Over-speed
A Fan

Image courtesy of
Jim Bochat of Pro
Services

‘ I These blades should be straight

. | \ The fan had been
\\/ running about 1,000
( rpm over the maximum
; speed limit for its fan
class.




This Is What Can Happen If You Over-speed
A Fan

... should be here!
‘ ... should be here!




This Project Was Lucky

The wheel did not
disintegrate

The collapse was so
uniform the wheel
remained in balance

The problem was
discovered before
stress cracks cause
the wheel to fail




Flow - 25,000 cfm

Inlet static pressure — negative 1.9 [g arows s e womam
in.w.c.

Discharge static pressure - 4.1 .

FRPM: 1.178 A Stream Temp. (F) 0
.
2012 RPM = Max Class Il
IN.W.C. ) o

Inlet Sound Data Outlet Sound Data

100 ) g 90 88 85 21 i) 94 83 42 | 102 28 25 89 £ 82 I 8 I (1 22 81 a8 |
F d—1,411 rpm “lewew |

an speed — 1, P 1605 RPM
&
12 I .'s?.’,b | ! I
‘5

Volts — 463 1507 e = Nl

Amps — 42 N s

- “
Ry ~ ‘\
1225 RPM = Max Class | § b .
6 ? o = s ~
| J

<
4 [ossREM | @ | RN NN
‘\ ‘\

Where do you think the fan is |3

operating and why? ~ LN RN

Fan Performance Chart: RPM Family

wg)

Static Pressure (in

Volume (CFM) x 1,000

FANS
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Static Pressure (in wg)

CAFS3.1.23
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33-AFDW-41 Volume (CFM); 23,000 Air Density (IbAt3): 0.075
SP (in wg): 5.1 Drive Loss (%): 3
Fan Performance Chart: RPM Family Power (p): 2538 Eleyaion{fty 0
FRPM: 1,178 Air Stream Temp. (F): 70
Inlet Sound Data Outlet Sound Data
625 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | LwA | dBA [sones|| 625 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | Lwa | dBA [Sones
1001 o7 1 o7 [ g0 | 88 | 85 | 81 | 78 | 94 | 83 [ 42 |l 102 { 98 | 95 | 89 | a7 | 82 | 78 | 76 | 92 | &1 | 39
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33_AFDW_41 Volume (CFM): 23,000 Air Density (IbAt3): 0.075
E SP (in wg): 5.1 Drive Loss (%): 3
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33_AFDW_41 Volume (CFM): 23,000 Air Density (IbAt3): 0.075
E SP (in wg): 5.1 Drive Loss (%): 3
Fan Performance Chart: RPM Family Power (p): 25.30 Elevation (). _ 0
FRPM: 1,178 Air Stream Temp. (F): 70
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Fan Static Pressure

50% Effective duct length

0% Effective duct length
{ I 100% Effective duct length

I:)total = Fiotal out — I:)total in
P = I:)to’[al - I:)velocity in
* Derived from the AMCA test method

— Gauge static at 100% effective duct length corrected to
discharge

— Fan draws air from surroundings through a well shaped
Inlet

static

P P P

static — T static out — " total in
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Increasing Flow

Varying Fan
Volume

Single Zone Technique

« Modulate based on zone
temperature




Varying Fan
Volume

Single Zone Technique

« Modulate based on zone
temperature

Multiple Zones

 Zones modulate based on
temperature

+ Fixed pressure may be
maintained at some point in
the system

Increasing Static

Increasing Flow




Varying Fan
Volume

Single Zone Technique

« Modulate based on zone
temperature

Multiple Zones

 Zones modulate based on
temperature

* Fixed pressure may be
maintained at some point in
the system

* Fan follows the total zone
flow requirement

» Work on a family of system
curves

Increasing Static

Increasing Flow




Q
)
©
)
0p]
(@)
=
7]
©
@
-
&)
£

Increasing Flow

Varying Fan
Volume

Following the system curve is
desirable in the context of
minimizing the power
requirement as the flow rate
drops off

Even lower constant
rake horse power




Varying Fan
Volume

Discharge Dampers

» Push the fan up its curve
« Approach the surge line
* Noise can be an issue
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Increasing Flow




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

Evenless
Open

Increasing Flow

Increasing Static




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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Should You Remove
gt a VSD? |

{

“It Depends”

Jay Santos

See Inlet Guide Vanes (IGVs) and Variable Speed Drives(VSDs)
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)




Varying Fan
Volume

Varying Speed
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




Varying Fan
Volume

Varying Blade Pitch
Vane axial fan approach

Similar to speed variation in
terms of power reduction

Tend to follow the system curve
Mechanically complex

Fine Pitch

Increasing Static

Increasing Flow




COND STAGE

FIRST STAGE)

SECOND STAGE)

L

{

Parts.html

FIRST STAGE)
FAN COMPANY

Eszm STAGE)

g
:
mmmmm

sl
G355

3
ZEadade

NUT AND LOCKWASHER
NUT AND LDCKWASHER

T BOX KIT PARTS

ASSEMBLY
GUARD CLIP
CONDUIT PIPE
GREASE

Euum91WHsTmMIa
MECHANISH GREASE LEAD (FIRST STAGE)

HECHANISH (SECOND STAEi
MECHANISM GREASE LEAD

[TEM NUMBERS

ROTOR ASSEMBLY

FETE

NEW PHILADELFHIA

Uncontrolled Drawing

TWO STAGE CONTROLLABLE PITCH FAN
FOR DETAILS

SEE JO14C

Image courtesy AVA HVAC Products
http://avahwvacproducts.com/Joy_Fan_Service

FOR DETAILS SEE JO12C

3

® 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 a3}

* GIVE FAN MODEL
* GIVE FAN SERIAL NUMBER

* GIVE FAN ITEM NUMBER :
%@ - —___r-"/
/

e ———

ITEM NUMBERS, /"

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
http://avahvacproducts.com/Joy_Fan_Service _ Parts.html
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Power Consumption
Comparison

Source:
Howden- Buffalo
Fan Engineering
oth Edition

Inlet-Guide
Vanes
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Increasing Flow




Power Consumption
Comparison

Greenheck’s Dampers for
Centrifugal Fans Bulletinralso
Contains Curves in#% of
Flow/Static/HBAMetrics

Inlet-Guide
Vanes
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Increasing Flow










- SWSI Fans Do
(SWSI = ingle idth.ingle nlet)




J

So Do DWDI Fans




Integration of the Fan with the Duct System
Also Impacts Efficiency

Flttmg placer?ent - \ 55 in.w.c. at 0%
and/or lack of a effective duct length

discharge duct 18 in.w.c. at 50%

has the same ‘ effective duct length

effect as adding
static pressure

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%




Past Experience with Fan Selections




DD Phase Air
Handling Equipment

Ducts leave the unit in multiple
directions




DD Phase Air
Handling Equipment

Ducts leave the unit in multiple
directions

Mechanical spaces are constrained
but not so much




DD Phase Air

rocation | aAreaservep | ¢

Ducts leave the unit in multiple
directions

Mechanical spaces are constrained
but not so much A0

1 PENTHOUSE BATHROOMS
2 PENTHOUSE BATHROOMS

’7Fan -

Flow x Static
6,356 x bhp

Where :

bhp = Brake horse power into the fan drive shaft
Flow =Flow ratein cubic feet per minute

Static =Fan staticininches water column

6,356 = Aunits conversion constant

e, = Fan efficiency




DD Phase Air
Handling Equipment

Ducts leave the unit in multiple
directions

Mechanical spaces are constrained
but not so much 6.95 2885

Brake horse power requirements 51| 3303
imply fan efficiencies in the range of

68-71%

Twin City Blower SWSI fan selections

indicate a 8-11% potential efficiency

improvement

13.08 2625
14 44| 3133
16.01 | 3880




DD Phase Air Handling Equipment

Ducts leave the unit in multiple
directions

Mechanical spaces are constrained
but not so much

Brake horse power requirements
imply fan efficiencies in the range of
68-71%

Twin City Blower SWSI fan selections
indicate a 8-11% potential efficiency
improvement

The potential benefits

The question

Can SWSI fans be applied in a
way that allows them to fit with
out compromising their
discharge conditions?










FANS






Supply Ducts




Outdoor Air Ducts




Mixing Box
(Economizer/Free
Cooling Section)




Filters




Plenum with Bypass &
Damper




Preheat Coils




Access Between







Plenum for Bypass

Connection




Complete Mixed Air

Bypass System




Complete Mixed Air

Bypass System
















Unit elevation remains the’'same as
the current design




Unit elevation remains the’'same as
the current design

Coil discharge plenum extended to
ensure no water carry over and
good fan entry conditions




Unit elevation remains the’'same as
the current design

Coil discharge plenum extended to
ensure no water carry over and
good fan entry conditions

Overall length is shorter than the
original design




Supply duct reconfigured on one
side relative to the original design to
ensure good discharge conditions




Unit elevation dropped to sit'on top
of the structural supportrails




Unit elevation dropped to sit'on top
of the structural supportrails




Unit elevation dropped to sit'on top
of the structural supportrails




Unit elevation dropped to sit'on top
of the structural supportrails
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FAN ENGINEERING

E,: =

Arr. 2 Si Arr. 3 Sl or DI Arr. 4 S|

Arr. 1 SlI

Drive and Motor Locations Would Need to be

pedestals. by fan housing.
.’l M
. —h
.{j 41
Arr. 7 Sl or DI Arr. 8 SI Arr. 9 S| Arr. 10 SI
For belt drive or For belt drive or For belt drive. For belt drive.
direct connection, direct connection. Impeller overhung, Impeller overhung,
Arrangement 3plus  Arrangement 1 plus  two bearings, with two bearings, with
base for motor. extended base for motor outside base.  motor inside base. .

motor. FANS o



W

Centrifugal
Fan

SWSI Fan Motors Would Likely Be Out of the
Air Stream, Eliminating a Parasitic Load Some
of the time Since Motor Heat Ends Up in the
Return/Relief Air Stream

Figure 9.7 Standard Motor Positions

Adapted from the data of AMCA: "Motor Positions for Belt or Chain Drive Centrifugal
Fans." AMCA Standard 2407-98. 1998.

FANS



Assessing Fan Energy Potential Savings

Assume an average flow profile based on past data and
ASHRAE handbook metrics

Original fan efficiency based on the current air handling unit
schedule

New fan efficiency based on 2" best fan selection for a SWSI
fan operating at the same conditions

Assume system static requirement follows the “square law”

Capture motor efficiency vs. load from US Motor performance
curves

Assume well adjusted and maintain belts (98% efficient)

Assume VFD efficiency losses are a flat number that will not
vary significantly from one case to the other (94.3% based on
DOE/Safetronics data for current technology drives)

AN




25,000 ~

Assumed AHU Flow PrO'ﬁIe, cfm —m— AHU2 Flow Profile, Average Weekday
Average Day

— & AHU2Z Flow Profile, Average Saturday_
' - --- AHU Design Flow

20,000 - - - -

15,000 -

10,000 o

5,000 -

12 AM 03 AM

|
l | |
L L—I—I—I—H
06 AM 09 AM 12 PM 03 PM 06 PM 09 PM 12 AM
FANS
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Fan Energy Savings Projection Results
AHU 2 System Type, 8 Similar Building Modules

AHU System Type Fan Energy Savings
Weekday - 143 kWh

Weekend - 19 kWh
Total for a week - 162 kWh
Low End High End
Total for ayear - 7587 8,430 kWh
Assumed electric rate - $0.1000 $0.1500 per kWh
Annual savings potential - $759 $1,265 per system
AHU 2 Systems per wedge - 7 7
Savings per wedge - $5,311 $8,852
Number of wedges - 8 8
Total savings for AHU2 system type - $42,488 $70,814




But Wait, There’s More!

Fan energy shows up as a temperature rise across the fan
due to the work the fan is doing on the air; a phenomenon
identified by Willis Carrier and termed “fan heat”




But Wait, There’'s More

Piping
Networx
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Piping
Network

Expansion tank anz
® make up water

The energy associated with handling the fan heat ripples back
through the central plant and is compounded by the various

equipment inefficiencies FANS




Fan Heat Savings Projection Results

AHU 2 System Type, 8 Similar Building Modules

AHU 2 Fan Heat Savings
7155 kWh (Based on fan energy savings with out the VFD losses since the VFD is not in the supply air stream, just the return

Fan heat saved for the year -
air stream and the losses will go out with the relief air a lot of the time)

24,419,027 Btu
Derate the savings potential by the number of hours when the systems would not be operating on an economizer cycle

Hours per year - 8,760
Hours per year when on economizezr cycle - 6,473 2009 - 2012 average from climate analysis spreadsheet Natural Ventilation v2.xlsx
AHU 2 design LAT - 51.5 °F (from fan schedule)

70 °F (Engineering judgement based on Bay Area experience)
2,808 Hours when the system would have been driven to 100% outdoor air, from bin data, 9 am to 5 pm bin only
822 Hours when the system would have been returned to MOA, from bin data, 9 am to 5 pm bin only
113 Hours when the system be on less than 100% OA using the economizer process, from bin data, 9 am to 5 pm bin only

Assumed drybulb based economizer change-over temperature -
Hours per year above 51.5 °F -
Hours per year above 70 °F - f
Hours per year below 51.5 °F -
Hours per year on 100% outdoor air - 1,986 Hours when motor heat would go out the relief system

Hours per year when air is recirculated - 935 (fan and motor heat are a chilled water or economizer load)

Total hours in 9 amto 5 pm bin - 2,921
% of hours with recircuilation and chilled water cooling - 822 (hours when fan heat shows up as a coil load)
28%
Derated fan heat - 6,871,770 Btu
- 573 Ton-hours
Plant over-all kW per fon - 0.85 1.00
Annual kWh savings from reduced fan heat - 487 573 per system
Annual $ savings from reduced fan heat - $49 $86 per system
AHU 2 Systems per wedge - 7 7
Savings per wedge - $341 $601
Number of wedges - 8 8

Total savings for AHU2 system type - $2,726 $4,810




Another Energy Benefit

For a plenum fan, the motor and belts For a SWSI fan, the motor and belts
are in the air stream are out of the air stream

 Motor and belt losses become a  No load at all if the mechanical room
cooling load Is unconditioned

— Chilled water load when the * Load on the return side if it is a
cooling coil is active return plenum; discharged with
relief air during economizer cycle




Motor Loss Savings Projection Results
AHU 2 System Type, 8 Similar Building Modules

Central Plant Savings from AHU 2 Motors No Longer in the Air Stream
Motor efficiency losses - Weekday
Motor efficiency losses - Weekend
Total for a week -
Total for ayear -
% of hours when air is recirculated (see fan heat calc) -
Derated motor efficiency savings -

Plant over-all kW per fon -

Annual kWh savings from reduced fan heat -
Annual $ savings from reduced fan heat -
AHU 2 Systems per wedge -

Savings per wedge -

Number of wedges -

Total savings for AHU2 system type -

628,269 Btu
81,417 Btu
709,686 Btu
36,903,659 Btu
28% Use this as a derating factor for the savings associated with fan heat the motors no longer being in the air stream
10,385,076 Btu
865 Ton-hours
0.85 1.00
736 865 per system
$74 $130 per system
7 7
$515 $909
8 8
$4,119 $7.270




Savings Summary

Low End High End Low End High End
Fan Energy Savings 424,882 472,091 $42,488 $70,814
Fan Heat Savings 27,258 32,068 $2,726 $4,810
Motor Heat Savings 41,194 48,464 $4,119 $7,270

TOTALS 493,334 952,623 $49,333 $82,893
Low end savings assessed at $0.10 per kWh; high end savings assessed at $0.15 per kWh
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Fan Walls

A Tool in the Efficiency Tool
Box

Existing fan selection at
60% efficiency

Poor discharge conditions

— Manual backdraft
damper

— Air blender
— Short diffuser/evase’
Fans run round the clock

Mission critical application;
redundancy important

System turn-down potential
during unoccupied hours




Fan performance optimization

Specify in terms of fundamentals
Flow
Fan total or static pressure
Maximum bhp
Minimum fan efficiency
Minimum motor efficiency
Minimum motor power factor
Maximum motor speed
Allow the manufacturers to exploit their technology




Get What you Asked For

If you don’t need it, don’t specify it
If you do need it, enforce the specification requirement
Require shop drawings
Standard catalog data — A good starting point
Fan performance curves
Motor performance curves
Seismic qualification certification statement
Documentation of special features and requirements

Require O&M data upon approval of shop drawings for
commissioning support

Review shop drawings




Fan Efficiency Is Only Part Of The Equation

The fan’s characteristics need to be matched to the
system’s requirements

The air handling unit components need to be optimized
to the application

Distribution efficiency is critical

The air handling system needs to be tuned to the actual
operating requirements

* Flexible, robust design
« Commissioning
* Training




Economizers bring in outdoor air above and
beyond the ventilation requirement, mix it
with return air as required to control set point
and thereby provide free cooling

FANS 133



i The Goes Inta’s Gotta

Equal the Goes Outa’s
Dr. Albert Black

—
£

The extra outdoor air brought in for “free
cooling” needs a relief system to get it back
out of the building. Otherwise, the fan will

pressurize the building but move no air
FANS
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Overcome the static pressure loss
between the zone and the air
handling system

Operate any time the supply fan runs
 Return air for recirculation

* Frequently, deliver air to the relief
louver for discharge to the exterior
when operating on an economizer
cycle

FANS
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Overcome the static pressure loss
between the air handling unit location

and the relief louver m}j

* Only operate during an economizer

cycle a é

* VFD operation often coordinated
with building pressure

FANS 136






