Comparison of Inlet and Outlet Dampers
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Fig. 3. Above left: Parallel blade outlet damper. This design is particularly effective on continuous process systems where
sensitive control of air volume between wide open and 70 or 80 percent open is desired.

Fig. 4. Above center: Opposed blade outlet damper. Units of this type are often used where a straight line relationship
between fan volume and control arm swing is desired. Alternate blades turn in opposite directions; resulting change in
airflow volume is almost exactly proportional to amount of control arm swing.

Fig. 5. Above right: Airflow pattern through the two basic types of outlet dampers. Opposed blade version is usually selected
when even distribution of airflow is required downstream.

Fig. 6. Above left: External inlet damper. Units of this type are a complete assembly, supplied separately and mounted exter-
nally to structure. Damper vanes are connected to central hub through pivot bearings.

Fig. 7. Above center: Internal inlet dampers are integrated into the inlet cone providing considerable space savings and
simplicity of installation.

Fig. 8. Above right: Photo of inlet box and mounted inlet box damper - angle of blades will create a vortex at the fan wheel to
control flow.
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Fig. 9. Effect of vane setting on airflow volume and power for various damper types. When parallel blade outlet damper is set
for 80 percent of wide open capacity, the damper setting is 40 degrees, and the fan operates at 85 percent of wide open
horsepower. With an inlet damper, however, operation of 80 percent of wide open requires a 53 degree damper setting and
72 percent of the horsepower. Note: These curves are representative, not precise. See text.
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Fig. 10 COMPARISON OF INLET AND OUTLET DAMPERS

Parallel Blade
Outlet Damper

Opposed Blade
Outlet Damper

External and
Internal
Inlet Dampers

Inlet
Box Damper

1. Cost

2. Control

Least costly.

Best for full open or
closed requirements or for
fine control between 80%
to 100% of full flow.

1.1 to 1.2 times as much
as parallel blade

Best for systems where air
volume is changed over a
wide range and a straight
line relationship of volume

Internal - 1.5 to 2.5 times
as much as parallel blade.
External - 3 to 4 times as
much as parallel blade.

Same as opposed blade
outlet damper.

1.3 to 1.4 times as much as
parallel blade; combined
with inlet box 3 to 4 times
as much as parallel blade.

Used on fan inlet box.
Can be used with some
particulate in airsteam.

desired.

3. Horsepower Depends upon characteristic BHP curve:

to control arm swing is

Power Consumption at re- | Same as inlet damper.

savings Backwardly inclined - same, more, or less than wide duced air volumes is less
open FC and Radial - less than wide open than with outlet dampers.
4. Air flow Throws air to one side. Distributes air evenly. No effect. No effect.
after fan
Combined Inlet and Outlet Dampers Summary

Occasionally it is desirable to save more power at reduced
capacity while maintaining very sensitive control. In this
case, the fan may be equipped with both inlet and parallel
blade outlet dampers. With the outlet damper set at wide
open, the inlet damper is set to give just slightly more air
than needed. Exact air delivery is obtained by adjusting the
outlet damper. Because of the great movement of the
outlet damper vanes required to achieve a slight change in
air delivery, this combination gives the most sensitive
control.

Performance Comparison

Figure 9 on page 3, shows the effects of damper settings on
airflow and brake horsepower for parallel and opposed
blade outlet dampers, and inlet box and inlet dampers.
These plots represent generalizations of damper effect on
fan performance. They should be used to compare one type
to another. For more accurate dampered effect data
contact the fan manufacturer.

Each system has its own requirements with respect to the
control of air volume. Today system designers are not only
aware of first cost considerations but, more importantly, of
the long term savings that can be obtained by a properly
engineered system. Obviously each system imposes limits
on which dampers can be selected with respect to fumes,
control sensitivity and temperature. No one system is best
for all applications. Therefore, this article offers some
insight into the choices available in making the appropriate
selection of dampers for most applications. The table,
Figure 10, acts as a partial check list in helping the
designer to recognize some of the factors to be considered
in damper selection.
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Fan Drives Power Graphs
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The power curves above are used in the energy savings analysis. Curves developed from data
obtained by measuring the operating characteristics of various fan systems and from information
provided in "Flow Control", a Westinghouse publication, Bulletin B-851, F/86/Rev-CMS 8121. Curves
are representative, not precise,
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Descriptions and Fan Efficiencies

Commaon Fan Types

(FC) Forward-Curved Fans

[Bl) Backward-Inclined Fana

Radlal-Blade Fans

Axlal Fans

[Tz fan batizs curve m e drecion of ridian

These tans are typically not 2s lame 2 oher fan types
an< structurally ane not very nugged. Fan eficiences
e in the range of 55 o 65%

'?r-: fan lades bk back, awey from the dirscion of
rdtion. The main sifsrenos betwesn fars in i
catrgory is the shape and constuction of the blades
The Backsand-indined Flat blades tend o be mone
rugged and allow some parboulale io pass Brough bul
e blages are nol very aerdynamic and herfone
e the gt sficient. The Blarioward -indined Cureed
blades ane mone eficien bt their oeniation wit he
air siream can allow moishes and particulale o oollect
on the blades which reduces. fan periormance and may)
cause paressive viraors The efiosncy mnges
fom 7510 85%. The Backeand-incined Airkod blade
resembiess the: wing of an aircrafi and is he most
=fficient fan type with eficenoes ower W%

These fans are typcally the most nugged of all hpes
an can range fom Paddie- Whee! design o Flat
Blaces with comosion ressstance coatings. These fars
usually operale at lower volumes but higher pressures
than other fan types. The wite openngs between the
blages aliow larger matenal ko pass through and also
minimizes vibrabone shen cperating durng ondibons
when the fow and pressure drops.  The construchion of
s fans abows fhem o be mocilied to mest spacific
appiications and io be repaired at minimum oosts
Typical ranges of fan eficiencies. for Alat Blades i 55
i B5% and 80 io T5% for the Radial Tip

'.T'ﬁ fan group ndudes Propelier, Tubeaial, and
Vmneaial fans. The fin biades are instaled
perpendiouiar o the air sbeam. The majorty of thess
fans can be operaled 0 reverss which aliow hem o
supply or extoust he ar. Propelier fars genembe high
i ow's bt MENImLM pressare and ae he las
mpeEnsiye and least sficenl To norease the
pressure and efiosncy ese fans are placed nsides a
Foilow fube i form the Tubmaxial fan. To forther
inoease the eficiency and develop a more unified ar
stream, outlel wanes are nstalisd o fom the
Waneamal lan.

Performance Characteristics

'T'r:l:.'nm periommance ourve for a Forward Cunved
fan oontaires 3 dip in the stalic pressure curve I e
et of e point of macimum stabc presses This
region of he perinmanoe qunve indicaies that the
charscensiics of the ar bow fwough the fan was not
onsiient. As the fow norases, the silio pressure
increases and d ecreases within this region. 11 is. rot
recommesncded b operabe e fan within this unstahis
region of e S curee due Io the unpredictable fiow
characienstics. This amea i sometimes nefemed o as
he “stall” region.

'?r-: fan perionmance curie for Badivard Incined tans
= similar o the forward cures bat typicaly has a
smaller Sip in the slaiic pressure curve. The major
ditimrenoe of the baciwar] noined fans & the
charactersiacs of the BHP curve. The horsepower
curve oes nol Moresse io 2 makmam amount at
mara e oww e but instead will reach a peak and
hen drop off as the flow rale continees. o ncrease io
i's mammum amount. This charactenstic alioss he
desigrer o seect & molor siee for e wonst
carme|design| conditions and if any emors or changes
ooour that sould noressss e fow moumements, the
fan wil not beoverioaded. This: i typically relemed o
2 @ “non-owericading” power cunve:

'?r-: perinmmance curve for fans with Radial Biace
whesis i bypically a smookh cures showing the
pressure sieadily dropping Fom a maomus at zem
|iow o & minimum pressure ot full fow. This
characiermsic alows. siable operstion of e tan
hroughout a wide range of fow(cim) by adjusting the
pressure. The comesponding BHP curve increases ot o
inear rate as. he fan fow e increxses. The Radial
Tip fan periormanos curve = a biend of the Bacioward-
incined and Radial Blade curees. The BHP curve
INOFEas s 0 3 MU amoun! at M fow
The Radal Tip is mone: «ficient fan the Aadial Biade
and theseione requives less honsepower io produce the
same outpu

'?': fan performance curee for this growp of fans
indicales thal they are capable of providing high fow
s at lower presssures than other fan ypes. These
tars will typically have 2 unigue BHP curee thai
requires mMamum power at 2o fiow mie. The
horsepower and sabc pressure wil ncresse and
decrease 35 §ow noeases untl firally reaching a
minimum vaiue 2t maumus fow rie. These
wanations in fiow and pressure result in differen fos
raies al the same: operaling pressure, cassing
nstahifity and conirol probiems. Operating within ths
region should be meoided

Applications

[oust=the ramos openings betwesn Fan blades, these
tares are ot suibed for arsieams oontining

rariculate. These fans usually operale ot low volumes
and iow speeds such s in esidential HYAC unils

s stabed above, these fans ane typically “non.
verinading” and this chamdersic makes them a
popular chsce for appiications were: he Dpshem
periommance & unoertain at madsum fos @ies. The
insioe of these blades are uswally holiow o reduce
har weight but the: build up of moishe and particulaie
can |mad In cawites which redures. hr sfficiency
The namow openings can limit the: se of pariculate in
he ar steam hey can inierale. Thess fans o a
good choice for installabions: on the cean side of the
prooess ar sieam for maternial and dust handing

ysiems and for oroed-drad fares in bollers

These fans ame the fans of choioe for moving malenial
or air in harsh operaiing ensionments. They are used
o comvey everphing from air filled with pariculate o
wood chips, rock or metal scrap

rﬂrq::lle- fans are common on cooling towers and
nexpensive sxhaust sysisms. Tubsamal and
Vaneaxial fans are wmed in HYAC exhaust applcations
weare higher pressunas and fiow rates ane requiesd. 41
od hese fans produce significant airlow noise when
compared o other fans

Referemee: “lmiproving Fam

VSD Calculator for Fans Tip Sheet
Courtesy of the Bonneville Power Administration

tem Performance” Industrial Technelogies and Best Practices Web Site st httpwowwosit.doe.poy



% of Design Input Power (kW)

% of Design Input Power (kW)

120

100

80

60 |

40

20

120
100

20

Inlet Damper Box, General Curve

0 20 40 60 80 100 120

% of Desigh CFM

Inlet Guide Vane Control, Bl & Airfoil Fans

0 20 40 60 80 100
% of Design CFM

120

% of Design Input Power (kW)

Inlet Guide Vane Control, Forward Curve Fans
120

& 1040

[EEN
o
o

©
o

63.3

(2]
o

N
o

N
o

o

0 20 40 60 80 100
% of Desigh CFM

These power curves are used in the energy savings
analysis. Curves developed from data obtained by
measuring the operating characteristics of various fan
systems and from information provided in "Flow
Control", a Westinghouse publication, Bulletin B-851,
F/86/Rev-CMS 8121. Curves are representative, not
precise. Final economic analysis should be based on
actual power (kW) measurements of the fan system.
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based on actual power (kW) measurements of the fan system.

The power curves above are used in the energy savings analysis. Curves developed from data obtained by measuring the
operating characteristics of various fan systems and from information provided in "Flow Control", a Westinghouse
publication, Bulletin B-851, F/86/Rev-CMS 8121. Curves are representative, not precise, final economic analysis should be
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