BACK DRAFT DAMPER CROSS-REFERENCE TO RELATED APPLICATION [0001] The present
application is a continuation in part of U.S. Patent Application Serial No. 12/462,172 filed July 29,
2009, which is hereby incorporated by reference. BACKGROUND OF THE INVENTION [0002] Large
air handling systems often require back draft dampers to be placed at select locations to prevent air
from flowing in the direction opposite normal air flow when the fan that is creating the airflow is not
operating. This is particularly true with multi-fan systems. With multi-fan systems it is common to shut
off one or more of the fans to allow the remaining fans to run at a predetermined select performance
level, such as a desired level of efiéiEtcin Rdken DAd/IdicBrs some air from the operating fans will flow
back through the non-operating fans if the non-operating fans do not have back draft dampers. [0003]
There basically are three types of back draft dampers: manual systems where a blank off plate or

damper is geleyedrp RESYER TRYRIEE AW AIBBIqtENaeiNated dampers where actuators are used

to close a damper; and gravity actuated dampers where the damper is opened by the pressure of air
passing {ee8gh Tihen drisselos egilic ttiofors eaof gntinitptamting pdritdvam=gemhé ppicadiag@eitgl No.

actuated1 Mq§%@%m§,%pﬁ%gswa{ %E}%%%}%E@-@{éﬂ@¥%%%@9h are mounted in a

frame and rotate a orizontal axes. The rotationa s are typically near the leading edge of the
vanes to imize tg ffect_of gravit t‘ﬁ anes so that gravity causes the vanes to be fully closed
when theé‘g%%g ﬁ{fﬁﬁfﬁlﬂ%@ﬁv&m . However, one disadvantage is that it takes a
considerable amount of airflow to fully open the vanes and if the airflow is to low to fully open the

vanes, tHE0RheslRPe &kt @REHEg dF¥eieiRg RIEFAIITEflidien Spek tHEE)RRS 19 regubksel e IRSC
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the vanes in so&%manner, counter weights aﬁld to the cost and in ma%?ituations the counter
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systems it is common to shut off one or more offtres to allow the remaining fans to run at a
predetermined select performance level, such assaed level of efficiency. When this occurs
some air from the operating fans will flow backaihgh the non-operating fans if the non-operating

fans do not have back draft dampers.

[0003] There basically are three types of back draft dampwanual systems where a blank off
plate or damper is deployed to prevent reverséuairfremotely actuated dampers where actuators
are used to close a damper; and gravity actuatetpeld where the damper is opened by the
pressure of air passing through it and is closethbyforce of gravity acting on its vanes. The prio
art gravity actuated dampers typically compriseesalv stacked side-by-side vanes which are
mounted in a frame and rotate about horizontal .aXbs rotational axes are typically near the
leading edge of the vanes to maximize the effegrafity on the vanes so that gravity causes the
vanes to be fully closed when there is no positardlow past the vanes. However, one
disadvantage is that it takes a considerable amoiuatrflow to fully open the vanes and if the
airflow is to low to fully open the vanes, the vaneill create excess drag and overall efficiency of
the system is reduced. While the gravity effectdamper vanes that rotate about horizontal axes
can be reduced by counter weighting the vanesrresnanner, counter weights add to the cost and

in many situations the counter weighting may neeloet customized.

[0004] A need remains for an improved back draft damper.



SUMMARY OF THE INVENTION [0005] In one embodiment, a damper is provided. The damper
includes a frame having a central opening through which air passes. A plurality of vanes are rotatably
mounted within the frame. At least one of the vanes is oriented about a rotational axis that is offset at a
non-orthogonal angle with respect to one of a horizontal and vertical axis. [0006] In another
embodiment, a method of installing a damper is provided. The damper includes a frame. The method
includes rotatably mounting a plurality of vanes within the frame. At least one of the vanes is oriented

about a rotational axis that is offset at a non-orthogonal angle with respect to one of a horizontal and
vertical WMO%%TIPEJ&EM%H&]&&t a damper is provided having a frame having a central
opening through which air passes. A plurality of vanes are rotatably mounted within the frame. The
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member to nest with the rotational member of an adjacent vane when the vanes are in a closed

position. BRSNS RSBRYBARS NP GHEALRE pROMhANeRBHEIat G RHSEiALABREMEHCSP A 2RHEWMiing
system iregpeotdanee: with aorewhedianentertical axis.

[0006] In another embodiment, a method of installing a gkanis provided. The damper includes
a frame. The method includes rotatably mountinguaality of vanes within the frame. At least
one of the vanes is oriented about a rotationat that is offset at a non-orthogonal angle with

respect to one of a horizontal and vertical axis.

[0007] In another embodiment, a damper is provided hagirftame having a central opening

through which air passes. A plurality of vanes ratatably mounted within the frame. The vanes
having a leading edge and a trailing edge. Theingeedge includes a rotational member and the
trailing edge comprising a cutout having a shaj torresponds with the shape of the rotational
member to nest with the rotational member of am@)t vane when the vanes are in a closed

position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 is a schematic of an air handling systerccordance with an embodiment.

[0009] Figure 2 illustrates an air processing system ity be used with the air handling system

shown in Figure 1.

[0010] Figure 3 illustrates a top view of an air handlisection that may be used with the air

processing system shown in Figure 2.

[0011] Figure 4 is a perspective view of a damper in atamoce with an embodiment.
[0012] Figure 5 is a cross sectional view taken on the 22 of Figure 1.

[0013] Figure 6 is a cross sectional view taken on the 88 of Figure 1.

[0014] Figure 7 is a cross sectional view of a damper waecordance with an embodiment.



[0009] Figure 2 illustrates an air processing system that may be used with the air handling system
shown in Figure 1. [0010] Figure 3 illustrates a top view of an air handling section that may be used
with the air processing system shown in Figure 2. [0011] Figure 4 is a perspective view of a damper in
accordance with an embodiment. [0012] Figure 5 is a cross sectional view taken on the line 2-2 of
Figure 1. [0013] Figure 6 is a cross sectional view taken on the line 3-3 of Figure 1. [0014] Figure 7 is
a cross sectional view of a damper vane in accordance with an embodiment. [0015] Figure 8 is a front

elevation view of a damper in accqordance with a embodiment.é0016] Figure 9 is a detailed view of a
damper%ﬁoﬁb%ﬁ@es B ok Rleyaios.yiew of a damperéoa@dance with an embodiment.

[0016] Figure 9 is a detailed view of a damper in accocdamith an embodiment.

[0017] Figure 10 is a side elevation view of a dampercicoadance with an embodiment.
[0018] Figure 11 is a front elevation view of the damgsowen in Figure 10.

[0019] Figure 12 is a front elevation view of a dampeaasordance with an embodiment.
[0020] Figure 13 is a perspective view of a damper in a@mace with an embodiment.
[0021] Figure 14 illustrates a damper in accordance witerabodiment.

[0022] Figure 15 illustrates a damper in accordance witerabodiment.

[0023] Figure 16 illustrates a damper in accordance witerabodiment.

[0024] Figure 17 illustrates a damper in accordance witerabodiment.

[0025] Figure 18 illustrates a damper in accordance witerabodiment.

[0026] Figure 19 illustrates a damper in accordance witerabodiment.

[0027] Figure 20 illustrates a damper in accordance witerabodiment.

[0028] Figure 21 illustrates the damper shown in Figuré@@dng vanes in an open configuration.
[0029] Figure 22 illustrates a damper vane in accordanteam embodiment.

[0030] Figure 23 illustrates a damper vane in accordantteam embodiment.

[0031] Figure 24 illustrates a damper in accordance witerabodiment.

[0032] Figure 25 illustrates a damper in accordance witerabodiment.

[0033] Figure 26 illustrates a damper in accordance witerabodiment.

[0034] Figure 27 illustrates a cross-sectional view offtaene shown in Figure 26.



[0017] Figure 10 is a side elevation view of a damper in accordance with an embodiment. [0018]
Figure 11 is a front elevation view of the damper shown in Figure 10. [0019] Figure 12 is a front
elevation view of a damper in accordance with an embodiment. [0020] Figure 13 is a perspective view
of a damper in accordance with an embodiment. [0021] Figure 14 illustrates a damper in accordance
with an embodiment. [0022] Figure 15 illustrates a damper in accordance with an embodiment. [0023]
Figure 16 illustrates a damper in accordance with an embodiment. [0024] Figure 17 illustrates a

d ord bod t. 18 illustrat d [ d ith
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Figure 20 illustrates a damper in accordance with an emb(_)dlment. [0028] Figure 21 illustrates the
damper $8@36h foBigURe HUisisaies) & aitesdroas-speiipoahfidgifeidamE s tigure BguieidPates a

damper vane in accordance with an embodiment. [0030] Figure 23 illustrates a damper vane in

accordange3mthignrersbasimpestplORRY Filgnrsr 2dcilusisaten BaRMREnd) ASANSRaRR Withighre 29.

embodiment. [0032] Figure 25 illustrates a damper in accordance with an embodiment. [0033] Figure

26 iIIustrﬁésg Earﬂr% In’:l (iorganc W'U?ea”o‘?% ldrpneprétr L%%%:]igdlggr%?? illustrates a
cross-sectional v rame sho n|n ure

[0039] Figure 32 illustrates a top view of the vanes showfhigure 26 in a closed configuration.
[0040] Figure 33 illustrates another vane formed in acaocd with an embodiment.
[0041] Figure 34 illustrates a top view of the vane shanwRigure 34.

[0042] Figure 35 illustrates a method of installing a damp accordance with an embodiment.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0043] The foregoing summary, as well as the following adetd description of certain

embodiments will be better understood when reacbimjunction with the appended drawings. To
the extent that the figures illustrate diagramshef functional blocks of various embodiments, the
functional blocks are not necessarily indicativetted division between hardware circuitry. Thus,
for example, one or more of the functional bloclksg( processors or memories) may be
implemented in a single piece of hardware (e.ggemeral purpose signal processor or random
access memory, hard disk, or the like) or multgpéces of hardware. Similarly, the programs may
be stand alone programs, may be incorporated a®duies in an operating system, may be
functions in an installed software package, andlitee It should be understood that the various

embodiments are not limited to the arrangementsrastdimentality shown in the drawings.

[0044] Figure 1 illustrates an air handling unit 100. Tdie handling unit 100 includes an air
processing system 200 having an inlet 102 and dletolil04. The air handling unit 100 is
configured to condition air flowing through a rodii6. The room 106 includes an inlet plenum
108 and an outlet plenum 110. The inlet plenum éxi8nds between the room 106 and the outlet
104 of the air handling unit 100. The outlet pleni10 extends from the room 106 to the inlet 102
of the air handling unit 100. Vents 112 are posid at the junction of the inlet plenum 108 and



[0035] Figure 28 illustrates a top view of the vane shown in Figure 26. [0036] Figure 29 illustrates a
side cross-sectional view of the damper shown in Figure 26. [0037] Figure 30 is an expanded view of
the vane coupled to the frame, as illustrated in Figure 29. [0038] Figure 31 illustrates a top view of the
damper shown in Figure 26. [0039] Figure 32 illustrates a top view of the vanes shown in Figure 26 in
a closed configuration. [0040] Figure 33 illustrates another vane formed in accordance with an
embodiment. [0041] Figure 34 illustrates a top view of the vane shown in Figure 34. [0042] Figure 35
illustrates a method of installing a damper in accardance with an emt?)o iment. DETAILED
DESCR DR BNOA SR bC e ERGIMERTE 8 HICIOToBOIE SIMFAF Ak aarehe
followingrdettai 35 deSpiptia offititaimambe divsiivs edddih hetietiomddaristondevbmoead 08 and the
conjunctlon[ Wlﬂ‘\ etp]e rﬁ&pﬁpded dravd/aﬂeg . To the exé?grt at the fl%(r)%s H"t’l%rr%ﬁﬁ diagrams of the

functionﬁ%lggﬁs otVhrious smbodimen %mﬁgr%‘%@ iona okcig%re not necessarily indicative of the

division between hardware circuitry. Thus, for example, one or more of the functional blocks (e.g.,
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Similarly, the programs may be stand alone programs, may be incorporated as subroutines in an
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understoggtitiatchemaripgsrenhodiments are not limited to the arrangements and instrumentality
shown in the drawings.

[0046] Figure 2 illustrates an air processing system 2 ttilizes a fan array air handling
system in accordance with an embodiment. The sy&@nncludes an inlet 202 that receives air.
A heating section 206 that heats the air is indualed followed by an air handling section 208. A
humidifier section 210 is located downstream of #ne handling section 208. The humidifier
section 210 adds and/or removes moisture from ithe @ooling coil sections 212 and 214 are
located downstream of the humidifier section 21@aol the air. A filter section 216 is located
downstream of the cooling coil section 214 to filtee air. The sections may be reordered or

removed. Additional sections may be included.

[0047] The air handling section 208 includes an inlet pfar218 and a discharge plenum 220 that
are separated from one another by a bulkhead \&&Im&ich forms part of a frame 224. Fan inlet
cones 222 are located proximate to the bulkheado?22be frame 224 of the air handling section
208. The fan inlet cones 222 may be mounted tdtitichead wall 225. Alternatively, the frame

224 may support the fan inlet cones 222 in a suigxeiocation proximate to, or separated from,
the bulkhead wall 225. Fans 226 are mounted teedhafts on individual corresponding motors
228. The motors are mounted on mounting blocksh&o frame 224. Each fan 226 and the
corresponding motor 228 form one of the individtat units 232 that may be held in separate
chambers 230. The chambers 230 are shown veytisaltked upon one another in a column.
Optionally, more or fewer chambers 230 may be mglediin each column. One or more columns of
chambers 230 may be provided adjacent one anatheisingle air handling section 208. The air
processing system 200 may include a damper posdiat the inlet plenum 218 and/or the

discharge plenum 220. Optionally, a damper mapdsitioned within any of the heating section



[0044] Figure 1 illustrates an air handling unit 100. The air handling unit 100 includes an air processing
system 200 having an inlet 102 and an outlet 104. The air handling unit 100 is configured to condition
air flowing through a room 106. The room 106 includes an inlet plenum 108 and an outlet plenum 110.
The inlet plenum 108 extends between the room 106 and the outlet 104 of the air handling unit 100.
The outlet plenum 110 extends from the room 106 to the inlet 102 of the air handling unit 100. Vents
112 are positioned at the junction of the inlet plenum 108 and the room 106. A return vent 114 is

positioned_ at the junction of the gqutlet plenum 110.and the room 106. Optionally, filters may be
positioncaVRt L A RS RCHAE ApEmd TOEM AR b R0k TP D LGP LAz D214
and/or filterdhaekitposiictivedaberein. [0045] At least one damper 116 is positioned within the air
handling unit 100. The damper 116 controls the air flow through the air handling unit 100. Figure 1
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be positioned at only one of the outlet 104 and the inlet 102. [0046] Figure 2 illustrates an air
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the air is included and followed by an air handling section 20 humidifier section 210 is located
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vertically stacked upon one another’in a column. Optionally, more or fewer chambers 230 may be
provided in each column. One or more columns of chambers 230 may be provided adjacent one
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positioned within any of the heating section
outlet 13 through which air passes. The frame 1§ im@ constructed to fit into a duct or
passageway (not shown) through which air flows.e Ttame 10 may be placed immediately
upstream or downstream of a fan unit (not showlifje size of the frame 10 depends upon the size
of the duct, passageway or fan unit. In varioub@&imments, the frame 10 may be 27" x 27” and
have a depth of 8”. The frame 10 is constructetitofjauge sheet metal and has a lip 14 located at
its outlet 13 which engages an optional egg ciate §traightener 16. The frame 10 has a top 18,
bottom 9 and sides 20. The frame 10 can be regkan@s shown in Figures 4 and 5, elliptical, as
shown in Figure 11, round, square, triangular,grapdal, or any other shape. The frame 10 can be
fabricated from many types of materials and havéemrint dimensions based on the particular

application.

[0050] A plurality of vanes 22 extend between the top laotiom surfaces, 18, 9 of the frame 10.
The vanes 22 move between open positions, as shofigure 4 and in the solid line in Figure 5,

where air can flow substantially unimpeded throtlghcentral opening 12, and closed positions, as



206, the air handling section 208, the humidifier section 210, the cooling coil sections 212 and 214,
and the filter section 216. [0048] Figure 3 illustrates a top view of the air handling section 208 shown in
Figure 1. The air handling section 208 includes an upstream end 234 and a downstream end 236.
Fans 226 are positioned between the inlet plenum 218 and the discharge plenum 220. The inlet
plenum 218 is upstream of the fans 226. The discharge plenum 220 is downstream of the fans 226. A
damper 240 is positioned downstream of the fans 226. Optionally, the damper 240 may be positioned

upstream of the fans 226. The damper.240 includes a frame 241 and a pluraljty of vanes 242 coupled
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The frame 10 may be placed immediately upstream or downstream of a fan unit (not shown). The size
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metal and has a lip 14 located at its outlet 13 which engages an optional egg crate flow straightener
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surfaces, 18, 9 of the frame 10. The vanes 22 move between open positions, as shown in Figure 4 and
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may weigh approximately 2 pounds each.
22 may be closer to the inlet 11 than the topsfifie@vanes 22. The amount of offset 17 depends

on the size and weight of the vanes 22 and the atradwairflow that will pass through the damper
5. Optionally, the vanes 22 may also be offseta®&ally with respect to the vertical axis 15. In
an embodiment, the top 19 of the vanes 22 arerctose side 20 of the frame 10 than a bottom 21
of the vanes 22. Optionally, the bottom 21 ofithaes 22 may be closer to the side 20 of the frame
10 than the top 19 of the vanes 22. In an embatintke vanes may be both longitudinally and
laterally offset 17, 23. Additionally, each indivial vane 22 may have a different offset than the
other vanes 22. For example, one vane 22 may &dwegitudinal offset 17 and another vane 22
may have a lateral offset 23. Additionally, thésef 17, 23 of one vane 22 may be greater than an
offset 17, 23 of another vane 22.



[0051] Cylindrical openings 24 extend through the vanes 22 at the leading edge 24, the center line of
which acts as the axes 36 that the vanes 22 rotate about. The axes 36 are located proximate to the
inlet 11. Optionally, the axes 36 may be positioned proximate the outlet 13 or at any location between
inlet 11 and outlet 13. Additionally, the axes 36 of each vane 22 may be offset from one another. The
top and bottom portions of the openings 34 are threaded. In Figures 6 and 8, the vanes 22 are
rotatably mounted in the frame 10 such that their axes of rotation 36 are slightly offset 17 longitudinally
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22 may have a longitudinal offset 17 and another vane 22 may have a lateral offset 23. Additionally,
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46 degrees. [0053] The axes 36 of the vanes 22 can also be offset at an angle B from side-to-side with
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direction transverse or}ferpendicular to the direction of airflow. The lateral offset 23 extends alogr{%ﬁle
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vanes 22idlthe fidlgclostdpinsdrmnhahsfs tho®iswitaprsiteconidlavdgivesigh 4baldgrapsr 5. The offset
23 may be limited so that the vanes 22 can rotate to their open positions quickly when there is a

positive aigdtow tiarighrthe fame 1, The aprs#2hacarerlsiienerad yithy serildiaaidiane i nmn
embodiment the offset 23 is within a range of .5 dez%ees to 46 degrees. [0054] In Figures 10 and 12,
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ahxes 36 mﬁlége aanres E&nﬁ@a@/% tﬁﬁé\% ﬁr@iﬁﬁtﬂ?,\rffﬁd@fﬁgglfﬁmgrdi@%@ ﬂ’ﬁéhf]ﬁfﬁémlg m@fisétts%‘rrs;m
the vertica an to create t offset oft axe ront to back, as.shown In Figur . e
orivont IO PGk 3o F AT AME RIS iy BAhOL RO e e BT i) A B AL e diEet
offset 23fafrththevtesi36ritab\salegle Sde, @asatkave oiEdmirthd Guas Skovonirsidguoestdhas/ahewi2th
rotate in the frarl]& 1 onhbearinrg%38. Tl'be uter race ## of eﬁ%:h earin d‘s ress fit intg,an enirbq 42
in the freinUiS W0 (e THRUM A Iakite 3o 16 Vaes, 2R e R AT ot 0 P D s T e
circular apeeaidg infteacrahe@ P ibgarng 88 i doaatermedithanttelibceme botwm Hleoinmachacmeal2ds

The bearing: 3 ingb t ' ti j
utizoq. [ORS TG on 8 LSRR b S 05h AR T e R AR ey e a8z o
Each daRginoD3RdRitRealethas e el dfeasisbotiamidacin vesged? to the Peaitag 3dsmay Pae ball
vanes 23, ma 634 b sHResRIbeiIGY Al Sl iy Rties by BaeuvRnes. 22 may be individually

offset.
[0055] Figure 13 illustrates a plurality of the dampersif€orporated into a single frame 50.
Each damper 10 includes vanes 22 that are offset 28vith respect to the vertical axis 15. The
vanes 22 may each be substantially identicallyedff©Optionally, the vanes 22 may be individually

offset.



[0056] Figure 14 illustrates a top view of a damper 300 in accordance with an alternative embodiment.
The damper 300 includes a frame 302 and a plurality of vanes 304. Each of the vanes 304 is pivotally
coupled to the frame 302 at an axis of rotation 306. The vanes 304 maybe longitudinally and/or
laterally offset with respect to a vertical axis of the frame 302. The vertical axis extends in a direction of
gravitational pull. The vanes 304 are illustrated as being linearly arranged. Optionally, the vanes 304
may be offset from one another. The vanes 304 are configured to independently rotate about the

oo The (TRl 08 iy Be IR oA A A AR Ton A HARRER, HIBLGH LR HEr

300, the aintiodiBRBts dintiuieg el Guthekatess BOAROSE ReuaitiyvoBo8arie slisedte dEath ssipdrate
channels 309 defined adjacent the vanes 304, Each nnel 309 has.an ciated local sure
e e AT AU RTINS T e AR 8T O 2P T YA R e
chan ne_l B)I@ihaﬁrwtbywwmy MEmHymmmtegi@neaHManywchlmsdftHEWMmQMZepré@netmal
local SIP SHEANARMA % RIFSSHER LGB AA A E NI ORoH 8 P RIKAUITEEIHAY linearly
decreases, the vane 304 rotates according to the chlange in the local slip stream pressure. For
examp|earfangqﬁe£9t'@rrral_lmt’@@y@_@,emé%ﬁ@smwﬂﬁ@tm@eiﬁmﬁéﬂane&m\@ws|Bﬂ4eqﬁee@@nﬁgmeq
decreasgs, i Nangeitis YR it the AGSIAR 3 Liidiiie PEssUTRiRRUNStRAESS: dpprsaacldwill

rotate in the direction 317. If the pressure P2 decreases, the vane 312 will rotate in the direction 315. If
the presS\WBEE; 300 9enaral e arREreRHE IRE AIEIQAN0S1PNI PRHIEAETRY SGoHNEsR Iy

perpendigiiRii @68 dNghREIMMRMR BR2EANGS] Suoutrda HostaiesaorRNiawRf meammes 369 in

accordance with an embodiment. The damper 350 includes a frame 352 and a plurality of vanes 354.

Vanes 354,a e%g#&@#@ﬁg 1Q RSP %:/'3 28R Bégflr}_&f%g]%/%érﬁ RS 304.

linearly arran om one another. The vanes 354 maybe longitudi and/or laterally offset

with respgeeehodeBngt30%ida% tAE MReaRciaszd Toral airsiphsBR e oM repsoR sl RS0l
pull. Each\qner 3TFbiscanfi %feéhéfhﬁ%ﬁaéﬁi’}?é‘éi%ﬁ@s?%&hﬁﬁﬁ@%?ﬁ%@@ﬁé@sLﬁt@ﬁ?i_ﬂ&he

mechanism 358 is coupled between each vane 354 and the frame 352. The biasing mechanism may
be a sprifiy ARG/ GFERFE BHIFSCBRIARRIHEI SR PECHARRIMADARHFERRERTBTRRAXING SoMASTUR S Biddilty
meChan!P‘ﬂb35F§. isacouiptRyl pravpieXBately @casis o it efdhseamee3rdn OBV B RRE!B6 itk

mechanism may be coupled to any location along a length of the vane 354. Additionally, the coupling
Jocation SHAFEIASHE WERSRSTHENE RS S with'r BEBILLRS PLERHERIREFASRE 388, Rl 2
operationvalifdostdhnoeghdthestlamPes . 3FAHe tatessthalvvans 8SA Ot 8 IR Sk CHvE @ KIS I3S ivhbe
biasing hanism 358 offsets at least a portion of the vane weight, The.va 54 is biased into
open poSon Lo P TFeSyrA A R % LS e WAL GR o i AR vl B S
airflow thteagtasies,ddmepeaBe03 12054 Figtate 16 ilihstraiesciddp vidwtbé aptasgueegiORind aBcamdance

104 are FRR) ELch e R Rt i e M LSRR o] 35 e

longituditizdijrame/SORterally offset with respect to a vertical axis of the frame 402. The vertical axis
extends in a direction of gravitational pull. The vanes 404 are arranged along the arc of the frame 402.
Optional[poBg vaipseds itastiessfisedfromond anbihgeEsdhdvantahds isitoafigendsbtimetate The
independgntly with respect to the frame_402. The frame 402 | ncave with.respect to a direction
aifion 408 G LA 08 2, B BN W SATGH S o couimed o
configurditione Gpfoatadin, akes cfnfigatiatiodbof tHd & armect(Bay i binasdhapesxhgedigr ajtyet Ehapede

havi ' | ' -Lnif irf] t

the vane i aa e ep g e 1oAY A O e R ey s
vane 4040f [1G60RpFgLFeZL7 Tigsirattead ajsveie s idseaien 48 @Ia\dcssraalneewifhegh eaittodbdcnt.

The dampseApPdi Y derAdTHAR AR5 BIUIRE Y e ¢ 26T eV BRSSP hats saidRiedds the

frame 452 alon8 an axis of rotation 456. The vanes 454 are arranged along the arc of the frame 402.

OptionalGPYREEGhREWaen @38 Manst3af Ahsh s raneente-piRs ikhewaBansay Falb Gt aRTHIY MR
laterally gffgediith sgeRREEHR BiXSHHIgaharianidhe fﬂﬂ”ﬂ%?ﬁer?@ﬁ‘&ﬁﬂﬁﬂbﬂﬁi&@(@iﬁ%@ R EbrRgtigmof

gravitational pull. Each vane 454 is configured to rotate independently with respect to the frame 452.

The frame>458 fOUBIRARLARPTRKITRAIE & GRBEIoA0r VB 335, SIRIGRANY: the PRI SPERFNMRM
oriented ifag GRNEaYSIEY i AryibeEmbNraldid coRiigiiasan@BBANaldinerkafigusaiinrp v dnedaiae
452 may be V-shaped or zigzagged shaped having a plurality of angled planar sections. A non-uniform
airflow 458 through the damper 450 rotates the vanes 454 independently according to the local
slipstream in the region around each individual vane9454.



[0061] Figure 18 illustrates a top view of a damper 500 in accordance with an embodiment. The
damper 500 includes a frame 502 and a plurality of vanes 504. The vanes 504 are coupled to the
frame 502 along an axis of rotation 506. The vanes 504 may be linearly arranged of may be offset
from one another. The vanes 504 maybe longitudinally and/or laterally offset with respect to a vertical
axis of the frame 502. The vertical axis extends in a direction of gravitational pull. Each vane 504 is
configured to rotate independently with respect to the frame 502. The frame 502 is V-shaped having a

pair of plapar sections 510, Optionally, sections 510 may be rounded. The planar sections 510 are
Couplet 81 QRS T B8 @ bl R WA SRt . B ECGH B
508._Theajrﬂm1siahr5ma histlse hgammuyspmme@@mmmmm@m&mam aﬁ'scﬂﬁde hehadsime
°02 '”9'“n‘%'88r¥wrﬂs°'6‘8§|§So‘?%bc%é‘sa?ileogQ Xr:ﬁ%rtﬁ‘&sé‘fmﬁé%%th Orpignaly; theplan fa%ee%"%rt‘ct% K ey
have differing lengths."In various embodiments; the frame may nave any number of sections
having apgdogtisatichatiguianeridbvtatiors Aoh claseifeshaitlowh s 08atheodigh tiner elayrpsetrslio g ctatiosv
the vane, i cording to the local slipstream in the region around each individual
ﬁ%%”g@}ﬁ%“&%@%ﬁ‘?ﬁ%&

vane 504. gure ustrates a top view of a damper 550 in accordance with an embodiment.
The da 50 includ frame 552 and a plurality of van 54. The vanes 554 are coupled tqQ the
frame 5005 AH A4 SR RoB O HEE DAHC Lty DT S RGP MR B el e
from onedangiberdObhiaciades &% meayli? landitudinglliyaodfod (dte Eily ofises With eeseedtallp veuibad
axis of t 52 rtical axis ext in,a direction ravitational pull. h vane i
configurg% ﬁ%%:%lsteaa%eei#ggp%rx%ﬁ%r%@%%(ﬁersoﬁ%%%oﬁge r%gr#éssgég h@lﬁgr@{éﬁ@‘@?ﬁﬁ@é ai%@l a
pair of plefisetseittioesBEU. toptivatital seotoristBe 0radi2 be Ting ve it al lrxiglaxtarstsciibasdieCiips of
coupled : : . : on : " ) divec ai
S8, Thel e e B 2 P e

552 inclUReSvDAIAMRY becaliRstsoohana@ihelmERsRy b isioRaligutag MarinietireResden iy
have diffﬁ)i'tﬂgré%tﬂ%?sto'ﬂ%%%% EPRodiReniin hBJsaRRRPRITARE &Y BRI SSSFioR%a80

having any length and angular orientation. A nonuniform airflow 558 through the damper 550 rotates

the vaneSBERN#te JORIEAMPatESr MRy tBaHY IR IIRsEBGA fREreBI RO ERERTHENRURN-

vane 5543;5@@ﬁ§]lﬁi@hléec¥ﬁlﬂb{§ﬁﬂb$ﬁ & dREREhROQA 2 &ﬁ@@r%ﬁﬁ?@p‘é@%ﬁ&@iﬁl{g@m@ﬂhﬂéﬁ Iﬁ*é\m’@?b
600 includes a frame 602 andﬁpluralit of vanes 604. The vanes 604 are cou§ ed to the frame 602
e

along anPAaIBY QARSI AARCSGEHEE S04 MAY LI IABHAM IR Brevsh fie Smprs AR ptates the

vanes 404 independently according to the locatskiam in the region around each individual vane
404.

[0060] Figure 17 illustrates a top view of a damper 45@dnordance with an embodiment. The
damper 450 includes a frame 452 and a pluralityames 454. The vanes 454 are coupled to the
frame 452 along an axis of rotation 456. The vaties are arranged along the arc of the frame
402. Optionally, the vanes 454 may be offset frone another. The vanes 454 maybe
longitudinally and/or laterally offset with respect a vertical axis of the frame 452. The vertical
axis extends in a direction of gravitational pullEach vane 454 is configured to rotate
independently with respect to the frame 452. Tamé 452 is convex with respect to a direction of
airflow 458. Optionally, the frame 452 may be otedl in a concave or non-uniformly round
configuration. Optionally, the configuration ofetframe 452 may be V-shaped or zigzagged
shaped having a plurality of angled planar secticghsion-uniform airflow 458 through the damper
450 rotates the vanes 454 independently accorditigetlocal slipstream in the region around each
individual vane 454.

[0061] Figure 18 illustrates a top view of a damper 50@dnordance with an embodiment. The
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respect to a vertical axis 601 of the frame 602. The vertical axis 601 extends in a direction of
gravitational pull. Figure 20 illustrates each of the vanes 604 in a closed configuration. The frame 602
is circular. Optionally, the frame may be oval, rectangular, non-uniformly shaped, or any other suitable
geometric shape. Each vane 604 is configured as an equal pie shaped portion of the circle. Optionally,
the individual vanes may have varying shapes that cumulatively equal the shape of the frame 602. The
vanes 604 rotate about the respective axis 606 to open as air flows through the damper 600. Each
vane is configured to rotate individually. As air flows through the damper 600, any individual yane 604
ay opeRAHE ShbIUES: b SRSUE AM5he RGN R SHe 1ol B e S h B0 Rl (he
vanes 6Gama\s0adnglaseakasdheoitifinvgs ehraghv Sptonay Y hie e a6Qdgady Dty ibeuoitsen
as the aig flows through the damper 600 64] Figyre 21 illustrates the damper 600.having vangs 608
> an opt R SHG. RCT Lo Ao e e TG I D BRSelSm ad e
600. Theveditzd 698 afdhotimuedad.afdle vt calrrespends ito & dicaltisipstrgeamittibrealquidn &behch

var 608 FHEINRY A, 0% A SRR NSRS SRR MU SSRRESRS AR it v.

therethrough. Optionally, air may cause eac 4 to open in response to a loca

slipstreaﬁhqg@@mawiggr@ paiilRisplaay éeﬁmrp%ﬁwnewmﬁ%m&i@emm%r@mwhﬂ Plagar
vane 65%&%&5#9’?‘3?0%?@%&?&&%3&*@%&ié‘h%’l‘%‘?fﬁ%?égxﬁr@l@@ PRsOsE Sopda canigrebipsaurle

to a damper frame (not shown). The blade 652 rotates about the axis member 654. The blade includes
a planar fadEasHeNOHEHRANY SOR bidieeBetiRthy be isostRY Il gleN8r h Bt RIN.uEIISIRILAREE
shape. Thgpladersaddealudendrapre 68 tMW@@%@@W@@@@SHQ\m@ aKe Gafnd NerRjade

652 may be mechanically attached to, welded to, or integrally formed with the axis 654. The blade 652
may be A abdeP SETREycHRAHGY Pl B Fe5iSHiBRany YRE BRI BRIMGNIRHhgdrame
filtering lgpersraidreiecdnyd atiathetioy dayathsl bedlaslarfiamgay hedfabritaie oisatigio @xtrasiyn-

stamping, forming, or molding. Additionally, the e 652 may be icated from metal, polymers, or
threaded URER, TER6 Sy S R T RS VAR JH0R b HEnE e yasEang 1o the
embodintecdssiipstreaneid @0e melyidesaoblatie a2 rdid dm@xiS0hember 704. The axis member 704 is
configured to couple to a damper frame (not shown). The blade 702 rotates about the axis member

704. The bisdE infludes 9 maktritelraabRerRy/G0208h15r SHEiRidalinthe\pianah Beeddidteand 7R
may be curved,r%régﬁed, or have a non-uniformly rounded shape. The blade 702 includes first end 708
t

extendinJaroNg GG S 3L 6 3 FACsBRIHEPLNATR50 IR4r el BmIR RS thePLB stplsd Ag the
face 707frdime B52 elchgOdhverdpoarotinidasseoupies /e ilmayoméndzely /Adardedfivsineag b3 ffeay

be mechanically attached to, welded to, or jntegrally formed. with the axis 704. The second end 709
orame A SAONTES o e YRR S Ao v Re LN Y WSt st e o,
welded toedicaitegralbf thfezhvetb3he fiitst eedicaBadiierlade & Qkrecdpmhehottxtasohd| pubhaeaah

honeycopmh 8%19%%Pﬂ%@g%%%{a{%wfg%%ﬁ I %&g%ﬂlﬁgmr{@' B andiarsannd s, |a|ng

attenuating layers may a h extrusion, stamping, forming, or mo
Additionsihaee bhyilkg 70 Raiteyf ipafiirgeatansdriinc@alipsigeiens obthreaddée cottoded. The planar

sections 560 are coupled at a junction 562. Thetjon 562 is positioned upstream with respect to
a direction of airflow 558. The junction 562 istantially pointed. Optionally, the junction 562
may be rounded. The frame 552 includes two plagations 560 having the same length.
Optionally, the planar sections 560 may have diffgtengths. In various embodiments, the frame
552 may have any number of sections 560 havinglamgth and angular orientation. A non-
uniform airflow 558 through the damper 550 rotates vanes 554 independently according to the

local slipstream in the region around each indigidwane 554.

[0063] Figure 20 illustrates a damper 600 in accordandk am embodiment. The damper 600
includes a frame 602 and a plurality of vanes 604e vanes 604 are coupled to the frame 602

along an axis of rotation 606. The vanes 604 mdghgitudinally and/or laterally offset with
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[0067] Figure 24 illustrates a top view of a damper 750 in accordance with an embodiment. The
damper 750 includes a frame 752 and a plurality of vanes 754. The vanes 754 are coupled to the
frame 752 at an axis of rotation 756. The vanes 754 may be linearly arranged or may be offset from
one another. The vanes 754 maybe longitudinally and/or laterally offset with respect to a vertical axis
of the frame 752. The vertical axis extends in a direction of gravitational pull. The vanes 754 are
configured to rotate independently about the respective axis 756. The vanes 754 are curved.
Optionally, the vanes 754 may he angled, planar, non-uniformly round, gr any combination, thereof.
10068] AT T8 K BERI S TS A RS BB oGO8 5 AL s STt ©
frame 75gaVhatismedysl IS5 Figneundéiliandtbaeachiievdf2hednm a siosker chafitpieatiban aheofrtlate
764 of the ioud T8, The Aol SxPengs. anfiow/60.ae s plr apiars e, damasr o Ontionall
the inlet 8 28 & Uiameter that 18 greater than theonliet 764 and the shrotd condeRses the rHow
766 as itsuitivetgeanetpesibpe Additibnalhg Hixdshromeligss anagdha @iplshapeadgledisites tteircle.

the Ao B e ey Vg L IR R U0 s e
with an drapwipient. i \RIMpBDliattLabsw fikene Secalisdod plirtpgofamaisious tieughde
804 are epunled spdhedtame 402 st nAyis< (9RiaRAIGaIl1eACHRHIBRE MRYURR IREYMRIERBERd

of may be offset from one another. The frame 802 is positioned within a plenum 808. A vertical axis

801 exteRRY MHBIIRINGPRAMNBRL IRNIRRNGRYEJRRPERRIE LA IoRal SAPSEEDD Al dheseaion of
an offsetyragige Hef. issineotingonektmiieraitisrbrdadas: TbRdramsi8h2 maNdPrIRiahedanalr

rolled with respect to the vertical axis 801. The offset angle C of the frame causes the vanes 804 to
also be SHFAMAYRAR NHBEALRREE 2 QNSNS HERP I EH3mper 800 is coupled to a standoff
812. The standoff 812 has a coupling surface 814 that is non-orthogonal to the vertical axis 801 and

includes (666} sEmUTR2daltisirated B slamretotPe brvae i etk §taneonemsandoonrBliatfset 5210.
[0070] Theruunase Sidhspafieat BlRiHihsausse ity SRt 4ATRS &0 MR fulnelosed are

position when there is no positive airflow through the damper 800. The offset 810 may be limited so

that the VARESBIUARANSIRIET6 FRE BTRANHS RIS IR RRAMHRINIRIR0IO YRR VARToRPthrollih aHeT

frame 80Zanke sanes SO Recante vl e potitenadisin s fiowa llher eMkadbaenhdRerpdagh.
810 may be within a ran%e of .5 degrees to 46 g%r?erz]eés. OO?if\]r,fZ‘i ure 26 illustrates a damper 900 In

accorda R AR AHBW SRR MY K8 RGHERAN 852 O 'R PARS 6~ Anes 904.
The frame 902 includes a top 906, a bottom 908, and a pair of sides 910. The vanes 904 extend

betweenl#6%bp lH0BTERPHE HEHEM DIBBPEie ARARS0D. are@ B aME 30 ZTeRUBS Blvelhealapesto
that extepds,ted dinateNeBhosAUIEHXRUhehNSeYAHRE Sdertenanatigies oitigiRPRY EalHXIfCA

rotation. The axis of rotation may extend along the vertical axis 912 of the frame 902. Alternatively, the

axis of rétaIAEHE MR BN/ dhe RadeiRady Airter s ais vBRIREFAER D121 tHadriRRitsiss
Sptionala,fptm érrara@&@izmlwlambﬂc?mwpg(?d waa&; @?zl aﬁe}?@mg'/ungﬁ g@rdi,g@lr an@s/éffwat @gteaﬁlﬁdnrﬂty
irection of gravijtationa . The frame. may.be laterally and/or longitudinally offset from the
ertion! Ao oA ShR0E e s Ba i e i POURES YEERS BT ADO OISt P BB 654
an open Positiztiargba niagaskpositicmibaliyeattpehaubtsiiseiaioisintkyvaity tio flowdtvithighet lexid egBper
900. In the clpse ition, air does not flow through the damper 900. The vanes 904 are configu to
seal thelﬂiﬁ%g%‘rd%(%%?vr%?yi%?heoﬁ?&bﬁogg;ﬂow A Hoddb BahGralioR. Bitraly e DR ES2
may include filtering layers and/or sound attemumtiayers. The blade 652 may be fabricated

through extrusion, stamping, forming, or moldingdditionally, the blade 652 may be fabricated

from metal, polymers, or threaded cotton.

[0066] Figure 23 illustrates a damper vane 700 in accaelarith various embodiments. The

vane 700 includes a blade 702 and an axis membkr The axis member 704 is configured to
couple to a damper frame (not shown). The bladeréfates about the axis member 704. The
blade includes a pair of planar faces 706 and T@ationally, the planar faces 706 and 707 may be

curved, angled, or have a non-uniformly roundedoshaThe blade 702 includes first end 708
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[0072] Figure 27 illustrates a cross-sectional view of the frame 902. The frame 902 includes a front
face 914 and a rear face 916. The frame 902 also includes an inner face 918 and an outer face 920
extending between the front face 914 and the rear face 916. Air flows in the direction of arrow 922
along the inner face 918 from the front face 914 to the rear face 916. The front face 914 has an
arcuate member 924 that directs the airflow through the damper 900. Downstream from the arcuate
member 924, the frame 902 includes a coupling mechanism 926. The coupling mechanism 926 is

figured to retain th 904 withjn the frame 902. Th I hanism 926 includes a ball
bearing EUHGUFSES 16 0EiUiah Y BEGi{ R ARRPBRAO(S ThE GA1PBR B A R oA AR

904 to roftate With. radpefitdpdhd rageP2. Adeating dlasam abehHE9 nsepaiséroretl atiecérit drel 0B
bearing cutout 928. The bearing.plate notch 930 retains a ing plate. (described below) configure
SR oy o R R S ol
932 for retanifg sviasker¢dedcaihed ddgitrg) 1 the Jask€dor date ssadondpeadstod seay betvwesmhanecally

90 0Q73] Ei iflust ey af t in.Fij
6. The SLachits e At B e uie F MO Ol (o oHOR, I R O BT R IR
betweensblidieaid iy e dyb IBY epidtheonfigitigléeiye OptibyTaka ddadsy €y eesonalide ditarngalayess
member%o?@%&ﬁ&?@%ﬁkﬁﬁﬁ@%&@é@ COHRIERA R R %l&&a?ﬂ%éﬂ&&‘%%@ﬁi%?{r[%ﬁnaﬁ%t%ﬁﬁbﬁ\g,

vane 904. In the example embodiment, the rotational member 956 is rounded. Optionally, the
rotationalofeiR®e PO HRAHHEEhadel AP RMAL SR@IRIBREITORRERR) thkricatrdotiamriReeialiling WagESoS»

includes @ @4i@et 8880 he cutout 958 is rounded to nest flush with a rounded rotational member 956
of an adjacent vane 904. In an embodiment having non-rounded rotational members 956, the cutout

958 i 5*@6@@ o ?@ﬂ%ﬂ%é@%ﬁ@%&&@% "E%?'f@éﬂﬁ&‘?&é’ﬁ@e R SFIghES AthBhistrafRs
a vane 904 coupled to the frame 902. The vane 904 includes a top 960 and a bottom 962. The top 960
is couple@PORRE (60 JTRusieh & firame JO2 aneé dRtyiRliDeERS chibleling W ®Ditoh aEscoLPledrihiae

902. Thﬂ‘r‘éﬂﬂ@5@?59&'?%%@%%%%ﬁ‘%%@c‘l‘h%o\&%%ﬁrﬁéj SO YRBAGMEFARNE P P bR BT Bom

902. [0075] Figure 30 is an expanded view of the vane 904 coupled t0 the frame 902. A bearing plate

1000 is PESHRIHIASTithIA e bAESrifrefpTRRY PO IOR GBI BTAREH AR Dl 0TRE BERRS RfsTc A Govrdical

secured i idefitAaRLRE Math amield@edl dhe ExXiatierRalireemires P atdhena P04 rxieaass 754
through an agerture formed in the bearina late 1000. A ball_bearir_}lg 1004 is coupled tg the rotational

member Y560 HENRALC TR ISINEERRRGSBYAALPEABREW Rtk the®ball eI Bidt Y8 ¥RE:
frame 903piitweahg)lthearingd 064 inagtbinaddwdhsldeatingforais 1000d Theabgl coatsingtibhOheredfthe
bearing plate 1000 retain the vane 904 within the frame 902. A gasket 1006 is positioned within the

gasket npigheP34 JieERTHR QR e toaRariahs TiorfateibaeiyaBai8d «d BR Haekeba Hthe

includes a surface that enables the vane 904 to rotate with resEPect to the frame 902 while maintaining

a sealind "8FRalpith it 5’?{&%@[ 1686'SIt SHBHRY RARES IRRA R RRdRIR DERleE HiRESiEhd i ahd

Eg(e) fg?ma&(as'rﬂezﬁttatmbi@rﬁ@' ue788 is m@lﬁdmd@ bgg%ﬁ@\mp@@@@mﬁebgﬁt@?]teﬁftaéthaﬁg%maaoz-
76] Figure 31 illustrates a top view of the damper. shown in Figur . The damper

inclocios ATHIBRANY S56 THEE Goah (LA 60 T A R o PUTED A a0 A Ha P ariepees

local slipstecaimfladjacehbthe eaterOthe Bignpe3150ustatiiyhalfeotbheuhnss 84y inae gemar angled

configuration 1050 and halfaf the vanes 904 in a closed configuration 1052. In en configuration

080 el o 2o iaaea B AR SR el B B ot R S oS

slipstreant adjzanehtiibaviow 908.aehie ekitstshr002nepdn® from the frame 902 to limit the maximum
angle that the vanes 904 can open. The rivet 1002 stops the rotation of the vanes 904 at an angle that

is less thodl) dewyees2b dlbsektpsesum(see quTripnaedor tirtisampeniStfinibatvanee 88mpes 800

postiondHH AT RIS G T AOLP LA B 1085 ol VB QLT G e e g

32. an axis of rotation 806. The vanes 804 may baligerrranged of may be offset from one another.
The frame 802 is positioned within a plenum 808ve#tical axis 801 extends through the plenum
808 in a direction of gravitational pull. The frarB02 is offset 810 at an offset angle C that is no
orthogonal to the vertical axis 801. The frame 8@/ be pitched and/or rolled with respect to the

vertical axis 801. The offset angle C of the fraraeises the vanes 804 to also be offset from the
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[0077] Figure 32 illustrates a top view of the vanes 904 in the closed configuration 1052. The cutout
958 of each vane 904 is nested flush with the rotational member 956 of an adjacent vane 904 to form
a seal. The configuration of the cutout 958 and the rotational member 956 enables the vanes 904 to
position in a linear configuration. The linear configuration creates planar walls 1054 formed by the
planar faces 954 of each vane. The planar walls 1054 extend across the frame 902 to seal the damper
900. [0078] Figure 33 illustrates another vane 1104 coupled to a frame 1102. The vane 1104 includes

a leading edge 1105 and a trailing edge 1106. The vane 1104 rotates about an axis of rotation tha

o tonde YaRARES B0 SO TR i AN EREeMRE R SR e bidos 15 HanaRT
1110 of ®E2vhas 4 diplihg varfackl 844ntiadissra gaskiedidrith e xtenmidad gafticnd ez ihtORits thffset
bottom ng the trailing edge 110 79] Figure. 34 illustrates a iew, of ane 1104 in a
osot BT YR 00 bl TR et INCURIRT R AT Rl

qu'sh against the
leading edge 1105 of an adjacent vane 1104. The gasket 1112 accounts for misalifgnments in the vane

1104 or R FPAmENE1BY RO HidfRe-OR¢ I IO 8 AP kRS aEiERiatR Jak¥anapa0tisstiealifkigged
1200 of ipstaibroveneantngeissias radedl i drigove tB ko ke dlenerdooludesaffes @ annaplbeaiityitet

vanes. The vanes are coupled to the frame at an axis of rotation. The vanes are.configured to rotate
batireen i R e Ao oG OIS o MesDRely AR Ackp e ierecis 2 sbeitve aeis
through the frame 802. The vanes 804 become fydgned with very little airflow. In an

embodiment, the offset 810 may be within a rang® alfegrees to 46 degrees.

[0071] Figure 26 illustrates a damper 900 in accordandh am embodiment. The damper 900
includes a frame 902 and a plurality of vanes 90He frame 902 includes a top 906, a bottom 908,
and a pair of sides 910. The vanes 904 extenddeetthe top 906 and the bottom 908 of the frame
902. The frame 902 includes a vertical axis 9B #éxtends in a direction of gravitation pull. The
vanes 904 are configured to rotate about an axistafion. The axis of rotation may extend along
the vertical axis 912 of the frame 902. Alternalyy the axis of rotation may be laterally and/or
longitudinally offset from the vertical axis 912 thie frame 902. Optionally, the frame 902 may be
positioned within a plenum having a vertical aXiattextends in a direction of gravitational pull.
The frame 902 may be laterally and/or longitudialffset from the vertical axis of the plenum.
The vanes 904 are configured to rotate about tie aixrotation between an open position and a
closed position. In the open position, air is \akad to flow through the damper 900. In the closed
position, air does not flow through the damper 90the vanes 904 are configured to seal the

damper 900 when in the closed position.

[0072] Figure 27 illustrates a cross-sectional view of ftzane 902. The frame 902 includes a
front face 914 and a rear face 916. The framea@§2includes an inner face 918 and an outer face
920 extending between the front face 914 and thefaee 916. Air flows in the direction of arrow
922 along the inner face 918 from the front facé &ilthe rear face 916. The front face 914 has an
arcuate member 924 that directs the airflow thrailghdamper 900. Downstream from the arcuate
member 924, the frame 902 includes a coupling nmeshea926. The coupling mechanism 926 is
configured to retain the vanes 904 within the fra&882. The coupling mechanism 926 includes a
ball bearing cutout 928 for receiving a ball begr{described below). The ball bearing enables the

vane 904 to rotate with respect to the frame 982earing plate notch 930 is positioned adjacent
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installed in an existing plenum. The plenum has a vertical axis that extends in a direction of
gravitational pull. At 1202, at standoff is positioned within the plenum. The standoff includes a coupling
surface. At 1204, the coupling surface is offset with respect to the vertical axis. The coupling surface
may be pitched, rolled, or yawed with respect to the vertical axis. At 1206, the damper is coupled flush
with the coupling surface. The offset angle of the coupling surface offsets the damper with respect to
the vertical axis. The damper is pitched, rolled, or yawed such that gravity rotates the vanes of the
damper to the fully closed position when there.is nq positive airflow through the damper. The offset
ay be IR GEAAATEE Uae 2 | Ao e TR G R R HUD HERE (S5O
through dwnfigumed Tdecvaingbdeanmeddilyitie el fvedba e hittte aplitayvmiechargsnh @dienaist thelndtset
may be within a range o egrees to 46 degrees. Optionally, damper may.be cqupled directly to
the plen U AHe LR 8 e e CRRET o i B RS SR ser s
describedetersn tre dasedfddanittire$paoet8lh air handling system. It should be noted that the
embodiments described may be used within the air handling unit and/or in the inlet or discharge

plenum ghéfrg)atidira VB qIgyEiREs ARSERRNUMRBEISIMEVBIRANA iRt PBlrenrs JaAObERHIGEM
of the fan array within the air handling unit. Optionally, the described embodiments may be used in a
eé‘ﬁ%)i%

clean roéh RRRSOShathDbBEI NN e 88935 &d@ﬁ@ﬁ@é%%@%éﬁa’i’&é& BrénGRANKLASIORES0
return Cf@‘ﬁg tfhfeth%liﬂlﬁjl@dQQFQBQDﬁWéaﬂgadh% %@lﬁ@@ﬂflﬁm§ wmmnae%mﬁémﬁﬁlanfhﬂﬁ&ational
systems. The embhodiments may be used in_the ducts of an HVAC system. Optignally, t
et AR b OB SPECRETE A Ao S AR IR ol ARl
center ceplibgdirsiatnshenatatsrciahiemnbystoss ihuouidid@ptionatlystiasosibiadtongrabgimessemhayit
controls., Qptionally, the embadiments ma used with commercial a r residential ventilation
procucre A e LA e LB e oS A L Eme S TR, R Sty
the embadingr®sBay baupdsitido e sioiussitnedimaofahadaéitonad theoh erd2Sitatfaati schacgetvanie[0082]
Itistob er e iNLON S i Hustratiye oxr
exampleq,rtph%q}at‘%r\?g- L@%&ﬁ?ﬁ%o |m_g§1§sH§aQrﬁde§g§‘slgﬁtst erkyc%?'mqgé b%a@ge%%%ggg%%h%i{%oéﬁth
each otheeImesagarivdtmibe phaoeitt e netaiipndemesReto adapt a particular situation or material to
the teachings of the various embodiments of the invention without departing from their scope. While

the dimejugipaisragdréypesIRisraiesialsslesotaesbhpreinareneacied thaoline YeunachaeteEstohtbeo
various emhodiments of the invention, the. embodiments are by no means limiting and are exemplar
PEogh ROBGRRRS the

embodinfift RRIRBHEF ent BEARRR VI B BlSEa IR Bk tHar UBoPPNa

above desipsiono Tie iscope Q0 e MakousneeBORINTHHS60r dnel ithechtinonsisaddrthetelormuted to a
determined wlith refer%nce to 8}%%? enged C@Q}S, along with the full scope of equivalents to which
such claifRs A%t eE R The appenge(rjacr:?e%m , the terms "including” and "in which" are used as the
plain-English equivalents of the respective terms "comprising” and "wherein." Moreover, in the

following fEPhE iEnEacithis HiRseXP3aeeAd e g thitd/aRecOBfe G iR iR fspmes 9R8elL) Aeduang REtte
intended{igoROSESHEREH SR FRIHIE BICANA P DIHIE hBRIBGHS the! fPheta IMIFARORSHIG B IHOYAR0 is

claims are not written in means—PIus-functlon ormat and are not intended to be interpreted based on

35 U.S.CCeaUB0siRiitNSal@Rap?l MidEsaa AU ntI Qe h! SRINRh REHRE eXpReSb G ite Wit £agends

"means f@rofajlpwaddpepi@trmant ahfunetipearig pidwthenstiamtusealP@83bos isedhserincthe
element or step recited in the singular and roceegﬁ)a@i ith the word "a" or "an" should be uqol?rstood
sgﬁé‘fp I

as not eXCaRIPH M0t NEs A e pSNG QAR g Pall bearing
Furthermuneutedesotawetéraned@nbotiment! vearimj Hdordsiddd be ihtelpated ptexdodingThe ball
existence of additi | emhodjments that alsq incorporate recjted features. eover, unle .
oty A UL ST P Do A oD RN S AT A58 e S A st s
elementpbsiioged patticutbe wagatynotaly BRudEred dadioat sachenaritghtonteasdang thigh pneperbe
[0084] This wri ipti I i ious dj the | j
nciuding IS bh e g S e B e SO 0. G T PEr 16 e
embodinfns JQRevhilentiaimtaicindiagsaalkincanthcisitiibaggstetitedtor systbmidcihe pettstittiag they

inCorpor%%ﬁwmegh%@@?@@sﬁﬁew MnPaRNH R R HIRGRIS O idNG INRIHIRNISHE ARS8 DY

the claims, and may include other examples that occur to those skilled in the art. Such other examples
are intendfé?l 39 HBATRMIAPR aLhiselEre993ims if the examples have structural elements that do not
differ from the literal language of the claims, or if the examples include equivalent structural elements
with insubstantial differences from the literal languages of the claims.
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WHAT IS CLAIMED IS: 1. A back draft damper assembly for use in an air handling unit with a fan

array having two or more fan units, each of the fan units including a corresponding motor and fan, the
back draft damper assembly comprising:  a plurality of back draft dampers 10, 300, 900 arranged to
align with corresponding fan units 232, each of the dampers 10, 300, 900 having a central opening 12
that receives airflow 308, each of the dampers 10, 300, 900 including a plurality of vanes 22, 304, 904
rotatably mounted within the damper 10, 300, 900, the vanes 22, 304, 904 having sides 26, the airflow

308 being directed int te channels 309 bet djacent 22, 304, 904, the channel
300 he ) 41 Aot DALt e AR o GUAWEA 5 G896 A PRy 00

independiecitiyestatpltetaily ofoanesad0iheThasahes dtedacibsiipditoantate ihdepesueatydocisaanets
along bo%ﬂeﬂ%%%l 2 dieach .%‘Z;LQS?‘E%’} g 94 é%z?O‘higﬁ%Y&é}?gt{E%t%%ﬂ%"tﬁé‘ OREEPOSHIANIR open
response to positive airflow in the Tocal slipstréam, the vanes rotating to a closed position’in response
to reverseoaiifjoraiionhd 06CalesippSiedtrof, dmel vaneseBld an least coenfipthiatieamdds2oridntéteoaneate

reverseakforaiohd 156k vanaseBin st eestiooenbatiandRorichtstiaoupeste
certica ca B e e Yo LS e O

back drafbeldeepkslixsieeapnasiataint thewsneid0dvhdesitoORrdandsisie ientjiame 98Ade B fihet
damper glighad MRYERHAIAHR hes RED RESBIEha el NS A RGSO ML AR AIYHIDNPIR-QRRERLIGE, e

vanes of a second damper aligned therewith rotate to the closed position, the second dam&)g)(ra]r rotating

to the clo¥eansiRitHH 5688 HIRthBG rarseiriiodEFERRIE Iy ANRESISERAMI dR endaiPReRUGhitnanpanes
experienged hiethsvaneaot IBase cRiskbdapRfgurdtdhEL bectherafs sempsirreraiir L 060/aiRe anes

wherein one portion of the vanes positioned proximate to a first fan is closed when the first fan is
turned o &ha'&RRALICPEHiBhai RN S RIOPEEIRonHIESTO SRR BUL 8B Fa s PGS WhidHHate

second fanFegutEnges to run.

[0077] Figure 32 illustrates a top view of the vanes 904hie closed configuration 1052. The

cutout 958 of each vane 904 is nested flush wighrditational member 956 of an adjacent vane 904
to form a seal. The configuration of the cutou8 @hd the rotational member 956 enables the
vanes 904 to position in a linear configuratiorheTinear configuration creates planar walls 1054
formed by the planar faces 954 of each vane. Tdreapwalls 1054 extend across the frame 902 to

seal the damper 900.

[0078] Figure 33 illustrates another vane 1104 couplea frame 1102. The vane 1104 includes a
leading edge 1105 and a trailing edge 1106. Time 404 rotates about an axis of rotation that
extends through the leading edge 1105. The tgadidge 1106 extends from a top 1108 to a
bottom 1110 of the vane 1104. The vane 1104 imdwdgasket 1112 extending from the top 1108
to the bottom 1110 along the trailing edge 1106.

[0079] Figure 34 illustrates a top view of the vane 1104iclosed configuration 1114. In the
closed configuration 1114 the gasket 1112 is neBitesth against the leading edge 1105 of an
adjacent vane 1104. The gasket 1112 accounts ialignments in the vane 1104 or the frame

1102 to provide a low leak seal between adjacemtvd104.

[0080] A method 1200 of installing a damper is illustrated=igure 35. The damper includes a
frame and a plurality of vanes. The vanes are ledujp the frame at an axis of rotation. The vanes

are configured to rotate between an open and clpssidion. The damper is configured to be
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4.The back draft damper assembly of claim 1, wherein each of the dampers further comprises a frame
that includes a vertical axis that extends in a direction of gravitation pull, each of the vanes mounted to
the frame to rotate about an axis of rotation that extends along the vertical axis in the direction of
gravitation pull. 5. The back draft damper assembly of claim 1, wherein each of the dampers further
comprises a frame that includes a vertical axis that extends in a direction of gravitation pull, each of
the vanes mounted to the frame to rotate about an axis of rotation that is laterally and/or longitudinally

ffset from th tical axis of the f . 6. The back draft d bly of claim 1, wherein th
Vaines arDR LR R BURE U (H1E4HB1OE" SR RO hE LEIERgR. &7 e B
draft dangpaviasembpubdf chaitrd2yvhestimesitisop tststhmieirs flustiptsraomprises stdralok theltides a

mounted so that the vanes are qriented about.a rotational axis that is offset at a non-grthogonal le
it reen SUAG St A0 G ARG BIARR IR Wi R8st & Sacleaapdoe =
wherein toeipiamgsudite opgnhe gitEred; tuleds pongingtngissdehdedhon thdical@spondlintPlcathe

slipstreags on oI SigFs LHGAT I RH 1 BT HY S E5RE GRS HSPORHHECCB PG surface offsets
the damper with respect to the vertical axis. @aeper is pitched, rolled, or yawed such that
gravity rotates the vanes of the damper to thg ftlbsed position when there is no positive airflow
through the damper. The offset may be limitedlsd the vanes can rotate to the open position
quickly when there is a positive airflow througle thame. The vanes become fully opened with
very little airflow. In an embodiment, the offsafy be within a range of .5 degrees to 46 degrees.
Optionally, the damper may be coupled directlyn® plenum and offset with respect to the vertical
axis of the plenum.

[0081] The embodiments described herein are describedresftect to an air handling system. It
should be noted that the embodiments describedbmaysed within the air handling unit and/or in
the inlet or discharge plenum of the air handliygtem. The embodiments may also be used
upstream and/or downstream of the fan array wittenair handling unit. Optionally, the described
embodiments may be used in a clean room environmé&hé embodiments may be positioned in
the discharged plenum and/or the return chaseetlkan room. Optionally, the embodiments
may be used in residential HVAC systems. The enmbexts may be used in the ducts of an
HVAC system. Optionally, the embodiments may bedusith precision air control systems, DX
and chilled-water air handlers, data center codiysgems, process cooling systems, humidification
systems, and factory engineered unit controls. icDally, the embodiments may be used with
commercial and/or residential ventilation producfBhe embodiments may be used in the hood
and/or inlet of the ventilation product. Optioyalthe embodiment may be positioned downstream

of the inlet in a duct and/or at a discharge vent.

[0082] It is to be understood that the above descript®imniended to be illustrative, and not
restrictive. For example, the above-described eflimbents (and/or aspects thereof) may be used in
combination with each other. In addition, many ifiodtions may be made to adapt a particular
situation or material to the teachings of the wasiembodiments of the invention without departing

from their scope. While the dimensions and typematerials described herein are intended to
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9. The back draft damper assembly of claim 1, wherein the dampers are configured to be located
either upstream or downstream of the corresponding fan units. 10. The back draft damper assembly
of claim 1, wherein the vanes rotate independently to different associated angles that are contingent
on a local slipstream in a region around each side of the individual vanes. 11. The back draft damper
assembly of claim 1, wherein each of the dampers further comprises a frame having a front face 914,
an inner face 918 and a rear face 916, air flowing from the front face 914 to the rear face 916, the front

face 914 havi t that directs the air th the d . 12. The back draft
damper SELER P o CSAMF o ol M TP e B o PR A

the vanesméaas hmdiadhands desscthern 98rd egrersliniSntshe Naitle d et statimpenta sadmixdy af wdaent 1o
wherein foe vangs pglude @ leading edos and Aliailing efgs. (e anes hfving & gasket @ending
along the raﬁ’lng eage, the gasﬁet RBS ing agamsgthe eading ecfdje of ‘an adjacent vane when fhe
vanes arembaditogets prsitieninventitine sk drdfiedeionestdssambly wofittlaiefetendeetoiriitheaypensied
have a leadi n il , ' i rotat e

trailing e gem(?der#glﬁs(fnmgﬁ zﬁi éﬁ?o@%%ﬁ% é?&%@%e@%g%? vl%lt tﬁge@s%)re{l}&é(?f twg%?at oe%r?ded
member GRIRSt Wieth teieotateidingeraber of arhiehaceieersns Wit pike-Fnadistareduvaeosset the

position.  dg, PGPk dralb HRBRG A SFRMRNRE HA M RRIHECIIRIFIRG ALRTKEhRABIIRE Ofrst "

between the frame and each vane to0 seal the vanes with respect to the frame. _ _
"second,” and "third," etc. are used merely asl&l@nd are not intended to impose numerical
requirements on their objects. Further, the litotes of the following claims are not written in
means-plus-function format and are not intendebletanterpreted based on 35 U.S.C. § 112, sixth
paragraph, unless and until such claim limitatiergressly use the phrase “means for” followed by

a statement of function void of further structure.

[0083] As used herein, an element or step recited inittgukar and proceeded with the word "a"
or "an" should be understood as not excluding phirthe elements or steps, unless such exclusion
is explicitly stated. Furthermore, referencesdné' embodiment” are not intended to be interpreted
as excluding the existence of additional embodisi¢hat also incorporate the recited features.
Moreover, unless explicitly stated to the contragymbodiments "comprising” or "having" an
element or a plurality of elements having a paldiciyproperty may include additional such
elements not having that property.

[0084] This written description uses examples to discldse various embodiments of the

invention, including the best mode, and also tdoenany person skilled in the art to practice the
various embodiments of the invention, including mgkand using any devices or systems and
performing any incorporated methods. The pateatsbbpe of the various embodiments of the
invention is defined by the claims, and may inclotieer examples that occur to those skilled in the
art. Such other examples are intended to be witilenscope of the claims if the examples have
structural elements that do not differ from therkd language of the claims, or if the examples
include equivalent structural elements with insabsal differences from the literal languages of

the claims.

18



16. The back draft damper assembly of Claim 1, wherein the frame has one of a rectilinear, elliptical,
or circular cross section. 17. The back draft damper assembly of Claim 1, wherein the vanes have a
leading edge and a trailing edge, the vanes having a greater thickness at the leading edge and
converging to a thinner thickness at the trailing edge. 18. The back draft damper assembly of Claim 1,
wherein each of the dampers further comprises a frame that has a vertical center line and the vanes
pivot about rotational members on the frame, the rotational members oriented such that upper ends of
the rotational members are positioned proximate to the center line and lower ends of the rotational
member¥\aié\ pdsitionAdMistali$s:from the center line. 19. The back draft damper assembly Claim 1,
wherein the frame has a vertical center line and the vanes pivot about rotational members on the
frame, the rotational members oriented such that upper ends of the rotational members are positioned

distally flom the/cRARK IE SANRRIESERAMLF tReYerafioiaPilinG SR lMIh BIRD REERYRRIINSENS e
center linforéCraf MEROG&RNPERVItENER kit drfiudappReapsRtIRl MbtseIREmMAIr thandled draft

system with a fan array having twq or more fan units, each of the fan units including a corresponding
motor arfePfAREAASHA %%%%ﬁérﬁgg providing a plurality of back draft dampers configured to align
with corresponding

a plurality of back draft dampers 10, 300, 90@iaged to align with corresponding

fan units 232, each of the dampers 10, 300, 90hpa central opening 12 that receives
airflow 308, each of the dampers 10, 300, 900 uhaolg a plurality of vanes 22, 304, 904

rotatably mounted within the damper 10, 300, 986,\tanes 22, 304, 904 having sides 26,
the airflow 308 being directed into separate chenB89 between adjacent vanes 22, 304,

904, the channels 309 having an associated |ldpatrglam of the airflow;

the vanes 22, 304, 904 configured to independentiyte relative to one another
based on the local slipstreams in the associatednets along both sides 26 of each of the
vanes 22, 304, 904, the vanes rotating to an opsitign in response to positive airflow in
the local slipstream, the vanes rotating to a clgsasition in response to reverse airflow in

the local slipstream; and

wherein at least one of the vanes is orientedtte about a rotational axis i) that is
offset at a non-orthogonal angle with respect te oha horizontal and vertical axis, or ii)

that extends along a vertical axis that extendsdirection of gravitation pull.

2. The back draft damper assembly of claim 1, wherehen a first fan unit is operating, the
vanes of a first damper aligned therewith rotatthoopen position and, when a second fan unit is
non-operating, the vanes of a second damper aligma@with rotate to the closed position, the
second damper rotating to the closed position basdtie reverse airflow created by the operation

of the first fan unit and experienced by the vaofethe second damper.

3. The back draft damper assembly of claim 1, wiherene portion of the vanes positioned
proximate to a first fan is closed when the fimh fis turned off and another portion of the vanes

positioned proximate to a second fan is open whersécond fan continues to run.

4. The back draft damper assembly of claim 1, whezach of the dampers further comprises
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fan units, each of the dampers having a central opening to receive airflow; rotatably mounted a
plurality of vanes within each of the damper, the vanes having sides; directing the airflow into
separate channels between adjacent vanes, the channels having an associated local slipstream of the
airflow; configuring the vanes to independently rotate relative to one another based on the local
slipstreams in the associated channels along both sides of each of the vanes such that the vanes
rotating to an open position in response to positive airflow in the local slipstreams and the vanes
rotating to a closed position in response to reverse airflow in the logal slipstreams; and orienting at
least ond TR VAL RHRRAE HEOrLR ORI R OB A B o GBr LR tn
respect tmometed aohtréz fratabaodrventicabaxisanradyishaltient énatsexieng s aleriig ahevuertivat! extenidstie a

directionac#‘ rt%/it% .O?awgtioznl' Tlilwe method of claim 20, wherein, when a first fan unit is operating, the
vanes of a first Qamger a |gneoptlf'1érewith rotate to the open position and, when a second fan unit is

non-operating, the vanes of a second damper aligned therewith rotate to the closed position, the

second damperratinektdrafe dasaeer ResEtH i-leelaim thewbgeash afrfmiadRRIS Hyrther S98rRfisAf
the first faR,4pib 3RS ErOBHEEGE I BN BRPEINERRSREHI B Yravitation pull, each of the ean

mounted to the frame to rotate about an axis @itia@t that is laterally and/or longitudinally offse

from the vertical axis of the frame.

6. The back draft damper assembly of claim 1, wiheltee vanes are rotated into the closed

position in response to a lack of airflow theretigb.

7. The back draft damper assembly of claim 1, whezach of the dampers further comprises
a frame that is mounted so that the vanes aretedabout a rotational axis that is offset at a-non
orthogonal angle with respect to one of a horizicema vertical axis.

8. The back draft damper assembly of claim 1, whetlee vanes rotate open to different
corresponding angles based on the correspondirad #ipstreams on both sides of each of the

vanes when experiencing the positive airflow.

9. The back draft damper assembly of claim 1, whetiee dampers are configured to be

located either upstream or downstream of the cporeding fan units.

10. The back draft damper assembly of claim 1, wihethe vanes rotate independently to
different associated angles that are contingerd mcal slipstream in a region around each side of
the individual vanes.

11.  The back draft damper assembly of claim 1, einegach of the dampers further comprises
a frame having a front face 914, an inner face &i® a rear face 916, air flowing from the front

face 914 to the rear face 916, the front face 9aving an arcuate member that directs the air
through the dampers.

12. The back draft damper assembly of claim 1 &rrtomprising a limit member secured to

the frame to limit rotation of the vanes to an angjlat is less than 90 degrees.
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22. The method of claim 20, further comprising:  positioning first and second portions of vanes
proximate to corresponding first and second fans; and permitting the first portion of vanes
positioned proximate to the first fan to close when the first fan is turned off and the second fan
continues to run. 23. The method of claim 20, further comprising providing each of the dampers with a
frame that includes a vertical axis that extends in a direction of gravitation pull, and mounting each of
the vanes to the frame to rotate about an axis of rotation that extends along the vertical axis in the

direction of gravitation pull. 24. The method of clajm 20, further comprising providing each of the

damper<itn a M AR A B VAT EAT LSt Blde TR ARSI GG AR Seieanad o
mountingredioly etities slemeariodihavinme trsktatexadalitey e sraflimjatdyettatigdaieratystind/@gainst
Iongitudi%ally ogset frﬁoarwﬁ:h]e vertical axis of the frame. 25. The ethgd of .claim 20, further permitting

eading.e of gan adjacent.vane when the \aieas a closed.posigon.
the vanet fo ot in &' dod position 1n response\% B TacK OF AIrflow erethrough.

14.  The back draft damper assembly of claim 1, eihethe vanes have a leading edge and a
trailing edge, the leading edge comprising a roteti member and the trailing edge comprising a
cutout having a shape that corresponds with thpesiod the rotational member to nest with the

rotational member of an adjacent vane when thesrarein the closed position.

15. The back draft damper assembly of claim 1 &rrttomprising a gasket positioned between

the frame and each vane to seal the vanes witlkecespthe frame.

16.  The back draft damper assembly of Claim 1, winethe frame has one of a rectilinear,

elliptical, or circular cross section.

17. The back draft damper assembly of Claim 1, wihethe vanes have a leading edge and a
trailing edge, the vanes having a greater thicka¢dbe leading edge and converging to a thinner

thickness at the trailing edge.

18. The back draft damper assembly of Claim 1, einegach of the dampers further comprises
a frame that has a vertical center line and thevaivot about rotational members on the frame,
the rotational members oriented such that uppes @fdhe rotational members are positioned
proximate to the center line and lower ends ofrttational members are positioned distally from

the center line.

19. The back draft damper assembly Claim 1, wheteenframe has a vertical center line and
the vanes pivot about rotational members on thedtahe rotational members oriented such that
upper ends of the rotational members are positiaisdlly from the center line and lower ends of

the rotational members are positioned proximatbeaenter line.

20. A method for providing a back draft damper egdg for use in an air handling system with
a fan array having two or more fan units, eactheffan units including a corresponding motor and

fan, the method comprising:

providing a plurality of back draft dampers cgpufied to align with corresponding
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26. The method of claim 20, further comprising providing each of the dampers with a frame that is
mounted so that the vanes are oriented about a rotational axis that is offset at a non-orthogonal angle
with respect to one of a horizontal and vertical axis of the frame. 27. The method of claim 20, further
comprising permitting the vanes to rotate open to different corresponding angles based on the
corresponding local slipstreams on both sides of each of the vanes when experiencing the positive
airflow. 28. The method of claim 20, further comprising providing each of the dampers with a frame

having an arcuate member that djrects the air through the dampers. 29, The method of claim 20,
further compris/Al SOLRRFECA AL CRIBER 1R A ET8 TR HEFE R UaHos to an angle that s

less than 90 degrees. 30. The method claim 20, wherein the vanes include a leading edge and a
trailing edge, the vang9taiaity) meiariest @xkridlity) efloiag eisentihiingatiie, dengaesktrawsneg against
the leading edggdgsqn adjacent vane when the vanes are in a closed position. 31. The method of
claim 20, wherein the vanes have a leading edge and a trailing edge, the leading edge comprising a
rotational member and the trailing ed%e comprising a cutout having a shape that corresponds with the

shape of the rotationaf FRSHHR LS R NTReSRRARIFF RARBIS REQYPAIRECRhYEaRS iR Fiannels

vanes are in theglasgdmpasistiatéd |dde shiptheduof claim a8k durther comprising providing each of the
dampers with a frame and positioning a gasket between the frame and each vane to seal the vanes

with respect to the fraQ’&fﬁfiguring the vanes to independently rotatetinedato one another based on the
local slipstreams in the associated channels abotiy sides of each of the vanes such that
the vanes rotating to an open position in resptmgositive airflow in the local slipstreams
and the vanes rotating to a closed position inaesp to reverse airflow in the local

slipstreams; and

orienting at least one of the vanes to rotate toatational axis i) that is offset at a
non-orthogonal angle with respect to one of a lootizl and vertical axis, or ii) that extends

along a vertical axis that extends in a directibgravitation pull.

21.  The method of claim 20, wherein, when a fiest finit is operating, the vanes of a first
damper aligned therewith rotate to the open posiiod, when a second fan unit is non-operating,
the vanes of a second damper aligned therewitherétathe closed position, the second damper
rotating to the closed position based on the revamdlow created by the operation of the first fan

unit and experienced by the vanes of the secongeiam
22.  The method of claim 20, further comprising:

positioning first and second portions of vanesxpnate to corresponding first and

second fans; and

permitting the first portion of vanes positionetbyimate to the first fan to close

when the first fan is turned off and the seconddamtinues to run.

23. The method of claim 20, further comprising pdavg each of the dampers with a frame that
includes a vertical axis that extends in a directd gravitation pull, and mounting each of the

vanes to the frame to rotate about an axis of iostahat extends along the vertical axis in the
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33. The method of claim 20, wherein the vanes have a leading edge and a trailing edge, positioning
the rotational axis proximate the leading edge. 34. The method of claim 20, further comprising
providing each of the dampers with a frame that has a vertical center line and the vanes pivot about
rotational members on the frame, orienting the rotational members such that upper ends of the
rotational members are positioned proximate to the center line and lower ends of the rotational
members are positioned distally from the center line. 35. The method claim 20, further comprising
prOV|d|n a frame afront f ce 914, an inner face 918 and a rear face 916, air flowing from the
front fac 'ﬁ%?&tﬂ t‘fﬁ'(?é' @i’ the front face 914 having an arcuate member that directs the air

through the dampers.
24.  The method of claim 20, further comprising pdavg each of the dampers with a frame that

includes a vertical axis that extends in a direcid gravitation pull, and mounting each of the
vanes to the frame to rotate about an axis ofiootabat is laterally and/or longitudinally offset

from the vertical axis of the frame.

25. The method of claim 20, further permitting thenes to rotate into the closed position in

response to a lack of airflow therethrough.

26.  The method of claim 20, further comprising pdavg each of the dampers with a frame that
is mounted so that the vanes are oriented aboottaianal axis that is offset at a non-orthogonal
angle with respect to one of a horizontal and gatixis of the frame.

27.  The method of claim 20, further comprising pitiing the vanes to rotate open to different
corresponding angles based on the correspondirngl stipstreams on both sides of each of the

vanes when experiencing the positive airflow.

28.  The method of claim 20, further comprising pdovg each of the dampers with a frame

having an arcuate member that directs the air tiirdlne dampers.

29.  The method of claim 20, further comprising sa@ia limit member to the frame to limit

rotation of the vanes to an angle that is less @fladegrees.

30. The method claim 20, wherein the vanes incladeading edge and a trailing edge, the
vanes having a gasket extending along the tradatge, the gasket nesting against the leading edge

of an adjacent vane when the vanes are in a clossition.

31. The method of claim 20, wherein the vanes haWeading edge and a trailing edge, the
leading edge comprising a rotational member andiriéng edge comprising a cutout having a
shape that corresponds with the shape of the eotmember to nest with the rotational member

of an adjacent vane when the vanes are in thectlosstion.

32. The method of claim 20, further comprising pdavg each of the dampers with a frame and

positioning a gasket between the frame and each teaseal the vanes with respect to the frame.
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33. The method of claim 20, wherein the vanes haveading edge and a trailing edge,
positioning the rotational axis proximate the leagdedge.

34. The method of claim 20, further comprising pdavg each of the dampers with a frame that
has a vertical center line and the vanes pivot abmational members on the frame, orienting the
rotational members such that upper ends of theéioat members are positioned proximate to the
center line and lower ends of the rotational membee positioned distally from the center line.

35. The method claim 20, further comprising provglia frame having a front face 914, an
inner face 918 and a rear face 916, air flowingnftbe front face 914 to the rear face 916, thetfron

face 914 having an arcuate member that directaithtBrough the dampers.
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