BACK DRAFT DAMPER TECHNICAL FIELD OF THE INVENTION
[0001] The present invention relates to an apparatus, and more
particularly to a back draft damper, for controlling the flow of air and to a
method of installing the damper. BACKGROUND OF THE INVENTION
[0002] Large air handlingBAxétEriabotER RRAMBERACK 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

TRpPEG AL THiEA QErHEHAMY EDE AN 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
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baePelating:haps Withflevnieti thipughinenNan-aperatindusmsdf dhenstalling the
non-operating fans do not have back draft dampers. [0003] There

daHﬁ?fcally are three types of back draft dampers: manual systems where a
blank off plate or damper is deployed to prevent reverse airflow; remotely
BA CKaRadidDdaR1pHES IMMENTdONators are used to close a damper; and
gravity actuated dampers where the damper is opened by the pressure of
a['mawsir;]g threugh iaaaddg §$@s&ﬂsdb3ﬁmﬁréqm@ %gﬁ?d@mmma% Iplaced at
vanes. The prior art gravity actuated dampers typically comprise seyera
select I5ciogy ueNgnsaL LR e SR, PP EPHH Ao when the

fan thaaocrehinjy artalrfvesisihe opaticngl akksiapartlypingltroearitheriendag systems.
with n 501 Jisavanes (o maximize the affect of rauityOR e 30580 Bt raning
gravity causes the vanes to be Tfully closéd whern there'is ho positive
fans toainfiosy pastderervenes sdhowpudoronacdisadiantcdgesis thediibthleslaof efficiency.
When t%?slngégl?{s?sqilﬁ)g A Hnt %‘%"Bﬂ%‘r"’ﬁ%g %Xs%?lh t(pv(\:?' bk Fee st %ghtg goarlllg)lf))é/ya@ng fans
) to low to fully open the vangs,at €’vanes will create exce rag an
if the noyepdtatifigians ylonohbaveshek draBdlaomtrhile the gravity effect on
damper vanes that rotate about horizontal axes can be reduced by
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where SUIMMARY uSfd ToHEldd\ENTIERN and gravity actuated dampers where the damper is
- opened by the pressure of air passing through it and is closed by the force of gravity acting on its
vanes. The prior art gravity actuated dampers typically comprise several stacked side-by-side
vanes which are mounted in a frame and rotate about horizontal axes. The rotational axes are
typically near the leading edge of the vanes to maximize the effect of gravity on the vanes so that
gravity causes the vanes to be fully closed when there is no positive airflow past the vanes.
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, the vanes will create excess drag and
overall efficiency of the system is reduced. While the gravity effect on damper vanes that rotate

about horizontal axes can be reduced by counter weighting the vanes in some manner, counter

weights add to the cost and in many situations the counter weighting may need to be customized.

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




[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
SUMMAARY thirHENYANE 1@NIeast one of the vanes is oriented about a
rotational axis that is offset at a non- orthogonal angle with respect to one

of[adosiizonial @rd erebtidiahexis a[daMpkiniapeshrieémidddiianpea dringer a frame
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ving a shape that corresponds wi shape of the rotational member

to with the rotation ember of an adjacent vane when the vanes.
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with an . emhodiment, [0009] Eigure 2 illustrates an. air processing syste
the g R T Ao e iy S0 S R R R SR e @ o
orthogigakenglilwsthatspetiopone vl ofhan aintabalimerseadtidisthat may be used

with the air processing system shown in Figure 2. [0011] Figure 4 is a
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.Figure 5.is g cross section%w W {ake on the line 2-%) f Fi uredi. %01
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of the rotational member to nest with the rotational member of an adjacent vane when the vanes

are in a closed position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 is a schematic of an air handling system in accordance 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.




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

with an embodiment. [0017] Figure 10 is a side elevation view of a

damper in accordance with an embodiment. [0018] Figure | 1 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

ERbdbimdrigued2is Figare sertiRnal ey 208 Sndl3BIPRT YeBerHaARWARCEWith an
embodigidiodiment. [0023] Figure 16 illustrates a damper in accordance with an

embodiment. [0024] Figure 17 illustrates a damper in accordance with an
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mbodiment 10026 ﬁgure §inisiated' s damperin accordance with an

embodigraigodiment. [0027] Figure 20 illustrates a damper in accordance with an

embodiment. [0028] Figure 21 illustrates the damper shown in Figure 20
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damper vane in accordance with an embodiment. } 3 [0030] Figure 23

' tes . damper vane in accordance with ap embodiment. [0031 )
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embodifgntre 25 illustrates a damper in accordance with an embodiment. [0033]

Figure 26 illustrates a damper in accordance with an embodiment. [0034]
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6. [0035] Figure 28 illustrates a top view of the vane shown in Figure 26.
Figure 29 illustrates a side cross-sectional view of the damper .
L%% inglgifgafg i2 S1s a front e evat?on V?ew (I)'},a a d%mper Qn acco?c?ance with an

embodiment.
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[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.
[6623] Figure 16 illustrates a damper in accordance with an embodiment.
[0024]  Figure 17 illustrates a damper in accordance with an embodiment.
[0025] Figure 18 illustrates a damper in accordance with an embodiment.
[0026]  Figure 19 illustrates a damper in accordance with an embodiment.
[0027]  Figure 20 illustrates a damper in accordance with an embodiment.

[0028] Figure 21 illustrates the damper shown in Figure 20 having vanes in an open

configuration.

[0029] Figure 22 illustrates a damper vane in accordance with an embodiment.




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 accordance
wil?%Plemddainsent [ BETHeE B SRS CRIP T e PRI ERRmbodiment.
EMBODIMENTS [0043] The foregoing summary, as well as the following
defaflizt] des€iptionofllasriaes edahgdinme nésordiine Bittianwnseydinent.
when read in conjunction with the appended drawings. To the extent that
thedegaies ilkigias SRS iR MNRIeeal BIREKRA! ¥RERSdiment.
embodiments, the functional blocks are not necessarily indicative of the
division between hardware circuitry. Thus, for example, one or more of

thé frhtiondl BYEERS (EU§rabrdREGEME & aeqordansh&uffhag,Pplodiment.
implemented in a single piece of hardware (e.g., a general purpose signal
préd@EEyor ofiguedlh ilostrss naamoesyscetionaisievoofitie fkeho simwitipie-igure 26.
pieces of hardware. Similarly, the programs may be stand alone

pregyasns, ”I%g&@_i@%{@@é@é@ﬁ‘ 1@p §W®f@ﬁ@§a§ﬁb§ﬂo@9%@i@gr§%¢m,
may be functions in an installed software package, and the like. It should

b rstqad thag the various embodiments are not limited to the N
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26. 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

hg@@ﬁﬁﬂ unig Q0 ﬁ_)qggﬁ'%%f)‘ﬁgo@iq}?&q'g?%@WJ&%%%QH%%MP% illustrated
.. 106. The room 106 includes an inlet plenum 108 and an outlet plenum
in Figh1¢2%he 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

rofio38] 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 accordance with an

embodiment.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0043] The foregoing summary, as well as the following detailed description of
certain embodiments will be better understood when read in conjunction with the appended
“drawings. To the extent that the figures illustrate diagrams of the functional blocks of various
embodiments, the functional blocks are not necessarily indicative of the division between

hardware circuitry. Thus, for example, one or more of the functional blocks (e.g., processors or




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 outlet plenum 110 and the room
106. Optionally, filters may be positioned at each junction. The inlet
plenum 108 and the outlet plenum 110 may include dampers and/or filter
banks positioned therein. [0045] At least one damper 116 is positioned
within the air handling unit 100. The damper 116 controls the air flow
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208. The humidifier section 210 adds and/or removes moisture from the
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humidifier section 210 to cool the air. A filter section 216 js located
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plenummUi8rereb theTot i optamarel b orte drehudeo dempgrbleadotofitier fhanks positioned

therein224- Each fan 226 and the corresponding motor 228 form one of the

individual fan units 232 that may be held in separate chambers 230. The
(cggﬁjmbers 230 are shown vertically stacked upon on an,ot%%r ina
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damper 116 controls the air flow through the air handling unit 100. Figure 1 illustrates a damper
116 positioned at the outlet 104 and the inlet 102. Optionally, the damper 116 may be positioned
at only one of the outlet 104 and the inlet 102.

[0046] Figure 2 illustrates an air processing system 200 that utilizes a fan array air
handling system in accordance with an embodiment. The system 200 includes an inlet 202 that
receives air. A heating section 206 that heats the air is included and followed by an air handling
section 208. A humidifier section 210 is located downstream of the air handling section 208.
The humidifier section 210 adds and/or removes moisture from the air. Cooling coil sections
212 and 214 are located downstream of the humidifier section 210 to cool the air. A filter
section 216 is located downstream of the cooling coil section 214 to filter the air. The sections

may be reordered or removed. Additional sections may be included.




each column. One or more columns of chambers 230 may be provided
adjacent one another in a single air handling section 208. The air
processing system 200 may include a damper positioned at the inlet
plenum 218 and/or the discharge plenum 220. Optionally, a damper may
be positioned within any of the heating section 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
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plenum to direct airflow to the damper 240. [0049] Figure 4 illustrates a
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downstream of a fan unit (not shown). The size of the frame 10 depends

UF[@M?)‘? S'Zﬁgréhf 1ﬂu%a%§%sﬁ)%e\w&¥ (S)f tfl?ena ﬁ,ﬁ[x ré%%’?ept%os showrhm Figure

embodiments; the frame 10 may be 27" x 27" an
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The frame 10 has a top 18, bottom 9 and sides 20. The frame 10 can be
plenupé&%gqﬂ&stggrgm{m]e“ﬁans 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 plurality of
vanes 242 coupled to the frame. The vanes 242 rotate about separate corresponding axes 244 to
control the flow of air through the air handling section 208. The vanes 242 may rotate in unison
or the vanes 242 may rotate independently so that each vane is angled independently with respect
to the frame 241. The damper 240 spans an entire length 246 of the air handling section 208.
Optionally, the damper 240 may extend only partially along the length 246 of the air handling
section. In one embodiment, the air handling section 208 may include a plenum to direct airflow

to the damper 240.

[0049] Figure 4 illustrates a damper 5 formed in accordance with an embodiment.

The damper 5 has a frame 10 which defines a central opening 12. The central opening 12 has an



Figures 4 and 5, elliptical, as shown in Figure 11, round, square,
triangular, trapezoidal, or any other shape. The frame 10 can be
fabricated from many types of materials and have different dimensions
based on the particular application. [0050] A plurality of vanes 22 extend
between the top and bottom surfaces, 18, 9 of the frame 10. The vanes
22 move between open positions, as shown in Figure 4 and in the solid

. line in Figure 5, where air can flow substantially unimpeded through the .
intet 1 {6l 3p S 1OUER WL B RSSnd PE BN ek IR it o
duct drigaseafeaast imbigshenwd) whenezhirvdaohaliflavvikiroudiz thamenttalmay be placed
. ening. Referring,to Figures 4 and. 7, the vanes 22 have top ends 19 a
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ich cyeates little dr uetg.airflowing oyer.the van riou
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~ the vanes 22 havé a length of approximately 26'/2 inches and a width of
Figurepdriyesed, 6linticalirenidovemin Hagera hiciavads shpewitansnlon draprgoidal, or any

other PO ehesnad thelaleadinggdasi2hAnthReiesst QORRBEAAOAAGave different

. inches at their trailing edge 28. In an embodiment, the blades have a
dimensjops hased gn dhs PotiHasaRPlifati@Rding edge 24 and 0.086 inches at the
trailing edge 28. The vanes 22 may be formed from an aluminum

dRbion ahahwalinolibwanssddrsdetbhoiveiohth fep\andeoptpmsty facsighl 8, 9 of
the fraRRPOX ARG G 99%9&%%%&9%&(?8&%&19?&0%% PS8 in the solid

.. through the vanes 22 at the leading edge 24, the center line of which acts
line in s Bxwhess aiiemBauubstatiunippgetibraes the euirabentains 12, and

closed PRKIRRIS IR Nt d53REPTALYn PR AES AR MAYi D& PRSWRARir cannot flow
roximate the outlet 13 or at any location between inlet 11 and outlet 13

througﬁ&tﬁtfaﬂgﬂy%ﬁﬁes@éegﬁ%& Kigheess andy/ pthoivanesomhgye top ends 19 and
bottomaHAET, dodaded IeadRosnizs PAriemsiaésnNe apeslingsvidoRl® ihigadadhilihg edges
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depth oruRHRNSS 18 S SRl AV IRonR P R AP RERA DS He frame 10. With
the 27 x 27 x 8 inch frame described above the vanes 22 have a length of approximately 26°/2
inches and a width of between 6 and 8 inches, and have a thickness of between 0.250 and 0.400
inches at their leading edge 24 and between 0.050 and 0.100 inches at their trailing edge 28. In
an embodiment, the blades have a thickness of 0.320 inches at the leading edge 24 and 0.086
inches at the trailing edge 28. The vanes 22 may be formed from an aluminum extrusion and are

hollow to reduce their weight. The vanes 22 may weigh approximately 2 pounds each.

[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.



the tops 19 of the vanes 22 are closer to the inlet 11 than the bottoms 21
of the vanes 22. Optionally, the bottoms 21 of the vanes 22 may be closer
to the inlet 1 | than the tops 19 of the vanes 22. The amount of offset 17
depends on the size and weight of the vanes 22 and the amount of
airflow that will pass through the damper 5. Optionally, the vanes 22 may
also be offset 23 laterally with respect to the vertical axis 15. In an
embodiment, the top 19 of the vanes 22 are closer to a side 20 of the
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embodiment, the offset 17 may be within a range of .5 degrees to

Additipnatlie saphosdividhalavans 38 stardaysredifiorenhoifsy Hapfhepthenyanes 22. For
exampRIES MR Sidyarside WHNHREAARTAS o the ReeR22he D RIgaR0a lateral

the vertical center line L of the frame 10 than the bottoms 21 of the vanes
offset 5. ,adgition Bt BithL/ad el BIE ¥iIfe?8)Bixhe BiRaar Hireetmaliset 17, 23 of

anoth&én@aseld in a direction transverse or perpendicular to the direction of
airflow. The lateral offset 23 extends along a plane of the inlet 11. The
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vanes 22 to the fué%/ closed position when there is no positive airflow
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through the frame 10. The vanes 22 become 8 o
when there is no positive airflow through the damper 5. The offset 17 may be limited so that the
vanes 22 can rotate to the open position quickly when there is a positive airflow through the
frame 10. The vanes 22 become fully opened with very little airflow. In an embodiment, the

offset 17 may be within a range of .5 degrees to 46 degrees.

[0053] The axes 36 of the vanes 22 can also be offs,etAat an angle B from side-to-side
with the tops 19 of the vanes 22 being closer to the vertical center line L of the frame 10 than the
bottoms 21 of the vanes 22, as shown Figure 8. The angle B (Figure 8) of the lateral offset 23 is
measured in a direction transverse or perpendicular to the direction of airflow. The lateral offset
23 extends along a plane of the inlet 11. The purpose of the lateral offset 23 of angle B is to
cause gravity to rotate the vanes 22 to the fully closed position when there is no positive airflow
through the damper 5. The offset 23 may be limited so that the vanes 22 can rotate to their open

positions quickly when there is a positive airflow through the frame 10. The vanes 22 become




li lii fully opened with very little airflow. In an embodiment the offset 23 is
within a range of .5 degrees to 46 degrees. [0054] In Figures 10 and 12,
the frame 10 has a vertical center line L and a horizontal center line D
and rather than offsetting the axes 36 of the vanes 22 relative to the frame
10, the vertical center line L of the frame 10 is offset from the vertical by
angle A to create the offset 17 of the axes 36 front to back, as shown in
Figure 12. The horizontal center line D of the frame also may be offset

fully opepadsthorezsnitiopisione Snqereakodinandbe Pt xedthis ggignge of .5

degree§il@e46ge°g'%sas shown in Figure 10. As shown in Figure 9, the vanes 22
rotate in the frame 10 on bearings 38. The outer race 40 of each bearing

. fit o, : . . e
'f()%iﬁt?tjs IR ARQPRIUAG 12 iﬂé?%rgﬁi@glgtvﬁvag 208§ Janer [f?l%ef,l%éisa horizontal

positioned on the shoulder 46 of a ich fits Into the circular

center §pefirindisatherhae oifseing shinges 16 Rickrevaaesi2 tsiativedadhsottane 10, the
verticaPdeRle? 0k Ve dhe 1@%@}8&&3%}1@%9%&@1‘%@{%}9 Ryt IbgE YRS Fset 17

of bearing and rotating techniques can be utilized. [0055] Figure 13

of the gxestAGdEont sruPasky af shewaimddameolidcdip hoderiind eeaipglineridpbthe frame
also m®PbEafbeflaanend Aonsdibe by anes Badhatatariisataddslor wkhitespeetom side

.. to the vertical axis 15. The vanes 22 may each be substantially identically
to sidep, a8 ShONB BB TR v M SOV Ly PR v BB MRP e L) By dhame 10 on
bearingsB8lushiataten ige V@Vl eheh BRSPS ACEAGERNSMITE 4Min the frame 10 and
.__alternative embodiment. The d er 300 includes a frame.302 and a .
the gy oY RO T O AEH N 5,902 BOI 15 SYOLSan LSR8 G ar opening
in the frama@302Aabeariagis dfisdtatian 306he hep vEEhesd IttonaPecidemgibudanall2. The

. /or laterally offset with respect tq a vertical axis of the frame 302.. The
bearing" 3§ (g
caring 38, B0, BL AR S PR DRSS S el Sl con e
utilizedllustrated as being linearly arranged. Optionally, the vanes 304 may be
offset from one another. The vanes 304 are configured to independently

eess)abowighe respitwsivacisphirdigtiontBO damiséan GaGdfpatated into a single
frame %Pa@%%%hgasﬂl:?ﬁe{ Brm%% eg)q' eg?zs’? l{'ﬁa?%rsc?aoﬁgggzgrq J/:)(\gv'it :rt%,'s?)ggltov(\)l c%8vertical

e uni or NON-UnifoTnT. e airflow ¢hanne ough'the
axis 15darhpea8BQ2thenirficnb868bsadisttlpudedtically offset. 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 respective axis of rotation 306. Airflow 308
that approaches the damper 300 generally has a pressure Py. The airflow 308 may be uniform or
non-uniform. As the airflow 308 channels through the damper 300, the airflow 308 is distributed

along the vanes 304.

[0057] The airflow 308 is directed into separate channels 309 defined adjacent the

vanes 304. Each channel 309 has an associated local pressure which can differ from one channel



along the vanes 304. [0057] The airflow 308 is directed into separate
channels 309 defined adjacent the vanes 304. Each channel 309 has an
associated local pressure which can differ from one channel 9 309 to
another. For example, channel 311 has a pressure P, and channel 313
has a pressure P2. Air in the regions adjacent each side of the vane 304
represents a local slip stream having a pressure equal to P, or P2. As
either pressure P, or P2 increases or decreases, the vane 304 rotates

309 tgamethang Forssasmlpgannaled b Aps psessitin iprard hanm 3d 3ap popsessure Po.

Air iPReINEAjadBr RASR SR YANEBAE Will rRfRtedmdhe 1diAcign stham!fhaving a
the pressure P, decreases, the vane 312 will rotate in the direction 317. If

© pressye Al POriRere AsetitiRk RISHYTS 11 Ml FatRfISRieR T dirsEtrsRsa the pane 304

rotatdEcBOREEHO e RAEasChdNR YD didkeamiibratate. IFhefesiorr &kbpidssure P
the pressures P flpd P2 are approximately e}ﬁ al, the vane 312 will rotate

incregses, HeYABR K ARG B AHERERHOM [0 aH RFITSPIHE hrafiseresss, the vane 312
will {G@fSinFibedird it StatedBhepprissiro§ B dacryases3 thkivarcdidawile withe in the

. _an badiment. The er 350 jpcludes gra. e 35 angpa luralit
e e S AT Gt oM e SR 15 1 o
pressuataforaiRbB; dieepproandbelyneqyabethioeanty 3 82ravileotae offagidsdivnorbstantially

perp anoth grrtc;rgneir\{%pgﬁﬁg%rgna longitudinally and/or laterally offset with

respect to a vertical axis of the frame 352. The vertical axis extends in a
di ion of gravitational pull. Each vane 354 is configured to rotate . ~
RS 0 s PO, OB 8K, 5 b oA o with an

embodingied etderpeeash ivieahdSfantt BE2 iadepdhdlifhef Viasidg4. Vanes 354 are

. echanism may be ring and/or any other eguivalent biasi .
pivorIg T (e 3 5P A e o RABROT SEIE valae 004 moy e Jincarly
arrangmlgledist dmpoximanetizea. cEheeraBE030# theybahengiudi@ptjoarallyr thterally offset

. iasing ]| y ed {o,any.lqcation al h. of t .
with g W 8 I P 800 BB b, Wfection of
gravitagmﬁiaWarljzaqhithar@s%)%biw@ﬁ'tgm@maewtwérﬁé\(%@tﬁlbmbngtdbemmﬁve axis

356. SUTNGHY HURARR AR B0 IRIHGS GACEARANGAD4RIUE WR frame 352. The

_ . respective axis 356. The biasing mechanism 358 offsets at least a portion
biasings prehamen vBrjnbeT A SRS BRUOKs 39in ibcih g uiMabist iPissilgoneshanism.  In the

exempRyVaRBoate AOBR WA FHRSR NI §SPST 10 OB faRegpd LY a center 360 of

restrictincc); airflow through the damper 350. .
the vane 354. Optionally, the biasing mechanism may be coupled to any location along a length

of the vane 354. Additionally, the coupling location of the biasing mechanism 358 may vary
with respect to each individual vane 354. During operation airflow through the damper 350
rotates each vane 354 along the respective axis 356. The biasing mechanism 358 offsets at least
-a portion of the vane weight. The vane 354 is biased into an open position so that the vane 354

does not close with respect to the frame 352 thereby restricting airflow through the damper 350.

[0059]  Figure 16 illustrates a top view of a damper 400 in accordance with an
embodiment. The damper 400 includes a frame 402 and a plurality of vanes 404. The vanes 404
are pivotally coupled' to the frame 402 along an axis of rotation 406. The vanes 404 maybe
longitudinally and/or laterally 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. Optionally, the vanes 404 may be offset from one another. Each vane 404 is
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[0059] Figure 16 illustrates a top view of a damper 400 in accordance with
an embodiment. The damper 400 includes a frame 402 and a plurality of
vanes 404. The vanes 404 are pivotally coupled to the frame 402 along
an axis of rotation 406. The vanes 404 maybe longitudinally and/or
laterally 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 are of the frame 402. Opt|06 gé/ the yanes 404 may

confi B RLBRHISRESFRINGE B SERSHL AR B ATEna 020 FEmE AR e oricave with

respectllf@apﬁiédﬂ&ﬁhbﬂ\dﬁﬂfﬁﬁm& t@ﬂﬂ@ﬁéﬂm&%ﬂhﬂﬁﬁaﬁ&y%&t&ﬁmve convex or
n# (Bﬂres ect to dlrectlon alrflo 408 nally, theftfn 402 be V-

non-u EAERmC lﬁ‘r\x%%’(of}r UK ?88 EUEBAR O atiSn 2tt‘)‘fo"tuonal &y

shapedtbezt@mfggadadiﬂpedfHhﬁﬁ@aﬂ]ﬂlﬁﬁlﬁmﬁfwh@é«d p&haqnesdoﬂpnﬂgZAggmdmhbpacwﬂow

s08 ufRyRAPLA of gndled lagar sections, AnRRUAIoND A0 A0R, the local
i I% per o0 ratates the Vane 295 epen &n yacco dlng to

slipstretime imdaf‘. rsgpstmanmdreahh mefjioduateanel4fedch individual vane 404. [0060]
Figure 17 illustrates a top view of a damper 450 in accordance with an

g00s0flimepigirbeldamparA&0dn@podswa ffamemageama ﬁhhub'ﬁkitydlfnce with an

vanes 454. The vanes 454 ar I e 45 ann
embod o B TR A T AR RIAL T R L1 fgnes 454
are co@pﬂmﬁb'fmmsd@amww ofiaabfrdh6.offbcaviotiret ST hee wanegedidong the

be lopgit ally and/or later offset wi ect t rtical
arc of (MR Ot LA AP b BIETRER R GG B Ghes 454
maybe Fangitudinel 45 dor dathicplle dffsetordtle réspkep éndenthjcalitxivephst f@m@ﬂ The

vertical @H& efendd ﬂ?i r@ﬁ%@t%ﬁzo'isé%‘{%ﬂé{ﬂb&ﬂspﬁ%ﬂc’vgn@'%%'%”c&ff?gﬁfrlé’d\’to rotate

8. Optionally, the frame 452 may be oriented in a concave or

lndepemmbhweﬁmgmﬁﬁq thofngratidn Topfiemsifo e comvayarithapspethie 2 direction
of airfIFRMSABpRHARE WiSRARRMSS HYFARAGERERRES RRURG 3rlealRifBfmly round

angled planar sections. A non-uniform airflow 458 throug%h the damper

configgotR HaIDAIES A RIBHEN Q8 M HeRs Ay Tthee PRl pE iaseed
shaped"ha{hi%geéélﬂﬂfréﬁdﬁu@ﬂa%%%@i ol prividuRtiene 4)&4;&9%1&0&9 léﬁﬁlb&/llhﬁstfﬁi@&gh the
view of a damper 500 in accordance wijth an e ent. The
damper %‘fﬁer%?foﬂmaa%%%mﬂ@%w ﬁge t\%ﬁ nlﬁ 88 SURSHTRD Bl region
around 28éh aigividuslleantodhe frame 502 along an axis of rotation 506. The
vanes 504 may be linearly

[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 planar sections 510. Optionally,
sections 510 may be rounded. The planar sections 510 are coupled at a junction 512. The
junction 512 is positioned upstream with respect to a direction of airflow 508. The junction 512
is substantially pointed. Optionally, the junction 512 may be rounded. The frame 502 includes
two planar sections 510 having the same length. Optionally, the planar sections 510 may have

differing lengths. In various embodiments, the frame 502 may have any number of sections 510
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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 planar sections
510. Optionally, sections 510 may be rounded. The planar sections 510

.are coupled at a junction 512. The junction 512 is positioned upstream
ha“%iﬂwégﬁ%tét%daﬁaa*éaieﬂw%l%m.-w@fmetrélﬁ\sﬁ&éhmﬁtamiénwper 500
rotatd30it /eI PNRAEp ARG eBorfiR M Yhea J QI RHBStrhRe iff 3Re-&R6h around each

. ,. Includes twao planar sections 510 having the same length. Optionally, the
md“’lgﬁ Y& s 510 may have differing lengths. In various embodiments,

the frame 502 may have any number of sections 510 11 having any

leh@8Znd Jrigurar Gridktstaas A fen-vsHorh aidrps08Xriugectidance with an

embdd@E! PROJARIALES SHEnLRRRES a‘S%ifaob%@%q%Maﬁ@g@o&@ 5§39 1o8al vanes 554

slipstream in the region around each individual vane 504. [0062] Figure

are cupledsipatis Hamp VARG ARAPS ST RIIgR CRlarte WRReam >4 may be linearly

arrang88abefmMBNbel bEFdamper 6RO Meluees aramaiso8santhaypiIBHbBitedinally and/or
nes.554., ‘Ehe vanes 554 are coupled to the frame 552 along an axis of
latera:f&aq

it SHENFRPGAABASSAITRAPHS fHEMHIAmT anged ENETEY BifiSepxionds in a
direcfi@imo O pexvdnsidie. pulle Baoks afedssaaadaggitddin atharnddepdadesaiywith respect

offset with respect to ttical axis of the frame 552. The vertical ax| .
0t T o T 3 e TMERD B R A S5 LSRR ponaly
sectiomt 60 miep dadentiyedithTies pectartadétia it 552 congddamen GoAcion 562. The

o \-S i air of planar sections 560. Optionally, sections 560 ..

e e B e S O e R S T et 62

is substpatiplhcrio 862 @pposiilyn gt iwstriearhtRithasebp eetnded difetibanss 552 includes
AW R RSN S8 HAGHE RO ! &%ﬁﬁ? ' A ignally,ofhe

two p?lj&ﬁctio% SGZS may b%%?lc%? r}%e%a.rﬁ‘léhi amr;@gjéér%?(l: ﬂ?%s&%t%ﬁgm 560 may have

differipg-irngths e muwiinytsebedinaaeinglte st Aslynatidianasay seaksiobeutions 560
havin@ 8y RNehdifie RgUBP SlS AR MR RUBHR RPN G Fo NS A MBURRZHE mper 550

ave any number of sections 560 having any length and angular
rotateg the, ARG S AYHBHeaRETID AR SR RelrdipRtrrB B She FegigastAund each
individaBEgaad43mdependently according to the local slipstream in the region
around each individual vane 554.

[0063] Figure 20 illustrates a damper 600 in accordance with an embodiment. The
damper 600 includes a frame 602 and a plurality of vanes 604. The vanes 604 are coupled to the
frame 602 along an axis of rotation 606. The vanes 604 maybe longitudinally and/or laterally
offset with 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 vane 604 may open to an

angle that corresponds to a local slipstream at the region of the vane 604. Some vanes 604 may
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[0063] Figure 20 illustrates a damper 600 in accordance with an
embodiment. The damper 600 includes a frame 602 and a plurality of
vanes 604. The vanes 604 are coupled to the frame 602 along an axis of
rotation 606. The vanes 604 maybe longitudinally and/or laterally offset
with 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

remain lesed:asdlinaly Hevsy i esharidehianalbn YR IOSHERE PSR ShyBtABAS the air

flows tigdiigh & @eanpetrspehape. Each vane 604 is configured as an equal pie
shaped portion of the circle. Optionally, the individual vanes may have

Y6689 Shapas hat anlalvelycqualibe 80aPaRkibe Jrme 669 Hen open
vanes 604 rotate about the respective axis 606 to open as air flows
configufationg h e eSS, ‘E’&Eﬁ&ﬁh@%@&ﬁff@&@ﬂ‘w A hratgitheaigmper 600.

The varf§ 6081 AUE N SR TRE COREs MRl Ideall MaRE &R N aRRontof cach

an angle that corresponds to a local slipstream at the region of the va}(ne .
vane 600 4T s sitheranes @A 1R ARt iR i Assd @i iFRBOPS HiPGL gk of airflow
therethiORiiQN@lhtichalyasieBd 6 Iay9Reinds eHisaamsaiv taioptaws Haspoigi toea local
damper 600. [0064] Figure 21 illustrates the damper 600 having vanes
888 in an open configuration. The vanes 608 are opened in response to
airflow 610 throm;%‘r; the damper 600. The vanes 608 are rotated to an

98] thatfispre o s irates| ScdATeRpS ifaas P20 tReArSOTRNGE &4t 2 fabodiment.

The vaiR0&0TIREIQIBES YRIAES S 4ndrenl i hataabis 6 105BR pOSIHEMber&3 a8 $enfigured
o a lack of airflow therethrough. Qptiopally, airflow 61Q may cause eac

0 counl, o SBATBBET: Grtoi o 4 5C AR o A ToBS IS R 59 omber 654

The blale!sthidssa Ghiinpehsa 6866 50ptichaterdaa bbatd o anmambedimend!. addled, or have
vape 650 includes a blade 6 n .axis member 6 e axis

& NOn-UaM 61 r %E%%C(%i}ﬁf’&rgg‘ et§ %gﬁp%gj;éngiaa?ﬁpge}?tﬂ%nﬁfﬁ ?F{oqlgﬁgvvrvarﬁs. ?Iﬁ)émd and

couplestiiatte 652 66fatdhablade 2 amiy remihahisdlly Biredbkatie imaiidtds@ or integrally
planar.face 65 ptiopally, the blgd A QNCUS%/]%j, angled. or Ray b

formedavﬁgln-tuﬁif%)?lr%lgsr%ungga s%%%e.g%%eﬁﬁfcfgg& ?cr)\cl’udes first end 658 thafgycofn

configuyatigys £PptinkHydtheobiptisstd2tinenz BBl filkrsingaldscss ansdiay prund attenuating

layers. MSENGAKAKY A 8d Qb%@ﬂqﬁ%%ﬂ%ﬁl&ﬁ, fmpth Yt HEn@XISr molding.
654. The blade 652 may be hollow, solid, or have a honeycomb

Additionally, the blade 652 may be fabricated from metal, polymers, or threaded cotton.

slipstre

[0066]  Figure 23 illustrates a damper vane 700 in accordance with various
embodiments. The vane 700 includes a blade 702 and an axis member 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 blade includes a pair of planar faces 706 and 707. Optionally, the planar faces
706 and 707 may be curved, angled, or have a non-uniformly rounded shape. The blade 702
includes first end 708 extending from the first planar face 706 and a second end 709 that extends
from the second planar face 707. The first end 708 wraps around and couples to the axis
member 704. The first end 708 may be mechanically attached to, welded to, or integrally formed
with the axis 704. The second end 709 wraps around and couples to the first end 708. The
second end 709 may be mechanically attached to, welded to, or integrally formed with the first
end 708. The blade 702 may be hollow, solid, or have a honeycomb configuration. Optionally,
the blade 702 may include filtering layers and/or sound attenuating layers. The blade 702 may
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configuration. Optionally, the blade 652 may include filtering layers and/or
sound attenuating layers. The blade 652 may be fabricated through
extrusion, stamping, forming, or molding. Additionally, the blade 652 may
be fabricated from metal, polymers, or threaded cotton. [0066] Figure 23
illustrates a damper vane 700 in accordance with various embodiments.
The vane 700 includes a blade 702 and an axis member 704. The axis
member 704 is configured to couple to a damper frame (not shown). The

be faBpigpted dbroyeliaXtnisinm ARG fRERIBE: 20noiing hidditiarleshs blade 702 may
be fabliptabftae et HanthdQ/ o QRikanad oty planar faces 706 and 707

may be curved, angled, or have a non-uniformly rounded shape. The

blagger92 INGUAESUISheaALO8 Ssndg fpp H&%{iﬁiﬁtﬂé‘r}ﬁr l@g&‘rc?a%%e with an

and a second end 709 that extends from the secon anar face 707. The

embagipeita Fogdarapss 278indudss xGapied 18 e arlyralieraberred Sthd hipstanes 754
are c8isleOR MBS BoNARIcall %ﬁ%ﬁﬁgﬁQSWemeQWﬁ%ﬁli}é ff?ﬁgéﬂ? arranged

with the axis 704. The second end 709 wraps around and couples to the

or maYspe RSO OThengaRaHE ety 56nFY Hearkn kanaindinathord{qp laterally offset
with welgtes 10, Ok inrgr alkisfemies fdihetaJirstripndeAltds The RIadedi04 M@rection of

ow, solid, or have a honeycamb configuration. Optionally, the

be.hollow, .
Erav R B el R fiRerig PR reBim i deRdERiy Pgutdhe respective
axis TH@ blEdevans msy als difrkebie apticadtd, o vakeeTBusion, &umpisd, planar, non-
unifofrcr)rgwin&n r (r)rrl%diré . Abfl:indittion%lgﬁ, the blade 702 may be fabricated from

melyaf, polymers, or thr88 48 ¢atsH. [0067] Figure 24 illustrates a top view

of a damper 750 in accordance with an embodiment. The damper 750

ind198d a franflroed 7§r§di%%W%%?%@?%@-Tﬁé%ﬁﬁ@gd%ﬁg dgeoupled to an
inlet gﬁolpiedhfoﬁ’amérame 57 anlai)racaﬁ;@sqﬁfrmm Eﬁ@-hﬁb%ﬁ’@;}ﬂ@ﬁ%ﬁ@ﬁ\ﬂﬁg a smaller
. e linearly arran r may be offset from one anotheyr. The vanes 754 .
damEE 8%@%%?35%@%%%@{&3&?-o%%lsts B5Rs g e air enters
the daftiee fismeOpSandihe werlided 26dshaxtediisnaa dingdiigreakrgtavitdiéanalet 764 and

Il.,The vanes ./54 are canfigured to rotate inde ently about the
the s R R e R P T AN A e sbjoud 758

may haasg bhnmngiwqulaide_m Nide- Uandfad B8 ronamchl @y m;»mmmmmwmrmms of the
dam %ﬂ@e’iﬁ{&%&?&éé &roe%lz?n% @d %?rﬁg‘w 6% 5a§ 'itTer;(?tsS leeo Hgm7135e§ 730.
coupled to an

[0069]  Figure 25 illustrates a damper 800 in accordance with an embodiment. The
damper 800 includes a frame 802 and a plurality of vanes 804. The vanes 804 are coupled to the
frame 802 at an axis of rotation 806. The vanes 804 may be linearly arranged of may be offset
from one another. The frame 802 is positioned within a plenum 808. A vertical axis 801 extends
through the plenum 808 in a direction of gravitational pull. The frame 802 is offset 810 at an
offset angle C that is non-orthogonal to the vertical axis 801. The frame 802 may be pitched
and/or rolled with respect to the vertical axis 801. The offset angle C of the frame causes the
vanes 804 to also be offset from the vertical axis 801. In an embodiment, the damper 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 offset 810. The damper 800 is coupled to the standoff to offset
the damper 800 by offset 810.

[0070] The purpose of the offset 810 is to cause gravity to rotate the vanes 804 to the
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inlet 760 of the frame 752. The shroud 758 is rounded and has an inlet
762 having a smaller diameter than an outlet 764 of the shroud 758. The
shroud expends airflow 766 as the air enters the damper 750. Optionally,
the inlet 762 has a diameter that is greater than the outlet 764 and the
shroud condenses the air flow 766 as it enters the damper 750.
Additionally, the shroud 758 may have planar angled sides. The shroud
758 may also be positioned at an outlet 768 of the damper 750 to either

fully closedendisi g whpadeetndsdprpovitise aisflovxiisanehdhrrrpesdiboddp offset 810

may b& laHIRE3d/ikstraie s aeaBIREE B0 IR 6 0EADEE YR BoERRRIMEYA there is a
The damtger 800 includes a frame 802 and a plurality %‘{vanes 804. The

positive auflowothrongh SipiBaTs 412 fraffe 8HSsab%h beoenst futhtigReaes Wil very little

airflowvanes Sasdandae tincsiiyeaganged nf withibe afiseb e geesanat dsgrees.
The frame 802 is positioned within a plenum 808. A vertical axis 801

¢R65idis tHiigugh2hdlhisraten 808Iper AfSctioacopgeaviatishanpembidignent. The
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vertical axis 801. The frame 802 may be pitched and/or rolled with

906, a petiatPRS iaad/e RriBPARIISPILOT hEhefisaea g asteidihstivapiciaipe806 and the

bottom!@88 V&¥N&R SR 150 e Offaghdrond theNRIKIC! WHR802xiNAR that extends in a
embodiment, the darrﬁér 800 is coupled to a standoff 812. The standoff

directiogy of eaviRUNIARY shitadass 4 M sRIHISHRG Joralals APRIaRiRkiSpégotation.

The axBW¥ andtioe e eatise il tho & satapak R0 ISoranpieshie doe. siansaticely, the
offset the damper 800 by offset 818554,0070] The purpose of the offset (;3?3[8 of the

axis ofizqigion, may b RrgE s AR el ORHBBRAYOfiRet f1PR B bRLGeh 855

frame 20DerOftisRaldyNthP Garteeood ity By pogiti dheddaithiea§léhubhantiset S2ftical axis
may be limited sp that.the vanes 804 can rotate.to th en positi

that TR RO 0 SRTUE A th Do AT B, i VRS andlr

longitudindl hectisaeffoity thpeedidalvithis ef yhitiderainiloWhérvaree il cattncentigimed to rotate

fset 8 ) ithi f.5. 4 . o
o AP BSR4 0, e posion

air is alfweditonisey Soovighcthddempfen {9 902 thec3sid pusiyiof.\vandec90at fipw through
the darrﬁ?ép@(%?z REUsadep a?@@oﬁf&%mgggalaﬁg %Bﬁffepf@@%%fJIQnTﬂB@ closed

. vanes 904 extend between the top 906 and the bottom 908 of the frame
positiog02, The frame 902 includes a vertical axis 912 that extends in a direction
of gravitation pull. The vanes 904 are configured to rotate about an axis of
fotIN. 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 configured to retain the vanes 904 within the frame 902. The
coupling mechanism 926 includes a ball bearing cutout 928 for receiving a ball bearing
(described below). The ball bearing enables the vane 904 to rotate with respect to the frame 902.
A bearing plate notch 930 is positioned adjacent the ball bearing cutout 928. The bearing plate
notch 930 retains a bearing plate (described below) configured to retain the vane 904 within the

frame 902. The coupling mechanism 926 also includes a gasket notch 932 for retaining a gasket
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The axis of rotation may extend along the vertical axis 912 of the frame

902. Alternatively, the axis of rotation may be laterally and/or

longitudinally offset from the vertical axis 912 of the frame 902.

Optionally, the frame 902 may be positioned within a plenum having a

vertical axis that extends in a direction of gravitational pull. The frame 902

may be laterally and/or longitudinally offset from the vertical axis of the

plenum. The vanes 904 are configured to rotate about the axis of rotation
(desopibeestonn. opbe srskricweard a wsargssussitienl batirrenHrenvpnsitioh angijthe frame
9¢2. is allowed to flow through the damper 900. In the closed position, air does

not flow through the damper 900. The vanes 904 are configured to seal

th per 900 w%gn in the closed positiop. E%Ozg%gi ure 27 iJlustrates

crd L Rty SN PR B0 R HRB D SRS B o, The vane
904 ifadeddd 4 buadiagredgd 50 A6 aTihelfngradgd G5 2lsPlanatufiess s dnaaedddetween the
leadirsl9 lgda gc%gn o&iﬁg Trizg 11‘19269 5& di g ?etwd‘lane net % fégqtnf%f:e egs:l.'é"rzca)l a (gplgl member

r&ar tace 918. Al flows t% ifection of arfow 922 & onglfﬁe inner face
956. Ji® fisationel immm fac85B1ebuptisaadar fearecPNR. At fhorixfacd Ataibaof the vane

904. gﬁha{ﬁy%%{ﬁ}ﬂg‘gﬁ{ﬁgéﬁqﬁﬁ%} ﬂlée%? {%%gl}%ﬁ%el;h{w '%]fogrq{ig er agg'onally, the

ownstream from the arcuate member rame Includes a

rotati@@%lgﬁﬂglbﬁ@&ﬁém@mfggé anrrdasupliteg ImBeiatiing drovaneiftguked treiling edge
952 iRIBRNENANRH9R4 WIbIOIhG 38R R0t dERG o GRAPHRRMGER %Wégﬂ(ge%grotational

includes a ball bearing cutout 928 for receiving a ball bearing (describe .
membgx| 359, PhebAfisearinyBRatids tHa vanedendimentiavifien respewrdedyetational

memBERNES 80k CukRRY3Y RalepRIah 830 onsiianetadiasentie Rlltional member

bearing cutout 928. The bearing plate notch 930 retains a bearing plate
956. (described below) configured to retain the vane 904 within the frame 902.
The coupling mechanism 926 also includes a gasket notch 932 for
refdiiklg a dagieet 2051 (dsseartbed o #)4 Thvaged ket txefitanea 90  The vane 904

includ¥€3 %8?99%6%'&365%8&8 h&dfinlehg%g' a%%tpsecgame% t%oéé L‘%%?;d()l: (I)q L%xefr%me 902.
lllustrates a top view of the vane 8 4ps own In Figure é . The'vane 8
The bpftoun862:isequiMeddddhedBtem st diting fedor: 9932 . Piatrar $66@ad Bt bottom 962

are ea@ﬁ%féﬁ%@%ﬁ finlSA0REFIES AP AR d'gdhng edge 952. The

leading edge. 950 includes a rotational member 956. The rotational

ber 956 couples, to the frame 902 algng the axis of rotation of the
Cﬁ%@ﬁ? Figure 30 is an expanded view of the vane 904 coupled to the frame 902. A

bearing plate 1000 is positioned within the bearing plate notch 930 of the frame 902. The
bearing plate 1000 is secured to the frame 902 with a rivet 1002. The rotational member 956 of
the vane 904 extends through an aperture formed in the bearing plate 1000. A ball bearing 1004
is coupled to the rotational member 956 of the vane. The ball bearing 1004 is positioned within
the ball bearing cutout 928 of the frame 902. The ball bearing 1004 is retained by the bearing
plate 1000. The ball bearing 1004 and the bearing plate 1000 retain the vane 904 within the
frame 902. A gasket 1006 is positioned within the gasket notch 932. The gasket 1006 forms an
airtight interface with the vane 904. The gasket 1006 includes a surface that enables the vane
904 to rotate with respect to the frame 902 while maintaining a sealing contact with the gasket
1006. It should be noted that the interface between the vane 904 and the frame 902 illustrated in
Figure 30 is common to both the top 906 and bottom 908 of the frame 902.

[0076]  Figure 31 illustrates a top view of the damper 900 shown in Figure 26. The
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904. In the example embodiment, the rotational member 956 is rounded.
Optionally, the rotational member 956 may have any shape suitable for

rotating the vane 904. The trailing edge 952 includes a cutout 958. The

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 is shaped to correspond with the shape of

the rotational member 956. [0074] Figure 29 illustrates a vane 904

dampeg RYfcrebidee Raplerdde. Theansaed9d4 idbleidenes tGfOG0eapeniBuadrip rotate

indepeR@anti 5100 %%@lSQM@%&&Rﬁa@Q&Q@t% hadrame 2RweT eiRRYRMS half of
962 is coupled to the bottom 908 of the frame 902. The top 960 and the

the vangsithinen epeneashisgatine! 5 axlipalphibenanrs0ds arinet spndiguration

1052. W2 YPERIbIEEAbIS ABEXRAVEIRA YiRW £ SneNgrRe i EQpIal (Relt@me 902
frame 902. A bearing plate 1000 is positioned within the bearin%é)late

that is GoRREsBHORY el Acainliptsam isrentiths yene AoolieddrsisetdPs fytend from the

frame SEIME A WHH BahtvauADZ:1d gt ekRtichRsemEer S5 ofTHerkana (Mstops the

._extends through an aperture formed in the beari late 1000, A bal .

rotatiog S 1R DT Bl Batol AT SSBTBS oLt oy gressure s

experidnetdomattio gldfPdr 19000 shicorzdsvoitkiardferball lredriogheuttnsed 28 digation 1052.
frame 902.The ball ing 1004 is retained by the bearin late .1000., .

In the { g R B e e R PR T dofindar Sfipip.  The

closed patHigutatiofrd 02 90 thetv graslieti 1B tied o diipmed2wvithin the gasket notch
932. The gasket 1006 forms an airtight interface with the vane 904. The

gaeket 100§ prluseniasauriace it RRatandRaanso AR QIR WilkNiguration

respect to the frame 902 while maintaining a sealing contact with the

1052. Jhaeitoty 35 8L k3 3R M8 drssie by ryith E?Etv(fétéﬂ"ﬁ‘fé {gHabepq>6 of an
adjacerARNAHE O EoBA A itkistr atROciin fiGraieo B Q fIRAHBA OIS hathibedaBHIG member

d bpttom 908 of the frame 902, [0076] Eigure, 31 i|lustrates a top view of
956 engHlen iSRS B PP ROEGh Ae SEEA SRS Bl B0 L Taion creates
planar plalialitgsaf feamed 894hd banvanascd®s axe eactigaiied Theopbdrar walls 1054 extend

independently ba gho the local slipstream adjacent the vane 904.
across @%ﬁ@én [ ut;(l)trsae 22 eaf%‘ oP et%%%@anes 904 in an open configuration 1050

and half of the vanes 904 in a closed configuration 1052. In the open

EBORJuratibigusstd tHusiEHes Bdhero areahige covplessiseatframsel fedneThe vane
1104 ir¥fides a leading edge 1105 and a trailing edge 1106. The vane 1104 rotates about an axis

of rotation that extends through the leading edge 1105. The trailing edge 1106 extends from a
top 1108 to a bottom 1110 of the vane 1104. The vane 1104 includes a gasket 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 1104 in a closed configuration
1114. In the closed configuration 1114 the gasket 1112 is nested flush against the leading edge
1105 of an adjacent vane 1104. The gasket 1112 accounts for misalignments in the vane 1104 or

the frame 1102 to provide a low leak seal between adjacent vanes 1104.

[0080] A method 1200 of installing a damper is illustrated in Figure 35. The damper
includes a frame and a plurality of vanes. The vanes are coupled to the frame at an axis of
rotation. The vanes are configured to rotate between an open and closed position. The damper is

configured to be installed in an existing plenum. The plenum has a vertical axis that extends in a

17



that is contingent on the local slipstream adjacent the vane 904. The rivets
1002 extend 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 than 90 degrees. If a back pressure is

experienced in the damper 900, the vanes 904 are forced back to the
closed configuration 1052. In the closed configuration 1052, the vanes
904 are positioned in a linear relationship. The closed configuration 1052

directignhel\graekadondisralled i FidRke B St30dqtl) iFigastiopedusttzine dhg jgnum. The
stand¥IBYHALHE YR065R04IRARE CIASEHEORIGAFINR sLPBRe TNErRUIQWUPRE R to the

each vane 904 is nested flush with the rotational member 956 of an

verticghxdendbasewphingsueface ansyde pHehedniilechsiyar ededthaerresiduty vertical

axis. (A No@icnaldnspPed Bapienabiasyis rNesuPlidotaprRsiionha afieangle of the
configuration, The linear configuration creates planar walls 1054 formed

couplie sl aceafisiscl o A AR KsReste Hiandrtisal@xiss 4l bgdpgper is pitched,
rolledl@@O$avBe Sirmen0grivise abrdies dnenaaicd 08 (HROTHhidg usah3fillustated position

another vane 1104 coupled to a frame, 1102. T apne 1104 jncludes,a
when RO TRROLENE 10N LG o CETBET 1105 QU5 B BQ A g that the
vanesaraiaxisatoftoatatiopethpdsttidanpsciiyowénttiede ddingpeitdge 4itldody Theugh the frame.

trailing edge 6 extends.from a ,top 1108 to g bottom,11.10 of the vane
The S I B e P R oo e 6 YR my b
withirl 208ngethe .boktgrees 10 @@ idametise WpliogpBygid d0GPEH0TYY PéguaepBd directly to

the pIHH AREAHORMIRY 05 ANS b A SldRegepnfguration 1114, In

the closed configurat 114 the gasket 1112 Is nested flush against the

Iefoté? edge, 1105 of an adjacent.vane 1104. The gasket 111 accourt1t§ .

o b g TR RGPS ISt LE05 e BraiRerscpiy to an air
handliegleysgathbdtwhewl dbgacead viznabeldtdod080} AescetiainiB0B:ofsed within the air

handliﬂg’t%lllaiﬂgaa&&im ne.r%}ilse i:fh‘xse%ra&redq}é‘cﬁ%reg?e%u%h%ﬂ"i‘%ép%{{i SUASS Aystem.  The
rame and a plurality of vanes. The vanhes are coupled to the frame at’an .
embodigiswt roitidse Hecusethap dreacoafidioredotunsttenm bafiwlee fearpopevithth the air

handlgl[g iy 05i&%o&h&,d%H%p%re.l,ér_iii%‘ﬁ&%%%ﬁﬁeB% "lﬁB%J leghin,an eiﬂsténgzlean room

enum. The plenum has a vertical axis that extends in a 17 direction of

envirqyagitatidhalpuiodimeranay Sanpewtdsedositbndischrrgadiieprenand/amae return
chase S@NHOTLIBGIUARA C@ﬁ%ﬂglﬁlﬂrfﬁ&%nﬂo@ﬁ&@%%%'%éﬁ# ifA¢&igential HVAC
offset with respect to the )
systems. The embodiments may be used in the ducts of an HVAC system. Optionally, the
embodiments may be used with precision air control systems, DX and chilled-water air handlers,
data center cooling systems, process cooling systems, humidification systems, and factory
engineered unit controls. Optionally, the embodiments may be used with commercial and/or
residential ventilation products. The embodiments may be used in the hood and/or inlet of the

ventilation product. Optionally, the 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 description is intended to be illustrative,
and not restrictive.- For example, the above-described embodiments (and/or aspects thereof) may
be used in combination with each other. In addition, many modifications may be made to adapt
a particular situation or material to the teachings of the various embodiments of the invention

without departing from their scope. While the dimensions and types of materials described
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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 no positive airflow through the damper. The offset
may be limited so that the vanes can rotate to the open position quickly

herein \t¢eintensied it dpBagithe iptemethio of ithth satighseebledimenéss teidsninvention, the

embodiH{BARPGREGW i%vﬁ{éfamleliﬁ“ﬂ%- Aﬂda%%”@&ﬂ{m@{# L edieiiRay Bfany other

within a range of .5 degrees to 46 degrees. Optionally, the damper may be

embodigeniet il apneremd piberme btd bistamthuapeieying herabayadrscription.
The scepéherpiRNvEnolROGAbINmEMbotimencARsR ipBHINCIRIRAIR, dRSGeR@Rhined with

with respect to an air handling system. It should be nqgted that the

referengf 0 imAbRAOdR RS Aageowitistie fithaTeRe SicHUYRIRRG thivhish /St claims

are entitledinliet te dissivaegiecRiEh) o tdhesaimbRIAHE T8 StERMVhIEIE are used as the plain-

. embadiments may also be used upstream and/pr downstream,of the fan .
Englisl SIS (b 0 HARAIS JAITO pTORRIS e HleorIStE BnpoMRrenier in the
followmaylbiensisibd tarme!&ant)'bteecondy | ramdid@ntd T rece mb odichaniseinay labels, and are

. _positioned in the discharged plenum and/or.the return_chase of the clean
mot i i A SRR B (L BRI CERIBRE e Rhs of he
followingsaims Tire sotbediteenits meanbelusdunietivie Bt cindnatyng sytsteied to be
interpréQRHIBAGY ofhSs SbRAINeNSS A B REsh INAKCEIRIAMA GO im limitations

systems, DX and chilled-water air handlers, data center cooﬁng systems,
expresylyobees sheo pherpeysneans, Fumititiessdnbyy siaitateraen feltbmctiongivridred further
structukdit controls. Optionally, the embodiments may be used with commercial

and/or residential ventilation products. The embodiments may be used in

t od apd/or.i éget of the ventilation product. tionally, the .
[0 SRS UlTiEah i SENLR BRI DR IRE IS and pracecded with
the wozd Jalisehiaeshentd [beseidrrisaedbes uned erstbdinghatutsd abdhe elements or steps,

unless g&?ﬁ%@i&ﬁdﬁ iQWf?ﬂlgpsleﬁéH.u%Wh‘é@m&@?r@f&éﬁé&iwv%ng 9&%%9%‘&3 are not

the above-described embodiments (and/or aspects thereof) may be use

intendegh toyhpiipigEnsiath 2saenchiHg Ifhadtrencs o yadditimmedtionbadismeps that also
incorpd PRSI QSRR DRI IBEILRIRNRS &kﬁiﬁﬁm tQ4ihg s ach e Y tNenbodiments
|

various embodiments of the invention without departing from their scope.

"comprigifie eI ItPp S HIAlAYeRfrlemeatTidng a particular property may

include additional such elements not having that property.

[0084] This written descriptibn uses examples to disclose the various embodiments of
the invention, including the best mode, and also to enable any person skilled in the art to practice
the various embodiments of the invention, including making and using any devices or systems
and performing any incorporated methods. The patentable scope of the various embodiments of
the invention is defined by the claims, and may include other examples that occur to those skilled
in the art. Such other examples are intended to be within the scope of the claims 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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18 herein are intended to define the parameters of the various

embodiments of the invention, the embodiments are by no means limiting

and are exemplary embodiments. Many other embodiments will be

apparent to those of skill in the art upon reviewing the above description.

The scope of the various embodiments of the invention should, therefore,

be determined with reference to the appended claims, along with the full

scope of equivalents to which such claims are entitled. In the appended
wHARR e Revigm s including” and "in which" are used as the plain- English

equivalents of the respective terms "comprising” and "wherein." Moreover,

in the folldatmsectaimsiding:terms “first,” "second,” and "third," etc. are

used merely as labels, and are not intended to impose numerical

reqieRaaIn AN Dak-ARGEI S Hitigh MRdMIRBs offhe following

claims are not'written in means-plus-function format and are not intended

to be, interpreted based on 35 U.S.C. 112, sixth paragraph, unless and .

urftiP SRR YRR iRy anprated iRin e frrsetisasnesdt wigansg oriented
aboutoy @tatrieINeds elduR G vid e fwitherdsiilsiglie Wi 8edpes tsedensfreorizontal

an.element or step recited in the singular and proceeded with the word
and VIS A should be understood as not excluding plural of the elements

or steps, unless such exclusion is explicitly stated. Furthermore,

referencBestslamperepibtiiment whembt thgereidigalo Basirreigndsidd ds direction of
gravifdfiorddipgithe existence of additional embodiments that also incorporate

the recited features. Moreover, unless explicitly stated to the contrary,

embodiments "comprising” or "having" ap element.or a plurality of .

e amentbR A PRIET pHSEHE B Rd A A A -Sfipeonal angle with
respeei@mbatsenizhhasiilg that property. [0084] This written description uses

examples to disclose the various embodiments of the invention, including

thg bestifogs,a9d,ARA ?,r\@f?é?em@%ﬁgylrsﬁ{@ﬂl&ag&?daﬁg)o@aeﬂ%en

the various embodiments of the invention, including making and using any

devices or systems and performing any incorporated methods. The ..
pa%entaﬁﬂéesgiadwbpfh@widugva?ﬁ% i S PR 1L e lftical, or

circulay dfeesdledtish. and may include other examples that occur to those skilled
in the art. Such other examples are intended to be within the scope of the

claims ifﬂ'éed%ﬁé? t'F%l{lﬁu"? ﬁ{%ﬁg‘%&k&m@n&%ﬂgﬁhg%@%@Jﬁﬁ{ VRS weight

literal language of the claims, or It the
of each vane.

7. The damper of Claim 6, wherein the biasing mechanism is a spring.

8. The damper of Claim 1, wherein the vanes have a leading edge and a trailing edge,

the rotational axis positioned proximate the leading edge.

9. The damper of Claim 1, wherein the frame has a vertical center line and the vanes
pivot about rotational members, the rotational members oriented such that upper ends of the
rotational member are positioned proximate to the center line and lower ends of the rotational

member are positioned distally from the center line.

10.  The damper of Claim 1, wherein the frame has a vertical center line and the vanes

pivot about rotational members, the rotational members oriented such that upper ends of the
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examples include equivalent structural elements with insubstantial
differences from the literal languages of the claims. 19 WHAT IS
CLAIMED IS: 1. A damper comprising: a frame having a central opening
through which air passes; and a plurality of vanes rotatably mounted
within the frame, at least one of the vanes oriented about a rotational axis
that is offset at a non-orthogonal angle with respect to one of a horizontal
and vertical axis. 2. The damper of Claim 1, wherein the vertical axis

rotatiopgliateirbay areipesitimmest distalhafionalthrtenter Haciardgerer endipbthe rotational

membéygl%rsggimﬁémﬁg{és[gttﬁg anRp-sthogonal angle with respect to the
vertical axis. 4. The damper of Claim 1, wherein the vanes rotate

ndepenpdently of eacl) gther. 5. The damper of Claim 1, wherein the frame .

s o R R GBI MOS0 S AT HES SR et N g vt
which BfrGtajreatdintibetieodaptising a biasing mechanism to offset a weight of

each vane. 7. The damper of Claim 6, wherein the biasing mechanism is a

sBring ﬁeﬁgﬁlﬁ@rﬁp@a%ql,%e}ei\‘y%%%é@%r%mmﬁ ﬁl@ﬁiqm:go?%ousing

and a trailing edge, the rotational axis positioned proximate the leading
within agngept Prdegraprernst 43l dpareesyherein the frame has a vertical center
line and the vanes pivot about rotational members, the rotational
membets: edapachs@hithal wieesis ks wiikearsobdfienad thatithevaiies rotate to a

iti imate to the center |i | f the rotational
closed RS VARE TSR5G8 RIS LA BHAGE 16 e camper o

Claim 1, wherein the frame has a vertical center line and the vanes pivot
dBout idrademacrmdrRiim, lihshesain dhay resiommBrinternayisaed ablade, the blade

coupledRPHE 8RS aN8as¢Bne of mechanical attachment or welding.

15. The damper of Claim 1, wherein the vanes are at least one of hollow, solid, or

honeycombed.

16.  The damper of Claim 1, wherein the frame has sides, a top, a bottom, an inlet end,
and a discharge end, the inlet end defines an inlet plane and the rotational axis is oriented non-

parallel to the inlet plane.

17.  The damper of Claim 1, wherein the frame has sides, a top, a bottom, an inlet end,

and a discharge end, the rotational axis is oriented non-parallel to the sides.

18.  The damper of Claim 1 further comprising a gasket positioned between the frame

and each vane to seal the vanes with respect to the frame.
19.  The damper of Claim 1 further comprising a rivet to limit the rotation of the vanes.

20. The damper of Claim 1 further, wherein the vanes include a leading edge and a

trailing edge, the vanes having a gasket extending along the trailing edge.

21.  The damper of Claim 20, wherein the gasket nests against the leading edge of an

adjacent vane when the vanes are in a closed position.
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rotational member are positioned distally from the center line and lower
ends of the rotational member are positioned proximate to the center line.
11. The damper of Claim 1, wherein the frame has a depth and the vanes
have a width which is not greater than the depth. 12. The damper of
Claim 1, wherein the vanes are offset from the plane of the housing within
a range of 0.5 degrees and 45 degrees. 13. The damper of Claim 1,
wherein the vanes are offset so that the vanes rotate to a closed position

whén thehe dempsstahfiddiynd Birthow whereih theevizaeadndlndd hdaddingedge and a
trailiff SMhL w‘éﬁb%rﬁémﬂéed‘%%@ﬁé EQIIRGRS APh iR %ﬁiﬂ%ﬁQ&’ the blade

coupled to the axis by at'least one of mechanical attachment or welding.

15, The damper of Claim_1, wherein the vanes are at least one of hollow,
safit, orTh%ﬂwesweﬁlafe.%évhafmgé%eaﬁ%mﬁtmaﬁﬁ thsoIpdig cdee of an

adjachay sidashdn 1hp varestenmn aricded poskioand a discharge end, the inlet
end defines an inlet plane and the rotational axis is oriented non- parallel

tofhe injetplangs bf- hoGIARTRCEAhSA T WRSE MVRMI NGRS said method
sides, a top, a bottj(c))ml, gﬁ ?riﬁgt] endg,}L fnd 3?1 glis(?:%%%?eme%ﬁ g‘ne rgtatlo’nglzl11 metho
COmpggRIBEs oriented non-parallel to the sides. 18. The damper of Claim 1

further comprising a gasket positioned between the frame and each vane

torsepdBiananesNApliesRe G oaths Wane hderdhe dagnper of Claim 1

further comprising a rivet to limit the rotation of the vanes. 20. The

d%g?gn%{n‘éfa?lé‘”srt‘ USRIl "vvé‘n%éeéﬂ&&ea‘éé&%%é%fé%%%’se}ﬁal%‘%%?&te 96,809 hogonal
trailing edge, the vanes having a gasket extending along the trailing eage.
angle ithnisspdetrtpened Bl hrn 20l hedeierticel gaisket nests against the leading

edge of an adjacent vane when the vanes are in a closed position. 21 22.

The. dampern@dthdais fusier2avheneisiththyanesdnchide exieading edd@ection of
.and a_ trailing edge, the vanes having a gasket extending along the trailing
graviighippal pyll H Qrfsﬁhqaﬁﬂr%@}we?géﬁwwdagﬁarﬂ%gfsaa@arﬁmna' angle

with expein goahlgecofiai axis.

26.  The method of Claim 24, further comprising rotatably mounting the plurality of

vanes so that the vanes rotate independently of each other.
27. A damper comprising:
a frame having a central opening through which air passes; and

a plurality of vanes rotatably mounted within the frame, the vanes having a leading edge
and a trailing edge, the leading edge comprising a rotational member and the trailing edge
comprising a cutout having a shape that corresponds with the shape of the rotational member to

nest with the rotational member of an adjacent vane when the vanes are in a closed position.

28.  The damper of Claim 27 further comprising a gasket positioned between the frame

and each vane to seal the vanes with respect to the frame.

29.  The damper of Claim 27 further comprising a rivet to limit the rotation of the

vanes.
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adjacent vane when the vanes are in a closed position. 24. A method of
installing a damper, the damper having a frame, said method comprising:
rotatably mounting a plurality of vanes within the frame; and orienting at
least one of the vanes about a rotational axis that is offset at a
non-orthogonal angle with respect to one of a horizontal and vertical axis.
25. The method of Claim 24, wherein the vertical axis extends in a
direction of gravitational pull, the method further comprising offsetting the

#ime 48 ABRRSFIb SRR gl haReiTrakerst nth el ditidangsas. Fechish about a

rotatiofBEH3@ thhGlabTsdé af Ui ther -eamypiésiiCarpiatabii feopudting the plusatityiedntal and

vanes so that the vanes rotate independently of each other. 27. A damper
Bitibrising: a frame having a central opening through which air passes;
and a plurality of vanes rotatably mounted within the frame, the vanes
having a leading edge and a trailing edge, the leading edge comprising a
rotational member and the trailing edge comprising a cutout having a
shape that corresponds with the shape of the rotational member to nest
with the rotational member of an adjacent vane when the vanes are in a
closed position. 28. The damper of Claim 27 further comprising a gasket
positioned between the frame and each vane to seal the vanes with
respect to the frame. 29. . The damper of Claim 27 further comprising a
rivet to limit the rotation of the vanes. 22 30. The damper of Claim 27,
wherein 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. 23
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