ENERGY RECOVERY SYSTEM AND METHOD OF USING THE SAME 5 10TECHNICAL FIELD

[0001] Embodiments of inventive concepts exemplarily described herein relate generally to devices
capable of converting kinetic energy associated with a gas flow into electricity. More particularly,
embodiments exemplarily described herein relate to energy recovery devices capable of converting
kinetic energy associated with a gas flow into electricity while preventing 15an undesirable amount of
back pressure from being exerted against the gas flow. BRIEF DESCRIPTION OF THE DRAWINGS
[0002] The above and other embodiments of the present invention will become more apparent with
reference to the attached drawings in which: 20[0003] FIG. 1 is a perspective schematic view of an
energy recovery systafNBRCOf REG GVE& RIS S&$DBRI maim; METR0DAD FIGIR (5 BHEr 8gsvEectional view of the
energy rgcovery system shown in FIG. 1, taken along line 2-2 shown in FIG. 1; [0005] FIG. 3 is a bottom
view of the energy recovery system shown in FIG. 1; 25[0006] FIGS. 4A-4C are schematic views of
exemplary locations where the energy recovery system shown in FIGS. 1-3 may be disposed relative to a
gas flow source; [0007] FIGS. 5A-5C are schematic views exemplarily illustrating a relationship
between a cross-sectional area of a first end of a conduit in the energy recovery system shown in FIGS.
1- 3 and a gas flow source; 30[0008] FIG. 6 is a perspective schematic view generally showing an upper
portion of an energy recovery system according to a second embodiment; [0009] FIG. 7 is a
perspecHye schematic view generally showing.hadﬁwfé Eeﬁgmﬁf the energy recovery system shown in
FIG. 6;

[0001] Embodiments of inventive concepts exemplarily described herein relate generally
to devices capable of converting kinetic energy associated with a gas flow into electricity. More
particularly, embodiments exemplarily described herein relate to energy recovery devices
capable of converting kinetic energy associated with a gas flow into electricity while preventing

15  an undesirable amount of back pressure from being exerted against the gas flow.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] The above and other embodiments of the present invention will become more
apparent with reference to the attached drawings in which:
20 [0003] FIG. 1 is a perspective schematic view of an energy recovery system according to
a first embodiment;
[0004] FIG. 2 is a cross-sectional view of the energy recovery system shown in FIG. 1,
taken along line 2-2 shown in FIG. 1;
[0005] FIG. 3 is a bottom view of the energy recovery system shown in FIG. 1;
25 [0006] FIGS. 4A-4C are schematic views of exemplary locations where the energy
recovery system shown in FIGS. 1-3 may be disposed relative to a gas flow source;
[0007] FIGS. 5A-5C are schematic views exemplarily illustrating a relationship between
a cross-sectional area of a first end of a conduit in the energy recovery system shown in FIGS. 1-
3 and a gas flow source;
30 [0008] FIG. 6 is a perspective schematic view generally showing an upper portion of an
energy recovery system according to a second embodiment;
[0009] FIG. 7 is a perspective schematic view generally showing a lower portion of the

energy recovery system shown in FIG. 6;



[00010]FIG. 8 is a perspective schematic view of electrical generators that may be coupled to a blade
assembly of the energy recovery system shown in FIGS. 6 and 7; [00011]FIG. 9 is a cross-sectional view
of an energy recovery system shown according to a third embodiment; 5[00012]FIG. 10 is a top view of
the energy recovery system shown in FIG. 9; [00013]FIG. 11 is a side view of the energy recovery system
according to a fourtf@WBbdime FG0Yo1UpFIBe LY ¢seheoptideis wiothreshitsed grevaiparyhsystayP&hown in

FIG. 11; [000d[51ke 1ol 3uRd atesstigelianalideyy RE &R SN LT SERVE Y BiStem.agenrding 10to a fifth
embodiment; [00016]FIG. 14 is a top view of the energy recovery system shown in FIG. 13; [00017]FIG.

15 is a side view of BR%AErgy rddGier® dasis siBliMg Y LAg S SIS ST AL BB G. 16 is a top
view of the energirecoveiysidolishainn in FIG. 15; 15[00019]FIG. 17 is perspective schematic view of
a blade igoorporatefhgfiin the qrergyiecquery.ystem shownn FI 4%:I00RARIFIGd8gllustrates an
on-site powering implementation in whic anpenergy recove%}’syster?’nray e used as a poWwer source to
facilitate operation (0¥ HHs flow Burtkissngide view of the energy recovery system according to a fourth

embodiment;
[00014] FIG. 12 is a top view of the energy recovery system shown in FIG. 11;
[00015] FIG. 13 is a cross-sectional view of an energy recovery system according

10  to a fifth embodiment;

[00016] FIG. 14 is a top view of the energy recovery system shown in FIG. 13;
[00017] FIG. 15 is a side view of an energy recovery system according to a sixth
embodiment;
[00018] FIG. 16 is a top view of the energy recovery system shown in FIG. 15;
15 [00019] FIG. 17 is perspective schematic view of a blade incorporated within the

energy recovery system shown in FIG. 15;
[00020] FIG. 18 illustrates an on-site powering implementation in which an energy
recovery system may be used as a power source to facilitate operation of a gas flow source; and
[00021] FIG. 19 illustrates a net metering implementation capable for use with an

20  energy recovery system.

DETAILED DESCRIPTION

25 [00022] Embodiments of inventive concepts will be exemplarily described herein
with reference to the accompanying drawings. These embodiments may, however, be realized in
many different forms and should not be construed as being limited to the description set forth
herein. The features of the inventive concepts described herein may be employed in varied and
numerous embodiments without departing from the scope of the present invention.

30 [00023] Embodiments exemplarily described herein can be generally characterized
as an energy recovery system capable of converting the kinetic energy of a gas flow generated by
a gas flow source into electricity while preventing an undesirable amount of back pressure from

being exerted against the gas flow.



[00021]FIG. 19 illustrates a net metering implementation capable for use with an 20 energy recovery
system. DETAILED DESCRIPTION 25[00022]Embodiments of inventive concepts will be exemplarily
described herein with reference to the accompanying drawings. These embodiments may, however, be
realized in many different forms and should not be construed as being limited to the description set forth
herein. The feature$08924é inverftiife tonceprpddiseribeeimaticeienelabensngplegerelh viiid and numerous

embodiments withewt depgrtingnfimihe seepe of the presaniinuention (304990231 Empgdiments

exemplarily described herein can be general{ljr{Tcharacterized as an energy recovery system capable of
converting the" R RelgiPbibalng s e Fate d B AP G h¥R s 8L TS LIBLMT W preventing
an undesirablecmouRi@f back pressure from being exerted against the gas flow. [00024]FIG. 1 is a

perspective schemajic yiew of a erqy.r ry system according to a first embodiment. FI1G. 2 is a
Cross-settional vied BV eneras ARG e LA A Qe ST e
bottom view ehatisteneadysrachiery sysndiitdlvaTintbiglenssiodbb2BERefd sirderirickbSndc8omn energy
recovery systgjn 100 may be generally characterized as including a conduit 110, a first blade assembly
120 and an electrical generator 130. [00026]The conduit 110 may include a first end 110a and a second
end 110b. The first@A#d 10a il B%HQBﬁf]réBH@ﬁytﬂl?%iﬁénﬁt&‘}ﬁiblr%f”édg?‘ﬁcﬁ)c'}\ﬂ/eé‘@r}é%ea}lﬁy a gas
flow 10sourceifgehshodamak betberfiffiecaon eiitild 0 poavhefgene ity conftaldas) todaarismit the received

gas fIOV\i(gromS(t)Qre(z:fiEst end 1220% oward the s&clgggoend 10b.i0a {%7 The cgrtlcggit 110t '%%econfigured to

t
compress gas traﬁsrrlr(])ittfséla‘?/rn m t ré first'en of the %%f%%l{ (5‘(;(l:l(r)empresa§1 the gas, the conduit

110 may, for ereivedlgavdosofifigutedistichdHapaevend thrsermard aBbltHreof is narrower than the first end

_1103 ther_eof. As 15[@66«297-]“’ gasygeeivadial ihe likentd Paehibs %Q@Q&ﬂkﬁﬁt%@%ﬁ%mressed as it
is transmitted from the first end 110a toward the second end 110b. It will be appreciated that the specific

dimensions dtthé 0804 the £2eHLY DarlPdemuein i ofth e SAtYtr A8 P and Yeqdimiiieltts of the gas flow
source. In oneefizhad suenthhomnevenrdentir st @naetdfasafireseondiitikldynayl have theciameter of 26
inches a}rgd the se?ond end.%éL(pgtl)t ertﬂe co

arésult, gas recei rsten ibeil' g)'p e Pnduit 110 can be compressed as it is
transmitted from the first end 110a toward the second end 110b. It will be appreciated that the
specific dimensions of the conduit 110 may vary depending on the configuration and
requirements of the gas flow source. In one embodiment, however, the first end 110a of the
conduit 110 may have a diameter of 26 inches and the second end 110b of the conduit 110 may

20  have a diameter of 18.5 inches. Moreover, the length of the conduit 110 (i.e., from the first end
110a to the second end 110b) may be 10 inches.

[00028] The first blade assembly 120 is coupled to the conduit 110. The first blade

assembly 120 may be configured to be moved when the received gas flow is transmitted from the
first end 110a of the conduit 110. The first blade assembly 120 may, for example, include a

25  rotatable shaft 122 and a plurality of blades 124 coupled to the rotatable shaft 122. The plurality
of blades 124 may be configured to be moved in a predetermined direction (e.g., rotation in a
clockwise direction, as shown in FIG. 1) when the received gas flow is transmitted from the first
end 110a of the conduit 110. When the plurality of blades 124 move, the rotatable shaft 122
moves in the predetermined direction. In one embodiment, each of the plurality of blades 124

30  may be coupled to the rotatable shaft 122 via a corresponding blade connection member 126.

Accordingly, each blade connection member 126 may fix a corresponding one of the blades 124



20have a diameter of 18.5 inches. Moreover, the length of the conduit 110 (i.e., from the first end 110a to
the second end 110b) may be 10 inches. [00028]The first blade assembly 120 is coupled to the conduit
110. The first blade assembly 120 may be configured to be moved when the received gas flow is
transmitted from the first end 110a of the conduit 110. The first blade assembly 120 may, for example,
include a 25ratatptstsramemitehanglpl fralityotiskhties 22lressioplee ronthentatinadimgiiadina2. The

plurality of blades A4 mawne ganfigured {qibs: mpvedar Awriadeternined Sartiaoh(6rdhe iALON in a
clockwise direction, as shown in FIG. 1) when the received gas flow is transmitted from the first end 110a

of the conduil L1B2WREN RS MlRRNR/ Bt Hradewaion advedtHeretgbiBosrut!aP2Mscedithe
predeterminegntiséciion, Hovarveretbpldimentfedateof 1henpiuralityiaff fladbade 40w aitdheacgiepled to the

rotatablesshag 152 ‘632%98{5 ishendind dlade GRnARCHoN me mc%e{mlfa {SEEgrdinaly, each blade
connection member 1 may fix a corregponair}g one of the blades 124 at a pre etermied pitch angle,
01, measuredfida 24 diredtivn plapshdfablertdiackmgitudinal axis of the rotatable shaft 122. It will be

appreciated that theggpagific configuratign afdhe Aleres 184 Mavoupida 4R NG 1N the.amfiguration and
requirements of the gas flow source. In one embodiment, however, the plurality of blades 124 may consist

of five blades! aftd the H ahgBER Y HEBESHAHEE IR e dpeEcty tHeeg &laiection. In
another embagigneiny, Ieachdvtade 124 may have a length of about 9 inches. [00029]The electrical

generator 130 may pled to the first blade embly 120. The electri enerator 130 is configured
o goneitte eleciiolth i the Pt BICE AL L0 EhOEe POTUBOIOT ot AL el e
energy recoveasesyledn 100mmky! il tiagacimeiodbedisebdtd tisateblisseiniblcpBpletijadenleottiselfirst blade

assembly 120 apd6PypiEdiR theslesitical.eansaisy %ﬁ%&ﬁm@a@@mﬁm@x%&ﬁe@nﬁgured

to be moved when the gas received at the first end 110a of the conduit 110 is transmitted beyond the first
blade assemBiyPE355[8rb3 ISRt RtvE fifStibissaided hpigneishe (e Skdsagseniié bsembly 150

[00031] Similar to the first blade assembly 120, the second blade assembly 150

15  may, for example, a plurality of blades 154 coupled to the rotatable shaft 122. The plurality of
blades 154 may be configured to be moved in a predetermined direction (e.g., rotation in a
clockwise direction, as shown in FIG. 1) when the received gas flow is transmitted beyond the
first blade assembly 120. When the plurality of blades 154 move, the rotatable shaft 122 moves
in the predetermined direction. In one embodiment, each of the plurality of blades 154 may be

20  offset from the plurality of blades 124 to minimize the amount of gas flow that is not used to
move a blade assembly. In one embodiment, each of the plurality of blades 154 may be coupled
to the rotatable shaft 122 via a blade connection member 156. Accordingly, the blade connection
member 156 may fix the blades 154 at a predetermined pitch angle, ®,, measured from a
direction perpendicular to a longitudinal axis of the rotatable shaft 122. Pitch angle @, may be

25  the same as or different from pitch angle ®,. It will be appreciated that the specific configuration
of the blades 154 may vary depending on the configuration and requirements of the gas flow
source. In one embodiment, however, the plurality of blades 154 may consist of four blades and
the pitch angle ®, may be 27° inclined with respect to the clockwise direction. In another
embodiment, each blade 154 may have a length of about 9 inches.

30 [00032] The energy recovery system 100 may further include a shroud member
140. The shroud member 140 may be coupled to the second end 110b of the conduit 110. The



15may, for example, a plurality of blades 154 coupled to the rotatable shaft 122. The plurality of blades
154 may be configured to be moved in a predetermined direction (e.g., rotation in a clockwise direction,
as shown in FIG. 1) when the received gas flow is transmitted beyond the first blade assembly 120. When
the plurality of blades 154 move, the rotatable shaft 122 moves in the predetermined direction. In one

embodiment fissidHagt #ireepibialidp ofdylheldisnsadmaghipaheobrfsst onbeh &4pIubanijads bhedesongs to
minimize the gRaeYN.afgasfomathat a%fs&teu%@ilﬁetﬁm%a&h@a@o@lsmnblyedfhﬁfg?y,eﬂmmnt, each of
e

the plurality of blades 154 may be coupled to the rotatable shaft 122 via a blade connection member 156.
Accordingly, RS LBRNsetsHaRErsE e Bsh AR 2t Blu d &8 anslihe ssoondladrAsieibYich angle,

02, measured fodiora ahdestioblerpodicul dfetantblomgitudvimhaxisinbikentiadabbatshaftdaiz. Pitch angle
(1/2 maybe 25the s or. different from pitch an 1. It.will be appreci at the specific

configur o S B R e g flow

source. In onexenithodirmeny hdwelstritae gshaality b0k dBnavedyoesivsishaothioud Blaadsrand the pitch

angle (1/2 maypefiincingotaviti ierpRetde the Gockwise Cleehan: 19aRhRT dimant each blade
154 may have a length of about 9 inches. 30[00032]The energy recavery system 100 may further include

a shroud mefMBEFDAD PP LU dFiTer RS ABerflag Herbatlsratpid tH&"a L5 i Rma B b Hhe conduit
110. The firsttiadenassemily 4ddbnayfeddispedas: witbenihamdiyaad ime mberet 4bnikinmlarly, the second
blade a%emgﬁ( 150({13@{’%8%? tosrq vgithin the shroud member 140. Accordingly, the shroud member

the Tirst blade &

140 may serve fgsps)?otec ‘blade assembly 120 and the second blade assembly 150 from

undesirable gas flol¥¥¥the ambBierranpirobmiértraedmetéatoddindehtha diswtheesBbatividanathe blades

124 a_nd the %ﬁﬁﬁﬁ@'éﬂ%ﬂ‘&%&‘b@ﬂ%ﬁ%@ﬂﬁé&%re@ Lot aBinsheAS ﬁ%&%ﬁ%ﬂlﬁ@ﬁ‘_’g@s the
electrical generator 130 may be disposed outside the shroud member 140. It will be appreciated,

however, thaf%Se ¥ Ctivdr fameraduit 150 andgitsat dreparierhgasi P IEshroseeREde A% 88 0r example,
the electrical genesatomh3dy maywvbe zlisposesawithi athiesin g thayeso eflcb4Ql apchbextatgpled to the first

blade ag eirr:]g%uo H a manner 'mi][ar to that 1Edi5%f§§d hith.resp ct to Iﬂg.tr&%OOO?ﬂ?flAs exemplarily

illustrate S aﬁ%lcf,nﬂ%lé shroud %eeﬁ% lélﬁa ﬁé’omay ihcludé an glreiﬁ?gke por ! Tétsde ined

therethrough defiddesl eorbigniized toedeciveso ehtiiehtaydsn@nyerdity censidalthéeopidbit Wadeand direct
the ambient gag tayargd, ihersearad RlodemseRIbIYH BhdRS BIONR bY @EOMal4 2o, FRiigxamaple, ambient

gas may be deflected by the exterior 15surface of the conduit 110 into the air intake port 142. The air

intake port 142°HARSHRAS I RefRId dndhedEsdelaRinad diseclif®rior of the shroud member 140 toward the
face of the blades 1[5do3e flowlafoambigatigasmtalibehiace obiebladeshiddsactssoshibeddages 154,
facmtaﬁa@ mCME @(ﬁl%ﬁe%ft%h&lebégg&% %r%l 1I ?O]ipgf %g ggrtlglrlm iﬂ%dal%raeggcc%)%d shroud body 146 coupled to

the first shroud body 144 in a spaced-apart manner such that the air intake port 142 is defined

between the first shroud body 144 and the second shroud body 146. The first shroud body 144

and the second shroud body 146 may be coupled to each other via first shroud body connection

members 148a and second shroud body connection members 148b. Each first shroud body

25  connection member 148a may include a first end and a second end opposite the first end. The

first end of each first shroud body connection member 148a and the second end of each first

shroud body connection member 148a is connected to an end of a corresponding second shroud

body connection member 148b. The second shroud body 146 is connected to one or more

regions of each of the second shroud body connection member 148b. Constructed as

30 exemplarily described above, the first shroud body connection member 148a and the second



[00034]In one embodiment, the shroud member 140 includes a first shroud body 20144 coupled to the
second end 110b of the conduit 110 and a second shroud body 146 coupled to the first shroud body 144
in a spaced-apart manner such that the air intake port 142 is defined between the first shroud body 144
and the second shroud body 146. The first shroud body 144 and the second shroud body 146 may be
coupled to eabrradHwdyieofinsespiranrinboti Soebtdnsiridmbérodn 84 and e cerrd hhowd bodly

connection memkesst48Ra Eaghfiket shroudiRogy #p ieRagetiopymember 148a may include a first end
and a second end opposite the first end. The first end of each first shroud body connection member 148a

and the second endB¥aakh first &6 G RUHPLS SHEBRBE MhdsrBihed 482V BShEML 8¢ e LY of a
corresponding pesddd shaqudciodytepaacicrmmeambecddbll ibhatse tondhsimaut dodefynt4thés connected

to one orymorg ﬁ%gtil?ensootf £3% %fbfi*e‘%ﬁeé:nospndtﬁﬁ"%‘f'n%ibe%d LSoNNeSipn memigl 1490. Gansiycted as 30
d’above, the Tirst shroud bod he secon

5 ir
exemplarily describe rst shrou y connéction member 148a and the se shroud

body conneclibpthaeented madissfikotey firsths shoondl nesaybeu 8 mehvHe sevdael] 9hrotitRisodyier48 relative to
each other sQasJohegfinRibe dHidRtakeRarb L2 IRAQBRIIR the smbodimensiaxemplativ fesibed

above, the shroud member 140 is provided as a plurality of separate components coupled together in a

manner that 8O th&SAF ReAKE B AP E BRI E S ASHHRih P MR BRHER 85ttt decond blade
assembly 156041y othas eanbodlinreits: kawewerd the fihrouddassnihsly 140 @may taheroidetkias a single,

integral component through which.one .or more air intake.ports 142 xtend..Similarly, and although
not shovf\;(rg : o%%cgers ﬁn% (—:'uzla%lrein}Ll’t%lvféecr)fpaé][lg‘?)sler1111t ase%)tqeﬁr? atfm%%%ﬁ? c%)i\(?\?elr'}1 [ﬁ)%%%)ﬂncﬁ) ?hlgaﬁ}ssﬁls foud body 144 to
transmit ambfesitigtisgonvardhene dirdetiades d3denibiyr1al e netbdinectiaoe of the 10blades 124). The flow

of ambient gas to thgggss of theLladeasdra asisomitbides.lehdRcibiating sevgneatalife blades
124 in the predetermined direction. [00036]As mentioned above, the first blade assembly 120 may be

disposed withh thEPLh raembdibeln 26 SRbSARSABE Ik et Hir b auehadiyed2e Way be fixed
to the first shrosdioay bt bysaplabiadessemibly comietin menesnb0l 60 Asmeamplalilyritegtrated,

15  the blade assembly connection member 160 includes an axial connection member 162 and a
plurality of radial connection members 164. The axial connection member 162 (e.g., a drive
shaft) is coupled to rotatable shaft 122 and fixes the rotatable shaft 122 in alignment with a
longitudinal axis of the conduit 110. Each of the plurality of radial connection members 164
includes a first end and a second end opposite the first end. The first end of each radial

20  connection member 164 is coupled to the first shroud body 144 and the second end of each radial
connection member 164 is coupled to the axial connection member 162. The radial connection
members 164 are sufficiently rigid to prevent undesirable movement of the axial connection
member 162 when the first blade assembly 120 moves.

[00037] As mentioned above, the second blade assembly 150 may be disposed

25  within the shroud member 140. In one embodiment, the rotatable shaft 122 of the second blade
assembly 150 may be coupled to the axial connection member 162. Accordingly, the axial
connection member 162 fixes the rotatable shaft 122 in alignment with the longitudinal axis of
the conduit 110 and the radial connection members 164 are also sufficiently rigid to prevent
undesirable movement of the axial connection member 162 when the second blade assembly 150

30 moves.



15 the blade assembly connection member 160 includes an axial connection member 162 and a plurality
of radial connection members 164. The axial connection member 162 (e.g., a drive shaft) is coupled to
rotatable shaft 122 and fixes the rotatable shaft 122 in alignment with a longitudinal axis of the conduit
110. Each of the plurality of radial connection members 164 includes a first end and a second end
opposite the first erd@083%d first efielBéwmskd abhar 20cdpeidetiore bl OBavidcoupled Wttise first

shroud body gdtangd Reseepnohend &f eaghiadia) conacianmem gkt G g-aairied @ Higaxial

connection member 162. The radial connection members 164 are sufficientl gﬁé%lt}%&gvent undesirable

movement of tHEBET cBhMstBReABEbePa B5Siitahems it hidguubss L1a89037]As
mentioned aheweytihel 3@ cingHeladedgssie nblyekb 0 7hayHechelispoisadiAbwyitlain 1he shgotd member 140. In

one embodiment, the.ratatable shaft, 122 of the second bjade a sembé may be coupled o the axial
comection Mo 1 2 B A T e B oo
alignment wigetntedondgheidirésihot 138.chnehsiembodamanththesevand aHextidh mierhbesspiditare also

sufficiently rigid (g Rrgyeifndesiiakls.movementof the.mxial RPRREHIARMERPE LA Whemithe second
blade assembly 150 30 moves. [00038]As mentioned above, the electrical generator 130 may be coupled

to the first bla§&aEse By o0 Bgzc‘iﬂﬁlfi‘é‘ﬁF@W@EH@F&@@F&GHWW%@ﬁ%(ﬁ@f BYtiedssembly

120 moves. In7@ne embodiment, the electrical generator 130 may be coupled to the first blade assembly

120 via g,belt and ystem 170. The bejt and pulley sys 170 may, for 5 example, inclyde a first
pulley 1 coupledrtguiggielectricé(hé)gﬁ}érﬁé oerfe % (fag egg)arf% é%ﬁé@%sic??%ﬁ%etgstﬁ% r%fgflggﬁg shaft 122.
In one embodirtherfirthidasecosrinbbil€30134 rdiabe pdlaylex ot édotatdbhe sprificiea viatdhsulley

connection membehlLadhaly Indury$dixsshiithanomianleshalthek. iHoefirshruliayid fzaRd the
second pulley 174 are connected to each other by a belt 178. 1%800 9]Although the electrical generator

130 is describ8HABB0E -d8%afsY e srsdrte Py Dy RlsddribR T8 By Bs BN d PUlE§EYstem 170,
it will be appreqigtec thaidh@ietesisical ganeratoblde nkay hethaypledighthe fnstdlagewasgembly 120 by
any suitable means, Eor example, the electrical generator 130.may be coupled.to first blade assembly
o0 diraty g R S S B S R TS creray revovery
15system 10@pirchesied ted thb overgistaseisdiriy tesin@leredadndbadegeploratior d3tedtrigill fraepioreciated that
the energy r%ﬁ’@d%p%i@?ﬁe]ﬁ@t Maye R @ P EalyQhe REHiad LRNREINE, 136 GalRIga i@ the first

blade assembly 120 and/or the second blade assembly 150. Each of the electrical generators 130 may be

configured to*YéHE &I QEHId WPAYRREPRERGHE St tetse ittiBrieR BRYEHBH Y20 and/or the
second bladexassens bl lEdnavesbR0[004dBnteneembbdtaasiiteyalsTiricadsgenerator 130 may be

coupledhp the shroygypgmber 140 (e g, 8l ihe st shroud hod L4 Mg A st ian e A
removable housing ay be provided on the Supporf ray §9510 Surround an protect the electrical
generator 136hfrowhrtisenben biérit gnardrniesishimwheodynbbddirmentu tipertérmoldblAhowsivigle 34 may be

provided as g spbsiantialiy, e suRier & IRREFRUIEIREPESH QD AR & IRl PRAL ARREERIQH cal

generator 130 from the ambient environment. In one embodiment, the removable housing 134

may be provided as a substantially clear material to permit inspection of the electrical generator
25  130.

[00041] To convert the kinetic energy of a gas flow into electricity, the energy

recovery system 100 may be disposed so that the first end 110a of the conduit 110 receives a

portion of a gas flow generated by a gas flow source. The received gas flow is then transmitted

from the first end 110a of the conduit 110 toward the second end 110b of the conduit 110. When
30  transmitted from the first end 110a of the conduit 110, the received gas flow acts upon the first

blade assembly 120. Also, when the received gas flow is transmitted toward the second end



25130. [00041]To convert the kinetic energy of a gas flow into electricity, the energy recovery system 100
may be disposed so that the first end 110a of the conduit 110 receives a portion of a gas flow generated
by a gas flow source. The received gas flow is then transmitted from the first end 110a of the conduit 110
toward the second end 110b of the conduit 110. When 30transmitted from the first end 110a of the
conduit 110, Heretdiosdngas it thernuprnemiss dirspitattd bessapatihg szondpnd, Mbleafithe received gas

flow is transnyistedifqw@rd theosecans enrdiddan of thecanduiadil Q. theraas QEF&,EHFeSo@% @gg%ed
because the second end 110b of the conduit 110 is narrower than the first end 110a of the conduit 110.

Thus, a pres&ifr&6PAEUh5 b HdhsesstieHd riyshst thar ediefiihe 201 BRI IR ERIdLre of the
gas at the firsife]mjcaxﬂ@ﬁ_toflmevclm}duét ﬂﬁDbM\Ahesséh&l@ra;R_(h)ladacamﬁrmb&/tﬂe’zﬂi@wwmrg@m by_the
high-pressure, gas awithin, the recgived,das flaw, the piuey E¥%%9é%%e5 redImove in,a predatermined
direction (e.g., rotate in a clockwise direction alout an axis that is subStantia y parallel with tHe
longitudinal axigtefintiectaskuisie dredti adevithirathetipsstionsiantiady perebelori thtbetva zirdieht

environment andigritbe gagiflovs chapnglehthe %M&Wﬁ%ﬁ%lé@s&i'i%ﬁﬁ%ﬁféﬁf%ﬁ&%@n\éﬁ the shroud
member 140. Thus, gas transmitted beyond the first blade assembly 120 is released into the 10ambient

environment dHHP5h a5 89 HSRARRE M St oah B YASOHER Sotr&as (o8 Seus a8t e I Via the shroud
member 140 niavemeont ohikespiuralityiofbladeaddd fiausescasaspandog rRement aidhe rotatable

shaft 122 which, .in turn, causes cqrresponding movem f the second pulley 174..Movement of the
eoond T el R S B AR S ey
172 moves, thedelaetticahipadenararet 3601 Sderrmant sfsheaptivitlityTHbdaderel dfeetritsaloganarending 30 is
configured to,ganafate-eigctrisipensihe ficiliblade.assenmily b2maves: IRAdzlngmbodiments

where the energy recovery system 100 includes the second blade assembly 150, the gas received at the
first end 1106?‘36%4@’6]6‘?%[\17&1 ey RSB A AR SHRE A BEYd thEMLRBILHAL RSRB A3BE™8ct upon the
second bladeaisse nblyylhe b&as720witlin tadigapdlnwy i31hes ¢elersactiftalthenambiandenvironment
andfor t?? gagelgleor\e/l\{e%he encrt]r?(!‘i%}c. Thus, the electrical generator 130 is configured to generate electricity
when the first blade assembly 120 moves.
[00042] In embodiments where the energy recovery system 100 includes the
second blade assembly 150, the gas received at the first end 110a of the conduit may also be
transmitted beyond the first blade assembly 120 to act upon the second blade assembly 150. Gas
20  within the gas flow is then released into the ambient environment and/or the gas flow channel of
the gas flow source (e.g., gas flow source 400) via the shroud member 140. Thus, gas
transmitted beyond the second blade assembly 150 is released into the ambient environment
and/or the gas flow channel of the gas flow source (e.g., gas flow source 400) via the shroud
member 140. When the second blade assembly 150 is acted upon by the gas transmitted beyond
25  the first blade assembly 120, the plurality of blades 154 move in a predetermined direction
which, in turn, causes corresponding movement of the rotatable shaft 122 and the second pulley
174. When the first pulley 172 moves, the electrical generator 130 generates electricity. Thus,
the electrical generator 130 is configured to generate electricity when the first blade assembly
120 moves.

30 [00043] FIGS. 4A-4C are schematic views of exemplary locations where the

energy recovery system shown in FIGS. 1-3 may be disposed relative to a gas flow source.



the gas flow source (e.g., gas flow source 400) via the shroud member 140. Thus, gas transmitted
beyond the second blade assembly 150 is released into the ambient environment and/or the gas flow
channel of the gas flow source (e.g., gas flow source 400) via the shroud member 140. When the second
blade assembly 150 is acted upon by the gas transmitted beyond 25the first blade assembly 120, the
plurality of bI&Hes. PB4 evesihenprsddesmsirseplirdctibntiehiy alatinskbRbséscearesponding movement
of the rotatahle.gbaft 422 Anditbesgeend PutieN: 1 the\Mhen the fist Ruliew Ksnaverethe-elagtrical
generator 130 generates electricity. Thus, the electrical generator 130 is configured to generate electricity
when the firs B YSO8HBIly 120 moves. 30[00043]FIGS. 4A-4C are schematic views of exemplary
locations where the[@0tei4]y recoengtaystans shempldrill-eGribed dhayebddiapesadasiaiwg dem gas flow
source. EIGS . HA-5C are schematic views exemplarily illustrating a relationship be na.
cross-sedion Lo o e ERSIRLF ety NP sIesty SEHWRIRCENERRY 1.3 and
gas flow sourckil§ooo4a]Denstrndestabls axwniplelipdaxesivedlemo beinthexeist ggaratidhe gasystem 5100

can convert th@d?’ziWE&H&@M&Q]@Q@%@N@@@@@%&% i @ gﬁ%c@qwmw%}mﬁﬁemeiﬁyowﬁ@@
preventing an undesirable amount of back pressure from bein&exerted against the gas flow. Referring

generally to PRESCANaNen Y& fd RUUHEES 408 a9 ot BBy BEYESHIE S AREREMHBA system
for a buildingafe lgndihwtais aifoit cebnwe atiant cenieroete Yrand Mahdenasdn handliing opdtAdn, an

exhaust area ﬁ? a bﬁ)wer unit z%f and ducts 414. Duri eration f the.gas flow souyrce 400 (e.g.,
cring Tl SR e R 28 S R g

405, thereby gwtretafingnacgted flothe(die hordtngyuve talthgrdwSendthimghezauidesv4denowitinthe air handling

unit 405, the gagdlow iswdiresiad tetheRIowerwiit dl2iPYwanehana®, MowsHUFER-Suahas intake
manifolds (not shown) therg&y generating a gas flow within the air handling unit 405, up-wind from the

blower unit 1851230 HrEARET D& BIGRVRPUNITPIOSHYSHES (e tiarriHe e A SEAYEA 410 thereby
generating a @asbloyemithingheairibandlinig theitd0andoynniinosiramating blowek bitvél aniSubsequently,

the pushed gas,is.exhausted from the flow source 400 through the exhaus a 410, thereby
goneratiiy & 0 100 B gh B SHRAT ek L 0 BAR  RG TN A0 D EeR

rough the exhaust ar e alr handling uni outside’the gas flow
source 400. Betagisesa gastiowighye therardehodlini wing Aactlo w4y irkklzam20eHdentingniidit 405 and the

exhaust afea%%@%gj%@ﬁ@y?fﬂ@ﬁu%%ﬁ%ekﬁ@u@ﬂéd‘ﬁ&ﬁ'iﬂg HRIRF03 ARG the axbavstir e dd P may be

generically referred to as a "gas flow channel” through which a gas flow is transmitted. As used herein,
the cross-sectiShHIaFRR SPEYHE s dranipyehdrs f iR restsRefidita B haabrE §48FHow channel
along a directionigenpendicolasbartaeldireBiamalangswiiehstbengasfl ot ansuiiteththiseugh the gas

flow channel, During operation of the blower 2 it 412 the gas f may. he transmitted at a flow rate in
a rangeazrgf 5&8@6‘3%"(5%& lefl{}fl?h reofﬂxg augtne}‘/r%af%hﬁg?g Sf}eor%éﬁtﬁ%'ﬁ%cil %Xa\{éhﬁoé\,ﬁqé nél?\llﬁlélgl.]&r#&i?lt’ﬁe energy
recovery systeéaeilQsinayast ¢onlidurechercddsirddrted donyertairelkineticranErywih ghslowahaving a

flow rate in aggRge RfR200Q Q0% HEMhiniR Slectuicitoiwillng 2RRIeEIFEM Ahal e eRargy recovery

system 100 may also be configured as desired to convert the kinetic ene,rg%/ of a gas flow having
cross-sectional area of the gas flow channel along a direction perpendicular to the direction along

which the gas flow is transmitted through the gas flow channel. During operation of the blower
25  unit 412, the gas flow may be transmitted at a flow rate in a range of 500-5,000,000 CFM
through any of the aforementioned gas flow channels. Thus, the energy recovery system 100
may be configured as desired to convert the kinetic energy of a gas flow having a flow rate in a
range of 500-5,000,000 CFM into electricity. It will be appreciated that the energy recovery
system 100 may also be configured as desired to convert the kinetic energy of a gas flow having

30 aflow rate of less than 500 CFM or more than 5,000,000 CFM into electricity.



30 a flow rate of less than 500 CFM or more than 5,000,000 CFM into electricity. [00045]Referring to
FIG. 4A, the energy recovery system 100 may be disposed outside the air handling unit 405 so that the
first end 110a of the conduit 110 receives a portion of a gas flow exhausted through the exhaust area
410. In one embodiment, the energy recovery system 100 may be coupled directly to an exterior of a
housing of the gas W4durce RFusinGbHe dAnibretisrarkessVapsstiown Pomerhatagsethe energy

recovery systam;d0fmaynbrifar R0 ap athensiirciue (Nef shawmrdiacantde e 9asley source

400 (e.g., a wall). Regardless of the structure to which the energy recovery system 100 is coupled, the
first end 110&'% ﬂ%fgb‘ﬁ&ﬁl?ﬁﬁﬁfléh%‘@%emmgi AEE Al Quiic PR ORI HRE LS P RTEY TREPE M aust area
410 of the gas/ilew Buice 400mpItiatithalenengy tecovern syatary d0Gadoeslowtsgeareraie a0

undesirable amount of e}cagtre@s%% within,the r%ras ffo source 400 v%)OO4§lRef86rm%,ﬁgeFlGS. 4A and

o . Alt , ]
5A, it will’be appreciated that the cross- sectional area of the first end 1102 of the conduit 110

corresponds touRldistancethsy sibithreradishoamd afiggnsterbecandiaiy 3owrés septratetfadn the exhaust
area 410 of tie OaRdloWr SRUIGEARD (T HHR R g{i\%}@??&)o@e@%@ﬁ%{img)tﬂec(f)iﬁﬁfe@%elﬁg?-e%ﬁthe conduit

110 and the exhaust area 410 is 15dependent upon the ratio, R, of the cross-sectional area of the first
end 110a of thE8hisicWiid {Hshaydds aripaLed st Biat ditass raalp it thnsbie atffbodiments,
the cross-sectionsl tasgasofidhesdiisteertn d OatahéhraconeisiikiPsgsiass! tiatvdhacrassraectional area of
the exhrilet area 410. so Fozuis IeF;bst anl. As I%}(l:{e ease][§1 from less,than 1, the distance D can also

sirable nt of back pressure w € 2as flqw source 400, . )
decrease. In one embodiment, the cr ss-sectlonaI} are%l 0 t(he ﬁrst end 110a of the conduit 110 is less

than 2/3 20the crosE¥@4tional aRedeofinadodilfeusrareh 1.0t Givbn wpaffidishit degyer®ds-t will be
appreciated thatithg GressrsrcivnahareR Phive fiksiand flaeifhrisnduitldQ sanhrie@aeal e or

greater than the cross-sectional area of the exhaust area 410. In such alternate embodiments, it is

estimated thatth& i dhriceaeudriihis smarysddsyely rhr ot ldReg?d ARMaspaitotPlf the gas
flow exhaustauiihrouglstheexhadsiranaa st Giduentbltita laErge ndliboLginthdcistussinnea2blves been
made abpve with respect to,the ratiQ betyween the cross-secti | area of the first.end 110 he conduit
pptvengi sl i sicainSioTRE I e el i
applied with itésgewssteeeHenpdticebefiheerthes cressst S clivsraharad ofithenfisshe ast s0etiohahereonduit 110

and other of {jqRIFGBRNTIANES dRTHMMCAINRGLSs ThatR R AliNESrasHseaianalrea of the

first end 110a of the conduit 110 to the cross- 30sectional area of a duct 414 or blower unit 412 can be

less than 1 to' 8ot Rrié IgeiBratlon bt Rlsicsstrape L diht of R PiessBLi whithitr tHéSadFlow source

400. one embodiment, the cross-sectional area of the first end 110a of the conduit 110 is less than 2/3

20  the cross-sectional area of the exhaust area 410. Given a sufficiently large D, it will be
appreciated that the cross-sectional area of the first end 110a of the conduit 110 can be equal to
or greater than the cross-sectional area of the exhaust area 410. In such alternate embodiments, it
is estimated that the first end 110a of the energy recovery unit 100 still receives only a portion of
the gas flow exhausted through the exhaust area 410 due to the large D. Although the discussion

25  has been made above with respect to the ratio between the cross-sectional area of the first end
110a of the conduit 110 and the cross-sectional area of the exhaust area 410, it will be
appreciated that the discussion also applied with respect to the ratio between the cross-sectional
area of the first end 110a of the conduit 110 and other of the aforementioned gas flow channels.
That is, the ratio of the cross-sectional area of the first end 110a of the conduit 110 to the cross-

30  sectional area of a duct 414 or blower unit 412 can be less than 1 to avoid the generation of an

undesirable amount of back pressure within the gas flow source 400.
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[00047]Although FIG. 5A illustrates wherein a single energy recovery system 100 is provided to receive a
portion of the gas flow exhausted through a single exhaust area 410, a single energy recovery system

100 may be provided to receive a portion of each gas flow exhausted through a plurality of exhaust areas
410a, associated with one or more air handling 5 units 405, as shown in FIG. 5B. The plurality of exhaust

areas 410a may bel@Ottively réfdweghiblas Wisitigleaasiiowithansdd ofdise rasons seercé0800,

wherein the go Qilﬂ@éil%Q@&%%R}%ﬁl'Eﬁ’%@fg%@%\f?%@%ﬁ%ﬁ@h@u@%&l@&ﬁ%@%@Wﬂd,oathe
cross-sectional area of such a gas flow channel. Although FIG. 5B illustrates wherein a single energy

recovery systul§l4 BBFIIFAUEY 15 IRIUR Ay DB BhitH AL A 4R YRR ALtat RIS {IGH a plurality of
exhaust areasxdiBa;dalikOugtunglity it e o glyarecareas ¥ BysteRieiie0 widyohe @rovidedr imsdoly receive a

portion of a gas flgu.exhausted t ugl?: orrespandi ne.of the, plurality,of discharge areas,410a, as
Chown i1 e B B L RIEE e
the gas flow soaresngR ses thaw thamiatdnbe BrOH©F HeureofitvheGirebeiventangd tios 6¢ciaBdas flow

generated by,the gagdlow GeuLea #0040 4G lustgiar mRodinie it dDR.ERREMF EGOPYERK fystem 100 is
disposed down-wind from (i.e., behind) the blower unit 412. In another embodiment, however, the energy

recovery systeiMdo ML Egbé&' Uk & BRSFHN @ 818ls AUTE BT SR BISWET A4 ProN dde
embodiment,ithecgas flporsausted0@anaywexbauynddaiattly fhuan indé doiakeattargirgg,of the gas flow

source 4}80 usmlglc%n% r more brackets (not %ﬁ shg\qur]l to m%igiiain the first end 110a ?f thée (f‘l(())gvduit 110 a

sufficient distance WaﬁI}erg%rﬁ?g\bellgv%sr Unit ](.) of epé%véf ow source 400 %g%gfl tﬂeaé%ﬁ%rgy recovery

system 100 dodsuwist deieughte conrenndedinglole afribeintiotliizaok prebaigraawithil Aha g fiovinddGrce 400.
[00049]Referging to FIG. 4C, the energy recovery system 100 described above may be disposed in-line
with ducts 414 feeding the gas flow squrce 400 so that the first end 110a 250f the conduit 110 receives a

portion of a gas floi0J8#Mrated RFHHERES bW 4BuleAeisy IFFUnE e mBEANENDIHEGHESH source 400
may be coupladddirrelystaan sniedainofstheuai$idl dndsing onehocsnoie bracketsdnopshwny to fix the

energy igcovely system. 10, MelE., n [090D0IFIG, 6,52 petsnedive schemete vicw generally shoving
pper portion of a energy recovery system according to a secona embo iment. CT7is a
perspective 3ocethiereienvidif) igaireatid dowwingdiiowdr portibndftlhdlensrgpiteddvdnaggtierm shown in
FIG. 6. embodiment, however, the energy recovery system 100 may be disposed up-wind from (i.e., in
front of) the blower unit 412. In one embodiment, the gas flow source 400 may be coupled
directly to an interior of a housing of the gas flow source 400 using one or more brackets (not
20  shown) to maintain the first end 110a of the conduit 110 a sufficient distance away from the
blower unit 412 of the gas flow source 400 so that the energy recovery system 100 does not
generate an undesirable amount of back pressure within the gas flow source 400.
[00049] Referring to FIG. 4C, the energy recovery system 100 described above
may be disposed in-line with ducts 414 feeding the gas flow source 400 so that the first end 110a
25  of the conduit 110 receives a portion of a gas flow generated by the gas flow source 400. In one
embodiment, the gas flow source 400 may be coupled directly to an interior of the ducts 414
using one or more brackets (not shown) to fix the energy recovery system 100 therein.
[00050] FIG. 6 is a perspective schematic view generally showing an upper portion
of an energy recovery system according to a second embodiment. FIG. 7 is a perspective
30  schematic view generally showing a lower portion of the energy recovery system shown in FIG.

6.
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[00051]Referring to FIGS. 6 and 7, an energy recovery system 600 may be generally characterized as
including a conduit 610 a blade assembly 620 and electrical generators 630a, 630b and 630c.
[00052]Similar to the conduit 110, the conduit 610 may include a first end 610a 5and a second end 610b.
The first end 610a may be configured to receive at least a portion of a gas flow generated by a gas flow
source such as gasl#Bource BoGms théi Ghedamdduit6asimiaiptse e nerany @¥hfiauhed to transmit the

received gas floutfiomniheciiisiand BlRaiipwachiin 66600 L4840k [08PaR1ARER1EING to the second

embodiment, the conduit 610 is confi%ured to 10diffuse gas transmitted from the first end 610a of the
conduit 610. RSSO e §3L a8d 88¥duit 610 may, for example, be configured such that the second
end 610b thereof is[a0a&2]than tisenfitst @nteGbaautherepfhdA®alishil)) gag ireteivadiat thd fitshend 610a of

the conduit 610,can be diff as t is.transmitted from the first end 610a toward the second end 610b.
Co0sAlSmila e L e e L S R R DB 5P o o0,
The blade asg&rloly 520/ e configurselteclyachanets ok noirecré@ivadtiisthoneisletapEinitted from

the first end Q%%%Qfggﬁ%rgﬁiﬂ%ﬁi@%d-[@?r&@ﬁ?tﬁé%@d%lbé)ﬂ %MYHR{ REXARPIGJ BRHdSALPLRtable shaft
622 and a plurality of blades 624 coupled to the rotatable shaft 622. The plurality of blades 624 may be

configured to’BE RSP I predetermined direction (e.g., rotation in a clockwise direction, as shown in
FIG. 6) when the re®0%3] gas flawc2ilisstransstdestifeamsotimdnirahenchGlida lofitheindedt:610. When the

plurality.of blagdes 624 move.. the rotatable shaf es in the predetermined direction, In.one
i g e S R S T
plurality of bladémepLanexrivelediqptenfierthé sustathis| the besdorgand el Bbabereshiorvditey thradéccoihection

member 626eﬁ?6%9@ﬂ9§¥e@@&@a§l@sﬁﬁ, pRecien membek @%@61@)/0@&@ &SM%B@U@%%Q“G _Of the blao_les
624 25at a predetermined _[gltCh angle, Oh measured from a direction perpendicular to a longitudinal axis

of the rotatabf&¥ncHeE 375 K1 Gie PR e ARd L 4 remtt gt 98- may be coupled to the
back of each of the [oldas 624 teimdldrstrueitiial Blappasidaihel Dindestdd akastikeaforcsagprember 623

o TS MR Tip e TR e e 8o of
gas flow is transmitted from the first end 610a of the conduit 610. The blade assembly 620 may,
for example, include a rotatable shaft 622 and a plurality of blades 624 coupled to the rotatable
shaft 622. The plurality of blades 624 may be configured to be moved in a predetermined
direction (e.g., rotation in a clockwise direction, as shown in FIG. 6) when the received gas flow

20  1is transmitted from the first end 610a of the conduit 610. When the plurality of blades 624 move,
the rotatable shaft 622 moves in the predetermined direction. In one embodiment, the plurality
of blades 624 may consist of five blades. In one embodiment, each of the plurality of blades 624
may be coupled to the rotatable shaft 622 via a corresponding blade connection member 626.
Accordingly, each blade connection member 626 may fix a corresponding one of the blades 624

25  at a predetermined pitch angle, ®;, measured from a direction perpendicular to a longitudinal
axis of the rotatable shaft 622.

[00055] In one embodiment, a reinforcing member 623 may be coupled to the back

of each of the blades 624 to add structural support to the blades 624. Each reinforcing member
623 may, for example, include a first reinforcing member 623a extending in a longitudinal

30  direction of a corresponding blade 624 and a plurality of second reinforcing members 623b

extending in a generally transverse or oblique direction relative to the longitudinal direction.
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extending in a generally transverse or oblique direction relative to the longitudinal direction. [00056]The
electrical generators 630a, 630b and 630c may be coupled to the blade assembly 620. The electrical
generators 630a, 630b and 630c are configured to generate electricity when the blade assembly 620
moves. In one embodiment, each of the electrical generators 630a, 630b and 630c is configured to

generate a differeni &€l outpukhwkeatiisel ZbleideBndsSOmIG80B 20dhdNe B1aA heoistpiebfoche hladche
electrical gengtatess, 6302 T830R @REL P0G BB HdarLutRrLIsEminal f3 ke Where power

generated by the electrical generators 630a, 630b and 630c is combined into a sin%Ie power output.

[00057]In on&'&FHIsEiM S A B A5ty PR OEN QS te i £58 FRRYHRANE R QG e Rldisfbnal blade
assembly, sirgilatriosecoadobladads3embhpiihtradjacenttacthditfiade pOasseamblyvada tiad coupled to

the electrcal generators 630a, 630b and 630c. Such ap additional,blade assembl b nfigured to
e moved i D B T B N 3B e blaci
assembly 620100DOES]Tvéce repg Y ratIFyiByisié hn WoTernay fugiherand b tha cenioual sraapierss40. The

shroud memigp £430nayd GONRIGHIR NG RECORGIEPEEE BR:pfthe conduit 610. The 15 blade assembly
620 may be disposed within the shroud member 640. As exemplarily shown in FIGS. 6 and 7, the

electrical generator8%V, 630bMAABCEIRONAS b GiSFIEEOTER SHHES A PO TR LRSS sl n one
embodiment aihadeiecttcelage neeatiors, 63t 630z @acdbhdoasseambliel Sohstantially egudikiant from each

other along the perimeter of the shroud member 640. [00059]As t showp inFIG. 7, the energy
recovers by st a0D o ot e e A 60 IR RS SR D 6
is disposed beladeesramblfirvaehd @ndauedie komduidslieaiy tie ishethkedasdmibiyt 620 ERd 9§ bonfigured

to deflect gag frrngniited dramninedis! sdiRiaqeht gbdt 610. In one embodiment, the baffle
member 710 includes three triangular baffle plates 710a, 710b, and 710c coupled together via connection

members 712 to forfPEB ramid TResRE EHIBORFRE RS TR HXHRhBHISE P R T BRHRERES between the
first end 610&4¥. tMaconcuitiibanethe bl ade assanibdiyi200ay enb & oo rasiioninge0bRie/30. As
exemplatily iljustrated, the le connection.member 730 includes a plurality of radial connection
members 733 Lo e e e e Eetoy B e R A D B
opposite the fifstSe odnT Rettiv slastier df ssaetateaslF0sohH{ictishodis mibbe b7 3B pesed wpledadhantirandr wall of

the conduit 61,304 H18 SECORLABIRLEACHhEANARANASRIA0SBMETRBAT 4IBLAUPlRd to the baffle

member 710. The radial connection members 732 are sufficiently rigid to prevent undesirable movement
of the baffle FESHERHY 6 & gach other along the perimeter of the shroud member 640.

[00059] As best shown in FIG. 7, the energy recovery system 600 may further

20  include a baffle member 710 and vanes 720. The baffle member 710 is disposed between the
first end 610a of the conduit 610 and the blade assembly 620 and is configured to deflect gas
transmitted from the first end 610a of the conduit 610. In one embodiment, the baffle member
710 includes three triangular baffle plates 710a, 710b, and 710c coupled together via connection
members 712 to form a pyramid. In one embodiment, the baffle member 710 may be fixed

25  between the first end 610a of the conduit 610 and the blade assembly 620 by a baffle connection
member 730. As exemplarily illustrated, the baffle connection member 730 includes a plurality
of radial connection members 732. Each of the radial connection members 732 includes a first
end and a second end opposite the first end. The first end of each radial connection member 732
is coupled to an inner wall of the conduit 610 and the second end of each radial connection

30  member 732 is coupled to the baffle member 710. The radial connection members 732 are

sufficiently rigid to prevent undesirable movement of the baffle member 710 when the blade
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assembly 620 moves. Support members 734 may be coupled between an intermediate point of respective
radial connection members 732 and the conduit 610 to ensure structural rigidity of the baffle member 710.
Each of the vanes 720 is coupled to a corresponding one of the blades 624 and may be configured to
receive the gas that was deflected by the baffle member 710. Upon 5receiving the deflected gas, the

vanes 720 maspdabilitald) movesmemnof tieebkade 436 2danbtheoppiadeteirsiveth difeeiesha fOD0B0)ASs
exemplarily “JH%&@J@Q IRIGCSHB @B deth shroushmemReu et @ iis Rravded ag /Raingfiipaarl
t

component. Although not shown, one or more air intake ports may be provided tg extend through the

shroud memBaHE4BeBaANEATRBIEAE YA A4 AP i foTsSRRGREE28 QLB H34He e of the
blades 624), iheieby Haciitfifing moveeienthef diatiadasdeAdcindbe theadétierminddrditéctigsonin another

embodiment, e, shiod mempsr, 640, ma be pioyidsd a5 A nlaAY, ol sepalple components coupled

cClvin n e
togetherin a manne%t at defines”an air intake port,such as air intake port , Capa 16 o?transmlttlng

ambient gas roedaierthecidickeé@sembly 620. 15[00061]As mentioned above, the blade assembly 620
may be disposed wiifjggiile shrond dagmbeliSlsiReaseTROY RN, theshigdeAssembl§20 may be

fixed to the shroud member 640 by a blade assembly connection member 660. As exemplarily illustrated,
the blade asSEMH§LETHEREGN ASAbEP BRI AL fHEL deh SO ARG SRH TSP 852 RIS BBiurality of
radial connediigftevidaihers 64 (ibegaxial tonnEekamdnesohe trofenieaghbirdive shaft) dse Mhaoupled to

rotatable shaft 62 ixes the rotatable sh 22 in.alignment with.a longitudinal axis of the conduit
10, o e B e L R R OB
opposite the firdtinitle: Tadefirstiopdidvfcedon fadiadboneivbodmensitbeh®ed iscotepled toathkeshroud

member 640 35¢iibe secpnend plsach radinbronsestinednaherifadis saunleddadhe axial

connection member 662. The radial connection members 664 are 25sufficiently rigid to prevent

undesirable &SRBt BERRS AXDREREEGGH RIS %?SWHBﬁgtﬁ’@%F&Béaé&%?ﬁ%f?eﬁé@dﬁmves.
[00062]As mesnitanggaove, the electrical generators 630a, 630b and 630c may be coupled to the blade

assembly 620 and figured,to generate electricity when the bl assemhbly 620 mgves. In one
embodirlr)lgent, the el &(‘:Otﬁf?:gl genef\alstgggng%%, 36%55’ gﬁr?c}g Eﬁ%gsrsﬁarﬂ/ B'é% g@%a % eds\{)c? ?ﬁge%]l%laleaelfssembly
620 via a beltkmddpniiepayEténieae. i disieanthpblidy systably 620 mrybddixekanidehinetlde first

pulleys 672a,044R 200 B¢ 26 LALRICAIO RS FIEGIHIE A HANL IO 51 030an AR, AN ERAEL FeBRREtvely,

second pulleys 674a, 674b and 674c coupled to the rotatable shaft 622. In one embodiment, the second
pulleys 674a 28R ATEPA oMY BREE BB IR At AiatSBIESHAR BEPPTHOfirAdUMMAlE 7Y, 672b and
672c and thersgiaDahidlidyiSnembers 664. The axial connection member 662 (e.g., a drive shaft) is

20  coupled to rotatable shaft 622 and fixes the rotatable shaft 622 in alignment with a longitudinal
axis of the conduit 610. Each of the plurality of radial connection members 664 includes a first
end and a second end opposite the first end. The first end of each radial connection member 664
is coupled to the shroud member 640 and the second end of each radial connection member 664
is coupled to the axial connection member 662. The radial connection members 664 are

25  sufficiently rigid to prevent undesirable movement of the axial connection member 662 when the
blade assembly 620 moves.

[00062] As mentioned above, the electrical generators 630a, 630b and 630c may
be coupled to the blade assembly 620 and be configured to generate electricity when the blade
assembly 620 moves. In one embodiment, the electrical generators 630a, 630b and 630c may be

30  coupled to the blade assembly 620 via a belt and pulley system 670. The belt and pulley system
670 may, for example, include first pulleys 672a, 672b and 672c coupled to the electrical
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674a, 674b and 674c are connected to each other by belts 678a, 678b and 678c, respectively.
5[00063]Although the electrical generators 630a, 630b and 630c are described above as being coupled to
the blade assembly 620 by a belt and pulley system 670, it will be appreciated that one or more of the

electrical generators 630a, 630b and 630c may be coupled to the blade assembly 620 by any suitable
means. For escamiplers @38apptHbrabhife eeraeicwl yeneredordle0a’630bthnddsdde saapidsbtedigpled to

the blade assemahLAACHEC I (GrendH @mORIrBRIEENR PURISTY7RY, GRA 8n@6 18 diks pl00064]In one

embodiment, the electrical generators 630a, 630b and 630c ma)é be cougled to the shroud member 640

via mounting RIS %‘%2%?@?%%@@%23@6@%&3%?,6ﬁ%%o6 GhradkpiouthbmissPhpr i another
embodiment,diday&ves, dinecgleciricaligre te tainesch e 63 Mol arey §36T3maydred &ouplpd dodlye shroud

member 640 via regpggihie SUPDORT NS ASIMIALI2SUPRON iy K36y [A9BRITAConverL he kinetic
energy of a gas flow into electricity, th energy reCO\?ery system 600 may be isposea so that the first end
610a of the camdairtidneeripted o terbbdotsegidy il benbdedteeiipplierassttonodbutceiltise received

gas flow is thmfé@fa&r@ iitecbfrom thedisstirndk61Ra %éﬁ@ﬁ&ms,%@ﬁgmdd@&gesee&sﬁe £10b of the

conduit 610. en 20transmitted from the first end 610a of the conduit 610, the received gas flow acts

upon the blad® 2R ARTEERH OAILY, Ah SW Hbke rRea e FY &3 HBNEIL BasItR (BHvargttita second end
610b of the casidtitddd 63(hesgRtsdnecsmeasgiiuseahhecause haesssantl e oehalbigf (e, cenduit 610 is
wider th(fd‘ the. first end 61 e%l?f the condui})%Ghilﬂgé.Thus, a pressure of the gas at the second end 610b of

the conduit 6 ‘“‘.‘2‘ ower than é%’rgggrusfé)ro e gas at the first end 610a of the conduit 25610. When the

blade assembly 6200808died updm dng theblsimpnbdberdegaisalitbiaratey 684y asdioc iheydiarality of

blades 6_24 MSUBIHA B’(@%}%ﬁfm{é‘ﬁ%g‘ '@@)ﬁ\% &%&ﬁﬁ%@&%ﬂé@&i@%ﬁﬁ%ﬁ& %@E&Q@B&Eﬂi‘v@!},aﬂs that is
substantially Parallel with the longitudinal axis of the conduit 610). Gas within the gas flow is then
t

released into'tKe! aniBfer A PERRE At dn ol peRbRAPERR ARBF YT IR GLES A STMFFERTR.g., gas flow
source 400) wz0the3shraiosiemiag be40upitlis, Gashtitansmidecibeyordifieiadgpagsembly 620 is
releasejénto the %r{‘bgﬁ”t erp%/{arongrient and/or the gas flow channel of the gas flow source (e.g., gas flow
source 400) via ilne Shréad me%llr)er' 640. Movement of the plurality of blades 624 causes corresponding
movement of the rol8#86%¢ shaft B2oomtsichdrkinain erauge ofcogressonditeg: lentveltsiethe shehey second

pulleys 674a,&648-R0A E40PMQVARANLOlNG SRR UK 643r AR RAM BYdfeisiVanslated into

movement of the first pulleys 672a, 672b and 672c by corre§[[l)londin_g ones of the belts 678a, 678b and
678c. When fifition of a gas Tlow generated by a gas flow source. e received gas flow is then transmitted

from the first end 610a of the conduit 610 toward the second end 610b of the conduit 610. When

20  transmitted from the first end 610a of the conduit 610, the received gas flow acts upon the blade
assembly 620. Also, when the received gas flow is transmitted toward the second end 610b of
the conduit 610, the gas becomes diffused because the second end 610b of the conduit 610 is
wider than the first end 610a of the conduit 610. Thus, a pressure of the gas at the second end
610b of the conduit 610 is lower than a pressure of the gas at the first end 610a of the conduit

25  610. When the blade assembly 620 is acted upon by the low-pressure gas within the received gas
flow, the plurality of blades 624 move in a predetermined direction (e.g., rotate in a clockwise
direction about an axis that is substantially parallel with the longitudinal axis of the conduit 610).
Gas within the gas flow is then released into the ambient environment and/or the gas flow
channel of the gas flow source (e.g., gas flow source 400) via the shroud member 640. Thus, gas

30 transmitted beyond the blade assembly 620 is released into the ambient environment and/or the

gas flow channel of the gas flow source (e.g., gas flow source 400) via the shroud member 640.
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5first pulleys 672a, 672b and 672c move, the electrical generators 630a, 630b and 630c generate
electricity. Thus, the electrical generators 630a, 630b and 630c are configured to generate electricity
when the blade assembly 620 moves. [00066]In embodiments where the energy recovery system 600
includes the baffle member 710 and vanes 720, the gas received at the first end 610a of the conduit may
also be 10 déflevtarbypitiec paifidimehibuley 0&4ternsts poonsitradian &y yaoenHdhetrnsalaiesh720 are acted

upon by the gas defleciaduby. thebatligmemirs Al0thaanesséehipsiliaiesnayvemenhaite blades 624

in the predetermined direction which, in turn, causes corresponding movement of the rotatable shaft 622

and the secoh@b?ﬁﬂ‘é@}sogtf’&é%’flﬁlﬂ’%%g - (AR A& piamslted 799 ners B g BPe ifove, the
electrical genanddos $BR067 B34l anzk G3Qogependiesalectricitye BE[OO0E, KI8h atrdi63d. aw/ Bxemmplarily
described abgve, the e ove stem 600 may be, disposed ti a flow source, such as
e o S IR R A eUERY PR i AN AORONGE RS IR ART et
cross-sectiorrd¢eirsiiof Thasfirse elaeitard scorthiers 6ACId HXandR Beaesorfignreddacgorgatectional area of

a gas flow chapnghbigava! fenthe £osssaatienelasea of the gas flow channel, or greater than the
cross-sectional area 200f the gas flow channel. It will be appreciated that, in some cases, the ability of the

energy recovery syS8A8®00 to JRABRAL BRI TSI ENFEY SN L e B i is P B ack
pressure withieiftegas Hewvaaes (204 @ maydoe depe ndefitstigainotita cfdssesediioralyaneatef the second

end 610pb, of the, conduit 610. Thus, gjve ufficiently large cross-sectional area he second end 610b
o the o U R e e 0 A e e R e edling
unit 405 such'peatba tiszmcksDdestedrs tiéliratcaidi6l0ated vored (R BROihiatt thevexisauet tieea 410 is

effectively zegp, JQQRA8IRIe p?b!ﬁt@rﬁf?ﬁ@@@ﬁgy&ﬁ%%gllf:tﬂfﬁ%ﬁs@_%Qﬁgéﬁbgﬁiﬂgﬁﬁ%mﬁhmﬁé’ be _
coupled to a blade assembly of the energy recovery system shown in FIGS. 6 and 7. [00069]Referring to

the electrical GERSHIR 636 300 srRIG BEIeEh 8T iR ARaed 80te afber afBerulkys Sddtwithin the
shroud memisepisdtiandchacceLiples daribsa placaassesnhly308Andsds0speackat alackitiain system 870. The

sprocket and chain 870 may include the afgre tioned first pulleys 672a, 672b and 672c in
SHitontt chaine BITROT 26 ared RIS R A ARy e ieposed
within groove®dfnfirsbpdikppscd 70lati 67 R gngl fB R souesspasiivasl gaThevspreckd08 74 rranplerdpupled to the

rotatable shaff.62%andiRE-CPRHAUTEH 1 ERORIAWIE 6 HANTH (28R ANA34 8¢ tENgglectrical
generators 630a, 630b

end 610a of the conduit 610 may be less than the cross-sectional area of a gas flow channel,
equal to the cross-sectional area of the gas flow channel, or greater than the cross-sectional area
20  of the gas flow channel. It will be appreciated that, in some cases, the ability of the energy
recovery system 600 to generate electricity while preventing undesirable generation of back
pressure within the gas flow source 400 may be dependent upon the cross-sectional area of the
second end 610b of the conduit 610. Thus, given a sufficiently large cross-sectional area of the
second end 610b of the conduit 610, the energy recovery system 600 may be coupled to the
25  exterior of the air handling unit 405 such that a distance D between the first end 610a of conduit
610 and the exhaust area 410 is effectively zero.
[00068] FIG. 8 is a perspective schematic view of electrical generators that may be
coupled to a blade assembly of the energy recovery system shown in FIGS. 6 and 7.
[00069] Referring to the electrical generators 630a, 630b and 630c shown in FIGS.
30 6 and 7 may be disposed within the shroud member 640 and be coupled to the blade assembly

620 via a sprocket and chain system 870. The sprocket and chain system 870 may include the
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5and 630c may be coupled to an electrical generator support member 810. The electrical generator
support member 810 may be fixed between the first end 610a of the conduit 610 and the blade assembly
620 by the aforementioned radial connection members 732. Accordingly, the electrical generator support
member 810 shown in FIG. 8 may be covered by the baffle member 710. 10[00070]FIG. 9 is a
cross-sectiorPrAmgnopead dinsngpytleae6veryoIybrand Shisim asldeerding heies third Sfdoditmeric Mb. 10 is a

top view of the, GREIGYIECONEHY SySieg BhaR BTG, 8. IRRIHReiaH G FIGsSand 187 an energy

recovery system 900 may be  generally characterized as including a conduit 910 a blade assembly 920
and an electfdaP P84 &1 &raitiPedt fod Porsnenkst &4 e brganrletodhs rimablt & Sran2ithSde a first
end 910a andmafgneddendagd OhthTheditsh esitk oaaay e comfigtketitalrgaeiveoat dBast@@ortion of a

gas flow generated. by a gas flo urce such as gas flow source 400. Eurther, the conduit 910 may be
Gemerally sora i e e R R s SR S mccoma enc
910b Similar gentvateionianitrtimemtes Edhaait G10xRs dshfiepirt fosconddredsafdeeandmittttafidm the first

end 9102 of the GRASLILH, IDIFBITR HIse ASRAIRN s SORIER e he 2oRALL A1 g2 shroud

member 940. The blade assembly 920 may be configured to be moved when the received gas flow is
transmitted FORTTHAIRLCEHE STRPB ARG A Hittere! HEBIA e S8 &misty G20 s R H5r8/b&E mple,

include a plurality of blades 924 arranged in ring shape such that gas is allowed to pass between adjacent

blades 924. Constr S exe ily described.above, the plurality of blades 924 may define a
general?y6 annular srr@(?tﬂori Wher?l\%lgévééda f?f)or?”ls_tsr?é:q{%%a?o?l Vovt?%r% Whérein each biade %E(%"#]cludes an
inner edge 920¢prsiek 4o oihied edprdgxiy, THe pluradityrofibiadehOmpigascteyaoriisiaredhivbermoved in a
predeterminggi@irgction (e.g., rotation in a 30counter-clockwise direction, as shown in FIG. 10) when the

received gas flow is transmitted from the first end 910a of the conduit 910.
[00071] Referring to FIGS. 9 and 10, an energy recovery system 900 may be

generally characterized as including a conduit 910, a blade assembly 920 and an electrical
15  generator 930.

[00072] Similar to the conduit 110, the conduit 910 may include a first end 910a
and a second end 910b. The first end 910a may be configured to receive at least a portion of a
gas flow generated by a gas flow source such as gas flow source 400. Further, the conduit 910
may be generally configured to transmit the received gas flow from the first end 910a toward the

20  second end 910b. Similar to the conduit 110, the conduit 910 is configured to compress gas
transmitted from the first end 910a of the conduit 910.

[00073] The blade assembly 920 is coupled to the conduit 910 via a shroud
member 940. The blade assembly 920 may be configured to be moved when the received gas
flow is transmitted from the first end 910a of the conduit 910. The blade assembly 920 may, for

25  example, include a plurality of blades 924 arranged in ring shape such that gas is allowed to pass
between adjacent blades 924. Constructed as exemplarily described above, the plurality of
blades 924 may define a generally annular structure when viewed from the top or bottom,
wherein each blade 924 includes an inner edge 922a and an outer edge 922b. The plurality of
blades 924 may be configured to be moved in a predetermined direction (e.g., rotation in a

30  counter-clockwise direction, as shown in FIG. 10) when the received gas flow is transmitted

from the first end 910a of the conduit 910.
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[00074]The electrical generator 930 may be coupled to the blade assembly 920 and the shroud member
940. The electrical generator 930 is configured to generate electricity when the blade assembly 920
moves. [00075]The shroud member 940 may be coupled to the second end 910b of the 5 conduit 910.
The shroud member 940 includes a first shroud body 944 and a second shroud body 946. The first
shroud body 944 is[880téd to thhseleshdrang1er 38 thvaydrduitgdddioThe tlade shionblHBdy 944 and the

second shroyg bedyiRdtiarekeuies toreach eihebviarsiirad Redyranaedignmembeisidis. As a

result, an annular transmissior[l}@face 940a is defined between the first shroud body 944 and the second
shroud body ¥A8'dhgiae s B 3ALEeYSh is defined by 10 the second shroud body 946. [00076]The
blade assembly 920008 be dispgbsatrbelwesibthefirsisivoucipledyddd @bchthend9condisheoud body

946. Morgover, the ssembly 920 is rotatable abaout the longitudinal axis of the, shroud member
040, Accaraig Tho B S B S S M o e aecona
shroud body 92 Prany iknowis rreisheady 9 peimertinlghio therneandisod Plve fbribrteriidak 85 ditthe shroud

member 940 yyhilg rRMSRENgLNevameRt Hans:the ivagitdingl dxisaf theshraws membet 848

Accordingly, gas transmitted into the annular transmission space 940a is received by the blade assembly

920 and gas tFAREHHRIERIPRTT R HirtSehg g o3 SPINECEARRRI S ihas B ih4Ee b $Adhcan be
released intofthe shrobdetidgrpdnamian éietse20HACBotiABIde SUshawan Bxh kst 9pdbedaladir asseably 920 is
coupledlg) thﬁlesg&%ga Sslah{)%g% b d%g_46 via a blade track assembly 970. The blade track assembly 970

may, for example, inclu € a firs ybear’mg shell 972 coupled to the second shroud body 946, a second

bearing shell 974 ctifiéel to a cdharbbrs ywkinthlirP20rmis bodislmdad e iandreddyesoR2d bfdvach of the
plurality of blagdeg 2. and RisaliRL Rearnas (6 rareival WLhihR spacedalinad.py.catbe first

bearing shell 972 and the second bearing shell 974. Constructed as exemplarily described above, the

blade track al¥SHIPY A3 aRbWE therwiaperpesdithiv erdissisiabs BiduttrrIngridmadbxis of the
shroud membeiiQdDtwitle Minishaludsses Thaenta/fricho fedQIhBIAS texropdarnilynifl ustatedamElGS. 9 and
10, the first shroud body 944 is  provided as.a single, integral component. Although not shown, one or
e i e B e B D A g o
described aboweandnaniongttbaipiantdas! towanothh ehintadengsdensly). 920G ¢edgpglio ghetfagensfathe blades

924), thereby,n(, the annular transmission space 940a is received by the blade assembly 920 and gas
transmitted from the first end 910a of the conduit 910 into the exhaust space 940b can be
released into the ambient environment.

20 [00077] As best shown in FIG. 9, the blade assembly 920 is coupled to the second
shroud body 946 via a blade track assembly 970. The blade track assembly 970 may, for
example, include a first bearing shell 972 coupled to the second shroud body 946, a second
bearing shell 974 coupled to a collar 978 which, in turn is coupled to the inner edge 922a of each
of the plurality of blades 924, and a plurality of bearings 976 received within a space defined by

25  the first bearing shell 972 and the second bearing shell 974. Constructed as exemplarily
described above, the blade track assembly 970 allows the blade assembly 920 to rotate about the
longitudinal axis of the shroud member 940 with minimal losses due to friction.

[00078] As exemplarily illustrated in FIGS. 9 and 10, the first shroud body 944 is
provided as a single, integral component. Although not shown, one or more air intake ports may

30  be provided to extend through the first shroud body 944 as exemplarily described above to
transmit ambient gas toward the blade assembly 920 (e.g., to the face of the blades 924), thereby
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facilitating movement of the blades 924 in the predetermined direction. In another embodiment, the first
shroud body 944 may be provided as a plurality of separate components coupled together in a manner
that defines an air intake port, such as air intake port 142, capable of transmitting ambient gas toward the
blade assembly 920. 5[00079]As exemplarily illustrated, the energy recovery system 900 may further
include a plufaitytegingasdiswaiéfie il adrsibkis s Oredsioseerddiidewalls ataheranadimeainsmission

space 940a (i1R-fiRp &RRRS&GQ@M%% wf ﬁﬂﬁriﬁ%’%ﬁ éhigﬁﬁaﬁl%dblf%é‘ﬂaﬁﬂéjcgﬂﬁpéﬁé}%goﬁbf&vd body 946).
The gas flow deflection members 950 act to compress gas transmitted into the annular transmission

space 940a ARt FdACER tabdings i iRk ROFhar the SUE ke B8 b B88Y'9%% may
experience asggasisitranamidiegaframw didate staadLdaaipbtoe conduit 910. [00080]As mentioned above,

the electtcal gener 0 may be coupled to the hlade assembly 920 and be figured to generate
electicity whon thel A2 assendbh GBS RS O oy e
coupled to thndlkede absehtbif ez landitiesiampudmbernBel daposEdpexiskils tHéhslemribal generator

930 may inclydgaaniglity sidirgtstaiapiamentsi32a cavpiadsadhedis sihrond fedy 944 a plurality

of second stator elements 932b coupled to the second shroud body 946, a plurality of first rotor elements

934a coupled TP X FEUsSEINBRY B2Y Arilrdipumsibsst 28R SRPRIRS AR OB b ed to the
blade assemily QzQlaf hanpiiiality gidicsi4ataneemdnts S34maseablepleddmdhetblade assadbly 920 so

as to be gperably proxi to the plurality of first stator elements 932a w 20the blad mbly 920
moves. i B T e S B SRR 000 oo
as to be operably pf68¥fHte to the plertiingdilsacom stetvicel gaeroOBEPomanen eheplsidhtietkessembly 920

moves. WhenfjistiQiafpiements B3tshartkheseaentraiRrRieMmanRts As4ha g.anpraipproximate to the

plurality of first stator elements 932a and the plurality of second stator elements 932b, respectively, during
movement of T35 HlAE HEReiBRMo 1, Listirrli8r e gnarQtary (oot if Shibehssdtiiemtthe plurality
of first stator etermeniise SBRadmd tverPuoaliy: ek seprnhstatotiele mepis: 320 argy eaghdprovided as a coil

of electrically ‘ﬁ?rggt““tm ’P&%‘?&iaehé% s PPRELINS) 2 ded&*i‘rest%l%%'é%o%f i3] rotar glamgnis g and the
plurality of sdtond rotor elements %b are eac provur!}?a as a permangnt maé)nefl. ?E’s exemp?arlly
stator elements 932b coupled to the second shroud body 946, a plurality of first rotor elements
934a coupled to the blade assembly 920 and a plurality of second rotor elements 934b coupled to
the blade assembly 920. The plurality of first rotor elements 934a are coupled to the blade
assembly 920 so as to be operably proximate to the plurality of first stator elements 932a when
20  the blade assembly 920 moves. Similarly, the plurality of second rotor elements 934b are
coupled to the blade assembly 920 so as to be operably proximate to the plurality of second
stator elements 932b when the blade assembly 920 moves. When first rotor elements 934a and
the second rotor elements 934b are operably proximate to the plurality of first stator elements
932a and the plurality of second stator elements 932b, respectively, during movement of the
25  blade assembly 920, electricity is generated.

[00081] In one embodiment, the plurality of first stator elements 932a and the
plurality of second stator elements 932b are each provided as a coil of electrically conducting
material (e.g., copper wire) and the plurality of first rotor elements 934a and the plurality of
second rotor elements 934b are each provided as a permanent magnet. As exemplarily

30  illustrated, a first rotor element 934a and a second rotor element 934b are disposed adjacent to

each of the blades 924. The plurality of first stator elements 932a are disposed to be operably
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30illustrated, a first rotor element 934a and a second rotor element 934b are disposed adjacent to each of
the blades 924. The plurality of first stator elements 932a are disposed to be operably proximate to
every-other one of the plurality of first rotor elements 934a during movement of the blade assembly 920.
The plurality of second stator elements 932b are disposed to be operably proximate to every-other one of
the plurality afrgeicatiel trotvereieirs e 98415 el nedVeshereiofleme ietid adedrs by 92enohthdition,

plurality of first.stater.alemenss 982 araigfat i dheBsesend statorelaments 93k sushhat only one

of the first rotor element 934a or the second rotor element 934b disposed adjacent to each of the blades
924 is operaByPHB¥MARY 15 SHebPIRC S RN rTanrd edelomeiie’ S8 dndng e raiemahts 932b,
respectively, @t dhyidimeaibHinge mavedidnifeliade rassannbly Oa6n Oypxaiienfdneopluhality of first

stator elements 9323, and,the plusality of Second SE%tOBﬁe&?enPi‘?s 1527 aRMaY £8.couRled thQnPO%‘tro”?r (not
shown) that iS 1 conﬁgure_dnto optimize generation of & ectricity, as is known'in the art, by the electrical
generator 930leineing b demrsad efitsenbladesdehedird3PFD00BRITd cpivvEnath o lirktittehergy of a gas

flow into electfjgity,ifie RRRIGYIELOMRNMSYSIEM AR RRMPRIISPESRsaitha) the i stehauai0a of the
conduit 910 receives a portion of a gas flowqqenerat_ed b%a gas flow source. The received gafas flow is

then transmitlY BB the Hlrde &r 8kl of tiPEBHAtR IO RBVRAR PhESEYBI08 Lreatob of A conduit
910. When trenepmiitigic) fo0 saddrel tirsbeeid Bddaosh thagaediiifdddhe seeceile thgashflow dctisupon the
blade a%emb(%f?zo. hen the blade gssergbjgcgzo IS actelt(qlu on hy th [ec ivelgC as flow, the plurality

ured to optimize generation o CIty, as 1S awn 11 the I? the € ical genérat
of blades 925 move inap e(rﬂa ermine drllrec ion (e.g., rotate in a COUﬂ%Gi’-&OC wise we‘% ion a(.)g)OUt an

axis that is s(¥8Stdwriedlyperakel ofithcthiadongieudilya?2kis of the conduit 910). 20Gas within the gas flow is
then released into thp@gppient epyirgnmeMANdar thegasilow channabidheaas diewmspurce (e.g., gas

flow source 400) via the shroud member 940. Thus, gas transmitted beyond the lade assembly 920 is

released into 898 SR SISHTR AV B1nRhHisPoest shE R bW eRARN of fifecgR A IEEFLESR.g., gas flow
source 400) yartibe shigudroerpherfddbMoysmentsofitte plisakieotblader @24 thausassrelddive

movemaut betwean the purally of (L 2estatoy lements, 9320 and b pIuralLy oL ftsb g slements

rom 1Ist ?
934a, and between the plurality of second stator eleme plurality of second rotor elements

934b, therebyranusitey thenyéndration of Bleditisigobjuth@l8ldbtricedipeherattmoss MsthtHdagkectrical
generator 93Q.13,6ORMgy iR ARRPIIE KRHBRBIYRER ABIRAS AsSRIINKLPZR MAVES.

[00083]Constructed as exemplarily described above, the energy recovery system )
plurality of blades 924 move in a predetermined direction (e.g., rotate’in a counter-clockwise

direction about an axis that is substantially parallel with the longitudinal axis of the conduit 910).
20  Gas within the gas flow is then released into the ambient environment and/or the gas flow
channel of the gas flow source (e.g., gas flow source 400) via the shroud member 940. Thus, gas
transmitted beyond the blade assembly 920 is released into the ambient environment and/or the
gas flow channel of the gas flow source (e.g., gas flow source 400) via the shroud member 940.
Movement of the plurality of blades 924 causes relative movement between the plurality of first
25  stator elements 932a and the plurality of first rotor elements 934a, and between the plurality of
second stator elements 932a and the plurality of second rotor elements 934b, thereby causing the
generation of electricity by the electrical generator 930. Thus, the electrical generator 930 is
configured to generate electricity when the blade assembly 920 moves.
[00083] Constructed as exemplarily described above, the energy recovery system
30 900 may be disposed relative to a gas flow source, such as gas flow source 400, as exemplarily

described with respect to any of FIGS. 4A-4C. Moreover, the cross-sectional area of the first
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30900 may be disposed relative to a gas flow source, such as gas flow source 400, as exemplarily
described with respect to any of FIGS. 4A-4C. Moreover, the cross-sectional area of the first end 910a of
the conduit 910 may be less than the cross-sectional area of a gas flow channel, equal to the
cross-sectional area of the gas flow channel, or greater than the cross-sectional area of the gas flow

channel. It withBé Hjapredincendnad lhsanhe asdxinthe atgitinpastiinel ey glaeeollerycdpstem 900 to

generate elegljigityowhile-freventing wadesiirlearneratianobbacker prese eyl tbg.gasflow source
400 may be dependent upon the width of the annular transmission space 940a (i.e., the distance between

the first shro0d BB & I shanied LN GBS BEL a8 some v tietlnabilior théhe sAsi§t space 940b.
In one embodénenty Hyetsmicdiboah theanrdit diaing Wiskipre spatce 94daimely penaattmall egkl inch. In one

embodiment, the energy.recovery.system 900 may pe co handling unit 405
TTBE Sure Wg %ﬁe \%I%Senot SOUrce 98%[5%0% C%g

i upled to ]{)h%‘ R[N aen%{l:%ar
such that' a 1B distance D bet e firsten of Bonduit 910 For between the shroud member 940)

and the exhatistsarissian isetdietivelytre fsstioo0BAacoikediribotivné hpdh&4domdihesecrad described
above may be,Qimitigiy 1048y chuaR SRRMNERH. shaWd MRIGRILI4R sayfubsiehamthgigenduit 910

receiving the ﬁ%ﬁ flow %enerate_d by the gas flow source 400 and transmittingqthe received gas flow to
blade 15asseRTATYSH P ERBEUSRAAES WHEPEHE Bidhal 4Lty Rotntedigrtyiietrt®enerate
electricity using@gasfiosnthansmitiecdcbypieductid k4 raigastion of thedigtvhldiosaydhmeiian as the first

shroud body 944. [0 FIG. 11.is a si iew. of the rgy recovery system according.to a fourth
emboditien I3 e e o R e oy e S Y RGBS T3] Reterring
to FIGS. 11 dhelckhaush asprefd() reddsasnebystean 1100 may be generally characterized as including a

conduit 11_10 a blaqg@ggﬁzmbly Hg&%ﬁﬁ)@dhﬁéﬁ&t{ﬁ%@oﬂﬁﬁﬁ%@5%&9&&9@9@5@5@9%@&[@&0”““ 910,
the conduit 1110 may include a first end 1110a and a second end 1110b. The first end 1110a may be

configured tolyéeémglma@frglgomm%frgmber 940 may function as the conduit 910 receiving the gas
flow generated by the gas flow source 400 and transmitting the received gas flow to blade

15 assembly 920. In embodiments where the energy recovery unit 900 is configured to generate
electricity using a gas flow transmitted by a duct 414, a portion of the duct 414 may function as
the first shroud body 944.

[00085] FIG. 11 is a side view of the energy recovery system according to a fourth
embodiment. FIG. 12 is a top view of the energy recovery system shown in FIG. 11.

20 [00086] Referring to FIGS. 11 and 12, an energy recovery system 1100 may be
generally characterized as including a conduit 1110, a blade assembly 1120 and an electrical
generator 1130.

[00087] Similar to the conduit 910, the conduit 1110 may include a first end 1110a
and a second end 1110b. The first end 1110a may be configured to receive at least a portion of a

25  gas flow generated by a gas flow source such as gas flow source 400. Further, the conduit 1110
may be generally configured to transmit the received gas flow from the first end 1110a toward
the second end 1110b. Similar to the conduit 910, the conduit 1110 is configured to compress
gas transmitted from the first end 1110a of the conduit 1110.

[00088] The blade assembly 1120 is coupled to the conduit 1110 via a shroud

30  member 1140. Similar to the blade assembly 920, the blade assembly 1120 may, for example,

include a plurality of blades 1124 arranged in ring shape such that gas is allowed to pass between
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25 gas flow generated by a gas flow source such as gas flow source 400. Further, the conduit 1110 may
be generally configured to transmit the received gas flow from the first end 1110a toward the second end
1110b. Similar to the conduit 910, the conduit 1110 is configured to compress gas transmitted from the
first end 1110a of the conduit 1110. [00088]The blade assembly 1120 is coupled to the conduit 1110 via a
shroud 30 meditsenttladesSikaitaCenshiaditd de exssarably do0ritied phatie Bssdnitiiy 0f dadeay 176r example,

include a plurghfyaefilades it Atanagd duringrhanssieh fhalass & slpuedie Rass.between

adjacent blades 1124. Constructed as exemplarily described above, the plura of blades 1124 may

define a gendfafly HrAdnglides RRIneSk AdsE ikt Adarh e P ol butombsuewdity shllrdiadd2t124
includes an innsriedgafidl2abiabe movedieneagr diidbd dihe phurality, efthiades ddadimay be configured

to be moged |r11 3 Rrec gtermlned dgectlon}(%g }ﬁt onina counter-tfaloclimse dte (;PZIOI’] s shown in

d
FIG. 12) wheh the rece}{/eeC Oélégsffow IS transmltte Fgm the first end the conduit flo

[00089]The distiteiedhll HEdertites dondoitddydbe coupled to the blade assembly 1120. The electrical

generator 1130 is cjpigy[ed to geoefale clesticiionwhen ihe ﬁéﬁ@&ﬁ%%ﬁ%? 1120.
10[00090]Similar to the shroud member 940, the shroud member 1140 maL?éebe coupled to the second end

1110b of the LREl6RH SeRaRuHbild ThenkigRid 12 8emicRiaelesyrinibt Shrs BF 15483 d K cond
shroud body thb4&. The first shroud body 1144 is coupled to the second end 1110b of the conduit 1110.

The fII’S hroud bo?g@%ﬁm and mmﬁ Ct%'?ﬁle roud b r{qB/er ;ﬁl@ gre goun e% ftElL 4eda1(i%3ther V|a shroud body

connectlon membe As aresult, an 15annular transmission space ais defined between the
first shroud bethpled 42 tha sk ehadsasohid @hed e boripit 14 80aridashexdanenbpateta imdisles e&fiied by the

second shroug,Bee¥ 4844 an&%@éﬂﬁ@ﬁr&ﬂ@%cﬁﬁﬁﬁmb%l 12Q manbssdppesed es g fisshshroud

body 1144 and the second shroud 6. Moreover, the blade assembly 1120 is rotatable about the

longitudinal 2%<B¢ fvd éh]rgﬁafﬁji’érﬁ‘ﬂﬁuffﬂéo AEE‘E)FHE%@WWH@‘E%&&%M?%?%Sllﬂél'g}dﬂé’@o coupled
to the first shtauél atiedyublb@tc&sudto@tﬁae \aeemﬂcshdsogaddnﬁdyl&d%mba@y kowa makilerapermitting

movem tabout th Ion itudinal axi the emb 1 ra i 0 the a nular
?g 1SS10Nn S ace?l%y thS géﬁr Ween f{§6hrou Eﬁ) 5] mEFanﬁptg

transmission space 408" TedBived b de assemb gas transm fromnt e first end
1110a of the ﬁmﬁ@hhom 1040 tmdrea exdmssmpaéé@mmdeéandﬂy thiemseatisitotiddedrdiett environment.

25[00092]As best Sm%‘l]n FIGHL, Hﬁ@e@?g@ﬁﬁ%ﬁ@‘d‘#ﬂa}%& %Q%Mﬁ%@fﬁ@?shroud body 1144

and the second shroud body 1146. Moreover, the blade assembly 1120 is rotatable about the
longitudinal axis of the shroud member 1140. Accordingly, the blade assembly 1120 may be

20  coupled to the first shroud body 1144 and/or the second shroud body 1146 in any known manner
permitting movement about the longitudinal axis of the shroud member 1140. Gas transmitted
into the annular transmission space 1140a is received by the blade assembly 1120 and gas
transmitted from the first end 1110a of the conduit 1110 into the exhaust space 1140b can be
released into the ambient environment.

25 [00092] As best shown in FIG. 11, the blade assembly 1120 is coupled to the
second shroud body 1146 via a blade track assembly 1170. The blade track assembly 1170 may,
for example, include a first bearing shell 1172 coupled to the second shroud body 1146, a second
bearing shell 1174 coupled to a collar 1178 which, in turn is coupled to the inner edge 1122a of
each of the plurality of blades 1124, and a plurality of bearings 1176 received within a space

30  defined by the first bearing shell 172 and the second bearing shell 1174. Constructed as
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second shroud body 1146 via a blade track assembly 1170. The blade track assembly 1170 may, for
example, include a first bearing shell 1172 coupled to the second shroud body 1146, a second bearing
shell 1174 coupled to a collar 1178 which, in turn is coupled to the inner edge 1122a of each of the

plurality of blades 1124, and a plurality of bearings 1176 received within a space 30defined by the first
bearing shellekzmpipdlyriessaibon dbiosarihe pddtti 4seohbtruicie dlles sehe Mipladipaedzridedd tabove, the

blade track agsgbhuk HOsawaifeRiade RS semRIYH o8 01 retatemalpuh i & lengitkdinat &ds. of the

shroud member 1140 with minimal losses due to friction. [OOOQShAs exemplarily illustrated in FIG. 11,
the first shroud bodP44%4 is proditeaRle Ly grstaicddrdiCorhb et ahrsddie hot KHoin, one or more
air intake porpsoviaydshe pirevidetetpatxtanmbibraoughibefinsitshooud dedy hbddaasexenpplariyagdescribed
above totransmit ambient gas toward the blade assembly, 0 (e.g., to the face of the blades 1124),

thereby oS e B S R O empodiment,
the first shrotidisodyaibienheay the pddbideddas st Lo sepsedbe Eempidhehtadenlipléd together in a

manner that geiingsran Al AR QRch: SHeR: 3Ralk INtake, R HIAR (cARRRIGIkRabiransipitiRg ambient gas
toward the blade assembly 1120. [00094F}Similar to the eneé% recovery system 900, the energy recovery
JECk

system 11005R29HmeREEdiRIshopLPay of g aen BaraRtidediahaRBIAHEr S By URBRP B Ssidewalls of
the annular trangraidssigsihspace middaiae detincoppasingdaranesuch thaifiistakb roud 1dodyapddd and the

second ﬁyrouq t@gﬂ%ﬁ&%ﬁw;m Ui'c% gagss E{)‘z\i/v rgig:?ﬂgag 2{11&@?@@&&50 act to compress the 15gas transmitted

into the annular transmission spa 0 reduce a?]ny undesirable movement that the second
shroud body 1146 H¥0¥Nperiendenderdgashiserreigsvicadir omteheMNsttenendrzy Gecofahesgeigiduit 1110.

[00095]As m@@@@%@’ ﬁf?@%ﬁiﬂ&ﬁ&'%‘iﬂ?ﬁitﬁ%ﬁgé@ﬁgvﬁgl@&%lpﬁ&%’e%eﬂ 9 he Hladsnasrambly 1_120
and be configured to generate electricity when the blade assembly 1120 20 moves. In one embodiment,

the electrical Yeherasia! 188smisy Hesedifold i the PR UELHBRTS Lo iFh P ERK P33 Kikd to and
extending aradachthe @uteshedadiboBrense) ofitire: bl adey asseciblydRband s planetanigearniel 34
engage(iiSWithgatlks]?rgHg%gt%grin]t% %hze %nguig rc'!ug(s)ngllqsgion space 1140a and to reduce any undesirable
movement that the second shroud body 1146 may experience as gas is transmitted from the first
end 1110a of the conduit 1110.
[00095] As mentioned above, the electrical generator 130 may be coupled to the
blade assembly 1120 and be configured to generate electricity when the blade assembly 1120
20  moves. In one embodiment, the electrical generator 1130 may be coupled to the blade assembly
1120 by ring gear 1132 fixed to and extending around the outer circumference of the blade
assembly 1120 and a planetary gear 1134 engaged with the ring gear 1132 and fixed to the
electrical generator 1130. In one embodiment, teeth 1134a of the planetary gear 1134 may
engage with teeth 1132a of the ring gear 1132. Although the energy recovery system 1100 is
25  described above as including a single electrical generator 1130, it will be appreciated that the
energy recovery system 1100 may include a plurality of electrical generators 1130 coupled to the
blade assembly 1120 via a corresponding plurality of planetary gears 1134, as exemplarily
shown in FIG. 12. Each of the electrical generators 1130 may be configured to generate the
same or a different power output when the blade assembly 1120 moves.

30 [00096] To convert the kinetic energy of a gas flow into electricity, the energy

recovery system 1100 may be disposed so that the first end 1110a of the conduit 1110 receives a
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electrical generator 1130. In one embodiment, teeth 1134a of the planetary gear 1134 may engage with
teeth 1132a of the ring gear 1132. Although the energy recovery system 1100 is 25described above as
including a single electrical generator 1130, it will be appreciated that the energy recovery system 1100
may include a plurality of electrical generators 1130 coupled to the blade assembly 1120 via a

correspondingepiaratity sfinegargraiedizy R4 flay sruieplakiy sieovedigar flowlis tradreikitedlectrical

generators 1}3@hmRyike cRNfidurest (R-aengiatel SRRy @ diierant poywelrekiRuhvien tbe blade
assembly 1120 moves. 30[00096]To convert the kinetic ener%y of a{ggts flow into electricity, the energy

recovery systi¥if 8B Rty bEomdhedes eulthbihal s candr i1 16% Berred¥nthignt 12 YFFEMRORs a portion
of a gas flow e beikiecdybiygddlowisauteasldhasecaive d1gassfiowdsjpbe byinan seited fromidhe first end

11102 ofdhe gonglif A4 4P foward he seeand snd.kHOR oLl candul 1349, ihep fansmitted from the
first end 11(5a the pncﬁut 11 ,tﬁe recelv_%g gas flow acts upo 't‘ﬁé ade assem fy 1120. When the
blade assemblgckv2@ iiregiien ahovhabytheheide vddtgris fonarginkevpihthiitpesivididelsa 124 thfove in a

predetermined, itgCHim(edhs WHRLE iR 2 La1HaL trlackwizediiR oAbk &RifmEnak 18 /shipstantially
parallel with the longitudinal axis of the conduit 1110). Gas within the gas flow is then released into the

ambient envifdhMRRERHERAEHBGES HOW AT Sor e e ALt e By shepad RS Rg Uk 400) via
the shroud memkeiad fdtknlihes bgasdrarnidieds Leond itheibladesas samibly ahiéhis fieleaseshinto the
ambient environment 10apd/or the gas flow channel of the gas flow source ..gas flow spurce 400) via
g RSt S e e P el b
1132 which, imauer datiseMmevenieatities phuabitieod bindaelpRinaizes gwarmnen3A thserebgeenliidg the

_generation Of\xﬁlﬁﬁgrfﬁiiﬁ{rf?,ycm?e%%\%rmr&%@Qﬁﬂ?@x‘ B%fl%%@t%r% s Theis, Re GieciticRl grnerator 1130
is configured to generate electricity when the blade assembly 1120 moves. 15[00097]Constructed as

exemplarily dESEFNEE Sbdberitly Bhatg9etbRery syetdra! steriangy Ba%idpssdberettivetto a gas flow
source, suchaadgas DM uEE 400d asgexemplaetyridegevikadhaibnde speaity anyoah&leésS. 4A-4C.
Moreove, the crosgggglipnal area, of (e fist.end 1140901 the Landut L0 may be Jgss lnap the
cross-sectional area of a gas flow channel, equa'ln% Cross-sectional area orthe gasyﬂsa]w éﬂannel, or
greater than tH@Qrussbsabttinied sretiv20ohtes Haw flovicehausheb tanilpeaperdbihtesdthaplnisome cases,

the ability of the SRV IERAYPEV SYRIESP FIER0 4R genaiRie SIGCIHE WIS IRIRYGRING tdgsirable

generation of back pressure within the gas flow source 400 may be dependent upon the width of the

annular transtAfssldRadRe copdwia (1 H) Ry brdeshbe bR raeiitietinna aroblc 58§ 1 4928k the second
shroud body dqidb6)oanetesdhecvridiibl afdherexdgaist spaaanidid Obgkneneaniocimesdcibeanielh 250f the

annular fFansIzeion $RACG A MY BE 43 3MAL AR, NnI0 208 SRR S NG erey

recovery system 1100 to generate electricity while preventing undesirable generation of back
pressure within the gas flow source 400 may be dependent upon the width of the annular
transmission space 1140a (i.e., the distance between the first shroud body 1144 and the second
shroud body 1146) and/or the width of the exhaust space 1140b. In one embodiment, the width

25  of the annular transmission space 1140a may be as small as 1 inch. In one embodiment, the
energy recovery system 1100 may be coupled to the exterior of the air handling unit 405 such
that a distance D between the first end 1110a of conduit 1110 (or between the shroud member
1140) and the exhaust area 410 is effectively zero.

[00098] In one embodiment, the conduit 1110 as described above may be omitted.
30  In such an embodiment, shroud member 1140 may function as the conduit 1110 receiving the gas

flow generated by the gas flow source 400 and transmitting the received gas flow to blade
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energy recovery system 1100 may be coupled to the exterior of the air handling unit 405 such that a
distance D between the first end 1110a of conduit 1110 (or between the shroud member 1140) and the
exhaust area 410 is effectively zero. [00098]In one embodiment, the conduit 1110 as described above
may be omitted. 30 In such an embodiment, shroud member 1140 may function as the conduit 1110

receiving theagsgsridw! d&helatsehbyinratyadeisvihe soecsy 400 ¥y unansPitiepehie reddiveeneass flow to
blade assemply. 429 Jii-2MRedimentsMhRI& BieLRRIAY 1ECPYeh WRihd LG is sonfiotieddr generate

electricity using a gas flow transmitted by a duct 414, a portion of the duct 414 may function as the first
shroud body Tfiﬂ?t[ﬁﬁﬁ%ﬁg’@.li%s a cross-sectional view of an energy recovery system according 5to a
fifth embodiment. F{@024]is a topIGiel8 ofthe enetgyisicaveryt sysienpghawreiy Hitend 3ccording

[000100]Referrin FIGS. 13 4, an energy recoyery system 1300 ma ene aracterized
as ncluding & e S g S T o P A vore
1330a and a pluralit)®leMctricRefeneatold G830bajddd101¢Siralapcovene woitduit3d 1oythe conduit

1310 may inglugle. fitst el L3180 ARhasesrnd end 1330k Theristendh3Re may, e configured to

receive at least a portion of a qas flow generated by a gas flow source such as gas flow source 400.

Further, the dBWalllY P2 El5Hise sengeneraly 2o And ardural trohslrsttny rereiar §aRow from the first end
1310a toward the sgiondignd 131@haSimiterdanthea coroduie tdddyithe omndyibdiddodsisosfigured to

compress ga nsmitted from the first 310a conduit 1310. 15[000102]Each plade assembly
1320 5 Db 1 P a1 L o g R S S o 120, the
shroud memipertod4d azay hevcguslettddrrecsefonterdes8ciDps shsHtovordie 80.0FMHesilroud member

1340 i”C|Ude§cﬁcﬁf§t1§'116C}H9y%%)éﬁ’e%Py%G%%&@@%Qa%@ﬁﬁ%@f&@%%sm%fﬂf%ﬁhé%%’t bpgly 1344 is
coupled to the second end 1310b of the conduit 1310. The first shroud body 1344 and the second shroud

body 1346 2d & dovipidd o a8 dtter 1R shratlar Bty cortrecich s hiabat$48 isteLprsdd body
connection merbepsd34S maynhecddnsie ckedibetne el theofitst shiowid I3ady 1344 (and/or the blade

assembligs 1320) eco hroud body 13 S a result annyla smission space 1340a is
defined %tween trla@ﬂpts{tﬁzsﬁroud 36 3{/)??% %r%(ld)]%i%e@g%ﬁ%ugieroﬁ)g%occﬁ)ﬁ%%4 a@ﬁ’l%% Ségr(%lé%ﬁst space
1340b is definsahbs thigGegomdhshrtedyody me@beidd40yr thestimietstinfeorhethis b firest enebudedéoof the

conduit 13104ptQ.the ARAUAT drsISRUISSIRNIBPARS e deraMsY Pueahbladairssamily 1320 and

gas transmitted from the first end 1310a of the conduit 1310 into the exhaust space 1340b can be
released intoP ddiiant ascsrediseRed body 1346. The first shroud body 1344 is coupled to the second
end 1310b of the conduit 1310. The first shroud body 1344 and the second shroud body 1346

20  are coupled to each other via shroud body connection members 1348. The shroud body
connection members 1348 may be connected between the first shroud body 1344 (and/or the
blade assemblies 1320) and the second shroud body 1346. As a result, an annular transmission
space 1340a is defined between the first shroud body 1344 and the second shroud body 1346 and
an exhaust space 1340b is defined by the second shroud body 1346. Gas transmitted from the

25  first end 1310a of the conduit 1310 into the annular transmission space 1340a is received by each
blade assembly 1320 and gas transmitted from the first end 1310a of the conduit 1310 into the
exhaust space 1340b can be released into the ambient environment.

[000103] Each blade assembly 1320 may be configured to be moved when the
received gas flow is transmitted from the first end 1310a of the conduit 1310 into the annular

30  transmission space 1340a. The blade assembly 1320 may include a housing 1321, a projection

1322 disposed within the housing 1321, a beam 1323 pivotally coupled to the projection 1322
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[000103]Each blade assembly 1320 may be configured to be moved when the received gas flow is
transmitted from the first end 1310a of the conduit 1310 into the annular 30transmission space 1340a.
The blade assembly 1320 may include a housing 1321, a projection 1322 disposed within the housing
1321, a beam 1323 pivotally coupled to the projection 1322 and blades 1324a and 1324b. A plurality of
shafts 1325a%aAdd1ada53 Xteapblidét 1o ektahdy thirohmdh I3 Taousing2tB21e antvied fortabil coupled to

corresponding,@0es @f Rlades 1324amang 1324BRafR d32Rrandnkdeobhal eralprdotatallygoupled to
opposite ends of the beam 1323. The shafts 1325a and 1325b are slidably coupled to the housing 1321

by means of &tth-ieabH 'Seafng MérhBEs 18 ShERN)SUBIF LY SRS HRG G RIdhdream 1323.
poly(tetrafluothetitane ) 234 ind Thzsblade lakseniblypd 20 therthekimcidde d gar fdowihakiersidanta and

1326b caupled to the hqusing 1321 and adjacent to bjades. 1324 d 1324b, re ively. Although
Fras. 15 amd e e B e e e T,
it will be appreleiigtestamibat I8asuvhne biludeagaeimpbaBRo rdphumdispedapemethe firshshstngd body
1346. 10 [000Q4]),GanatytiedraLenRlanly described ahene. Keblafesds$2samndilazdhare

moveable into and out of a gas flow transmitted into the annular transmission space 1340a. When blade

1324ais disp%ggalmqﬁgegaééefm b9 Hithiasd gadadk aduhiiine ttalie #5%1a causing the
blade 1324a fpproie:tonard ihsthndiagel32:n Myhien (heablieda sh3d24eombves siavaid thelhosising 1321,
the shaft 1325a is adially outward. Gas within the floyw 15moves th de moves
Lowart 1% revsing B e T R e o
barrier 1326zarvhegble sitafnd3p6efis gnydivadtragiaiied uneahd, e apsi8930is yesad d4@bout the

projec_tion 133718 BladRaul AR A lbatliRH Q%J%QQ?;MP@J@%HHIH%@% sviang HEHQME axigeof the
conduit 131033380 as to push the shaft 1325b radially inward. When the shaft 1325b |sﬁpushed radially

inward, the bladé®885BbRikladsol dade [ratnstiy Eidia ba s ird o R AR DY YS! gt BRMser 1326b) is
moved away treadiite howsigl 332 thanrdaiftsiie gaadhewri@nsyitiedintcGizeranniilig gaARwiSsion space

1340a. \When blade, 1324b is,disposed within the,gas. flo as within th flow acts upon the blade
T34 s ELRS W a2t T Nu T e TR R TR o coes
described abgveldsdépenteeiz25]000M0BFepailonf kiuwritd! e hatot 3880433hd 14 880Isdnay be coupled

to each blade as5RMp d32RYiRSRFES LI 2aa@Nhd 4RO pIGERRSHYSI. (e flsGtralaqngrators 1330a

and 1330b are configured to generate electricity when the blade assembI{ 1130 moves. For example, the

electrical gerdPatBrE B IEPeRE SO thidgrediATMb RIS Beer B ME R 133teBbtdl el 'support
1331 and a roteseledant ihsdddopenab hdspaimatsiosthasistatadalemenid3hctans ISidallyhionveable

relative 1q the stator element 1332. The, support 1%31m for exa include a platform 1331a coupled
o e 10 Shea RS B b (e Lo B 33 B EE 103 1

coupled to thkofisstshidLidnidodtp 184k afieMtapsaifhnGdtatovbrevemnustdesirisieliidae W of the

platform 13314 guiingPRerRION LHiNEEREIGY RGOS 1308 Wuone inhrdimantsthe stator
element 1332 of each electrical generator 1330a and 1330b is provided as a coil of electrically conducting

material (e. g?%ﬂﬁépw}@e&%& &oryyie toward the housing 1321 and the reverse of the process

described above is repeated.

25 [000105] A pair of electrical generators 1330a and 1330b may be coupled to each
blade assembly 1320 via shafts 1325a and 1325b, respectively. The electrical generators 1330a
and 1330b are configured to generate electricity when the blade assembly 1130 moves. For
example, the electrical generators 1330a and 1330b may each include a stator element 1332
coupled to a support 1331 and a rotor element 1334 operably proximate to the stator element 132

30  and slidably moveable relative to the stator element 1332. The support 1331 may, for example,

include a platform 1331a coupled to the first shroud body 1344 and supporting the stator element
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5element 1334 of each electrical generator 1330a and 1330b is provided as a permanent magnet.
Movement of the rotor element 1334 corresponds to movement of the blades 1324a or 1324b into and out
of the gas flow transmitted by the annular transmission space 1340a. Thus, when the blades 1324a or
1324b move into and out of the gas flow transmitted by the annular transmission space 1340a, the rotor

elements 13348 thd eleenicamgarerdibrb138padindEIzoshoye kailel i riadthealafermeht31332. When

the rotor e'”ft?ﬂﬂ&é&%ﬂﬂﬁﬁﬁ%l@'ﬁ%%ﬁ%rﬂ%ﬁﬁf@%@lﬁ&m el A330h-mevedelativeto the sitatpr element
1332, the electrical generators 1330a and 1330b generate electricity. [000106]Although not shown, the

energy recoveiiey 13685HRY L i SabrHE S o GLEAB R WL ESASRRMbEYL #8%0, similar
to flow deflectznrowrie pibeitkd bs hlbi, disposed preankamnmokecsidewalls gpthevasndarticansmission
space 1340a. For e le, in.an embodiment w the plurality of blade assemblies 1320 are disposed
o aurcs AR e a1 B RSB oced on
a surface of thewweor@isheoutPbdayas4834000tarmd tomesentbit Rirlkeibladrerbi2df erdddHow into

electricity, the,gner@yRQREVEHNW BiERIAAA-AY hs fisneseshsashapibe fisiendd31ir.of the

conduit 1310 receives aé)ortion of a gas flow generated by a gas flow source. The received gas flow is

then transmitt&aiAdRs dHeirar &dn'a 815 BIHRLHGhithe 2o Tow L smiied by ibeanata10b of the conduit
1310. When tramsmitieal dpata tBe0firsherbil 3t0rmf et itlddlity] tha¢etaiyesgasddorsets upon the

blade assembly 1320. When the bla blies 1320 are acte 0 the received gas 25 flow,
e o The DAL g T R Bl B R 88 T outward
and inward dir&ions! the0hrasigstaiitaidyiveristmdicoienttb’ e theraderidabbendsof tHé Ebraddit 1310).
Gas within thesags Jlow-ig theq.elgased into the ambient environment and/or the gas flow channel of the

gas flow source (e.ig,ogas flow source 400) via the shroud member 1340. Thus, gas transmitted beyond

the blade assemblid20P3% is rete 4RS! HY BB dRTFRHEL AARSAMSHTHRdANAB Y EE W channel of the
gas flow sourgel{gegngasiaw sauree 4ddRrita thenghioudsnembir 346w Maovemanhahtae plurality of
blades JI 243?%51 3.1324b causes relative.movem né betwefgzrn[ the stator elem %&legoand thq rotor

334 of éa

element ERGF the QlSCHHCAl GeRNerators 13308 And SACH of the Blactrical generators T330b,

thereby causingttisapehmeati oot dhe phuciyihyf thladslatsticklieselithtr J113804 artlseiéaswiebihgenerators
1330b. Thus fhe fI8eH iR IeNar Y s Iia0a ANth HIRORAL aigeechiog ANSRLE Sleftiiatywhen the

5blade assemblies 1320 move. [000108]Constructed as exemplarily described above, the energy
recovery sys@ﬁﬁ%@%é@fﬂ@@&‘ﬁ’o&’é relative to a gas flow source, such as gas flow source 400, as
exemplarily describpbovah]respecs sonasy ok kitebc 4herd§ oMOreONEw; e crss-Beatioratasea of the first

oo 153 o sl UL e e oS ot L fay hapee) 0eaee

portion of a gas flow generated by a gas flow source. The received gas flow is then transmitted
from the first end 1310a of the conduit 1310 toward the second end 1310b of the conduit 1310.
When transmitted from the first end 1310a of the conduit 1310, the received gas flow acts upon
the blade assembly 1320. When the blade assemblies 1320 are acted upon by the received gas

25  flow, each of the blades 1324a and 1324b moves in a predetermined direction (e.g., sliding in
radially outward and inward directions that are substantially perpendicular to the longitudinal
axis of the conduit 1310). Gas within the gas flow is then released into the ambient environment
and/or the gas flow channel of the gas flow source (e.g., gas flow source 400) via the shroud
member 1340. Thus, gas transmitted beyond the blade assemblies 1320 is released into the

30  ambient environment and/or the gas flow channel of the gas flow source (e.g., gas flow source

400) via the shroud member 1340. Movement of the plurality of blades 1324a and 1324b causes
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of the gas flow channel. It will be appreciated that, in some cases, the ability of the energy recovery
system 1300 to generate electricity while preventing undesirable generation of back pressure within the
gas flow source 400 may be dependent upon the number of blade assemblies 1320, the width of the
annular transmission space 1340a (i.e., the distance between the first 15shroud body 1344 and the

second shroudl#bgy3aepeirdivretdhidarotiecak haisinshhesot@abtment dAd4erhnstliniérr, the width of

the annular transmigsieResRaca 33M0adRamke as simallabeldnckhin ons ambadinesidhe.energy
recovery system 1300 may be coupled to the exterior of the air handling unit 405 such that a distance D

between the &FREBHAMS FHREGFLE RN LEH R BRiLer e QHrod el eHEsber es4ey diddhe exhaust area
410 is effectiudlys zéroe1 200308 H oaNE3 8vahadimaoh, diee adiygiuid 13 tthasdesanibad abevehnay be

omitted. in s%qgldan emt ﬁQéWﬁ#ﬁWgUd member 1340 may function as the conduit 1310 receiving the

gas flow generat%ésgyt e gas flow source 400 and transmitting the received gas flow to blade assemblies
1320. In embodime{80dre th& erdnepyedetsoverniniyl 3oorisedomigenty toganeaesecelststitity using a

gas flow tran@goi@tﬁgibueadféy&;eﬂ%baa@%hogaghm@ UrLAIAImRRfURstion e 2Rihe disst sipigug body

1344. [000110]JFIG. 15 is a side view of an energy recovery system according to a sixth embodiment. FIG.
16 is a top vidw S E DT Lo BRI ndlunPTeRyCeT Hreressispqiopal apaqivaeddsbmatic view
of a blade incakposadedivithioihe €rie ooy 4 e 6o estisystant showatonkl @ed 6f B8ad000chhiReterring to
FIGS. 15:17, an energy recovery s stem % oeo rrsl?z/ be %.egglra(uy cerz!@r teri%e((j: as incl ding a conduit

3 electric ngeﬁer ors 1 Bé and 1530 19?8 %ﬁ?LZ]The

1510, a blade assem yrfé%?car?a éaﬁfﬁr% ity St electric
conduit 15100ty sifiee ehfingeledtvid 10 pimecaisd chridiepeneseels, 8Fheifirsoéiy ¢518n may be

configured tOr.E@G@é_}’Fs %tm@foagaﬁ%afﬂ&%%f&ﬁmﬂ@{r@vgﬁ&gQl‘ﬁ’déglwﬁﬁ sUhas g flow source 400.
Further, the conduit 1510 may be generally configured to transmit the received %as flow from the first end

1510a towardHe-Eeain et BB, sourtifh ey s pnsere aisiRamly Ausmerte EBpfet s Eonduit

1510 via a shirgn] trermiidrot ttOanhbhRskhiouel sviemiperel B40iay, e caupledtawbenseedind end 1510b of

the Conqg it shroud body 1344 and the second shroud body 1346) and/or the width of the exhaust space

1340b. In one embodiment, the width of the annular transmission space 1340a may be as small
as 1 inch. In one embodiment, the energy recovery system 1300 may be coupled to the exterior

of the air handling unit 405 such that a distance D between the first end 1310a of conduit 1310

(or between the shroud member 1340) and the exhaust area 410 is effectively zero.

20 [000109] In one embodiment, the conduit 1310 as described above may be omitted.
In such an embodiment, shroud member 1340 may function as the conduit 1310 receiving the gas
flow generated by the gas flow source 400 and transmitting the received gas flow to blade
assemblies 1320. In embodiments where the energy recovery unit 1300 is configured to generate
electricity using a gas flow transmitted by a duct 414, a portion of the duct 414 may function as

25  the first shroud body 1344.

[000110] FIG. 15 is a side view of an energy recovery system according to a sixth
embodiment. FIG. 16 is a top view of the energy recovery system shown in FIG. 15. FIG. 17 is
perspective schematic view of a blade incorporated within the energy recovery system shown in

FIG. 15.
30
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101510. The blade assembly 1520 may be configured to be moved when the received gas flow is
transmitted from the first end 1510a of the conduit 1510. Thus, the blade 1520 may overlap with the gas
flow channel so as to receive a portion of the gas flow transmitted by the gas flow channel. [000114]The
blade assembly 1520 may, for example, include a plurality of 15rotatable shafts 1522a and 1522b and a
plurality of blades 18991ddlipled Refinangtatdlisle. diralis aboRazsner2B22BYianwHeRI$125P6a and 1526b,

respectively. Yiheal 16268 Maxinslude.asim 1521 B Ri%@ﬁ&)ﬂ@ﬁé&%l?ﬂ%%,%@%hﬂﬁw a first end

connected to the rim 1527a and a second end connected to the rotatable shaft 1522a. Similarly, wheel
1526b may irfdfGUE4 #rresY7H A8 8P spokes 1528b each having a first end connected to the rim
1527b and a 20 seqomii#2id conniecteddigith®l tatatablia shkaltitG22b.1Rutatable shaifti b2 24818bconnected
between glecjrical gener 1530a and the % rality of spokes 1528a. Similarly, rotatable shaft 1522b is
comecteit ba e e L R R A B S TR o cach
of the bladess2824 aieh @ gpeldtedstuereifihF18hdathn o8y b Rotaabte ettty ropPaumddo522b are

substantially gaauia -tlﬁqwéf%%%%@mp@@é ih-derariBechaboye dhedqipialie Baghafts 1522a and

1522b move when the blades 1524 move. In one embodiment, each blade 1524 is rotatable about an axis

that is substantially [98P8&Aiculdo g atE81 MIdng WiHehPlL it SSWAR IR f SHEAE first end of
the conduit 1mttht0G210.5 [Aechidirignienseme eimbodinentsled 1ongikeduonal sldaye @f eatb daladlec 1524
generally cor onds to the sha edge of the gas flqw chanpel trapsmitting the gas flow 30that is
rendecto as ool i LS, i s Fa e b e R I SR i curvec,
then the longiteiimaishiipe dedastehiabid 604tis einsitar o thrvds|the hénde rhbddire avedapl wishbest

shown in FIGnd ¢,£A6H biadt 124 MacbeLquided asmualrfebnaviagifeading £49s524a and a

trailing edge 1524b. When provided as an airfoil, each blade 1524 may produce lift at certain times (e.g.,
when the Ieaﬁlilﬁﬁnébge 1524a of a blade 1524 is disposed within the gas flow and is oriented at a
predetermined angl@@fiauack refativeatiz thehbow siesiioniof chengas flewjas phediigdd assembly 1520
moves about the longitudi xis qf shafts 1522a and 152 he lift produce further facilitate
ovemant of t Bl 8 B 0 A A o2 L gk S S BB S
[000116]The Eléatriod| I§eae ratorbebB30E Ganhd 53V rrapdse veduphétierd thedhlmde include a rim

1527a, a plurality of spokes 1528a each having a first end connected to the rim 1527a and a
second end connected to the rotatable shaft 1522a. Similarly, wheel 1526b may include a rim
15270, a plurality of spokes 1528b each having a first end connected to the rim 1527b and a
20  second end connected to the rotatable shaft 1522b. Rotatable shaft 1522a is connected between
electrical generator 1530a and the plurality of spokes 1528a. Similarly, rotatable shaft 1522b is
connected between electrical generator 1530b and the plurality of spokes 1528b. Opposite ends
of each of the blades 1524 are connected to the rims 1527a and 1527b. Rotatable shafts 1522a
and 1522b are substantially coaxial. Constructed as exemplarily described above, the rotatable
25  shafts 1522a and 1522b move when the blades 1524 move. In one embodiment, each blade 1524
is rotatable about an axis that is substantially perpendicular to a direction along which gas flow is
transmitted from the first end of the conduit 1510.
[000115] According to some embodiments, a longitudinal shape of each blade 1524
generally corresponds to the shape of an edge of the gas flow channel transmitting the gas flow
30 thatis intended to act upon the blade assembly 1520. For example, if an edge of the gas flow

channel is curved, then the longitudinal shape of each blade 1524 is similarly curved. In one
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assembly 1520 via shafts 1522a and 1522b, respectively. Accordingly, the electrical generators 101530a
and 1530b may be coupled to the blade assembly 1520 in a direct-drive manner. It will be appreciated
that one or more of the electrical generators 1530a and 1530b may be coupled to the blade assembly
1520 by any suitable means. For example, one or more of the electrical generators 1530a and 1530b may

be coupled teuHwdImeRt. a8damsist $82BY Gark’.Ispch bledcaldputieypsyseardcbisthe dikeilThe electrical
generators 1330a.andbaR0iare sonfigdred 4o gengaiekpelagiticinowhendhs higde, assemply 1520

moves. In one embodiment, each of the electrical generators 1530a and 1530b is confi%ured to generate

the same or & HFERENPIGHRE DL APt I badihsa dEmeg s stembiréd oAb aflsctrichiyenerators
1530a and 133pbsedayithor examieneadoupiedido ihe gadeitowisalicgl400a(ad. rdhe aitddndling unit

405) via moupting,supports 1532. 20[000117]To, convert the kinetic energy.of a gas flow into electricity,
the enercy ralonan SRR ARl B AR s ST PR B 667
receives a pohichabtsd 2 flodvl §eterdiedibypzodiscsdlowystiahes fandsecenengusfidatindaen transmitted

from the first %@Qﬁo‘ﬁ}@@@%ﬁ&&ﬁ@ﬁiﬂ%&%@aﬁ%@@ thesaseonsh enghi558m,0f the conduit 1510. When

transmitted from the first end 1510a of the conduit 1510, the received gas flow acts upon 25the blade
assembly 1520 to AL bladke tissiicn] gmsrainisdaifiemd i PReRNEs aRkPARELEI6N blades
1524 that areapsaxiimalszothia gas:losezharne0bihesgas ftoyw sauceiiglg.iHeladesidd 2dnerdtoeslower-right
quadrant.of the hlad mbly 1520 illustrated in FIG. 15). by pushing.against such proximally located
Diades 1020, T Bhaa e bR MR Y P R RS e g
flow channel afptiseidjed taproer owiead thbldldes QD Lo R4airHhd 3spmdrigAPly asl et bt thitde

assembly 1520 #ustalee insbi®y Ln) Qrdnavineh ALOHPLR UGSy, pcated Rladesdar4 in an

asymmetric manner to induce lift. Gas within the gas flow is then released into the ambient environment

and/or the g TN ERANTE Hidhe Jaas R He BR4THRFD8Lr da 240D &Harthey ahethatthember
1540. Thus, gasdyanssiiitedheyvndThedtadie agsasmiays11530a e lB3sedintottiguanbierhenwronment
and/or the gas flow.channe], of as fl ce (e.g.,gas flow source 400) vig the shroud member
1540, 5 Mhow SHH Bt B o Lo 1 e S B SR s 15020
and 1522b wkeohrainmulh] Geuxk b sleenficalyenaapeiBEganamd 4 $8GHe 1o Ryevee i@l BbRicity.

[000118]Congleygiad ASHHMIBEHIY AESCRedaReVR LR SR Y IRCAUETY BSIRR f2QQMmpK be disposed

relative to a gas flow source, such as gas flow source 400, as exemplarily 10described with respect to
any of FIGS. Aelefiordsyes e spgics 4keRallyay bpiplngrgnt 405) via mounting supports
1532.

20 [000117] To convert the kinetic energy of a gas flow into electricity, the energy
recovery system 1500 may be disposed so that the first end 1510a of the conduit 1510 receives a
portion of a gas flow generated by a gas flow source. The received gas flow is then transmitted
from the first end 1510a of the conduit 1510 toward the second end 1510b of the conduit 1510.
When transmitted from the first end 1510a of the conduit 1510, the received gas flow acts upon

25  the blade assembly 1520 to move the blades 1524. In one embodiment, the received gas flow
acts upon blades 1524 that are proximal to the gas flow channel of the gas flow source (e.g.,
blades 1524 in the lower-right quadrant of the blade assembly 1520 illustrated in FIG. 15) by
pushing against such proximally located blades 1524. In one embodiment, the received gas flow
acts upon blades 1524 that are distal to the gas flow channel of the gas flow source (e.g., blades

30 1524 in the upper-right quadrant of the blade assembly 1520 illustrated in FIG. 15) by moving

around such distally located blades 1524 in an asymmetric manner to induce lift. Gas within the

30



end 1510a of the conduit 1510 may be less than the cross-sectional area of a gas flow channel of the gas
flow source 400. It will be appreciated that, in some cases, the ability of the energy recovery system 1500
to generate electricity while preventing undesirable generation of back pressure within the gas flow
source 400 may be dependent upon the degree to which the blade 15assembly 1520 overlaps with the
gas flow chagaeflovtisdbehrei@sd 18oahel aebiknsericonnigno prder dhg gacdovelasyatehihe 399, it will be

appreciated thaf,apyAURBe LR BHCIGVKRCANE M SRR d albhBaY 128 digResed rlativeda the gas flow
source. For example, a %I#gra ity of energy. recove%ﬁstystems 1500 may be disposed along the perimeter of

the exhaust 22LH1HGYAE LR AGUUR Fekas Bo derrarahers R ETIBEU AR BR 2itd B8wering
implementatiomimalbichearefergppliecqeary gyslem sayebo)sead @s sujpoweksbdrds40. facilitate

operatior of %g’rrflleonvt\/&ﬁll‘i]%?uralit L(i%%l 20} Rafering 18, KIS 18 KINsUS eneroy,a3pociaeshwith a gas
flow generated by a gas flow source may be converted Into e%ectrluty%y an energy recovery system
1804. The ersaxgySkovbishsipstein 48062 thay bt el tns seikatplasilSdel toibewith respect to one
25 or more ofiheggppodiments above. In one embodiment, the power output of the energy recovery

system 1804 may be monitored at an output meter 1806. [000121]The output of the energy recovery
system 1804 may b4 8 mitte S RPHR TRIE STICORIFEIR ALhH O S BRRPOERTALTY, thdem
inverter/controit®r mmyt k80 ey retive tbpawerlgeReiated i tieandsgyssacevaly, sysiempldid (DC
power) info power suitable to operate 3 as,fl urce 1802 (AC pawer)..In angther.embodiment,
o invebr e Tk T o by e et cadaide b e B BT 04 (b
power) in, forcesdMPreohtlicngiskitel§l Banky be16s Fowtesioreddntivnalipss battery hewkegae afay be

used to opergig fhergas fawsace 1803l atarHMR: [PQO1RE M d 8difiry 1Sl 1R%EyaNd 1818 refer

to a facility circuit control box, a utility meter, a sub-station, and_ a utility company, respectively, all of
which are in\fGRié’SrPhS?ﬁ%ﬁ\/g?'ﬂQgt%%%@iafﬁ thegel R sBirEa so dadrabls grHAERS 01 83%%ower can be
transmitted frawadine fadilityieirguitioanisotdecxd8iby be tapegasniloposaieraegidaa whagongdinglye when the

gas flowy §°”%%§e1?%2 15 %5‘?{1%}95&%e%é”ﬂ%%%@ﬁ&%ﬂ%%ﬁ%%@f’ﬂgs? o T st Sﬁ?%‘newo“’ less
power is Tequired trom the Utility company 1818 (via sub-station and Sub-station 1814)’
10[000123]FKBere9 ifieasteatesstemet Wbt nivi hnpperrantetibat capablebforofisecndyreaavery systems

1500 may be disposed relative to the gas flow source. For example, a plurality of energy

recovery systems 1500 may be disposed along the perimeter of the exhaust area 410 of the air

handling unit 405.

20 [000119] FIG. 18 illustrates an on-site powering implementation in which an energy

recovery system may be used as a power source to facilitate operation of a gas flow source.

[000120] Referring to FIG. 18, kinetic energy associated with a gas flow generated
by a gas flow source 1802 may be converted into electricity by an energy recovery system 1804.
The energy recovery system 1804 may be provided as exemplarily described with respect to one

25  or more of the embodiments above. In one embodiment, the power output of the energy
recovery system 1804 may be monitored at an output meter 1806.

[000121] The output of the energy recovery system 1804 may be transmitted to an
inverter/controller unit 1808. In one embodiment, the inverter/controller unit 1808 may convert
power generated by the energy recovery system 1804 (DC power) into power suitable to operate

30  the gas flow source 1802 (AC power). In another embodiment, the inverter/controller unit 1808

may store the power generated by the energy recovery system 1804 (DC power) in, for example,
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energy recovery system. [000124]Referring to FIG. 19, kinetic energy associated with a gas flow
generated by a gas flow source 1902 may be converted into electricity by an energy recovery system
1904. The energy recovery system 1904 may be provided as exemplarily described with respect to one
15 or more of the embodiments above. In one embodiment, the power output of the energy recovery
system 1904413y betiphioked Kt drpvarpitredetcthd 928 tioeoy bajirhdldunsitefitise Ormejyiededvery
system 1904 fayhestiaasitied to1ar-inygrter/controller unit 1908. In one embodiment, the
inverter/controller unit 1908 may convert power ?[enerated l]i% the energy recovery system 1904 (DC

power) into AC powdP¥dkransHsey chiVe B FB0L 1o sl eiadAg HY WErH £98HR5 B 4rid
connecting aslbysiationalAb6toian smdamiigyslesipicity rmeter 19} Ailldferpas Havnsoureeid 902 may be
operated.upon receiving power from an input spurce 192 ich, in turn, receives er
anemitad T T R L i Tl BESHERRT o i
1908 may cofivartisowslyemsrateenbylthexdiélgy recaveipwystorm 1804 (songdr) witn A€ power and
25transmit the, cORVELEA-LPNERIBANE Ql-MRE.SlRENicRl Qutista e rk20Y autlets 49 12)that are off of

the power transmission grid. Iltems 1918 refers to a utility company involved with delivering power to the
gas flow sourti4dp? DAY s SEmLEesfSom G A UHE SREBRIN ER VP riater 1819 g thetiistt power

source 1920.100126]The foregoing is illustrative of example embodiments and is not to be 30construed

as limiting thereof Tia %e, iti derstood that the faregoing is illustrative of example
o bodints and (LOGGEAT>. | T4 6 HGROo A ORISR B UEE L SRS
modificationsctgibierelisesnsexbiembodiments, as well as other embodiments, are intended to be included

within the scope of Eb@oi‘@ﬂe”deﬂ&@iﬁﬂg-to\@ﬂ@tﬂi q(lﬁw@gn'é*gy associated with a gas flow generated
by a gas flow source 1902 may be converted into electricity by an energy recovery system 1904.
The energy recovery system 1904 may be provided as exemplarily described with respect to one
15  or more of the embodiments above. In one embodiment, the power output of the energy
recovery system 1904 may be monitored at an output meter 1906.

[000125] The output of the energy recovery system 1904 may be transmitted to an
inverter/controller unit 1908. In one embodiment, the inverter/controller unit 1908 may convert
power generated by the energy recovery system 1904 (DC power) into AC power and transmit

20  the converted power to an existing power transmission grid connecting a sub-station 1916 to an
incoming electricity meter 1914. The gas flow source 1902 may be operated upon receiving
power from an input power source 1920 which, in turn, receives power transmitted from the
incoming electricity meter 1914. In another embodiment, the inverter/controller unit 1908 may
convert power generated by the energy recovery system 1904 (DC power) into AC power and

25  transmit the converted power to one or more electrical outlets (e.g., 120V outlets 1912) that are
off of the power transmission grid. Items 1918 refers to a utility company involved with
delivering power to the gas flow source 1902 via the sub-station 1916, the incoming electricity
meter 1914 and the input power source 1920.

[000126] The foregoing is illustrative of example embodiments and is not to be

30  construed as limiting thereof. Therefore, it is to be understood that the foregoing is illustrative of

example embodiments and is not to be construed as limited to the specific embodiments
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1. An energy recovery system, comprising: 5a conduit having a first end and a second end, wherein the
first end of the conduit is configured to receive a gas flow transmitted by a gas flow channel of a gas flow
source and wherein the conduit is configured to transmit the received gas flow from the first end thereof
toward the second end thereof; a first blade assembly coupled to the conduit, wherein the first blade
assembly is Hirdorfigarddhe mediveaonyivethabsdesehasebodisnfion is wahsmmthed dramdimetdisst end of the
conduit; and e iRRRIGLLHISRlLGNRAIPTHERURIQELIR tiairstRiade agsambly, wherein the electrical
generator is configured to generate electricity when the first blade assembly moves, wherein a
cross-sectional area of a portion of the conduit is less than a cross-sectional 15area of the gas flow
channel so that a portion of the gas flow transmitted by the gas flow channel can bypass the blade
assembly to limit back pressure on the gas flow source. 2. The energy recovery system of claim 1,
wherein the second end of the conduit is narrower than the first end of the conduit to compress gas within
the gas flow transmitted from 20the first end of the conduit. 3. The energy recovery system of claim 1,
wherein the second end of the conduit is wider than the first end of the conduit to diffuse the gas within
the gas flow transmitted from the first end of the conduit. 25 4. The energy recovery system of claim 1,
wherein the first blade assembly comprises: a shaft; and a blade coupled to the shaft, wherein the blade
is configured to be moved in a 30predetermined direction when the received gas flow is transmitted from
the first end of the conduit. 5. The energy recovery system of claim 4, wherein the energy recovery
system further comprises:
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a baffle member disposed between the first end of the conduit and the first blade assembly, wherein the
baffle member is configured to deflect the gas flow transmitted from the first end of the conduit; and

a vane coupled to the blade, wherein the vane is configured to receive the deflected gas 5flow and move
the blade upon receiving the deflected gas flow. 6. The energy recovery system of claim 4, wherein
the blade is rOth#abiclabwdtisin axis that is substantially perpendicular to a direction along which gas flow
is transmitted from the first end of the conduit. 10 7. The energy recovery system of claim 1, wherein
the electrical generator comprises a plurality of electrical generators, each of which is configured to
generate a different power output when the first blade assembly moves. 158.The energy recovery system
of claim 1, further comprisiigeacsgy octd vagrapeseotgpipd daghe second end of the conduit, wherein the
first blade assembly is dispased within the, shroud member. . % he energy recoyery system of
ciaim 8, Gherenn the SOl Seb bt PR e e A B SR S E oy
recovery systanfigitgdimrecanisarei thee dlartrdtdheneeatoildy disposkef sgsidlevrewhesud member.
2511.The engrgyiaGRYeBYRYIE R B HlRiM B fHIhR (HRAMPSINE.S $EF IRFIRAG- assamil¥fdjacent to the
first second assembly, wherein the second blade assembly is configured to be moved when the received
gas flow is trdWeHtBe BeYuhtHasirel-blade assembly. 12.The energy recovery system of claim 11,
wherein the secondbiladelassassdniplis clpdpleddedhdnz)edicieal gerfasatdide assedhBlylibe energy
recovery systermiof claim L1, wherein the. second bL%‘if 23eemblile.gi Bﬁﬁﬁgﬂiﬁhéﬁdtggtﬁé'.“’“d member.
14. The energy rectovery system of claim f%, wherein the shroud member includes an salr intake port
defined therethrduigiingherein the air intake port is configured to receive an ambient gas outside the

conduit and direct the JEoRieNtaasIRNesd MR aans: Bie.dishbloderrsrmbliansthe second blade

assembly. ) ] o ]
generator is configured to generate electricity when the first blade assembly moves,

wherein a cross-sectional area of a portion of the conduit is less than a cross-sectional
15 area of the gas flow channel so that a portion of the gas flow transmitted by the gas flow channel

can bypass the blade assembly to limit back pressure on the gas flow source.

2. The energy recovery system of claim 1, wherein the second end of the conduit is
narrower than the first end of the conduit to compress gas within the gas flow transmitted from

20  the first end of the conduit.

3. The energy recovery system of claim 1, wherein the second end of the conduit is
wider than the first end of the conduit to diffuse the gas within the gas flow transmitted from the

first end of the conduit.

25
4. The energy recovery system of claim 1, wherein the first blade assembly
comprises:
a shaft; and

a blade coupled to the shaft, wherein the blade is configured to be moved in a
30  predetermined direction when the received gas flow is transmitted from the first end of the

conduit.

5. The energy recovery system of claim 4, wherein the energy recovery system

further comprises:
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15. The energy recovery system of claim 1, wherein the cross-sectional area of the 10first end of the
conduit corresponds to a distance by which the first end of the conduit is separated from the gas flow
channel outside the gas flow source. 16. The energy recovery system of claim 1, wherein the
cross-sectional area of the first end of the conduit is 2/3 the cross-sectional area of the gas flow channel.

15  17. The energjafecvanpasylitensediteiayasmth Wichdioé boduduiirardid igsibledeand positioned

relative to the gasdlow.seriaeHOVaRe MR ASt PORHOR-QAS thagrs iV ANELLY RalhiiR Se6RNEortion of
the gas flow to bypass the conduit. 2018.The energy recovery system of claim 1 in which the first blade

assembly is rdtkEl @86 G0 d8%erpendicular to the gas flow through the conduit and includes blades
having a shape whigh@eriarhs antbnblsidetteeishipeant & sidedigithibgasdowisodsteaidon an

opposite side.is spaced fr. osite side of th nduit to permit a portion of the received gas flow to
flow arouslswd tﬂgvr)%lgcerg(.)5%%93%??{1%8?9?%33%%6 §§§%§r§ﬁg gg%f%r%ing: a conduit having a first end
and a second end opposite the first end, wherein the first end of the conduit is configured to receive at

least a portion _Of agas f'%@@;ﬁbﬁgﬁ%@@%ﬁ@éﬁ'@ﬂﬁhﬁﬁ?%@f&%@ﬂ% Raytsernshyhgrein the
conduit is configured. to transmit the received gas 30flow from the first end thereof toward the second end

thereof, &R0 HBMBBHHEUMERSIOITHESEACHEF SRt Bl Eu RS A0 dehrmg drddribiar
transmission tapdice tharelifie condddade assembly disposed within the annular transmission space,
wherein the blade assembly is configured to be moved when the received gas flow is transmitted from the
first endlof the conduit; and an electrical generator coupled to the blade assembly, wherein the electrical
generator is 5configlired tdhgemeratacsiasticirytorhehclhiarbladdeasvdhsisiigenipabgenpratshroud defining a

central exhaysh3pace aﬂﬂ[%lé%%wmmﬁ&@géﬂ@r%m%i&?@m&ﬁ% élﬁ}ﬂ%ﬁ‘{u%f e, ANRLHGK
er

transmission space. 20. The e_nergly recovery system of claim 19, wherein the blade assembly
includes a  power output when the first blade assembly moves.

15 8. The energy recovery system of claim 1, further comprising a shroud member
coupled to the second end of the conduit, wherein the first blade assembly is disposed within the

shroud member.

9. The energy recovery system of claim 8, wherein the electrical generator is

20  disposed inside the shroud member.

10. The energy recovery system of claim 8, wherein the electrical generator is

disposed outside the shroud member.
25 11. The energy recovery system of claim 8, further comprising a second blade
assembly adjacent to the first second assembly, wherein the second blade assembly is configured

to be moved when the received gas flow is transmitted beyond the first blade assembly.

12. The energy recovery system of claim 11, wherein the second blade assembly is

30  coupled to the electrical generator.
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10plurality of blades arranged in a ring shape. 21. The energy recovery system of claim 19, further
comprising a gas flow deflection member disposed on a sidewall of the annular transmission space,
wherein the gas flow deflection member is configured to compress gas within the gas flow transmitted
from the first 15end of the conduit.
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13. The energy recovery system of claim 11, wherein the second blade assembly is

disposed within the shroud member.

14. The energy recovery system of claim 13, wherein the shroud member includes an
air intake port defined therethrough, wherein the air intake port is configured to receive an
ambient gas outside the conduit and direct the ambient gas toward at least one of the first blade

assembly and the second blade assembly.

15. The energy recovery system of claim 1, wherein the cross-sectional area of the
first end of the conduit corresponds to a distance by which the first end of the conduit is

separated from the gas flow channel outside the gas flow source.

16. The energy recovery system of claim 1, wherein the cross-sectional area of the

first end of the conduit is 2/3 the cross-sectional area of the gas flow channel.

17. The energy recovery system of claim 1 in which the conduit first end is sized and
positioned relative to the gas flow source to receive a first portion of the gas flow and to permit a

second portion of the gas flow to bypass the conduit.

18. The energy recovery system of claim 1 in which the first blade assembly is rotatable
about an axis perpendicular to the gas flow through the conduit and includes blades having a
shape which conforms on one side to a shape of a side of the gas flow source and on an opposite
side is spaced from an opposite side of the conduit to permit a portion of the received gas flow to

flow around the blades.

19. An energy recovery system, comprising:

a conduit having a first end and a second end opposite the first end, wherein the first end
of the conduit is configured to receive at least a portion of a gas flow transmitted by a gas flow
channel of a gas flow source and wherein the conduit is configured to transmit the received gas
flow from the first end thereof toward the second end thereof;

a shroud member coupled to the second end of the conduit and defining an annular

transmission space therein;
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a blade assembly disposed within the annular transmission space, wherein the blade
assembly is configured to be moved when the received gas flow is transmitted from the first end
of the conduit; and

an electrical generator coupled to the blade assembly, wherein the electrical generator is
configured to generate electricity when the blade assembly moves, the shroud defining a central
exhaust space through which a portion of the received gas flow can bypass the annular

transmission space.

20. The energy recovery system of claim 19, wherein the blade assembly includes a

plurality of blades arranged in a ring shape.

21. The energy recovery system of claim 19, further comprising a gas flow deflection
member disposed on a sidewall of the annular transmission space, wherein the gas flow
deflection member is configured to compress gas within the gas flow transmitted from the first

end of the conduit.
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