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Exchanger CROSS REFERENCE APPLI CATI ONS This application is a

non- pr oviwoaenaloss4epl i cati on cl ai m ng the benefit of provcsiusa@li/021437
S5application no. 61/295,229; filed January 15, 2010 which is hereby

i ncorporated by reference for all purposes. BACKGROUND Wnd tunnels
have many uses, including research anggggtrai ni ng devi ces and/ or anusenent
rides that allow a person to sinulate freefall skydiving. Wnd tunnels have
two 10broad types, open fIWW%M“?I@U&IP%MP%ITI%EX%W% onal Iy wind tunnels
can be oriented vertically eroRORFZORERCEYAPAIIG@ATIGNGM th the airflow in the
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vertical tunnel adds significantly to the expense. I'n any re-circulating
tunnel , t héordilmamosen of 15the air flow nust be changed multiple tinmes so
that after one pass through the Syﬁ%@ﬁéﬂé@ﬂ ends up where it began.
Turning vanes are often used for this purpose to change the direction of
air flow whil e Wanhtuanali imge they heriindudingtespashehd adteriging dévicwandiers
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units of heat each hour. Sone of these. re-cirtcul ating wi nd tunnels use 2500
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btus of heatrticfieambl Juausignitibandy €l 08 ekhetidel Cilhity rbRO@htingtthing], BRAlireetinGK| Y
builds to a level that can be unbearable for the occupants. If a person is

goi ng tle bhear fayemystbe Fhaggedymplyipleitimes so thet afisr prcgessthiopeh de suay et s heat

(cool th? @hds)uptvﬂae%%yégﬁn.t P@hinl %ﬁ:e‘@'arerc_ﬁ'ﬁﬁhM fSthR pﬁﬂ)@sect@'&flé?fgé Rl d@rectfenol i ng
of the air someti nes needs to be done in research tunnels when the

t enper at ur &f & flpwavhilp majngainigg the dgmippianatugsef thortiley Sws deampsingicrpdeiey i f one
can effect i Vel¥r @Rttt tealdutf ansport this heat 30 to a location away from
the wi nd tunnel 'where it may ot herw se be needed, all or nost of the energy
used to oper at eAtrHlwigerer i md¢rndanridses eleby winddunmel qreatesdtieiraading thys herdn used

to heapjan ftﬂﬁunﬁcﬂrisuéi;tﬁH-rfﬁgg{ha@ﬁeﬁﬁiﬁ attBiStica §%Q&E& Morﬁiﬂ}e“sggt%‘ﬂ ift§%le Lo a

facility that needs the (such as a shoppi ng nal r water park), the
maj ority oktmdyphaosin ¢ dowdweeuit treciviilating unma| vittwhly bl obthe setrghguttitie thsavi ngs
from heat 'é)(/as?éfl? lbéc%gl'es heat. Every kilowatt of electricity used by such a tunnel creates roughly
3414 British Thermal units of heat each hour. Some of these re-circulating wind tunnels use
2500 or more kilowatts of electricity and thus can generate more than 8 million btus of heat
25  each hour. In a closed circuit tunnel, this heat quickly builds to a level that can be unbearable
for the occupants. If a person is going to be in the air flow path, it is often necessary to
remove this heat (cool the air) to ensure that person remains safe and comfortable. Cooling
of the air sometimes needs to be done in research tunnels when the temperature of the air is
part of the test conditions. Furthermore, if one can effectively capture and transport this heat
30 to alocation away from the wind tunnel where it may otherwise be needed, all or most of the
energy used to operate the wind tunnel can be recycled or recaptured and then used to heat
another structure or area. Thus, properly situated next to a facility that needs the heat (such

as a shopping mall or water park), the majority of the cost to power the wind tunnel can be

offset by the savings from heat recycling.



WO 2011/ 088426PCT/ US2011/ 021437 One nethod that has been used to cool
the air in are-circulating wwnd tunnel is to insert a cooling coil into

t he airflwaandssoanect that coil to an external chill ePCT/iseothpats37
transfers through the walls of the coil to a fluid or other mediuminside

the coil. The mediumis then punped to another |ocation where the heat can
be renoved fronDhéiReliBdindias Dbk REd WRBbEhY air tnmé%lrmlatmg vahd waedlid 8g coil's
added a |l arge amount of drag to the wind tunnel (as much as doubling the
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inserting traditional cooling coifs into the airflowis a very inefficient
way to cool(asanycdag d@@hnathem@alvdrm:pftthﬁﬁyétpm) due to therpdditienal feation dausekly the cool

wi nd tunneg%s)zl\g%hetaqr &%Pﬁ‘lgstegl: bi'dle 81 'Iﬁo %%lv@xe\&%%rg%%@dé %o bomelfy SOME

ot her reason | ready exi s I'n t e exa els toinsert
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was added aridr amusthbmﬁ 1meabﬂgemdmrbneaddolmg Cbﬂfaihtolt]ﬂe anrfhbe»nsa@enyake&’ﬁmuttmat was
avoi ded. r.art turnjing vane heat exchangers were very

expensi ve %Con?ﬁ?fedp %ilggw}?&lt?ﬂnﬁ addi ng significantly to the cost of

bui | di ng and naAnbtaunnmlgodtdaed 10icool wlumnmhelitweytoreemudl c@lingchilsdasideunber of

conpl ex mechani cal 20wel ded conne ns bet he various tubes or
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medi um i n Ghert 6Qiling caildnfohige dikhiny @ges\maﬁﬁa c%ﬁge&lie&ﬁreb’t&rnYOf@iefaﬁﬂﬂ@Wa‘t eabht h such
a design. It is not clear that an% turni nqﬁvane heat exchangers capabl e of

renovi ig alPme- QRETHEHNS YR ingg 2arasyheat cirasaunines thaapnes sgerareddyccessful |y

built. The fe@érﬁﬂpﬂhﬂgys%ﬁ%h@w%a tv&hl@ all®ldah@thudthk p@dMlanl bfrﬂdhﬁhtg'h@di% sakabed
therewith are intended 25to0 be illustrative and not exclusive. O her
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SUMVARY One aspect of the present disclosure is a hea exchanger in

whi ch t he maattaining thefvand aaluihéy eqwred Bhoggmnzben of doswlaxupashargcalahe in t he
wi nd t%”e'we%f%g’ggrgl%?tfb%%et%e&tﬂ@va&fo% BLs & gfg%%)%ﬂ{é @odflﬁ?@mhe@&aﬁﬁl hanger that

has vanes extr rom al um num w t SCI‘ 0osses med into the interior
of each vandeqantd heattangiey beoveen thgauediuyn in the coils and the turning vanes was also very

difficult with such a design. It is not clear that any turning vane heat exchangers capable of
removing all of the heat generated by a wind tunnel were every successfully built.
The foregoing example of the related art and limitations related therewith are intended

25  tobe illustrative and not exclusive. Other limitations of the related art will become apparent
to those of skill in the art upon a reading of the specification and a study of the drawings.

SUMMARY
One aspect of the present disclosure is a heat exchanger in which the heat transfer
medium flows through a hollow turning vane in the wind tunnel.

30 One aspect of the present disclosure is a heat exchanger that has vanes extruded from
aluminum with screw bosses formed into the interior of each vane and running continuously
down its length to allow simple and inexpensive attachment of the vanes to end pieces.

One aspect of the present disclosure is a heat exchanger turning vane that connects to

standard plumbing fittings.



down its length to allow sinple and i nexpensive attachnment of the vanes to

end pi eces. One aspect of the present disclosure is a heat exchanger
turni ng wsoeotims426onnects to standard plunbing fitti ng®CT/UADN11/021437
2011/ 088426PCT/ US2011/ 021437 One aspect of the present disclosure is

a heat exchanger wherein the connection to the vane froma water pipe is a

single transitiOfe Pipe&of thadtesérit IRLHs AR abRatkERGHR kR i cHABAiohRo fheWat er
ti ght manner w thout welding or chem cal bondin but rat her mnth a sinple

mechani cal Vé‘%?r#ﬂ%’&ﬁ WISt DBt Sé‘égbf‘e‘é%ns‘é‘fm pree hptdiselhpandieattpehied fasthe yang ina

transi ti on ypi@@ehitoi@dheGAhoREwAlha @R il BRRingM6ht @fthdr REth\UANEp IMebhafifchiEWS OF
other fasteners solely fromone side (the non vane side) of the transition

pi ece. conneghll. aspect of the present disclosure is a transition piece
that cag be att @ﬁ@%@e&%f R erRER UisELARS fs%rtrahélﬁérgplb&ltﬁt cm healedtd anster
fluid outlet solely wth i nexpensive conmon unbi ng conponents.

One aspect cod 0ﬁth@vq@1ﬁ agldnereyh eotheydpsteness selelyé‘mm @wcﬂrrb?r{@é mopfignesidg) efiihe
transition, %%ﬁﬁﬁﬂ% &cade froma single piece of nolded material. The
follow ng e nts and aspects thereof are described and illustrated in
conj unction wi t Ansypeantihe pooent dindosmet hodenvindriecrteat napbr attached¢o irenpl ary

and i1l ust 'ilgé}t Itr\flgs’ferﬁ? % 1tnle ingf ﬁeatntga]ngfgr ﬁlﬁgeutieb &elvarlttlioﬁlexaglggfgg 1{1@1’35 S, one or

nore of the above uce m nat ed, while
ot her éﬁbo@hmmmngoamendmyected to ot her |nprovenents The heat
exchanger of thgﬂgres ur ni

eC g esSen urlelslsagﬁtx nger where t@? ar][ ee
ai rflow duct or ~AY gk 8%‘81’5? RaRey ey %%a %‘ﬁ feaL 8F it %?Plphé \lﬁa nd
tunnel s. Thed@omndingduede of anekdateribr med from extruded al um num with
coolant fluid cg% gﬁ{ run | gﬂfontlnuallﬁldo the.éen tﬂJOf t he vane. One
or nmore channel s"¢ q&?’ AhéndRmgc ererbarg dprerieed g Alusiatede and t he
cool i ng capaxguﬁcylome@tdeyalstenirsha)oeaﬁdeﬁdmtrds hichhe: Mamesd b@reeerﬁlﬁlﬁﬂsradd ilnstadtivaj r f oi |

shape to efflclentl turn the air flow the desire unt_ in a manner well
known iR t Ret I4piing *PrﬁéOReurﬁV%f&u%s%@.Jna?lés GB%WéE?récﬂgthSng PveldgteaLed ipspPIG™ M t h

singl e pi eqagyAREPRABEHQF Slithidakd, VTR GERE ¥mBYdiA&Tk 4r@ drhteedittbilbing vanes. In
t he depi cted enbodi nent the connectors are attached with screws. In the

depi ct ed eBYAY RIS t he connectors are formed as a single piece in a

t wo- pi ece injection 7RIidat exchanger oPHE pRABRAIEBAre IsFo¥iRAGs RESrAYe CHRRE hiSi N a
plurality of hollow vanes, eac% havi ng substantial |y constant_ cross

section, t keflgwdes oghigh onsed ais eln%m%lnwhﬁﬂ W agereu¢yldingtandwarelotHer ;

20  individual vanes are formed from extruded aluminum with coolant fluid channels running
continually down the length of the vane. One or more channels can be used, depending on
the application of vane and the cooling capacity needed. The exterior of the vanes are
formed in an airfoil shape to efficiently turn the air flow the desired amount in a manner well
known in the art. The turming vanes are connected to a fluid supply with single piece

25  connectors that removably attach to the turning vanes. In the depicted embodiment the
connectors are attached with screws. In the depicted embodiment the connectors are formed
as a single piece in a two-piece injection mold.

One embodiment is vane array comprising a plurality of hollow vanes, each having
substantially constant cross section, the vanes disposed substantially parallel to each other;

30  each vane having a first end and a second end; the array having a first edge defined by first
ends of the plurality of vanes; the array having a second edge defined by second ends of the
plurality of vanes; each vane's cross section defining at least two screw bosses formed
therein; each vane having at its first end a first respective connection piece, first respective

connection piece secured thereto by means of screws, each screw threadingly engaged with a

3



30each vane having a first end and a second end; the array having a first
edge defined by first ends of the plurality of vanes; the array having a
second edyo 2defisged by second ends of the plurality of wamasoieactazvane' s
cross section defining at |east two screw bosses fornmed therein; each vane
having at its first end a first respective connection piece, first

respect i ve rGpEies tdreNbidk emeh 666 Waafs ih.Kkedoad Byd IR efpe&Bhit @USncc@Ch screw
t hreadi ngl y. eng %ed with a respective screw boss; each vane having at its
second end PiCSAED LD HERMPSHON Pisan ercHicd Fher @Remesns pE sorevss FCh F§Tow

connect | 0“t}%aﬁl@r%l}ﬁﬁ@h%eﬁdm{hrbeﬂé@e@t@)écﬂé%%% R fir® GlafM§ld dRAGRA SIGAEWC ik eadi ngl y
engaged vmth respective screw boss; a first manifold di sposed al ong the

first edgecdgs: @é@@%mﬁﬁfﬂ 4 disrpserl dpresag oAt srigs wf therecani edge; agtipend t he

second €dg@unRBchRhPES é&ﬁf%ﬁl?@ﬁe' c@%&h@n Iﬁlbcre§ tan&@ﬁ's&&h@ mah{l§ld GRABKCT 1 oN
pi eces, and the second manif ereéﬁqd{elmn plurality of fluid flow

pat hs, eacHcfining gplraby gdtuid %@%B@thﬁge@h fieev path passinmfiomghalfiahanifldugh at
lleast one g filifuel Qﬂ@%t&%cﬁ@ﬁex%ﬁ@s%%e%@&nﬁ%laﬁxfold The pipe connection to
each connectlon Bi ece i

nes an opening thereinto; the screw bosses forned
i nto each vane' Shepipseongentivn emeach cdruditiog pare Hedmsst aorening thewilioghe gposi t | oned

L0such that, Lok SR IEATLOGLY. NBRIRT.EHERTULL 185. 30, B0lR0RR5S T 1O

enbodi fént sucdhethal rthetsent%tbmvchngljr angabet thaspel he andis @aismgnhremg}sthmmbdmdge come

apparent by ref to t he acconpa W n rt of this
aheet 11 cat) on: wicrarani s FapEFERRe it AP ER Gl BRE P8 onai ng
parts in thees@uad ahbodimsss willbeBihd=HpphicHTi refeieadt OfhcdtoriRAYIhNESwWhiggur e 1
is a persp ct|ve V|e af the heat exch i turnin

F - ci roul At iR 5 T Bt SR Sa B et Besndinng) o
turni ng vapess 1hhl%sk{,@a1dn@¢spes and the connection 20pieces. Figure 3 is a
side el evation view of one side of the heat exchanger turning vane. Figure
4 1is alﬁer spective view of the bottomend of the heat exchanger turning

vane assenbly. Fi gUBRIEF HECRAPETEONST YHEYORAVWIRGsecti on of one end
of the heat exchanger turning vanes 25nounted in the frane with the fluid

pl umi ng at F&eels AEPERFEVEViRY o4 theihgy cxehapeing BYNIE ¥ledt @ frdrcyleties Widde of
the heat exchanggpeturning vane. Figure 7 is a top view plan of the
connection piece. figure 8 is the bottom plan view of the connection piece.
Figure 9 i $icaredp apexmpledtvioveoin seglapringevago el pincpinddes coBortigure 10 is
a crossggpsecti Onﬁ‘l|ece\§.' ew taken along line 7-7 of the connection piece.
Figure 3 is a side elevation view of one side of the heat exchanger turning vane.
Figure 4 is a perspective view of the bottom end of the heat exchanger turning vane
assembly.
Figure 5 a perspective view of one section of one end of the heat exchanger turning vanes
25 mounted in the frame with the fluid pluming attached.
Figure 6 is a side elevation view of the other side of the heat exchanger turning vane.
Figure 7 is a top view plan of the connection piece.
figure 8 is the bottom plan view of the connection piece.
Figure 9 is a top perspective view of the connection piece.
30  Figure 10 is a cross sectional view taken along line 7-7 of the connection piece.
Before explaining the disclosed embodiment of the present invention in detail, it is to
be understood that the invention is not limited in its application to the details of the particular

arrangement shown, since the invention is capable of other embodiments. Exemplary

embodiments are illustrated in referenced figures of the drawings. It is intended that the
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Bef ore expl aining the disclosed enbodi nent of the present invention in
detail, it is to be understood that the invention is not limted inits
appl i cat iwo 2po/aske6det ai | s of the particul ar arrangenmen®PCshusan,1/0i4dTe t he
invention is capable of other enbodi nents. Exenpl ary enbodi nents are
illustrated in referenced figures of the drawings. It is intended that the

WO 2011/ 0884B6d kAt Q2R B éeEdhasl iR bScaafidertd OlE@sivel kit @aed herein
are to be consi dered ustrative rather than limting. Al so, the

t er mi nol ogyMi ‘Het &eﬁemgnq o WweEheitip pderthepurpess of ﬁ?%‘ill?ﬂ?nélﬁéln?f&f of
l'imtationyfEdMl. LED DESCRI PTI ON OF THE DRAWNGS SReferring first to Figure
1, an upright re-circul ati n& wind tunnel 100 is shown with the air flow

shown in by the DHFFOUSLINDEFRRIPTION Wi THERRAWINGS i s nost commonly used
for skydiving skppdhf ?'ﬂ?sﬂ t@PguRt el uﬂ?fgﬁﬁ@ cﬁrlcﬁlgtli}{g VAR thhd196 is s%xklﬁ{?wthl(l{ées of
re-circulating wind funnel s”are well "known in the art, including ones used
for vari ougirtlppessowt inbysthe grepwsah t H@ugwetqf@mm@g@hs ropss egros e eusedifer be

di scussed t e )

Lo sei osur &4\t IRuHAG #lforkef fivad fishch AR ARFRIRL POSPERRIIE A ¢ oo
feat ure of twinkls pes-watl kncwhat ihﬂgrt,vmcrlukimgmrmeh@dlfsr Zahieusgpgs ogwﬁfelrgatﬁédhobgh t he
friction of i 0 e u re-circ i i,.nd
tunnel - 100 (s onRclo i RO BB Aoy 8. £ SLSbE SillRdchaile |
a nul tilpl e diselosuraiinclodés cghﬂramemmf re-Seeulftorg vendphds. USchamemteatuty @838,rd-10 and

S S e i L RN

top pl enumplkibms.second vertl cal plenum 107 and then into bottom pl enum 108

and back into firs t | enu The upr uns. 106,  107. and
The top ol enum ThaeseuAS Y HRITHER Stk e Sk St Ptiio i shevg in
clarity. Tmegum)slotaamu@ﬂe fefuen ommigurdfdn. i Seemmb@msmmmss@sgmmamwpl e only
and not 20by limtation. Fans 101 in ot her position own |n the art

coul d Hé udddoddt wé Yngemgiush B-ishatingey @d Mnehion hﬁwefs @b%@hmqertum

di scl osur e.yhich has flfh1\@@b&XOAANTR airt AHhBH ﬂ@wé’ﬁﬂﬂo@ﬁl@ﬁﬁ@'l% 280nd Scrtighi end 109
of the bottom pl enum 108. Qther | ocations could be used as well depending

on the par Plcaundp7 appthprigtg kagompgnam; 13 and hrck i firse vk plspum 49k R vane
assenbly 2Q0a0yl-dudl 56, P67 43q6: @5 PRAGH 105 OMhé BRG] Fol 2 sh%@ﬂl@l@!téocat ron.
In many instances, a second heat exchanger turning vane assenbly woul d be
| ocat ed belligey fondarity; dhe pasitieniobthe foy 1 0Hisehewn foneuipeste of Sespleshly andtal | i ng
t he assgnb it b CAH

st ai 1ot oh RRAAE 18ROHI oM Flons i BRREGH Ao BRE e el sy e
corners. Scamndkrad witiimihagecopantthaskslobliiees 102 can be used at the corners
where no heat

or

A heat exchanger turning vane assembly 200 is in end 109 of the bottom plenum 108.
Other locations could be used as well depending on the particular application. More than one
heat exchanger turning vane assembly 200 could also be used depending on the particular

25  application. In many instances, a second heat exchanger turning vane assembly would be
located below the flight chamber 104, due to the lower cost of installing the assembly on the
ground. However, if needed in a particular installation, the assembly could be installed in the
top plenum 105 corners.

Standard turning vane assemblies 102 can be used at the corners where no heat

30  exchanger turning vane assembly 200 is installed to smoothly change the direction of the air
flow with minimum turbulence. A turning vane assembly 102 is shown above the flight
chamber 104 at the transition from the first vertical plenum to the top plenum 105 as an
example. The other turning vanes have not been included to simplify the drawings, but may

be used in normal operation of the re-circulating wind tunnel as a human flight simulator.
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30exchanger turning vane assenbly 200 is installed to snoothly change the
direction of the air flow with m ni num turbul ence. A turning vane assenbly
102 i s shwonoabsseet he flight chanber 104 at the transi PCoruskometdbe fir st
vertical plenumto the top plenum 105 as an exanpl e. The other turning
vanes have not been included to sinplify the drawi ngs, but may be used in
nor mal oper at i omh 8¢ ddpied @ntfoklingnt, hd N® WitRChdteme! pla@mawmaamafgek ghth

si mul at or . V\D 2011/ 088426PCT/ U82011/ 021437 t he depi cted

enbodi ment P2&h thegiddh of thebestom drwlgium Bil mﬂﬂWfb%plﬁg@mg of fiedest SHF RS D2 t han
the width ‘ﬂfrnﬁ@%aﬂ%@@@ RMedul ofRhERMMILY Jath BhdR¥E diPRRIMEPLRMiOL nbhe heat
exchanger turning vane200 to be out _of the main flow path to reduce air

t ur bul ence ctrgitiad hWdeieghqroolipgsyststm vafl be yyiefiged e Bggistipgwaddumgl fiel | be
retrofitt egldnmn%é%ﬂle%tl%ﬂhl@gaﬁ% @anehh&'ﬂ%thetahﬁoxﬁ plumbing at the end of the
vanes can remain in the airf Figure 2 is an expl oded view of a
si ngl e heat excﬁlah@&ls tllll?«?mlchigd wwe)fzemgwh@ﬁ crqlangs tnibing yansclhedthiten pi eces
202, one a # n
cherm cal bOLETEE GRS FETER0Y PalhAN Ao BTR Nl At A2 S

st andar d h@srem@halmnrgcalbnnctmmmmrrdta@dleeﬂpﬁﬁimsw%wthelctlh@ldq@wethztandairéhmde of
rubber, but he L l,S.. COul. ure 3 is
an end vi e\f’vla%;p fn tPé g%cpéfenéb%meg%l%h%eea% gﬁl?&&f%gﬁ?) gt\rl\é?dééﬁr allct:)% 205 is
confi gufed namrtalsetouig bt osed@ls Ivveurfogme ammcbyldarmoofpneatmmhahm tumnngm)dad air

foil sh t di t

| ndi cato ¢ ABATPTRBIREA TACHELH bR GE Rt hingbUimE Postb et Y he

depi ct ed exanpd & foil@ar@ito fithomhiwebdnge ﬁfe&h@etlcﬁllolf&(étahrﬁﬁwb%%mgfdﬁﬁ& thd f
desired, ot hﬁr anount s of chanqe of dir nlgpc ul d .15be acﬂ ved. The heat

exchanger fUrAYAY" G %‘“E’ﬁﬂ%’?ea Bt TRIS, °8Vr

confi gurat mﬂld&ihﬁing&ldlﬁﬁétﬂ)ﬂﬂabf@b ldyerenst @@ffredCbt@&ﬁan&ﬁﬁﬁs lo®Ehange diftrectaicotiad
enbodi nent ch that he end vi ew woul d_al so be a cross sectional view at
any poilnt &F aﬁ@wﬁ@sm & At prehanger turniggwang 20} hasp SHRTRREPIIY CHOHRYRYS VUHIT 201 i s

nmade by extbifutifioNRhdiuBgafallAbstiaftFdds RediiBR iR &H@sH EXRAMhRt, sEENBdt

materials with simlar pro perties of good t hermal exchange and 20sufficient
rigidity coiflddyEvisadd glso bed ¢rossTRrion a’ﬂe"é%@ﬁhﬁ‘@étral‘%%rlﬁllwlvane 201 is

hol I ow to reducend NG: &IRAN 'TgEr fnidPBLBE DA is MRy SGuRBH nfoRIi JrAWNfiAimfd uid to
flow through the | ength of the heat exchanger turning vane 201 such that

the fluid ﬁhﬁrﬁt@picwﬁgxwla Qg mpteais eh sieldl Rraperthef gpadctRerawkexshangpandut er
val | 254 '%uf@ic@fﬁj@"‘&% é%ﬁfd"hﬁ%%gedba%%%d‘rﬂiﬁéat EL4 ﬁlﬂm{g faob Yik 961 ﬁ‘é}%ﬁ%ere“t

rigidity to the fni'ng vane In enou W goo mal
exchange betdneethe amew Shmateritlrequate pndie dilownidr T tng’lowrtbrodeh thh éengthrd thend t he

air flow ”%eag‘é%haﬁ fe %ng%.% 2ﬁ écﬂ%ha\( Ftui Tﬂﬁctf%' $as Jtﬁ"émﬁl s fie C(lﬁll?e Thur face

205 is thereby coo ans erred [ oW ng
i nside t hethaeimesszmhe duter tvial 2djbp|ad1abdcedoeam:ehég:mgv&ﬁcﬂ«emosghjsed)vak: stffeiegool i ng

fluid due to. eady. avai | andlac of t Thi also al | ows
the 11 uig riisde S RS HEIe AR ohd b 306 Bl Qe {Bb Bl Frep iy B8P, 1o
heat t @50t heat tﬂamfatmazﬂnﬁn ﬁbwifng nnsoiehlmvapeu arpbthe&r ﬂomng(bvemhhecdsutsmt cﬁ‘rthmub d
normal ly b hed by st &%atln lesmlucjﬁ}?ﬁ% are
ot T ¢ odnd BR nENue &' RO IR, LERoL AR i A R iR d
ot her uses flagin ihdiddx@e @unwos SEdhd wpidmlrexbﬁblevwm@tmwed a:kth@%blin@ flubeduar t heat
t ransfer medlums couI él%swel i.nclu ted to,
Hroon ohs. TGl e el D AT e o ais ST Sloina g Pepisdpyihs R

exchange to be used to easily transport the heat to other locations or for other purposes for

30  which water would normally be heated by standard heating devices. Examples include, but

are not limited to domestic hot water use, swimming pools or aquariums and other uses as

will be discussed further below. Other, known in the art heat transfer mediums could be used

as well, including, but not limited to, Freon gas, salt water, compressed gasses and other

refrigerants.



WD 2011/ 088426PCT/ US2011/ 021437 The I ength of the turning vane 201
can vary depending on the application. Vanes as |long as 65 feet or |onger
can be usw020nv/dsss2ge i nstall ations. Bracing nmenbers 209pCZAG2@iiwedae7 t he
interior space of the heat exchanger turning vane 201 into channels. The
braci ng nmenbers 209 and 210 are to ensure the heat exchanger turning vane
201 has suffi ci emd lehéth of @ ttnih@ vaeDDS taNGr ipediind browie aiticita. Wahght of the
fluid flow ng throu |n use mnthout bendi n The hracin nenbers 209, 210
al so i ncr e&¥ 2 e festiprrlanesr eandys usgd if fseg ‘E}?tf‘ﬂﬂag‘@n%rﬁfé‘“%@e@ﬁ%ﬁ 2% 2} hdigidat act
with the flpdigeribMphRITiRhehRQCIBRES ARG vaffI0¢ ifpeNandlls.t MBe BRahgt ransfer to
the fluid. In the depicted enbodi nent there are three channels %06 207 and
208. More #cMbes20R aathildlase wreasuse Bie hery chebapgsy SreipevacB8] haes(fiiendi ng on
the size ofy Mﬂ?ub@ﬁﬁm&ﬁ@%ﬁﬂ@%g@&dhﬁﬂﬂhﬁgoYﬁE%u%QﬁmﬁﬂgmkﬂéhMﬂh@%ﬁh&h fluid
fIOM/deS|re§ depi cted enbodi nent, all of the flurd in a turning
vane woul d bpadifg. gikicbipcing npambessaia. ?dlora%;s@tlmcmse the gafagt ess 061116 Howin BN
channel s t e ons.
The hoat exghungt mu bt e HEEirk R hhp Bl M Al HE W ERSC)

bet ween t héheffluid. dlnahﬂjdeph@dtembndlngnmhﬂe aRQlree ch‘aen@tlhé(}@réw a’ﬂé§0§tM®0€e0rof t he
material o t resi st ance
and fl ow r]:%letSE &%PQ%%% %ﬂ%&ab Er Jouél q%fué‘?&e/%ggnd%% c%n &IQSZG aet ween t he
cooI|ng0flmxdmammuumegammﬂbbamiﬁowdamyo@ﬂméﬂoWuhmnﬂghvﬁndqﬁﬁai|n any given
instal latiagn zed to ensure

surt i ont BBefmRE ol SRSITA M bt ullf Soubdhe Ao b Mebde UReS8ment ¢ ne
majority Ofreghftﬂ)esabﬁﬁ)mﬁlaﬂMaﬁfeﬁsBe mecib efithofant edividédintdovanetuz0Zaiasf | ui d
flowspaceT B seen in ure 3. éOAt end 212 gg 213 d at R?ﬂ alng
corners of & ??ﬁ&’f %‘Eﬁ?“gs WY o %Ofétfﬁéur 59 452 g '8C FUHAREREV R KW nt eri or
of the heatnghe hﬂﬂ]@@ﬁ/aﬂe%lltl’i@thmalﬁh@re%@ﬁbnce“f@ﬁeﬁnﬁt@rﬁ&%ﬂh@iﬁ%%x&llfﬂg%r tuddidd al | ow
t he turning vane er surface

to be attache a
per pendPcul'ate 4% tﬂziﬁéwavarl &ststagre B f%Wowe&F“ ﬂwﬁ’@ eI ﬁslﬁerteﬁ‘é? iy SEFRPCTAF 5
nmet hod of gtdRehiB BboIIBHRR dnb ehBSFRWD IFYr A Sgﬁ%'h%rﬁﬁhg\(@ﬁI@OQSﬁ gblil@s 200
faster, easier and | ess expensive. Since g the screw bosses can be forned

into the ettsflatiointhets facterspvid plbneedrin pheptipairrd to gnsure wEiciqn erokige obthe 201 can
be extruded;hQ 30rd. aRHcRIcFBRD LRGSR AR o rgt? oRERARY oMHRr RO sdcHbt brer

nodi fi cati on needed. Since the screw bosses 4a, 214b are forned inside
t he heat eﬂ@ﬁ@ﬁg@ﬂ@@%ﬂﬁﬂﬁ@uvéh@”@@$;%ﬁﬁﬁlmé%mwﬁ3of attachment to whatever

transi bhon pi ecgs Qfqs 9yl ﬁ%%n@?%g{)t g ¢ QHREURChARE 2’1‘)‘7%&%&‘%&%@14&%45” n

vane, as in prior art nethods o ng 30turning vanes to support
racks. |If tataé‘oaquacth tieenintepai afttle: heetr exclomgerttenmgtvene Xr f Hoee cedw Bdseaw sur f ace)

of the tur ;1 ?10%91% t?xHﬁ]%)\%iﬁé E(Eﬂo%@ {I%'hgd 09, 8! & pet s&)r? ysed, since

then the a pol nt's entire-surtace of the turning
vane 201, @ptpbridm@rttdnﬁae deccmldy néfiow ofjtha fluidiie thervemd e'lﬂns r!mhod of attachment
2011/ 088426Pg/ S201 437 In bosses

214a, 2140 B50 N Be ey bty Tl Ry FDh el eR TR Lod AR REESSURESTTG 1
t he extsuddd spamtboasred carbel fbinteg mtutthermtreﬁoranndldpfmsthe tming eqpp 20y thchumags aft er
extrusion to form reM/go ses ? % ‘ E‘ﬁnOt‘ﬁ %L er.ngt e enbodi ment
the screw atts Xy OBEYGH? And Bgm pebed R acgdid o “br on the
exterior Oﬁnoﬁ1ﬂch@oﬂﬂtédﬁdﬂ§1ﬂéaﬂ% salfebv&fossfesm RL 2108 aff fofrkel ihdiddth&Beayane, such as
by wel ding ’exc%ange¥ tu%lng gzabn% r20 FEl?e method of attachment to whatever transition piece or end

plate does not disrupt the airflow over the turn vane, as in prior art methods of attaching
30  turning vanes to support racks. Ifthe attachment points were on the outer surface (airflow

surface) of the turning vane 201 such extrusion molding could not be used, since then the

attachment points would be on the entire surface of the turning vane 201, spoiling the

acrodynamic qualities needed.



In a heat exchanger turning vane assenbly 201 it is necessary that the
attachnent of the turning vane to the connection piece 202 be largely fluid
tight, towel2bovwsges continuous flow of fluid, often undecTarsesisnes37

Dependi ng on the application and the heat exchange 10 medi um bei ng used,
sone | ow | evel s of | eakage of exchange nedi um may be acceptable. Therefore

the termfluid tdghiteSbeehBolitehttBeicsdvwOBEsdsQ 1 &) COIMRSR Bet¥@hed b9 flealindi d
| eakage at the junctions that are within operati nllg t ol erances. However,
111

even once e dRG Brsahosses jolid in theeptruged ppig pnedrilfing ptihpleeNddosddly ¢ he

turni ng vargpa@ tiredls GRANKELI QN0 FbBERrdWBss @0l 948 14011 @ndthdtaferhdtght _
connection tﬁat is easy to assenble and is not expensive to manufacture is

15needed. EEPEEMARHRRICEHHtaEhBYYS cagkiedritadivd pite tedntanes oheaiec cdariakiof | be
di scussed Bl eMingVaRe SHE MRS HoTerk {iRind\GAL, sEHCRBYIRIdnd Bpdx§oFbiheu! ati ng
wind tunnels is in those used for anusenent attractions and training
faciliti esmoghi ch are often operated near continuously or at |east for

ext ended oper at | ng, HOULE I £sid I nel.s, L NG Wk pels are
bei ng used as awseelrareég{c %rllgﬁglsl g]%‘%r%sh%}%oj?glcﬁ S‘i tefe\eégsh?y%hhe %osa{a_a%ﬂ%ti me to
bui I d the thetneingbeootvshacipaetipn piced 2(Reetlagely Auidhight toofliowatbi ¢antiyucof  t he
busi ness oty ¥i 3 |4 {bé{enOJnflérrb?esQurrg.j B&Sce»ndi‘tﬁ’” bh ‘?hetagﬁn 'Aﬁgnda&d%&ﬁe%{%écﬂa% gir at a
confortabl e tenperature Tor payrng cus BIEr S dtPalneds T nereases,

parti cubar medium bwangeed, sbmerbivelsvelfofiltdhege dfleechaeat meliwhangde acgpthiblbe easy to

maintain in,terns,of bath cost, a do ti , to prevent e i nt enance
Tosrs or t HabSfolEme b dfort faR nsRRhe P b sp SR ol TR &
exchange nelehjamtisn tast age wWhitih epdrutiis tblerah@w Hostver,@vaborzuitledc@ntbosagst be abl e
to be buil i alled, [nspected,.tested, u ted and/or .repl aced within

' Qasonabl ¢ 24 ar b fined BRPRGH TS Bt vahE ok B Remestin riges ThEa RS Toonal r
(rjrus_t bgl relaam':)dneghxéf@m&yioaMt isQﬂSy&@ﬁisel;nfBle@ﬁd fsqlrro]mﬁpmideamfanﬁ@c&ﬁ@ idt lbls f
esira eto a e to use as nuc [0} .the she nat eri al. as 0SSl e or
the fldPd é‘qu‘ﬁchr%%%u%t&S’f%Of\k‘iletsﬁF?imf’fﬁ@nll?éfa?s aé%%é??géwﬁkhe I57g3sehdO%s senbl y

201 30i t selthe aReeitRedd@r fléaUE;Qh&‘rgEﬂ|i1¥re—c-ﬂ%@_raﬁl_ﬁ%3\krﬁlditﬁnn'b§ idashdatleg 60 be able
to use standard plastic, rubber, PVC or simlarly comon plunbin

. er . I pi pes
and/ or hos@BUsREIEHHsen g tigting fagilites, Whigk piglofien Wﬁraéedarr%wtmwglvm cost

materi al s and wASYenki § %iﬁ%ﬁo&&,%ﬁﬁl& t@ﬂﬁ? t(rBPRI WBhatRe WA AGHels WO being
2011/ 088426PCT/ US2011/ 02143 Therefrore, the connection pieces 202

shoul d f untdden amgsemmsntiides of Wpniag ficiiiep éipsiogtennd timgitelbuildghe tuger beconicon
bet weenyt healsg FQid nﬁﬁ@pﬁﬁ%nwﬁf tfgﬁ%%ﬁ?% &%@nﬁga{ t@é‘&oﬁé&ﬁﬂ‘é e Bééeﬂg' ng

pi pe or hose 204 in epi ct'e ment. The connection pieces 202 nust
be easy t oketptthe#ir straccomdortable tempamattiledorn pay mig ggstumadre aRDitaimeslmeredyee connect i on

pi eces 202 5 .. I t facture 1n_ft. depi cted
oo nent PTAR) PP VRGBS RSO b G DAy B P
si gni f i cantdmns plguic esst 4hialosmsimenfo prenctnyvthel malntapamaeodts offthgivaxdesnn2DZorh 0

manuf act ur e, . . The, nunbe nd size of the turni,ng vanes.in a given
e o e Beeomivg pesviy Sy SRR hs RSl Honlat R RNk TSR joufec gl
exchangeér apiid aclatisobe atild {o bd dpiin thstahied, epatedf teawd, Lfdipeiedd/ oheptacdédowiden

exchanged, and airfl ow vol ume_of a given tunnel : :
9 reasonagf time parametersrTEFurtfher 1t g important trﬁat any needed repairs must be relatively

casy and low cost to perform.
To lower costs it is desirable to be able to use as much off the shelf material as
possible for the fluid connections both within the heat exchanger turning vane assembly 201
30  itself and to the fluid supply. Therefore it is desirable to be able to use standard plastic,
rubber, PVC or similarly common plumbing pipes and/or hoses and connectors as much as
possible. This allows for lower cost materials and easy to replace pieces when repairs are

needed.



Figure 4 is a perspective view of one end of the heat exchanger turning
vane assenbly 200 with the turning vane 201 nounted in a rack 215. In the
depi ct ed wolzodioseszs t he rack 215 has shaped slots 216 t@®@Cmalsdotiog148Ur ni ng
vanes at the appropriate angle and orientation. The racks 215 are designed
in such a manner that no additional nechanical connection is 15required to

hol d t he snpot hTEQ&bicNthe dsniREidRIPiREs T2 shhi@d Fuhchidng fyranesidPlk, inbxpehdvd, ack
215. Side views of the whole heat exchanger turni ng vane assenbly 200 can

be seen i niBjdgighbeongectiqp besweathiae pighorl shane AF the yping yfnc 20 apdittsaidoi enum 108
i s indicat ?ﬂmﬂﬂné piportose1R i 8fekiSpidd® cRBYBmMBRE ThS B tioR pRcds@0atfd: vERNNEr

for easy o V|emﬁng This should not be taken to indicate that the racks
215 woul d BesyApaiachdnd ssmope fremithefEineonpne Bvinds nTherenmcten Rigces 28hd 6. 20

The appiop Eﬂeﬁk@lv&r%&'ﬂh 8t loQ&ncoQ{ totBufadle, %]tﬁe @éﬁ%téd%ﬂ&gﬁ{en%g}hﬁg ger turning

vane assenbly 200 is also shown in Figure 1. Referring again to
Figure 4, mnvﬂq@u@ééﬁom%womhmmjmﬂ mofte wihieh signifisgntyordicomthe eost Pows t hr ough

f our tur“'WﬁhMﬁﬂfﬁ%ﬁ§&5%§<£&§uﬁ@6ﬂﬁmﬁﬁﬁ&ked away fromthe heat exchanger

turni ng vane asse as warmwater. The cold water flows in through
i nflow pi pe 217ThGamber sndodmrécadning vpigeen oeiveuhdseexchower Rodngsneh i s

ted
abel od A IeEPBuP G AE Guab e SORREE P AL SBBEERY 50 1
t he ot Heér emﬁdlmhuoheaﬂ$@mhdsmaauﬂmmedhmﬂmfpgﬂcmumndached to pi pe or rubber
hose 204 which g{n connects .to

conne n in Fi
which is like ¢ ‘I%Hree RAPYPEHE Hek PHB‘l?rer‘ Rgtth %aé "fgi“geé ““Pﬂ%&a&ﬁg %Pﬂ?(er
connﬁctlon22a&nhﬂwammh@a@maﬂnhmmmuﬂgnyamezzﬂﬂnﬂ@uﬁpdﬁﬂh&moagaﬁnhéhﬁbughfl
anot her U ing vane 201 D and t hen out .t hrou outfl ow
e o10, RAMRBuRd SRS b i FeBTanE Yinss di YO raomte e e g v anes
201 bei ng dhseksSED drdddsii@ed ih@ueHAhihneOthad b ddbgionf adtekanidal ¢onaketiss andi ng t he

fl ow path of t ted enbodi nent. These turni ng vanes 201 are not
di f f er ént F%‘H?fg&?j] @frtﬁ% MROQSh FRIFIYQ srigoned Hsdumine vansEllde 8y ikrdPn. Thi s

conf i gur at isaR vadwsidr e vidid K OdgRank@Ulirmtndvahd s MBIy 200 can be seen in Figures 5
2011/ 088426PCT/ US2011/ 021437 vanes is repeated with the remaining turning

vanes 201. 2The Thﬁh%ﬁPfﬁ?er?ffhe%ﬁt@%ﬁW&’c(@ds fndicatsel By iag Br TRUBHS? 1pi pe 220

and the 0U%&kﬂ%k@§ﬁﬁ%¢@ﬁ%ﬁ&&@ﬁ@&k?ﬂn%&w%@Qﬁk%%teﬂniﬁ%ﬁM@bt&hﬁﬁmagl The
warm wat er can be used to heat any desired nearby |ocation, eith er(hg
ot her

flowi ng t hendzﬁﬁ/é@rth@t\ﬁmrmksadﬁ setidypeinpupted inghe erentaiiopishow lnéheflbgurpi}mn

| ocat i n n the
ot hor and af e B O e e b MR "2t T he
desired Io@é@w@hpSF®m1@ﬁ@nmté if the wind tunnel was near a shopping nall
or other large r to a
heat i ng systen1?§éﬁﬁﬁ%%% ?&%43%23%%%kﬂ‘ %ﬁ%egﬂﬁhgﬁﬁﬁ Igﬁﬁﬁ@Mh%ding

usi ng standbwdﬂmamﬁﬂhaﬁmanam&sEOlbﬁbh&n@gcawsdewagﬁMHﬂmhm&exdasgs t he now
cool ed matgr coul d d back

cesenol y 20678 it Eaty R FRE MRy g RS 8 FRR ATl b DO P RRT L o
| oop. THer end\idubthenteé b iipe draulstrer hask @04 f)vhrch mlroenamﬂeas comécmoh pecs Y&t anh t 0
et hod t o FROSHOHIByE e 24° PERBTR T AFEaT T TR SUBUTG TBvESIMds o ner al
deposits, bhatotawd zharteeiecthet Bial, @hichaisenaya afnnédﬁen plesygta€lted to pipe or
rubber hose 204 which in turn connects to U connection 218, seen in Figure 6, which is like
connected to the next turning vane 201, B, though another U connection 218 to another
30 turning vane 201, C and then again through another U connection 218 to turning vane 201 D
and then out through outflow pipe 219. The labels A, B, C and D are purely to indicate the
turning vanes 201 being discussed in the flow path to aid the reader in understanding the flow
path of the depicted embodiment. These turning vanes 201 are not different from any of the

other turning vanes 201 discussed herein. This configuration of flowing through four turning

9



This use of the energy in the heated water to heat sone other system all ows
sone of the energy cost of running the wind tunnel to be offset by reducing
ener gy co8020iwn8s426t her system This reduces the overal PCEsSe@y/oe@asUNPt i on
of the whole related conplex as the conplex is not paying for cooling the
air in the wnd tunnel and paying for heating sonme 200t her system

The 1 ow ngak idhgcardivaih théietidfing tingt VAhRIZ0Y. VIAB @flod0ipdsi2 1t Be cderiet ed
enbodi ment shoul d not be taken as a |limtation, fewer passes throuqh
turni ng vatteowatehupply P28 apdthe RUEIGH NREP ATefENReSITd & Werm W) [gmB¥ ysed,
dependi ng @ppethe application and the cooling needs of any particul ar
installation. As nentioned above, other cooling nmediunms could be used as
25wel | as wat er Thqwamywaterrap ke psed tabgapeny degirqdingpibxdqeatipn: eithsr buflowing ther

cool i ng smedjuiyagr 'dﬁlécglg) qirgg g 2\%‘[@? gl%lgghﬁ?& 1%91 br&fher location nEQ(ﬁngEQW@StEIO n piece

202 is in Figures 7, nnect'i on piece 202 has a body 235, a

pi pe conne®t byokay secssoddeatrsichangrson din osher prakef thatie, Ttvevinodly hod® Yeas an
outer ridg i i gLty to i i ives it

t he proper %g%%%élg{/\ﬁg%é&g%sﬁ%g%gwl?k%m%b5%{1%3&8%&22&8’? EICt1 Eﬁelﬁ(ggvrﬁg%rlgon pi ece
202 are foshgpmgamalralothandragestréntivn centesdisorsm Wie ceddbs flowed ttdehetuar e or

h fi . ‘ : e . . . ' 237
ext endi ng. SR b 1y tREae FRLOE s 208 PhOEERRREFLLAL JhiER AR BT o™
attach 18 staidagedyfttoxiloltioshoses the ndweodd] waentoukldeiekrid backpo fe.hedtf

conneot | on “pranet s PERERMF oo A e BEpd s e Bt
2011/ 08842 GR&e 1bigR Okt ORAABHe e it € beearbiale e motdhwedter iftoehd dyensnhb explroseatpt ece

allows for flex in.the turning, vanes.201 caused th | uid fl ow or other
Forcee 1o et el ot i Yk BERRyRE rEBYE iy s fahafioDpsa®
Referring t@ndvc@uy patidle it @, sici@r time dégouis, 8ot @vldeles t123%iciddd of hat
align with screw bosses 214a, 214b respectively on turning vane 201. Screw
hol es 230 &¥Mocated near ends 5245, 246 of the body 235 and align with

screw bosses 214y yRCIremw éﬁ@ﬂgﬁn B3 heAdd Wileib héut SEHEWhHQSS QR aBRI oBRGrar e
| ocated on cross nenbers 239, 240, which correspond in |ocation and general

shape to brlEcnpgY fevrBEgningthe vdngtuneyl fake offgyreduentg enoigp co ) 28sth@nd a

limted heisgitm Hrji@tc@udel el FEGT el ?hs@SptRESR tHe AvhbledbihRd L0mpihhsSiht eaves
the mpjority of the interior 241 o% t he connection piece 202 open to allow

for maxi nuePmplgk i of eayingThecoohipgs e 20 ikt el EY] 2y yne der heefingsome

suf fi cirgnt | \of i@, t0 hold the screws when the connection piece is held
fluid tight against the turning vane 205. The exact height H of the cross
menbers 239, 240haldwingepbndaonthrdvgh épedirhing vappll catthotepiclidembpdissnirenber s
239, 240 diyij om s.ur f r i 243, 244
that corr eg%délgcgnqﬁ(@gEaﬁg%%seﬁ%ﬁ%lggqgﬁé%gﬁ%gg%og‘gﬂl&@hgg%%?%@ngqﬁloaréggsﬁﬁl. Thi s
al | ows t he tifdugh thriiog fdnes2@utoukdfbetubel, ileperdingon tf apiieatiditand therogolereedsnd i nt o
the interi Qk 241 oflthe ﬁqnne%ti ont.gi o 202t and t hen d nt o tﬁeb pié)das and

vi ce versa t TR TUAE PO O STeRE 5 SEY S B R S R Mo S P ece i s
split i26t o wehes oh@ninel gveaQfistal 2. akaliR2Bidnhe e pgticilireocknyreatiurois ipicedd 202.

| f a gaseous cogil i nlg rediumis used, then gas tight connections will be
needed, whicERPogibe pg‘?%ovi ded with the appropriate sealing means.
The connection piece 202 is in Figures 7, 8, 9 and 10. Connection piece 202 has a

body 235, a pipe connection piece 236 and a bottom surface 233. The body 235 has an outer
ridge 228 which adds rigidity to the connection piece and gives it the proper acrodynamic

30  shape. The rounded edges of the connection piece 202 are for structural and aesthetic
reasons. The edges could be square or other configurations as desired. The pipe connection
piece 236 has ring 237 extending annularly from its surface to allow standard hose clamps to
attach a standard flexible hose to the adjacent connection pipe. If desired, a connection pipe

could be attached directly to the pipe connection pieces 236 instead of having a flexible hose

10



20Al | four screw holes 230, 231 are accessible fromthe top side of the
connection piece 202, as can be seen in Figure 7. This allows an installer
or repai rwpepslass426 attach or renove the connection pi ePeTAB201@Ai4BYy and
qui ckly with comon tools. The screw holes 231 that attach to the screw
bosses 214b on the connecting nenbers 209 are required to ensure a water
tight seal piceeb@wedich@s. 2l h@6 plebdalltink Hbrtick hetht l@Winakafs 061 Ednged
connection piece. 25 201 so that any |eak at the screw head woul d be

i nconsequeRt it fluidflow opptherdorestp bg ﬁ%l%?rt{eﬂéV“BP‘Hé??USEW“%rO&HWZ@Bd P&kt i ons

require a gaSkeReﬁﬁh@16F@&eE@aﬂl&%ﬁﬂéa@ﬁ@ﬁ@&ﬁ@%ok@@&ﬁgﬁlQﬁuﬂ@ﬁwﬁ%@&gwfrom
under the screw head. One ?asket is used Egr$scremllocat|on. Unl ess t he
1

turni ng vamRessps2I4n 2d4b respsiyely pfumipgeancib Sk holee? e Westedpcgpsidect i ons

are needed o9 22HIPHHE byl 1381adld 51%%*\%&%8%5%5& R14d SRNCILIA BMalikn {4k NI NG
vane, the bracing nenbérs 209, 210 m ght not 30 be needed as well. Recess
232 is forseavibasses 214k apdre deenisd on sves MEBbaT 23 Ak athichisopeseerd ipddcation

correspond ,fp %écngﬁ%%gﬁepﬁ) 62ei \ge]‘&er?%gs o, 314 0,59 Iﬁ/e%ﬁ)%rs%@%; 2243 (]?_)nftyké%efl? he

connection pi 201" set's ovel e end of turning van o al low a water
ti ght seal linatehbeiglgrthmtb the Mtawali hg sgaskdigufnbt Sholemes fhietnzjirity petbess 232
and is sha -t nd. to. ot f ect | .phece The
R L R s S o T s AN
2011/ 08842 6REHe1IS29, LU0 2443 Be eufbodntiyergid toFaid the feréwewknapecanhedtibe picecess

232 i s desi.gn t.0..hol d .t sealin Kk in ac Ll e the connection

b ece i s pa RaraR Bty BeEs MRy ot e e LB E ol rec um i s
used, then2ga240 wglhtlcpeahaedt smoicwpplicatien. NEededs mambeh 28@n4beaivipkehd ded Wit h
t he appropriate seal| askets and sufficiently tighten screws. needed
the o be bboRiEEERea S Bs R AP DR GiEn  Pdr s SR DSERBR e Shape
of the conneTiidIvsph eeurdidg vhnk Johe THR RileHEtle AIIAd FIGR Bt @lthcOnribhef the
connection piece to ge formed.in a %mo pi ece injection ﬁ?Ld’ aILomﬁng t he
connect!Pon tHrEg ¥anexn9 Mte thednterigaf het e eepnagtion gigce 68t anditheniple rapipes g

enbodi ment ihQeGANMRCIII®@NoW @R hE HipfEe iRY theQbnBRThiaktis H1idihio ht MYy al so
be made fronlpolécarbonate, pol ypropel ene, 10pol yvi nyl chloride (PVC),

nyl on and 6h#@els 2o 7R7 eid 38 dlropgh the connectipp picgedPe 163 815eeHs &PolBgEN A iWiShod of

cool i ng conpiil fkRgastiidft ERhAVANGiITe GBS Fed WA £ bR pRIdEl ngthftﬁéap?ro@ha@ first
tenperature through & pipe systemto a first heat exchange unit; the heat
exchange un¢alinggiepisd of at | east one turning vane having single unit

1500““9@ i ons quﬁcf lS@Irqult%félgl ﬁ?(p(% pzlretag@ss}iﬁé krgl‘ﬂtﬂeutrogi_si'ag of{ﬁ@@%rﬁlte&ﬁ)nﬁ)%gept i on

pi eces being renovably attached to the turning vane e connection
pi eces havi2Ay abesrbersesrondliguye Tohisetleds aronsthler hotehonparinrd aigpcl anesions t h

recha oo RONRREH oo o ply DR RRSRERN ML GBS S L1
exchange unitich to the screw bosses 214b on the connecting members 209 are required to ensure a
water tight seal. Screw holes 231 are located within the flow area of the connection piece
25 201 so that any leak at the screw head would be inconsequential. This means that only the
other two screw 230 locations require a gasket or o-ring to prevent or reduce leakage of the
fluid from under the screw head. One gasket is used per screw location. Unless the turning
vane is an extremely small one, the two internal screw connections are needed to ensure a
fluid tight connection. In such a small turning vane, the bracing members 209, 210 might not
30  beneeded as well. Recess 232 is formed into the bottom surface 233 of connection piece
201 correspond to the shape of the end of turning vane 201, so that the connection piece 201
sets over the end of turning vane 201 to allow a water tight seal to be formed.. A sealing

gasket (not shown) fits in recess 232 and is shaped to correspond to the bottom of connection

pieces 201. The sealing gasket is die-cut from a sheet of EPDM rubber in the depicted
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passing the working fluid fromthe first heat exchange unit into a second
heat exchange unit; the nmethod further conprising the steps,

per f or mredwoantignspsaneously with the passing steps, of ®PoraiSagiA2r43as the
air passes past the hollow turning vanes, and cooling the 25air as the air
passes past the hollow turning vanes by transferring heat to the fluid and

t her eby r aicibB@mtNEPArESMBY dapd 6 R rebdd @23k @sidnc @ Kdh@thk kéagihg LaRBeRat ure to
a second tenperature. . The nethod can further conprise using the heat
removed i nPlReWVRIlG Ge carpeetignpicse FbetnegHRSH todhe N iBh¥Re H 2SO ®HBE used t o

heat anot hefecqamsh @ied, thee gItRIhOnRE&R oWl lIHe he &RARVHiIGFcah Bt PFodided whth @hcnOW
cooled water to the first system_ 30Wiile a nunber of exenplary aspects and

enmbodi ment SPERIEthEainRaskoticadd quifissiidy tighteasercys. Hioeededithe sizgeof Hierscrigiv) |

recogni ze @gfel &b B &l GALLPRSatigaer Mut at i ons, additions and

sub-conbi nations therefor. It is therefore intended that the follow ng
appended cl ai msTheshepmeffthegonpestipn tigeed)2an dejdapieted pabeddmens aflewgd thele al | such
nodi ficati r b ORSHed i and;subs IR L QNS84 Gicldst hin
their truegggFP?%I§% %i%g%e.“%acﬁaggggiﬁfggéén%gﬂﬁﬁgﬁk g%%%rggggﬁﬁé%ein has
numer ous e@0? teelicampngfactured at lorhast dn ths dapidicd xpbedimirmnle cohieshiompves Ibeen

enpl oyed ar t of. SGripti ot .of limtati and there
isS no inten%ﬁgﬁﬁgﬁ%%ﬁéﬁ%ggbgft%%%ﬁ&%%?%%ﬁgﬁﬁgggyﬁﬁgggFﬂﬁkm%Pe%ﬁ%Iuding any
equi vallént polyvinyhehldrela{ RV €s nghiownl @mot fadesof pbgd. or portions thereof, but it

is recogni zed that various difications are possibl i.thin the scope of
Lhe frventon of B thedt STRTGTRR « kBl SR PR bga: Bt intelBE o ¢ b
present i nflewiiganydrhsg flazint s fiee tdhipeahlry thibust b piedydym pr efiet icadexehdngdi nent s
and optional. features, nodification and variation of the concepts herein
di scl osed Hﬁ? be resorted to by those skilled in the art, and 10t hat such
nodi ficati onsda?l_a hvagreit;aiahghmﬁm&m@eg@msﬂ llél&@f@@tﬁls\iy?@e/aw KaRing stngR wm@ope of this
i nvention as defined by the appended cl ai ns. enever a range is given in
the spdci f CRHLFURTS Pipesaf FAoB b0 (9 %quavﬁ@@glgaﬁaea&wa%e@} PIESSREPE “as al |

i ndi vi dual MabWBIS attibby Rt ivhidd@nkanges given are intended to be included
in the disclosure. In general the terns and phrases used herein have their

art-recogni zed WE&AISEIONIBecRhIAYMELSRN ISEIOF lnePIBSCtedp dicdipdlew tynige yarsar d
texts, | ourh@lmdefifl.eRsastaed contexts known to those skilled in the art.
The above definitions are provided to clarify their specific use in the
context of the thawiesickehange undcoweeied 8o BIPCTYsLBROEh tppfiwd gan flow from the

20 pipe system into the heat exchange unit;

passing the working fluid from the first heat exchange unit into a second heat
exchange unit;

the method further comprising the steps, performed contemporaneously with the
passing steps, of turning air as the air passes past the hollow turning vanes, and cooling the

25  air as the air passes past the hollow turning vanes by transferring heat to the fluid and thereby
raising the temperature of the water from the first temperature to a second temperature.

The method can further comprise using the heat removed in the first system to be
transported to another system and used to heat another system. The method can further
comprise returning the now cooled water to the first system.

30 While a number of exemplary aspects and embodiments have been discussed above,
those of skill in the art will recognize certain modifications, permutations, additions and sub-
combinations therefor. It is therefore intended that the following appended claims hereinafter

introduced are interpreted to include all such modifications, permutations, additions and sub-
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W claim 1. A connection piece for connecting a fluid pipe and a

hol | ow turning vane to allow a heat exchange nediumto flow through the

hol | ow t Wwoi2ngy/08842¢ i n a heat exchanger, the connecti onPpiraSec1aoa@s? si ng:
5a body havi ng an upper and | ower surface and a hollow interior; a hollow
pi pe connection extending fromthe upper surface and connecting to the
interior; Chabin@WaE a@Wilhat@eiPaldGishapeebpt.0 PacH ippaRAREembodifea dagibed the
hoIIOM/turnlng vane; 10t he connection piece having a plurality of

at t achment E@Wﬁ?%nWB@D$Vﬂ5W Mg to the end of the hol I ow turning vane, the
attachnment poi nffe Rlrhs HAlcRGARMENHICR hlﬁvefHe@r%xﬁ%_B% o3¢ 618d adRfnd dte connecti on
pi ece beln% formed as a single unit. he apparatus of claim1l

wher ei n at dpssEBEONGHE netofliutation. aehiersts pointendon 18 thaige ebwsh s ek ough t he
hol | ow gi p%x&@égﬂ)‘ﬁﬁ:gf é%@lu@fﬂg afiy eciu%i%hts%@%e%a&ﬁ@%@h ai?(?ﬂégérlﬂeﬁ 0& p&abgd on the
upper surface of . The apparatus of one of claims 1 to 2
wher ei n at thepesf, mag s rmn@@ﬂ hat ‘@tlﬂléﬁdh‘ffﬁbﬁqatla@sc?é%msﬁib@ withiothg keophef thel | ow
pi pe conne i or of
Phe body. S4B REETHER i afla B ORE R TR AP 6 pfiol A ARE EBER O o
Cross rrenb@p@ﬁceléxﬂnsdi@@d hypmferat cmbbdimmts pol eptional featur& mwlécawpanét us of
one of cl ai 0 t ne end
of the conm gi?zattfog RPthé cgﬁcefotg ﬁgr%m dns%lo"élééit I%alyh stort&? {orbal thgs]g: sf? ﬁéi& %qhgafffa rI’lTCg 5
furtheﬂOcoMpmmshmgﬂékammm$sdmnwhmaahﬂwmmd@5¢uﬂhauém$hapﬂmebbmsomnt@Dnd one

end of the hold ow turning,vane, 7. The a arat of .claine 1 to
e ner e 1 4 Setpy it HERR 0P 08 e WhepefiraateeTPB Nl B lciffifiod an, 2
appar at us (ﬁftem&m&fraﬁgeahmﬁsuﬁrah@s Taswhodrag i iddhéduaev s nmiudbcﬂlih th¢ omgesrenber i s

lhglslso;[/vhﬁzt Fg?v%g?reelugt gﬁo behl?lclgc?edl eI IPstc 0r51|1r(e)r such that a majority of the

In general the terms and phrases used herein have their art-recognized meaning,
15  which can be found by reference to standard texts, journal references and contexts known to
those skilled in the art. The above definitions are provided to clarify their specific use in the

context of the invention.
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WO 2011/ 088426PCT/ US2011/ 021437 9. The apparatus of one of clains 1 to
8 wherein at | east one of the connection points further conprises a sealing
gasket. WwWO2011/088226 The apparatus of one of clainms 1 toP@Tmisesigiom4Bhe
connection points are threaded holes and screws are used to renovably
attach the connecting piece to the connection piece to 5the turning vane.
11. A heat exchanger turning vane forwack#mcCircul ati ng wi nd tunnel
conprising: a rack; a plurality of hollow turning vanes fornmed to allow a

fluid to flow { hr ough, IRYI Gfhek ﬂ)rE&%e%tﬂn%ﬁgﬂlff%ﬁiﬁ?%ga%ﬂo‘i’lgwﬂ{ngﬁlgsvﬁ?ettoeach end

of the hollow turning vanes to connec vanes urd pipe

system andj§@hfcf @uuhaRde RlliRh RCRsw Beduf tHcoBd nfhing velcNgh @cRic@dangnd
connecting to the hollow turning vanes without heat or chemical bonding.

12. The apparahustiaf pictcaiompiidingther ei n t he connection pi eces connect to the
turni ng 15vane at connection points that are within the hollow area of the
t ur ni ng3vane. a bolg havipgaryypar and dewasuidsse apd a bellovgteniont o 12 wherein the
connection points are screw bosses. . 14. The_.a at us .of ope of
Slaims 12 to 13 vHEVEM PRI e i dopeh MapEe PSBag s edfeg and
the connection pieces;genpect to the internal cross bracing with a 20
renovabl e nmechani cal connéctor. 15The apparatus of one of clainms 11 to 14

wher ei n the connegé icRr RirREESeihgSshapd t6 Eortddpondas BRCIN @A thRheles nehiag med i n
one of clains 1-10. 16. A vane array conpri sing:
vane;

10 the connection piece having a plurality of attachment points for attaching to the end
of the hollow turning vane, the attachment points all being accessible from a
top side; and

the connection piece being formed as a single unit.

2. The apparatus of claim 1 wherein at least one of the attachment points is

15  accessible through the hollow pipe connection and at least one attachment point is located on

the upper surface of the body.

3. The apparatus of one of claims 1 to 2 wherein at the least one point attachment
accessible through the hollow pipe connection is located on a cross member located inside the
interior of the body.

20 4. The apparatus of one of claims 1 to 3 further comprising two cross members, each

having an attachment point.

5. The apparatus of one of claims 1 to 4 at least one attachment point is located near one
end of the connection piece.

6. The apparatus of one of claims 1 to 5 further comprising a recess on the lower

25  surface shaped to correspond one end of the hollow turning vane.

7. The apparatus of one of claims 1 to 6 wherein a sealing gasket is placed inside the
recess.

8. The apparatus of one of claims 1 to 7 wherein the height of the cross member is less

than the height of the hollow interior such that a majority of the hollow interior is open.
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a plurality of hollow vanes, each having substantially constant cross
section, the 25vanes disposed substantially parallel to each other; each
vane haviwgQ2a11fiss«s end and a second end; the array haviPag/us26102t432dge
defined by first ends of the plurality of vanes; the array having a second
edge defined by second ends of the plurality of vanes; each vane's cross
section defining at | east two screw bosses fornmed therein; WO

2011/ 088426 PCTY.UB2 0t @1of 3e efaddimy ded huemgit Bastions off the sannegtidn goinisr st
respective caonnection piece, first respective connection piece secured
thereto by WHIShEOTHITISeH Stldne $88kch screw threadingly engaged with a

respective Scrﬁ%ﬁ?ggﬁmmupofmunﬁchhn$f&ﬂ;%ﬁngn%%xhnﬁmﬁ&lHﬁ%s%%%%gﬂmﬁnd a
second respective connection piece, I rs respective connection plece

secur ed t hgpRl thdWreiRaRNusQS t10SEHhEWBIy a@tlé&hh§§&1%¥\étﬁ1§ pRACINGE JonBRGBEIBHcMt h a

respective screw boss; a first manifold di sposed along the first edge; a
second #anitiealdingivaposed al ong one of the first edge and the second edge;
and pi pes connecting the first manifold, the connection pieces, and the
second 10nani fbl-d, 4 hest eppantsf upiipgvaae Hirgrecirewatipg wind fuand rowprpaighs, each
fluid flow path passing fromthe first manifold and through at |east one of
the vanes to the %@§6nd mani fol d. 17The apparatus of claim 16, wherein the

i pe_connection tg,6agh SANNSCLEAN: AhECRATE! LIRS AhuRASHLAINEY i nt O

15t he screw bosse I'nto each vane's cross section I ncludi ng at | east
one screw boss positigpadesueR hbiat the screw threadi ngly engaged therew th
has an axi s passing through the opening.
10 connection pieces at each end of the hollow turning vanes to connect the turning
vanes to a fluid pipe system; and
said connection pieces being formed of a single piece and connecting to the hollow
turning vanes without heat or chemical bonding.
12. The apparatus of claim 11 wherein the connection pieces connect to the turning
15  vane at connection points that are within the hollow area of the turning vane.
13. The apparatus of one of claims 11 to 12 wherein the connection points are screw
bosses.
14. The apparatus of one of claims 12 to 13 wherein the turning vanes have internal
cross bracing and the connection pieces connect to the internal cross bracing with a
20  removable mechanical connector.
15 The apparatus of one of claims 11 to 14 wherein the connection pieces is one of
the connection pieces claimed in one of claims 1-10.
16. A vane array comprising:
a plurality of hollow vanes, each having substantially constant cross section, the
25 vanes disposed substantially parallel to each other;
each vane having a first end and a second end;
the array having a first edge defined by first ends of the plurality of vanes;

the array having a second edge defined by second ends of the plurality of vanes;

cach vane's cross section defining at least two screw bosses formed therein;

15



18The apparatus of one of clains 16 to 17, wherein the nunber of screw
bosses is at |east four, and wherein the nunber of screw bosses positioned
such t hatwoheligssee 20t hr eadi ngl y engaged t herew t h has Pam/ts$2013/0paSEi ng

t hrough the opening is at |east two. 19The apparatus of one of clains 16 to
18 wherein the connection piece is the connection piece of one of clains
1-10. 20. A nmethod for use with a plurality of hollow turning vanes, the

met hod conpri si ngatiheansheypsg dfits f2§hbafingrespoayddongectibupigeeatirsarefpectye
tenperature through a pipe sy stenlto a first heat exchange unit; the heat
exchange unit formed Wn%cﬁwv@%qseswe tharetn RygmeaRnaf $SERNSNGCR FHgY e uni t

connections pieces at nd of tq hol | m/turnb g vane, the connection
iR &

pi eces being renovabl?“%??%@ﬁgﬁggi ﬁ%ﬁrﬁ?ﬁavgne WO

2011/ 088426PCT/ USZOL M@ AIARS at its seconll BRI £QBARGEIpR&IVE 'c@ﬁf%@tlclﬁeﬁ{éc@ oieen
renmovably connected to the hollow turning vanes with mechani cal connectors;

the heat exchange uni tespotiveahedtidopitdeascpirpbthaystbgmeanct stieas, f1 ui d can
flow fromthe pipe systeminto the heat exchange unit; 5passing the working
fluid fromthe figash smthr@ﬁmab(ﬁgéag@d]Mlthuarlime%lvgé«‘r@maosaeat exchange unit;
and t he net hod fur conpr|5| t he steps, perforned

cont enpor aneous| y* S&mm¥%£3%§?§i gyt %@rt%%’turnlng air as the air passes

past the hol | o {48l A0RR AN a?o b0 08l dRy hD8:B1T oRESAS Past

the hol | ow turning vanes err at to the her eby
10r ai si ng the termgdsabiticetin thé hgtmlﬁnd,fmecuashﬁéaaoﬁplé&g, dn@mmeaea@hure to a

second tenperature. 21. The nethod of claim20, wherein the
connectlbons are fl ui dmanifphd, thereby defining a plurality of fluid flow paths, each fluid flow
path passing from the first manifold and through at least one of the vanes to
the second manifold.
17 The apparatus of claim 16, wherein the pipe connection to each connection piece
defines an opening thereinto;

15 the screw bosses formed into each vane's cross section including at least one screw
boss positioned such that the screw threadingly engaged therewith has an
axis passing through the opening.

18 The apparatus of one of claims 16 to 17, wherein the number of screw bosses is
at least four, and wherein the number of screw bosses positioned such that the screw

20  threadingly engaged therewith has an axis passing through the opening is at least two.

19 The apparatus of one of claims 16 to 18 wherein the connection piece is the

connection piece of one of claims 1-10.
20. A method for use with a plurality of hollow turning vanes, the method

comprising the steps of:
25  flowing a working fluid at a first temperature through a pipe system to a first heat exchange
unit;
the heat exchange unit formed of at least one turning vane having single unit
connections pieces at each end of the hollow turning vane, the connection pieces being

removably attached to the turning vane;
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22. The nethod of one of clains 20 to 21 further conprising the steps of
flowing the working fluid through a second turning vane. 23. The

met hod ofwoneliaisekai ns 20 to 22 further conprising thePsTA32010/021437

15t ransporting the heaged.fluhd.tq)a secon%}l%caiignhaﬂqltrap%%erring t he
heat to another 5 UPA"TRFBEGh S st SUFRNG NSy S dpdhe hollow Wyingsancs o hog
of one of clyahRchQiciiQoddctbtdl t her conprising the steps of transporting the

heated fluid to a second location and utilizing the heated fluid at the
second | ocat i on.tholppEephragieritreancsted dnge pipe sistemrsciphatilyiden flgy ey the

conpri sing t.: fiag the now cooled fluid fromthe second
e g Lo fle iR

| ocati on ba e firs urning vane once the fluid has returned
to the fbrst worgaksing thewqing fluiderom the firsRkeat kokangetitioidioafseané heft cl ai ns 20
to 25 wherein the fluidis a liquid or a gas. 27. The nethod of one of

claims 20 t &DHGHEESMN the fluid is sel ected fromthe 25group consisting

of water, Freon(ihd me@aPmurRGcbm¥Riflthe 9ps GRABMRR L6iHerdiRRancously wififthe The net hod

of one of clains 20 to 27 whereinthe fluid at the second tenperature is
used t o heapastihgstemsyofrtanime atr asithe tin passe pavt thelhoday tuomng vanes, aRicoolfiiggheret hod of

R MEY TR TR TR T I

10 raising the temperature of the water from the first temperature to a second temperature .

21.  The method of claim 20, wherein the connections are fluid tight.

22, The method of one of claims 20 to 21 further comprising the steps of flowing
the working fluid through a second turning vane.

23.  The method of one of claims 20 to 22 further comprising the steps of

15  transporting the heated fluid to a second location and transferring the heat to another fluid
through a heat exchange system.

24.  The method of one of claims 20 to 22 further comprising the steps of
transporting the heated fluid to a second location and utilizing the heated fluid at the second
location.

20 25.  The method of one of claims 20 to 24 further comprising the steps of
transporting the now cooled fluid from the second location back to the first hollow turning
vane once the fluid has returned to the first working temperature.

26.  The method of one of claims 20 to 25 wherein the fluid is a liquid or a gas.

27.  The method of one of claims 20 to 26 wherein the fluid is selected from the

25 group consisting of water, Freon®, gas, salt water, or compressed gas.

28.  The method of one of claims 20 to 27 wherein the fluid at the second
temperature is used to heat the environment at the second location.

29.  The method of one of claims 20 to 28 wherein the connection piece is one of the

connection picces claimed in one of claims 1 to 10.
30
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