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TITLE Recirculating Vertical Wnd Tunnel Skydiving

Si mul at or CROSS REFERENCE PATENTS 5 U.S. Patent No.
6,083,110 is incorporated herein by reference. FIELD
OF THE | NVENTI ON The present invention relates to the
field of vertical wind tunnels, nore particularly, to
tenperature controlled return flow vertical w nd
tunnel s used as skydiving sinulators and anusenent
devi ces. 10 BACKGR(JJND (J: THELENVENTI ON Wnd tunnel s
are wel | n, .W nd t nel.s a vallable
in many tyB@‘é‘r“é‘#ﬂﬁmgt )?Ftécé Wd&ﬂwme Xehane W@Jﬁgreds of
t he user. These include subsonic wind tunnels with and

w thout return flow transonic wind tunnels with and
vvithout return flOROSSREFERENGEPATENTS nd t unnel s

and .15 t. return flow. supersonic and
b PR S  is Ppiee i B RSB et arn 11 ow
and conpr essi bl e FIOMDWINTHRINCENTIONS M8j ority of
the wind tunnels are used for research and testing
pUheprrstest inversion relaes tetbe fipldf vargicalfwind napls; marg particularly, to
tempel%,t[rg &‘[t;o’lleﬁl ?eéﬁrﬁ%%vesr’t’lcaﬁ)af r%tmillie(fss usel QS Wurg simulators and
ynam'c aces, rol®’surtaces,
amuseﬁwaewv&dags rockets and ot her Iaunch vehi cles, ground
vehicles, buildings 20 and other basic flow
i nvestigati ons Hori zontal wind tunnels (those in
which the air ék@ﬁ@bkﬂsﬁ eﬁ{ﬁquﬁ nthe tunnel
fl ow general I or| zonta ? are use or aerodynam c
r Weehtuael suve vstedislmbwg ilathe agtr &V mdmemalslaye awarielsle bymangetypes and styles
ef ense_orient corpQrati, o e Federal vern
depe“‘ng HeRTcae P?ﬁ‘ﬁéPF&'ﬁé‘F‘?ﬁ Fe5riac %\‘?Fosugﬁﬂﬂ‘%ﬂ“éiu i % ?Héin wihout return
flow, thAAESHc WARMBURRE WHRE BYEH RSt PudGRRN, Q/@rtfcglrsul'ﬂﬁfnﬁd \Qﬁﬁh tunnels with and
operation (in which the air in 25°the full speed
withous egtuindtovo fsupeneonia and diy pérsanies welrtenreeld witly end withdut gotury flow, and

ﬁ’i ﬁr al. Id erflorm poorly in that role. Design
COmMPIESSIPST TR Ry H‘é? ‘apply to vertical wind tunnels used

fPHie rhéjeBfyaftheSwil ln@ineRMArdhisell @t réde@ith ahl @S@ngpurposes. These include
hori zontal testing tunnels. In a vertical w nd t unnel

testing/offcpeentipnal sireraft.dichieopters, pasachwppandgiheriapepdynanye devices, wing

surfac%?&o‘?x?xlﬁf sdrﬁcésh g‘{t{q“(ﬁgri%‘ﬁﬁg‘ﬁ&g“ A& Bihglnlaﬁ{nﬁh;\%ﬁd%ggogm%t%es, buildings

case eings In

and otlep basia flowtinvessgatiend. hat secti on to experience or
practlce human bo flig In.a horjzontal 30 t

taenvontal pind ty e&:&%ss Prawblah the aitig tb%fﬁlHéP@%S@ctefgwétheytunnel flow
s 5 g O 5y O T o By PR s
major daefemseloriemted e&brbexdtlms" the Fedaralegoverminent, or educational institutions and
universities. Some of these have been converted or adapted for vertical operation (in which the air in
the full speed section of the tunnel flows generally vertically) but most or all perform poorly in that
role. Design constraints that apply to vertical wind tunnels used for freefall simulation differ from
those of horizontal testing tunnels. In a vertical wind tunnel / freefall simulator, it is important that
the objects in the full speed section of the wind tunnel (in this case the human beings in flight) be

able to move about inside that section to experience or practice human body flight. In a horizontal

test tunnel, the objects placed in the tunnel are usually static objects observed or measured by
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vertical wind tunnel, this sanme area is instead
referred to as the "flight chanber”. In a vertical
wind tunnel, it is inportant that people flying inside
the tunnel be allowed to rotate in and out of the
flight chanber without stopping the airflow In
contrast, there is little need to s nove the static
objects in the test section of a horizontal w nd
others.t Boritkis rehgon, tigs fdstesiogaet eftal horizortalrwiné tumeles cﬂled(aé‘tést seetion”. Ina

in a vertical wind tunnel. are free ve.ab
vertica] windfunty =|tblﬁt5m‘6%rﬁ6é9rm5tf=3(drF rred ta-3sdhe fil}o htshar %rt rain

tIH %'vrertﬁgfvv@i'ﬁﬁ RinnkP 13P RhHahedhe: RBpieT1yRg ihdiGe B¥ 5‘5&1‘@1@] be allowed to
l'e it Is possi’ble to put a safefy net on both
rotate mpmd oetofithniigbioshasbeeaithen doppihg theairfloivg nt coa:ltramttbcre is httle need to
hese pr.oduce, a enor a t .of dr i ch .
move tht Sate BRG] Gahare FRUPLLSdS PRA pURR B P pperation
Furthe@dra sthc@ Mer8 inviVerdal SRRPEnnd] Ared Beito nfove Bbsut Rddide MEht chamber, it is
nets can consume as nuch as 30%to 50% of the total
necessyy i eonseEefn ﬁheetdmﬁﬂmpmwmpga@rpaas off thel systasm W hilg i i ppssible to put

a safetf1 lgef o bgﬁlo hé ans re a%colﬁ\é\f%ﬁétregr%celﬁgan% e ]}1 é%gk@alg?qeﬁ gléese produce an

enormU3SH{DAOT delﬂagt \Ohit:lil erchie® Adisd@ldontredsas the poer Rgsiesd, to Tah@m any given
nost advanced vertical w nd tunnel s are designe
speed. tIn factitsHeh aPp3T efgletikin SRRWANESS BIEP e &Yoo POGAL &r?éombpwwer required
i c £
to opergtfe shg}g% \rzvfrldl tn e(l:).r F?%% rt%%q? g%}ép\{gt ocg@gﬁbe ; trrl[]{g%lfxg later%lly outside
of the ztltmﬂmhﬁ amdshﬁnfgmnsﬁp‘peﬁémtd the fload telava nFarfthie reabtm; ¢hetmost advanced

per at I Se seéen i ronmen
vertical g H%rﬁi WL a@ﬁﬁfﬁﬁh%@r VG SER CoORMELY Ty 9ggvall of the
flight chh'rﬁﬂ@rl t8 t}fé%e? €Thib B%& ﬁ&e@ﬁ@b’infhﬁﬂfﬁlﬁﬁ vifd RHSs Wher e

ey are free to make as mich noise as i s necessary.
Aéertacmh wanetnoneadevsed écx freefablesfimblation ofidndtave to ongsite moropsetsensitive

. With other anusene basi ean
envirorhdnd S R TED BCHLPPRTTr oo R s i ggn b
locatedf #%aly FFom HBIERVRIISIHRYe théParfffek € RBRY asthhidhi foMe ak & necessary.

successful commercial operation of a freefall

Asamuseent devieesy freefhl sigudaiesp must earapetd wih othghyypusgments on the
basis of grkce a%a (c):%r? Qﬁ%lrbe d)é))%}}éalteindgo r?e:Q§ contfnﬂalvgghg P}Fﬁ%ﬁ {\%a ?]a?{{ﬁr%rélﬁke energy

efficier@Rlcyiticd) IﬂSsdcb@sﬁllJEUiﬁlhietfcM operﬁtﬁw dfiafréefs] sifulank. Badrgy bificiency is
necessary dat a. S\%g is a, major constrajnt of
much lessdpeyitant &r harizandd! deshipg erngls dhuhigh opg Atensiakesgiouks Pr gyt to set up

an exp%ﬁnesdt bRPhED oﬂke/i ! sﬂﬁ?ﬁ"rthh%ﬁ 64 R xﬂLFE{E@ 4 cofRBUfie néé%?stap data.

ave severe ations. IS not true
2idinis Zmajpatorsesint offrdefadinsihslatins whick stand npright and sftghemust be

sited ing GRS L P G MERUARIE P e s EASBa o i s nottue of
horizorﬁﬁ%i:&iﬁg Ahnb I8 SRS EHBir Elﬁe R N tRQuddesirinlly) lbééfe& fr r away from any
public spectators in a shopping mall or ot’her high

crowdsdensity entertai nnent venue. To nake a cormer cially

?H% lpfﬁ‘gﬁ%% 33%% SEEE %rhd;ﬂgnug/{gesg Sy 3 {?Tgolg?h{i%nﬁsibility to
public §5RetdERs §irPa @lﬂ)? aiﬁgtnﬂilb’or%tﬂ'@# h Qieﬁé"l ﬁ:lrﬂamfrﬂaht PHRe Or nNore
n

persons i he flight cha W|th a devi ce that
iTo nedksratcommnnejllyavieblg urﬁléltcalewcd gmnt: opgkydiydng Saulaten.cong must (1)

move e(r)lough air and do so smoothly enough to adequately simulate freefall for one or more persons

in the flight chamber; (2) with a device that is short enough and quiet enough to be located where
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| arge nunbers of potential custoners tend to be; and,
(3) at power consunption |levels |ow enough to nmake

the price of the experience acceptable to the public.
The inventive chall enge of satisfying these conpeting
requirenents is net by the present invention. High

ai rspeeds are required at the flight chanber to fl oat
one or nore human beings. 5 However, noving air

large riubbersgif pdieatialenstomtrs herglhto piemd (33 atgmtvwes casumptomipuas low enough

anpunt of sound,and heat and re res a huge anount of
'w‘nﬂﬁga%W“wégﬂ§éaﬁgﬁ¥¥9a“ﬁﬂ@?kﬁ%ﬁﬁ a#%d tunnel s expand

affh inodrtiVe bBleRld ofl Uty O Mesd ERRTBHAL rdqiRerhéiitd ﬁtmet %/ the present

chanber to decrease powef consunption, noi se out pu
inventiwnd Higreaitspegals ereatquired amnedgglst@h@abﬁrrt@ﬂgaiemp owepre human beings.

ti b t han .60% d d
Howe GBS BB St A 8 e g BB Rl gl sound and
heat arﬁﬁe&m@ rathagaammnt AEPOWES (Rhscelideiyy ogt métesi Wildalifieds expand and
However one expands the airflowin any section of

slow the aif et downatesant @fahe fightirhambento dertease pAWer consuption, avise output and
heat gerzrlgﬁaggg.ﬁe sg E:g)nuxleﬁu(% o%\;ep Séns&?lﬁﬁ% O%ﬂnglaerthan gb"/s aWd olnly by doing so

rre' s m per ncr ea’si
will v@t@&ﬁWirﬁhﬁMdc@tﬂe a&dnﬂﬂﬁdl@asaﬂl@aﬁc dnfantathingint devided ot' Kle/diving
oint that the device will not adequately sinulate

simulaiqrge freefal |. The threshold at which this flow
B . P
SPPERLRR ISP by B2 B2, i L)ty e o
will “segHrats” ofd leuahe tunbulent patherithan lamirear.c @ik otill diake thgentinessystem perform

from one anot her at er tha 9 - 12 degrees., Far . .
poorly GRS HECRBET CoTHERPHAL PG HaSING AgPHgh DB et thegeviee will
not adéq‘tiQt@@l sim@Gtelthe ReRAN T hdGlold aﬁ@l’hléﬂ e W&Ebﬁtl&@é&ﬁm in an

iI'mprove efficiency. Unfortunately, whil his is
expanctmgduoy isdemky Wedlrdefinexbini the hteedtursylstsenple wmmgh@wallw%such an

i cal tem dra ncreases
expans{ L GERU RH CHRL AT OF eLoihet ok AR L o Wiy ha
reasonOhcréfsin} @6 %%gﬂa of Matiht£lNEst AmRelS 3t the BRI STNRAIAl wind tunnels tends to
approva il1d. Consequentl m ni m zi ng hei ght

improvgisTGenva Linortungfebhsh b s easiy datc e pEFaHIGHION, ddiee So ina
vertwa?%;’éte &a%QMﬁg fc?égsgsf thé Q(gl {rhc%]tg)gltang g%t?(gnl %%sf%/ntdt}gdth:gy the number of

places SLRIEH Sﬁeﬂéa.n ghingovaiméntal apiadvahtobuild. tdmseqoaﬁ].ypﬂﬁmﬁnim)g height
the safe areas of the wind tunnel ~w thout |n%%§§%
while ra%guzaw B sRANsieop aad Aeselemtiop of theadrdlqp; downstyen E)ﬂi%‘i? chamber
the k& ISwil® t[AE] Qbrfrfdrcidil faf1 th
Is the am‘il0 %o %g%fgéﬁwlt gugl E:kb H it Qﬁﬁbﬁs@ eng]itn%ly}?l hopgt?ar%%mg ©
occupaatscto ¢het safet ameas € tite wiad uemel\/mthcmt ineremsing dggehd peweartdonsumption is
nough to allow commercially viable operation. Wat
e“m“@% needed is a vertical w nd tunnel anusenent and
t"l“h%'pWoPQrt e aRndl@Nd ARG offef & HEEN thENSGMBH an@3hbep %nddfgh% be built in
de of the fans for inproved airflow, speed and
high dmsay SItOppmgtandl envtertaipoons ven B0 Vdmlnsmmne igffzoight piayigh to allow
ﬁ ¥ or the fliers. 30
commetaia y viable operation.
What is needed is a vertical wind tunnel amusement and training device having a flight
chamber on the inlet side of the fans for improved airflow, speed and quality, at lower power

consumption and higher safety for the fliers.
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What is needed is a vertical w nd tunnel anusenent and
training device having a sealed and pressure bal anced

stagi ng area adjacent and connected to the flight

chanber in a way that allows people to nove in

between the two without stopping the airflow Wat is

needed is a vertical w nd tunnel anusenent and

trai ning device having transparent 5 wi ndows all ow ng

SWEhat ameeded is medrticat mdndstuonel @tusgrsend and irgieingldevitd hzgzﬁng a sealed and

er . to see into What is needed is a vertical
pressuff ROt HEH e BT SKRPOPRSE S R R MG i gy tht allows
peopldtb Wit Bet@ken t‘h@%l) Qlithb@RBoppliRS aitfin @ single, nore
expensive and difficult to maintain fan. Wat is
nWéxa@d npgled is/eyarticad wind turingl @m&mm@mwg davce having transparent
ylce air ducts

windol SR8 S8 P 9155 U e A b Bl

NWHSESs AB&led lid DVéraddl wiRBluhRd amiuSerdde bidd trﬂﬁmg\dbﬁbe h@vmg a plurality of
needed is a vertical w nd tunnel anusenent and

smaller Feati rthey tepand sieglevanarn gxpenpiye anrbdifficultto@mainiain 9. duct s
R AR & & B DN gLl P BAinfRb AL ABE A ne or more
return aifdaeenéonsditle héad,irsduey ety canstrapliorg récﬁnSndilmmﬂdlllonll-weather
low profile casings that allow themto be nounted as
OPeratE’InoseI y together as possi bl e so that nmore 15 than one
g HeWtd RRNHg onl
RS A G0 L B oy e
two retumm: dma/eh llimulgh litghdy lave wgnHater nﬁmbhe)fefansithal retpsit dupts.
is ne vertic serre
B RePALA ) i i autent P Gaie R A BCS Ay fons housed
in low tpp&ﬁle AR $hald 8RS thed fo RAMbURERAE clo@el?%éﬁﬁfer adiseiBle sdithat more
in order to nost efficiently contro e tenperature
than o den bheonpeatedl topacieteture alr%n@tthﬂs)Uh@edle@ﬂ fog lcmg transition ducts that

vertic ement _and training device
Womdﬁ’é“\?‘?aﬁﬁ%ghﬁﬁglg?vgﬂ& ftﬁe H%Wﬁéems,ystemthe conponent s

OWh¥d ik bede@iga vertich® ﬁvlrldatunm amuS3phen0 Bl Bigdihiap devied havitig a passive air

only nechanically ejects the air frominsjde the w nd

exchanggsyissem st cigpts easpbair el draws jsraopler apbisatalr i Qedp eygst efficiently

\‘@@Q %Rp‘ side of the wnd tunnel and
contmt)t%ére % ncé%$(§étg§ t icient exchange of air
b&hutie neddoe isvd Wﬂtlctaluwﬁlﬁl tuﬂnﬂi amh&n&mb hxﬁhﬂraiaiing dedlEe levatg a passive air

is needed is a vertjcal WI nd tun sement,
exchange sy${7 dhecromporeninod Wy lorash HOZQF o Hovh geiactjpn Rt ot only

mechaﬁﬁe ! e@éét?/ thd SR e ths i@ l?f'lee\§1nﬁ hiinePHAANORrdafS %heq:fr@}ger %h%gst;ure gradient

ore, less noise than conventional cab
betwednstheasilednd sutsidv ef thedhd winnel and theedbyanmoazages theaﬁﬁﬁiclent exchange of

trai in evi ce Vi n at L east one zero-drag
air betwpery 8’3’?‘&“&%%@?38]& Piast ead of a physical net to
PWRNED heddedl & Syekti @MWiRMUMAE] hsdMab aﬁd‘tral&ﬂg 1bAcd hdviiita mesh
chanmber and qui ck@zmnodul atlgdg;‘the speed of the air to

“floor’ bnadepftshesial lyatskigaedmaties thatdrodice less Hramand, therefafeg less noise than

| evel .
conventlongl cables.

What is needed is a vertical wind tunnel amusement and training device having at least one
zero-drag electronic upper barrier instead of a physical net to prevent fliers from moving too high in
the flight chamber and quickly modulating the speed of the air to bring them back down to and hold

them at a safe level.
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4 0 What is needed is a vertical wnd tunnel anusenent

and training device having the | owest possible total

hei ght for any given efficiency in order to reduce
construction costs and neet conmon gover nnent al

constraints on building height. What is needed is a
vertical wi nd tunnel anusenent and training device

optim zed for height 5 by having nost or all of the

CWhdp aeddsd dmmﬁaaéwmdxﬁnﬁ& emfigengint archteaitieg dewiq:rdmﬂinghhae lowest

. Al S.ra as ssnble ou creatln
pOSSIb@égtaf%ﬁ%ﬁ siven SRR 9rderso FueF P P meet common
(PSS BRI ra ARG ntHuRH R rplg vice optim zed for height by
gove pr O%I?dl ngralan gptul on f%qu ht chanber in which the air
| Whatipaceded 1sasvemnahwasi tposd alpheement dtm\mamlog denti¢eptimized for height

by havgmgg?ﬁgsgh} %F %ﬁ? F(?r&ﬁ ansegﬁziﬂ{yg%txgel% aqft t? fr‘bgrhea)ﬁpgnd the air as rapidly
as possiblaR8fobt df&utiflg Holfsephtion/hat i s needed is a vertical
w nd tunnel anusenent and training device optimzed
fWhathenqued lsamrtwbwmdl tu@,nei ampsemeptiand training deviegeptimzed for height
by pI’OYl {rllﬁ%g 889 onal thp ct tbre]u(’e 1¥}?ﬁ}e%?r is ?Qpangéc{ a(s féh%s gom without

nnel“anusernen
creating lsépafdtiog ad ﬁ\ﬁams ﬂiﬂé\lgh&hé figfit chafberdecddr @ flight chamber that is actually
confaﬁgur ations which optimze spectator view ng areas
shapeddiketaiffgser.er s to pedestrians in a 15 shopping mall.
i et Sinim MAARY % d for height
VT RAR] ind ARl R TReP i eafenl S Rainie MRS oried for heig
and ovprall ¢izd &y aonetitg tha IfanM imdorticah dedts ﬂlautklemseit/escket/asd‘dlfﬁ&ers”
having a f nber situated on the.i.nl
B8 et St tpanek o et e St g aflgs
installdtoH c8hfidufatRhs %Rﬂ%hﬂﬂzé S%Eéiﬁtﬁr Abtin@Uedas of Eﬂé%@rpl’o pedestrians in a
maxi mzing efficiency while mnimZzing the height of
shopplngmaﬂmjserrent devi ce. Anot her aspect of the present
vent i on i to oxhde advertl cal wi nd tunnel having
IPFGSRE! INYRERR BIECS ASSRBSN et side of the fans for
i nproved airflow speed and quality, at |ower power 25
consunption and higher safety for the fliers. Another

aspect of the pr%d Ot THE INVENTIONv de a
\a/%]l 'cIlS gcﬁ tof \{He d)crj%sgllri:tn gg%ntlggy tggwﬁ(%n#q\’\gvehrﬁéa?ﬁg ngﬁﬁlﬂlgél leu%n?e%t device

havingtalTightahbabe spened 6n the inlbysde offa ﬂ@ﬁhﬂ@f&ﬂ” fzirh@vlﬁ«llﬂarmrt lhﬁutonnected to
stopping the airflow. Another aspect ﬁf t he [esent
a plurafify pEpaiMinggeie HF SNetY ety R BB AR e Rig{nizige the height

nt w ndows allow ng spectators,
Oftheélg%s%@g@tf%r@{sgor ot hers outside the flight chanber to

Samthenhspect df thé presentlinvegntion istosgroyige agemiahll winé nmeel having a flight
chamber on the inlet side of the fans for improved airflow speed and quality, at lower power
consumption and higher safety for the fliers.

Another aspect of the present invention is to provide a vertical wind tunnel having a two-
stage staging area adjacent and connected to the flight chamber in a way that allows people to move
in between the two without stopping the airflow.

Another aspect of the present invention is to provide a vertical wind tunnel having
transparent windows allowing spectators, instructors or others outside the flight chamber to see into

it, including in a shopping mall venue.
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5 0 Anot her aspect of the present invention is to

provide a vertical wind tunnel having a plurality of

smaller fans angled in a non-parallel alignnent rather

than a single, nore expensive and difficult to

mai ntain fan. Another aspect of the present invention

is to provide a vertical wind tunnel having one or 5

nore return air ducts to conserve heat, reduce energy
cAnethemispeun of the grsentridvedtiomizdo prdvaly adetticalvwaidhennel having a plurality

eration._ Another as ect of t esent invention.is
of smallsr T s grgied 18 anonmagale Wa?alepmﬂ@r Rlﬁaalswg Cofle Rensiysrand difficult

u)maﬁﬁﬁ%ﬁﬁﬁurn ducts even though it may have a greater
er of fans than return ducts. Another aspect of
t Asotperesspett of the prdsérmin\'restibroispo providie aavertmat windltuntiehblaving one or
unnel havjng fans <ﬂf used in low profile, .
more i G A oLOPRRaLS heahrediEF e REPIRD. gt naise0d allow all-
weathér pe@tivn.t oget her as possible so that nore than one
fan can be connected to each return air duct w thout
t Aeoth@r@dpefcbpf the presentinestien isio umtdg atvnatcammlddunnel having only one

ncre t_or. width st e
or two R FARE ST oBRH Nim eVl & ERAR} pfifier D el S e es,
aANGthér Spdct B the pidderiehvehtiot B%o propﬁtﬁsll %alcaawrndemhamg fans
systemw th _adjustable inlet/outlet doors that

houseciw@clﬁ‘dmr@fdp,| Wff@il%f@nﬁé thatdlloyy themytp be mpanted s glosely inggther as
pos51b s? zlitgnnc%}? mac 3 n??‘}ﬂl c%F be @%t{nehﬂécrl g({ %‘?g réltlgrg:ﬁgscfuchwnhout thg need for long
transﬁtolﬂm‘ueﬂs thvait W(’num intrezEse tiexligight ‘M)Wkitb yf thhentiregsterAnot her

ahetheaPpest pHE DG I 1 P BLmING tnnel having a passive

air exdhgﬁ%]tsgﬁ%l\ﬁgh Qﬁl&f%l@iﬁféﬁ@ﬁﬂ@ RE&H (R ﬁﬁcﬁalﬁﬁfallﬁg R¥%s BERQY air from the
for nozzl e ['ow contraction thereby creating
systemeankladrow bdoelgp tambmnt air gn adieetnt most effeamtly hentmi $hedemaerdture inside the
. .,0utsi af. t he tunnel 20 encouraging the air
wind (R Wi i Pt WO titPe Bienc 1y concr ol he
t RARRErAkpEcEof tAS pitSerlt B eWiidifis ttdlﬁxﬂeide aWeftiRalidd i@ineEMtviAch the
. work by the fans and without the use of other nore _
adJustabclgmley oulet doers lateragranged-sueh Khag they also forot Bé nozakp @t flogfcontraction

thereb¥ ﬁ?j er}g qS% %%lgﬁ?%%urg Qraiglen{ ‘9 6‘% th? hns%e\rq Fi‘crit t%%{e IOWthectiunnel and

encourd@ap $hel dir éxeRdngoin &fdlebty) fiGelyn&hind] he tehiptestuiednside the wind tunnel
maintain a confortable 25 tenperature inside the w nd

with minjmgbextranmerk by thesfapesnd withaup @e persleotherimuze festiyriin cooting

ide a vertical wind tunnel having a nesh "floor"
wdnmﬁéﬁé'of speci al ly designed cables (preferably steel)
t Adthqrraggbecel the presdht dyeatih is tdygoeide Iae/crtlcblewmd mm'nebm which the

th onven nal . cabl e t her aspect of
posmoarozgwlg AR f@ntreﬁ'ﬁsir@u@e&vnan% i TRt A sgmforiable

tempeﬂﬂ%\‘éﬂn&d@ﬂ{%&iﬁdt %.mre zero-drag el ectronic upper
barriers I nstead of a physical net designed to prevent

f Anathey agpeotof the present invention is to provide a vertical wind tunnel having a mesh

“floor” made of specially designed cables (preferably steel) that produce less drag and, therefore,
less noise than conventional cables.
Another aspect of the present invention is to provide a vertical wind tunnel having one or

more zero-drag electronic upper barriers instead of a physical net designed to prevent fliers from
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6 0 noving too high in the flight chanber and capabl e
of quickly nodul ating the speed of the air to bring
fliers back down to and hold themat a safe |evel.
Anot her aspect of the present invention is to provide
a vertical wnd tunnel having the |owest possible
total height for any given efficiency in order to
reduce construction costs and neet conmon 5
moving @xeliiphintha fligho olsdniteer Bidcapablb ot quitklg nvdulytihg théspéade the air to
aspect of the present |nven§|on is to provide a

bring \fllé?’rf% P%IdOWﬁ@aQW@Fhegb%tlaﬁP devel-or hei ght by havi ng
Lothé{‘saggécggf tHE gf@?&% ifehfistsR o gM%fdqu)é?ﬁ’:taf R @inel fi‘eﬁ/mg the lowest
fl'1ght chanber but al so nost t he conmponents
possibléaetas heighirfordny tgivenfeffigércy dinandbeto reduyse nchstrineticni qostagnd meet common

r api gl as_ 0SS b hout creating fl ow separation.
gove"{‘??p}?ﬂﬁg dggﬁefgé'n ‘present invention is to
PARKh&Sspecy 6F thé Sfélseﬂﬁ"lrwinﬁéﬁ"ﬁ% pRRide Bvegkaf Wind theleDtimized for

by expandi ng the air as nmuch as possi bl e w thout
height by daving gotgug dhepriroary sléffuser jusigiomnstréamoighe {light cliambghbut also most

orall G pogP ™ Bo §hsisha.c1 o R P PR 26PN possive
without @fc@tihNEW Bepabfifonsect i on.  Anot her aspect of the
present invention is to provide a vertical w nd tunnel

o@mthq:r@éppcf of the presensiinytentionyis tppievide g vpﬁ@ak wind tl,lr}pel optimized for
height%ﬁ %dl gg%% %’1{ &91?%%&@%@%% S&?th%ﬁtf/ oI 1n§ gégafréf?)ﬁ S it J)assgs through the

flight c&haih‘béﬂ Tlﬁs difffusihg iflgdnt cl@‘dﬁr&jﬁi esulivBigo bk thouglitefhas & EdSre lidight flight
an expandi ng di ffuser chanber with a reduced air
chambgréqno?@rq-yngthéesﬁpegﬁgp they fly, thereby forning a
S q v%ftf?:%{ drleBéptRized fi
h‘g}(%?&s des géeh%%dt %‘;ﬁgﬁorglg gd‘@%(]ld‘é hi's ‘lklﬁ\a/ é{l]t |eo np zector
height \by Irrlouapp@ﬁle f:irrsonrcdxmaal toétk that tlngmdeisesracpaﬂ ‘Dinffimad”.

appended 20 ref erence bejng made. th ]
RS awrcher G RGN R RORFA 70 I MIZht chamber wherein
the ﬂle?@ﬁ? i éncéktph&ﬁng W@ﬁﬁ&'cﬁaﬂmbéﬂ‘%ﬂﬁf Ru&ded %1er|3§ka {HRtgher the ﬂy,
desi gnate corresponding parts in the several views.

therebye farmmiingze slftda@hmgsﬂ@vohﬂ tbe ehthﬂ to slew Ithelﬂ:}CWthe@r Shwseﬁnris

cQlum an uring
e elBEafss ot ST BreCiiom Uittol Ring Bist Plan angppened
claims}! Rfdréifte BEME imadd B the a&‘@irﬁpahying\/ﬂfalvwngs&bﬁlﬁlhg)%/paﬂt ®0this specification
reduces drag at the edges of the air colum and

whereipdike sefeisacesqhpragieesdoyignfte pﬁréesmmdm&paggﬁga e seyesalyrievs.
air‘]J %Lrgl\ﬁ'at@ﬁ Sk k gf o¢ G Hts q’alhﬁ% f ftkleqa(?lrcoldr{ﬂﬁ Qr%é 1|ﬂﬁlr%1g 'tl%ﬁ{selves the

00r es su

air coluag éﬁteﬂﬂb&ﬂnﬁpﬂ'@elﬁ iftof ene Wehr dfh@@ﬂighﬁcﬁafnbghﬁ) thdathere IThis“wall to wall”
not sufficient to support .them At or near t he upper .
airflow gpo Eeguies @raéaaﬁheéﬁaescﬂf their ¢qlurgp pnd msregess etfipiongy pt hgpentire system
¥ i
The al{)ﬂg)h zﬁ%%ﬂg%@pﬁ qﬁ%ﬁ?ﬁ’é’?sm e@ Ff)l(ljggxllt ?‘?Mbn&g ?he%&ﬁ)ﬁ; BIRPloVides support
for theasars pduat (ie)ainfiottthrougin daefﬂlglglmhambdramrmsufﬂcmnt tmesupport them. Ator
preferred enbodine

t,
near thg YPBSFLPS sVea[ ﬂg}gg}gé: arp rt "ﬁ 1rtg%] n\gg ézamﬁ]ts?dscjf one or more
electroblMple®Qatly Bfkid) BerdsBR, boh B8 tHel58@IBh of the occupant(s) within the flight

chamber. In the preferred embodiment, the control system will automatically lower the speed if the

occupant(s) fly too high in the flight chamber.



10

15

20

25

30

O 7 The flight chanber can be round, oval or

pol ygonal and can range froma bit |less than 75

square feet to over 160 square feet in area. The

flight chanber may accommobdate up to six users at a

time. The airflow velocity in the flight chanber can

reach as high as 160+ nph, which will fully support

as many as six users. In the preferred enbodi nent, one
OTheigkt dhibmbErccandt keundf oviaher polygrbl mdechardnge fromad bidess than 75

or conprise flat_ or curved w ndows constructed of )
squaretfﬁeéﬁ% prard Y spragsdegt ingre) Thadlight phamber mayjagcomypodate laf’rto SiX users at
S
s B ol ) ROt ARBRER s Bl s oW, i vl
supportias mahy astiedsers. dwttef prefesrediahbaditierts oneadti maye pf toeewalls of the flight

chamb\g} élgllélg? 'ﬁgceog;;ggg ?kmg cﬁ}q\%ea%ﬁrrl] o tg?tﬁwgsdi %ag%%@ﬁexfg?as@ acrylic
| t

plsic PR B B0 i ARt Ao e

flight chambki gjlvw arhamtstricted view of thei actieiniboekimg plase withinithe therein.

TN R XY TA—
and exft'otpteﬁﬁg ¥ thb SRS aredMrolistSWhidE a us&lor nfifltipl@ QLS MhP EntEING exit the

to cl ose one or both of these openings. Users wait in
flight ¢hlambett. dg |cclga1a embodiments firewhich wetatiorisrpf ph@pants grhand out of the flight

area has .tr pane 0
chambF{RIAERe OB R eBhet SRR Rom b REE s Ry o
otherwidetrhbve tb BRsé bhcdditbothethese opbdingu tUseRtvaif iighd ﬁ%lﬁ% &84 fof their turn
area. The staging area 15 has a single or nulti

in the Hight chambar. Disetagieraresdias lansparegt windgws se dst an @l@e@ﬁi pay view the
flight %\Aﬁ?% S%&g@téﬁﬁﬁﬁ ?@ﬂﬁ%@%}l}g@%ﬁ%@?}u@é@%ﬁ e Qtja%ﬁﬂ% BRal The staging area

has a sitigheor nfiltiple cbedties opeh pedioticaltktot diiatv mlobke\m exjt tha pﬁtutecs'ystem The
. rotate in ang out of the stag |n ,2area from out si de &Ee
stagings3rea BAY fise Re g with éa epﬁlqnﬁb RipaYPATK’ o SeFopgAE gigping prra. This creates an

alrlockatﬁﬁaallﬁafggfo ?ﬁg)\’\? i %HH 8f ﬁﬁ@ﬁaéﬂé’ﬁf@@ﬁoh{b&@m%e system without

section cha 20 1 ncl ude
xemunpgﬂkcmﬂbwdopapel mhlch provides an alternate airfl ow

NN E R TN AT R ——

1ncludéj% Jf@ﬁie@rpaﬁ\él hWhidH $eviB&s drogRbmE ailRMONIK WRsH ﬁééﬁbrﬁr@éﬁtermg and
e cab | oor k;st bel ow each op enlngibetmeen t he

exitingfth¢ gight draa‘rbgerlna prsfeangdl mupbodimeat, g omail dlom defleetpewill also be located
t hem

betow SRR 8 o donlRenf st BT Bl PR B Bl PRHE B Sy and saging

area toGRiRIrhiQé &e%ﬁ{buhﬁoﬁmﬁ@h%bétﬁv@éﬁ thBi i@ réduCe fHeagionst bakncing
inside the flight chanpber or froman attached or

necessg¥not e control room The fans are controlled to
achieve the optimumairflow velocity through the
flight chanber. Next above the perforated section is
tThe fpis dind foyhet corgfoledan b iopérated front heidp themagingliréd, irsséde the flight

chamber or from an attached or remote control room. The fans are controlled to achieve the
optimum airflow velocity through the flight chamber.

Next above the perforated section is the primary divergent diffuser. The primary diffuser
diverges at approximately 3.5 to 5 degrees from the major axis providing a “equivalent cone angle”
of 7 to 10 degrees. The increasing cross-sectional area reduces the velocity of the airflow from the

8 o
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30 diverges at approximately 3.5 to 5 degrees fromthe
maj or axis providing a "equival ent cone angle" of 7
to 10 degrees. The increasing cross-sectional area
reduces the velocity of the airflowfromthe 8 O
flight chanber to the fans. Above (or downstream of)
the primary diffuser is the upper plenum which may
include the first set of high efficiency turning

flight aham®sr. toltite fans i Algdve (oredawmtreans bHrthd prémary diffiser is hengppesplenum

b R L ERD 8, 5 5 1A e
tumin? 2 ¢ aRtinditl %‘r\g?@iﬂuﬁpﬁ 18 vands Arcus@irddifb@né SkAvR frodSuB&intially

se vanes Imply the plenumif 5 no vanes are ]
verticali eulipstatially hotizongdlr In amoltipde tetisn systdny, these abnes|(envgsmplydhe plenum if

turn each flow.fr ubst.anti vertical, O .
no vangs Bl PRI GF Wb RS oS R iR BLAds 35 tincen iy rgm substantally
vertical { QW&thnttal® hoRkdalduct s and into the fans. The fan

inlet duct  transitions the flom1fron1roughLéwsquare

oilfrl;)eraﬁnﬂom@n aa;sqsdhnougig?hleynlﬁtcﬂm@.and inte the fppsef e fayinlet duct
. i t i nl !
A

embodih&1} the GanfihRnhwerE ad ditfaserd Hpahding thrrfiovpared ay mbdhyas possible without
_high-efficiency axial flow fans, although gny fan
creating flayt saarpen. uie faps e prefuakly hisdtetiidency 2|3l HBY dans; 3jthongh any fan
fRE frf | f ' iment, the f tai
o5 AT, 135 O o, g o
bullet-shapédrospeank and e teaedropdhapeditailcotre Ih dre prefesed gabatimentsthe fan

T O T A T
fan ob%cpgevt\i/rbg?ﬁ@%@confe,aﬁn CENLBLBPAN 1Adnt ahd RATRW Jré‘@tr}]lﬁgl"sgh the fans

ea through the fans 15 increases as nuc .
increagen ssinbéteaspos$ibletwithostereatipgfflomnsepanatiomt Thsrvelopits of the airflow through

TR TR o AT —

SI,eed@thhﬂgging the rotational speed of the fans. The
ai rfl ow passes through the fans and into the exit

dUhstadrfiaii napsea thypughy the Sins pedhinte Bamexit dugih Mhich@lsadrapgtion from

o R SR OR35S BSLGTE e s e

as diffisepangaiing he aiaflow bowiuals anpuskibRsviglams clehtingMldw syphration. The
) creating flow separation. The ajrflow (ravels thnou%h )
airflowgtrayels thiough a set @f gxit dycts forfhe sespnrshist gglglgla-p iciency turning vanes (if used)
i D908k F b C L ' yhich turn
which e o b B St ant 1 a1 1y
VHtetairflaiv. thdhenters tHel retourt dieductntlertise prhferned tmbodisent, these return air

ducts.. In th referred enmbodi nent,. these return ajr .
ducts s pashgpe 23 Syatna BB irs SERPOIGat e emrS Bapsbi atou
creatin% I'H?)waéeg;r%t@&’l. ] tl'i@’;?rgfeﬂ%d BRBSdikleft, WichhOEn aif@uct h&adnl diGexchange

| ow separation. 1n the preferred enbodi nent, each

mechanistnwompeised afiaotevérasunaler af fouwsts hevatyd omephesiigiares of the return air

duct. '@%gg ér:e% 9 tgi nsé)zfee\([ifsﬂ gpa? gi%ﬁ Irtc%g%ghe%; 8%%% %tsnolz%ﬁ gésgu%ggngcontraction in the
flow afeh bRk BEinBHhS 10406ks S Thishdbzlé [BdredsegiatebrRhses tAUgnamic] static pressure
nozzl e or sudden contraction in the flow area at the

at that peinhef thé system ansiaseists in theiespylgiop pEhqatadaitfiera ghe wind tunnel through the
exhaus?I Falv&?Sfits ltogv rs[tﬁlé/ Igr%gguﬁ; m%ltﬁeast}}s&moe[nﬁsﬁéﬁtg the inlet louvers as they draw in

cooler ambient air from outside of the system. This arrangement allows heated air in the system to

90
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at that point of the systemand assists in the

expul sion of heated air fromthe w nd tunnel through

the 30 exhaust |ouver. This |owers the pressure in the

system and assists the inlet |ouvers as they draw in

cool er anbient air fromoutside of the system This

arrangenent allows heated air in the systemto 9 0 be

replaced with cooler anbient air, thereby allow ng a
be replasezl witlocandijriagtbidnh eir t therpley @towisg 2 nser lneadjuist glettempdratoizain the flight

for flyer confort w thoyt, the need. for _.expensive e
chambgp fog fiyéiieorder wirbputabe niefl Teapts G REoBres SHYRgs R sgopgigioning or
evapora@f¥ ddofing At the bottom (or downstream end of the

return alr towers, the air again passes through a set

SAthe bottam (g dewmstseagr) end pfthle yetarnchirgoweiist the air 9gain pagsesethrough a set

turn if na vane re.used) that redirects the.alr . .
of turnjiangs (oF SR Fugt Py AT deste i IEFCLTRER Srglup g redirects he ar
from a@%dtix@ﬂﬁ&ﬁ%rﬁ@dl ho a 3Rtaatislly RRRoRAL SIS ThEaibObA eters the bottom

pl enum whi ch may al so act as a divergent diffuser | .
plenung ybichdnaycgplsorast 2§  dinergenteliffissr expanding thewiras uch ag pepsibigywithout

s Y SRS 13 04 G0 B SO RO BT i i

passes $itbugh a éetl bNiuAPnY o4iRs (draimpsly byt vittoaie0 degrédtum 8o vanes are used)
degree turn if no vanes are used) 1o t,h?t redir egt S )
that reqifgstsdhe aif from asubsmrtalbyorrenfalie a sybstngplly vertcal path. In a multiple
i . (e { anmultiple return
return %&%ﬁ%%@fgﬁg %H(\;l%rsljev{n&?{ed %gﬁlpgf)fngi ned at this point. The
ditre difthen pascsastoitind inlet bentrantoet Tlis rumpet-shapedldribell-shaped device

L tr et - shaped or bel] -shaped device. quickly. reduces .
quickly wglq?qs&e BB area i HCElsTrIbes e i et eGP the fight
chambeP98Ge bt aRHERAMRS 1atvB oderh BHW _qufé}a@mﬁ@ tan FAL& tgﬁaﬂoﬂv area without

d
aer odynam ¢ Iavvsmgovern how qui ckly one can reduce
degradirig the fhadity ofithat flovt.hout 15 degrading the quality of

| <2 top. per BRIEFIVEGRIGHEN ST GRANANGS ©©

FIG. 15 BdpAteRdpectile@iew of $sidgle wétameymile®y of the FIG |
enbodinment. FIG 3 is a top perspective view of the

FIG. 2fip p ghteweeighyed thef FIG. Gembodip@nt| G 4 is a top plan view
aof an oval .outl.et ect anaul ar i airfl ow
FIG. 33 b el vist o g T Stciler bEFE. 25 U ' o

FIG. 49Y akdnhy eiew oFanrpesl cotléd fﬁctaﬁ%ul@tﬂnﬁi sitflewc@BRkioact or .
FI G is a schematic view of an oval outlet airfl ow

FIG. 5dp asehsmatie viem af an pvplépolygos shanst ioutlgtiodan airflaw cortractor.

AN\ ) [ea. i . tive view of a
FIG. 63 EMrahaftl Ry Taffiov dubiePuitty BREGRGE! VP VIeU DL =

FIG. Mk 8¥tiRatic VRAREaalovaleview@dhadaor . FIG 10 is a side,
cutaway view of the tenperature regulator of FIG 9.

FIG. 85 atopiperipsctivervigy pet dpbiq itlackstagingAredief | ectors on
FIG. 9fiL bgmem%ﬁé‘(ﬁ%%f of%%llﬁﬁl&gt%redlggﬁﬁtor.

FIG. 10 is a side, cutaway view of the temperature regulator of FIG. 9.

FIG. 11 is a top perspective view of deflectors on flight chamber entrance doors.
FIG. 12 is a close up view of a deflector.

FIG. 13 is a side cutaway view of a fan and housing.

10 ©
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FIG 12 is a close up view of a deflector. FIG 13 is
a side cutaway view of a fan and housing. 10 FIG 14
is a side cutaway view of two fans and housi ngs
nount ed di vergent froma centerline therebetween.
FIG 15 is a top perspective view of a two return
simulator. FIG 16 is a cutaway view of the FIG 15
enbodinent. 5 FIG 17 is a schematic view of a V
FIG. 14doh pide oitatvapvieetofitwo sinsuhdharsingkhféuntk8 divergensfrdre maenterline
view of a V footprint two return sinulator in a mall.
FI dhergptyveens schematic view of a multi-simul ator
FIG. 13955 ¢ 8We'v%v@?p¥fv¢cﬂﬂeﬁﬂn sinflld®r. 20 is a side
persp Ive view of a mall type viewing area for a
FIG. 1$iisra cathway viEw@S tHRIFIGs 1 Aembbdiment ¢ vi ew of a dual

qQntractor, (one u rground and horizontal )system 10
FIG. Igjigp S‘gfmalf‘%v'ﬁws‘gé‘tr\?goﬁg?m\?F‘@Wﬁ“&?é‘ﬂimﬁ?tahg lines 21A-21A
FIG. 18fis E5&Gemfic vieW@f 232 fdodprint WP rdRsth SRRALbYR Mhaw of a
cable floor. FIG 23 is a side perspective view of an
FIG. 181 & schengtic misvenf afmultiisirenibtod condiguratiofr inGs buildings a vi ew
FIG Zﬁf' a %econd enbodi ﬁnt q@gl e.. FIG 25 is .view of a
- 2018 ? §98 RETSRACHEN Y e W ) p dnalliypeyigving grqator,a %‘BW_ tic view
FIG. 23fis & séteR@fic SRAA/ dBUoRirhctSy@©h&Mderdrbiad a?:lla hbﬁzzchtgilﬁ@stem.

perspective view of a rounded diffuser. G is a
FIG. 24 Ahie paedtionaliviaw takemalongilines 24 APl el flfg2h wat er - cool ed
i.mul ator. Before expl aining the disclosed enbodi nent

FIG. 2315} I RFsbesttve Vo & §BIF HoPec ai 1, it is to be 20

FIG. 23N§1£ 53k 89pdchad vieWR R YL@ Rable, MSttentbodih@d. in its
application to the details of the particular

FIG. 24ris amigeradatsscand embodisnanteebldhe i nvention is capabl e of

t.her e i ts. AlS the term nol ogy used herein
FIG. zgés YISW ??%gﬁﬁ(ﬂgrﬁn%osdém‘a?t col%lg’cri pti on and not of
FIG. 26ii¢h tekiein@fic viORIERIIBE NsdFshitiolf FREMERRED EMBODI MENT 25
Referring first to FIG 1 a single return sinulator 1

FIG. 274s & topvpsrspadiie aiaw ot ighndediffuser.pref erably in the
FIG. 2% Ellsp % gca}f%tnaﬁlp Oly 0?91'cgu%%es{l‘lga\?\l}iaginzga.r@atlep&{og\%ﬁﬂ%{(1)1?1{2)?. may

conmponent round either @
or &. The flight chanber 10 nmay be nade entirely or
partially wth transparent panels. If ground |evel is

diefere explairing theofigdesd sabedimant of e prewege inveRtiRzgin detail, it is to be
e oSN, B R 9 4Rl AR o o i
arrangandntOshodm, kinoathefihvephibn 3¢ cagiablei of otiee efnbbdjintentsh alserthe terminology

10, .-This design attracts new "fliers' who pay to
used herein is for the purpogse o? éescgptson and not o l%m{tatlon. pay

DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring first to FIG. 1 a single return simulator 1 is shown, wherein height L, is
preferably in the range of about 50-120 feet. Some installations may bury all components below a
ground level of either G; or G,. The flight chamber 10 may be made entirely or partially with
transparent panels. If ground level is at G,, then an opaque pedestal-type image formed in area d;
which may be about seven feet high. This embodiment in a mall creates an eye-catching, live action

human flight studio in the flight chamber 10. This design attracts new “fliers” who pay to
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11 experience simulated skydiving in flight chanber

10. Dotted line R represents a roof, wherein

conmponent s above R can be roof-nounted to reduce

noi se. Dotted line Wrepresents a wall, wherein

conponents beyond the wall Waway fromthe flight

chanber 10 could be isolated fromthe flight chanber

to reduce noise near the flight chanber 10. 5 Most
experigrice 8imlated Skyidiitg mfﬂigfh&h&nbdfrd‘ﬁl wtted tiinpRregresehts\wabdfs wherein

in the flight cha S erienced fliers can
compqgenis aboye %%éwe?@:ga%m%do odrib ca RIS ﬁaﬁwvr&c‘f*’treprﬁwﬁép%aﬂ

t
whereﬁﬁzcgr gﬁé}?s l%e?fgnﬂh:e g%tll Vg%gv gllré‘fnatlhg nﬁégﬂg Flg%:/gelr %(r)] B&\id Be isolated from the

flight ¢Hambat nocrndub&nolse héee thel fliglet ohviinbér Jj0oi ns t he ai rfI 6w

IR AR
experlérh:@d bk UEE pradifbedamCuid M@coaStadtRAnd Vélgtity 8 ardithd 140 miles
n1nallgathe air speed at line 11 is at out 140

per homphSImlH@tohh rodeegt’] ﬂlghﬁélagnbmﬁlmgﬁlevatlm 1 L.hBleyatioarl1 is the
line w?iog b‘ﬂ‘?s tg% gi:rf%l v cct1 raf:tolr b%‘ %1{6 abr fl:ll'ng L(? v&ﬂg%ns iR dgtffus%pﬁ) has

g alr spee

divergfhigGRals 2091 [22p&c | &d&h@dﬁ‘fu@&ﬁ Olﬁlﬁib sefvics 8Y the Cléght cluaitge 10.
their dra profiles froma maxi mum spread, eagl e

paemiraliy thegirpeadt e hifrA ADBAIH0 PP the BRXINTHY, §peefi fn the simulator.

f f
As the é goeﬁﬁlgﬁ&gﬁ ergh%l{r)zg:ga g&al%ﬁ% #%ﬁo%hf @Q?F@Eg{gﬂﬁ{e WI ﬁajﬂgctlon 110,
the alrfsﬁd:eld dr@sdpaﬂm/}ﬁ t@labolih &2 @hinpHh. uEb&‘rs Szhm’bmngn‘ thelh draglprafties from a

. chanmber 10 wi |l |l provide a kln tenld
maximuLshred eagle pagtion ﬁosaﬁe@anws*w Al PR f ke afiends to the

top of gf%“mgﬂt'&h&lnﬁé?q 0fahd @H&B RABEDRE didd-to A haRbR b ﬂ?abe Heswﬂl fall

rovided a line 11. The divertéer 2 neets the f user
downvﬂa(ﬁd aThg diffosedr simpe b@the'fhgltahamber 189iwill iprevidef & mlfrlaakmg system due to

vertical a horizontal path.in,t iverter
the inciing FgsngBg p speh iBerggnisl fesding BO i e Tl TR 1, 4 safty et
lspqukg%nngql 20 degrees. The fan assenhly 3 accelerates.

the air, perhaps with two side-by-side fans. The basic

dfheetivester 2 megtsith dlffnsewlﬂ ajunefica 00. iThe eirvedizertrd:form 8 wartical path
toa hoalz%rﬁglnpa%%n% c'hv lpt?lF %ﬁfgﬁgg 2%,%,? chzln % Sir di em% f?}; about 90

one aour eep OM/C ose
degreeb.ul | speed for the entlre | oop through t he S|nulator
However, the hei ght woul d have tao rise, the noi

Wbl fan pisera bl Sraseeleratgn thezr, perbapsanith yastiderby-sitle Bpis. Fhe basic
dynamyfgﬁrll g !re%}#% RULE: HI%ORIQ %F)ngf’b?mse:mﬁ E:I?Jr& &ffic eﬂc\%, {Iﬁé@grlldr size. In the

crent operatl on, necessary to S
simpleslcdmlgd Lonengoult attémptvte keetpl’the aigfiow blessionfull apeed foote ebire loop

enl arging the cross-section areas of the pl mto
through the i B PuF S hidgigrouly b 85 rnate i< he enggmous, and
the hee#’?)okn BRtioR tﬁagleﬁ‘lﬁgs %bﬂﬂdll;e%ﬂ&%ﬁﬁlky TREERID ForlrRord SficidA€ operation, it

ast horsepower possible for the fans. The diverters
is necegsaty ©, spovgteairalowy dicing its trirest ¢hrdighe thyi sirgulatar lewpdyecrdayging the

Cross- sggtgqtlggﬁ org AT gt{]qut%f ﬂazclé)g{er{l%%:fla ﬁcgs%thlgF jﬁé/?]é ggelgﬂtgm as well as
noise, 4@l slu%ultéﬂ%@usﬂ@ﬂtempt to use the least horsepower possible for the fans.

The diverters 2,4,6,8 generally do not have diverging walls due to cost construction
considerations. The fan housing segment 300 and the fan section 3 have diverging walls. The top
plenum 30 has diverging walls. The Vertical return plenum 5 has diverging walls. The bottom
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pl enum 30 has diverging walls. The Vertical return

pl enum 5 has diverging walls. The bottom 12 0 pl enum 7

does not have diverging walls due to tradeoffs in cost

construction considerations. Bottom plenum 7 could

have diverging walls. The airflow contractor 9 has

converging walls functioning to narrow the

cross-sectional plenum area, thereby accelerating the
plenurﬁl'ﬂrdobsjn(ﬁ havet ditetingiwalls due fol traglhdffsinrostabhsgructién ddusideriations.

k et 12 bL* in anbl t air to cool the sinulator

BOttonéP U GOM lﬁ’?{ HBG‘?’Eg"%&)W 2 a schenmatic

e SR &)tntrg&opé hésh:%nbé‘élﬁ% Ralls WRckbaS totfardohe cross-sectional

si mul at or 'S shown low is shown by the arrows
plenuri- areB) thereby augelvaneg the @y, to abqut 120 mphzf@Sﬂleh‘rcﬂnmuhawg e the

rfl.ow, ctian by.9 g fans 40,41 are
< eaibibiel 1? PR aPIROLAE BeLoRb e SEHTAPT 9T de by of de
| ReftAREMeAYFIGD Bsche@hd repeséitdfionlod tlfeQﬁtemaD%ﬂ@%@blfﬂﬁ simulator
view, wherein right after the fans a 10

1 is shevnf Agrélpwswwﬁmbg arzewys K| Ewsertmgevaaﬁsf%qooapl ?% 203 each change the
alrﬂovx(/:I %1{1‘{691 E? @ ? claer%g ﬁ%ﬁbf%l%m alﬁ;!l S?%%ﬁgal@%ﬁgwﬁ Ex%tﬂﬂﬂgal horizontally side

by mdef ini tBélE haRBg3e FefdrQo FIG, pl@Sféf ¥ pertsp‘ﬂ&ﬁ% dtw whereigught ziftdﬂ the fans a
ystemis provided by having air inlet 12 | ouver g
plenury at,f@seroﬁ&ﬁn%wéa and slerws thegHBPYy Tha dilgisingsapimees Spop glenym 30, and

then irl \%&‘t‘{%i Teiﬂaltn g Qﬁ:c?ﬁ?éf{gﬁgl%ﬁgmhe@g HREhbagot he  inl et

ut o p03|té out are C|ng nozzle is
fA Ipmd/ehmb@ammmglﬂﬁﬁm sR€6m it previloy by hadng aiginld 13 louver 120 face

downsgrngnré.:e g%gi(tjiorsreh@ttég 6‘? gut eé#ﬁﬁ@q,é) oﬁy%r/ %%gv\fi]a? %qrpg%@sfcrggrrrxn {39 (renounting the
inlet l@ﬁﬁ(ﬁit ¥Bpoklte 915@&‘@6 eﬂreﬂ’uctl SIS RrRkd @¥ YHubes’ lJIQO tj@@ tH&@by creating
an additional fan. Referring next

a decrezasefd‘ s Erpréssing zonc Vi alobyestream frem |th¢ inlee 1%h§kmefofe amblent air is [forced

a een, b B..Base B is
passivi 7R s T R Mbty RS Yo e 2B3io 25751
droferag nakt t& F1IG.hé Hﬁrfusaﬁvhgmaﬂb@r g kethk Bhdpb of 4 poll gon (octagon)
of about 7-12 degrees from each other. The tog of t

as seerf by tpbaseB. cBasetficls carredsbysamietnseta Theatalingda1a2 ety qilawge at an
optimat:]' ragrrc])%naalrné ) e%gﬁlée? raln%ggfn \gg{xlj B 13%%;3 i?onﬁéa%h h¢ ﬁ%}{ PR top of the flight

chambeO1U & 3€dnais a4&@aﬂgﬁaﬂaﬁ6wﬂﬂef anr@donte of tie vaiflls20,21,22 etc. may be
rectangular inlet 401 and an oval outlet 402.
transparetnsi tj on wal |'s 403 contract the airflow fromthe

hlggfgr&xflégéétttg \/\}1@ € anirlo® co%ﬁ'gctmp RS g@ JX d%ﬁ@d «Iﬂ%%grbtf a rectangular

chis SOﬂEtIﬁES uril e rgrou
inlet 4@haral & dvehgttlet AR. dlansitiinswal 0B cantrashthefairfibedmmathe inlet 401 to the

N R T A
ds. Thi d&‘ﬂb@ﬁaﬁﬁn &f st3pE Bid diR@ndi6as! folrR a Cb&aRffedtiv balanBefok & &éﬁmvely low

‘oval outlet™ airflow contractor covers any oval -1ike
height,sind gemsecdialysvigdé sigotatenal outl et 500 and perfectly

T AT T T e

shape RN b§Poly g SANMButlt SFPandgetfe@RadvaPbi@Rt 669. €Bhe oval-like shape provides

for a larger viewing area 700 compared to a round outlet having the same cross-sectional area. Area

701 includes a staging and entry area. The flight chamber bottom B1 could be in a mall with

expensive retail space, wherein the larger viewing area 700 has considerable commercial value.
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30 701 includes a staging and entry area. The flight
chanber bottom B 1 could be in a mall with expensive
retail space, wherein the larger viewi ng area 700 has
consi derabl e commercial value. 13 0 Referring next to
FIG 8 a two-stage stagi ng chanber 800 consists of a
flight chanber bottomB2 with a flight chanber wall

809 having wi ndows 810 and flier entrances 806, 807.
ERéfeangarxBOFIG0F a camstage saging emsber 84 ¢onsikts ofj @ dlight cragber

bottorg B3 ih & Bight G bSOy e RS R and ST o 807
Entrarickd §963807%aft BE §5$rle§§&ewftlli‘ ﬁm@éd ks & wipsTlmg dddrs. AIbANAs doors

pressure I's shown as A Doors 801, 805 open from
801,8CHrdne elosedAhe Gans ido 9ot savaty brshut dom ®clow) e@é@@m@r/leave the ﬂlght

a3 0L SRB2% s RSl 9% DERRPL 535 LG Eh g 800t s

room $02047d 88bniiitalsigd66th 8880.3Dbsr SU3aSEHHated the Rtaging &0(8@5802%04 In
closed. Then the fliers would enter room 802

operatipnargsogoaf, fHers cenld sater raom &4 while daoe 893 6@@58‘4)111%@& 805 is closed.
Then tk{eéﬁd {58&1 en %ep opne%\%?h 5&0@8 (95]9016438 Fﬁé”%%&'ﬁ‘ﬁéé&i §O6,807 are used.
a pl enum to

hﬁ&feﬁﬁllgaiéxtitkz) leIngVQ F(l) thEEﬁanﬂithx&tre@ﬁating shsierat1 000 cppBsidfa plenum 5
the .inlet ut slightly upstream at dj,st ance d

having anicflosnF by hejeley A6 isdpeatcteppasitephe it d%ﬁz}“ slighiggstream ata
dlstan%eﬁd:i l%ggseﬂrb dégigltn E)@Jalln@{%tse ﬁréf@ﬁb% 1t A ?sf\l @%%T&Jng'oﬁﬁﬂé/ from a

han om anbi ent enun15 I nl et
controfiraonviol viaryethé alrr‘ﬂmhan@fwm)am’nmeAdu ttheqﬂeralm Svbiletae volume I must

The decrease.in inter statlc ressure V i
approxate QYET RCYAMG Gl S RHFEF 48 g R pressie s BrEeRey
contradting A8 a@ée‘ier@t ﬁ@ﬁ?aﬁﬂ&%m used for closed-circuit

Mﬁnd tunnel s disclosed herein consist of two |arge
I Bhevar exchangeaysiem asas for blegedeiflrcuh avindifunagls diselasedibigeeisonsist of two
ver a

eree RS R P e L HANEF L U3 R Bl TREE. The xtaus

and infaRY Rudbtks Grd 18ERERSAIdI RRnfea sYERNtheREEFavdfibte inteRietibh Biiwbéh them. This
part of what is novel about this system The |eading

locatiandgparbpf what isnavalighout Bissyptedef | ects into the tunne
ia’ir:l? légcﬁ?%gqgg%tfﬂ}e hgds 1 g\('é}rﬁeg%c(zs in@(yc'fhg Jn@?antdus@{ﬁﬁJs 0 Tt'ﬂ@ air from
ake UVer 1's oca e opp os e tunne

inside ftHe(lmlﬁdll eTkxinaiks louveris écated lohshdoppositd tunmel ivealldes gﬂ edhaust louver.
line up with the | eadi ng edge of the exhaust

Its hmaq linegyis dgggqegﬁo 4pe wp W@th theflgading %Qgelolﬁ 816@&5@185 ut/ﬂ‘é’lt the deegign setting.
The trﬁaﬁé?&ge \éqﬁtaké 1046 1§ QL sl eeld BB ¢ }Lehtﬁnﬁél' Nfgd deﬂeEteH %o a greater extent

to a greater extent an the exhaust |ouver
than t}temxha;ssbuwreo catse theeihterriat 4ikfow velbatyi thyndrease by creatdeg vygzle N. This

nozzle N.. This i i nCrease

e G5 R0 S i o e B BRRL PG R (i

law). PhERIF FrtdrBAsBRM ptdssite Arldvdnospiific) SllyisQéigradhto the inlet. Asa
static pressure Fbe | ow at nospheri c) actuallﬁwéuc s air

minimumt thetiftekd lobetr. hasxﬁleaamqphnrduniengm@s ithet exaust ey Imseme wind

exhaust ¥
tunnel S g ot feole S Rk B0 Tgal el ot P than he
exhaudt lGuvenioakduck bvRflebinaequittdeat er | ength or chord than
the exhaust |ouver to reduce the deflection requjred.
Traditional wind tunnel air exchangers either have the exhaust and intake in separate
sections of the wind tunnel, or if they are in the same part of the wind tunnel there is not favorable
interaction between the two louvers to cause this desired drop in the internal static pressure. Other
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Traditional wind tunnel air exchangers either have the
exhaust and intake in separate 30 sections of the w nd
tunnel, or if they are in the sanme part of the w nd
tunnel there is not favorable interaction between the
two |l ouvers to cause this desired drop in the internal
static pressure. Oher 14 designs have enpl oyed a
screen or sone ot her drag-producing device downstream
designe hateheenpdoyed usscreemnosanpsttheaimgprotingng davidealommstaeahi efithe exhaust
[ erna\{. sta ic.ri)ressqire.i n order t aus
1

and e o P gk A ecnrah i PR AAKS Doy @ e §5 £ the outside

air to Rk tuhdell WHRM s WARES 1G4 €W inefiiticht! €Y IrdsBilté h unnecessary loss in
unnecessary loss in total pressure and the attendant

total ptesswe aml the atteridagtd p$san temekeperfofmanset Péer these ig@dditipesh dncting
. ductin requi red.to control the internal. stati
requiri 6 5ol P Sk ueb hBchamGeebeheft SftsuBbth sy, The prosem
inventidn@96ids theisé(;p‘l@me'h@ f&n%ﬁ@ii&&s tHeRRSirddr d xehaga Mdthahidliodesipower loss.
air exc

the desire ange wth the | owest power | oss. .
RRefertingmgxtriefiG8 ol I 2asleflegton 109 igplepectalone the botter edge of a flier
I J AN
e 8 5 AL OS85 Bl LR 20 o s an
therebg hiamibeze danitPrdsbreantO©MFO8MB0ANdThd dufleetoy 1 hd0hasiaz engled/leading edge
resonance in room802, . The deflectaor 1100 has an, .
1103. Fhgleadingesdag hip3dngjines mio theghightphambez Jiin g deypsiregmstirection. The
: r I
e P AECARLES s L DS ) QOIS Ror 156 i
be moiimtsd atahk b of thealopy ovheeasn &honds. in@ptliinto dhd staginglati fromdhe flight
1196 could be nmounted at the top of the door, wherein
chambgef. pends inward into the staging area fromthe flight

CREBRRE nekiab SIEGS NG, ke fdrr]l@ 4645t FIL3 2lete SHORVH i @l&ilj‘_;gef&ﬂred design.

of FIG 2 are shown in their preferred design.
They aftheryen¢edeslightleawaofrarh ieadht dtheraclajverto oreertgdine @s Beywn. The fan planes
elative to a centerl.ine as s . the fan.pl
par. P bl d QR St e R R he o A R R B 300 has
divergmgavaﬂl@nwpm&rﬂme debmBntGRAY tokBOPlaa B 01 diNvaiigaloWWahdybe 103 inches,
1302 after the segment next to the blade 1301.
and WRisnyrhel 129 inghesredy siggeering of thetfars can hakp njgee ths,tveaefan ggns 1300 closer
i . rd X .
s S Y AL AGRIHAR 8Lt A 4§ S EARDTH PSR e isanc
betwednthe fwosdlurhdOofir frém tHelfahoOwhlich teziticdsithelehdt@ DS thehetmrn plenum and the

.. reduces the distance 20 between the two colums of air
heights Biade ARl eod befrwardy educes the Iength of the return

%ﬁ@ﬂﬁ? a0g b 7eGs "Bl 1Y duaPlRdf simfdof P300ds BRwWO MRESbnal equivalent
et err ual

ng next to FIGS. 15,16 a return sinul ator
compoh&fiftd the singlamretuffusimiilatond| are giver hkeemimbers nyberegmuna further description
) ({Rﬁe single return simulator | are given |ike nunbers,
13DeCGRAerein no further description is needed. 25 In this

PRhik Pgﬁi@%ﬁ%iﬁﬁﬁ} the it Chdnotet 1503 ParalieORalRasther than

paral I'e I's rather than diverging walls in order
diverging wallovn odertornedide & wlagivelyreonsiant agflowitskeinh évbeveithe flight chamber

.Abqve t li.ght chamber .1 1S a gif fus
1503 i it fstroang o E s Mot B Suieef s OBl gt 1505 has oo
divertiflg Vaiek @507L BSU8. R disork 1521 supports the fans 40,41. Top diffusers 1520
connect to the diverters 2,4 as shown. A left and a right vertical return plenum 5 each has a

temperature regulator system 1000.
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di verting vanes 1507,1508. Fan ductwork 1521 supports

the fans 40,41. Top diffusers 1520 connect to the
diverters 2,4 as showmn. A left and a right vertica

return plenum5 each has a 30 tenperature regul at or

system 1000. O 15 The bottom pl enuns 7 each connect

to a double diverter 1501. Double diverter 1501 has

two diverting vanes 1505, 1506. An airfl ow contractor
TBeDboaomeplaruatsckeach eomiect tb @wouble divietter F30i gMtoubleidveiter 1501 has

15Q03. Al er_flight chanber 1503 can be s
two diggring vanes F 06 AR ABotG PP GHGHEBE BRROY do the fight
chamb@xnpﬁ)@' NeRtgePlight Gantber %@Qfaﬁ e 'sﬁ}ﬂmﬂ@d(@vlth heftols fahd stdwn as
return sinmulator 1700 has a flight chanmber 1701
ompawdtth the tiworfan embadimiest fiFiG. Zhe air return conponents

1703 th this to n vi.ew to for -
Feliimé Pt FIG ] e ot SE 0k {2 PG wi e
1704 tRtéigNn d'hé‘ gir ket coRPohdnit0IT02078 8 BRI shdwih) ith @S topSilar Giew to form a V
this sinulator 1700 is in a public pedestrian wal kwa

configmatiens (angleir05 is apiagyie aaglal exdendmg frans theflightcchember 1701 éne use for

i B0 SR P RO MR st

pedestﬂﬁﬂW@lkajl W, avisle alecongoatrasl 1 701700 fake svaiydpeeofod aid kiddewby wall W.
r oof . Referrlng next to FI.G 18 another V shaped
As not§4 heivas s fans e selatakduchvork meavtERGed Rl the oot

%\fér&xﬁg 1Bk FIRE 8pa'131 of V's%e%i Br M0h§‘§et P Hﬂ{%kéﬁ? mall
retail °store space along area expensi ve
environmért. ThepedediBian watkyvalydWeé hag «mpagaveane&uistcnm spacoalodg hiead805. Less

. et t 1801, 18 tsid [ ]
expensy it i LR v ioriEe an e kB a S gl cemag e

1801, 1802 AN okRidBIBr WO 136atts the r&ﬁt@alr]c%rr%oﬁ@{ti 1805011888 b8Side as shown.
an encl osed area designhated as PUBLI Possi bl e

Reférrigg nextito RES.dO aswathaQrgatge an anlpsabaen dasignsted wnPUBLIC.

posso YRR eSS0 e, PR BB, A8 ot e

excitinE'irQoo?Qmaiénﬁﬁi dréd desigheredas PUBLLC. t he Sl mul ator 1 of
1 is showmn, wherein a mall 2000 has a pedestrian

vikdferviag nexpto Fia m@pm&sﬁﬁmndeﬁ@g ef the pinnllaterelsoffF1G. 1 is shown, wherein
a mall gdr)r(gjsheag% heest gﬁ%%ﬁll%\ﬁzgal%\g eﬁfe%r}r?‘"rgﬁ?’q}ere\fr? P\Eﬁldk@ﬂxﬂéﬁj p@gple density

re compl exes

entertaftitietit V&iud nfﬁihidlxﬁgez{iﬁw’eﬁlemqmﬂ(s(; ﬂiehteagﬁ)nqﬂmu,sfemly entertaiiment centers,
| evel & fornms pedestal area dl so that _ the %glic )
and colleggieamppses PGP devel Pafrapapedastsl piegdr sethaliBe Publis logks up into the

transpdrédt eéHft REanief F0 Zgqucé(&%g e dzp%(?g%ohﬂ pirdn HitR&thdr $4tal Store fronts.

stor ronts. an ground & screen
Walls WomdahegtbsncBGﬁsc?eeﬂ camposdnis\i 6,718 ateslownRefdetsr i ng next

RN TR NN T AT S e .

contra@® 1€ §orBoNiar aﬁﬁrfe&is dm?telsﬁ c ‘Pﬁ@se%&ﬁﬂs@ag@%@ﬁﬁﬁ%r@ 112 3shrtical and
I's vertical and feeds the flight chanber 10

feeds tisd flightthember1 00 Wwisirdulbier 21 theould busy thetfirgfestage honteafy‘tanﬂl 11

underg‘?o]ﬁ%l(]i. The result is less noise and less height for the second stage contractor 2112. This

invention can provide a lower overall height for the simulator 2110.
Referring next to FIG. 22 a staging area 2200 has a flight chamber 2202 with a bottom B

consisting of a mesh net 2201.
Cable Floor
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underground. The result is |ess noise and | ess hei ght

for the second stage contractor 2112. This invention

can provide a | ower overall height for the sinulator

2110. Referring next to FIG 22 a staging area 2200

has a flight chanber 2202 with a bottomB 30

consisting of a nesh net 2201. Cable Floor 16 0 The

floor of the flight chanmber is a 3/32-17-strand

sTla fidoe o thetfBght chambbarad 4 3/652H[7estrand stainlest stead air@aft 2abl¢ 6Oven into a

cmx 6Q c id. h f the cabl
2x2 @fcBs0 b uer B0t oIRF Febte whain fiah 84O PRERTY" SgE: One
hundrég%t%t%%lgﬁ%l(?ﬁz)wgs iRed d}fthb Hﬂﬂ@i fddroor . The conpression

springs is adjusted to give the proper "bounce
t Thet dwrlp‘rebssmn of the\sprdingsgs adjusted toegivetie pedpet Sboyheeuib theafloor providing

. bl fal fl .
increasg A5l P At ovipwe e apd o igbR HBrpn °51 g
acrylic panels which allow the cont roI ler, flyers and

spectators in the sta i ng/ vi ewi n%ﬂ:rea to see the
activity in the fli ght uémféﬁvb@wma sl i ght deck.

;ro eerre: %rlesl 1 ‘”ilar af | gﬁ ”%g LX} )o cp}?@g}ﬁ{lélbﬁpélahg\gﬁlﬁ &g&gﬁ#r fers and
spectaithVh&ﬂ@émgﬁlbwmgf&é‘d tgR6e W8 iactivigydn kiek flightrohambdr and flight deck.

2201. Basic aerodynam cs_teaches that a wing-ty
pr of i | Brereoig gdage aq,rglgc %eb@%]@wspgecgatgp ghqeeél?su*q tEQ control room.

rcs. 3915 e AP0 sl ey S

aerodyﬂdxﬁ&s leashes tlliandlvsfmgtyph prafile dzdab&snmg ascoq)peseﬂ 4®4 blmt ¢r ftat profile.
' e heli nt 240 ssin I e 250

cale Fihes astimeira i Siat Sremtent oore 23604 Wt gD CHal R 402
SEHIEI0 162D fnod R tWbted eﬁ@fl&ft kb3P40 e WithtaQidgldhelié8l dement 2402
flight chanber 10 has a flier sensor 2600 that uses

missingner gy waves 2601 (light, radio, sound, W, etc.) to

d C flier 0_h r. .
Kereices D e pBloolResn0 L Ry A Rllor S i e B 02 mising
‘R@f@ﬂﬁng hegits FI@r26Gli Etﬂihaﬂi@grui (P2 fRér seidr Db00thhtuseDenergy waves
orarily reduce the airflowto droE the flier |ower
1

2601 (ightiyadincscil Y. Gonaivtsisioct ARG g1y highipodhe Tigsphamber 10. A
controﬁ 9%0% grt%ly %%'8%5% ol ? glgfeoc?r{)g ti;u{ tﬂe%l ¢ %Pct,lirgégnﬁlroflﬁl?g)? (S)r @‘e like to

tempotafiBvieliudeghd giffidw @MrofREhfeEfﬁéﬂ logemniatotthé ﬂlglﬁt Ehanidér. aﬂméﬂneﬂ‘gency
di ffuser 2700 m ght al so serve as a flight chanb

ambienfidgor 3@ cquid atse b@@@?@dw therpnitollgrcdpOgc Aynesh qsé%@%may also be used
to prev Hﬁg@%@é}{o %5\;3% g %gﬁ]as curved edges. 25 Referring

p 2850 has a simulator 2801 with
a{esfaatwghext tc B1G. |2791nst;het dififus2 2000 migls emoatree as aflmht @Bber. The

walls %752 lbla Be %H%q—gf(:ﬁ Q?r? c? Ir)an% 55 hle rcl)vglho%tlgtl {%5 %tag (r:uryéda ed%es.

Referring next to FIG. 28 a ship 2850 has a simulator 2801 with a seawater cooling system

2800. A seawater inlet 2851 feeds a heat exchanger 2853 in the simulator via a flow controller
2852. An air temperature sensor 2854 communicates to a temperature controller 2802 to keep the
air temperature at a set point by controlling the flow controller 2852.

Although the present invention has been described with reference to preferred embodiments,

numerous modifications and variations can be made and still the result will come within the scope

17



2852. An air tenperature sensor 2854 conmunicates to a
tenperature controller 2802 to keep the air
tenperature at a set point by controlling the flow
control |l er 2852. Although the present invention has
been described with reference to preferred
enbodi nents, 30 nunerous nodifications and variations
can be made and still the result will come within the
of the hWwertivon. No limitatiot héthirespedittéd die.spéific embdadimients disclbbed herein is intended

respect to the s ecificwgpbodi ng s gésclosed herein,
or shojl b it d-Ach APERRELY G eI AN SPREHed BEEHR i papgHLcdvivalents.
enbodi ment descri bed herein has nunerous equival ents.
18 CLAIMs: 1. A vertical wnd tunnel skydiving
simul ator conprising: a recirculating airflow pl enum
having a generally rectangul ar configuration; 5 a
vertical flight chanber capable of floating at |east
one human housed within a first vertical side nmenber
of the generally rectangul ar configuration and
| ocated on an inlet side of a fan assenbly; said fan
assenbly further conprising a plurality of fans
nmounted horizontally in a top nmenber of the generally
rectangul ar configuration; 10 wherein the top nenber
return duct, the first vertical side nmenber, a second
vertical side nmenber return duct of the generally
rectangul ar configuration each have a divergent wal
segnent to expand a flow of recirculating air while
mai ntaining a generally lamnar airflow, and wherein
an uppernost part of the top nenber is no nore about
50- 120 feet above 15 a |owest part of a bottom nmenber
of the generally rectangul ar configuration. 2. The
simulator of claiml1, wherein the flight chanber
further conprises a bottom having a nmechani cal safety
net and a top segnent, said top segnent having a hunan
sensor, wherein the human sensor connects to a
controller which slows the flow of recirculating air
when a human is sensed flying near the top segnent. 20
3. The sinmulator of claim2, wherein the controller
further conprises a fan control neans functioning to
slow at | east one fan. 4. The sinulator of claimS3,
wherein the fan control neans further conprises a fan
power control nodule to tenporarily reduce a current
flow to at | east one fan
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5. The simulator of claim1, wherein the vertical
flight chanber further conprises 25 divergent walls
to decrease an airflow rate therethrough. 6. The
siymul ator of claim5, wherein the first vertical
haHMP: f ur t her conprises an oval horizontal
cross-sectional shape. 7. The sinmulator of claiml
further conprising a tenperature regul ator having an
1. aAwertical wtndltumrwésk)rdjwiag eimtdatoacomzprm te opposi ng side
an air, tLet uvefﬁgl n.a duct ne

f .
ai v out eGSR, Bieaih K s LY resterbui feniration:

f or med, Ryt iR MEhBer daPABIE By 164ttt RAstPonedREIAIBASd within a
static pressure zone and pulling outside air into the

ai r inl et firg vertinal sidermembsr obthe geadrallbrecignenler ponfigaration and
outl et |oyver aces stre n he duct nenber,
and the i ?%‘ttc{ 31d83 g%/\nmé %ga i nsi de the duct

menmbersaid ﬁﬁfa%é)/nlfl@ furtheg céhprisia€ s pluedlity o0 fans @Zatineed Hdbizontally in a
19 9. The simulator of claim1, wherein the fan
assenbl y ftop meatberokibe gerasally resiaugwar canigIEon: ver gent

wal I's L0 rgi?xctflce@)?)em%ﬂb&' g‘[tﬁl}xpm%\ﬁcrt a[fl@ﬁ}% SLALI & %’%Itr\ 11;1]%8' ﬁsecond

The siHul er'ein"the verti
chanber f wetthal sidomenibeesetan dattadithggarcedlywettangular conﬁguratlon

mul tiple cha ans functioning t
and egres §a$}}ngqﬁeta:$vgggxgrquit§gmppqgt@ﬁ?{pg}r}gané (\r’ilﬁ?q”@ulatmg air
mai Nt ai ni [ey; r}naﬁt‘%ﬁrﬁf?érﬁ g&%% laﬂmar%irﬂt){a@%d hrough the

flight cha l'ator of claim1, wherein
each f\alnerem anmppemmbst paraoffdm tgmameinbet is haghire abows 508k20 feet above

i\gl af?l_ﬁgt R n}"’g{% é’laﬁ\(lﬁ\g% Sﬁrg C%{ &?rél!?({qgrlel%ﬁt lchg?RgV\?ar configuration.

chanberh @ uBibrfclaimdo Whei@iﬂ the HighkRhak@béreithér dmprisés a bottom
downstream bot t om edge. . The SI mul ator of claim1,

havinge m@clnamdaé sa:fwmmndearﬁ@ sqgmem; ishiddop pReEragt bamag a human sensor,
wherpglrt'hf: B O%eg]ﬁglg%%g ? f cgrg otla’lggw}ncgbsﬁ%% e 95 erch]\ﬁEItmg air

ove 't roun

whenl 4 hurhhi@ isSei3éldalydtig Adar Ghatop skgmehier ei n_an lnl et to t he

first vertical side nenber has the 15 sane di nensi ons

a% a chessimylatariodglim e yierein Bie copiEoliss fughar sempeses afgn control
mear(sTfﬂﬁ t?on{%pt%tspor Qtfle%t gh@}aﬁ wherein the uppernost part
Of 't hie Fenber 1 s

more than about 50-60 feet
ahove Thesinulsi ofxddiin nfwhdﬂﬁn et fao Itfbmamibmans TiertheAcomprises a fan
powe\irecrogl':rglarlnoc\ﬁnﬂg 90 tterl';lr;agrealnl}? L(e%glzf\:/ 5 glgrrgnlt rﬁ%LNq[t()%rt least nelfS |no:

5. The simulator of claim 1, wherein the vertical flight chamber further comprises
divergent walls to decrease an airflow rate therethrough.

6. The simulator of claim 5, wherein the first vertical chamber further comprises an
oval horizontal cross-sectional shape.

7. The simulator of claim 1 further comprising a temperature regulator having an air
inlet louver located at an opposite opposing side of an air outlet louver in a duct member from
an air outlet louver, wherein an acceleration nozzle is formed by the louvers, thereby creating a
decreased static pressure zone and pulling outside air into the air inlet.

8. The simulator of claim 6, wherein the outlet louver faces upstream inside the duct

member, and the inlet louver faces downstream inside the duct member, thereby forming the

acceleration nozzle.
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a recirculating airflow pl enum having a generally
rectangul ar configuration with a 20 central vertical
menber and a first and a second vertical return air

| ; ti dlight ¢h | f floati .
"1 cabie Smelarenak i Hous SHeURE Moot HeGROg LHaF: <oBIRrE housing
havilg?m entSRAlf b ABcrRsR e lolHfatd YErefPSIRIN. ST NY @

t
urg{gﬁty 0 ?ans nount ed horizontally in a top )
nhber Tlof simalatayerfetadh| ly wherimthgvedicakibight chanber 8nthepgomprises a

wherein the t menpber, the first and second vertical
sagify s BB P PATTEF Fiss Pt it PaipO RERgE B RS from the
vertiBAYBeld HhMBEORRle MaintaiSAg ok Operhble SXORBR Arfldvoiireligh the flight
recirtculating air while maintaining a generally
chambgri nar airflow, and wherein an uppernost part of the
tap er._is. no.npre .than about 50- ep: 0 .
B BBy &, AR AT R mstion o

an adj@&hff@UINaawa) fvanh ceitérihe derebkiveechhe simul ator of
claim 16, wherein the flight chanber further congri ses
1

al ot t Bin simalatorg! slamdi e the dhightyghaaber hgs gn gnirpdoor with a
deﬂ%ﬁ&@?{g d?\ﬁlggh%aﬁ‘l%ttﬁ pt having a human sensor,

erern Uian sensor connects to a controller
WB. ch Fhesimulane of lchimdf whesin thelbattomgnenber isveiedanderground,

human is sensed flyjng near the top_.se nt. 20 o 18.
therehy doERiR P FAQIBE hEiEh FHOYS a SHRE YT tfq{éggﬁ}aﬁ# sﬁ%%bef at or above the

r conprises a fan control neans functioning to

groursl{ljc{)ev%vggt | east one fan. 19. The sinulator of claim18,

wHer ei The simufator of chaimdl, wieseirsarf inlet hethedirstprerticas side friember has the
e%nmer .control m)dul.eaﬁo te%jﬁ)ogﬁlri lé reducg a current

samg dIB\GnFIgNAS 4 FAEYSEHANA SFEMAtt SpthePHOTTHEPEYor of cl ai m
165, WhEhEisiindiNer ¥EELhint B whirbiglthe Ghperlest pakdf B8 top member is no
conprises divergent walls to decrease an airflow rate

more then ebdut 5049.fed aboThibe dowiest paw of ik bottaimrmargbsrur t her

C ri sing. a temperature.r.equl at,ar having an air

e Rodtich VoI SRueRe Ry ", olver i n

a dugteciiRuliiig aivii plefudhadingel hadaily Rectd@kh €onfiguration with a
formed by the l|ouvers, thereby pulling outside air |

i nto t hecentral vertisel membesrand pdirstand precedhyareabFetpm air plenum;
cl ai ] ' e RSk s

I NSi %%%ﬂiﬁaelm@ﬁ%h &nﬁé%bcgﬁ éﬁléﬁ%ﬂ%%g&?a% Iléé?tc ouver fhg)gcgegsd within the
upst r eamcériral kertidaloheriberber, t hereby form ng the

hor B EpEserh G ERgPRRe RBRTIGKBE DB st Ergntaly in o
[‘ﬁ‘é‘r ng hfga&g%&%ﬁér Nahd SerdefaifSEtERSRardnALblioN rat e
wherein the top member, the first and second vertical side member, and the central
vertical member each have a divergent wall segment to expand a flow of
recirculating air while maintaining a generally laminar airflow; and
wherein an uppermost part of the top member is no more than about 50-120 feet
above a lowest part of a bottom member of the generally rectangular
configuration.
17.  The simulator of claim 16, wherein the flight chamber further comprises a bottom
having a mechanical safety net, and a top segment, said top segment having a human sensor,

wherein the human sensor connects to a controller which slows the flow of recirculating air

when a human is sensed flying near the top segment.
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15 24. The simulator of claim 16, wherein the vertical
flight chanber further conprises a staging area wth
mul ti pl e chanber means functioning to enable ingress
and egress fromthe, vertical flight ch er while

il nt allif Sigusier b slair 1d. wherem thg eentealier fsthicr FRMBRIGITS £ an control
! . g |
meaﬁvénﬁlﬂmomrgé;@@ﬁ%fa ltge'i_ﬁt ond'gpsi nul ator of claim 16,

ereln chanber further conprises an oval
2. hor Theasitalatarrod skirmd 81 wheraln thh fpecon6l mEmes faitherlcamprises a fan

of claim 16, wherein each fan is nted in
oW GAEBAEPLS 4 HEWPBHLY (U s ST SRV P GHISAATSIEY 1 r om
aEenteyd éiﬁﬁlat&%‘f%ﬁﬁ%%?ﬁher%ﬁ? thd RErtish I bR BhmBEr fattRéomprises

16, wherein the flight chanber has an entry door with
divergentdwudllsgo deerease antagrfldvwmatstthergthréught om edge. 25 28. The

i,mul at,or .of, cl ai 16, ei n the. bottom nmenber i .
Sl oo B blgfs i Blart: RS PR g S4BT enlafoy hpving an
air idGQYBveR | EaRH RPpdEieh alrutlehRulérd iflAlduehasiabér, #heRin an acceleration
above the Igiround level. 29. The sinulator of claim

nozzlegs foumed diythelouvershereby palking @mtsids) aisiatq the gir ipfgtleayer.

X ! . - ) .
29, g SRR 5 LS i
duct Hfembshiene itie inle louwpefadesipspadth ithetdnet hemberpthessbyifsrnmiag the

nore than about 50-60 feet above the | owest part of
accelerpliop HOEAMm nember. 31. A vertical w nd tunnel

di Ve Si . yeti e : : ‘ .
) SRS Oy PR3 0B SIS e Oppri abovsing
havidgdivéngemtrwdllsitg decrease anairflbvaate théretphdugbhanber; 21 a

FRAETR M TR AT W ——

stagifiy hieh Q\WthE}hﬁ'ﬁgI@ hfnbBefe SRMBARINME 1B chS¥IP BiofdsdhRd egress from the
regul ator; said tenperature regulator further

verticad fipglit shargbearwliilel redintainingan oparalle forlighitaidfiopoihiqugh the flight
hanba outlet louver in a common segnent of the plenum
chamOff-d outlet |ouver having a door facing inward and

UBSt r epH¥ siffulalt® of OITHR 1 6 SWEERH the flidhip Ehanie? fister S8in@rises an oval
inlet |Iouver facing inward and downstreamin the

horizogieheness-sastapadshapgnd wherein the doors form an
L il S80S SRR BBl gty stion
to anZdpReThit indliveaysrémra defitefline therebetween.

27.  The simulator of claim 16, wherein the flight chamber has an entry door with a
deflector at its downstream bottom edge.

28. The simulator of claim 16, wherein the bottom member is buried underground,
thereby forming a mounting height above a ground level for the flight chamber at or above the
ground level.

29. The simulator of claim 16, wherein an inlet to the central vertical member has the
same dimensions as a cross-sectional segment of the bottom member.

30.  The simulator of claim 16, wherein the uppermost part of the top member is no
more than about 50-60 feet above the lowest part of the bottom member.

31. A vertical wind tunnel skydiving simulator comprising:

a recirculating airflow plenum;

a fan assembly to provide an airflow for human flight in a vertical flight chamber;
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the inlet louver. 32. Aflight sinulator conprising: a
recirculating vertical wind tunnel flight chanber; at
| east two vertical return plenuns; 15 wherein two

vertical, return plenuns forma V shape with thei

conn@Betieg ob paidh m@owméequﬂbﬁﬁhﬁbmmmwgwrg%m%é? gfpnd and
all the it edlapgturn plenuns are within an arc of

| ess tha\r% 18(5l 3ergg)eés on one side of the flight

chanmber. 33. A flight sinmulator conprising: 20 a

ver t sadpirflpw alepuwn‘glrﬁlm GOFHTISHIgATBEPEralire EEYAOTA| r

pl ensaid teypesturl aegulgjonfurthenenmprisingansinkeg touger mpwited about opposite
contractigon assenbly: wherein a first .

cont r act FORUAEBER e rPROR afry of s RefRG sidguget louver
bottom pheingAldodNfhcihgSAwardthndupgieca@Oii thecohmon Reghe t of the

is vertically nmounted under the flight chanber. 25

34. A pulplenging said inlef Inwesstfaciye insvrd dddqvaistigaman the common
recircul af | vertical wind tunnel having a hunman
flight c%%ﬁl%%lrt’ d|ch has a transparent section
ferabWhaginathy deok figrmDdn Mtdrhalearrowidg ofghd cdrhvaoe segmemofithe
i ght chanber nountable at.  or near a ground | eve| . .
t her eby @HfaHM: Hgrehyderningglectegsed; siafjciressyneizape yifich draws air into

flight; %%iﬁ?ét?ox{v&.ght chanber having at |east two
return plenum all of said return plenuns contained

i 32. oA fhighe sofiulhtes sompasing:80 degrees on one side of the

or o 1S TFELIR B S P PR ERCARG R o o grrtcal retum

vertical punpgst unnel has at |east one machinery

corrponentp segregated fromthe public wal kway. 22 0
wherein two vertical return plenums form a V shape with their connecting plenums

to the flight chamber; and
wherein all the vertical return plenums are within an arc of less than 180 degrees on
one side of the flight chamber .
33. A flight simulator comprising:
a vertical wind tunnel flight chamber;
a return air plenum system having at least a two-stage airflow contraction assembly;
wherein a first stage contraction member is horizontally mounted along a bottom
plenum; and
a second stage contraction member is vertically mounted under the flight chamber.
34. A public entertainment system comprising:
a recirculating vertical wind tunnel having a human flight chamber which has a
transparent section enabling a viewing of a flier in flight therein;
said flight chamber mountable at or near a ground level, thereby enabling passers-by
to view the flier in flight;
said flight chamber having at least two return plenum, all of said return plenums
contained in an arc of less than 180 degrees on one side of the flight chamber;
said flight chamber mountable proximate to a public walkway; and
wherein said vertical wind tunnel has at least one machinery component segregated

from the public walkway.
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