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TI TLE Recircul ating Vertical Wnd Tunnel Skydi ving

Si mul at or and Reduced Drag Cable for Use in Wnd
waewaelxz4and O her Locati ons CROSS REFERENCE PCT/US2005/027750

APPLI CATI ONS This applicati cRlIdLE&i ns priority from

U S, i cati.on rial nunpber 11/1 84,940 filed on
R8N i L BB Sl i Bl e
licati i al / £ July 30,
P0ba SR o Tre THIERbreRedR o ot DY, o0
relates to the UROSSHENERENGE ABPTACADIGNS, noOre

particularly, to tenperature controlled return flow :
ver Thisgpplifatigniclgims psiotiseomsU Sk yriliceiion sirialhambers] 141j%,940 filed

i ces, GROUND OF..THE | NVENTI ON . W nd
on T R PB03, S oo U Sy SR P dgnber 10/909,088
filedlay Bad@®4i n many types and styles dependi ng upon the

needs of the user. These include subsonic wind tunnels
with and without return flow, transonic w nd tunnels
wth and without r irn_f Lcal_subsonic w nd
tunnels with and w.e'ELWE'P dﬁMWTWersoni c and
hy ke $Reveht Wy aflicnUBRRks o d feld B vakEAAM A" G4 i
and conpressible flow w nd tunnel s. The Pf’aj O“Jt,‘)rlrfc{_r)?i%rt1cularly, to
tempepi@ud oditrolledhesterndlosy vertidalf wind resehr wded amskytdieihg Bgnulators and
ur%‘gzlgs.. These include testing of conventional
AP 1°%hel i copters, parachutes and ot her
aerodynam c devi ces, w ng surfaces, control surfaces,
submarines, rockets and other |aunch vehicles, ground

vehi cl es, bui | dBAGKGROUGNPeOFEIEINVENTION
nnels (those in

i nyesti gat j ons. rizont w nd .t S )
un ERA LRSS sl aa SR e o b Bimei 63 eHeblegnany types and
styleb HEWerRIBTEN RNl tHe RIS 2P BicAldeY ) THRYSE 1 duBlofie @Vgrgi’/ &%Hélg with and
~_research and testing and are generally owned by najo
witheotfremwee flow, watsedicorind snmtdlowith ahd evithedierealrn dowe kel subsonic

. or educational. ii<3titutions and uniyersities. Sone of
wind St RAbeRiumoutitvnilar Gradaiied Bipeponia wind nels with and
with QRSB ABw{ kit WhBsstl18 1R wird i Ul | Speed section

of the tunnel flows general‘fvy vertically) but nost or

al Thpmafaityohibervind inmnetsadtre neddefor Pasdrgn andiRslingputbsses. These
i nd tunnel s used for freefall

. t.hat .a to vertical

inciul s R PEfortierb il pEch hacabisrs RmrRgR and Gtbenaeregymic devices,
inglsUFABLsS i ' k i

i e e S 08 8 o 81 iy o

vehidles, bud@isgslaskeathérdnsofflammvestightiposnel (i n this case

hu beings |n flight). be able to nove about
PR TG Al tase g‘%}ﬂ)éf‘i%éh% & &t ths/Tall speed spefiarpf the tunnel
flow Berally hdrholtdlivd MelSed Fdizbtddybarhicredearchlanitedfib and 1€
gbj e%t}i pl gcedly? n the tunnel ygafdélclfgélfgfcplyangttgsﬁﬁ% anl B¢ generally
ownedfjyeuntjor defense oriented corporations, the Federal government, or educational

institutions and universities. Some of these have been converted o 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

1



10

15

20

25

30

observed or neasured by others. For this reason, this
fastest part of a horizontal wind tunnel is called a
WO B‘E}SMZ}E@T;‘I.,i‘,,Q,..(l'.f,.,,-, Jdn a vertical wind tunnel, thPET/E82085/027750
flight:ban o Bortznsiial debtidet, teclohjoctaplaverbin'the hgibl abamimdly'static objects
bl n verti cal vm'wgg tuEnelh, it is_inportant that people
obseryAd RS TersHiRd Bidhgrsm el thisereatoncis R lestygteata hosizamel wind tunnel is
1RUt, « « £ bsi ¥ ' . ing th
calllle TessSOich B4 yETRANER LR this ShABRDGs 1fagsefemptto o the
“flighta¢hiagnbtel].ects in the test section of a horizontal
wi nd tunnel during its operation. Furthernore, since :
f1i Eravericel wiaddwael, ivisiapetamidhatpeeplerfing inside viee tunnel be allowed
ut 1nside.fligh hanber..it is necessary t o
to r?%ges]tnr a‘er\l:anouiii ﬁgﬁe ﬂg@te °F §ithpstompg e guflpy. g? congrast, there is little
nee@ %6 bfe tNith€c bbjebts iPBRIERsEotod JPUthod ing i
both the upstr ea?fcn and downst ream en glzgl?tfdtﬁﬁéld?ﬁ%‘%{auﬂng tts
opegdiomp diurthetmeres, ginedificss iar \entdcahotisd tnmeinire Gke o @Gve about inside
ﬂ‘gﬁ@i ch el egt es noi se and i ncreases the power required
ightchambersd ]a?ﬁ’g?cﬁisi‘}é(ﬁo SPRYEIN hirmQvemegt praAppronsiate patts of the system.
et WAt £ YOSHR 1@ pulBISk Y g 3kl
_ power r equi%?ed to gger at %@E‘Sg’ %&\f/lmtﬁ%(ﬁsglfﬁ%%rhidld?)%gream ends of the
flightl chantbet, these praducave eaomovsrngnintiofdrag albi@scradted fMdse and increases

bott om o.r?fﬂg[)stream end of the f]ight chanber for use
the BRWer TofuiKe OHBIEANIGHHSWRSAC1 Fela6le SLrbeRaI f Rethemn consume as much
as 30bAi0KhY, Bk t?)f%@BJ)\% e ?df Br@%fageesﬁlcﬂ SPMUGALENL  wor K
platformfor the sa?et ofticars or G Rst FUCEEIS in the
f | ilytstalschizetpial to Haverasfoven, gridost dables abibe @oﬁa;fneirylglaci’&m end of the
e

A Y RO D
flooRMBéRdeOh BRYQEMAIBE pgartiﬁ)gfggﬂdxlst%k Q!ﬂ%pf &ﬁc&a %'{ ¥iig Tuctors in the flight

strength and di aneter. tiron to wn unn
chathber e are any nunber of applications enploying cabl es

nmovi.ng thrqouagh the air or air flow ng over cables.in
m?/féﬁ‘?g eforg; ?&5%26 ahnyeispieRpRssolilibetearans. idisdpsizale éo have a cable floor
/ safeOU A RHe ' ' [ abl es . .
S UL E S L SRS For U, 05 o iven
strergie awd tiagretera be additidn for windemhihefs, ithere hes alymaiiblet of applications

'ndustéﬁ(. However, these are not useful in a woven
emp&ym CHOIESJROYIBR tpoyel the cip orgirdlpwing Quer esblesds which 4 gmple and
: by ARl LeaL perly in

meX? erlﬁsg‘{eicﬂggﬁctégcﬂtr% &{aﬁ@ ofllv.f) Fu‘?etswggﬂno r e1 ,%g'{l%g'd ownst ream

end.owf dregchbles Withtflabor a@ifofleshhpedypesssadiions iae la@wtnaHe art and are
I nce | wn streamend that a person falling

it.is the da
usedJiagentipin g pEcierigBiusiys &lysyen deesgiarg nat asefubim a whyen cable floor

for alvePca® i : itRf . i ; -
or aappl - gltli (gﬁi.nﬁgr%b;ecg%e 6’?1@ éi?ftﬁfcgllrt ;a# gélzeii‘) stuélg gabg%s oriented properly in relation
to theamflow. Farthsemorienths downstrde eid/pRmchb fAPPH AisfllitpRscable is pointed.

. ere |l ow drag cabl es woul d be desirable, for simlar
Smci@gdg g}?sdooa\‘n %I?qaéh?fdt tﬁ%a pessoppiallingyonte Betcable flogy (igafety net will land
' I:t ] s t .Rrexent .occ t
on. LAl b5 RO TREC 0 s AR b GE LR e o ol
cannbebd wsed itissmpptitet ebet Of ifttichliaBrwiRgs W dfaglcablbl §/_oulé1 be desirable,

reason, the_npst advanced vertical windtiny iigii
for singilar aipgsgus pf @rientatione stabilite vostwa dnjsomsitettiely from one

wat, l: [ t he ot her IS, i.s n )
net( éss glfg? %/rﬁﬁ%&%]n'(t) %érg%%ﬁ%%ﬁpr%%t%% é}oyg}g aferzﬂgl outsu?e ofo tile air column
and falling unsupported to the floor below. For this reason, the most advanced vertical wind
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Vertical wind tunnels used for freefall sinulation

of ten have to operate in noise sensitive environnents
. Weemhomsdamusenent parks and shopping malls. HCT/E8200327750
tunyelsl drctelgSighedhelioh thisihe eir icoluatmesk tenda womplately ien owewisll of the flight

ere they are .free to nake, puch_nQi se as is

chaffigt G thoh ol bt SO BRE=SIEY I 2ol B @Rl at or s

MUSY o . . .

or' SRR il (Lol 36: SMAPIERARI AL AdhaBR) Gpp in noise

sendied envirbnaspts stoh haeiosandmserke aed horpidd ®hBA CYorizontal testing
critical to successful commercial operation of a

tunteleeandie loeated paey fronkthe cepyvdsthere ey ywrd Seerioahakesassmuch noise as is

necé n@&rtant for horizontal testing tunnels in which one
Orten takes hours or days to set up an experinent and
t hegks AithdeniciPettib, HedRR lsich@htods BY BhipetLRith BteP Ellrnﬁgéments on the
the necessary data. Height is a mpjor constraint o

basif pépfied ands¢amdftendrepattahorst acrt coptinughbasis dTldst éwo facsdrs make
be gtilt.ed I n. .hi gth-denssifﬁl%/ entertzili nment Vﬁnges ﬁhat

energy PE A eRFY iRl gItCsssHit camprisial pReration ohy fregfall simpylator. Energy

effiddy29BhRh 1858 $hbOart YOI 5ol fe@tﬁ\?%fun?@ls G %fchsdn%&)géﬂ Qakes hours
can"be successfully located tfar away from any crowds.

or daysrtalsetyuman &xpevimept amwd then bnlyasnd the isat] for adesi rginius to collect the
t hese systens to optimze visibility to public

neceéf?&gﬁttaors in a high density entertai nnent venue. To
n‘a . I . . o -
iy e TERG Bpie  H RS SR S Bhri P gt must

be st mchi ghrdendityyenemtainghertt vemos dhea thel ey severahedgia linfiegioas.| This is not
\fﬂﬂ' one qQr nore elisoH,s in the flight chanber; (2

true gf porizondal Jesias tpnpely Which it on dbringiAc %cm@ucwéﬂéw lpeated far

hp&%,t ere | arge nunbers of potential custoners

awa gﬁd t ng‘;wmgnd, (3) at power consunption |levels | ow

endighlytno kmake firfve apirlias dowfed tredesipeng thesesyamnababtitiize visibility

. the public. -The inventive chall enge of satisfying
to Pﬁgggeggﬁ%ypi%gb gﬁ‘ﬂﬁ‘?’éﬁﬁﬁﬁa@m?t #ety the present
de'hGaketd GALLAIRRADIE G LA Bhl fotrlgﬁyrﬁ%fvr\lg\r%énrn,ﬂation, one must

chanber to or nore human bel ngs.

(1) nmawei angugh air hd dogd sohoothiyperdough thaddqustebedsubiteftetall &% one or more
: t, of d heat, d ' h :

pers g e B DO N SIS, s EXRooneh Arhguiet enbmgh o be
located Wt hrs] K :
ocab VB IR 6L M BRGSOl Bvampion
levels lbwp ehowghctomeaide the pacadf tha exivienge sweptablerte thecgubiower

copsunpti on nore than 60% and only by doing so

o RRe PR b AP Thsnay et SSEIFETPSHRETEPEPINGILy isBFieby the

preséht dEVIEET H?%H“Agﬁgkedé% %gﬁ%rﬁde athy ?féﬂt BhrbdYh ﬁ%gt{ ohie or pmore human

However, expan alr ow Il n any sectlon

beings. iilovdevenmeving air thmpigh dyctwioHeatfHigivsprielld crestepad ai@mous amount of
rather than lamnar. This wll

nd geco t ur bul ent )
soungpg Regian ﬁ%qwr@wgwge‘(a@w@@fmeb. Congequently; mjog yodern wind

j1Qn.: a ' I [ t he
B Tyt T
constiufipor, meéeatutput Eheé htdtrcesdratich. Aboiwhise bad fidacé p&Mer consumption by

more than 60%, and only by doing so will vertical wind tunnels become commercially viable as

entertainment devices or skydiving simulators.
However, if one expands the airflow in any section of a wind tunnel too rapidly, the

flow will “separate” and become turbulent rather than laminar. This will make the entire
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separation occurs in an expanding duct is fairly well

defined in the literature; in sinple terns, the walls
woRooscls4an expansi on cone cannot di ver ge awayPE¢T/0R20051627750
sys@nigfdrfirinasoofiyetitedakingpovwlr eorkdmpeion eed dedradsiid@éw quality to the point

reason, increasing the |length of haorizontal test

thatithe deviee will noladeanajply ssnulatertruecsgetall nbhe theshpldl at evideh this flow

dnprove. efficiency.. .. .Unfortu ly,.wWhile this.is.
sepyduh BRbe popPahak o itk el B e derihie in Smpte terms,
the Wall§ bE&Ach 2 SxBAASS A BRhdtWivadSd BRSERok e another at greater than 9 —
construction and operation cost and reduces the nunber
12 dsferqsh.abesthat reasring ncoersinghe tragth afdweizomehtesi tuapgls onvthk height of
t o, bui] d. ns ently, ninimzing height while
Veﬂﬁﬁkwmdzq“ﬂﬁggﬁ@%gi‘b%@%%%ﬁben&&el eration of the ,
air : ' ' he . . )
BRSSPI, 05, S OB 4 et BoliBte o verica
syst@nrdrdmatioa]ly dnersdseaiir copstiintionaad pperation codt Bed safu€es the number of
areas of the wind tunnel W thout increasing drag and
placsyHieVhich R8¢ APt £¥R ep¥erauaiy apnrovattie bpild. of onseguenthygminimizing
. f - desi . ] i et~ and short
hoight Bfl iraRpDfy B cEhaiti @i dbbRloh Re s o3 orRiiekm of he
flighetehamber i ey iteyve mukkin g ivéréicalenat Mird@! edrhinet@illy K004, Similarly,
to allow commercially viable operation. The foregoing
constiaipg thegrecuprnts o) the sxfe graas ghthewind tunnebyithew| inereaping drag and

Powéﬁﬁnﬁﬁfﬁ@g?@&?ﬁé?ﬁﬁ?ded to be illustrative and not

I'mtations of the related art will

bedbepriappand tirdelshidstot offes Hédigd that Reuak tind BIRSH énough to be
readi ng of the specification and a study of the

builigip dyghhdensitgshnpming ard onigtainyenmearesAphilsisawining effieient enough to

eSS il {on 1.S:.to provide a vertical w nd tunnel
aﬂo‘gr‘flgjsem%%l 1|T}\'Idgf\%lb%:ee ega\?/hlotrl]lg a flight chanber situated on

t h&he fbrepoinp dRardpledfPheeidted st id Fianstiowy relatedl BedeWith are intended
turn connected to a plurality of expanding return air
to bepilipsteativierad arel cxrausine. 2P Eritatiorsrfythoyrlated pit aviHibeggame apparent to
I : Lce; ther, aspect, of.
nosk ESLRE LI ol ATARETY s SRR o 0 s
tunnel having a flight chanber on the inlet side of
the fans for inproved airflow speed and quality, at

| ower .power consuTHYIMARIOFT NEBENTION or - t he
¢ ' N Cion s t
g S e (N LREI

devisdiedvirey a flfphs ceagbe dithited o dit-iakRx 8idk oF a PhirGINFRAFards3HHIER are in turn
than a single, nore expensive and difficult to _
connggieth i RlurelHy pEexpandingdietuss pis dpcts, thpieby magimizing efficiency while

minihﬂ%ﬁgiﬂe%i%ﬁ otfﬂleoe[n%}@egl% ?d\(f?creti cal wind tunnel having

one or nore return arr quct'’s to conserve heat, reduce
enAngheL AMSCIGIithePresért duneationisxe paddéh hemicall wmeeatddehaving a
operation. Anot her aspect of the present invention is

flight ehagbsy pagheinlad sidecdithedans far impedven alrflay soaed/ansimiabity, at lower
powéﬁﬁgé&ﬁ%p},f aqi%chti%e? g{ég{ ho H%&H%{ss @y have a greater

ans urn
Another aspect of the present invention is to provide a vertical wind tunnel having a

plurality of smaller fans angled in a non-parallel alignment rather than a single, more expensive

and difficult to maintain fan.



10

15

20

25

30

Anot her aspect of the present invention is to provide
a vertical wind tunnel having fans housed in | ow

. W@e@hbiolx47 di f f usi ng casings that allow them t oP@EUS2005/027750

moudhbiiendsptbiol Ehébresene imentias isto psovillea sertichlavindenel having one
t han one fan can be coggected to each return air duct
or mpreHglyen pif gucts Ryconservedisal 15NAR PR B CORFEREtipR.Jedygsutoise and allow

i hei ght or width of the entire system
all kﬁ%@ﬁ@%&%ﬁ

aspect of the present invention is to provide

a Vﬁﬁéﬂhéﬁésg%tm thaspRsdnt idehtien B tPESi¥Sa dbdicA*FRaMIel having only
systemw th adjustable inlet/outlet doors that

oneps EWametoel dustegusatiboughadt ey dave 4 gosater hembyisefcmsthan return ducts.
dray i.n cooler .anbient air j.n order to nost, ) .
of AR BA e SRR ST HE IV S P iRy Wg tieslaviasl nel having fans

houbédiRGbw\WrbilleNiitflRls A¥hEXMMPbWHheh'® Hﬁﬁg‘urgép 8 86ely together as
aspect of the present i1nvention Is to provide a

possibletsodhdt mm dhanuonedhn ican bhcarimetteé taejchattab air duct without the need for
inlet/outl et doors agre arranged such that they also

long Fansition gpists thatwapldanGasedis Reigkt Bidiheidhs ertfre aystery a
fav . ' bty . .
I R i e A i e

passive @ir ehechahge fsteint ivithtaldjustabid intet/otitier doergi@atahedtanicaBy gRcts heated
with mininm extra work by the fans

. éﬁqg wi nd tunngel ]
air T th Dtsm anddrayda caplep prbienh@y dn ler fgmgst effigisnilyigontrol the
tem#&%@fn@ﬂ'e_ wirdYghid rwiFl-Pﬁ‘ﬁﬁ apéxtffﬁ?ox%r §RRkdsnvention

s to provide a vertical wnd tunnel haVving a mesh
" f |Arertiermapket of thepeeseal inyerdizmiig regrooRlelacsrifdat @fied &lhY in which the
t hat produce | ess drag_and, therefore, |ess

. St eel,
adJH?@E@é%lleHawtleééﬁwrﬂrf aianeed sueledat gy akie foms e epzde” emow
contPchioh ”thefeﬁy @fétaﬁﬂg a o b1 P%éétgg %gatd}/e% Bét%%% )Q!{rqu%i'(;lelrzj Flgcf (lgutside of

aving one” or nore zero-d ronrc u
the tunsdl @ad enfouaaginy thecidt exvhingdas ogdee to &ficinely edtintrol theftémperature
.~ fromnoying too high in the fljght chanber and capabl e
mm{ﬂtﬁa mvefi Wl%ﬁlo%lp minimpl exge wedehy e fupseang; withaut Bre ysg of other more
i JiELH1iR Q&hggﬂyg}- o and hold themat a safe level.
cos klncl)tier1 gspect e%t he present invention is to provide
a veotliet atpent ofttht presedt inearitiog i foeprboide atvefirabividerunnel having a
in order to

toftal  height, for any given effjcienc
mesh SfioRss TasRX soecta B lceed cables (eelerabbiash thehmspdureressidrag and,
therdORS1es@hSsS 13R BV RS BAFicght - Anot her aspect of the
present 1nvention Is to provide a vertical w nd tunne
opinotlee dspfeot offthé glusedtyinvemvion gs 00Qiroyids b veRRaPWindBiinel having one
di ffuser jyst downstream of the flight chanmber but
or MQTEESTORIEAE hectignic et hugkripdRuhels ke dasigneditaerevent fliers

ﬁomflh%)ﬂi%g G i) tk?‘fp?,fgtsvchtaﬁx%eﬁéﬂd @aﬁaﬁl@ B@f %%k@lsmgcﬂﬁgﬁnbgl fhe speed of the

Wi t creatin

air tsbyhag Aterobackddivmi th.aald sibidhemfat hisyle.lévesent i nventi on
is to provide a vertical w nd tunnel optinized for _
hefgAthepsnesintiths aysemanvanion s tapepvidea yedisplpyiad tunnel having the

' i ] Lt s _through the
e AR8Ic LA RLAPHRSHERLA S A b BB iU costs an
meetadodnbie gbVepntgitalbdonasaiatszaariidirg Heigtti ght chanber or
zero-l ength test section. Another aspect of the

pr Saather aspgetnfitempiesent énysntion o provddwa Hertigatwind itertrtel optimized
for h‘é‘&?i%)f fxaving not just the primary diffuser just downstream of the flight chamber but

also most or all of the components downstream of the flight chamber expand the air as rapidly

as possible without creating flow separation.
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wherein the fliers fly in an expandi ng diffuser
chanber with a reduced air velocity the higher they

wo Iqugﬁg@q eby form ng a self-catching flow in p¢EUS2005/027750
chatimdihbr aspbctol Hididresentenvensionds wrprovide desarali®indAtnnel optimized
aspect of the present device is to provide a cable

for yetght by gupanding the ais a8 msh g8 Ppssibie w%gu‘wrpatma separation as it passes

. his inryention wd.l, .appear fr th
eor ARG Tl Py B s QBRSBFob M rope of s a zero-
hd@&&ﬁ%ﬂﬂﬂﬁh&ﬁbﬁf&bé&@ﬂﬂkﬁﬂ%uﬂﬂLdfamﬂngS formng a part
of this specification wherein |like reference
chadagther sspdelsifghapresent invesion i to@redde s zero Helght flight chamber
sever al To reduce | sk, of occupants fallin

w58 fists T e SrmE P SAEHEOHONE HAHBed ok HElogRY the higher
| fd. i
thef R MBroBY T5IRe & QPPCBcRin 1o R AERA: f oW Yo HidHlhe or she

descedllaces drag at the edges of the air columm and
i ncreases efficiency of the entire system The airflow
pasSBaspect gs Presertoviceris 'thl?mwdﬁtad?agﬁé” ith yegHeed drag and noise in
mo&iﬂg'aﬁf” . The cable floor provides support for the
usérs when the airflow through the flight chanber is
- not Othiet hspricBRA thioirsepied will hsyear be thaliRWih@8éscition and appended
Jmade from reduced drag cables conprised of a _
claigis) 1eégenesTPedne Madmie the peqeapanping dwwinge firaing a part of this specification
| i ri [ . These cabl es .can
wheppdkedbt R B B BTk bt Bl BB ie DA B BR S  80e

i N Bo feduoelthd 3k ofidvamaay Q'ﬂﬁﬁ% out of the aRlcoR@ addiBjuRBIhemselves,
(or downstreanm) end of the flight chanmber, a "virtual

the i colughetends gompleiels figm e wald & therfb ghtcchamber torthppther. This “wall
13 el ition.of the. .
8L PSP Bl 48 L O iy M perases fficency or e
entifi S&leas etheaibey pases thtdigheorhblelflody SineIMheiflibht chamber. The cable
aut onati cal Il%/ | ower the speed if the occupant(s) fl

floog gepvidegisuppett fa the ysgrn Weeneiis airflowHbrough gha ﬂl«ghmimmeg #smot
) f bit .
st O o SRln T2 LU GPRPLis Tl RS BT ePbmoised ot

colledtivn.of Thend dtiaphs inchypdartienl andyentt Rarana G berti¢lat §iz&d. XThese cables can
users at a time. The airflow velocity in_ the flight

alsodedipd in anmnpEstipnachase gredised dmg ipgis wanld beadyanfageous.

fuljy ' .0t referred .,

Ly SR TP P gl LB 5 e
comptiesthef orenutinuiste eletrotiopretgalily apti@sefddiy, @broiB¥S osition of the

constructed of transparent Plexiglas(r), acrylic

occypagis); withig) the Hight chamber.afn the disclnsed agbediment dhsagoatrol system will
a5 ; ' | 0ot | i.gh
st JRERN Ploy 0 BEERSHY occ ) BN HERSR Nl e

t akihedlightata@mbeit danetrbend, BesledribolyEofalsnd @b eandt Edm 4 BR less than

flight chanber has an entry opening and exit opening
75 sqepre fret & airig0 sqwase fastk Buaghe whhe fight chaarbes mapnakednpinedate up to six

! |, hanber. Ip
wserd B A R APl oY il R oo SRR st 0 o

whidghi DRl lyQtippdiead hh@hds sshasdher Infthe Pleféifed &850 ih8HUSHE or more of the
these opening may be fitted with doors which slide,

wallg of thedlight dhemhiesiachide er eamptispsitaton cunyed tindovesfeonsteseed of
trans%%reerllllt BPe%igleLljssﬁra%ry\ﬁ% Ipﬁas{ig, élgses o%tsggiﬁzgﬂ%igh strength transparent material.

When present, the windows into the flight chamber allow an unrestricted view of the activities

taking place within the therein.



10

15

20

25

30

area for their turn in the flight chanber. The staging
area has transparent w ndows so that an observer may
wo@e/01ded7 f | i ght of any person(s) w thin the fPCDNBE2005/027750
c h aﬁtﬂﬁikmw fig! Iﬂ&)ﬂig&ﬂiﬂambwg IStahﬁagngt gieng The dhight Thembérdgis ag entry
single or mylti doars_ that open

OPGB&S ﬂé’@ il 913‘?11 tq thetipging, Fe gugh hichipersgher paltiple users may enter
andob)p'cs El tgﬁgf g}lag?‘gﬁﬂjagg ?é’lga?ﬁ g@?é% gjée?@s 1?1%\/1&15111 rd’t%r ! és%ri}?ﬁetg)ants 1n and out
of the ighe shambaimighthe lekafredieh) Heesg bpétﬁﬁg hﬁyfb@tﬁ%ieﬁ with @&¥s which

out _of the staging area from outside the system
slidg; roH g% Otheswise e to1stosa prlr Pobwthof hesp opartiegsarlésraiait in the staging

e YA R AL 05T R B AP BEL 2 S0 ot

obsmavmdya siownthal{li gt aly gét’fséﬁ(ﬁ’)/\(vﬁﬁﬁlhth%?@t Hﬁﬁﬁﬁeﬁ‘%lﬁmut entering the
enteri nghgnd exiting t fli'ght chanber
staggreegred.r gagindiaraarhas asingheadd méltiple d:t&‘frdt that openvpelmlodﬂ:hﬁ}b to allow

R
or s&doRBhMYGtiBPark® Thidichdakl ah%%l@@ﬁéﬂall%(wsgﬂuﬁqg e in and out of the

bet ween them and reduce the anpunt of
stagingoraes Ao, Outhée ﬂamystamdmdtdme requinig thesirflaw tb etoq’bpe r at ed
fr |nS| 2 are inside the flig
s a5 Lt A e o oot PB G ReP 60 obaflight chamber

o S R R Ao

and p?atlhg thaet Bight dwmiten  Isthe peeferédembodiineat, ganialldlov dl&ﬁirctor will also

i ffuser diverges, at pprOX| mately 3.5t
be afAfHeLE refiren il e eric S9Peiopt bPHIeAgh eponerg hcppamie fight
har&t$t? @nd BE
B0, 5K B S o i
amoalntrdﬂb@wnbmmeptﬁearm i ght chanber to the fans. Above (or
do reamof the di ff r i s, the upper
ﬁﬁﬁy‘?"?ﬁ’i Fﬁ%ﬂe Wéer:ﬁtpaj gqongwldgﬁh%$tg§ng area, inside the

fligh Eﬁdrﬁlb&%@l’roh%ﬁ‘ hfdEh¥@BeRmokd c&htﬁﬂ BEUE. TRE Wl ahY, gotn%ﬁlelgd to achieve

these turning vanes (or sinply the plenumi
the O@tlellms emﬁlwdrelmtty threghathefflight chambes ubst ant | aI I y

bst [ ] t al |
! el haye T tRad s s O s e Re e Beprimery
dlffug&ud?ﬁ??soﬂaf’gﬁn ; ?‘?ﬁtfﬁme%?f’hs a8 bl e iR RIS Hpiding o “equivalent

cone\ﬂegter” ©4l’ to d Osleprsesn nTheilInblgcahng cmmsadtlona]raeeeanedﬁée@mhd Weécity of the
The

Rt e Y . .
the upB&AIEmRh WhEGH ABFHICRIde e fiRuehloy Pg’i“égﬂcwﬁ& %{qﬁré%vanes In a single

preferred enbodinent, the fan in cts
returg isysters dhese dwpangdiangs (oln einfiplp vhegplemura $f mucdnenarenRediddliRct the

Sl R AT R R AN e S———
these vaes gorﬁlmf)l? the plentrh iffo Vdhed ail¥d nt%gccli)t %@?4 ettnﬁlgtc% to basically equal

accepta he preferred e

ﬂows amhttJm cach ftnw fretn sihsipetihllyosetich & amdtaatially horizontal.
rdro aped tallco&a In the preferred enbodi nent,
ef%t % Rgrasses thrquehyihe inlsductying latoéhg ifansd The én inlet duct

e 0 BT O, A L ST e
embalidettathecam tlettdietsret asf diffusars é}épahﬁfn(gltﬁlé"ﬂbﬁ%réaad%%?uch as possible

I ncreases as much-as fE)os,sl ble without creating f
withouh Geseting Haw spheration. The fans are preferably high-efficiency axial flow fans,

7
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velocity of the airflow through the invention is

controlled by either changing the pitch of the fans or
W(b%mwmmgT ng the rotational speed of the fans.PdnES2005/027750
althatghhidyfapamsget thiflee g a tiad franel iancceptubie. tlnghepieferred embodiment,

ducts which also transition from roughly round to
the fanggantpinsg ballet-sBppedarasasrugiand a tasdiopshapesk el eqns. Tn the preferred

e SR B 480 8538 P S pin o e

the Gfe@ 34 tHGehicWf SRR dbicAfed K tBe absdcbmyy firf axedrBodyiMailcone, the net
a set of exit ducts to the second set of

flovh a@h {lmbhigle ﬂ@rf@lys ingreasescrs vauvh s Pp$sible edihowheretting iflow sépmration. The

air rom ant| .izonta ubst ant i al
veldjiof i it Pl s e iaHoE Ry mizo L5y BResE Ghigaing the ptch of the
fansddi@yschahélngl?l?eMe&fo%fﬁﬂe@%@'fé}ﬁm these return air '
duct's aré al so shaped"as divergent diffusers expandi ng
t hel'lgi aiffloompassenthodughshefens ahd mtovitteheoiitductsemhich glsb @nsition from
enbodi ment, each return

aration. |Ln the referre
roughl¥ renmgito SCaF @%E%?@garné’& Hspretered ﬁﬁ}hoéme%fthg ﬁXlt ducts are
Y
ot AT BN Gy 05 (RPN S0 Al sepraion.
Thetahdlowt thexels tthgﬁigher setoferiedwrtstoalid sccond setdd (high-efﬁcnency turning vanes
contraction in the flow area at the EOI nt of the

(if uﬁ%ﬂ)\ﬂéhlg turnthe Hpomesupsiatiallyhosioniabtoeubaigniially vertical.
Rl A R SRR 8 L ALl SR s e

air dmlcﬁ(hré also shaptelia® dgh:rgdne digisery ekpdmdintethe aftflo® ds@i@hsas possible
the pressure in the systemand assists the inlet
Wlthoawéa@gaﬂow reRrraficny Mithe pigkred emhsilianent agach retyr air duct has an air

T
e S 5 PR A 5 1 s o
retus dix didb eﬂ“ﬁbﬁ}b aat bwitetharal disdrsotthatakiyusethbiccrta8pabatle besudden

in the flight chan‘g_gr for flyer confort w_thout the
contiackign iy eéﬂb’é ROt 9k i leuvasm e R gogglp [increases] decreases the

[ayrSEREI RO o BUABBIA LR OB A aclis D BRRBLB (Pheated air
fronathaiwing assebthirdughiite eghanst loavert This lagrersahe @re(s@fre $n thglsystem and
a duct. wwth a 90 degree turn if no vanes are_us

asm%@@ iplgtiorsers ¢ ey dagw 1 F%raﬁr%mﬁgtagrﬁwqugmdﬁeqﬁth@ gystem. This
L PSR O 0 e Wi B i ety

allowlingangento adfjist ﬂ&’ﬂﬁn@maﬁd imthetfhght@himbeér fot Apera®mfort without the
%ﬁoSSI bl e, wi t hout, causjng fl ow separation. At the end
nee

T EHRENiNE AEHALY SRRy 2RHA CORdIEEnG ot ERPTIIFA GAflinghe
g: %ﬁﬁge%&g%f&%%tuﬁ@&ew éxgl or%gfée u rrIrll %{rpb\g]}grs@@ iy agg{n passes through

a setugedbhirighaines adisiraplya ddwwﬁhra dordegtee tatatisha ﬂ&ﬂleﬂa&é’used) that redirects
hori zont aI to a substantially vertical path. In a
the i oo subptantiplly wykdeabiq a ﬁ%tamléﬂoshwzmtaé athe ?;muaarethera@nters the
[ |
soud 1R8] B 8 Sl el ATAL LD Gt
posstblé ®thyut @dsiag flobhephilativh. aAe theand o2 €eloe ﬂ@fvﬁﬁreﬁaﬁﬁ Al 6f the bottom
to its maxi mum speed just ahead of the flight chanbe

plenpay tepiAsainaRassRsyt asglv teoiner vRnRo (or gimelklaydughwith ar90 degree

Ve e s e et B e o kBt o apstamsaty

vertiBal ifath. PRraSReRiplermith 8Yétah, e Flohaha1lMREEYdInsd AMhRLBint.
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FIG 2 is a cutaway view of the FIG 1 enbodi nent.

FIG 3 is a top perspective view of the flight chanber
wWo@bkokhQ@é4d. FIG 4 is a top plan view of an ove€T/US2005/027750

out [T&Ehinidt disgslidio thaimet @ntrbéton Tiontruagedshapbil 6 b8l-shaped device

|6]§1 aﬁgche tic view of an oval /pol ygon shaped outl et
quiglyrcuces thedi e siee A peselerpieathegis 19 T mapmpm sneed jushahead of the

: A t Fl. 7 i .
fli gglg ﬁ}gﬂn%t?ei\fs h&?ée%éagf} aeg‘lr)]ﬁ%ﬂ\;tgr}'yc \f/af%{ek V‘%roa é}ngio%guladé onlgsqalg1 reéluce this flow
arch Qpthper ddpealiny/ the\queltydf thatdRywl € airl ock staging area.

FIG 9 is a schematic view of a tenperature regul ator.
FIG 10 is a side, cutaway view of the tenperature

regul at or of El i rspective view
of deflectors MPMMOMW ngs FI G
FIGLZ ik 8 téh FerQsRtiiOviewedf Plindle? Blator 1 G 13 1s a

side cutaway view of a flan an ousing. FIG 14 is a
FIGs 2de a cutawamyiew efdhefFIGwb efrhndineemel housi ngs nount ed

i,vergent froma centerline therebetween. FIG 15 is a
FICE g4 i pstes s Vot fhe Lt o8 Fhomlsl at or . F1 G
g : : a
IS i 31 B SRR AN b e R l
FIGs b nuh athematibvigw dBan sval/pebipenshaped wuew dcffanaitflow contractor.

fgot rint t.vvo,ret#rn sinmulator.in a mll. FIG 19 is a
FIGs g prathemalic {6 V6 et 2 eival optleh avdlost epntraglaf-i guration in a

FIGDYd 8omaFl Giov2 B drPoi A AfnpGlegPect ve view of a mal

type viewng area for a sinmu FIG 2 1is a
FIGs 8 lieartuipi perspieetiveofiew of aaloublentinl @kt stigiffea.under gr ound
agd hori zont al )syfstem FIG 2 1A is a sectional view
FIG; dichschepage Vewed! atempsigugreglator. 21, FIG 22 is a top
21y AN F is a
FIGE ) SRS S 8L o P B Gt ol P Fem i
FIG211 issa tap pegsppeivepeet of defléceors of flaght ohisaiee editrhhcis®@ors.

FI.G 25 is a.schematic view of a cruise ship having a
FIG\AL%@@-‘SW"@&“%W paledectoxii 1i of an anti-drag cable,
Ficfid st 'V(;r%n‘;- F | .vi ew of a second

en{)%(ﬁsr?r%%?g%a Iel.ewélfgfa%énéllgo%llﬁ/' of athird

FIGehbisai sidendutavedyt wewfaf Gvo Xns siddoasingsmeanted di@kgent from a centerline
schematic view of a cable with a single outer strand a
- di f £ EFHEESPe from the other outer strands. FIG 30

P10 8,083 RERLUIA o P T 1oL
FIGcrois s caiestayoniat of deliddatl b embodiment. anot her enbodi nent
FIG.Olf7 i% arsg el%ﬁaetl% \ger:v%%f %a\/b Ifoeotprin’c two return simulator.

FIG. 18 is a schematic view of a V footprint two return simulator in a mall.

FIG. 19 is a schematic view of a multi-simulator configuration in a building.

FIG. 20 is a side perspective view of a mall type.viewing area for a simulator.
FIG. 21 is a schematic view of a dual contractor (one underground and horizontal)system.
FIG. 21A is a sectional view taken along lines 21A-21A of FIG. 21.

FIG. 22 is a top perspective view of a cable floor.

FIG. 23 is a schematic view of a floor sensor/shutoff system.

FIG. 24 is a top perspective view of a rounded diffuser.

FIG. 25 is a schematic view of a cruise ship having a water-cooled simulator.

9
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with a single larger wire. FIG 32 is a cross
sectional, schematic view of another enbodi nent of a
W(De(d)ﬂmemtmr ag cable with two smaller wres. FIET/BS2005027750

FiGy ﬁﬁéﬁ Eﬁ%tp Bedtivelition of an ati-drag dablea fitsh egpdodintennd.
34.is a perspective view of a cable with two

FI(%@ZIW@E‘“%"( ?%%OH‘EF@%O@@%C@ 1&r aph showi ng t he

FIéB%?‘f&% e%ﬁofa”th%%ﬁlb%ﬁnﬁ%{{%c f. the disclosed cables.

or € “expl ai nr ng Ssed enbodi ment of the

FIGP2o5€a trdse¥eiibhflNsdhemdet @ldw of 4 cdble Wwah R&idpsleitet QRRd a different size
that the invention is not limted inits application

to th@OIQéh%mﬂhQr@ﬁeltﬂ’ﬁ@né&rtl cul ar arrangerrent s shown,
.ention is.ca r..enb

FIGR 6 8 st oy otiE SR Phe it ephgFREO A Feuesd drag cable.

FIGOB1 qi@z% erolsQEécﬁBneﬁ nééhel%u@(qew o atn@me@ embgﬁ 922 reduced drag cable
W NGS Referring rst.to

a SI ngiﬂeasmlglerlargrwuﬂeat or 1 is shown, wherein he| ght
eferably in the range. of abou 0-120_feet
FIGSé%éS 3 E@F%ﬁﬁqc’&@?%&ﬂﬁtﬁﬁu‘bv‘fe %falno% f%%‘ifnsenb%f ipdyced drag cable

grouq,gllﬂgﬁyéagmmer%l}éger Glor G. The fllght chanmber 10
may be made entirely or partially with transparent

FIGpah&d sperbfecvouied dfeveblé witht 1488 strrel) an opaque
n area_d which nay be

est al -ty e i mage. forned
FIGaﬁgmaE%m 17 BIEWH1, ablmvgﬁ &vip sarlersrands. a nal |
c
FIGES S8 £8eaff ik g AR or i o ot IR bbL tabtes.
neBéfbtel expidining dhedigclosedrmbodiarat of iheyradent nﬁfléjiﬁid)r)/ th@etail, it is to

‘Waf“%hti} chanber 10, Dotted |ine R represents a roof,
be oF tharipe MBiTRUOm BRI IRDKehinds srpicatinsLin e deigils of the particular

oSN U, RO, AT ERESR0. 1 408 b ALY e,

termihal oge nseltheesin isdfob éhel pmpadead dbswpiptivh and hotgdftlingiraisaer
to reduce noi se near the flight chanber 10. Most prior
art flight chanbers provide for paral lel walls in the

flight chanher 9 By HESOREF RO U W apshﬁ%sqcu ce

maneuvers at a constant wn
aroun d ]leffemmg é’ﬁstrhe FIGEOL B sinSienfetiaih 91ﬂn1ﬂatbﬁ$ isshom@l Wherein height 1,

fl | nmber el evation 11.
is PIEJCEGAY FGF IOt G ettt T HCRRh. SPrhgingRlatiatismaspury all components

belot % %ﬂﬁﬂég Ié'x%l of’@%%x‘éie Ghof 88 ?Lgcf: fﬂ?gh? gh%lgtaés?grﬁ n?%yl’fe{ ﬁb@enhrely or

partially wath tanspdrentfganglot Iﬁg’rantxislrev&lﬁs atNGprithal dryopdage pedestal-type image

formefida dranh FHRSISTRL P& E it SAGH @ Igh i GEEORmmEI 3 pall cestes an
t h
e 4 RO o 0l L 0 s e

“flieadyoudtio ﬁé@()torqxberldﬁlce emlatad skyivige it ﬂ%ht clﬁ&tﬂgarﬂooﬂ)dﬁ%& line R
froma maximum spread eagle position to a m ni num i
represgais R 19ak Whsedn eongpon oVER ganfhiciTapl-meuRigd o regduedieoise. Dotted

line ?gpeég%]s&%%% V(Béali, %erreqﬁ @5%55@5@5 Qé%na ﬁf‘eﬂwﬁpﬁpgﬁgy 1%1% tﬁé ?19ght
chamber 10 could be isolated from the flight chamber to reduce noise near the flight chamber
10.

Most prior art flight chambers provide for parallel walls in the flight chamber so that
experienced fliers can practice maneuvers at a constant wind velocity perhaps at around 140

miles per hour. Simulator 1 has a “zero height” flight chamber along elevation 11. Elevation

10
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shape, he will fall downward. The diffuser shape of

the flight chamber 10 will provide a selfbraking
weymbomedue to the increasing airspeed with eaR@l/US2005027750
11 is i iemdb il e &iﬁéﬂ’lﬁlrfﬁﬁmlbontrﬁcmr@l’te the higléw difnrbet0, Wherdin the

safety net is provided a 11. The diverter 2 neets
dlfftlm 18ihes duerging veadls 20t ﬂaneti 1 0d theelifser i @ algp yarvesas the flight
h rb vertical path to a horizontal path in the

WVerter 2. Al the diverters 2, 4, 6, 8 change t he

ai IN6infrRel/ B8 2l ¥psta e lin® 91 @bearaes& 1413% A,ake ﬁmﬁﬁh xpe%d in the

accel erates the air, perhaps with two SI "de-by-sid
simflatrg, ARrthe Blaei goesjmghm inghe Aight elesnaiyan 1@.w thei topt bﬁtlmrﬂlght chamber 10

to J@}%ﬂﬁﬂ%ﬁ%&?ﬁiﬂe Fop. aeigh o et fafiah, ? Sy Shene ther drag
prof{e§ Rrol’ ')(Lﬂﬂuﬂl\’gpféag%ﬁél% goglﬂbh t@ﬁ)ﬁﬁﬁrﬁﬁl‘é h Em Roﬁ fion. Thus, if a

oop throu e sl nu However, t elg
ﬂleﬂ‘mxzendscho Itlnestep dfttee fhighsehamiel (HO bed dreorchonges hsndtag hﬁa human ball

shagqs] g? & ,%g]l E%%’?l\tﬁlﬁ%p e% lgfc;qt{gweé ﬁhaﬂ%g ,ﬂggﬁggt c?}fapﬁqre]:g E 0 W111 provide a self-
bral?ﬁg gyasgeﬂﬁ t}{lﬁé B ﬁle(fﬁf\ég%:%ﬁlgla%%sgg%’@ﬁﬂ %Eélﬂgcfeﬁrﬁaﬁ{aﬁ aé{s%lent down into the

e sinu
fligletrobambsierd.i Anafetpnedspoiideda lrﬂee]num to attain
commercially acceptable | evels of hel(ght h as well as

t
noi &, dI¥eHERr & Hekts ﬁw@éﬁ@ﬁwy 19t Bigtion bl Qskhe %lswéwted from a vertical
r he S r ,
pathgt8 ge‘égfra‘,li ?lisﬂao n%gf&ﬁ §?e Adlrl %rdwéma?s gi 4?’ o & gﬁa'ﬁjtg% the' alf direction by
abo@w@sddgtiesks) on conS|derat|ons The fan housi ng segnent

300 and the fan section 3 have diverging walls. The
t opFhsifam assenblnd acqsisreey theginasthaps whb twe .sudpxbarﬂdeeﬁam nThe basic

dynﬁﬁ?:gﬁ{% tgﬁx a19§1}§1%ﬁ£b vmg CSm 4}1? pso ‘ht ﬁ?ﬁ?@leﬁ%ﬁgﬂ Zr 4988 ana size. In

I vergl ng In COS

the dopsdst desligm one mi(ﬂz&feaipt ad Beep&hé b.ﬂﬁbﬁ cbored Fulspekd for the entire
have diverg |n% walls. The airflow contractor 9 has
Fp:

loopcthrrpgh dh giatPs HowexT ohe hgiehbWaArkdrhgye thdse, the noise would be
|
eno i3 AR A RSN Bl L S CREELENRY, P e, o more

efﬁd1¢’ﬂt eber]aﬂob,r it gsecessatbisknt thalair do@vrcdmingt ikarsenk@ighrthe simulator

air. Referring next to FIG 2 a schematic
loony spndasginedhe Grosepeqtivaal; axeasiaf she lerwn iy aftaip cpmmercially acceptable

leve%'.cﬁqg %ﬁ’h ng\'}ﬁ/@éﬁ%@é‘% Sﬁﬁ E%Jiﬁw?g@sﬁh%%¥ 4££€eth§ Lé'agtvﬁorsepower

possitié forfthe msby 90 degrees. Two fans 40, 4 1 are
schematically shown nounted horizaontally side by side

i n Theeiveresisi g, 8 spreaalr da potmare divsraies Walli)@#f‘stﬁé{?ﬁﬁ Gpastruction
cons!%e%ggon‘éh%r 'an %blgsFﬁé/\% Ght 5653 r{ f@hsg %@f%g&en&yérg{ng walls. The

expan s an e a|r
top slemirh 30ews divekging platin U’ﬁhéﬁertlaaﬂdeﬁuhﬁplehlﬁmwak ldﬁ&kgmg walls. The
return plenumb5, and finally throug[hthefll

botteth MR 1goesnqidaxe dléfetgé%@aléft directorteadap iy mcf@sts%p@ﬁiémtm@

d | 120 face
con oe\%%%r%eaﬁrﬁﬁoﬁﬁd%wﬁggﬁa o Cﬂt‘ Q’t‘ea di\l?erbﬁg\éfaﬁlts 26 has a
| 0q¥ehirA6W ddhdhactbao Bss m%fge@gmaﬁyﬁﬁamhh@@ ARw the@koss-sectional
12 about opposite outlet 26, a reducing nozzle is
plenpigrared thsrebyoaseelesatingghe air to about 140 mph for flight simulation. The air inlet
12 brings in ambient air to cool the simulator air.
Referring next to FIG. 2 a schematic representation of the internal workings of the

simulator 1 is shown. Airflow is shown by the arrows F. Diverting vanes 200, 201, 202, 203
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260, thereby creating a decreased static pressure zone

V downstream fromthe inlet 12. Therefore, anbient air
WO sooﬁiomm‘ed Easm vely] drawn into the sinulat oPC1/US2005/027750
éach}i@h the i tibwdlikktiembypde degremlmaﬂms ROf 4T fenghéneatically shown

to FIG, 3 the diffuser/flight chanber 10 is in the
moyKgHhBoBForalboTife b sidsé ﬁvggﬁipuagg%@few Rlfe 1% fya mBrspective view)

B85 B B, By R e RSB R i e

diffugifg oMtinuRb iop/pldrud 80] £A%héd RIVRBEN r&idSSlenulds, érﬁiFﬁnally through
of the flight charrber 10 is seen as a.rect angl e

the Aight whamber 1QJor some of the walls 20, 21, 22 etc.
ma e transpare Referr n next tqQ . FJ]G .4 . an airflao
y lpg%ﬁl%erts%@)@ aﬁg}g rf:gpéa | llnel)é paté\giiidjbjblpavglg air inlet 12 louver 120
facd W&ﬁ%%arAdﬂh&ﬁ 1 91?9 13t
ac Transiti on wal aléqg%ontlrlact%t (L;aglﬁh}\# 966% face%lépstream By
mountingtthelidett 13 a:blmat opfidsi¢ outl2 26 P eddacianpzzlbés foenedby louvers 120,

112, . FIG 2, |ch i s sonetines buried underground,
260 éﬁ'ﬁ%ﬂbg F&tigeR irensed S R OB Voflowhifsamaiprm the inlet 12.
n
Theijé e ?r\k}g{éﬁt %1195 fgrlcgﬁ ?55%;\{?5& tggﬁmﬁle 1?12(%) g'{écsﬁn{ﬁ{qgei without the use of an
addmomaﬂlfanor 1. Referring next to FIGS. 5 6, 7 the term
"oval outlet" airflow contractor covers any oval -1ike

shdpdesiggmezttoddSy gdhe eiiaserdilightshanther 406 ipdhe thape gf a polygon
T f
I

d1veln@/atrag ophienad aem® dszmaiﬁfestﬁgltau@ ﬂ&l rafgeet abbue?-1Z Qlé%ﬂeteffrblﬁ?ch other.
om

a %%Sglg and entr area. The flight chanber
The dog,p ight chamer %StSECIea@paerﬁgﬁav@eraéﬁlapw 14Baed] or some of the walls
?5& ewi ng area 700 has consi derabl e
20, %%%%e?}é;fﬁ%% ueﬁarrs erri ng next to FIG 8 a two-stage

st agiferging haxthierFI600 anairfbwtcdnthcter 400 gdstthe i design of a
omB2 with a flight chanber wall 809 having

rect%&k}i%e@efsﬁ% A el Pu%qﬁﬁp%m deasiion walyA03 EABiregs drssairflow from the
1nlet§4f(fl Cho ?QJ ot 469 g?%ljﬁl tt}gsgjl@ %egrggc%og SoBLti! qst l;]uned

doors. are ose

undd;rgle)uhé,rmludls length k’laV@hlb @oi:mblrﬁhdﬁ oflsivitpe tad dirh@wid‘nls if®@#Ba cost-

to /Ieave the fli chanber 10. Anbjent pressure
effe?tgfe%% £ axelatiyglydow, lghs @gd spevnersighy siehlesimulatord.

fi F G

Do A Ao TR TG 7aR e o0 P oh A ogyers any

oval-hkb slhhpe sdoh asmolygonaval qutlet S0(f dridayesfecidyibeh] @atl&r6000 dRe oval-like

804 mhlle door 803 i s closed, then door 805 i s
shapg|pEREdes Toh 8 FargfeViPYingraseaiii cemnsrest toagopn ontlaiheving the same cross-

R U S

could &g tin aimaligwily Skperﬂsib@@&aﬂ opeeStvhereinf tha IRb&NEEWiBg AL 700 has-
an airflow F . The outlet 2 6 i s |ocated opposite the

Considfﬂf%’clei%nmﬁ’tﬂlas‘faﬂ%tly upst r eam at a distance d | 1

ol guyers .1
3%%?%9% ’?[r or?gbgg%?r-o ngé §ta%1 et ?&E%om (OB PY e %ﬁ@t chamber
bottcan B2exicha fighticherfban®ile 809 Kavin®@widt®wel3204hH Blier entrances 806, 807.

Entrances 806, 807 can be doorless or with hinged doors or with sliding doors. So long as

doors 801, 805 are closed the fans do not have to be shut down to allow fliers to enter/leave the
flight chamber 10. Ambient pressure is shown as A. Doors 801, 805 open from ambient A to

first staging room 802 and second staging room 804. Door 803 separates the staging rooms
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Inlet air volume | nust approximte outlet air volune
O . The decrease ininternal static pressure Vis
contracting and accel erating the aPCT/E82005/027750
gbZO ﬁ@&*l”ﬁf‘ d}&eﬁhﬁ@h& iibilp eR Alengerils pstemotsgl While door 803 is closed, then
closed-circuit wi nd tunnels disclosed herein consists
dooa 895 tmbosedy ddien #hp/diess would gater Feommy P2 etk deors §He 805 closed. Flier

t haust | ouver and an intake | ouver. The
entr, ‘fﬁ%%@?’ a(f(naargﬁ e |ouvers are | ocated and oriented so
t hag efbiic@iekt © B 1@83 0apb ﬁle't Wgérﬁﬁﬁ*é ﬁ@uﬁﬁh?@?ﬁe& h@t)b consists of a
This | ocation i art 0 i s novel about this
plersys § bavinglhe airéam lﬁgTb@i geﬂ@ 26 ig }meated hapmteltbmméet 12, but slightly
' tunnel, and scoo

def | ect nt o t [
upsitiep G2 ditentothoross ydﬁ%lekaarﬁes By Breterslie frivarsg i 260 are
[
C ok Ny P el @ﬁﬁt#@%ﬁ%m (b enuz 5.
Inletaigeolomnde Itrhest eppauihate outletraintoltiie O €Bhgdecseisé irﬂ@terﬂ'eil 8tatic
trailin (geof the in akelouver i.s deflected into
presgis ¥ sriREned by contrachag pad peglerdling the aizebrozia Nnt t han
vele%lgl)éth%y : %arlig%%ygcgrsneusgd ?@Pﬁ(gsggi :Eﬁré:ﬁlﬁ gvgﬁ(?]ﬂinﬁgfs d.ﬁjc?o\g/ed herein consists
of tWd barelpuvdb at eachattms &g of theetunfiels:y af axleRst laud&Cafnﬁ&ﬁQntake louver.
in the internal static pressure (Bernoul li's law) . The

The|exhiatst et @takglowieat e lprabalandeoriepier 5o thatiteap Frelaverpble interaction
betvs?e%{llfl%lrxL yTﬁ’fﬁg t1%h rl? hzﬂ{ of &/Hﬁ %1 ‘getl @t%hl@ sﬂgtm ,Tum the

Iouver ength a s the

ex T $dadirpadse of ke ﬁﬂﬁ’&st\Aer tefveed 1nﬁ9ﬂh% it@eB b P&Dops but the air
is desirable that the intake |ouver have a greater

from Jélﬁlglp fhetungele Iherniake {qvweris hegaiad qnotm eppesits trenplwiellifin the
exhagxgtf ﬁ\%r' 94 Hif l‘ih{eeig deeqél?%f ! l%ﬁglhs Lt tléja nnggl(e ge ¢ 'of the exhaust louver

an ers e
at ths dpﬁgﬁit@ﬁﬁg CTh@ﬁSllmgfedgélef five ﬁlﬁaltdlﬂﬁﬁér is déﬂéctéd ihfee Qirel. It is
in the sane part o f the wind tunnel there i s not
deflqeisslp ATRAIPT ST CRATHE SRSy 370 cowseltbeipdraaliairiloateaocity to
i I ur.e.
inerdgh By BREASER AR, Thit B3nd BhS THRLBhAle £ RIGAF rfres @ deorease in

the iflteagd pratic pdsage @Betnoellidolmyt TaatoveerfintehiRl eshapsbsiad thelow
upstream of the intake t o achieve a drop in_internal
a‘fm%SPIa%rr agfualdy sircks jal igfodhe inlety Asa ginimye, Hin igfake leyver hes the same
t
chorf0k R OO0« L 130 UK S B8 e s
the iptaks Ruver e al dreatat leagitl an chdrdskan the Eﬂlﬁdiﬁf loReéd to rEmid6 €he deflection
Often there i s additional ducting required t o
requight rol the internal static pressurecost. The present
in Y e
q e)g?‘% I1 ?f‘frgd a%lhagls%c@ﬁ?#kse eﬁ@&eﬁﬁ% \e\)gt} %%t anla intake in separate

sectibied efthe Rgndrexhel or ﬁ‘lt@ aré In tht 2arde gaift loﬁ &Ile/mal@Iﬂqdl there is not
pl aced al on%et he bottom edge of a flier entrance 1101,
favoei?tﬁzmtqaacélpa tesntheltiee Lo e [tooruse s derirerlidrehin the internal static

press%)@ "SR Hgktlgn tlﬁ%e g@g&%ﬁi @%g? %)p & rr&ebgtllib%ragl gig%%lanvg &€¥/10€

resonance |

dowmﬂ@h@d)ﬂtﬁéi@t}ﬁgst%ﬁelpltl&ﬁn ofithe ihtelechion@hrRee8 dtdPR: internal static
inclines into the fl |dght chanber 10 in a downstream
€

presgice Bouilerio cruse thﬁ pytstdecitdaisater the toensl d Whilerthisrwiorks, it is very

A N NN e "

perfdrinaR& ASftéMMRFLis 1B @iohM&ucting required to control the internal static pressure
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staging area fromthe flight chanber. Referring next
to FIGS. 13, 14 the fans 40, 4 1 of FIG 2 are shown
Wo poobloedon7 pref erred desi gn. They are orient ed BCT/GR100§027750
W’h]@ﬂﬂlﬁmr”é&%mheb;ohﬁhldﬂen cogtl dfhievpeesent iavasivhevbidsehes problems and
The fan pl anes P41 P42 are canted downstream

aCh%eéfF;?ArfqW Jlesieer ar grdraepwEh BhlowesiPayehlesig (fan can)

Ogﬁﬂﬁ'é}gq{fé;?ﬁog%@% }Q@l |5 ahﬁﬁ&@@f 148 6%{)1]% %g‘gﬁ%é] &e%e?tfaasedge ofa

ﬂler aahesy 11@nd 1W1mﬁﬁdbﬁtd’reaﬁbé‘@ﬁﬁhﬁﬁélﬁ336 IR @RAmbé into the room 802
st agger ing of the fans can help place the two fan cans
Iy BHZe Qﬂg’@fy esongngstn georh Y0xn The defl¢ntorf FldAthad 48 angled leading

1499. red ces t.he
edgaifl 1p5inthe falitadiks hiod tifindi ot Bieh PRiG T 0uRE doumstronm
di vshdna: NTREFHIBE Shanhtser 187G 10
e i ght. B%ggde 130{ coul d beroucﬂ)(?%/\n/gfrae &‘Bf‘a? b%ﬁ%@%}%ﬁﬁ] tQptionally a

deﬂE¢t@S1 lQﬁquuICBb%HWuatedraethﬁrtnp of theldabg whEbEA it tend b mward into the

Funct i naI UI va conmponents to the single return
Stag%ﬂ%?%\ gm @e F@tﬁ @Ié‘ i ke nunbers, wherein no further

de d I p

ey PR AR @ FIERIET 15 fho EHSHORR! bf FIQ B oc® UGG Pkt proforred
desigi.v &hegy ag owshied sl1ghtr])y ai\eay frompeacly bither @latidlead la\cehtfrhne as shown. The

const.ant rflow th in. Above the flight cha
fan 30 0 B2 hrer e oo dvias Ages andls P43 308 cowling (fan

t
an A0 R A2 Gt Bt L A ity

may2@, 2.42 metop(10B fifictes), and SEDMag b S0 heteish@22li ﬁnbhéé)e TASstZggenng of
vertical return ple

4 as shown A |eft darl
the fgﬂ%aaahhqi%ghae fh&ﬁY@r GRS 13 glfiog%tpg &t {ieh 200D mowm the front 149
t
of PG, PRGRSERHTT 470, P s CARACHE dlufto AUl b R Leflauns of ai from
the m@mchae@cemheaemgth ofithearturapleonm khA 2held ghte Blads1 3 &@ould be
Hyl owinto the flight chanber 1503 . A larger flight
forvgtthnber 1503 can be supported with the four fans shown
as Hé@éi‘H Rkt Q Fid f
Ref erri ﬁég next to§Fff)(/’\sn/(h;laa(Hlaie Sfrﬁgl%trogflgq):dnﬁsg Wn f%ﬁlonal
equik@entecobipiogbits ui‘l‘életsargldlﬂﬁdrn\mmlhiafok il ere divodliké ﬁﬁmbéhs, whé&ein no
furta' r, return, con‘&ﬁfents 1702, 1703 are shown with this
hep fessrRACR ISdGedes Myl i 11 U 705 is an acute angl e)
Xt agibi
U] BB oAb B ek e SRR o S PaTRL bRl gpther than
dlve%@waﬂﬁmmderato pirevid e g ré atdselVéonstansaiidve thdre€in. Above the flight
| an PW. while the conponents 1702, 1703
cha ﬁ?@iﬁﬁl Yﬁﬁﬁ VIHSRERITRCy tarlpuble dingrteint 209 ddenbke diverter

1505 t{)v@rﬂ?vezf;&?% {}ﬁleét1§67 di‘.fs‘é)g"‘%% Yotk %@L’{E}kgﬁ%so@gtf%s 40, 41. Top

roof. Ref ng next to
dlffuserml b26@ oonnb8i00 the divettersI2, 4 adstidvar. eAtleforhd a eigli va@RER Réturn plenum

pedestri an wal kway PW has expensive retail store
é‘ tENBFGiuAT Egn YStem

The bottom plenums 7 each connect to a double diverter 1501. Double diverter 1501

has two diverting vanes 1505, 1506. An airflow contractor 1502 accelerates the airflow into
the flight chamber 1503. A larger flight chamber 1503 can be supported with the four fans
shown as compated to the two-fan embodiment of FIG. 2.

Referring next to FIG. 17 a dual return simulator 1700 has a flight chamber 1701 with

flier 1704 therein. The air return components 1702, 1703 are shown with this top plan view to
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- B corlsus@qﬁ meferetaa4

Less expensive mall space 1899 may have storage areas

and coul d house return air conponents 1801, 1802. An
woitsiots4nal | WOUT | ocates the return air conpPCEOBR05/027750
folm S0 SHER4 b @iigel 105 shavauteRalts) ek kg dingtorh thelight dmber 1701.

a wall Wcreates an encl osed area designated as

Onepyspfprcthisgawiaserel 79818 inipehlicdiedesrian w St as shewin, a viewing area

va 338 B e PR SRR S W nliefis 1027 e soundproofed

and RefdRhWyRealTaKt A§ Boteh Gbo v i Faid dddSielated &&%&M%{% #88nted on the

simulator 1 of FIG 1 is shown, wherein a nal
rooihas a pedestrian wal kvvay PW The term"mall" herein

Eeegy e e
evefﬁta ﬂ?‘g)@&es@ﬁdﬂ \%lﬁwa?@"‘w e é}?%ﬁ Qélf@éiﬁ?cﬁre s?a&y{ﬂgng area 1805.

rms pedestal "area d e pu
Lesd expleasiupnialitspatchEBSOrmamshavestiradd dredstandhanideiontd retvi’m air components
ticketing area 2001 could blend in wth other reta

180L;1808- Anpoutside wgil) W OW L logate egpiélm] fir @PMPERGIHET 1 803 1804 outside as
&pmponents 5, 6, 7, 8 are shown in dots. Referring

next to FIGS. 2 1 and 2 1A, a two-stage airflow

C oRef@tingmekistoHIGWN9 a Avalll Wsdrestéscegeeneivzed aeh @16s1§na1tédla§ BUBLIC.
hori zontal .and feeds diverier 8. The second sta
POSSéle}ﬁ@Pﬁ@@aﬁt@ﬂq@m@la%? { pe@ L SQ{hererhewa. Fhang hm@ms 1704 could create

bury the first
aneﬁ@ﬂﬂg con?rac?gn&%g%%?Egﬁaé%%g%ﬁﬁghﬂ}he result is less
nOIKEﬁerﬁﬁg ne£isis Hei Yhin bist’s Rede@epokhe kaaflatoe N of #0GOT is shown,
112. This invention can provide a | ower overall

Wheff‘ém amalk Hl00hes agereptianoyalityvey P WeTbe farmg madk therein matides a high-
peo;ﬁg g%%s;ftg%g bn%lgel%z ylglﬁ%QHgﬁﬁmgeaLLds%%nt%?ﬁ{eeﬁg gomf)\fexes family

enteﬁﬂibﬁminﬂeaiﬁer@fanﬁrwllmnq&tses‘ aBund 16veeGH faaarls péﬂesft&l%rea d; so that
flight chanber is a 3/32-17- strand stainless st

el
the pafblig Ao WaBlOdhaBvRTAHE Sickt shamber (80 A:ﬁ?ls@tlee a&ﬁZOOl could blend
in ngfl loﬁwr A&l g{or@ﬁr&lﬁs ﬂ%glsqff é}hﬁ ?hé:%%{nﬁd %g gcr réo%%g t? g, 7, 8 are

ression spring en
shownmdmﬁylar appllcatlon One hundred tmenty tmo (122)
cabl es .make up_the tunnel floor depicted. The nunber

of Rekrias ngritp FifaPedansh? kthé teRajREcaHdlos) watigetor fieshown. A first
stagé {:%r%%ltgg?? ﬁh&%ﬁ&ahm @?% épagéﬁ %;slg&; d Jtﬁéée dntractor 2112 is

vertleﬂr’@ldieécatth@ﬂght cl&uﬁbem 10r iThe sﬁnul@tor ZSHI ¢ouWS b the first stage
ad%gsted to give _ the proper, "bounce" to the floor
con i2dil hynderarosnde dhe sesultys lepornise andilpspieight deyrfhe second stage

cont%gﬁr ?ﬁ_ﬁ e?felg é{l\gén 1££ l%%l? gﬁ)vi&bal/ I?wfel(‘ gg&%éﬁgﬂte%ol‘r I}@e Sf)lgﬁgltog 2110.
wh R@fbrﬁhg Attt BIGC. AN & sthyiap archl2200 hadi flighp ERdnath @2902 With a bottom

the sta ngIV|eMAn? area to see the activity in the
f1ight deck in the depicted

" noRE e S EIRRE B rAPRE e it e RERERA RlpbB8s 23217

acrylt ¢ pa
strandl st sSNE bt AfiScablR @& it alBx2 NE0&aN 60lend) @8I One or both ends

of the cable are run through a compression spring, depending on the conditions of the particular

sho

application. One hundred-twenty two (122) cables make up the tunnel floor depicted. The
number of cables will depend on the shape and size of the flight chamber 2202, the maximum

number of fliers planned for the flight chamber and other design considerations.
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Referring next to FIG 23 a flight chanber 10 has a
flier sensor 2600 that uses energy waves 2601 (Ilight,

wo a@bo126spund, UV, etc.) to detect a flier noVPEDUS®O5/027750
hi gl d&mpr@#@bﬂ"ﬂf b spredribadiusied thgive tig mbpar “bBﬁl%” Adhe floor
consi st of sinple on/off oqutput |ogic, or cur

provigthgl inerspsegrsatapshouida ﬂzzsertb@ﬁ@t@p anﬁtalyle rgd Galbtor th@ Gable floor.
airflowto dropthefl;[e o\g\e hefl|ght
chanber. An energency en 4 could al so be
operRge B tingrgeont gold leﬁm‘?)@tgl%flwﬁaaﬂ@@ v IRE alBRPBeBMtroller, flyers and
al so be used to prevent fliers fromtraveling too

spediatigts. infa¢ stagmg@lweng atea t¢-p€s the actavigt inghe Hight vlsenbe? 260 flight deck in

t ,al o serye hanb Th 2701 .
the desfified BRBPARERR AR niabs ‘%aﬁéﬁ SO0 4openg ghie;ppialgtion. There is a
25 a
largé A0 ?%16&#%%%20‘3.9 ?E‘T%;at%*‘?ft@ i RGP ool dom. 22 8 1 g
sydieffﬂﬂri&@@@xt t@ Kea g udlightrchemba8Hlhdseeflisr senb@ed600 that uses energy

exchanger in the si lator vig a flow controlle
Wavg%%@() a’rgh TR 19e?ﬁ9§11a nSéqlé%}Pct 16T B9MAZIPe atgéls}nwhaﬂlght

a t

charhﬁgg’lgfr alt& Elr')lgtrgl?& g%g% i B c%ﬁ%gt c;fgn%ﬁ gH?F @cb@hl 1 & current modulator

or ﬂ(ﬁiﬂidt@ltérﬁpor%ﬁ@&edﬁde@ﬁe aﬁ‘ﬁowZ& drcgﬁhefﬂfi@rlow&oﬁmw tﬁe &11ght chamber. An
cabl e designs which could form nesh

CMCEEHNEY] %lamne §0@1e%§@ﬁé:§uhdrﬁé%0 ke eirengd by ﬁ@ q@mpllwezqoéd demesh net 2605
file. . Cabl
a5 BbAeaR8 Bnl Mo Al B Alne kB, 0L L' 5307 w th an

extmifmhg ek @&TIGV\QfaancﬁB&Zhﬁhmm@nﬁ:glg alsdGervieaR lagflight chamber.
as a nodified twi sted el enent core 2401 with a

The mlﬂ@ |28 Oherylddre thieervshracpilispanelssiThg oxal aptletvd’Q2rhasicggved edges
27 RoRaRhE nBRP 119228 TRHIESEfal MASAAoP 2R BAR e cooting

systéi} 2861 Ardeawgten anét 2861 Fdeds adBatt dxehﬁ@@r 2851inahbgdivi@st via a flow
of cable 2900 has eighteen strands. Strands 2901 form
contgles g a4- é&mreteﬁl@ﬁﬁaﬁ@? é“rns%%gﬁﬁ*éip@fabfﬂ%ﬁﬁ Wea tempersgug controller

28021{03125%%;?15&1& ét%febﬂ tset 3&% (roﬁl]rﬁ hégﬂgé % 2852.

c aM@spm i2meee bffé\tﬂddh&ﬁaahcedﬂﬁdﬁﬁ@fs v(d’hcld could\ﬁf(brﬁhmleﬁl net Basic
different fromdi. In the depicted enbodi nent of FIG ,
aeroggnanyes teaehas that asvwaaﬂyrrerprf)ﬁ@ regipqes drags opRaseddo pdlugs or flat profile. .
[ I
Cab% fﬁgﬁgé\% g{agﬂ% égq]ffl%l‘ég ﬁe % \’Vﬂ?Fﬂ ext %1 ﬁe%lfc@ﬂ?ﬁé 2302 shown
in Figt 2&nds 2901 .. jj $3 au M 11)% di fferent from di,
nor e comuonl y | be 25% or nore different fromdi.

I'n Ctah](?s?ém@rh% aum%ﬁ%d RAEpE clgmentcarg 4R} with grpingle hefjral clement
24023]?1{1559.% ASHIUGH, 85 2p0% the size of di. CGther amounts

e varlation would work in a sinilar fashion.
Whenblk2 508 lesamh®lified fadsted 8o 2308 ndh difubtbhelchll el@Bents 2502
determ ned by structural considerations. Strand LI 9a

mlssm&ﬁtssbéwéflnﬁ@ﬂ%i ent* size to not break in use and to

Pnp nk%]}?re;rﬁﬁ%/ B&ﬁgﬂ%‘% 0%151 ¢ a@%ﬁf‘m g'ie:%bg% %b(gﬁﬁ’ tshe&gh’ceen strands.

Stra@i}90¢ Fbin® An bliRr 68t Berthéter AR1 WS Approximately equal diameters d; Dy is

about .4826 mm (.019 inch) in the depicted embodiment. Strand L19 completes the outer cable
perimeter and has a diameter of d,, which is different from d,. In the depicted embodiment of
FIG. 29, strand 119, shown in the solid line, has a larger diameter of about .7112 mm (.028

inch). The strand L19a, shown in dotted lines, has a smaller diameter than strands 2901.
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in. In principle, cables with 6 or nore strands coul d
be made according to the present disclosure and
WO e0vei0i2sa7 accor di ngly. The inner strands 2902, PGB0S2008627750
hav Bsidhdile et 1&ikiiss diffdrem frost d g motse 268@incaiydD§ oilirbe BS% or more

ore of bl e 2900. Center strand 2903 can have a
di %@P@h@ 2‘1“ smbadipends Wi\lﬁlz?&zz@ gerlﬂaan @ fly 2 hovagrmeuch as 250%

the\M}]% n i Fﬁ{ %él ng% {é:ll%xéitﬁﬁ @gﬁlﬁi Vgc?r% ﬁ%rt gﬁnon ﬁ’hen dy is

smailen otﬁe EATmeh s2RQF dyintiih bk detBrrhined b?fstr@ctﬁfal %sliae}aﬂo%s Strand L19a
about 1.47, wherein the dianeter d3 is about 10%

mugthegdsuffivagnt §1261p hot brealt inaive aad tvkeldthetvo adjsceohiitands 2901 apart at

R TP RV SRR B B e
in. ﬁm@i?lec 8416 WHRG J?3%ord st N %Buﬁlﬂeelﬁaclﬁec{dcﬁﬁ%'itgj tothd érggent

ine L30 with a dianeter of ds epi ct
dlS(émblo@lancbﬁmcti@l pecordBg@lenm (. 034"). DL is the sane as in

el P95t R b b 1
the S4eloR B @HIEN00S ddhtd e 81‘1?@9(@ &d H%pr O @5 Bht dj éi‘x?tgr from strands

shown in FIG 30, stran L30a are s ovvn I'n
2902 ftais innglevand wilaaﬂletchamei& affinhesgahdseP B0 @O0Ds in rélation to the
this ejjﬁ)odl ment, two or nore strands L30a will be used
d1ar{1g,erhqﬂ “open gap G Cable 300 with two strands L30a is

S hqw'?hé @egﬁct@@ Eﬁ‘ﬂBS&ltrﬂe ?ofé%@d VW&HI&‘Q "f’t%zxghg Qe Hﬂ i§about 1.47, wherein

hel | cal roove i n Fl ano
the diainethr e nt abofut 100 lnglet maﬁ@hﬁlﬁ)ﬂn strawhdiatheer dyt’ﬂie cable 2900 is a

and 301 t he n strands 3012 and 3013 form
thSE‘ﬂ}?{es 13?% fof9 megghelicalyidge shopaiaFlGD1a

ha r
3o%@fmgste ! bt SRyl e ALANERE Ll o ine oo
w1tlga_a¢1aﬁ,etem$)f g Itftlﬁ deﬁ;cgaig a‘rdfmﬂ&nc)lo b3k ds 8!6661mhﬁ@h (&814”9) ID; is the same as in

elther si of, stran two helica
FIG $ aatio RefTyis f%au theld beyeth %IS ity U5 SHamy (50499 inghyebove the

| peration of the

P em%te} ;&Sérl}%eﬁi?&lgfsrlﬁ g)l\%drimg&l\/%H&)dallsng%g at about a 90°

an g’ilsso stwwrhin &b B6, smmdhLﬁ@Hal‘B skowem bl éotfdddinies #gthfAliymeter d5 of

tess 0% REDH ABLET BROPHETEA AP PBIcELHESs L 8h Pl Rppsed t hold open -
gap & '(ﬁdb?@.{BO(f RAththe sfrh‘ﬂ%lt]leﬂﬁ' oot%ité'llr'hepdpfilgp\eébﬁ% AL iﬁégag)v\@r forming a

the length of th ctions o
hehcfallgmoavaI%e%élcabl e are believed to result in at |east

so cti o g. Fl 3 shows a cabl e 3300
ot HERE A5 bcHier oty o5 Shercobli SHIOHS sw%r% aprstrands 3011,
I
e 30 L 02 BB RS e
havest diameter 81 1esm Gtansi00tof the Thenatalife91 t) &Qt&d %ﬁ b6@ntakds L301a being

used in wi_nd tungyi or other environment where it

ny
in a igslggap Cgh i Fib- rpireRfsd-304p pie Rlared osipither §d¢ elsdranh3A10, forming
two ﬁgf‘cap@rog%s_dr ag when it passes through the air

Referring next to FIG. 339 the helical ridge of L19 is seen in perspective.
In operation of the wind tunnel, air over 20 MPH passes at about a 90° angle to the
cable which forms a cable floor / safety net shown in FIGS. 22 (2202). In all of the disclosed

wires the direction the air flow comes from is not critical for the functioning of the device.
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or when air passes over the cable, not just in
re-circulating wind tunnels. FIG 35 is a graph
WG h@iong4t he dra Srond coefficient of different cabPerUsO5027750
Otieriddsh g owfgcﬁﬂ@ wlsttiyrd oovipthe $agtleof the cable, aif othbraditeetidns of air flow
cables, al] nost of the strands in the cabl e were
oveg HisrcgRlernue bel }eV@d da esplidm aﬁ 1ﬁaSé1 SR fetuction ﬂ%dragm shows

ghgﬁvﬁgélsﬂo&%ﬂg %%ﬁg 3?’96 | c 5 {T L 4%30 éla outer premier with

L31arsihnds 8562 RART 3308t BFm thda BReBdRE o BOMIG3 S’O(ﬁtlﬁﬁn&uﬁ?bé $haller in
FIG 30 with a d5 of .035 inches. Line 3404 shows a

diargetenthdn agandL¥] @otg]gowm)t h a d2 of 0.025. The di scl osed -
ner al | ot cast a ci abl e anpunt
o eI L e B isedat sn el ReiT otist e Sagms whereitis
desﬁélﬂ@to g Bte (BADsuFBAUELS (R hB ndhAY cﬂ%ﬁ_p ) ﬁ%a ?through the air
any correspondi ng savings I n energy consunption

or wlenuirtmsdasovet the cabsle, 0dt judtiis rd-civeutitiang veial hennss, |
result in a direct cost savings. Althoufgh t he present

devile3hi a%a geeh sheging %%érafﬁce#ﬁﬁ@né%ﬁ repp cahles astagignction of the
o BRI 5o TLREDUS B SR PPOCSIRIOR Y (R

app@&ﬁﬂﬁel@ffo.mwmlch vediaineer. NGint 8401 dowarn sthddard 8EMEE wifeQable. Lines
the specific enbodi nents discl osed herein is intended

3403 Ands {ARA ThopecabiseI08 Fvittehelicabyisad 46 02 vewnsdiapamd the perimeter. Line
340% (ﬁ{fé ? ﬁgﬂnlaears%é @‘% %HH%QP Wy B9 lﬂlé’h%s eﬂ 115) §4O n‘ﬁ?W%P ﬁféand as in

vertica Iving si rru1a or” co

FIGa29 @&tthraclylofi0i02F. ai rfI ow pI enum having a general |y
rect angul ar _configuration; a vertical flight chanber
capasidschsed cehles ageglly dogt coFi@ny apRIsCinblg SEW IR TR tognanufacture
f]

L4200 5 D5l SRS oy o neggndany

corré)sfpoﬁdlhg @aﬁﬁg@ﬂiﬂnﬁrgy&@h@rﬁpﬂibrﬂ&éﬂﬁbﬂw fkaih tieedise of this low drag cable
n@rl sing a plurality of fans nounted horizontally in
Wﬂlée AN AHsel cast saviESgeneral |y rect angul ar

c ?‘s}th%@él?ﬁ gagfsegfgéeﬁaﬁéh% el ﬁé’scﬂﬁéﬁ’ it St du &eé)lcteg]e

a secon vertil ca

embo@ifdeats, heinsfdus tetificdtionk encgearemahé yar ®Ciad@at dadtill the result will
conf i gurat| on each have a d| vergent wall segnment to

- comg ppthiythg sepRfApIdhe iaentie Mg lwgatam withirespestdp theaiperifig embodiments : .

dlscﬁg&fﬁé%ﬁl}i% rﬁ%ﬂaﬁﬁ %}gﬂlh ?é’ll}%ﬁ%dn \r’@eaec'gb gﬁ@%%@ﬁm‘e}g described

hereﬁﬂmselumelr@mhma&rnts.of a bottom nenber of the
generally rectangul ar configuration. 2. The sinul ator

of claiml1l, wherein the flight chanber further
conprises a nechanical safety net for a bottomand a
human sensor associated with a top segnent, wherein
the human sensor connects to a controller which sl ows
the flow of recirculating air when a
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human is sensed near a top of the flight chanber. 3.
The sinmul ator of claim2, wherein the controller

wo eoobloexe4Tonpri ses a fan control neans functi oPCTYS1005/027750
slow at |east one fan. 4. TheLAIM:l ator of claim 3,

ein the fan contr ans further conprises a fan
ngvw coNERisH Wnﬁélqr@ﬁﬁgrs&mﬂlagpf ﬁ@@ﬂ@@inﬁ current

o el e 100 o 3 A S B B

di vergemicallidis ch&n'd@&fa@ﬁe offoatind 4t QMst é‘ﬁeehuman housed within a first
therethrough. 6. The sinulator of claim1l1 furthe

conpri si nyetéicalsigsanamberolithe geraraty ﬂfrat&anggalaqonﬁjguraltmh @hd located on
| ouver | ocat éﬂt_sa&eo%n&@gposhﬁ&oppo& ng side of an air

outlet |off¥ froman air outlet

| ouverid Mﬁis@in'ﬁlﬁfﬂlr@&f:% ]?ﬁémgél pRRZIERY Of ks dﬂ?é?i ¥izontally in atop
the | ouvers, thereby creating a decreased stati

pressure mnvéelatbfdhplgbﬂmrnl@/ cetagiguler eonfigurdtiont he a| r

inlet., 7.. The si nul.ator of,cl abm 1, wherein each fan

asse ISR (e 'AR MU Frtumsdupt Be Srsh yorvisdl side wrwbeg arsecond vertical
wal l's to gechRaber Afud v(\{%lte:{r gi:"fgé g&&rﬁlgﬁx{ otaf} ?!ﬁg&nf%nal_%n each have a

simulator of claiml1,

‘chanber fdivtrgemt \Eaihmgnm tcaexpand a Iﬁbm&ﬁiﬁﬂmﬁﬂé’uﬂ@dﬂ Wwhil€maintaining
chanber neans fu ctioni ngpto e abI e ingress and egress

: fromthe\/a%F&’FquyaIFllrfaFaﬁ M&dw | 'iiaintaining an
oper
o hanb%gllﬁpelﬂ My T]%ﬂ t%ér tﬁo J}ﬂﬁ%ﬁ&g& H \/\Rlcia\drré gg&%t 50-120 feet above a
first verlbwe&tlparihﬁrmﬁmttomunbhﬁﬁ citthp persegsllyaRctaM@blar configuration.

h ri zont al. cr,oss cti sha 10. The sinmulator o
ai m ﬁl %ﬁ&ﬂ%t%oli“jﬁlﬁi aWL?rglanBE fighd chaan%ﬁrrf@rﬁhqumpriéﬁas a
nterline
me°ﬁa%’2€%8iﬁe‘mﬂ§?;‘*bf%%ﬁﬁg%¥ En R 5B acsO AR WAL B skfifent, wherein
the mmrmnfslengintcommm:tera dvatroHer \ehltch}sloﬁk&dhe ﬂbwmfaecdﬁ:hlaﬁﬁ Qfr when a
its ovvnstrea gfg m ed 12. The sinulator o

humem%% AR 0P Rbsnber is buried
under g, 1&&%&% &4 ﬁlli]t%' g
ground | evel for m?mﬁ glghaér:ger ?altglg c%/l%&?ﬁ%\éafgncomml
meany fonctibrimy ol slovi 3t leﬁktmrmslfmrul ator of claim 1 vvher ein an
i nl et _i.o tthe first vertical side_ menber has t he sane

‘mens HohEmatar ot dam dghsreipdne Gagpatrel raeans ferthscomprises a fan
powéF’dEH&B} médule T@%nﬁio%l?&@&uc@ fa cﬁh@hﬁﬁd’w tMAGEAE

uppernost part of the't menber 1S no nore ?]ﬁan about
S‘I) 60 TIMImatabmeaﬂcﬁmnﬂ hwdsdrelp and veaficdl figgH ohirabRPRAB&T comprises
| at or Oflgfﬁpl aim V\hereln the outl et | ouver

dlverﬁﬁ’&*e gEmG WAIHOW Fite thsesthre@iber . and the inl et
lpuve rTﬁ@ﬁﬁﬁla@&"Uﬁiaﬁﬁaﬁﬁrﬁ% gﬁnﬁﬁk@%‘gy%‘mﬂgﬂm% regulator having an air

~thereby formng the acceleratio
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.

7. The simulator of claim 1, wherein each fan assembly further comprises a housing
having divergent walls to decrease an airflow rate therethrough.

8. The simulator of claim 1, wherein the vertical flight chamber further comprises a

staging area with multiple chamber means functioning to enable ingress and egress from the
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16. A vertical wind tunnel skydiving sinulator

conprising: a recirculating airflow plenum having a
Waemenoy rect angul ar configuration with a cenCT/aB2005/027750
vérireditiigifohmuirbiowlidbhamtdintrgt anaopdrablsfoe dlixht %ﬁﬂbbv&ﬁiough the flight

return air plenum a vertical flight chanber capable
chagibet| gating at | east one human housed within the

central-yerii g i.d fan.assepbl.y.further )

coripr | SPGB RIS S o dte RORRT B R he T per somprises an
ovalthb@pontE hes-seétidnapsiageer al |y rectangul ar

configuration; wherein the top nenber; the first and

sddond Thersimpkitorgifgtrimelytydrereineacht far icmntmntall ivve nbh-patalle]l fashion to

nber . each have a di ver gent || segnent to expand a
an WB@“P&@W&&%&F} "ﬁﬁerg? mﬁﬂ?q\?%’el%‘?% ai ninga ‘
ggner al aliaR o FaiLdl 10 WNRLR € t .
ot o Rl oSk D SncBR (IR, halel RIS door with
defleetet atatsodeavsticamesttopagdgeof a bott om nenber of the

general |y rectangul ar configuration. 17. The sinulator .
oﬁgcl ai TResgmulging of claimHe whereym thedippmanemben is bpried underground,

therE ' =hanl, t tom and a ‘
o AoVBEAEHER a0k Eptote! g Rl Berht or above the
gromtddewsdint P' e nuMafi'isenSo'r rfnec s "a controller

which sl ows the flow of recirculating air when a human

i 43senddg sHaulatos of elgira l, wheremn et io thetfurst verigoal Fide member has the
[ f i i i n ntroller further
som8 UHLRIH: o b 8 ko] MBI B BB FERAGbE ol ow a
| @dst dhe sfnaulatod 6f cliine 1 5iviitled! e uppertlodi HardSt thwgy BkMber is no
e fan contrql neans further conprises a fan power
@gfge@ﬁomun

t
morg fianabpuinflind Eect abaverte karast part ¢mabrr. f | ow t o

at | ea . ' t f claiml16 .
Whier o g PARIAEP ot A f SR B L8ebinfer Bl Biktsenmyinside the duct
menthey,endahé inletllow et thode dowasfoatingide ihcOick Alethber, thereby forming the
iege[et hrough. 2 1.. The simulator of claim16 further
acee RQZZ®- a tenperature regul ator having an air inl et
I &g@& | ' I | ouver in a duct
16. n%%gtﬁcfall ergllglﬁgl%%? ‘Zillc‘;’%;‘% %@gﬁ&%ﬂc%ﬁ{g?gfng. is formed by
t he besvienkating heflewyplgiun hivgng bigendiglldettahfllr dddGighidtion with a
inlet louver. 22, The simulatgor of claim16, wherein
each fan §8&dsrical member apdabrst sad 2 seqend gerigaheeirn gir plenum;

di : ' { i
thor SR bl B RLALGIARRTOAbaY b DM oA Bomag pouseq within he
t he vert iceatralfvettigfal mehdeher further conprises a

staging area with nultiple chanber means functioning
to effibla asprgpdy dudhey cappasivngmamvelityoffarsmewnted honghmtally in a top

chanber ' LNt al.ni rahle for flight
airflow ?%%%éﬁwlt&%ﬁﬁagﬁtr%gﬁ? aé;%Bn UL si mul at or
of cwhérginltfie tophaember, theefifst aihdecohtbvdigeal kidet@hber, and the central

conpri ses an oval .
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

mechanical safety net for a bottom and a human sensor associated with a top segment, wherein
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hori zontal cross-sectional shape. 25. The sinulator of
claim 16, wherein each fan is nounted in a
woomvepaedl | el fashion to an adjacent fan and amely/UR200$1927750

thiesuipteitsenddr e dee ibtretontreHer @hich Floevsshertibatdfire@fcutitiai Wir when a

. 16, .wherein the flight,chan‘oer has an entry door with
hurganyisrsepsadaieang ton of the ikt cRamb®sot t om edge. ~ 27. The

i pul at ' in the bot nber |
oo DheShyRhah 0 A, SR B e SRR b e o o comteo
me@hOMActtorih @t ¥low Y Rlastf ol fhdie flight chanber at or '

above t he ground Ievej . 28. The simulator of claim 16,
whidt. ei nThmstimilator oftelaitrel & evitereih theefat icomtiolmeedne furties comprises a fan

the s di,nensi ons as_a ¢ross-sectjonal segnment of
POV GOBBDL BTHIE B IFPOsG Ty THIC AR ARIHOBO & stk P fan.
whgy ei : . r1.d .
ot s SO Tl iffeid IR AR BT endely i Bprther comprises
divergentbedlistomdeercheran Bflowltute tieratiiratight. of cl ai m 21,
wherein the outlet |quver faces upstreaminside the

dide  mebisetmukter qfickaimn) sfurther qrapprisinga tegppstatergiregiator having an

. 1 ' | tj . .
ir A8 SE AR oL S o8 TR0, 1R RELSERLL Bl apgocleain
nozaleri§ famed bgrtheioureifsathefeby @uiling dutsidy Ay irde timidinldt |eWer.

faor human flight in a vertical flight chanber; a
part i onthsrsimylatorficlaing, | on hsis eashiperssemhlyrfugtherpcomprises a
' ty: irfl ow id
B SEOERBLLR o RATDO00 ROV SRS AL, S

r @gul atTdie;sirhalatbrtof cRgn A6l vRetefOilk atfical Sighhélamber further comprises a
conprising an inlet |ouver mounted about opposite an
staghig #eg Withapdfiplechgmbgrimsansdunsiomingio enpkle pngspssrand sgieds from the

[ . ' I -and stream..
vertfUdt i LEMRIE AR R R b BRSSO iene
chathBei. ng i nward and downstreamin the. commopn segnent;

and wherein the dgors forman internal narrow ng of

t & corkbsimegios of clgfm dlAewherenthe flighé champbar fahargomprises an oval
hoﬁgﬁﬁgﬁgﬁgdseﬁﬁ@ﬂgl gh?%r essure zone which draws air into
fhe i nl et i a

ouver. “32. A flight sinulator conprising:
vest i cdhewinnalaton ofielairh [1 6 ghhereihasabie fan i8 mdu@f@ltin b\Wdn-parallel fashion
vertical return plenuns; and wherein two return

to amh piACHAE fef“’gﬁ%\aé("ay teoma geenietlineth@rbetwsemect i ng pl enuns
t 961 he Thl kRt oPBFRGM 16, wherein the flight chamber has an entry door with a

deflector at its downstream bottom edge.

27.  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.

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

29.  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.

30.  The simulator of claim 21, wherein the outlet louver faces upstream inside the

duct member, and the inlet louver faces upstream in the duct member, thereby forming the

acceleration nozzle.
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33. Aflight sinmulator conprising: a vertical wnd
tunnel flight chanber; a return air plenum system

whaweiogeat | east a two-stage airflow contractiBEI/US2005/027750

assenbl yverteatshinkd el skydsirpggmotidrreeiprizmgrenber is
hori zontal | y nounted al ong a bottom pl enum and a
secondresirgpiBtiag aflewdlelnenber is vertical ly nounted

under e i ght. _chanber . .34 ant i -dr nmesh. . ‘
conpri g‘%}lnebs_g%h@ (5P 8" cﬁ’g@‘? %Mﬁo%g@ﬁlw fﬁéﬁqw verliGalifligt chamber;
35.  Adpéfioh-ofs4ia AMERM; HIeMRA fiSrte c8mpALng d%Y$&9 walls to expand and

| east one mssing helical strand. 36. A publTc

ent er t ai nstaw theyastflrw;conpri sing: a vertical wind
tunnelgrav'n.ihu n_flight.chanper which has a

t r ansii} BHIOY BISTGH LRGSR ERSALBR TSEMIRioBr | n

fligh; b | ' a .
a gr LHS h%!%ﬁg{%#?ret h%r %%tfgﬁ%ﬁ | pa%éﬁg#gétggu‘?% ngcl{ug%% Hbout opposite
the flier ahwouflétlghter is aicdmbddnglegmettasthie pleumt &4d outlet louver

proxi mate to a public, wal kway;, andw nd tunnel has at
| east onebREBBRSOPY fa&B’rﬁdBW@ﬁ{ ang dipsiaern éithercomnaenesegment of the

public wa . . | j | havi a
flight ch gi%@’?ﬁ f %ra 1@5@8@%%%*‘%31%% %‘1 i Gt the gotnmon
col um of ségngdnt;spded air, said flight chanber having a

safety net floor, wherein the safety net is nmade of

cabl ggeregin thedoqy &ranan wminrpalingrayyingoef the sematop sagnent of the plenum,
cables fu ri si t st _one cable.hayving a. .
twisted miFts t@‘gﬁ%ggodﬁg%raﬁegt%t%%;pr%S%B‘ger%OF‘S ﬁ”q’é‘:"}‘ $1RS aif into the inlet
strands flmuwemng the perineter of the cable: wherein at

| east one _of the perimeter strands having a dianeter
dﬁ?fereﬁﬁthéWnﬁkm§V@ﬂﬁﬁ@H%ﬁ all the other perineter

stra [ . ; rein.saj . fferen I anmet er

ct r and ATRAR thon BHEEERE 381ch o LRHER el Fpding: and
of t heheesiheo réther Ebyumetbutiang shiR e 8 RRhsctilederins to the
the cable_in air. 38. The apparatus of claim 37,

wher ei n tRighbehanghess one cable with the at |east one

dit f er ang; 6l Ad f.urther conprises only one

I gé'ger%d%hfgtte?gﬁﬁghgn , and the helical feature being

ri dge,vewttval wimd whheltflightrobsinbet t he perineter strands

are of equal dianmeters. 39. The apparatus of claim 37,

wher 8TFUEhET Blenpasystemavingst deagh @ va-plegapirflew sontostion assembly; . -

0 {1 Gh IR 51 0 EAET, SRSy 30 bt

bei ng a glemue;,angherein all the rest of the perineter
strands are of equal dianeters. 40. The apparatus of

cl ai Asewndgkee sppstaicton gember wristicatly mrevméedomdsr thelflight chamber.

34.  An anti-drag mesh comprising a cable having an exterior helical winding.

35.  An anti-drag mesh comprising a cable having at least one missing helical strand.
36. A public entertainment system comprising:
a 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 mounted at or near a ground level, thereby enabling passers-by to
view the flier in flight;

said flight chamber mounted proximate to a public walkway; and
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4 1. The apparatus of claim38, wherein this one

| arger dianeter strand has a dianeter of about .028
wWop@laes2ewt th al | the other perineter strands hegI/§085/027750

di aneikreinfsaibvdiiichl 0diad tmmkklsaswit 1dast die hadhidernuoRpsnddt segregated

strands being 19 of which 11 are perinmeter strands.

42. The aﬁfﬁ&%ﬁ{e@bgﬁ“@ﬂlﬁyqﬁﬁ& wherei n the one | arger

di t [ i.anet er .0 bout ..034 inches o

i aith 2 shAO0 R et BT iy A0S ey Ak bR Bmerson in gk
in aQ@ohah@Bf high kBedd\iNeBiAAIER dhaMbbOhAL w!&a?ﬁe i

bei;? 19 gfg g,hi ch 11 argﬁtouter peril?rgtgter trgﬁgéﬁ@@gfmnthesafety
net ismeadesimdblegarsimpravément gomptisinger ei n, an i nmpr ovenent

conprising; said npet. having a jultj-strand netal ) g

cob! eaitkey Rl I it ipReing abloashor Ao dviadvisted mult-

peri met er qarOUR L uGidhands; wherein at |east one of

sai d outer perineter sftrands has a dianeter different

t han agldrtitinef i saandst foanthe thé périrectorid fthe psilemet er ;  and

wherein a helical feature is forned on the outer

per i maEsn 3t leastongaf fhe parimensyjrapdehaying & diametatidiffercarthan an
t d [ wam.c d f th
cabi o\ n APEAIEEUBID fetifEre PR AR EAR 7). 08

| eastwiengn daitifdeffereht dibasrt sfandUubahs PRElidHe F@kurs bfodRd an outer surface

further conprises only one | arger di anet er outer o
per i met er Oiie saRle, thespyraduging theeerpdsamemi¢ deagef the cable in air.

255, 5SS AT BB R S A e o

differedtaliarnetel siratidtfurthéicotiprisedsdly 0ne 18idridedtaibr $HaATBIRN the helical
outer perineter strand further conprises at | east one

featugppingridgea veressin gli g resiedfi the perimetey srands areerfeiqnalaliameters.

t re i r iLn.the netal. bl
50 st e OEETES M L I 0w
diffestretrdgdrietat dtrandushdrandpridécat NB@CoS snsdlRe Uianfeler stBBd and the helical

apBa,r atus of claim44, wherein the one |arger dianeter
feature bging argreove, dibsrain all s regindithe paeetphtrads ofietdf egndl diameters.

t ot [ . AV iamet er . of . about
' 85°) T aBSEIEbPR B8RSR AN fe AR Bhafor 300
041.whi The dgparatas ofitlelin P8 wiletiarthis bha dger Bénet&N@rand has a diameter
apparatus of claim44, wherein the one | arger dianeter
of abowt {R¢ inches avith dhideothespermsior strgnls hpviagasligmetar of dbout .019 inches
. ' ] ' I ter._of about
with 160 B RE bl HER G pEE AT R 1B oA Sl 06

o42.whi The dgpagatas ofi¢lgim P&vineéianhséicAater ddtheted sGakd Bas a diameter
desi&gned for use in applications when it is

of abewt, At drydsn 3vithonll g ot prEmsivh Binds haviag edlarastioftibayt 019 inches

- ' . ik t_th bl. i
withyls @40 SR Er Recli0BrfETODe U] o B F POl Y e
m3.al Bl ewhill tinholihatieg atreg teRen, anARPréfentont SorRpifhg;
el ements having a cross-section which is |arger than

al | wiheet heyingra wpbhstrnd mefaliable | ot her out er

| enger fini sur f f | i i
has S SulEs M A BLo BB G Mol o BEp il
el enphérefiont 108t anofakt GG fPifierSrdflANd aARBeS#Rrent than all

that it projects fromsaid
the other strands of the outer perimeter; and

wherein a helical feature is formed on the outer perimeter of the metal cable by the
different diameter strand(s) thereby reducing the aerodynamic drag of the

cable in air.
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outer surface a di stance above said predeterm ned
circunferential length so as to forma helical ridge
wa@re@danteethe | i ne, thereby reducing the aerodyne@i/GSIOHER7750

of #dhe Fhobpbatitiiificlaim 43, whQeinAhs Aol cafle &if B Y: ]ie?st one different
y

claim49, wherein said outer surface is substanti a

diagyefes Quggr pgrmetar sand Guibeecanpmes enlyDnedargersdinmetsn outer perimeter
surface by a

l,epent . whi ¢h pr.oj.ects fraom sai d, quter su
streBd Whcrein o], e Bt 9 e pesimiot Shandsgpdhegnetpl cablo ang of ganal diameters,
dess. gne . : : s .
advant ag}é%ﬁfssp to ?%ft}f}?gplt%’e aérrr%lg?iltlé/\%? ﬁg&e&rbé%%ﬁtgr%h%at&%% one different

diamngteaontec pasmedtehytraddefucthtd @mrideouttleidh 6n€ ahiGer@ifister outer perimeter
lurality of elongated

formed f I tiplicity of
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of abeyt .034 inches with all the other perimeter strands having a diameter of about .019 inches
with the total number of strands being 19 of which 11 are outer perimeter strands.

49. A cable designed for use in applications when it is advantageous to reduce the
amount of aerodynamic drag in air caused by the cable without the cable being formed from a
multiplicity of a plurality of elongated metal elements twisted together, one of said outer
elements havihg a cross-section which is larger than all other outer elements, said all other
outer elements defining an outer surface of the line which has a predetermined circumferential
length, said one element having a cross-sectional size and shape such that it projects from said
outer surface a distance above said predetermined circumferential length so as to form a helical
ridge around the line, thereby reducing the aerodynamic drag of the cable in air.

50. A cable as claimed in claim 49, wherein said outer surface is substantially circular
defining a cable diameter D, and said one element which projects from said outer surface by a
distance equal to at least about 10% of D.

51. A cable designed for use in applications when it is advantageous to reduce the
amount of aerodynamic drag in air caused by the cable without the cable being formed from a
mwltiplicity of a plurality of elongated metal elements twisted together, at least one of said
outer elements having a cross-section which is smaller than all other outer elements, said all
other outer elements defining an outer surface of the line which has a predetermined
circumferential length, said one element having a cross-sectional size and shape such that it
indents from said outer surface a distance below said predetermined circumferential length so

as to form at least one helical grove around the line, thereby reducing the aerodynamic drag of

the cable in air.
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