I~ vy rp vt *159159* This | nvention Patent
application is as indicated in the title "VERTI CAL

W ND TUNNEL W TH VI EW NG FACI LI TY", the new

construction, shape and design features oﬂmmmuﬂmmwmmMH

fulfil the purpose for which it has been s |

5 built with maxi num safety and effectiveness.-dha§e
specifically the invention refers to a wind tunne

desi gnedThasopervane ibn iRaxever tapdl i saGitdron 4 hed iSdicated in

to , ,alr.cuy, nerated by appropriate means .
nee?%%gQ%F%Fve&?E%iFg§r3&@ﬂuT%%N%gdwgf%Mﬁ%ﬁwyﬁ% BRFILITY",
10 eHer ety i Sorcapatdei &f, | ER4p09a0B] elsS g AdltSures of which
vertical —area. At the same tine this lifting effect
may fHétddentlh PUE@OSEt sfaE athiqh hag peen Mednt sSpemifically
trapglycept ¢ @S VL ew L Lfting of
bod?ggwﬁn %ﬁ?gﬁgg%ﬁ ui?agPF%méﬁéggﬁf?ﬁgf%ééééglay and
measurenents to be 15 taken. The invention is a
developnﬁnteinspémﬁfieﬁhByoﬂjkheinVeﬁhmbquerQﬂ@réOnx? a wind
Optimsing the geqgnetry of the tunpnel. - The formo .
con§PPUSEi8ﬁ569g?aet?uﬁ88F?t9 Thelf8c¥PFbhCBE BRETHPR that is
propel | eeg,i nathe tuppehts20gAnetheeqai By of apPeopriate means
invention is to allow this tunnel to be installed for .

- | ei B8PELPAr pdsed ¥BTTRARLL HE FenrF althepuild cofrmyhémpoythe air
10odig8r@hc P! gafbBi bE Vierﬁ.ﬁ.g@knéegﬂj%%tsbeiﬁ]g fHifs € rtical
to check how things are 1ifted and to experi encé new
sensaehondt 25eAse@ieert iaey ditiszgel ioft itriye @ Mkertt indy ilse seen on
the_geonetric ., and spatial__desi.gn of the different
secfﬁ%nsong RE t dfnel ™ it 1 PSH orltfdtlt o S evpranslucent

maxmauexrpelsor nenee wildwing and 1ifting of bodies in this

conduit allows both their display and measurements to be
15 taken. The invention is a development in the Status of the

Technique due to:

- Optimising the geometry of the tunnel.
- The form of construction of the tunnel.

- The location of the air propellers in the tunnel.

20 Another aim of the invention is to allow this tunnel
to be installed for leisure purposes so that the general
public may enjoy bodies or people in the vertical section
being 1lifted to check how things are 1lifted and to

experience new sensations.

25 ~Another advantage of the invention is the geometric
and spatial design of the different sections of the tunnel
firstly in order to achieve maximum performance with
minimum propeller consumption generating air currents and

secondly the operating methods of these propellers being
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m ni mum propel | er consunption generating air currents
and secondly the operating nethods of these
propellers being 11121212121 1 I I I Ul I I I I!"!
1111212222 0 11 1 1 1 1Y *@00002* 2 |ocated outside
the pipes. This nmeans that they 210 not interfere with
the air currents generated by these propellers
avoi ding load | osses interfering with these air
cur ientsedThesssidessebei pifpdsn gEINES atm@ahdr MHancehaRd do not
5 increased consu t%%p by the electric notors drivin
he

g
t he*"pFOPEFFer &1 Swerd requit e ot tHSFHFd bPY these

tunpebpk0lepperabedifigal 68ddepeBEaN  neBrEL 81 HESHIPN these air
is not possible to separate the two as optim sing the

shafBTWPRES -i TRERE eA@SREPD 10 dedmeagenehe ke pdweioulence and
y”tEnEE@a§éHed@d@q?p{90ﬂnq> 'Eh@r§§§BE§icT?ﬁ§§>o &&%ving the

te
invention is forne y three conduits in rmo
a | popreolaed. atThdepowenrd bgqaivedtifcal thectwiomy tunnel to

This vertical _section is preferably f.qrnmed b .
transrucent %%ct?%%%. ?P%ﬁé%ﬁ%héxrod%§ ansﬁanedIBy is not
15 dbbkebest teordpiatratectthenswields togeitesihy the shape will
correspondin | anps such as screws and sim|ar. Three
of lflhggé &8 ﬁ"&&? itPc 1 4FFEF 255 dfEl S RO chltly the same flow

1@pegagegi§r?gbsghgegutside by the correspondi ng
electric nmotor with its axle connected to the

propeller's axle using belts, 20 chains, reducers or
equi val efihet stlaviegudnverte aresis t Fagmeddély dfhregnnednduits in

IS Eﬁgd%aglfy .l‘”llo%ip V\Qél{]néclj]ea.fto' #Q&Pg e%%Ct}!)gnsa: vertical

FI i ght chanber, ichTs e vertical wnd section of

t hestunmheh;i IMThits clreirtdcaderseat vopl dcedppafietdiely formed by
translucent sections. In turn the loops are formed by

15 different . conduit sections held together by the
corresponding clamps such as screws and similar. Three of
these sections include a propeller which is operated from
the outside by the corresponding electric motor with its

axle connected to the propeller's axle using belts,

20 chains, reducers or equivalent techniques.

The resulting model of tunnel is fundamentally built

with the following sections:

.= Flight chamber, which is the vertical wind section of

the tunnel in which its users are placed and the

25 location where the current reaches its maximum speed.
- Three return circuits including a series of straight
sections which conduct the current from the flight

chamber outlet up to the inlet to the corresponding

pipe or contraction with the minimum possible losses.
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25 |l ocation where the current reaches its maxi num

speed. Three return circuits including a series of

strai ght sections which conduct the current fromthe

flight chanber outlet up to the inlet to the

corresponding pipe or contracti®n wth the m ni mum

possible | osses. 3 - Three contraction pipes,

sections fromthe flight chanber and in which the air

current dbceleer abesréctient erigdw chamhebnat fBXhMiRe flight
speed. The _technical design of the tunnel is directed

a? 5 asgﬁéﬁgﬁé ﬁqg(ﬁﬁrgﬂfggggﬁgnﬂ%ﬁi?RFE?QF acceferates to
propel | eesitend thehehambeiroas haxeAOMEEPEeHN One area;

the lower area of the pipe joint so that the sum of

the air flows and pressures generated by these

currents T@fe BRIGEY ¢DYeBSAIN PE héheovieinnakt iien dfrected at

s he jsqiiRk 10t these Londwds beg agfendl
currgn# o# gir which is capagﬁego t%?f?ﬂ%gﬁﬁgog%ggﬁ%%ers and
t hi $hedpt inctlory ebo andnaklrgri g tdmee rampeenthe lower area of

i nsi ) experi.nents undertaken and cal | ati ons
nadg%%alggﬁft 9t &9 tﬁ%%%ltﬁﬁ oﬁEWaﬁg?i%%Fmoalr flows and

pos pirklse uweps gekte rdapendbngtasstheureatef diseradkdédgtogether
the air speed reaches

the ,sane: - Expert npde i icht s
70 TS TR Lo FEGRE BN AbeR™ APefitadd WhPPer ERA0LRS become
160 @ins BcerdPRiPXEaBEGhY 6M abovewgi Onnds! eglab1BiSf 1ifting
allows the user located in a horizontal position to

be RePdeordt artisnt vobtinps RAEeghtarghdikrwingrthedr movement
posi;tis@aewhen the speed is 65 nm's - Non expert node
i n which the maxi mum speed reaches 55m's in the
flight chanber inlet and 50nms at a height of 1.50
The experiments undertaken and calculations made

allow the stated tunnel to operate in two possible ways

15 depending on the type of user using the same:

- Expert mode in which the air speed reaches 70 m/s in
the flight chamber inlet and will ‘reach the 50 m/s at
approximately 6m above ground level. This allows the user
located in a horizontal position to be held constant at

20 this height and in a vertical position when the speed is
65 m/s

- Non expert mode in which the maximum speed reaches 55m/s
in the flight chamber inlet and 50m/s at a height of 1.50

m above ground level.

25 The optimisation of the tunnel 1is by computer
simulation of its aerodynamic behaviour. This has been
simulated with finite element software and has allowed the

individualised design of each part of the tunnel.



m above ground | evel. 25 The optim sation of the

tunnel is by conputer sinulation of its aerodynamc

behavi our. This has been sinulated with finite

el ement software and has allowed the individualised

desi gn of each part of the tunneh. 4 D fferent
configurations have been studied for each section,

checking the effect of the sane on the air flow

i nsildd fiereprtdercdnd irgpthagd drr bil&nce a@ent osav@i€dd for each

eddies,, . particul,arly i.n the_nmost curved sections of .

t he s%%stilé)%.' CRRERE (TS %?f?ﬁﬁsogptti ST PR §tli‘% air flow
redice igievweim wmahstingd | oadiye t berpaDpets es8dr €guak8dd eddies,
tunpel, a crucial paraneter

t ate t ) . .
QunPAREAETG e VI ablFi PPt CtPEeRapgerions of the design.

fnstrall at-kgnstas bR thhssdeshOimi hf{grents tyRe audce power
configurations of tunnel exist on 10 the narket an
t he COPSVBPERSSe Pavdhieo BEopehspHer etbqUimsdidEng tdmsmte the

Wi t shi ng chapbers | i [ fion i
NevIe%l;'w{nﬁlellésgi i's noteglp szgs%%vée/@%% %?%5%??%10% eFle .Vﬁﬁgfllty of
happées lemgiede iasttaddathese bavént ahbhe egquigped with
artificial vision equipnent to show externally what 15

happens i.n the vgrti cal section. This js usually used

for all PRSFRESBE &SYPEr idfcht N FiB&iiie ¢hetinnel exist on

16ur epeanmPakent aRPOkIIY M AOr thkkeVeRLiEe td Nge  considered
describing and claimng a "Parachute Junp Sinulator"”,

whi ¢RCLHER fifes tAOvErt FE&P  ERafBEE wehhmherel uim of  vertical
aifpgéﬁaQbﬁ.Ohe%@Egﬂé&beg.QszgoﬂagéggﬁkhétﬁéngﬁkégEEy observe

equi pped with a video projection “Screen a hel _
el embats hepprens dnsiide ert iscal thvedd shavdheo Bei tgsbpped with

pat ent . No., 2.Q94.162 for. the conpany Airflite Inc
dem(?)’ﬁtsc %f:égla Vevitat i (?r%ﬁpﬁ}%nd:asg@o on*}Pw externally what

15 happens in the vertical section. This is usually used for
all forms of experiments, for example the European Patent.
96919369.6 for Sky Venture, Inc describing and claiming a
"Parachute 'Jump Simulator", which includes a vertical
chamber with a column of air capable of supporting a

20 parachutist in flight equipped with a video projection

screen and other elements on one of its vertical walls.

The British patent GB No. 2.094.162 for the company

Airflite Inc demonstrates a Levitationarium based on a
complex structure to float human beings. The inside of

25 this structure is a chamber in which there is an upward
air flow formed by linear air conduits and a grille
allowing a person to by inside including a take off area

and another landing area with a peripheral conduit in

which people are outside the air flow.



conpl ex structure to float human beings. The inside of

25 this structure is a chanber in which there is an

upward air flow formed by linear air conduits and a

grille allowng a person to by inside including a

take off area and another |landihg area with a

peri pheral conduit in which people are outside the

air flow 5 Finally and also formng part of the

St at us oﬁimﬁélvechniqaéSbsf@emdmgnpﬁmm bA RakerftaRTE of the
WO ;Q22427 b 88 fa I. ht Si r
mhlgﬁggﬁbgﬁéeéza%%ﬂﬁﬂ%ﬁﬁﬁ(né BE# 80%894/022427 by
SeCWEaRaMEBhltéﬂﬁ@malSlﬁmﬂa$©werahhic%eﬁhbﬂﬁﬁgésa|ébﬁpre551on
out b centrEE %&'flguratlon energlng into a
centPAMOFEpe™ OFRgr SeMtPR hYL &8t dr9mrijngd sshgp¥ several
be skeown 1atbraugheut olike idesc Hopt| el

to drawings attached to th?scfggg? g C% f1§g§%gigg emerging
r epi@&entacepéEraherinepr ef erred detalls of t he

invention and are intended to be illustrative but not

Ilnltlng he ane A detailed |ist of the in

parts sho&ﬁe%n all?tac%%d %ﬁ%ﬁﬁ?ﬁﬁf%%Fkﬁ%eggﬁﬁﬂowbe shown
(10ﬁhtongebut(1ﬂbecumﬂﬁiilpﬁﬂﬁh oBegoRdUiétefd2g to drawings
platfg m % gpulse conduit, (14) 15 exhaust

congGitECE 5; Oclt8hps FePP&¥ §EﬂéﬁsarFl?P BPe&fpPrgsentative the
IWDtQEefélgﬁdrﬁéﬁﬁﬁﬂs Xt HeOViTv NG tad Pi e P £CE1ded to be
ZO)EEper conduit joint section, (21) braces,

(22}LF-8AsFasaHe paRenst {2B}tipgtteatheesanen of the
tunnel (10), (24) ventilators, (25) s (26) corners,

(27) 20 ouf tion, IS a erspe tive |

view of the" %ﬁ%ng$g(]%b3t an%u %Qe oﬂﬁh?tép % in the

(l4ptandhafpdrawdhgs asegsven below; (10) tunnel (ll) curved
section conduit, (12) platform, (13) impulse conduit, (14)

15 exhaust conduit, (15) clamps, (16) screws, (17) electric

motor, (18) reducer, (19) lower conduit joint piece, .
(20)upper conduit joint section, (21) ‘braces,
(22) translucent panels, (23) vertical section of the

tunnel (10), (24) ventilators, (25) s, (26) corners, (27)

20 output section.

Figure No.l is a perspective view of the tunnel (10)
and its conduits (11), (13), (14) and upper joint areas

(20) and lower joint area (19), all forming loops.

Figure No.2 is an upper view of the tunnel (10)
25 showing the radial layout of the conduits (11), (13) and
(14) .



(20) and lower joint area (19), all form ng | oops.

Figure No.2 is an upper view of the tunnel (10) 25

showi ng the radial |ayout of the conduits (11), (13)

and (14). 6 Figure No.3 is a perspective view of one

of the arns or conduits (11), (18) or (14) with 1/3 of

the vertical section (23) of the tunnel (10). Figure

No.4 is a front view of the conduit loop (20) 5 in

the w ndFigmrel NolG) .isl re qrersdedthieverefesret seé @PSthe arms

in this Ilcatl a own in Figure No.1 (npc

to &F scacfrg Sy - igﬂs’) ?ﬁép tolﬁwné]r‘l)(lﬁ)‘tbs lf/g’rrﬁe‘?j To?/e Prertical
j o Blergiand (@assewisl tRg duhhenento)pi pes together to
formloops (28), with these | oops 10 separat ed

radi al ly at approximately 120. The angular conduits

(11) arefagssrblNed 4o ishat fumntuppeew enfl thehebuduby loop (20)

ppr; P t | ar (20) in the shape of a star,
ahergagh?hgl gmgpﬂgﬁ S %?i) are joined to cylindrica

drive conduits (13), inside which are drives fornmed by

an. 15 ellectaneC ot tie (p¥pfeynadi caltl YapeoMectRdst @pplication
t he relgvant fan bl ades g24) , .hot shown in_the
fi g@feSPoVnain Faquesr No¢1g)\maRl BRI Feyd éFaéﬁaPﬁsl 12.5) the

J0|ﬁbﬁﬁeEthbedQ%E%d¥ﬂéﬂ\%§rhoiﬁfnéaégdfQgséﬁbflnqndlfferent
turn assenbled to the | ower end of “the conduits

-, dPEPEScoRBEPEReF 1450 aﬁ%@nnoltocmﬁ)m 481 /20 wilyd these loops
SRR DD gt S RSSO D, o gangones
plpGQHdHQtSstwn|aIQIﬁ£$¢mpﬂeﬁ;olobatedhenuppenunnﬂ is held
o MBS o ROE T ey BEEAA e o v,
endwhrgkes ofhe lower ends (11) are ]Olned to cylindrical

drive conduits (13), inside which are drives formed by an

15 electric motor (17) dynamically connected to the relevant

fan blades (24) } not shown in the figures, via a reducer

(18) and pulleys or chains joining the reducer axle with

the said fan axle, in turn assembled to the lower end of

" the conduits (13) , drive conduits (14), also not shown in

20 the figures joining in a star shaped joint (19). The
design also includes different internal baffles in the
pipes, not shown in the figures, located on the upper and
lower sections of the flight area, specifically on the
star shaped joints (19) and (20), and on the end angles of

25 the return conduits (11), with a dual flow. On the one

hand, this avoids turbulence generated at these points by
changing the direction of air movement. On the other hand,
the baffle located under the vertical section of the
tunnel can change the distribution of the air speed in the

30 flight area designed so that upward speed is increased



25 the return conduits (11), with a dual flow. On the

one hand, this avoids turbul ence generated at these

poi nts by changing the direction of air nmovenent. On

the other hand, the baffle |ocated under the vertica

section of the tunnel can chande the distribution of

the air speed in the 30 flight area designed so that

upward speed is increased 7 near to the walls in the

fli geerateathEhivealteans titet fhisghthodckag Thisemésns that the
reater..near. to the walls in the central’ ction_of

?hegP AURE £PESSse S FACT ﬁlﬂ53£nﬁ°Lﬁ&%Oﬂ?iﬁ?ylnnﬁbﬁscentral

t owaedsibheofiakhe @fliyhe tkeghtoateaatdue taeb@kBg @nknowingly
i nexperienced in free fall flight, the speed gradient

prolii¥Ed P aHids i s eWdelsnofpddip t Hhigls ereanglyss to being -

3 | knelpyeitRakapelsore Rack sha 1t hey egptral il ea b d hSradiént
tunnel,  thereby reducing the p055|b|I|fy of hitting
t hePRaALRCethpy tdfifsedinqreasifovim | spdedutevardd Otiihewalls will

upp ar, f (10) gether with the | r
sec?%g% gﬁané%g%gggggibéaﬂgytb%e%gggga 26&?%M??\9¥§etunnel’
ar eahg¢i8pyaredpoingdthby bpasébil2ty héubinginyhehe wall. This

translucent papels (22), which join the air inlet
secF%éF?C%(ié) SF8“Phé”v§?9PESl 9Secti on (23) with the
outlet 15 section(27), delineating the vertica

1ection( 28y updeie pdntnet €46) tuhhes VErd) cdqges@fdd Ofith the
has _a specific shape fornmed by two different conical .
genéPHEENFAGMEs . 2T TREe |t Pegallof the e&eg cgd0), with

ﬁ?th@n QP 2N @fépahn§§a5%iﬁgh H? (ﬁ%ﬁ £n &Eﬂndhéugﬁng_ the
igh) the cone increases’in diameter 20 fromb5'to 5. .
m wrehstheenal Penkdeni(2¢)an varigihe Jofi18.Ble &brminhet section
6 iePLs gn Tne BHnerer | 6 ealbs Hom S Ao Fhm outlet
15 section(27), delineating the vertical section(23) in the
tunnel (10). This vertical section has a specific shape
formed by two differeﬁt conicai generating trunks. On the
lower part of the vertical section on an actual scale set
up (between 0 and 3 m high) the cone increases in diameter
20 from 5 to 5.4 m, with the walls forming an angle of 3.81°
form the vertical, whereas on the upper section (between 3
and 8 metres high) the diameter increases from 5.4 to 7 m,
forming walls at an angle of 9.09°. This change in the
divergence of the vertical section of the tunnel changes
25 the vertical distribution of aif speeds to achieve a
variation between 70 and 50 m/s in expert mode at a
reasonable height. If not the installation would have to
considerably increase its total height with the consequent
construction and operational cost increases as the

30 internal air corridor 1s increased to increase the drive

power required to maintain a stable flow.



formng walls at an angle of 9.09. This change in the

di vergence of the vertical section of the tunne

changes 25 the vertical distribution of air speeds to

achieve a wvariation between 70 and 50 ni's in expert

node at a reasonable height. 1f8 not the installation

woul d have to considerably increase its total height

with the consequent construction and operational cost

i ncrease$has fwengb i(At0er nhksaia osomieday | showor easedable 1

St ablee T o BeeThE  Faaner 18] Haa e et 1y shown

in Table 1 characterised by the foll ow ng aspects: -
The shap®hef shhpet bansier seafnectiro8 SécthenCbECHhE ESrcuit is
circular in tEe vertlﬁal sect.ion of the tunnel, oval

5 in theCtpperagedti bR CioEdIE!: i39PHeN Rierthectpppel, oval

and 120 ¢hr gulearudge it hee OPES NI 0EctiDgy ] thtth%ecié\@@r section
(19) . - The inlet section (25) in the flight

chamber 8Rd $@Pfi earcyderi dn the)opsnanggebuhbiel @eént section
that is 10 say at Onand is forned by two conica

t runks MAtR a different divergence with the greater

di ver genc@hen inlet uppetioone(2hian irhethewefl ogine. chamber or

The curved_sections % % orners in the return
ciroult T98) Tare RECkpRPoNP ALt dry SLad Al e Ve that is to
10rhe ret usAyChECOMt awalr i8S fidrSndd WW@%&@E&épntrunks with a
t hroughout the length of its run. 4 fit': 9
different divergence with the greater divergence in
the upper cone than the lower cone.

- The curved sections (11l) or corners in the return

circuit (26) are at approximately 135° angles.

15 - The return circuit wvaries its transverse section

throughout the length of its run.




Tabl e 1 Actual scal e conputer generated i mages of the

installation. Dynamcs in the tunnel (10) stated in

Table 2, run fromthe electric notors (17) operating

the fans (24) 5 located inside the conduits (13) ,

which drive the air inside (10) 9 creating a

pressurised air current to the ,lower joint section

(19) , in which the sumof the air flows fromthe

condabtle (11)Achriadensbylehecouptiered geoeiratedof ifdges of the

and ; n air to the vertical section (23), 10
ﬁékg&égﬁégﬁﬁe transl ucent panels (22) allow the

|nS|de to be seen (23) and the objects or people

i nsi de wDlyhamtcst hgh neledl tahnantifi@i abtyt&M B8 Table 2, run

devices. This allows these panels to be converted

i nt §T8%pr Hee i EedddC fReEPFFat | oy OReTéfting okhexiftans  (24)

of tbeaabar eqtdoned om&&;ﬁtg {3)00 ' ]
.yid 5a0 Xrllq e .QQa((aJ aa3~, ot E ) ti’ Q/Jgél'}q %A]flve the air
4 5rsddet r DB yxeﬁutpnama A@r@asamslezdtainsl (qttmaqt~ to the

~~ é%‘ﬂer ‘Joifn ect?‘lorba‘fbg?s aJ1 h’]‘f}‘ thT err5 G the air

~[fq©w$ fibm,phbjcohdMSEBR(il?Cdrlvéh by: the. combined action
W,

i f~.~

of (Y7 and 44 u, sends air to the vertical section (23),
10 which, due to the translucent panels (22) allow the inside
to be seen (23) and the objects or people inside without
the need for artificial viewing devices. This allows these
panels to be converted into a practical door facilitating

the entry or exit of the aforementioned objects.
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Corttsurs of Velocity Magnitude (m/s) Oct 26, 2005

FLUENT 6.2 (3d, segregated, ake)

Table 2 Representation of the vertical speed values

obtained during computer simulation at ground level in the



"~Y {C-1~Q r , "1.CG,\ ,"t:}+ly 1~It ~Y~~

G~ 5~~~ ~~j{ }~~~~ , " 1l.:SM01

O ."YrY YtA ith"~h Y. fwtLi al>C ,2L 1.14,id 15 o

rxao,w Corttsurs of Velocity nmagnitude (nfs) Cct 26,

2005. FLUENT 6.2 (3d, segregatda® ake) Table 2
Representation of the vertical speed val ues obtained

during conputer sinulation at ground level in the 10

f1i ght gbhantremifen| yohhiys tthiarbehambeshadwn) sholt) camt can be

be hat he naX|nun1s eed.is tained near to
S%%F’ISE‘1 %he Sond Fﬁg ?11?,a?&§}?eglﬁ?araﬁﬂ the walls.
areas (19 and 20) run along cl anps (15) and screws

(16) wit hehebhdu3tcgeraspqnding ( @Bt @QB SBA¥NakBas (19 and
the _attached figures |nter3£erse mnt conpreSS|on

j oi AP R e HEEEE GRSy ebLPt i d nsarkigh (16) with their

per E%E%B@%nehﬁée%&ﬁé' CUipl ¢ éll?owﬁeqlﬁceghgne%tgcya l'hed figures
consunption. Calcul ati’ng energy consunption N !

act dakegeakressedo wmehalbamp@ﬁssupnwhuohnthe whbee tOecessary,
t he fI dla is 5 has bee
dlglta:ug ngla long: ng Iep§rf oWE "§6me © EPSFﬁ ﬁﬁ§?ult with

S|gmeﬁucadtenesg&tSOnAﬁmptlcﬂnparlson consunption is

shown for an open tunnel (w thout return) in which

the air is_taken directly from 15 the exterior, driven
vertlcalF?1F8$6F6§gtﬁ@qq9%ﬂﬁ°%ﬁ%ﬁpte%® £REn thel cagte]l scale

10 Nt @nkhe 1 akEpsAher enasyf Ofh exanp! Eur.op P
No. 96919369.6 for the afore&gﬁ?lgﬁg§ﬂé ;T g%%urgﬁgght area

| ncdiRBEERT O STUNMRI BaAskepn ode from digital simulations;

Table 2 shows some of the most significant results. As a
comparison, consumption 1is shown for an open tunnel
(without return) in which the air is taken directly from
15 the exterior, driven vertically towards the flight area
and then released into the atmosphere as for example in
European Patent No. 96919369.6 for the aforementioned Sky

Venture, Inc.

Model of Tunnel ) Consumption
Non expert mode Expert mode
(v=50 m/s) (v=70 m/s)
Open tunnel (without 1.45 MW 3.98 MW
return) ’
3 arm tunnel with 1.18 MW 3.17 MW
baffles in (20) and
(11)
3 arm tunnel with 1.43 MW 3.83 MW
baffles in (20), (11)
and (19) (worse
result)
3 arm tunnel with 0.60 MW 1.72 MW
baffles. in (20), (11)
and (19) optimised




Non expert node Expert node (v=50 mls) (v=70 m's)

Open tunnel (without 1.45 MAN3.98 MWV return) 3 arm

tunnel with 1.18 MW 3.17 MV baffles in (20) and (11)

3 armtunnel with 1.43 MW 3.83 MWV baffles in (20),

(11) and (19) (worse result) 31armtunnel wth 0.60

MV 1. 72 MV baffles. in (20), (11) and (19) optim sed

11 Table 3 Calcul ating operational power for a 5m

di affebér 3M Gdltuhaeing Avgkysithngnahe mater | fiothe 5m diameter

afoLgngnglgng? table 3 it can be seen that the

behavi our he tunnel (10) is 5 difficult to

predi ct without the assistance of digital sinulation.

However, Aﬁa@?Sth WhieClidta t e PHEPQRF® r@inehR@ oned table 3 it

i nvention al | ows saving of over 50% of the power _

r eqGPPed? o SG5&r af—’éa'én GifenPeiaNéPur At héhe tunnel (10) is

essantirablyci Wr%‘%@ﬁi@%pe@itﬁéu@ higg, yggsgétaﬂr(@e of digital
~installation is that the sinulations nust be carrie

out sipnlatiaot ullowsyalre fodesign ndtiadl ats orhei merpose of the

t ha (S rodyn CS, arg not I|n I,

beh%gpgﬁFlgﬁ ?ﬁgoggstgllg¥%6ﬁ can vary as%?he

chamggsiredehot hpaghtet e spapetofinéhe conduits does

not change. The fundanent al

g&zegge power

Another essentially important aspect of this type of

10 installation is that the simulations must be carried out
on an actual scale for the installation . given that the
'laws on aerodynamics are not linear and the behaviour of
the installation can vary as the size changes, even though

the shape of the conduits does not change. The fundamental

15 effect of this change can be seen in the power consumed
which changes specifically as the size of the installation

changes.

A feature common to all closed wind tunnels (where

air 1is recirculated to save drive power) is that the

20 effect of the air rubbing against the walls causes the air
to heat up which is not suitable for the continuous
operation of the tunnel. Whereas in a mock up this effect

may pass unnoticed, in the actual size installation it
cannot be ignored given that a very considerable amount of

25 power is supplied to the air during the drive process and
the air temperature variation is very significant,
particularly when the external air temperature is high.

The air heating up causes its density to fall;. in the

installation shown this would mean that as a consequence



15 effect of this change can be seen in the power

consuned which changes specifically as the size of

the installation changes. A feature conmon to al

closed wind tunnels (where air is recirculated to

save drive power) is that the 28 effect of the air

rubbi ng against the walls causes the air to heat up

which is not suitable for the continuous operation of

t hethgnrf@lrcaepkdisng nup mbek ugent hveubdif detll ray pddbtion to

unn c tual . Si j &l

be ?B%o?g SP&éﬁgpﬁgt%%u€§F§%§£n3|de%géfgy%%%uﬁgﬂgggé%ure' In

powerdes suppl i edotid t hehase dumidegitdadler i vefpeotess in  the
ature var jation is ver

d, t |
T OAnPreATRELORar L FRI vy harr THb e or Cld hgvie  been built

$ enpekagure d_;(SoJill Glat T&tﬁucﬂjd’tlhﬁ;atﬁ@geﬂﬂaﬁalé%@:ﬁ iId$ aluminium
denS|tK to fall; in the installation shown this would
mealitRar a2oe! tofhsdaakRte P11y marewideiholtd gl ¥grlate cold

theygser WoWkhd 42l bxtor-a4Hi EbBR:HY dte'%‘ic' nCQQVsQf“ CEE baffles

caused by the increased tenperature. or der
avondsnﬂes@eaﬁdégﬁrdﬁﬂb of f €kl andthé9 |W3ﬂ&lbﬁ|mﬁﬂe out of

the g %Ongléssg%lﬁhQV o %Fn é&été&ugk tgqggi holes
hea con mat eéri a as alum arm Owi t
1@oohumgJumﬂhﬁlﬁnuimt@romnd kb tﬂr@bﬂ@@dﬂdbﬂaﬂwhter from the

wat er from an external coolln%_deV|ce Al so, the

baf £Pgdde; ASitd@%s &t i i ()L haay arahenegrav | Fapgulations

madgaQut 161 cAkWMitNAM Qlddr SidEd Ay a0k cOBMILt 5n Of (that is
heat and holes 10 will be built into this to circul ate

coIéomaﬁ%%’fr%ﬁntﬁéte¥%%1det8@P?ﬁ9t5§ead@ﬁt|dﬁﬁk”heawlth the
exc . I - j.an de d unge .
Q?gg?ggﬁagé SQF?FEQSB?¥E§f th@ kgﬁégrgpﬁke Eg EhF tunnel's

unf a e con 1S ay an externa
1§ enperstoré o£c83@CGn wirt Ifltight section will vary between 27°C

in non expert mode and 33°C in expert mode, which are
considered to be suitable for the installation's

operation.

Having. sufficiently described this invention using

200 the attached drawings, it is easy to understand that any
changes judged to be suitable may be made, whenever these
changes do not alter of the essence of the invention

summarised in the following claims.



appropriate cooling power, the tenperature in the
tunnel's 15 vertical section or flight section w ||
vary between 27C in non expert node and 33C i n expert
node, which are considered to be suitable for the
installation's operation. Havi®g sufficiently
described this invention using 20 the attached
drawings, it is easy to understand that any changes
judgel BoIbM 8uitable may be made, whenever these
changes do not alter of the essence of the invention

ST S AR P e o

by Bychamiembecetratcaviin@r as puleissed igied fdiaw flow preferably
referabl¥ generateg by the, -action of fans grlven b
t he95PEBRFBE porfthl ng © Pect FFELP®t orE chaRESt er S by the

5hecB§§EspBH§§.n§h%ﬂéHHﬁc(ﬂag):ok§ f&{di%%t@&ﬂs@of"ﬁg the fact
ipes joined together to formconduits or |oops (

i n ahpaditdle | ayouel ddPdraied ffOrr@mded@m oPhBLNBY ppws joined
gggé%é%gg&§l¥o ngm ?g8g§§8089dfbg }%ébagg ?hradlal layout

on one end connec
shapepataaedtafrommlé&cmhemﬂumerkandgzoéreappmnedmboely, the
cylindrical driye,. cond its (13), wth
con8lPts#houn?’® u%’bsth w%‘.fe) n8§SE13 ?e%h %’Pw ‘he end to a

1@on¢engectBto (205iAr thBaprdpeosnest 8tat 1 9Nhi0eNtRE lower ends
connectors (20 and 19) using_braces (21) housin g 15 i
traﬁ§?udé°rﬁne&an%?scé’é:_l}ldraélanlnéﬂaﬁln‘ﬁg ehadydtei dap),» with air

sechir9he (23haRittihendtwned (49) thd n%'o%ﬁ/\hleﬁlasaf e213 which

conduits (13) driving air to the lower area of th _
ver tboygkrgect iompo ofa tsht@rt ushabe@23§onnector (19) -, joining

connectors (20 and 19) using braces (21) housing
15 translucent panels (22), delineating the vertical section
(23) of the tunnel (10) , inside which are éonduits (13)
driving air to the lower area of the vertical section of

the tunnel (23).

2 - "VERTICAL WIND TUNNEL WITH VIEWING FACILITY",
20 according to the 1% claim characterised by the fact that
air is driven inside the conduits (13) by a fan (24)

mechanically connected to external measures.

3 - "VERTICAL WIND TUNNEL WITH VIEWING FACILITY",
according to previous c¢laims characterised by the fact
25 that the external drive for the fans (24) is by an
electric motor (17) and a reducer (18)connected by chaiﬁs

or pulleys to the fan shaft (24).

4 - "VERTICAL WIND TUNNEL WITH VIEWING FACILITY",

according to the 1%° claim characterised by the fact that



2 - "VERTI CAL WND TUNNEL W TH VI EW NG FACI LI TY", 20

according to the 1st claimcharacterised by the fact

that air is driven inside the conduits (13) by a fan

(24) nmechanically connected to external neasures. 3 -

"VERTI CAL W ND TUNNEL W TH VI EALMIG FACI LI TY"

according to previous clains characterised by the fact

25 that the external drive for the fans (24) is by an

el ethei cumptedr (19) bed @ recdogerry18pcdnadctgd ttye following
chainﬁ Eg_pulleys to the fan shaft (24). 4 -

" VERTPCALSW ND TUNNEL W TH VI EW NG FACI LI TY"

according to the 1st claimcharacterised by the fact

that 14 thBeshupaebr( 8y Basnaveegreteytdshi BedihY thecuit is

following aspects: - The shape of the transverse

section BEIFREAE| ABuIth S gertiicadl areqtiatheotefhe cpnnel (23),
ection he; t u I val. in_t er.

Section, CErtourh e REPPE . et on tag BE in che lower
circul arseatihe epdnidf°ofirhelpoi hh thecbpenifdIpf the joint
The inlegeggcghoq %gS) in the flight chanber or

vertical >Sectron % J is at ground level, that is to

10 say- at Thm aniléts fsecmrdnby (299 cioni eak tfukst Wichimber or

a different divergence with_the greater divergence in .
t he uppeVeEBhEaihgﬁcFﬁQHId%@? dGnét IFHRG UYRMRL . that is to

1Gecti onsshdlhtO0MCRANRENS | #bAntR) N8 U EbALedl €28 ks with a
are at approximately 135 angles. 15 - The return
circuit 9affesents dvarorscse wiech | bhe Imestghodivdrgence in

I ength Oﬁhgt§p599'cone than the lower cone.
- The curved sections (11? or corners in the return
circuit (26) are at approximately 135° angles.
15 - The return circuit varies 1its transverse section

throughout the length of its run.



