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TITLE

RECIRCULATING VERTICAL WIND TUNNEL

BACKGROUND

[0001] The present disclosure relates to recirculating vertical wind tunnels, and in

particular, tunnels for indoor skydiving. These tunnels recreate the experience of outdoor

skydiving in a safe and controlled indoor environment. However, recirculating vertical wind

tunnels are often quite expensive to build and operate, and require a substantial amount of space

to generate an airflow that is strong enough to suspend one or more persons, within acceptable

levels of noise and energy consumption, while also maintaining a consistent quality airflow. It is

often desirable that the airflow through the flight chamber is substantially uniform with low

turbulence. Moving in the direction of airflow, recirculating vertical wind tunnels generally

comprise a flight chamber, a diffuser above the flight chamber, a first corner or turn, an upper

horizontal plenum, a second corner or turn, a vertical return plenum, a third corner or turn, a lower

horizontal plenum, a fourth corner or turn, and an inlet contractor—also referred to as a contracting

duct or jet nozzle—below the flight chamber. Tunnels have been designed with a single flowpath

loop or a plurality of flowpath loops, in which case the different airflow pathways typically

diverge downstream from the flight chamber (e.g., at or near the first corner) and then converge

again upstream from the flight chamber (e.g., at or near the fourth corner).

[0002] Some recirculating vertical tunnel facilities install the bottom portions of the tunnel

structure (e.g., the bottom corners, lower horizontal plenum, inlet contractor, lower part of the

vertical return plenum) underground such that the flight chamber is at or near ground level. In

this way, the structural integrity of the tunnel may be augmented while also avoiding the necessity

of arranging the flight chamber on an upper floor of the facility, which can decrease commercial

visibility/accessibility and increase associated building costs. This design approach may also

allow a facility to comply with local building height restrictions. Further, positioning at least a

portion of the flowpath circuit underground can help to absorb heat and noise from the tunnel.

Due to the dimensional requirements of many recirculating vertical wind tunnel designs, however,

substantial underground excavation is generally required to lay the necessary foundation if the

flight chamber will be at or near ground level. For example, the height between the base of the

flight chamber and the base of the lower horizontal plenum may be approximately 25 feet (7.6 m)

or more in some designs. Construction costs and project timeframes will typically increase

linearly with the length and width of the excavation, but exponentially with the depth of the

excavation. Cost and time requirements may be further amplified depending on the local soil

composition and moisture content. Technical challenges also arise with increasing excavation
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depth as well, including accounting for the heightened risks of water infiltration and collapse from

the higher lateral pressure exerted by surrounding terrain at deeper locations. Further, it may be

difficult or cost prohibitive to achieve a desired depth due to shallow bedrock in some locations.

In laying the structure foundation, conventional approaches have typically used poured cement to

form the bottom portions of the wind tunnel, which generally results in simple geometries defining

the flowpath cross section compared to preformed fabrications having custom-designed

geometries produced from different materials, in order to reduce construction costs. What is

needed is a recirculating vertical wind tunnel with a reduced height between the flight chamber

and the base of the flowpath structure, with minimal impact to tunnel efficiency or the quality of

airflow for indoor skydiving.

[0003] Moreover, wind tunnels generally have a cable floor assembly or structure to

provide support to users standing within the flight chamber, while also allowing the airflow to

pass through to suspend users during indoor skydiving. In many tunnels, the cables are mounted

to a plurality of weldments arranged around the periphery of the flight chamber. The weldments

are typically supported by separate load-bearing crossbeams or other elements of the facility

structure, which can increase construction costs. The cables often have varying sizes to minimize

the required horizontal footprint of the weldments around the flight chamber, since many flight

chambers are circular or substantially circular in cross section, meaning a cable through an edge

of the flight chamber does not need to be as long as a cable through the center diameter of the

flight chamber. The weldments generally have a removeable top cover to access the ends of the

cables securely mounted within the weldments. Therefore, such designs are typically installed,

replaced, and maintained from above by workers on the commercial level of the facility (e.g., the

observation area or staging chamber surrounding the flight chamber). Because the cables extend

across the flight chamber and mount within the weldments, the inside of the weldments are often

in aerodynamic communication with the tunnel flowpath. To prevent noise infiltration to the

commercial areas surrounding the flight chamber through the weldments, the top covers are

usually sealed to prevent customers from being exposed to the high decibel levels inside the wind

tunnel. Such designs have relatively expensive component fabrication costs; subjectively less

aesthetic appeal due to visible access covers surrounding the flight chamber; a relatively lengthy,

complicated, and arduous installation/maintenance process, which increases labor costs and

project timeframes; and a limited range of possible suppliers due to complexity from the

requirements.

[0004] A vertical windtunnel for indoor skydiving according to the preamble of claim 1 is

disclosed in CN 201281652-Y
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[0004][0005] Another consideration in wind tunnel design and construction is the

horizontal dimensional requirements of the flowpath. For example, some locations may not have

the necessary space or footprint available to accommodate the horizontal length dimensional

requirements of a particular wind tunnel design. In this sense, a smaller location may not be

feasible for wind tunnel construction. What is needed is a recirculating vertical wind tunnel with

a reduced dimensional requirement along the length of the flowpath structure.

[0005][0006] The foregoing discussion of the related art and any limitations therewith

are intended to be illustrative and not exclusive. Other limitations of the related art will become

apparent to those of skill in the art upon review of the specification and drawings.

SUMMARY

[0006][0007] The following embodiments and aspects thereof are described and

illustrated in conjunction with systems, tools and methods which are meant to be illustrative, not

limiting in scope. In various embodiments, one or more described problems have been reduced

or eliminated, while other embodiments are directed to other improvements.

[0007][0008] The present disclosure relates to a recirculating vertical wind tunnel design.

One aspect is to reduce the vertical distance or height between the base of the flight chamber and

the base of the fourth corner and/or lower horizontal plenum. Another aspect is to merge the inlet

contractor and the fourth corner under the flight chamber into a single structure and airflow path

element. Another aspect is to decrease the construction costs and time requirements associated

with depth excavation when the flight chamber is to be arranged at or near ground level. Another

aspect is efficient power consumption to reduce the operational costs of the tunnel. Another aspect

is to minimize turbulence, friction, and pressure loss within such a wind tunnel. Another aspect

is to provide an airflow inside the flight chamber that is at least comparable in quality to prior

tunnel designs with respect to uniformity and turbulence.

[0008][0009] These aspects may be satisfied by a vertical wind tunnel for indoor

skydiving, comprising:

at least one recirculating airflow plenum, the airflow plenum including a first vertical member, a

top horizontal member, a second vertical member, and a bottom horizontal member;

means for providing an airstream flowing through the airflow plenum and in the first vertical

member in an upward direction;

a flight chamber housed within the first vertical member of the airflow plenum;

a corner section connecting the bottom horizontal member with the first vertical member;

wherein the bottom horizontal member has a first section and a second section, the bottom

horizontal member extending from the second vertical member to the first vertical member,
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the first section connected to the second vertical member and the second section connected to

the corner section connecting the bottom horizontal member to the first vertical member;

the second section of the bottom horizontal member contracting the airflow travelling through the

bottom horizontal member between the first section and its exit to the corner section;

the corner section further contracting the airflow exiting the second section of the bottom

horizontal member towards the first vertical member.

[0009][0010] By providing a corner section, which connects at least one bottom

horizontal member to a first vertical member with its flight chamber, with a design such that the

airstream travelling through it is contracted, the overall height of such a vertical wind tunnel can

be significantly reduced. Then the necessary inlet contractor upstream to the flight chamber is

provided by the corner section. Therefore, the bottom of the flight chamber can be arranged much

lower than in prior art tunnels of this kind. The bottom of the flight chamber may thus be arranged

at the very bottom of the first vertical member. In order to provide a smooth airstream contraction,

this vertical wind tunnel provides a dual stage contraction, which two contraction steps do not

necessarily need to be separated from each other but can be continuous. One contraction zone is

arranged in the corner section at the bottom of the first vertical member, and an upstream

contraction section is arranged within the bottom horizontal member.

[0010][0011] We believe this is the first time that it is suggested to use the corner section

at the bottom of the first vertical member with its flight chamber as the inlet contractor.

[0011][0012] The benefits of the present disclosure can be achieved with tunnels having

one single return airflow plenum or having more than one return airflow plenum, for example two

airflow plenums, for example arranged in relation to the first vertical member at opposite sides

thereof. Further, the benefits of the present disclosure can be achieved irrespective of where in

the return airflow plenum the means for providing the airstream, the fan assembly, is arranged.

The fan assembly could be arranged in the top horizontal member. It is also possible to arrange

the fan assembly in the second vertical member, in particular in its upper section.

[0012][0013] In order to reduce turbulences within the contracting corner section, it is

possible to arrange a set of turning vanes in the corner section which redirect the airstream entering

the corner section streaming horizontally into a direction towards the flight chamber within the

first vertical member. Depending on the length of guidance that the turning vanes provide to the

airstream, it is possible that shorter turning vanes in the direction of the travel of the airstream are

arranged within the corner section. Two or more sets of turning vanes may also be used depending

on the tunnel configuration. The turning vanes may be arranged within an arch-like section of the

corner section, which arch section typically provides part of the plenum walls. This arch section
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is preferably curved in the direction of curvature that the airstream is redirected in the corner

section.

[0013][0014] In some embodiments, another measure to reduce turbulences while

redirecting and contracting the airstream in the corner section is to provide a ridge in the bottom

section. This ridge functions like a turning vane redirecting the flow of at least a lower part of the

airstream entering into the corner section. In case the tunnel has two return airflow plenums

arranged opposite to each other with respect to the first vertical member, then two ridges may be

arranged typically abutting each other with their backsides and arranged in alignment with a

vertical center line through the flight chamber in the first vertical member. This means that the

two ridges are arranged in the projection of the middle of the flight chamber with their center.

The two ridge may be separate components, provided by a single component, or integrally formed

in the plenum wall at this location, for example.

[0014][0015] Numerous further aspects of the wind tunnel are disclosed in the following.

All features described and disclosed in the specific embodiments can also be used independently

from each other. This shall mean that the individual features and benefits of each feature, even if

described together with other features, can also be achieved without necessarily needing the other

features disclosed in combination with that feature.

[0015][0016] Another aspect is to provide a cable floor assembly or structure with

reduced fabrication costs for the constituent assembly components. Another aspect is to provide

a cable floor assembly which reduces the construction costs of the larger wind tunnel facility

building. Another aspect is to simplify and decrease the time required for installation of the cable

floor assembly. Another aspect is to simplify and decrease the time required for maintenance of

the cable floor assembly. Another aspect is to decrease the time to market for a new wind tunnel

construction having such a cable floor assembly. Another aspect is to increase the potential

supplier pool for the cable floor assembly. Another aspect is to provide a cable floor assembly

which enables a streamlined or minimalist aesthetic with respect to the floor surrounding the flight

chamber. Another aspect is to provide a cable floor assembly configured for maintenance service

from below.

[0016][0017] Another aspect is to provide a stepped plenum divergence in a corner of the

wind tunnel to reduce the dimensional requirements between corners of the wind tunnel. Another

aspect is a stepped plenum divergence in a corner of the wind tunnel to provide adequate spatial

clearance for accommodating ducts and/or ducted fans arranged immediately downstream from

the corner. Another aspect is a stepped plenum divergence in a corner of the wind tunnel to

provide adequate spatial clearance for accommodating other structural elements, such as support

columns or beams.
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[0017][0018] Another aspect is to provide a recirculating vertical wind tunnel wherein

the airflow plenum is separated throughout the vertical return member.

[0018][0019] Another aspect is to provide a recirculating vertical wind tunnel having a

flyer exchange system for controlling participant movement and environment exchange between

the flight chamber and the surrounding observation area of the facility.

[0019][0020] In addition to aspects and embodiments described above, further aspects

and embodiments will become apparent by reference to the accompanying drawings and the

detailed description forming a part of this specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020][0021] This disclosure is described hereinafter with reference to the following

figures:

[0021][0022] FIG. 1 shows a side view of a recirculating vertical wind tunnel according

to the prior art;

[0022][0023] FIG. 1A shows a sectional view of the wind tunnel of FIG. 1 taken along

line A-A;

[0023][0024] FIG. 2 shows a perspective view of a recirculating vertical wind tunnel

according to the present disclosure;

[0024][0025] FIG. 3 shows a front side view of the wind tunnel of FIG. 2;

[0025][0026] FIG. 4 shows a right side view of the wind tunnel of FIG. 2;

[0026][0027] FIG. 5 shows a bottom view of the wind tunnel of FIG. 2;

[0027][0028] FIG. 6 shows a top sectional view of the wind tunnel of FIG. 2, taken along

line 6-6 of FIG. 3;

[0028][0029] FIG. 7 shows a partial sectional side view of the fourth corner of the wind

tunnel of FIG. 2, taken along line 7-7 of FIG. 6;

[0029][0030] FIG. 8 shows a partial sectional side view of the fourth corner of the wind

tunnel of FIG. 2, taken along line 8-8 of FIG. 6;

[0030][0031] FIG. 9 shows a partial perspective view of a lower horizontal plenum of the

wind tunnel;

[0031][0032] FIG. 10 shows a side view of the lower horizontal plenum of FIG. 9;

[0032][0033] FIG. 11 shows a sectional view taken along line 11-11 of FIG. 10;

[0033][0034] FIG. 12 shows a sectional view taken along line 12-12 of FIG. 11;

[0034][0035] FIG. 13 shows an exploded perspective view of another embodiment

comprising a turning vane structure;

[0035][0036] FIG. 14 shows a side view of the turning vane structure of FIG. 13;
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[0036][0037] FIG. 15 shows a sectional view taken through the center of the base of the

turning vane structure in the area of box B of FIG. 14;

[0037][0038] FIG. 16 shows a perspective view of another embodiment comprising a

cable floor assembly;

[0038][0039] FIG. 17 shows a top view of FIG. 16;

[0039][0040] FIG. 18 shows a perspective view of one of the weldments of the cable floor

assembly of FIG. 16;

[0040][0041] FIG. 19 shows an exploded view of FIG. 18;

[0041][0042] FIG. 20 shows a bottom view of the cable floor assembly of FIG. 16;

[0042][0043] FIG. 21 shows a detail view of box C of FIG. 20 with partial cutaway;

[0043][0044] FIG. 22 shows a sectional view taken along line 22-22 of FIG. 17;

[0044][0045] FIG. 23 shows a detail view of box D of FIG. 22;

[0045][0046] FIG. 24 shows a wider perspective view of FIG. 23;

[0046][0047] FIG. 25 shows a side view of a single-return recirculating wind tunnel

having a stepped corner configuration;

[0047][0048] FIG. 26 shows a partial side view of the corner of a dual-return recirculating

wind tunnel and a stepped corner configuration

[0048][0049] FIG. 27 shows a perspective view of a single-return recirculating wind

tunnel having a contracting corner;

[0049][0050] FIG. 28 shows another perspective view of the tunnel of FIG. 27;

[0050][0051] FIG. 29 shows a perspective view of another embodiment of a recirculating

wind tunnel with a split return air tower;

[0051][0052] FIG. 30 shows a side view of the tunnel of FIG. 29;

[0052][0053] FIG. 31 is a schematic floor plan diagram of a wind tunnel facility with a

flyer exchange device according to the present disclosure;

[0053][0054] FIG. 32 shows a side perspective view of a flyer exchange device;

[0054][0055] FIG. 33 shows a side view of a recirculating vertical wind tunnel according

to the present disclosure with a flyer exchange system;

[0055][0056] FIG. 34 shows a sectional view taken along line 34-34 of FIG. 33;

[0056][0057] FIG. 35 shows a sectional view taken along line 35-35 of FIG. 33.

[0057][0058] In the sectional views of FIGS. 6, 7, 34 and 35, internal tunnel spaces are

generally indicated by diagonal hatching.

[0058][0059] Before further explaining the depicted embodiments, it is to be understood

that the invention is not limited in its application to the details of the particular arrangements

shown, since the invention is capable of other embodiments. It is intended that the embodiments
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and figures disclosed herein are to be considered illustrative rather than limiting. Also, the

terminology used herein is for the purposes of description and not limitation.

DETAILED DESCRIPTION

[0059][0060] FIGS. 1 and 1A show a recirculating vertical wind tunnel 100 according to

the prior art. Moving in the direction of airflow, this wind tunnel 100 comprises a flight chamber

101, a diffuser 102 above the flight chamber 101, a first corner 103, an upper horizontal plenum

104, a second corner 105, a vertical return plenum 106, a third corner 107, a lower horizontal

plenum 108, a fourth corner 109, and an inlet contractor 110 below the flight chamber 101. The

lower horizontal plenum 108 has a first section 111 and a second section 112 with a contracting

cross section. One or more fans (not shown) are arranged in the flowpath plenums to generate an

airflow therethrough. The direction of the airflow is represented by broken arrows in FIG. 1.

Turning vanes 113 are arranged in the corners 103, 105, 107, 109 to redirect the airflow between

the diffuser 102 and the upper horizontal plenum 104, the upper horizontal plenum 104 and the

vertical return plenum 106, the vertical return plenum 106 and the lower horizontal plenum 108,

and the lower horizontal plenum 108 and the inlet contractor 110, respectively. The locations of

the turning vane structures 113 are represented by broken lines in FIG. 1. The velocity of the

airflow is increased through the decreasing cross sections of the second section 112 of the lower

horizontal plenum 108 and the inlet contractor 110, before entering the flight chamber 101 to

support users in indoor skydiving. Vertical wind tunnels may be provided with a single flowpath

loop or a plurality of flowpath loops. In tunnels with two or more return loops, the different

airflow pathways generally diverge at or near the first corner 103 above the flight chamber 101

and converge at or near the fourth corner 109 below the flight chamber 101. Multipath wind

tunnels are generally symmetrical in design. Although typically more expensive to construct than

flight chambers with rectangular cross sections, flight chambers with circular or substantially

circular cross sections typically have a more uniform and lower turbulence airflow since the hard

corners of rectangular cross sections produce turbulence. In the same way, the four corners of the

inlet contractor 110 also introduces turbulence into the airflow entering the flight chamber 101.

[0060][0061] FIGS. 2 through 8 show one possible embodiment of a recirculating vertical

wind tunnel 200 according to the present disclosure. Moving in the direction of airflow, the wind

tunnel 200 comprises a flight chamber 201, a diffuser 202 above the flight chamber 201, a first

corner 203, an upper horizontal plenum 204, a second corner 205, a vertical return plenum 206, a

third corner 207, a lower horizontal plenum 208, and a fourth or contracting corner 209. The wind

tunnel 200 has two symmetrical airflow return pathways which diverge at the first corner 203 and

converge at the fourth corner 209. The following description generally refers to only a single side
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or loop of the wind tunnel 200 for purposes of convenience and conciseness; it being understood

that both sides of the wind tunnel 200 are structurally identical unless specifically noted. In other

embodiments, the wind tunnel 200 may comprise a single return flowpath (see FIGS. 27 and 28)

or more than two return flowpaths (not shown). The single-return recirculating vertical wind

tunnel of FIGS. 27 and 28 is designed the same in principle as the wind tunnel 200 of FIGS. 2-8

and is therefore not described in further detail here. The upper horizontal plenum 204 has two

ducted fans 210 which generate the airflow through the wind tunnel 200. Other embodiments may

have one fan 210 or more than two fans 210. Further, the fans 210 could also be located in other

locations along the flowpath loop, including at locations that are not in the upper horizontal

plenum 208. Additionally, multiple fans 210 may be provided in a single plenum rather than

separate plenums as shown. The scope and spirit of the present disclosure is not so limited.

According to simulations, the dual-return wind tunnel 200 has been shown to achieve comparable

airflow quality (for purposes of indoor skydiving) in the flight chamber 201 to prior tunnel

designs, for example with respect to turbulence, shear and velocity map uniformity.

[0061][0062] The third corner 207 may have a relatively wide rectangular construction

to reduce excavation depth. For example, if the cross section of the third corner 207 at the juncture

with the lower horizontal plenum 208 was squarer, then the required height of the third corner 207

along the vertical dimension would need to be increased to maintain the same cross-sectional area

through the third corner for purposes of reducing airflow friction. By horizontally widening out

the third corner 207, the lateral footprint requirements for the foundation increase while the depth

requirements are reduced, which results in net savings with respect to excavation costs if the flight

chamber is placed at or near ground level. The vertical return plenum 206 may share the widened

geometry of the third corner 207 at the juncture of the vertical return plenum 206 and the third

corner 207. Likewise, the lower horizontal plenum 208 may also share the widened geometry of

the third corner 207 at the juncture of the lower horizontal plenum 208 and the third corner 207.

[0062][0063] The lower horizontal plenum 208 may comprise a first section 211 and a

second section 212. In the direction of airflow, the vertical return plenum 206 transitions through

the third corner 207 into the first section 211 of the lower horizontal plenum 208. The first section

211 then transitions into the second section 212 of the lower horizontal plenum 208. The second

section 212 is connected to the fourth or contracting corner 209 below the flight chamber 201.

Where the vertical return plenum 206 and/or the third corner 207 have rectangular cross sections,

the first section 211 of the lower horizontal plenum 208 may have a generally rectangular cross

section as well. Of course, these plenums 206, 207, 208 may have different geometries other than

rectangular, including other polygonal geometries or curved geometries (e.g., circular, elliptical,

or substantially so), including different combinations thereof. Flat walls forming rectangular
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geometries are generally used at these locations of the flowpath to reduce construction costs and

complexity—which typically increase when using curved or many-sided geometries—even

though the hard corners may introduce additional turbulence into the airflow.

[0063][0064] The first section 211 of the lower horizontal plenum 208 may comprise

corner transition portions 213 for the transition into the second section 212 of the lower horizontal

plenum 208. For example, in the depicted embodiment, the cross section of the flowpath at the

juncture between the first section 211 and the second section 212 is generally rectangular with

rounded top corners. The upper corners of the first section 211 progressively transition between

hard corners near the third corner 208 into such rounded corners at the second section 212 via the

corner transition portions 213. In some embodiments, the corner transition portions 213 may

extend along at least a majority of the longitudinal length of the first section 211. In other

embodiments, the corner transition portions 213 may extend along at least two-thirds of the

longitudinal length of the first section 211. Further yet, the corner portions 213 could extend along

at least three-fourths of the length of the first section 211, including along the entire or

substantially the entire longitudinal length of the first section 211. The corner transition portions

213 help to reduce turbulence downstream in the upper corners of the second section 212.

[0064][0065] The second section 212 of the lower horizontal plenum 208 contracts from

a generally rectangular cross section with rounded corners at the juncture with the first section

211, to a generally semi-oval or semi-elliptical cross section at the juncture with the fourth corner

209 when viewed along the longitudinal axis (see FIG. 7). Other terms of description for the shape

of this cross section may include semi-stadium, tunnel, rainbow or the like, which refers to a flat

or substantially flat bottom/base side bounded by an arch. The flowpath cross section of the

second section 212 contracts in both the vertical and horizontal dimensions between the first

section 211 and the fourth corner 209. This geometric contraction increases the velocity of the

airflow entering the fourth corner 209. The smooth transition of the cross-sectional geometry in

contracting along the longitudinal length of the second section 212 (between the first section 211

and the fourth corner 209) also promotes a low turbulence airflow during the acceleration of the

airflow therethrough. Moreover, this contraction of the second section 212 positions the flowpath

cross section for a smooth transition into and through the fourth corner 209. The generally semi-

oval or semi-elliptical cross-sectional geometry of the second section 212 at the fourth corner 209,

once turned through the fourth corner 209 into the horizontal plane, facilitates the formation of a

generally round horizontal cross section for the ascending airflow at the outlet of the fourth corner

209 beneath the flight chamber 201, which allows for a shorter low turbulence contraction.

[0065][0066] The contracting corner 209 turns the airflow in the lower horizontal plenum

208 upward directly into the flight chamber 201. At the same time, the contracting corner 209
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also reduces the total cross-sectional area of the flowpath between the lower horizontal plenums

208 and the base of the flight chamber 201, which increases the velocity of the airflow for

suspension of users within the flight chamber 201. In embodiments with two or more return loops,

the contracting corner 209 also merges the separate airflows before the same enters the flight

chamber 201. By integrating the fourth corner and inlet contractor together in a single structure,

the need for a separate inlet contractor structure beneath the flight chamber is eliminated. In this

way, the vertical distance between the base of the flight chamber 201 and the base of the

contracting corner 209 and/or lower horizontal plenum 208 can be significantly reduced.

[0066][0067] For example, the height of the tunnel flowpath between the base of the

fourth or contracting corner 209 and the base of the flight chamber 201 can be reduced by

approximately 35% relative to comparable wind tunnel designs, without significant sacrifice to

efficiency. This may correspond to a height of approximately 3.5 meters (10 feet) or more. The

height savings also corresponds to shortening of the overall tunnel flowpath. With the disclosed

design, both reduced-excavation constructions and even entirely above-grade constructions are

viable. Benefits include construction cost savings, construction time savings and construction risk

reduction. Further, decreased height requirements make it viable to build in locations with height

restrictions.

[0067][0068] Specifically, in certain embodiments, for a dual-loop recirculating wind

tunnel, a height between the base of the flight chamber 201 and the base of the contracting corner

209 (or lower horizontal plenum 208) can be realized which is less than or equal to 1.3 times the

diameter of the flight chamber 201. In other words: [the vertical distance between the base of the

flight chamber and the base of the contracting corner] is ≤ [1.3 x the diameter of the flight 

chamber]. For a single-loop recirculating wind tunnel, in certain embodiments, a height between

the base of the flight chamber 201 and the base of the contracting corner 209 (or lower horizontal

plenum 208) can be realized which is less than or equal to the diameter of the flight chamber 201

multiplied by a factor of 1.9. In other words: [the vertical distance between the base of the flight

chamber and the base of the contracting corner] is ≤ [1.9 x the diameter of the flight chamber]. 

[0068][0069] Regarding costs and therefore potential savings, it should be appreciated

that the cost to build a wind tunnel is dependent on location. Factors include the cost of tunnel

materials, the cost of labor, the cost of transporting materials to location, the cost of earthworks

for a particular location, etc. Factors can also vary with quality and availability. Timing, both in

terms of project timeframes and market forces, can further affect cost. In other words, each project

has its own challenges and circumstances that make direct comparisons across completed tunnel

locations difficult. Based on available data and project estimates, a wind tunnel according to the

present disclosure can save about $20,000 to $100,000 USD per foot excavation, with an estimated
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average of about $40,000 USD. This correlates to as much as $400,000 USD or more per

construction. Some projects could realize savings upwards of $1,000,000 USD or more. These

savings can compensate for increased costs in other respects, if any, such as custom fabrication,

transportation, or using relatively more expensive materials. Putting aside excavation depth

considerations, it would seem counterintuitive that the complex geometries and curvature of a

contracting corner according to the present disclosure could result in cost savings over more basic

geometries (e.g., rectangular corners made of poured concrete). But once molds are created for

curved wall plenums (e.g. lower horizontal plenum section 212), which are reusable for future

projects of the same model, it can actually save on costs compared to pouring concrete. For

example, using pre-formed fiberglass plenums with complex curvature can produce savings up to

$100,000 USD with respect to part and installation costs, compared to poured concrete for simple

plenum geometries (e.g. flat walls), which offsets potential increases in shipping and material

costs. With the height reduction, concrete (Construction Specifications Institute (CSI) 2012

Division Code 03) and earthwork (CSI 2012 Division Code 31) costs can be significantly

decreased in the magnitude of several hundred thousand dollars. Earthworks in particular can

realize significant savings depending on the tunnel location, since location moisture, soil type,

bedrock depth, etc. alone can significantly increase excavation and required shoring costs, in some

cases to over $1,000,000 USD total for especially challenging build sites. Further, average project

timeframes are estimated to be reduced initially by one to two months according to the present

disclosure. Such time savings cannot be understated in relation to keeping project costs down and

accelerating returns from opening the wind tunnel facility. Again, it must be appreciated that

every construction project is unique and depends on the interplay of a plurality of factors; meaning

potential savings discussed herein may not be realized in each instance. However, the limited data

and current estimates reveals that significant savings are anticipated in constructing a wind tunnel

having a contracting corner design according to the present disclosure, and generally regardless

of the specific project location.

[0069][0070] The contracting corner 209 comprises smooth or substantially-smooth

curvature throughout the plenum wall transitions. This construction also reduces turbulence

through the corner 209. In a dual-return or double-looped wind tunnel design (see FIGS. 2-8), the

contracting corner 209 may be described as comprising two curved arches 214. The bottom

surfaces of each of the lower horizontal plenums 208 join to form a centerline 215 at one end of

the contracting corner 209 along the transverse axis of the wind tunnel 200. This centerline 215,

then, may be said to form the base of the contracting corner 209. The arches 214 of the contracting

corner 209 each span upward from the ends of the centerline 215, at an incline away from one

another, to define the cross-sectional geometry of the flowpath in the transition of the plenum
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walls between the second section 212 of each lower horizontal plenum 209 to the flight chamber

201. In this way, the arches 214 form a V-shape bisected by the transverse axis of the tunnel 200,

with the centerline 215 formed at the nadir or base midpoint of the V-shape (see FIG. 8). Each

arch 214 is located where the duct construction of the contracting corner 209 joins the duct

construction of the lower horizontal plenum 208. However, it should be appreciated that the

arches 214 themselves need not be formed by independent structures along the plenum wall

transitions. For example, at least part of the lower horizontal plenum(s) 208 and the contracting

corner 209 could also be formed in a single-piece. The arches 214 are descriptive of points in

space along the plenum transition and not necessarily formed by, or provided as separate structures

at, a physical juncture between plenum segments. Likewise, any delineation between “corners”

and “plenums” herein is for convenience of description, as it is possible to join flowpath structures

of the wind tunnel 200 at different locations.

[0070][0071] Further, the centerline 215 constitutes a ridge in the depicted embodiment.

Here, the ridge 215 is formed by the bottom surfaces of each of the lower horizontal plenums 208

turning upward to meet at the centerline 215. In other embodiments, the ridge 215 may be formed

by one or more components installed at this position (e.g. if the bottom surfaces of the lower

horizontal plenums 208 are flat or substantially flat and do not themselves turn upward to form a

ridge). The ridge 215 helps to redirect the airflow along the bottom surface of each lower

horizontal plenum 208 upward into the contracting corner 209 and reduce turbulence from

merging the airflows, at least compared to embodiments not having an upward-projecting ridge

structure wherein the airflows along the bottom surfaces would meet head on. However, it should

be appreciated that the ridge is not strictly required to realize benefits of the present disclosure

and indeed may be absent in other embodiments. In that case, the centerline 215 (the nadir or base

midpoint of the V-shape described above) may be provided as a flat or substantially flat surface.

For example, the bottom surfaces of the plenums 208 may join in a flat or substantially flat manner

at the centerline location or the centerline 215 may be located along the surface of a single plenum

component at this location, depending on the particular construction. In single-return

embodiments, the centerline 215 may be provided where the bottom surface of the lower

horizontal plenum 208 joins with a vertical or substantially vertical end wall of the contracting

corner 209, for example at a hard edge or through a curved surface transition. Therefore, like the

arches 214, the centerline 215 is descriptive of points in space.

[0071][0072] Nonetheless, using these conventions, the contracting corner 209 smoothly

transitions from the circular base of the flight chamber 201 to points along one of the arches 214.

Along the longitudinal axis of the lower horizontal plenums 208, the smooth transition of the

plenum walls of the contracting corner 209 comprises a single or substantially single curvature in
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moving between the base of the flight chamber 201 and the apex of each respective arch 214 (see

FIG. 8); other embodiments could comprise a slight S-shaped double curvature profile here.

Along the transverse axis, which is perpendicular to the longitudinal axis in the horizontal plane,

the smooth transition of the walls of the contracting corner 209 comprises an S-shaped double

curvature profile in moving between the base of the flight chamber 201 and ends of each respective

arch 214 at the centerline or ridge 215 (see FIG. 7). The walls of the contracting corner 209 do

not comprise any hard-angle corners; all surfaces are smooth with the transitions effectuated

through curves. This promotes aerodynamic efficiency while minimizing turbulence. The cross

section of the second section 212 of the lower horizontal plenum 208 may be semi-elliptical in

approaching the contracting corner 209, such that each inclined arch 214 defines the top and side

walls of the lower horizontal plenum 208 at its juncture with the contracting corner 209. The base

of the lower horizontal plenum 208 may be flat, substantially flat, or curved as described below.

[0072][0073] The bottom surface or floor 216 of the lower horizontal plenum 208, or the

lower horizontal plenum 208 and the third corner 207 and/or fourth corner 209, may be configured

for draining any liquids that might accumulate in the wind tunnel 200. As shown in FIGS. 3

through 5, for example, the entire or substantially the entire bottom surface 216 on each side of

the fourth corner 209 may be bowl-shaped. The lowest point 217 of each bowl-shaped surface

216 may be provided with a drain. In some embodiments, the lowest point 217 of the floor 216

may be located at the juncture between the first section 211 and the second section along the center

longitudinal axis through the lower horizontal plenum 208 (see FIG. 5). In this way, the “fall” of

the floor 216 along the longitudinal axis in and after the third corner 207 may help accommodate

the directional change of the airflow through the third corner 207 into the lower horizontal plenum

208. The “rise” of the floor 216 along the longitudinal axis in moving through the second section

212 between the first section 211 and the contracting corner 209 may therefore coincide with the

contraction of flowpath in the second section 212. Likewise, along the transverse axis, the bowl-

shape of the bottom floor 216 may further reduce turbulence therethrough. The reduced vertical

depth of the floor 216 along the perimeter of the bowl-shape can provide further excavation

savings. To this end, the base of the third corner 207 may be positioned higher in the vertical

direction than the base of the fourth corner 209 in some embodiments. A pump may be provided

to assist in draining liquid accumulation.

[0073][0074] FIG. 9 shows another embodiment of the lower horizontal plenum 208

including a first section 211 (partial view) and a second section 212. In this embodiment, the

second section 212 has a two-piece construction comprising a contracting portion 218 connected

to the first section 211, and a constant cross-sectional area transition portion 219 which connects

to the contracting corner 209. Furthermore, the floor 216 of the lower horizontal plenum 208



15

completing the closed flowpath of the airflow is provided separately from the plenum wall

structures. For instance, the floor 216 may be concrete to reduce costs, while the wall structures

could be fiberglass or other materials fabricated into specific shapes, which generally increases

cost. This is another example of how the flowpath structures described herein could be

alternatively constructed and assembled within the scope and spirit of the present disclosure.

Likewise, the transition portion 219 could be characterized as either a part of the lower horizontal

plenum 208 or a part of the contracting corner 209. As in the depicted embodiment, the first

section 211 may not be shaped to form the corner transition portions 213. Rather, as seen in FIGS.

10 through 12, the corner transition portions 213 may be separate structures (e.g., plates) mounted

inside the plenum of the first section 211. In this way, the first section 211 may be constructed

with flat or substantially flat walls to reduce costs. The corner transition portions 213 define the

cross section of the flowpath through the first section 211 at the corners. The corner transition

portion 213 may be shaped to smoothly contract the cross section of the flowpath in moving

between the hard corners near the third corner 207 to the rounded or generally rounded corners at

the juncture with the second section 212.

[0074][0075] FIGS. 13 and 14 show another embodiment where the arches 214 of the

contracting corner 209 correspond to a frame structure 220 comprising a plurality of turning vanes

221. In the depicted embodiment, each side of the frame structure 220 is laterally connected to a

transition portion 219 of the second section 212, although the lower horizontal plenum 208 could

have other constructions as well. Above, the frame structure 220 is connected to the contracting

corner 209. The turning vanes 221 are configured to redirect the airflow upward toward the flight

chamber 201. The turning vanes 221, and therefore the arches 214, are arranged at an incline from

the horizontal plane. As seen in the depicted embodiment of FIG. 14, the arches 214 may be

inclined at approximately 45° for example. As seen in FIG. 15, the centerline 215—which

corresponds to the ridge 215 in the depicted embodiment—may be provided by a separate

structure (e.g. plates) from the adjacent plenum floor in some embodiments. As noted above, the

ridge 215 may be omitted in some embodiments; although the ridge component improves flow

uniformity through the center of the flight chamber by turning the airflow along the bottom surface

of the plenum 208 upward in the manner of a turning vane, it is not strictly necessary to realize all

the benefits of the present disclosure described herein. The turning vanes 221 may be hollow or

comprise channels to flow a cooling fluid therethrough to counteract frictional heat generation

from the recirculating airflow. The frame structure 220 may provide structural support to the

contracting corner 209, and therefore parts of the tunnel 200 mounted above the contracting corner

209. Therefore, the frame structure 220 may be load-bearing and securely mounted in the floor

adjacent to the tunnel plenum. Of course, other structures (e.g. building support beams) may also
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provide structural support to the tunnel components, in which case the frame structure 220 need

not be load-bearing depending on the design.

[0075][0076] Turning now to FIGS. 16 through 25, in a further embodiment, the wind

tunnel 200 also comprises a cable floor assembly or structure 222. The cable floor assembly 222

may be mounted to a frame structure 220 as in the embodiment of FIGS. 13-15. In this way, the

cable floor assembly 222 is integrally supported by the structure of the wind tunnel 200, which

eliminates the need to provide separate load-bearing elements to support the cable floor assembly

222, thereby reducing construction costs of the wind tunnel facility. The cable floor assembly 222

comprises a plurality of cables 223 that form a floor in the flight chamber 201 which users can

stand on and which the airflow may pass through to suspend users. The cable floor assembly 222

also comprises a plurality of casings or weldments 224 around the periphery of the flight chamber

201. Referring now to FIGS. 18 and 19, each of the weldments 224 may have a mounting plate

225 for securely mounting the ends of the cables 223 thereon; a fairing 226 which forms part of

the airflow plenum wall at the juncture of the flight chamber 201 and the contracting corner 209

(see FIGS. 23 and 24); and a cover plate 227 which provides a floor surface adjacent to the flight

chamber 201 on the observation level of the wind tunnel facility. The cover plate may be

configured for mounting panels 228 which form the walls of the flight chamber 201.

[0076][0077] As seen in FIG. 21 (which includes an oval cutaway area to show additional

portions of components), all of the cables 223 may be the same length and arranged in a square or

substantially square profile pattern across the base of the flight chamber 201. In this way, cable

production and replacement costs can be decreased since a single cable specification is utilized

for the entire floor. This can also increase the pool of suitable suppliers for the cables 223. Each

cable 223 is attached to an eye bolt 229. The eye bolt 229 extends through the mounting plate

225 of the respective weldment 224 to attach to a compression spring 230 via a nut 231 and washer

232 under tension (although other coupling components may also be used). Bushings 233 may

reduce wear on and retain proper alignment of the eye bolt 229. Thus, each cable 223 is held taut

across the flight chamber 201 and configured to flexibly absorb forces (e.g., from users falling to

prevent injury) via the compression spring 230. With this mounting configuration, the cable 223

itself can be easily replaced if needed without having to also disassemble the other components

from the mounting plate 225.

[0077][0078] As seen in FIGS. 23 and 24, the fairing 226 of the weldment 224 includes

an aperture or slot to allow the cables 223 to exit the flight chamber 201 for attachment to the

mounting plate 225. The fairing 226 overlaps the plenum wall of the contracting corner 209 at

the base of the flight chamber 201 to form a continuous surface therebetween. Panels 228 are

securely mounted to the cover plate 228 around the fairing 226 to define the walls of the flight
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chamber 201. For example, the panels 228 may be positioned on setting blocks to align the inner

surfaces of the panels 228 with the inner surfaces of the fairings 226, retaining angles may be

fastened to the top surfaces of the cover plates 227 on the opposite sides of the panels 228, and a

structural adhesive may be applied in the channel between the retaining angles and the fairings

226 to secure the panels 228 in place. The panels 228 could be curved, flat or a mixture thereof

depending on the desired cross-sectional geometry of the flight chamber 201 for the particular

design. The panels 228 are generally made of a transparent material to allow observation of

activities occurring within the flight chamber 201 from other areas of the wind tunnel facility.

[0078][0079] It should be appreciated that the cable floor assembly 222 can be accessed

for maintenance from under, rather than above, the weldments 224. In this way, the cover plates

227 need not be accessible or even necessarily sealed from the commercial areas surrounding the

flight chamber 201. Instead, finished flooring (e.g., carpet, wood, tile, composite, etc.) may be

installed over the cover plates 227 to provide a streamlined or minimalist aesthetic of the floor

surrounding the flight chamber 201 to customers. For maintenance purposes, such as checking or

replacing components of the cable floor assembly, the frame 220 may comprise walkways to

facilitate access to the cables 223 and mounting plate 225 from beneath the weldment 224 (see

FIG. 16). Further, the subfloor or basement area surrounding the fourth corner 209 is generally

already vented to the airflow plenum through openings in a flyer staging area chamber adjacent

the flight chamber entrance to equalize pressure therebetween, meaning this cable floor design

would not affect the environmental conditions of this typically nonpublic area in a negative way.

Further, base plates are not required to cover the bottom of the weldments or structurally mount

the weldments to separate load-bearing crossbeams or other support elements of the wind tunnel

facility structure, which further reduces construction/fabrication costs and simplifies the assembly

process.

[0079][0080] In certain embodiments of a dual-return recirculating wind tunnel, the

height between the cables 223 and the bottom surface of the tunnel plenum thereunder (or base of

the corner) is less than or equal to 1.3 times the diameter of the flight chamber. Stated another

way: [the vertical distance between the cables and the base of the corner] is ≤ [1.3 x the diameter 

of the flight chamber]. In certain embodiments of single-loop recirculating wind tunnel, the height

between the cables 223 and the bottom surface of the tunnel plenum thereunder (or base of the

corner) is less than or equal to 1.9 times the diameter of the flight chamber. Stated another way:

[the vertical distance between the cables and the base of the corner] is ≤ [1.9 x the diameter of the 

flight chamber].

[0080][0081] Turning to FIGS. 25 (depicting a single-return flowpath) and 26 (depicting

a dual-return flowpath), a recirculating wind tunnel 300 according to the present disclosure may
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further comprise a stepped turn 301 in one or more of the corners 302 of the wind tunnel 300.

Although the stepped turn 301 is depicted in the first corner, it should be appreciated that the

stepped turn 301 may be provided in other corners 302 of the wind tunnel as desired. The stepped

turn 301 splits the flowpath of a plenum 303 into two or more flowpaths. In the depicted

embodiments, the corner outlet flowpaths correspond to ducts 304 which contain fans 305 that

generate the airflow through the wind tunnel 300. It should further be appreciated that the ducts

304 need not necessarily house fans 305. Turning vane structures 306 may be provided within

the corner 302 at the inlet of each of the ducts 304 to redirect the airflow between the plenum 303

and the ducts 304. With this configuration, the stepped turn 301 diverges the airflow to provide

space or clearance 307 between adjacent ducts 304. For example, the stepped turn 301 may be

used to create adequate separation between the multiple individually-ducted fans 305, which can

reduce the required tunnel flowpath length along the longitudinal axis through the ducts 304, since

the fans 305 are able to be positioned closer to the corner 302 via the stepped turn 301. In other

embodiments, the stepped turn 301 may create separation to accommodate and clear elements

(e.g., structural beams/columns, vents, electrical wiring or the like) positioned within the space

307. Therefore, the dimensional footprint of the wind tunnel 300 can be reduced, which may

enable wind tunnel constructions at locations with limited space. Likewise, the creation of the

space or clearance 307 can provide additional freedom and options in facility design. Moreover,

the advantages of the stepped turn 301 are not necessarily limited to vertical wind tunnels;

horizontal wind tunnels could also utilize this stepped turn configuration to realize such benefits

within the scope and spirit of the present disclosure.

[0081][0082] Referring now to FIGS. 29 and 30, a further embodiment of a recirculating

wind tunnel 400 according to the present disclosure is shown. As depicted, the wind tunnel 400

may be designed in the same manner as the above embodiments, meaning the above descriptions

apply equally to this embodiment, except that the second corner and the vertical return plenum of

the wind tunnel 400 are divided into more than one flowpath. The wind tunnel 400 comprises a

first return air tower 402 and a second return air tower 404. The return air towers 402, 404

correspond to the second corner and the vertical return plenum. The return air towers 402, 404

provide separate parallel flowpaths for the airflow. Therefore, in this embodiment, the airflow is

separated between each side or loop of the wind tunnel 400 at the first corner, and further between

two flowpaths through the upper horizontal plenum, second corner, and vertical return plenum.

The flowpaths of the return air towers 402, 404 may then be rejoined at the third corner. In the

depicted embodiment, the return air towers 402, 404 are physically separated by a gap (see FIG.

30), but other embodiments may have a physical separation structure shared by both return air

towers with no gap therebetween (e.g. a plenum divider wall that defines portions of both return
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air tower flowpaths). This division between the return air towers 402, 404 allows the vertical

return plenum to expand more rapidly between the second and third corners (increase in cross-

sectional area) without creating airflow separation from the plenum walls, which separation would

result in increased turbulence, unsteadiness, and loss of efficiency. If the cross-sectional areas of

the second and third corners are kept constant, the length of the vertical return plenum can

therefore be decreased using the split return air towers 402, 404 compared to a single-flowpath

vertical return plenum, without airflow wall separation, due to the improved wall divergence

capacity over the same distance. The length decrease or height reduction of the vertical return

plenum enables an overall height reduction of the tunnel 400 and, correspondingly, a facility

housing the tunnel 400. The benefits of height reduction, discussed above with respect to the

contracting corner, also apply here. It should be appreciated that the described separation of the

return air towers 402, 404 may be incorporated in the wind tunnel 200 previously described.

[0082][0083] Referring now to FIGS. 31 and 32, a recirculating vertical wind tunnel

according to the present disclosure may further comprise a flyer exchange system 500. FIG. 31

shows a schematic wind tunnel facility partial floor plan around the area of the flight chamber.

The wind tunnel comprises a flight chamber 502 with a circular or substantially circular cross

section wherein participants engage in indoor skydiving, although other embodiments may include

differently shaped cross sections. A control room 504 is arranged adjacent to the flight chamber

502 wherein facility personnel may monitor flyer activity (e.g. if a participant is injured) and

tunnel conditions (e.g. temperature, wind speed, etc.), and control tunnel systems as needed. An

enclosed corridor 506 connects the flight chamber 502 to the flyer exchange device 500. For

example, a participant may step through an open door frame formed in the wall of the flight

chamber 502 to move between the corridor 506 and flight chamber 502. The corridor 506 is sealed

from the surrounding observation area 508 of the facility. The flyer exchange device 500

comprises an enclosed chamber with two opposing doors. One of the doors, exterior door 510, is

connected to the observation area 508. The other door, interior door 512, is connected to the

corridor 506. When a participant wants to enter the wind tunnel, the exterior door 510 of the flyer

exchange device 500 is opened first. The participant then enters through the exterior door 510

into the flyer exchange system 500 from the observation area 508. The exterior door 510 is then

closed. Once the participant is inside the flyer exchange device 500 with the exterior door closed

510, the interior door 512 may then be opened. The participant then steps through the interior

door 512 to exit the flyer exchange device 500 and enter into the corridor 506. At this point, the

participant may proceed through the corridor 506 to enter the flight chamber 502. The interior

door 512 may then be closed. Participants may exit the wind tunnel in the reverse process.
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[0083][0084] Operation of the doors 510, 512 may be automatic, manual, or both. For

example, opening and/or closing may be operated by pushbutton or another input device from the

operator control room 504. Likewise, pushbutton(s) or other input device(s) may be provided at

the doors 510, 512 themselves for operation by participants, such as inside the flyer exchanger

500 and/or the corridor 506. Automated timed operation may also be used to control when the

doors 510, 512 are opened and/or closed, as well as the sequence in which specific doors are

opened and/or closed. Sensors may also be used for automated door operation. Still further, a

RFID or bar/QR code reader may be provided proximate to the exterior door 510 to scan a

wristband or keycard worn by the participant to confirm entry authorization before the exterior

door 510 is opened.

[0084][0085] Accordingly, it should be appreciated that the flyer exchange device 500

provides a controlled and continuous mechanism for the exchange of flyers between the flight

chamber 502 and observation area 508. Pressure and noise exchange between the flight chamber

502 and observation area 508 is prevented or reduced via the two-door system. User access can

be controlled and tracked via the authentication scanning methods. Further, views of the flight

chamber 502 from the surrounding observation area 508 are less impeded compared to prior wind

tunnel facilities having an entire staging area chamber for housing batches of participants

extending around the flight chamber periphery. This aspect also frees up additional floor space

for the observation area 508 adjacent to the flight chamber 502 for other uses.

[0085][0086] FIGS. 33 through 35 show an embodiment of a recirculating vertical wind

tunnel according to the present disclosure with the flyer exchange system 500. The commercial

floor of the facility (not shown) is located generally in line with the base of the flight chamber

502, corridor 506, and flyer exchange device 500. The commercial floor separates the space above

it (e.g. the observation area 508 surrounding the flight chamber 502) from the space below it (e.g.

areas around the contracting corner, lower horizontal plenum, etc.). As seen in FIGS. 34 and 35,

the corridor 506 may be in aerodynamic communication with at least one atmospheric vent 514.

For example, the floor of the corridor 506 may comprise one or more openings which connect the

interior of the corridor 506 to the interior of the atmospheric vent 514. The atmospheric vent 514

may be in aerodynamic communication with the exterior environment of the building, or with the

space beneath the commercial floor (e.g. areas around the contracting corner, lower horizontal

plenum, etc.). In the depicted embodiment, the atmospheric vent 514 is a closed conduit that

extends to connect to the outside of the building, rather than opening into the space beneath the

commercial floor which can cause air drafts in this space. Airflow between the corridor 506 and

atmospheric vent 514 is represented by lines with arrows in the drawings. Therefore, the pressure

in the corridor 506 is equalized via the aerodynamic communication with the atmospheric vent
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514. This reduces noise (e.g., pressure wave thudding) and improves the comfort of users within the

corridor 506. In this embodiment with a vented corridor 506, the double doors 510, 512 of the flyer

exchange device 500 act more to control user access and reduce noise exchange, rather than prevent

pressure exchange, between the corridor 506 and the commercial or observation area 508.

[0086] [0087] While a number of aspects and embodiments have been discussed, those of skill

in the art will recognize certain modifications, permutations, additions and sub-combinations therefor. It

is thus intended that the following appended claims are interpreted to include all such modifications,

permutations, additions and sub-combinations, which are within their true spirit and scope. Each

embodiment described herein has numerous equivalents.

[0087] [0088] The terms and expressions which have been employed are used as terms of

description and not of limitation, and there is no intention in the use of such terms and expressions of

excluding any equivalents of the features shown and described or portions thereof; it being recognized that

various modifications are possible within the scope of the invention claimed. Thus, it should be understood

that although the present invention has been specifically disclosed by certain embodiments and optional

features, modification and variation of the concepts disclosed herein may be resorted to by those skilled in

the art, and that such modifications and variations are considered to be within the scope of this invention

as defined by the appended claims. Whenever a range is given in the specification, all intermediate ranges

and subranges, as well as all individual values included in the ranges given are intended to be included in

the disclosure. When a Markush group or other grouping is used herein, all individual members of the

group and all possible combinations and sub-combinations of the group are intended to be individually

included in the disclosure.

[0088] [0089] In general, the terms and phrases used herein have their art-recognized meaning,

which can be found by reference to standard texts, literature, journal references and contexts known to

those skilled in the art. The above definitions are provided to clarify their specific use in the context of the

invention.

[0089] Therefore, one possible claim set according to the present disclosure may include:

1. A contracting corner for a recirculating vertical wind tunnel, characterized in that:

the contracting corner is at least partially located directly underneath a flight chamber of

the recirculating vertical wind tunnel, wherein the flight chamber contains wall to

wall airflow capable of flying one or more persons;

the contracting corner connects the flight chamber to one or more lower horizontal

plenums of the vertical wind tunnel;

the contracting corner includes a turning vane structure having a ridge and one or more

arches;

the ridge is formed at one end of the contracting corner;

wherein the one or more arches span between the ends of the ridge and incline upward;

and
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LIST OF REFERENCE NUMERALS

100
101
102
103
104
105
106
107
108
109
110
111
112
113
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233

wind tunnel
flight chamber
diffuser
first corner
upper horizontal plenum
second corner
vertical return plenum
third corner
lower horizontal plenum
fourth corner
inlet contractor
first section of lower horizontal plenum
second section of lower horizontal plenum
turning vanes
wind tunnel
flight chamber
diffuser
first corner
upper horizontal plenum
second corner
vertical return plenum
third corner
lower horizontal plenum
fourth or contracting corner
fans
first section of lower horizontal plenum
second section of lower horizontal plenum
corner transition portions
contracting corner arches
ridge
bottom surface or floor
low point of floor
contracting portion of second section
transition portion of second section
frame structure
turning vanes
cable floor assembly
cables
weldments
mounting plate
fairing
cover plate
flight chamber wall panel
eye bolt
compression spring
nut
washer
bushing

300
301
302
303
304
305
306
307
400
402
404
500
502
504
506
508
510
512
514

wind tunnel
stepped turn
corner
plenum
ducts
fans
turning vane structure
space or clearance
recirculating wind tunnel
first return air tower
second return air tower
flyer exchange system or device
flight chamber
control room
corridor
observation area
exterior door
interior door
vent
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CLAIMS

1. A vertical wind tunnel (200) for indoor skydiving comprising:

a recirculating airflow plenum;

a flight chamber (201) housed within a first vertical member of the airflow plenum;

the recirculating airflow plenum including a top horizontal member (204), a bottom

horizontal member (208), and a second vertical member (206);

a corner section (209) arranged below the flight chamber (201) and connecting the bottom

horizontal plenum (208) to the flight chamber(201), the corner section (209)

comprises a turning vane structure (220, 221) including a centerline (215) forming the

base of the corner section (209) at one end of the corner section (209) along the

transverse axis of the windtunnel (200)and an arch member (214) being located where

the duct construction of the corner section (209) joints the duct construction of the

lower horizontal plenum (208);;

wherein the bottom horizontal (208) plenum has a first section (211) and a second section

(212) extending from the second vertical member (206) to the first vertical member,

the first section (211) connected to the second vertical member (206), the second

section (212) connected to the corner section (209);

the first section (211) has a generally rectangular cross section;

the second section (212) contracts the airflow between the first section (211)and the corner

section (209), the second section (212) having an upper surface;

the walls of the second section (212) comprising transitions between the first section (211)

and the corner section (209);

characterized in that

the corner section (209) contracting the airflow between the second section (212) and the

flight chamber (201);

the walls of the corner section (209) comprising transitions between the second section

(212) and the flight chamber (201), thereby reducing the height of the recirculating

airflow plenum; and

the upper surface of the second section (209) having an arched shape substantially

corresponding to the arched member (214) of the corner section (209) extending from

the centerline ridge (215) at least partially in the direction of the first section (211).



69

2. The vertical wind tunnel of claim 1, further comprising another bottom horizontal plenum

(208), the corner section (209) connects the flight chamber (201) to each bottom horizontal plenum

(208), and the turning vane structure has two arched memberss (214).

3. The vertical wind tunnel of claim 1 or 2, wherein the first section 9211) comprises one or

more corner transition portions (213), the one or more corner transition portions transition between

a hard corner near the second vertical member (206) to a rounded corner at the second section of

the bottom horizontal plenum (208).

4. The vertical wind tunnel of claim 3, wherein the one or more corner transition portions

(213) extend along at least a majority of the length of the first section (211).

5. The vertical wind tunnel of claims 3 or 4, wherein the one or more corner transition

portions (213) are formed by the walls of the first section (211).

6. The vertical wind tunnel of claims 3 or 4, wherein the one or more corner transition (213)

portions are formed by separate structures mounted within the first section (211).

7. The vertical wind tunnel of any of the preceding claims, wherein the floor (216) of the

bottom horizontal plenum (208) comprises a bowl-shape configured to drain liquid accumulating

in the vertical wind tunnel (200).

8. The vertical wind tunnel of claim 7, wherein the lowest point (217) of the floor (216) of

the bottom horizontal plenum (208) is positioned at the joint between the first section (211) and

the second section (212).

9. The vertical wind tunnel of claim 7 or 8, wherein the bowl shape of the floor (216) of the

bottom horizontal plenum (208) extends to the base of the second vertical member (206).

10. The vertical wind tunnel of any of the preceding claims, wherein the base of the second

vertical member ( 206) is positioned higher in the vertical direction than the base of the corner

section (209).

11. The vertical wind tunnel of any of the preceding claims, wherein the base of the second

vertical member (206) has a widened rectangular geometry to reduce excavation depth.
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12. The vertical wind tunnel of any of the preceding claims, wherein the flight chamber (201)

comprises a round or substantially round cross section at the joint with the corner section (209).

13. The vertical wind tunnel of any of the preceding claims, wherein the walls of the corner

section (209) form an inlet contractor oriented vertically around the central axis of the flight

chamber (201) between the turning vane structure (220, 221) and the flight chamber (201).

14. The vertical wind tunnel of claim 13, wherein the inlet contractor is directly mounted to

the one or more of the archesd members (214) of the turning vane structure (220, 221).

15. The vertical wind tunnel of any of the preceding claims, wherein the bottom horizontal

plenum (208) is directly connected to an arched member (214) of the one or more arched

memberss (214) of the turning vane structure (220, 221).

16. The vertical wind tunnel of any of the preceding claims, wherein the one or more arched

memberss (214) of the turning frame structure (220, 221) at least partially define the recirculating

airflow plenum through the corner section.

17. The vertical wind tunnel of any of the preceding claims, wherein the walls of the corner

section (209) at least partially form an S-shaped double curvature profile between the flight

chamber (201) and the one or more arched memberss (214) of the turning vane structure. (220,

221)

18. The vertical wind tunnel of any of the preceding claims, wherein the corner section (210)

connects the flight chamber (201) to two bottom horizontal plenums (208), and the cross-sectional

area of the corner section between the two bottom horizontal plenums (208) and the flight chamber

(201) contracts at a ratio of approximately 2:1.

19. The vertical wind tunnel of any of the preceding claims, wherein the corner section (209)

connects the flight chamber (201) to two bottom horizontal plenums (208), and the recirculating

airflow plenum through the corner section has a semi-oval cross section at each of the two bottom

horizontal plenums (208) to a round or substantially round cross section at the flight chamber

(201).
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20. The vertical wind tunnel of any of the preceding claims, wherein the one or more arched

memberss (214) span between the ends of the centerline (215) and incline upwards.

21. The vertical wind tunnel of claim 20, wherein each arched member (214)of the one or

more arched memberss (214) of the turning frame vane structure (220, 221) is inclined upward

approximately 45 degrees with respect to the horizontal plane.

22. The vertical wind tunnel of any of the preceding claims, wherein the one or more arched

memberss (214) of the turning vane structure (220, 221) include a first arched member (214) and

a second arched member, the first arched member extending in an opposite direction of the second

arched member.

23. The vertical wind tunnel of any of the preceding claims, wherein the turning vane structure

(220, 221) includes turning vanes extending across each arched member (214) of the one or more

arched members of the turning vane structure (220, 221), the turning vanes configured to redirect

airflow from the bottom horizontal plenum upward to the flight chamber.

24. The vertical wind tunnel of any of the preceding claims, wherein the turning vane structure

(220, 221) provides structural support to one or more plenum structures of the vertical wind tunnel

(200).

25. The vertical wind tunnel of any of the preceding claims, wherein the centerline of the

turning vane structure (220, 221) extends perpendicular or substantially perpendicular to airflow

through the bottom horizontal plenum (208).

26. The vertical wind tunnel of any of the preceding claims, wherein the centerline of the

turning vane structure (220, 221) is aligned with a horizontal centerline through the flight chamber

(201).

27. The vertical wind tunnel of any of the preceding claims, wherein the centerline of the

turning vane structure (220, 221) comprises a ridge having a curved surface which transitions

between being horizontal or substantially horizontal to vertical or substantially vertical.

28. The vertical wind tunnel of any of the preceding claims, wherein the turning vane structure

(220, 221) includes a frame structure provided outside the recirculating airflow plenum, and the
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one or more arched members (214) of the turning vane structure (220, 221) are attached to the

frame structure.

29. The vertical wind tunnel of claim 28, wherein a cable floor assembly (222) is mounted to

the frame structure of the turning vane structure 9220,221), the cable floor assembly (222)

including a plurality of cables (223) extending across the flight chamber (201).

30. The vertical wind tunnel of any of the preceding claims, wherein the vertical wind tunnel

(200) is a dual-loop recirculating wind tunnel, and the height between a cable floor (222) across

the flight chamber (201) and the base of the corner section (209) is ≤ (the diameter of the flight 

chamber x 1.3).

31. The vertical wind tunnel of any of the preceding claims, wherein the vertical wind tunnel

(200) is a single-loop recirculating wind tunnel, and the height between a cable floor (222) across

the flight chamber (201) and the base of the corner section (209) is ≤ (the diameter of the flight 

chamber x 1.9).

32. The vertical wind tunnel of any of the preceding claims, wherein the walls of the second

section (212) of the bottom horizontal plenum (208) form an inlet contractor oriented horizontally

between the corner section (209) and the first section (211) of the bottom horizontal plenum (208).

33. The vertical wind tunnel of any of the preceding claims, wherein the recirculating airflow

plenum through the second section (212) of the bottom horizontal plenum (208) comprises a

generally rectangular cross section near the first section and a semi-oval or substantially semi-

oval cross section near the corner section (209).

34. A turning vane structure for a comer of a vertical wind tunnel, the vertical wind tunnel

forming a recirculating airflow plenum, the turning vane structure comprising:

a frame structure at least partially positioned outside the recirculating airflow plenum;

the frame structure includes two arches;

the arches span between ends of a centerline;

each arch is inclined at an angle relative to the horizontal plane;

the arches extend in opposite directions from one another; and

turning vanes mounted along each of the two arches, the turning vanes positioned inside

the recirculating airflow plenum and configured to redirect airflow through the comer.
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35. The turning vane structure of claim 35, wherein the comer of the vertical wind tunnel is

positioned underneath a flight chamber, and the turning vanes redirect airflow from horizontal

plenums of the vertical wind tunnel upward to the flight chamber.

36. The turning vane structure of claim 34 or 35, wherein the apex of each arch is connected

to a crossbeam which extends between columns of the frame structure.

37. The turning vane structure of any of claims 34-36, wherein the frame structure comprises

four columns and two crossbeams positioned outside the recirculating airflow plenum, each

crossbeam extending between two columns of the frame structure.

38. The turning vane structure of claim 37, wherein each crossbeam extends over part of the

recirculating airflow plenum.

39. The turning vane structure of any of claims 34-38, wherein the arches form at least part of

the recirculating airflow plenum.

40. The turning vane structure of any of claims 34-39, wherein the turning vane structure

structurally supports plenum structures of the vertical wind tunnel.

41. The turning vane structure of any of claims 34-40, wherein plenum walls of the vertical

wind tunnel are directly connected to the arches of the turning vane structure.

42. The turning vane structure of any of claims 34-41, wherein the arches are inclined

approximately 45 degrees relative to the horizontal plane.

43. The turning vane structure of any of claims 34-42, wherein the turning vanes include one

or more channels for flowing cooling fluid therethrough.

44. The turning vane structure of any of claims 34-43, wherein a cable floor assembly is

mounted to the frame structure.

45. The turning vane structure of any of claims 34-44, wherein the centerline is provided by a

ridge.

46. The turning vane structure of claim 45, wherein the ridge comprises two opposing curved

surfaces which transition between being horizontal or substantially horizontal to vertical or

substantially vertical.
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47. The turning vane structure of any of claims 34-46, wherein the turning vane structure is

incorporated into a cable floor assembly according to any of claims 48-69 and/or a vertical wind

tunnel according to any of claims 1-33 or 80-98.

48. A cable floor assembly for a vertical wind tunnel, the vertical wind tunnel forming a

recirculating airflow plenum including a flight chamber, the cable floor assembly comprising:

a frame structure which supports weldments, the weldments arranged around the base of

the flight chamber;

each weldment has at least a plenum wall fairing and a cable mounting plate;

the plenum wall fairing forms a flush or substantially flush surface with adjacent plenum

walls of the recirculating airflow plenum;

the plenum wall fairing includes a slot to accommodate a plurality of cables extending

therethrough;

the cables span across the recirculating airflow plenum to form a cable floor at the base of

the flight chamber;

the ends of each cable are secured to the mounting plates of opposing weldments;

wherein each of the cables is the same or substantially the same length.

49. The cable floor assembly of claim 48, wherein the frame structure includes support

columns arranged outside the recirculating airflow plenum of the wind tunnel, and the weldments

are mounted to the support columns.

50. The cable floor assembly of claim 48 or 49, wherein the weldments are accessible from

below during cable maintenance.

51. The cable floor assembly of any of claims 48-50, wherein the frame structure supports one

or more user platforms outside the recirculating airflow plenum of the wind tunnel, and the user

platform is positioned below one or more weldments to facilitate access during cable maintenance.

52. The cable floor assembly of claim 51, wherein the cover plate forms a floor surface

adjacent to the flight chamber.

53. The cable floor assembly of any of claims 48-52, further comprising:

a plurality of eye bolts which extend through openings in the cable mounting plates, the

ends of each cable attached to eye bolts of opposing weldments;
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a plurality of compression springs arranged along the cable mounting plates opposite the

flight chamber, each compression spring configured to bias an eyebolt away from the

flight chamber;

whereby the cables are pulled taut across the flight chamber by tension introduced into the

cables via the eyebolts from the compression springs; and

the compression springs are compressed when a sufficient opposing force is applied to the

cables, which allows the eyebolts to displace toward the flight chamber, thereby

providing the cables with more flex.

54. The cable floor assembly of claim 53, wherein bushings are provided in the openings of

the cable mounting plates for mounting the eye bolts therethrough.

55. The cable floor assembly of claim 53 or 54, wherein a nut and washer are provided on the

end of each eyebolt opposite the cable, the compression springs are positioned between the cable

mounting plates and the nuts and washers, and the compression springs operably interface with

the eyebolts via the nuts and washers.

56. The cable floor assembly of any of claims 48-55, wherein the cable floor assembly has

four weldments.

57. The cable floor assembly of any of claims 48-56, wherein the cable floor assembly has

four weldments, the cable mounting plates of the weldments form or substantially form a square.

58. The cable floor assembly of any of claims 48-57, wherein the cable mounting plate of one

weldment is parallel or substantially parallel to the cable mounting plate of an opposing weldment

across the flight chamber.

59. The cable floor assembly of any of claims 48-58, wherein the cable mounting plate of one

weldment is perpendicular or substantially perpendicular to the cable mounting plates of adjacent

weldments.

60. The cable floor assembly of any of claims 48-59, wherein the cable floor formed between

the weldments is square or substantially square.

61. The cable floor assembly of any of claims 48-60, wherein the cables perpendicularly

intersect with other cables in extending across the flight chamber.
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62. The cable floor assembly of any of claims 48-61, wherein the cables extend in two

directions across the flight chamber, and the two directions are perpendicular to one another.

63. The cable floor assembly of any of claims 48-62, wherein the cables extending between

two opposing weldments are parallel or substantially parallel to one another.

64. The cable floor assembly of any of claims 48-63, wherein the flight chamber is round or

substantially round in cross section.

65. The cable floor assembly of any of claims 48-64, wherein intersecting cables forming the

cable floor are interwoven.

66. The cable floor assembly of any of claims 48-65, wherein each weldment further has a

cover plate, the cover plate extends across the plenum wall fairing and cable mounting plate, and

the cover plate is not configured for removal during cable maintenance.

67. The cable floor assembly of any of claims 48-66, wherein the cover plates are provided

with retaining angles for mounting wall panels of the flight chamber, the wall panels positioned

above the cover plates between the retaining angles and the plenum wall fairings of the weldments.

68. The cable floor assembly of any of claims 48-67, wherein the adjacent plenum walls are

shaped to accommodate the plenum wall fairings at least partially extend over adjacent plenum

walls, and the adjacent plenum walls are shaped to accommodate the plenum wall fairings to form

flush or substantially flush surfaces.

69. The cable floor assembly of any of claims 48-68, wherein the cable floor assembly is

incorporated into a turning vane structure according to any of claims 34-47 and/or a vertical wind

tunnel according to any of claims 1-33 or 80-98.

70. A wind tunnel comprising:

a plenum connected to at least one second plenum via a comer section, the corner section

redirects an airflow through the wind tunnel from the first plenum to the second

plenum;

the comer section has at least one outlet side, the outlet side connected to two or more

ducts of the second plenum, with turning vane structures provided along the outlet side

of the comer section to redirect the airflow from the first plenum directly into the ducts

of the second plenum;
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wherein the outlet side of the corner section includes a stepped turn;

the stepped turn splits the airflow into the ducts of the second plenum; and

the ducts of the second plenum are separated from each other in the direction of the airflow

through the first plenum;

whereby a clearance space is formed next to the outlet side of the comer section between

adjacent ducts of the second plenum.

71. The wind tunnel of claim 70, wherein the wind tunnel has two second plenums.

72. The wind tunnel of claim 71, wherein each of the two second plenums has two or more

ducts connected to the corner section via a stepped turn.

73. The wind tunnel of any of claims 70-72, wherein the second plenum has exactly two ducts.

74. The wind tunnel of any of claims 70-73, wherein the outlet side of the comer section

interfaces with the ducts of the second plenum at an angle of approximately 45 degrees with

respect to the direction of airflow through the first plenum.

75. The wind tunnel of any of claims 70-74, wherein the turning vane structures are arranged

at an angle of approximately 45 degrees with respect to the direction of airflow through the first

plenum.

76. The wind tunnel of any of claims 70-75, wherein a duct of the second plenum furthest

away from the first plenum, in connecting to the outlet side of the comer section, extends closer

to the longitudinal axis of the first plenum than an adjacent duct of the second plenum extends to

the longitudinal axis of the first plenum.

77. The wind tunnel of any of claims 70-76, wherein each duct of the second plenum is the

same or substantially the same size in cross section.

78. The wind tunnel of any of claims 70-77, wherein each duct of the second plenum houses

a fan for generating the airflow.

79. The wind tunnel of any of claims 70-78, wherein the clearance space formed by the stepped

turn between adjacent ducts accommodate one or more structural elements of a wind tunnel

facility for the wind tunnel.
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80. The wind tunnel of any of claims 70-79, wherein the wind tunnel is a vertical wind tunnel

for indoor skydiving.

81. The vertical wind tunnel of claim 80, wherein the vertical wind tunnel is a vertical wind

tunnel according to any of claims 1-33.

82. A vertical wind tunnel for indoor skydiving comprising:

a recirculating airflow plenum;

a flight chamber housed within a first vertical member of the airflow plenum;

the recirculating airflow plenum including a top horizontal member, a bottom horizontal

member, and a second vertical member;

wherein the second vertical member includes a first return air tower and a second return

air tower, the recirculating airflow plenum being separated between the first return air

tower and the second return air tower through the second vertical member.

83. The vertical wind tunnel of claim 82, wherein the top horizontal member is separated into

a first plenum member and a second plenum member, the recirculating airflow plenum being

separated between the first plenum member and the second plenum member through the top

horizontal member.

84. The vertical wind tunnel of claim 83, wherein each of the first plenum member and the

second plenum member contain a fan.

85. The vertical wind tunnel of any of claims 82-84, wherein separation of the recirculating

airflow plenum between the first return air tower and the second return air tower extends through

the top horizontal member to the first vertical member.

86. The vertical wind tunnel of any of claims 82-85, wherein the recirculating airflow plenum

separated between the first return air tower and the second return air tower is rejoined at the bottom

horizontal member.

87. The vertical wind tunnel of any of claims 82-85, wherein the recirculating airflow plenum

separated between the first return air tower and the second return air tower is rejoined in a corner

between the bottom horizontal member and the second vertical member.

88. The vertical wind tunnel of any of claims 82-87, wherein the first return air tower and the

second return air tower are separated from each other by a gap.



79

89. The vertical wind tunnel of any of claims 82-88, wherein the vertical wind tunnel is a

vertical wind tunnel according to any of claims 1-33 or 80-81.

90. A vertical wind tunnel for indoor skydiving comprising:

a recirculating airflow plenum;

a flight chamber housed within a first vertical member of the airflow plenum;

a flyer exchange system having an enclosed chamber with a first door and a second door;

the first door facing an observation area outside the recirculating airflow plenum;

the second door facing an enclosed corridor connecting to the flight chamber;

wherein the first door is configured to open only if the second door is closed;

wherein the second door is configured to open only if the first door is closed.

91. The vertical wind tunnel of claim 90, further comprising an RFID or bar/QR reader

proximate the first door which controls access to the flyer exchange system from the observation

area, wherein the first door is configured to remain closed unless the RFID or bar/QR code reader

detects an authorized RFID chip or bar/QR code.

92. The vertical wind tunnel of claim 90 or 91 , wherein opening/closing of the first and second

doors is automatically controlled via time delay.

93. The vertical wind tunnel of any of claims 90-92, wherein opening/closing of the first and

second doors is controlled from a separate control room.

94. The vertical wind tunnel of any of claims 90-93, wherein a manual user input is provided

within the enclosed chamber of the flyer exchange system to control operation of the first and

second doors.

95. The vertical wind tunnel of any of claims 90-94, further comprising a vent in aerodynamic

communication with the corridor.

96. The vertical wind tunnel of claim 95, wherein openings are formed in a floor of the corridor

between the vent and the corridor.

97. The vertical wind tunnel of claim 95 or 96, wherein the vertical wind tunnel is housed

inside a building, and the vent is also in aerodynamic communication with an exterior environment

outside the building.
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98. The vertical wind tunnel of any of claims 90-97, wherein the vertical wind tunnel is a

vertical wind tunnel according to any of claims 1-33 or 80-89.


