HU000026082T2
X
3 (19) H U (11) Lajstromszam: E 026 082 (13) T2
SN\ MAGYARORSZAG
\\\\\ Szellemi Tulajdon Nemzeti Hivatala
SZOVEGENEK FORDITASA
(21) Magyar igyszam: E 07 809992 G0 Int.cl.: E04G 11/04 (2006.01)
(22) A bejelentés napja: 2007. 06. 27. A01G 9/14 (2006.01)
EO04H 5/08 (2006.01)
(96) Az eurdpai bejelentés bejelentési szama: EO04H 15/20 (2006.01)
EP 20070809992 EO04H 15/22 (2006.01)
(97) Az eurdpai bejelentés kozzétételi adatai: EO04H 15/14 (2006.01)
EP 2038492 A2 2008. 01. 10. A01G 9/24 (2006.01)
(97) Az eurdpai szabadalom megadasanak meghirdetési adatai:
EP 2038492 B1 2015. 09. 23. (86) A nemzetkdzi (PCT) bejelentési szam:
PCT/US 07/015016
(87) A nemzetkdzi kdzzétételi szam:
WO 08005279
(30) Elsébbségi adatok: (74) Képviselé:
817208 P 2006. 06. 27. us SBGK Szabadalmi Ugyvivéi Iroda, Budapest
(72) (73) Feltalélé(k) és szabadalmas(ok):
Chelf, Jonathan David, Carlsbad CA 92009 (US)
(54) Eljaras és berendezés egy levegétarté épitmény hatasos tilnyomasanak létesitésre és szelldztetésére

Az eurdpai szabadalom ellen, megadasanak az Eurépai Szabadalmi K6zlonyben valé meghirdetésétdl szamitott kilenc hdnapon bellil,
felszélalast lehet benyujtani az Eurépai Szabadalmi Hivatalnal. (Eurépai Szabadalmi Egyezmény 99. cikk(1))

A forditast a szabadalmas az 1995. évi XXXIII. torvény 84/H. §-a szerint nyujtotta be. A forditas tartalmi helyességét a Szellemi Tulajdon
Nemzeti Hivatala nem vizsgalta.




EP 2 038 492 B1

(19)

(12)

(49)

Eurcpdisches
Patentarmt

Eurcpean
Patent Office

Office européen
des brevets

T

(11) EP 2 038 492 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
23.09.2015 Bulletin 2015/39
Application number: 07809992.6

Date of filing: 27.06.2007

1)

(86)

(87)

Int CI.:

E04G 11104 (2006.09)
EO04H 15]14 (2006.01
A01G 9/24 (2006.0)
A01G 9/14(2006.09)

E04H 5/08 (2006.0)
E04H 15/22 (2006.0%)
EO4H 15/20 (2006.0%)

International application nhumber:
PCT/US2007/015016

International publication number:
WO 2008/005279 (10.01.2008 Gazette 2008/02)

(54)

METHODS AND APPARATUS FOR EFFICIENTLY PRESSURIZING AND VENTILATING AN AIR-

SUPPORTED STRUCTURE

VERFAHREN UND VORRICHTUNG ZUREFFIZIENTEN DRUCKVERSORGUNG UND BELUFTUNG

EINER LUFTGETRAGENEN STRUKTUR

PROCEDES ET APPAREIL PERMETTANT DE METTRE SOUS PRESSION ET DE VENTILER
EFFICACEMENT UNE STRUCTURE GONFLABLE

(84)

(30)

(43)

(73)

Designated Contracting States:

ATBE BG CHCY CZDE DK EE ES FIFR GB GR
HUIEISITLILT LU LV MC MTNL PL PT RO SE
SISK TR

Priority: 27.06.2006 US 817208 P

Date of publication of application:
25.03.2009 Bulletin 2009/13

Proprietor: Chelf, Jonathan David
Carlsbad CA 92009 (US)

(72)

(74)

(56)

Inventor: Chelf, Jonathan David
Carlsbad CA 92009 (US)

Representative: ZBM Patents - Zea, Barlocci &
Markvardsen

Plaza Catalunya, 1

08002 Barcelona (ES)

References cited:
FR-A1- 2 648 192
US-A- 3561174
US-A- 4164 829
US-A- 5685 122

US-A- 3 123 085
US-A- 4 067 347
US-A- 5 331 991

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 038 492 B1 2

Description
Background

[0001] This invention relates to greenhouses or similar
structures which require the removal of large quantities
of heatflux. Specifically, this inventionrelates to a method
and structural means to utilize external wind energy, both
pressure and flow, as well as to produce and control both
air pressure and air flow within an air-supported structure,
such as an air-supported greenhouse.

[0002] To date, commercial greenhouses are con-
structed with framing covered with atransparent or trans-
lucent, air and water impermeable material. The primary
function of the frame is to support the covering material
against its own weight, wind, rain, and potential snow
loads. The frame also supports doorways for passage
into or out or the greenhouse. Often the frame supports
means for ventilation. This ventilation may be passive,
by way of external wind and/or thermal convection, or
active ventilation via a fan or fans.

[0003] One particular version of commercial green-
houses consists of attaching two layers of plastic film to
a frame thereby sealing the edges of the two layers to-
gether. Air, usually from the outside in order to avoid con-
densation, is forced between the two layers of plastic with
a small blower, thereby separating the two layers and
maintaining tension in the film. This technique was de-
veloped in 1964 and is an improvement over single layer
structures in two ways. First, it provides an insulating air
space between the two layers of plastic film. Secondly,
it reduces the likelihood of whipping, then ripping, of the
plastic film in the wind, thereby increasing the life of the
film. Disadvantages with this system are the cost of an
extra layer of plastic film and blower and the reduced
transmission of light, 10% or more reduction, into the
greenhouse. Another potential disadvantage is that, de-
pending on the inflation blower’s position, orientation,
and surroundings, the dynamic pressure of the external
wind can add to or subtract from the air pressure between
the two layers of plastic film. For wind conditions that lead
to a reduction in the internal air pressure, this effect can
potentially lead to whipping and ripping of the plastic film.
Forwind conditions that lead to anincrease in the internal
air pressure, this effect can potentially lead to over pres-
surization and ripping of the plastic film.

[0004] For all current versions of commercial green-
houses, a frame has been required to support the plastic
film or other glazing. While the frame serves some use,
it is expensive and blocks a portion of the sunlight from
reaching the plants in the greenhouse. Due to these def-
icits, alternatives have been sought to replace the fram-
ing material. One experimental approach has been to
replace the typically wood or metal frame with an air pres-
surized frame, or air-beams. These frames, usually of
transparent plastic, are flaccid without internal air pres-
surization. Upon pressurization, they become rigid and
take their intended shape. U.S. Patent No. 2,854,014 to
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Hasselquist (1958) describes an "Inflatable Shelter" sup-
ported by inflated tubing. U.S. Patent No. 4,856,228 to
Robinson, Sr. (1989) also describes a "Tunnel system
for care or seeds, plants and the like" supported by in-
flated tubing.

[0005] An alternate approach has beento integrate the
inflatable frame into the covering so that essentially the
entire light-transmitting surface is made rigid by pressu-
rized air. This approach also provides an insulating air
space between the layers of covering. U.S.

[0006] Patent No. 4,160,523 to Stevens (1979) and
U.S. Patents No. 6,061,969 to Leary (2000) both utilize
this strategy.

[0007] The term "air-inflated structure" describes the
above mentioned inflatable structures, where the shape
of the structure is produced by air pressurized tubes or
cells, while the air within the enclosed space of the struc-
ture remains unpressurized. Transparent, air-inflated
structures, when used as a greenhouse, still have the
same requirements for ventilation, heating, and cooling
as conventional greenhouses.

[0008] The alternate design, the "air-supported struc-
ture," is comprised of a membrane, which is anchored
and sealed to a wall or the ground at the edges, and air
pressurization means within the enclosed space of the
structure to keep the membrane suspended and taught.
Airlocks are usually attached for ingress and egress. Air-
supported structures have critical issues with respect to
pressurization and ventilation, which are required to
maintain the integrity and inhabitability of the structure.
Additionally, both pressure and ventilation effect the en-
ergy consumption of the structure.

[0009] Methods and apparatus have been developed
to control internal pressures based on external wind,
snow, and ice loads as well as the air-supported mem-
brane’s height and tension. The goal is to maintain the
minimal internal pressure, relative to the external pres-
sure, necessary to maintain the structural integrity of the
membrane and its height, i.e. clearance above the floor.
Minimalizing the pressure differential between inside and
outside minimalizes the tension within the membrane and
the energy requirements for inflation. Therefore, sensors
and controls have been sought to maintain idea pressur-
ization. U.S. Patent No. 2,948,286 to Turner (1960) uti-
lizes mechanical means, which measure membrane
height, side wall erectness, or membrane tension, to ac-
tivate a switch which controls the operation of an inflation
blower thereby controlling the internal pressure and the
resulting membrane height, side wall erectness, and
membrane tension. However, no exhaust vents are in-
cluded in this invention as ventilation is not within the
scope of this particular invention. U.S. Patent No.
3.159,165 to Cohen, et al. (1964) utilizes mechanical
means, which measures the structure’s girth, to activate
a switch which controls the operation of an inflation blow-
er thereby controlling the internal pressure and the re-
sulting structure’s girth. Here again, no exhaustvents are
included in this invention as ventilation is not within the
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scope of this particular invention. U.S. Patent No.
4,936,060 to Gelinas, et al. (1990) utilizes radar means,
which measures the membrane’s height, to control the
operations of an inflation blower and exhaust vent, there-
by controlling the internal pressure and volume and the
resulting membrane’s height. U.S. Patents No.
5,685,122 to Brisbane, et al. (1997) and 6,032,080 to
Brisbane, etal. (2000) utilize sensor means, which meas-
ure eternal wind speed and potential conditions for snow
and ice loading, to control the operation of an inflation
blower and exhaust ventilation thereby controlling the in-
ternal pressure.

[0010] In the two patents to Brisbane, et al., only one
location is specified for the air pressure sensor, namely
within the air-supported structure. The pressures speci-
fied in the process control element of the invention are
differential pressures, not absolute pressures. That is to
say that the specified static pressures of 0.4" - 1.4" of
water column are much less than atmospheric pressure
and really represent the difference between inside and
outside pressures, or more precisely outside static pres-
sure, which discounts the dynamic pressure of the wind.
Therefore, there would need to be a sensor external to
the structure to sense the outside static pressure. There
is a "wind velocity sensor™ indicated on top of the struc-
ture which is stated as an anemometer, but there is no
description of linking this sensor to the static pressure
sensor disclosed in the patent. Also, only wind speeds
without respect to wind direction are described relative
to the wind sensor.

[0011] Ultimately, the position and orientation of a nec-
essary outside static pressure sensor is critical to the
successful operation of the invention being disclose. For
example, a wind speed of 25 MPH has a dynamic pres-
sure of 0.3" of water column. Under these conditions, the
external pressure on the air-supported structure’s sur-
face, as would be the case in a domed structure indicated
in the figure, can vary from "atmospheric pressure plus
0.3" of water column" on the upwind side to "atmospheric
pressure minus 0.3" of water column" on the side (be-
tween upwind and downwind) as well as the top. At 50
MPH, these variations quadruple to +/- 1.2" of water col-
umn. Thus, if the outside static pressure sensor were on
the top or side (relative to the wind) of the structure and
the internal pressure, which is uniform within the struc-
ture, were 1.4" of water column above the outside pres-
sure sensed, then the upwind side of the structure would
collapse as the external pressure would be 1.0" of water
column pressure above the internal pressure (1.2" +1.2"
- 1.4"). Therefore, this invention, unless appropriately
modified, is destined to fail.

[0012] The second critical issue for air-supported
structures is ventilation. Of air-supported structures,
most have been made with low-transparency, high-re-
flectivity membranes to reduce the radiant energy flux
into and out of these structures, whereby reducing the
cooling and heating requirements of the structure. These
structures have covered tennis courts, pools, athletic

10

15

20

25

30

35

40

45

50

55

fields and stadiums. Ventilation is required to remove the
reduced solar radiant energy flux and/or occupant emis-
sions, whichever is greater. Ventilation requirements un-
der these conditions are much less (80%-90% less) than
ventilation requirements for greenhouses, where the
nearly full solar radiant energy flux needs to be removed
from the greenhouse in order to prevent overheating.
[0013] Ventilation necessary to meet the summertime
cooling requirements for greenhouses is approximately
10 cubic feet per minute for every square foot of floor
space. In a frame-supported greenhouse, this is
achieved with relatively low pressure (up to 0.25" of water
column) propeller fans, as opposed to high pressure
blowers used in air-supported structures. Under typical
summertime conditions, a 48" diameter propeller fan with
a 1 hp motor is sufficient to ventilate and cool approxi-
mately 2,000 square feet of floor space.

[0014] For a typical air-supported structure, a
25" wheel diameter blower with a 10 hp motor would be
required to produce the same ventilation, because of the
higher pressure within the air-supported structure com-
pared to the frame-supported structure. Therefore, scal-
ing the present air-supported structure technology to a
greenhouse facility would require 10 times the electrical
power.

[0015] One manufacturer of air-supported structures,
Environmental Structures Incorporated, has addressed
this issue by replacing the high power blowers with me-
dium pressure (upto 0.5" of water column) propeller fans.
Under relatively calm conditions, these fans require 2 -
3 times the power of the frame-supported greenhouse
fans. In the event of windy conditions, a tandem fan, two
medium pressure fans placed in series, is turned on,
thereby doubling the pressure, which is necessary to sup-
portthe membrane against the dynamic pressure of high-
er winds. The net result is that the electrical energy con-
sumption of this system is about 3 times that of a typical
greenhouse. Because of this higher operating cost and
an initial cost twice that of conventional greenhouses,
these air-supported greenhouses have seen only indi-
vidual use.

[0016] Onewaytoreduce this energy consumption has
been to reduce, or almost eliminate, the ventilation. In-
dividual examples are at:

http://www.actahort.org/books/42/42 5.htm
and
http://www.sunset.com/sunset/Premium/Gar-
den/1997/02-
Feb/Greenhouse297/Greenhouse297.html

and
http://savagefarmer.blogspot.com/2006/02/big-

greenhouse.html

[0017] Eachofthese greenhouses lacks the ventilation
necessary to sufficiently cool them inthe summer as stat-
ed in the each of the above sources.

[0018] Yet another attempt to overcome these defi-
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ciencies was made by the University of Arizona Environ-
mental Research Laboratory in cooperation with the Uni-
versity of Sonora, Mexico. In 1968, air-supported green-
houses were pressurized by a blower but not ventilated.
The cooling was accomplished by drawing air through a
packed-column heat exchanger which was sprayed with
cool saltwater from the nearby sea. This system, howev-
er, kept the relative humidity in the greenhouse near
100%, which is not ideal for many plants.

[0019] Within the scope of the invention, three other
examples of prior art are worth mentioning. U.S. Patent
No. 3,924,364 to Eerkens (1975) describes a "Wind-In-
flatable Tent." Here the wind’s dynamic pressure is uti-
lized to pressurize, but not ventilate, an air-supported
tent. An externally supported opening to the tent is point-
ed into the wind. No means for tracking the wind are
provided. The tent is utilized as a means for escape from
the wind, i.e. shelter.

[0020] Another shelter, described in U.S. Patent No.
6,070,366 to Pierson (2000), includes a rotatable air
scoop with a wind wane on the opposite side of the air
scoop’s opening, apparently to automatically turn the
opening into the wind. A louvered vent is just inside the
opening of the air scoop and oriented to only allow air
from the outside wind into the air scoop and then into the
shelter. The louvers only operate and allow air into the
shelter when the total (dynamic plus static) pressure of
the wind somewhat exceeds the internal air pressure. A
plurality of these air scoops would be attached to the roof
fabric of the shelter. The function of these rotatable air
scoops is to allow for additional inflation as a result of
local wind conditions over the surface of the shelter. The
air scoops are not the primary means of inflation for the
shelter. These air scoops are not connected to any me-
chanical means, such as a blower or fan, to inflate the
shelter. Also, no exhaustvents are included in this inven-
tion as ventilation is not within the scope of this particular
invention.

[0021] Also known are the following documents: US
3,561,174 discloses a roof of an air-supported structure
being provided with a lift-counteracting exhaust crown to
counteract the tendency of high velocity winds across
the roofto "fly" the roof off its base anchor. An air structure
is also provided with a dynamic airdoor which canremain
open continuously for ingress and egress without loss of
air pressure within the structure. The air supported struc-
ture can be a circular dome-shaped configuration or it
can be of rectangular vaulted configuration.

[0022] US 4,164,289 discloses a self-supporting inflat-
able structure useful, for example as an inexpensive,
readily assembled planetarium, such structure being
made of an extensible material having a plurality of pan-
els, each shaped so as to form, when inflated, a hemi-
spherical dome-like structure. A first channel, also made
of extensible material is used to supply air, as from an
inexpensive, conventional window fan for inflating the
structure and a second channel permits the exit of such
air in a controlled manner while at the same time acting
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as an entrance/exit channelfor persons using the inflated
chamber. The extensible material is preferably formed
of co-extruded, or laminated, opaque plastic sheets, one
sheet having awhite surface for use as the interior display
surface of the planetarium and one sheet being black to
prevent light entry into the chamber. The air input and
exitchannels have a curved configuration which prevents
lightfrom entering into the inflated chamber. Such a struc-
ture can also be used for many other purposes, both ed-
ucational or recreational, for example.

[0023] US 3,123,085 discloses an air inflated shelter
comprising a flexible airproof envelope, a retaining net
covering said envelope, retaining cables attached to said
net at their upper ends and passing through said enve-
lope, a first series of tensioning cables connected to the
lower ends of said retaining cables and each common to
a row of such retaining cables, means for anchoring in
the ground spaced points of said tensioning cables, said
anchoring means, retaining cables and tensioning cables
being disposed within the space enclosed by said enve-
lope, and means for feeding air under pressure within
said envelope and to maintain air pressure within the
envelope greater than atmospheric pressure.

[0024] FR 2,648,192 discloses a method according to
the preamble of claim 1, and an apparatus according to
the preamble of claim 8.

[0025] Lastly, Tom Elliot describes a passive air con-
ditioning system using a rotatable air scoop directing
wind flow through evaporative cooling pads and into a
house in order to cool the house, but not to pressurize it.
The description is located at: http://www.thedis-
ease.net/arcana/survival/How-To Survival Library/li-
brary 2/aircool. htm

[0026] As the system is passive, no fans are used to
augment the flow, which is created by wind and the nat-
ural convection of the cooled air flowing down a tower
and into the house.

[0027] In conclusion, | am not aware of any air-sup-
ported or frame-supported structure that provides a
method or apparatus for directing wind energy, i.e. pres-
sure and flow, into any mechanical ventilation device,
such a fan or blower, thereby ventilating and potentially
pressurizing the internal space of a structure utilizing the
energies of both the wind and the mechanical ventilation
device. In addition, | am not aware of any air-supported
or frame-supported structure that provides a method or
apparatus fordetermining or directing the outside dynam-
ic wind pressure and outside static pressure, independ-
ently, to control an exhaust vent, thereby regulating the
internal pressure of the structure relative to the outside
dynamic wind pressure and outside static pressure.

Summary

[0028] Benefits - less power consumption, minimal in-
ternal static pressure (just enough to overcome the ex-
ternal wind), less potential film breakage (than frame-
supported single poly), more lighttransmission, less cost,
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more portable

[0029] The present invention provides a method ac-
cording to claim 1 and an apparatus according to claim
8. Preferred embodiments of the invention are set out in
the dependent claims.

[0030] Afirst method disclosed herein, but not claimed
for efficiently pressurizing and ventilating an air-support-
ed structure comprises directing any external wind flow
and external wind pressure into mechanical flow means,
such as a fan, or fans in parallel, operating in the intake
direction, and into the internal space of the air-supported
structure and out of the internal space of the air-support-
ed structure through internal pressure regulating exhaust
means, whereby the internal space of the structure will
be ventilated and pressurized with the assistance of any
external wind and the reliability of mechanical flow means
(fans). This method allows for the efficient, effective, and
economical cooling, through ventilation, of a protected
space created by a light permeable membrane (cover),
which is supported only by internal air pressure against
the weight of the membrane and dynamic pressures of
the external wind, itself.

[0031] An alternate method for efficiently pressurizing
and ventilating an air-supported structure is as in the pri-
mary method except that internal pressure regulation
would control the mechanical flow means (which may
include speed control - on/off or variable - of one or more
fans as well as dampers), not the exhaust means. Here
the exhaust means, or exhaust port, are either fixed or
manually adjusted, and the fan(s) speed or area would
be controlled. This is not the preferred method as airflow
is always required to produce the necessary internal
pressure to support the structure as long as the exhaust
port is not fully closed. However, in the primary method,
above, the internal pressure regulating exhaust means
can become nearly closed to maintain the internal pres-
sure under low airflow conditions, as may be desirable
in cold weather conditions.

[0032] The additional benefit of the primary method for
efficiently pressurizing and ventilating an air-supported
structure is that, when the external wind exceeds about
10 mph, the power required for the mechanical flow
means to support and ventilate the structure is negligible.
Thatis to say that when restrictions in the airflow through
the air-supported structure being ventilated are located
at the exhaust (as opposed to solely at the intake), the
wind itself is sufficiently forceful above about 10 mph to
ventilate and support the structure. This is possible be-
cause these air-supported structures can be configured,
given their shape and surroundings, so as to never take
the direct (only oblique) incidence of the wind (therefore
not requiring the internal pressure to be as great as the
external total pressure plus the membrane weight),
whereas the invention here is to redirect nearly the full
wind force, the external total pressure, into the structure
through mechanical flow means. Below about 10 mph,
the mechanical flow means are needed to ventilate the
structure at a pressure differential sufficient to hold up
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the membrane (which is about the dynamic pressure of
a 5 mph wind). Therefore, only low power.motors are
required to operate these structures, which become wind
powered inwinds above about 10 mph. This is the rational
for combining wind redirection and mechanical flow
means in series. Mechanical flow means may include
intake vents with dampers, but no fans, in parallel with
intake vents with fans, with or without dampers, so as to
bypass the intakes vents with fans when the structure is
operating in a wind only powered mode.

[0033] A preferred embodiment of the primary method
is a method as above where the mechanical flow means
are a set of fans operating in parallel with controllable
fan speed (on/off or variable) and/or fan area (e.g. damp-
ers), where the controllable fan speed and/or fan area
are regulated by air temperature, solar insolation, and/or
humidity levels within the structure as a function of time
of day. Here the mechanical flow means are controlling
the flow of air through the air-supported structure and the
exhaust means are controlling the internal pressure.
[0034] An additional improvement of this method is a
method as in the preferred embodiment of the primary
method where the regulation of the controllable fan speed
and/or fan area by air temperature, solar insolation,
and/or humidity levels within the structure as a function
of time of day can be overridden to increase the pressure
within the structure to maintain the structural integrity of
the structure. This improvement is useful in the event of
failure of pressure regulation at the exhaust port, the
opening of a large equipment door, or the perforation of
the air-supported membrane.

[0035] Also disclosed herein is a set of methods and
apparatus for efficiently and reliably ventilating a green-
house or other structure requiring ventilation.

[0036] The first method comprises directing any exter-
nal wind flow and external wind pressure into mechanical
flow means, such as a fan, or fans in parallel, operating
in the intake direction, and into the internal space of the
structure, whereby any external wind flow and external
wind pressure assist the mechanical flow means to pres-
surize and ventilate the structure. As described above
for air-supported structures, this method creates internal
static pressure, when regulated, which will support the
structure against the external wind. Three embodiments
of apparatus for this method are described below.
[0037] The second method comprises directing any
external wind so as to create a low pressure zone, and
directing exhaust from mechanical flow means, such as
afan, orfansin parallel, operating in the exhaustdirection
into that low pressure zone of the external wind, whereby
any external wind assists in the airflow through the me-
chanical flow means (fans). This method is useful for
frame-supported greenhouses or the like that employ ex-
haust fans as a means of mechanical ventilation, be-
cause the power required to operate the fans is limited
to that under calm conditions. Windy conditions assist
the ventilation and therefore reduce the power required
to operate the fans. This method is not useful for air-
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supported structures as this method produces internal
static pressures lower than external pressures.

[0038] The usefulness and uniqueness of these meth-
ods is that external wind is utilized as wind, redirected
into ventilation, in series combination with mechanical
ventilation means, such as a fan or blower, as backup or
augmentation to the external wind’s ventilation. The re-
sultis reliable ventilation, given the controllable mechan-
ical ventilation means, and reduced electrical energy
consumption, given the passive ventilation of the external
wind. Either of these two methods stated above are useful
for frame-supported greenhouses or the like.

[0039] A key component to effectuate the methods for
efficiently pressurizing and ventilating an air-supported
greenhouse or other structure requiring pressurization
and ventilation is the means to direct any external wind
flow and external wind pressure into mechanical flow
means. Three embodiments of an apparatus to direct
any external wind flow and external wind pressure into
mechanical flow means are described below.

[0040] One embodiment of the apparatus to direct any
external wind flow and external wind pressure into me-
chanical flow means and into the structure is a rotatable
air scoop on a hollow tower, which acts to hold the rotat-
able air scoop up into the path of the external wind and
has an air duct to channel a portion of the external wind
into mechanical flow means and into the structure. The
air scoop is on one side of the vertical axis of rotation
with the opening of the air scoop pointing toward the axis
of rotation, which forces it to be downwind of the axis.
Alternately to the air scoop being on one side of the axis
of rotation, the air scoop could have a weather vane or
vanes that attach to the backside of the air scoop, pointing
away from the opening. In either case, the opening of the
air scoop is then automatically pointed into the external
wind and redirects any external wind flow and external
wind pressure into a fan and into the structure.

[0041] Asecondembodimentofthe apparatus to direct
any external wind flow and external wind pressure into
mechanical flow means and into the structure is a hollow
tower with a horizontal cross section of a regular polygon,
preferably with 6 or more sides. The upper portion of the
tower has hinged flaps that only open inward to allow a
portion of the external wind to enter the tower and flow
into a fan or fans and into the structure. The flaps are
hinged on almost vertical axes to allow for minimal pres-
sure to open the flap while providing a small closing
torque produced by gravity. This is accomplished by mak-
ing the tower slightly wider at the top than the bottom and
hinging the flaps on the vertices of the tower. Stops for
each flap would be required near the center of the tower
to prevent the flap from opening past the center of the
tower so that gravity would not produce an opening
torque. Alternately, the closing torque could be provided
by a torsion spring or a linear spring and a moment arm.
The tower connects, acting as an air duct, to the intake
fan or fans, which direct the airflow into the structure.
[0042] This second embodiment of the apparatus to
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direct any external wind flow and external wind pressure
into mechanical flow means is the preferred embodiment
as the flaps, when constructed of lightweight material
such as dualwalled polycarbonate sheet, willreact quick-
ly to sudden changes in the wind direction of even 180
degrees. The angular inertia of the rotatable air scoop
can cause it to be slow to react, especially in the event
of near 180-degree shifts, and overshoot the wind’s di-
rection. Also, the third embodiment, following, is less ef-
fective at capturing the external wind pressure.

[0043] A third embodiment of the apparatus to direct
any external wind flow and external wind pressure into
mechanical flow means and into the structure is a berm
or wind deflector surrounding the intake area of the intake
fanorfansthat pressure inflate the greenhouse. The wind
deflector would surround the intake fan or fans on 3 sides
with a height comparable to or greater than the height of
the intake fan or fans, would be located a distance from
the fan intake somewhat more than the fan’s diameter,
and have a rounded top so as to act like an airfoil thereby
directing the wind flow into the cavity created by the wind
deflector, the ground, the greenhouse side, and the in-
take fan or fans. The wind deflector could be comprised
of adjacent greenhouses arranged in a stagger array so
that the intake area of 2 back-to-back, inline greenhouses
is bordered by the sidewalls of the adjacentgreenhouses.
Here, the greenhouses themselves become the airfoil to
direct the external wind from any direction into the intake
area, thereby increasing the air pressure at the intake.
[0044] A method for regulating the internal static pres-
sure of the structure is also described, but not
claimed,and is comprised of determining the external dy-
namic pressure through sensing means, determining the
external static pressure through sensing means, deter-
mining the internal static pressure through sensing
means, comparing the internal static pressure to the sum
of the external static pressure, a predetermined portion
of the external dynamic pressure, and a predetermined
membrane offset pressure, opening the exhaust vent by
an incremental amount if the internal static pressure is
greater than the sum of the external static pressure, a
predetermined portion of the external dynamic pressure,
and a predetermined membrane offset pressure, or clos-
ing the exhaust vent by an incremental amount if the in-
ternal static pressure is less than the sum of the external
static pressure, a predetermined portion of the external
dynamic pressure, and a predetermined membrane off-
set pressure, whereby the internal static pressure is
maintained at the sum of the external static pressure, a
predetermined portion of the external dynamic pressure,
and a predetermined membrane offset pressure.
[0045] In thismethod for regulating the internal static
pressure, the predetermined membrane offset pressure
may be seasonally adjusted to include a maximum snow
accumulation during each season. A method to minimal-
ize snow accumulation is comprised of alternately reduc-
ing the internal static sufficient to somewhat reduce the
membrane’s peak height, then rapidly increasing the in-
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ternal pressure, thereby producing a repeated whip in
the membrane, whereby snow accumulation between cy-
cles substantially slides to the sides of the air-supported
structure.

[0046] Also in this method, the phrases "external wind
pressure,” "external total pressure,” "external dynamic
pressure," and "external static pressure,” all apply to the
conditions at a sufficient distance from any structure so
as to not be significantly affected by those structures.
Airflow over objects produce local dynamic pressures (lo-
cal air speeds) and local static pressures that vary over
the surface of thatobject, and therefore cannot be treated
as single valued references. This is a distinguishing el-
ement of this method as compared to previous methods
that do not declare the location of wind or pressure sen-
sors or show wind or pressure sensors to be locally to
the structure (e.g. on top, on the side, at the intake or
exhaust). These other methods will produce irregular in-
ternal pressure control given the natural variation in ex-
ternal wind speed and direction.

[0047] Also in this method, internal static pressure is
treated as single valued within the air- supported struc-
ture as its variations are negligible compared to mem-
brane offset pressure or variations in the local static pres-
suresoverthe external surface of the air-supported struc-
ture as the external wind becomes a factor in the support
of the structure.

[0048] An alternate method for regulating the internal
static pressure of the structure is also described and is
comprised of determining the external dynamic pressure
(i.e. the differential pressure between the external total
pressure and the external static pressure) through sens-
ing means, determining the differential pressure between
the internal static pressure and the external static pres-
sure through sensing means, comparing the differential
pressure between the internal static pressure and the
external static pressure to the sum of a predetermined
portion of the external dynamic pressure and a predeter-
mined membrane offset pressure, opening the exhaust
vent by an incremental amount if the differential pressure
between the internal static pressure and the external stat-
ic pressure is greater than the sum of a predetermined
portion of the external dynamic pressure and a predeter-
mined membrane offset pressure, or closing the exhaust
vent by an incremental amount if the differential pressure
between the internal static pressure and the external stat-
ic pressure is less than the sum of a predetermined por-
tion of the external dynamic pressure and a predeter-
mined membrane offset pressure, whereby the internal
static pressure is maintained at the sum of the external
static pressure, a predetermined portion of the external
dynamic pressure, and a predetermined membrane off-
set pressure.

[0049] Each of these two methods for regulating the
internal static pressure of the structure accomplish the
same result, which is that the internal static pressure is
maintained at the sum of the external static pressure, a
predetermined portion of the external dynamic pressure,
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and a predetermined membrane offset pressure. The
predetermined portion for the external dynamic pressure
can be unique to a particular structure within an array of
similar structures and is determined by the shape of the
structure and its surroundings. The predetermined mem-
brane offset pressure will account for the weight of the
membrane or membranes, which also can be unique to
a particular structure within an array of similar structures.
[0050] An embodiment of the method for regulating,
the internal static pressure of the structure is also de-
scribed and is comprised of the directing of external total,
i.e. static plus dynamic, pressure to a portion of a side of
a movable surface and the directing of external static
pressure to remaining portion of the side of the movable
surface thereby generating a force, and directing the
force to a second movable surface primarily covering an
exhaust port of the structure thereby pushing the second
moveable surface onto the exhaust port of the structure,
and adding a predetermined, external closing force to
the second moveable surface, whereby air is only ex-
hausted from the structure when the internal static pres-
sure of the structure exceeds the external static pressure
plus a percentage of the external dynamic pressure by
a predetermined amount. (The "percentage" is the ratio
of the surface area of the moveable surface acted on by
the external total pressure to the total surface area of the
moveable surface acted on by the internal static pres-
sure.)

[0051] A second embodiment of the method for regu-
lating the internal static pressure of the structure is also
described and is comprised of the directing of external
total, i.e. static plus dynamic, pressure to a portion of a
side of a movable surface and the directing of external
static pressure to remaining portion of the side of the
movable surface thereby generating a force, directing of
the internal static pressure to the opposing side of the
side of the movable surface thereby generating an op-
posing force and resulting net force, directing the net
force to a second movable surface primarily covering and
sliding across an exhaust port of the structure, and adding
a predetermined, external closing force to the second
moveable surface, whereby air is only exhausted from
the structure when the internal static pressure of the
structure exceeds the external static pressure plus a per-
centage of the external dynamic pressure by a predeter-
mined amount. (The "percentage" is the ratio of the sur-
face area of the moveable surface acted on by the ex-
ternal total pressure to the total surface area of the move-
able surface acted on by the internal static pressure.)
[0052] To achieve the function of these methods for
regulating the internal static pressure, any apparatus that
performs these methods must orient the exhaust ports
so as to not face into the wind. That is to say that the
local external total pressure (static plus dynamic) over
the exhaust port surface must never exceed the internal
static pressure so as in insure exhaust flow of air.
[0053] For example, the exhaust port could be an
opening in the top of the air-supported structure, where
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the exhaust port opening will never point into the wind.
Also, the exhaust port could be blocked, by a windbreak,
from the wind so as to never expose the exhaust port to
the dynamic pressure of the wind.

[0054] Alsodisclosed, but not claimed, is a set of meth-
ods and apparatus for reducing stress of the air-support-
ed structure’s membrane at access portals for ingress
and egress, intake and exhaust ports, etc.

[0055] The first primary method for reducing stress of
the air-supported structure’s membrane at an access
portal comprises the attaching a frame to the air-support-
ed structure’s membrane at an access portal on the
above-ground portion of the perimeter of the access por-
tal, which adjoins the ground or foundation, hinging the
terminal ends of the frame to the ground or foundation
where the hinging axis is collinear with the membrane
attachment to the ground or foundation, thereby allowing
the frame to pivot toward and away from the enclosed
space of the air-supported structure, attaching the func-
tional means (e.g. door, fan or fans, vent, etc.) to the
hinged frame, and removing the air- supported struc-
ture’s membrane within the hinged frame, whereby the
access portal may move with the membrane in the wind
and to the ground or foundation in the event of deflation
without creating undue stress on the membrane in the
vicinity of the attached frame.

[0056] An improved method for reducing stress of the
air-supported structure’s membrane at an access portal
comprises bending an access portal frame to follow the
natural (inflated and undisturbed) contour of the air-sup-
ported structure’s membrane at the access portal, then
attaching the frame to the air-supported structure’s mem-
brane at an access portal on the above-ground portion
of the perimeter of the access portal, which adjoins the
ground or foundation, hinging the terminal ends of the
contoured frame to the ground or foundation where the
hinging axis is coUinear with the membrane attachment
to the ground or foundation, thereby allowing the con-
toured frame to pivot toward and away from the enclosed
space of the air-supported structure, attaching the func-
tional means (e.g. door, fan or fans, vent, etc.) to the
hinged, contoured frame, and removing the air-support-
ed structure’s membrane within the hinged, contoured
frame, whereby the access portal may move with the
membrane in the wind and to the ground or foundation
in the event of deflation without creating undue stress on
the membrane in the vicinity of the attached frame.
[0057] The second primary method for reducing stress
of the air-supported structure’s membrane at an access
portal comprises the attaching a frame to the air-support-
ed structure’s membrane at an access portal on the
above-ground portion of the perimeter of the access por-
tal, which adjoins the ground or foundation, hinging the
terminal ends of the frame to the ground or foundation
where the hinging axis is coUinear with the membrane
attachment to the ground or foundation, thereby allowing
the frame to pivot toward and away from the enclosed
space of the air-supported structure, attaching an edge
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of a shroud membrane of predetermined width to the
hinged frame, attaching the other edge of the shroud
membrane to stationary framing for the functional means
(e.g. door, fan or fans, vent, etc.), and removing the air-
supported structure’s membrane within the hinged
frame, whereby the hinged frame of the access portal
may move with the air-supported structure’s membrane
in the wind and to the ground or foundation in the event
of deflation without creating undue stress on the mem-
brane in the vicinity of the attached frame.

[0058] Animproved second method forreducing stress
of the air-supported structure’s membrane at an access
portal comprises bending an access portalframe to follow
the natural (inflated and undisturbed) contour of the air-
supported structure’s membrane at the access portal,
then attaching the frame to the air-supported structure’s
membrane at an access portal on the above-ground por-
tion of the perimeter of the access portal, which adjoins
the ground or foundation, hinging the terminal ends of
the contoured frame to the ground or foundation where
the hinging axis is coUinear with the membrane attach-
ment to the ground or foundation, thereby allowing the
contoured frame to pivot toward and away from the en-
closed space of the air-supported structure, attaching an
edge of a shroud membrane of predetermined width to
the hinged, contoured frame, attaching the other edge of
the shroud membrane to stationary framing for the func-
tional means (e.g. door, fan or fans, vent, etc.), and re-
moving the air-supported structure’s membrane within
the hinged, contoured frame, whereby the hinged, con-
toured frame of the access portal may move with the air-
supported structure’s membrane in the wind and to the
ground or foundation in the event of deflation without cre-
ating undue stress on the membrane in the vicinity of the
attached frame.

[0059] In each of these methods, the frame transfers
the primarily vertical lines of stress in the membrane just
above the frame to the ground or foundation by the ten-
sion within the frame. This is the tension that would have
been directed to the ground or foundation via the mem-
brane within the access portal, had the membrane within
the access portal not been removed to allow for access.
The frame transfers this tension to the ground or foun-
dation so that the adjacent membrane does not have to
channel this additional stress, as the membrane adjacent
to the frame already carries the stress of the unframed
area directly above it.

[0060] The hinging means reduces lateral stress dur-
ing periods of movement of the membrane in the wind.
The first primary method and its improved method are
only effective when the functional means that attach di-
rectly to the frame are of low angular inertia (i.e. of low
mass at a distance from the hinging axis). Otherwise,
dynamic forces of a heavy frame swinging to and fro
would stress the surrounding membrane.

[0061] A method for combining the regulation the in-
ternal static pressure of the structure and providing
means of ingress and egress is comprised of opening
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the means of ingress and egress, such as a sliding or
follow-up door, when the internal static pressure exceeds
the desired pressure, closing the means of ingress and
egress when the internal static pressure drops below the
desired pressure, providing means to override the regu-
lation the internal static pressure momentarily to briefly
fully open the means of ingress and egress for passage,
whereby the internal pressure is regulated at a desired
pressure and passage is allowed.

[0062] An improved method for combining the regula-
tion the internal static pressure of the structure and pro-
viding means of ingress and egress is comprised of open-
ing the means of ingress and egress, such as a sliding
or follow-up door, when the internal static pressure ex-
ceeds the desired pressure, closing the means of ingress
and egress when the internal static pressure drops below
the desired pressure, providing simultaneous means to
override the regulation the internal static pressure mo-
mentarily to briefly fully open the means of ingress and
egress for passage and increase the intake flow, thereby
compensating for the momentarily increased exhaust
flow, whereby the internal pressure is regulated at a de-
sired pressure and passage is allowed.

[0063] This improved method is the preferred method
of pressure regulation within the ventilated, air-supported
structure described in this invention as it allows for sig-
nificant ventilation and ingress and egress of equipment,
such as tractors. Also, by combining the functions of pres-
sure regulation, through control of intake and exhaust
flows, and passage, the number of access portals is re-
duced, thereby increasing the structures’ stability and
portability while decreasing the cost.

Drawings
[0064]

Fig. 1isan elevation view of aventilated, pressurized
air-supported structure.

Fig. 2 is a perspective view of an air intake tower
with a rotatable air scoop on top connectedtoa hous-
ing containing one or more intake fans.

Fig. 3 is an elevation view of an air intake tower with
intake flaps hinged on near vertical axes in the upper
portion of the tower.

Fig. 4 is a horizontal cross-sectional view of intake
area of the tower in Fig. 3 operating with an external
wind normally incident on one of the intake ports.

Fig. 5 is a horizontal cross-sectional view of intake
area of the tower in Fig. 3 operating with an external
wind obliquely incident on the intake ports.

Fig. 6 is a horizontal cross-sectional view of intake
area of the tower in Fig. 3 operating with no external
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wind.

Fig. 7 is an elevation view of two back-to-back, in-
cline, ventilated, pressurized air-supported struc-
tures with streamlines of external wind.

Fig. 8is a perspective view of a portion of a staggered
array of back-to-back, inline, ventilated, pressurized
air-supported structures with a perimeter windbreak.

Fig. 9 is an elevation view of a pressure regulating
exhaust vent.

Fig. 10 is an elevation view of a mechanically con-
trolled exhaust vent.

Fig. 11 is a perspective view of a hinged frame at-
tached to one end of an air-supported structure.

Fig. 12 is a perspective view of a hinged frame at-
tached to one end of an air-supported structure and
a shroud, which is attached to an airlock.

Detailed Description

[0065] Fig. 1is an elevation view of a ventilated, pres-
surized air-supported structure showing an air intake sys-
tem, including a wind assisted intake tower 1 and housing
2 for one or more fans, on one side of the air-supported
structure and, on the other side, a pressure regulating
exhaust vent 6 and an airlock for passage 9. Tower 1
captures any available wind and directs the flow into one
or more fans which may further pressurize the airflow
into the internal space of the air-supported structure
which acts as an air duct to channel the airflow to the
exhaust vent 6 and out of the structure. Also shown are
attachments, a hinged, air intake portal frame 4 connect-
ed to the air-supported structure’s membrane 5 and fan
housing 2 by way of a flexible shroud 3, which allows the
frame 4 to move with membrane 5 and fully pivot to the
ground in the event of deflation without breaking the seal
of the structure. Similarly shown are hinged, airlock and
exhaust vent portal frame 7, airlock and exhaust vent
shroud 8, and airlock and exhaust vent shroud deflector
8a, which keeps shroud 8 from interfering with the ex-
haust of vent 6 and acts as a windbreak, along with
shroud 8, to prevent wind (coming from the direction of
the airlock 9) from interfering with the exhaust of vent 6.
[0066] Fig.2is aperspective view of an airintake tower
with a rotatable air scoop 14 connected to a turntable 13
on top of the tower, which is connected to a housing 2
containing one or more intake fans. The straight arrows
show the direction of the wind flow and airflow into the
structure. The curved, double headed arrow shows the
rotatable motion of the turntable 13. The air scoop is lo-
cated to the side of the axis of rotation of turntable 13
with the opening toward the axis, thereby automatically
pointing the opening of the air scoop 14 into the wind.
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[0067] Fig. 3 is an elevation view of an air intake tower
1 with intake flaps 10 hinged on near vertical axes at air
intake tower framing 11 in the upper portion of the tower.
The flaps 10 only open inward, thereby operating as an
intake of any available wind flow and pressure.

[0068] Fig. 4 is a horizontal cross-sectional view of in-
take area of the tower in Fig. 3 operating with an external
wind normally incident on one of the intake ports. Air in-
take tower flap stops 12 act to prevent flaps 10 from in-
terfering with the motion, arc, of any adjacent flap and
prevent flaps 10 from moving past a point of no return
torque. Framing 11 provides the stops to prevent flaps
10 from opening outward and means to hinge flaps 10
to the nearvertical vertices of the tower. The arrows show
the direction of external wind flow. Flaps on the downwind
side are closed to prevent the escape of wind flow from
the tower.

[0069] Fig. 5 is a horizontal cross-sectional view of in-
take area of the tower in Fig. 3 operating with an external
wind obliquely incident on the intake ports. This is the
same as figure 4, except that the external wind flow, in-
dicated by arrows, is in a slightly differing direction.
[0070] Fig. 6 is a horizontal cross-sectional view of in-
take area of the tower in Fig. 3 operating with no external
wind. Here, there is no preferred intake port and each
flap is opened inward approximately the same amount.
[0071] Fig. 7 is an elevation view of two back-to-back,
inline, ventilated, pressurized air-supported structures
with streamlines of external wind. Here, an intake tower
is replaced by the configuration of the structures them-
selves, shown more fully in figure 8. The shape of the
structure’s membrane 5 acts as an airfoil to direct some
of the wind flow into the intake area, between the two
structures shown. The static pressure in the intake area
is higher than the static pressure of the external wind flow
as indicated by the upwardly curve streamlines above
the intake area (i.e. some of the wind’s dynamic pressure
is converted to static pressure). One or more fans then
may augment this higher pressure and direct airflow,
dashed arrows, into the air-supported structure.

[0072] Fig. 8 is a perspective view of a portion of a
staggered array of back-to-back, inline, ventilated, pres-
surized air-supported structures with a perimeter wind-
break. This array produces the higher pressure zones in
the structure’s intake areas, described in figure 7. The
rounded windbreak simulates an adjacent structure, act-
ing as an airfoil.

[0073] Fig. 9 is an elevation view of a pressure regu-
lating exhaust vent 6. The exhaustvent external pressure
accumulator 19 acts similarly to the air intake tower of
figure 3. Its inwardly opening flaps 20 allow the external
wind’s total pressure to enter the accumulator, which is
conducted to the exhaust vent external pressure area 17
and pushes on the upper portion of the wedged-shaped
exhaust vent flap 16 which is rigidly connected to the
lower portion of flap 16, pivoting on axis 16a. The counter
balance weight 21 can be postioned on counter balance
21 a, which is rigidly connected to flap 16, to adjust the
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closingtorque of flap 16, thereby adjusting the membrane
offset pressure (which would be the minimal pressure
required to support the membrane in the event of no
wind). The exhaust vent external pressure seal 18 acts
to minimalize to air loss from external pressure area 17.
This will maintain an internal static pressure close to that
of the external total pressure plus the membrane offset
pressure. To reduce the internal pressure by a portion of
the external dynamic pressure, an orifice (not shown) at
the top of accumulator 19 may be used. This would main-
tain the pressure within the accumulator 19 and the ex-
ternal pressure area 17 between the external static pres-
sure and the external total pressure. The larger the ori-
fice, in relation to flaps 20 area, the closer the pressures
in locations 17 and 19 will be to the external static pres-
sure.

[0074] Fig. 10 is an elevation view of a mechanically
controlled exhaust vent 22. A mechanical exhaust vent
flap 23 is opened and closed by a linear actuator 24. This
type of exhaust vent may be used in combination with
pressure transducers for determining external static and
dynamic pressures and internal static pressure.

[0075] Fig. 11 is a perspective view of a hinged frame
7 attached to one end of an air-supported structure. The
axis of the hinges 25 is collinear with the attachment of
the membrane 5 with the ground, thereby allowing the
hinged frame 7 to move with the membrane 5 and pivot
to the ground in the event of deflation.

[0076] Fig. 12 is a perspective view of a hinged frame
7 attached to one end of an air-supported structure and
a shroud 8, which is attached to an airlock 9, with outer
door 26. A portion of the membrane within the frame 7
shown in figure 11 has been removed to allow for pas-
sage. The flexible shroud 8 has been connected to the
frame 7 and the airlock 9 to prevent the loss of air from
the air-supported structure, while allowing for travel of
the hinged frame 7.

Reference Numerals
[0077]

air intake tower

housing for one or more intake fans

air intake shroud

hinged, air intake portal frame

membrane of air-supported structure
pressure regulated exhaust vent

hinged, airlock and exhaust vent portal frame
airlock and exhaust vent shroud

0O ~NOOTRE WN =

8a airlock and exhaust vent shroud deflector
9 airlock

10 air intake tower flaps

11 air intake tower framing

12 air intake tower flap stops

13 turntable for rotatable air scoop

14 air scoop

15 rounded windbreak
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16 wedged-shaped exhaust vent flap

17 exhaust vent external pressure area

18 exhaust vent external pressure seal

19 exhaust vent external pressure accumulator

20 exhaust vent external pressure accumulator flap
21 exhaust vent counter balance weight

21a  exhaust vent counter balance

22 mechanical exhaust vent

23 mechanical exhaust vent flap

24 mechanical exhaust vent linear actuator

25 frame hinges

26 air lock outer door

Claims

1. A method of pressurizing and ventilating a structure

comprising:

directing by an intake portal (1) on one side of
the structure, a portion of an external wind flow
and external wind pressure into a mechanical
flow means,

generating an airflow by the mechanical flow
means with the portion of the external wind flow
and external wind pressure,

directing the airflow from the mechanical flow
means through an internal space of the struc-
ture, the airflow providing an internal pressure
within the structure that is within a predeter-
mined range, and

directing the airflow from the internal space of
the structure through an exhaust means (6) at
an opposite side of the structure,

whereby the internal space of the structure is
ventilated and pressurized by the internal pres-
sure from the airflow through the internal space
of the structure and through the exhaust means,
characterized in that

the intake portal (1) is configured to receive the
external wind flow and external wind pressure
from any of a plurality of directions relative to
the structure.

The method of pressurizing and ventilating the struc-
ture of claim 1, wherein the mechanical flow means
is an internal pressure regulating mechanical flow
means.

The method of pressurizing and ventilating the struc-
ture of claim 1, wherein the exhaust means is an
internal pressure regulating exhaust means (6).

The method of pressurizing and ventilating the struc-
ture of claim 1, wherein the structure is an air-sup-

ported structure.

The method of pressurizing and ventilating the struc-
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10.

1.

12.

20

ture of claim 2, wherein the exhaust means (6) further
comprises a means (16, 16a, 19, 21, 21 a) for con-
trolling the airflow.

The method of pressurizing and ventilating the struc-
ture of claim 5, wherein air temperature, solar inso-
lation, and/or humidity levels determine the amount
of airflow controlled by the means for controlling the
airflow.

The method of pressurizing and ventilating the struc-
ture of claim 1, wherein the exhaust means is an
internal pressure regulating exhaust means, and
wherein the mechanical flow means further compris-
es a means for controlling the airflow.

A structure requiring pressurization and ventilation
comprising

an intake portal (1) on one side of the structure,

a mechanical flow means to generate an airflow,
an exhaustmeans (6) atan opposite side of the struc-
ture, wherein

the mechanical flow means is adapted to receive an
external wind flow and an external wind pressure
from the intake portal (1), to generate the airflow with
the portion of the external wind flow and external
wind pressure, to direct the airflow through an inter-
nal space of the structure, and to provide an internal
pressure within the structure that is within a prede-
termined range, and

the exhaust means (6) is adapted to direct the airflow
out from the internal space of the structure, whereby
the airflow and internal pressure ventilate and pres-
surize the structure, characterized in that

the intake portal (1) is adapted to receive external
wind flow and external wind pressure from any of a
plurality of directions relative to the structure.

The structure of claim 8, wherein the mechanical flow
means is an internal pressure regulating mechanical
flow means.

The structure of claim 8, wherein the exhaust means
is aninternal pressure regulating exhaust means (6).

The structure of claim 8, wherein the intake portal
comprises

a rotatable air scoop containing means (13) for di-
recting an intake opening of said rotatable air scoop
(14) into the wind, and

a substantially hollow tower (1) connected to said
rotatable air scoop.

The structure of claim 8, wherein the intake portal
comprises

a substantially hollow tower (1) with an upper portion
with a horizontal cross section of a substantially reg-
ular polygon,
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hinged flaps (10) with a near vertical axis connected
to the upper portion of the substantially hollow tower,
where the hinged flaps are adapted to cover intake
ports on each side of the substantially regular poly-
gon, where the hinged flaps are adapted to open
inward,

stop means (11) for the hinged flaps that are adapted
to prevent the hinged flaps from opening outward
closing means to provide a torque on the hinged flaps
sufficient to close each of the hinged flaps that are
on a leeward side of said substantially hollow tower,
and

second stop means (12) for the hinged flaps that are
adapted to prevent the hinged flaps from interfering
with movement of any adjacent flap, where the sec-
ond stop means are adapted to prevent the hinged
flaps from moving past a point of no closing torque.

The structure of claim 8, wherein the mechanical flow
means is an internal pressure regulating mechanical
flow means, and wherein the exhaust means have
flow control, and,

wherein the intake portal comprises

a wind deflector (15) surrounding an intake area of
the mechanical flow means,

where the wind deflector surrounds the mechanical
flow means on three sides with a height equal to or
greater than a height of the mechanical flow means
at a horizontal distance from an intake of the me-
chanical flow means equal to or greater than the
height of the mechanical flow means, where the wind
deflector has a rounded top.

The structure of claim 13, wherein the wind deflector
is a berm.

The structure of claim 8, wherein the structure is an
air-supported structure, wherein the air-supported
structure further comprises a membrane (5) and a
frame, where the frame supports an access portal.

The structure of claim 15, wherein the frame com-
prises two terminal ends, where each terminal end
comprises a hinge.

Patentanspriiche

1.

Ein Verfahren zur Druckbeaufschlagung und Belif-
tung einer Struktur umfassend:

das Leiten durch ein Einlassportal (1) an einer
Seite der Struktur, von einem Teil einer dulReren
Windzustromung und eines auleren Wind-
drucks in ein mechanisches Durchflussmittel,

das Erzeugen eines Luftflusses durch das me-
chanische Durchflussmittel mit dem Teil der du-
Reren Windzustromung und des duReren Wind-
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drucks,

das Leiten des Luftflusses aus dem mechani-
schen Durchflussmittel durch einen inneren
Raum der Struktur, wobei der Luftfluss inneren
Druckinnerhalb der Struktur bereitstellt, welcher
innerhalb eines vorherbestimmten Bereichs
liegt, und

das Leiten des Luftflusses aus dem inneren
Raum der Struktur durch ein Auslassmittel (6)
an der gegenlberliegenden Seite der Struktur,
wobei der innere Raum der Struktur mittels des
inneren Drucks vom Luftfluss durch den inneren
Raum der Struktur und durch das Auslassmittel
belliftet und mit Druck beaufschlagt wird, da-
durch gekennzeichnet, dass

das Einlassportal (1) konfiguriert ist, um die &u-
Rere Windzustromung und den aulReren Wind-
druck aus jeder von einer Vielzahl von Richtun-
gen beziglich der Struktur zu empfangen.

Das Verfahren zur Druckbeaufschlagung und Belif-
tung der Struktur des Anspruchs 1, wobei das me-
chanische Durchflussmittel ein mechanisches
Durchflussmittel zur Regelung des inneren Drucks
ist.

Das Verfahren zur Druckbeaufschlagung und Belif-
tung der Struktur des Anspruchs 1, wobei das Aus-
lassmittel ein Auslassmittel (6) zur Regulierung des
inneren Drucks ist.

Das Verfahren zur Druckbeaufschlagung und Bellf-
tung der Struktur des Anspruchs 1, wobei die Struk-
tur eine luftgestitzte Struktur ist.

Das Verfahren zur Druckbeaufschlagung und Belif-
tung der Struktur des Anspruchs 2, wobei das Aus-
lassmittel (6) weiterhin ein Mittel (16, 16a, 19, 21, 21
a) zur Steuerung des Luftflusses umfasst.

Das Verfahren zur Druckbeaufschlagung und Bellf-
tung der Struktur des Anspruchs 5, wobei Lufttem-
peratur-, Sonneneinstrahlungs- und/oder Feuchtig-
keitswerte die Menge des durch das Mittel zur Steu-
erung des Luftflusses gesteuerten Luftflusses be-
stimmen.

Das Verfahren zur Druckbeaufschlagung und Bellf-
tung der Struktur des Anspruchs 1, wobei das Aus-
lassmittel ein Auslassmittel zur Regulierung des in-
neren Drucks ist, und wobei das mechanische
Durchflussmittel weiterhin ein Mittel zur Steuerung
des Luftflusses umfasst.

Eine Struktur, die Druckbeaufschlagung und Bellf-
tung erfordert umfassend ein Einlassportal (1) an ei-
ner Seite der Struktur,

ein mechanisches Durchflussmittel zur Erzeugung
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eines Luftflusses,

ein an einer gegenlberliegenden Seite der Struktur
liegendes Auslassmittel (6), wobei

das mechanische Durchflussmittel angepasst ist,
um eine aulere Windzustromung und einen aulie-
ren Winddruck aus dem Einlassportal (1) zu emp-
fangen, um den Luftfluss mit dem Teil der &uReren
Windzustromung und des aulReren Winddrucks zu
erzeugen, um den Luftfluss durch einen inneren
Raum der Struktur zu leiten und einen inneren Druck
innerhalb der Struktur bereitzustellen, der innerhalb
eines vorherbestimmten Bereichs liegt, und

das Auslassmittel (6) angepasstist, umden Luftfluss
aus dem inneren Raum der Struktur herauszuleiten,
wobei der Luftfluss und der innere Druck die Struktur
belliften und mit Druck beaufschlagen, dadurch ge-
kennzeichnet, dass

das Einlassportal (1) angepasst ist, um &auRere
Windzustromung und dulReren Winddruck aus einer
von einer Vielzahl von Richtungen beziglich der
Struktur zu empfangen.

Die Struktur des Anspruchs 8, wobei das mechani-
sche Durchflussmittel ein mechanisches Durch-
flussmittel zur Regulierung des inneren Drucks ist.

Die Struktur des Anspruchs 8, wobei das Auslass-
mittel ein Auslassmittel (6) zur Regulierung des in-
neren Drucks ist.

Die Struktur des Anspruchs 8, wobei das Einlasspor-
tal folgendes umfasst

ein Mittel (13) enthaltend eine drehbare Lufthutze,
um eine Einlassoffnung der drehbaren Luftzhutze
(14) nach dem Wind zu richten, und

einen mit der drehbaren Luftzhutze verbundenen im
Wesentlichen hohlen Turm (1).

Die Struktur des Anspruchs 8, wobei das Einlasspor-
tal folgendes umfasst

einen im Wesentlichen hohlen Turm (1) mit einem
oberen Teil, der einen horizontalen Querschnitt ei-
nes im Wesentlichen regelmaRigen Vielecks hat,
Scharnierklappen (10) mit einer quasi-vertikalen
Achse, die mitdem oberen Teil des im Wesentlichen
hohlen Turms verbunden ist, wobei die Scharnier-
klappen angepasst sind, um Einlasskanale auf jeder
Seite des im Wesentlichen regelmaRigen Vielecks
zu decken, worin die Scharnierklappen angepasst
sind, um nach innen aufzugehen,

Anschlagmittel (11) furdie Scharnierklappen, die an-
gepasstsind, um die Scharnierklappen daran zu hin-
dern, nach auRen aufzugehen

SchlieBmittel zur Bereitstellung eines Drehmoments
auf den Scharnierklappen, das zum SchlielRen von
jeder der Scharnierklappen ausreicht, die sich an ei-
ner leewartigen Seite des im Wesentlichen hohlen
Turms befinden, und
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zweite Anschlagmittel (12) fUr die Scharnierklappen,
die angepasst sind, um die Scharnierklappen daran
zu hindern, die Bewegung einer jeweils angrenzen-
den Klappe zu behindern, worin die zweiten An-
schlagmittel angepasst sind, um die Scharnierklap-
pen daran zu hindern, sich Uber einen Punkt hinaus
zu bewegen, bei dem kein VerschlieRmoment be-
wirkt wird.

Die Struktur des Anspruchs 8, wobei das mechani-
sche Durchflussmittel ein mechanisches Durch-
flussmittel zur Regulierung des inneren Drucks ist,
und wobei das Auslassmittel Durchflussregelung
hat, und

wobei das Einlassportal folgendes umfasst

einen Windabweiser (15), der einen Einlassbereich
des mechanischen Durchflussmittels umgibt,
wobei der Windabweiser das mechanische Durch-
flussmittel an drei Seiten mit einer Héhe umgibt, die
so grol3 wie eine Hohe des mechanischen Durch-
flussmittels in einer horizontalen Entfernung von ei-
nem Einlass des mechanischen Durchflussmittels
oder grofier ist, die so groR® wie die Hohe des me-
chanischen Durchflussmittels oder gréRer ist, worin
der Windabweiser ein rundliches Oberteil hat.

Die Struktur des Anspruchs 13, wobei der Windab-
weiser eine Berme ist.

Die Struktur des Anspruchs 8, wobei die Struktur ei-
ne luftgestitzte Struktur ist, wobei die luftgestitzte
Struktur weiterhin eine Membran (5) und einen Rah-
men umfasst, worin der Rahmen ein Zugangsportal
tragt.

Die Struktur des Anspruchs 15, wobei der Rahmen
zwei terminale Enden umfasst, wobei jedes termi-
nale Ende ein Scharnier umfasst.

Revendications

1.

Un procédé de pressurisation et ventilation d’'une
structure comprenant :

diriger au travers d’un portail d’entrée (1) a un
coté de la structure, une partie d’un flux de vent
extérieur et d’'une pression de vent extérieure
dans un moyen mécanique de circulation,
générer un flux d’air par le moyen mécanique
de circulation avec la partie du flux de vent ex-
térieur et de la pression de vent extérieure,
diriger le flux d’air du moyen mécanique de cir-
culation au travers d’un espace intérieure de la
structure, fournissant le flux d’air une pression
interne dans la structure qui est dans un inter-
valle prédéterminé, et

diriger le flux d’air de I'espace intérieur de la



25

structure au travers d’'un moyen d’échappement
(6) a un coté opposé de la structure,

dans lequel 'espace intérieur de la structure est
ventilé et pressurisé par la pression interne du
flux d’air au travers de I'espace intérieur de la
structure et au travers du moyen d’échappe-
ment, caractérisé en ce que

le portail d’entrée (1) est configuré pour recevoir
le flux de vent extérieur et la pression de vent
extérieure d’une quelconque parmiune pluralité
de directions par rapport a la structure.

Le procédé de pressurisation et ventilation de la
structure de la revendication 1, dans lequelle moyen
mécanique de circulation est un moyen mécanique
de circulation qui régule la pression interne.

Le procédé de pressurisation et ventilation de la
structure de la revendication 1, dans lequelle moyen
d’échappementest un moyen d’échappement (6) qui
régule la pression interne.

Le procédé de pressurisation et ventilation de la
structure de la revendication 1, dans lequel la struc-
ture est une structure gonflable.

Le procédé de pressurisation et ventilation de la
structure de la revendication 2, dans lequelle moyen
d’échappement (6) comprend en outre un moyen
(16, 16a, 19, 21, 21 a) de contrdle du flux d’air.

Le procédé de pressurisation et ventilation de la
structure de la revendication 5, dans lequel les ni-
veaux de température de l'aire, de I'insolation solai-
re, et/ou de ’humidité déterminent la quantité de flux
d’air controlée par le moyen de contréle du flux d’air.

Le procédé de pressurisation et ventilation de la
structure de larevendication 1, dans lequel le moyen
d’échappementestun moyen d’échappementquiré-
gule la pression interne, et dans lequel le moyen
meécanique de circulation comprend en outre un
moyen pour contrdler le flux d’air.

Une structure requérant pressurisation et ventilation
comprenant un portail d’entrée (1) a un coté de la
structure,

un moyen mécanique de circulation pour générer un
flux d’air,

un moyen d’échappement (6) a un coté opposé de
la structure, dans laquelle

le moyen mécanique de circulation est adapté pour
recevoir un flux de vent extérieur et une pression de
vent extérieure du portail d’entrée (1), afin de géné-
rer le flux d’air avec la partie du flux de vent extérieur
et la pression de vent extérieure, pour diriger le flux
d’air au travers d’un espace intérieur de la structure,
et pour fournir une pression interne dans la structure

10

15

20

25

30

35

40

45

50

55

14

EP 2 038 492 B1

10.

1.

12.

13.

26

qui est dans un intervalle prédéterminé, et

le moyen d’échappement (6) est adapté pour diriger
le flux d’air hors de I'espace intérieur de la structure,
dans laquelle le flux d’air et la pression interne ven-
tilent et pressurisent la structure, caractérisée en
ce que

le portail d’entrée (1) est adapté pour recevoir un flux
de vent extérieur et une pression de vent extérieure
d’une quelconque parmi une pluralité de directions
par rapport a la structure.

Le structure de la revendication 8, dans laquelle le
moyen mécanique de circulation est un moyen mé-
canique de circulation quirégule la pression interne.

La structure de la revendication 8, dans laquelle le
moyen d’échappement est un moyen d’échappe-
ment (6) qui régule la pression interne.

La structure de la revendication 8, dans laquelle le
portail d’entrée comprend

un moyen (13) contenant une prise d’air rotative pour
diriger une ouverture d’entrée de ladite prise d’air
(14) rotative vers le vent, et

une tour (1) essentiellement creuse connectée a la-
dite prise d’air rotative.

La structure de la revendication 8, dans laquelle le
portail d’entrée comprend

une tour (1) essentiellement creuse avec une partie
supérieure ayant une section transversale horizon-
tale en forme de polygone essentiellement régulier,
des battants a charniére (10) ayant un axe presque
vertical connecté a la partie supérieure de la tour
essentiellement creuse, dans laquelle les battants a
charniére sont adaptés pour couvrir des ports d’en-
trée sur chaque coté du polygone essentiellement
régulier, dans laquelle les battants a charniére sont
adaptés pour s’ouvrir vers l'intérieur,

des moyens d’arrét (11) pour les battants a charniére
qui sont adaptés pour empécher que les battants a
charniére s’ouvrent vers I'extérieur

des moyens de fermeture pour fournir un couple sur
les battants a charniére suffisant pour fermer chacun
des battants a charniére qui sont sur un cété sous
le vent de ladite tour essentiellement creuse, et
des deuxiemes moyensd’arrét (12) pour les battants
a charniére qui sont adaptés pour empécher que les
battants a charniére interférent avec le mouvement
d’un battant adjacent, dans laquelle les deuxiemes
moyens d’arrét sont adaptés pour empécher que les
battants a charniére surpassentun pointsans couple
de fermeture.

La structure de la revendication 8, dans laquelle le
moyen mécanique de circulation est un moyen mé-
canique de circulation quirégule la pression interne,
et dans laquelle le moyen d’échappement a un con-
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tréle de flux, et, dans laquelle le portail d’entrée com-
prend

un déflecteur de vent (15) entourant une région d’en-
trée du moyen mécanique de circulation,

dans laquelle le déflecteur de vent entoure le moyen
meécanique de circulation de trois cbtés avec une
hauteur égale a ou supérieure a une hauteur du
moyen mécanique de circulation a une distance ho-
rizontale d’une entrée du moyen mécanique de cir-
culation égale a ou supérieure ala hauteur du moyen
mécanique de circulation, danslaquelle le déflecteur
de vent a une partie supérieure arrondie.

La structure de la revendication 13, dans laquelle le
déflecteur de vent est une berme.

La structure de la revendication 8, dans laquelle la
structure est une structure gonflante, dans laquelle
la structure gonflante comprend en outre une mem-
brane (5) et un chassis, dans lequel le chassis sou-
tient un portail d’acces.

La structure de la revendication 15, dans laquelle le
chassis comprend deux extrémités terminales, dans
laguelle chaque extrémité terminale comprend une
charniére.
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