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BACKGROUND

Wind tunnels have many uses, including research and as training devices and/or
amusement rides that allow a person to simulate freefall skydiving. Wind tunnels have two
broad types, open flow and re-circulating. Additionally wind tunnels can be oriented
vertically or horizontally, that is with the airflow in the test section or flight section going
generally parallel to the ground or generally vertically upward. Generally, only wind tunnels
that are going to be used to simulate sky diving are built vertically, because building a
vertical tunnel adds significantly to the expense. In any re-circulating tunnel, the direction of
the air flow must be changed multiple times so that after one pass through the system the air
ends up where it began. Turning vanes are often used for this purpose to change the direction
of air flow while maintaining the laminar nature of the air flow thus decreasing the energy
necessary to make the air turn.

Air flowing over the internal surfaces of the wind tunnel creates friction and thus heat.
If the tunnel is open-flow, that heat is automatically ejected from the system into the
atmosphere. In a closed circuit, re-circulating tunnel, virtually all of the energy put into the
system becomes heat. Every kilowatt of electricity used by such a tunnel creates roughly.
3414 British Thermal units of heat each hour. Some of these re-circulating wind tunnels use
2500 or more kilowatts of electricity and thus can generate more than 8 million btus of heat
each hour. In a closed circuit tunnel, this heat quickly builds to a level that can be unbearable
for the occupants. If a person is going to be in the air flow path, it is often necessary to
remove this heat (cool the air) to ensure that person remains safe and comfortable. Cooling
of the air sometimes needs to be done in research tunnels when the temperature of the air is
part of the test conditions. Furthermore, if one can effectively capture and transport this heat
to a location away from the wind tunnel where it may otherwise be needed, all or most of the
energy used to operate the wind tunnel can be recycled or recaptured and then used to heat
another structure or area. Thus, properly situated next to a facility that necds the heat (such
as a shopping mall or water park), the majority of the cost to power the wind tunnel can be

offsct by the savings from heat recycling.



One method that has been used to cool the air in a re-circulating wind tunnel is to
insert a cooling coil into lthe airflow and connect that coil to an external chiller. The heat
transfers through the walls of the coil to a fluid or other medium inside the coil. The medium
is then pumped to another location where the heat can be removed from the medium.
Unfortunately, these prior art cooling coils added a large amount of drag to the wind tunnel
(as much as doubling the total drag of the system) due to the additional friction caused by the
passing the air over the surface of the coil. More power was also needed to overcome the
additional drag induced by the coil in the airflow. Each additional kilowatt needed to
overcome this cooling system drag then becomes more heat needing removal. Thus, this
prior art method of inserting traditional cooling coils into the airflow is a very inefficient way
to cool a re-circulating wind tunnel.

Another method used to cool wind tunnels was to embed cooling coils inside
components that, for some other reason, already existed in the airflow. One example is to
insert cooling coils into the turning vanes used to change the direction of the airflow at each
corner - converting the vanes into a large heat exchanger. Since the vanes were already
present in the system, no new drag was added and thus the problem of adding heat in order to
take out heat was avoided. However, prior art turning vane heat exchangers were very
expensive to build and/or maintain, adding significantly to the cost of building and
maintaining the wind tunnel. They required a huge number of complex mechanical or
welded connections between the various tubes or pipes of the cooling coil. Obtaining
adequate heat transfer between the medium in the coils and the turning vanes was also very
difficult with such a design. It is not clear that any turning vane heat exchangers capable of
removing all of the heat generated by a wind tunnel were every successfully built. |

The foregoing example of the related art and limitations related 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 a reading of the specification and a study of the drawings.

SUMMARY

One aspect of the present disclosure is a heat exchanger in which the heat transfer
medium flows through a hollow turning vane in the wind tunnel.

One aspect of the present disclosure is a heat exchanger that has vanes extruded from
aluminum with screw bosses formed into the iﬁterior of each vane and running continuously
down its length to allow simple and inexpensive attachment of the vanes to end pieces.

One aspect of the present disclosure is a heat exchanger turning vane that connects to

standard plumbing fittings.



One aspect of the present disclosure is a heat exchanger wherein the connection to the
vane from a water pipe is a single transition piece that itself can be attached to the vane in a
water tight manner without welding or chemical bonding, but rather with a simple mechanical
connection.

One aspect of the present disclosure is a transition piece that can be attached to one
end of the vane with screws or other fasteners solely from one side (the non vane side) of the
transition piece.

One aspect of the present disclosure is a transition piece that can be attached to the
heat transfer fluid inlet and heat transfer fluid outlet solely with inexpensive common

plumbing components.

One aspect of the present disclosure is a heat exchanger wherein the transition piece is
made from a single piece of molded material.

The following embodiments and aspects thereof are described and illustrated in
conjunction with systems, tool and methods which are meant to be exemplary and illustrative,
not limiting in scope. In various embodiments, one or more of the above described problems
have been reduced or eliminated, while other embodiments are directed to other
improvements. _ ‘
The heat exchanger of the present disclosure is formed as a tuming vane
assembly in an airflow duct or high speed air channel, such as in a re-circulating wind
tunnels. The individual vanes are formed from extruded aluminum with coolant fluid
channels running continually down the length of the vane. One or more channels can be
used, depending on the application of vane and the cooling capacity needed. The exterior of
the vanes are formed in an airfoil shape to efficiently turn the air flow the desired amount in a
manner well known in the art. The turning vanes are connected to a fluid supply with single
piece connectors that removably attach to the turning vanes. In the depicted embodiment the
connectors are attached with screws. In the depicted embodiment the connectors are formed
as a single piece in a two-piece injection mold.

One embodiment is vane array comprising a plurality of hollow vanes, each having
substantially constant cross section, the vanes disposed substantially parallel to each other;
each vane having a first end and a second end; the array having a first edge defined by first
ends of the plurality of vanes; the array havihg a second edge defined by second ends of the
plurality of vanes; each vane's cross section defining at least two screw bosses formed |
therein; each vane having at its first end a first respective connection piece, first respective

connection piece secured thereto by means of screws, each screw threadingly engaged with a
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respective screw boss; each vane having at its second end a second respective connection
piece, first respective connection piece secured thereto by means of screws, each screw
threadingly engaged with a respective screw boss; a first manifold disposed along the first
edge; a second manifold disposed along one of the first edge and the second edge; and pipes
connecting the first manifold, the connection pieces, and the second manifold, thereby
defining a plurality of fluid flow paths, each fluid flow path passing from the first manifold
and through at least one of the vanes to the second manifold.

The pipe connection to each connection piece defines an opening thereinto; the screw
bosses formed into each vane's cross section including at least one screw boss positioned
such that the screw threadingly engaged therewith has an axis passing through the opening.

In addition to the exemplary aspects and embodiments described above, further
aspects and embodiments will become apparent by reference to the accompanying drawings
forming a part of this specification wherein like reference characters designate corresponding

parts in the several views.

_ BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of the heat exchanging turning vane assembly in a re-
circulating wind tunnel.

Figure 2 is.an exploded view of a single turming vane, the fluid pipes and the connection
pieces.

Figure 3 is a side elevation view of one side of the turning vane.

Figure 4 is a perspective view of the bottom end of the heat exchanger turmning vane
assembly. '

Figure 5 a perspective view of one section of one end of the heat exchanger turning vanes
mounted in the frame with the fluid pluming attached.

Figure 6 is a side elevation view of the other side of the heat exchanger turning vane
assembly.

Figure 7 is.a top view plan of the connection piece.

figure 8 is the bottom plan view of the connection piece.

Figure 9 is a top perspective view of the connection piece.

Figure 10 is a cross sectional view taken along line 7-7 of the connection piece.
Before explaining the disclosed embodiment of the present invention in detail, it is to

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

arrangement shown, since the invention is capable of other embodiments. Exemplary
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embodiments are illustrated in referenced figures of the drawings. It is intended that the
embodiments and figures disclosed herein are to be considered illustrative rather than
limiting. Also, the terminology used herein is for the purpose of description and not of
limitation.
DETAILED DESCRIPTION OF THE DRAWINGS
* Referring first to Figure 1, an upright re-circulating wind tunnel 100 is shown with the

air flow shown in by the arrows A. This type of wind tunnel is most commonly uvsed for
skydiving simulation and other human flight activities. Other types of re-circulating wind
tunnels are well known in the art, including ones used for various types of testing. Although
the present disclosure will be discussed using the upright type, it is to be understood that the
disclosure includes other types of re-circulating wind tunnels. A common feature of ali re-
circulating wind tunnels is the heat generated by the friction of the air flow through the
plenums.

The re-circulating wind tunnel 100 can have a single return configuration, as shown in
Figure 1, or a multiple return configuration. See for example US Patents 6,083,110 and
7,156,744. A single return re-circulating wind tunnel 100 has a first upright plenum 106
which has flight chamber 104. The air A then flows into top plenum 105, second vertical
plenum 107 and then into bottom plenum 108 and back into first upright plenum 106. The
upright plenums 106, 107 and the top plenum 105 of the wind tunnel 100 are shown dotted
lines for clarity. The position of the fans 101 is shown for purposes of example only and not
by limitation. Fans 101 in other positions well known in the art could be used as well and are
considered within the scope of this disclosure. '

A heat exchanger turning vane assembly 200 is in end 109 of the bottom plenum 108.
Other locations could be used as well depending on the particular application. More than one
heat exchanger turning vane assembly 200 could also be used depending on the particular
application. In many instances, a second heat exchanger turning vane assembly would be
located below the flight chamber 104, due to the lower cost of installing the assembly on the
ground. However, if needed in a particular installation, the assembly could be installed in the
top plenum 105 corners.

Standard turning vane assemblies 102 can be used at the corners where no heat
exchanger turning vane assembly 200 is iﬁstalled to smoothly change the direction of the air
flow with minimum turbulence. A turning vane assembly 102 is shown above the flight

chamber 104 at the transition from the first vertical plenum to the top plenum 105 as an



example. The other tuming vanes have not been included to simplify the drawings, but may
be used in normal operation of the re-circulating wind tunnel as a human flight simulator.

In the depicted embodiment, end 109 of the bottom air plenum 108 has a larger width
D2 than the width of the bottom air plenum D1 to allow the plumbing of the heat exchanger
turning vane200 to be out of the main flow path to reduce air turbulence but this is not
essential. Where the cooling system will be retrofitted into an existing wind tunnel, the
plumbing at the end of the vanes can remain in the airflow.

Figure 2 is an exploded view of a single heat exchanger turning vane 201 with two
plumbing connection pieces 202, one at each end to connect to standard plumbing pipe with a
common chemical bond or via a standard flexible hose 204 held in place with standard hose
clamps. In the depicted embodiment, the hose 204 is made of rubber, but other flexible
materials could be used as well. Figure 3 is an end view of heat exchanger turning vane 201.
The outer surface 205 is configured according to well known aerodynamic principles in a
curved air foil shape to smoothly change the direction of the airflow. Arrows A indicate the
airflow over the heat exchanger turning vane 201. In the depicted example, the airflow
would change direction by 90 degrees. If desired, other amounts of change of direction could
be achieved. The heat exchanger turning vane 201 has a substantially continuous interior
configuration and substantially constant cross section in the depicted embodiment, such that
the end view would also be a cross sectional view at any point along its length.

The heat exchanger turning vane 201 is made by'exti’usion molding of aluminum in
the depicted example.I Other materials with similar properties of good thermal exchange and
sufficient rigidity could be used as well. The heat exchanger turning vane 201 is hollow to
reduce the amount of material required and to allow for fluid to flow through the length of the
heat exchanger turning vane 201 such that the fluid functions as a heat transfer medium. The
thickness of the outer wall 211 is a balance between being thick enough to provide sufficient
rigidity to the turning vane 201 and thin enough to allow good thermal exchange between the
heat transfer medium flowing inside the vane and the air flowing over the outside of the vane.
The air flowing over the surface 205 is thereby cooled as the heat is transferred into the fluid
flowing inside the vane 201. Ih the depicted example, water is used as the cooling fluid due
to its ready availability and lack of toxicity. This also allows the fluid heated by the heat
exchange to be used to easily transport the heat to other locations or for other purposes for
which water would nonﬁally be heated by standard heating devices. Examples include, but
are not limited to domestic hot water use, swimming pools or aquariums and other uses as

will be discussed further below. Other, known in the art heat transfer mediums could be used
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as well, including, but not limited to, Freon gas, salt water, compressed gasses and other
refrigerants.

The length of the turning vane 201 can vary depending on the application. Vanes as
long as 65 feet or longer can be used in large installations. Bracing members 209, 210 divide
the interior space of the heat exchanger turning vane 201 into channels. The bracing
members 209 and 210 are to ensure the heat exchanger turning vane 201 has sufficient
rigidity to withstand the airflow and the weight of the fluid flowing through in use without
bending. The bracing members 209, 210 also increase the surface area of the turning vane
201 that is in contact with the fluid, increasing the speed and efficiency of the heat transfer to
the fluid. In the depicted embodiment there are three channels 206, 207 and 208. More or
less channels and bracing members could be used depending on the size of the heat
exchanger turning vane 201 and the volume of fluid flow desired. In the depicted
embodiment, all of the fluid in a tuming vane would be flowing in the same direction,
regardless of how many channels the interior of the vane is divided into for structural reasons.
The heat exchanging capacity depends on the surface area of the contact between the fluid
and the turning vane 201, the thermal resistance of the material of the heat exchanger turning
vane 201, the thermal resistance and flow rate of the fluid and the difference in temperature
between the cooling fluid and the airflow. For any given turning vane 201 in any given
installation, these factors will all need to be optimized to ensure sufficient cooling of the
airflow occurs. In the depicted embodiment the majority of the area of the cross section of
the turning vane 201 is fluid flow space, as seen in Figure 3.

At ends 212 and 213 and at opposing comers of channel 207 screw bosses 214a, 214b
are formed into the interior of the heat exchanger turning vane 201. These screw bosseé
214a, 214b allow the turning vane 201 to be attached to a flange or other surface
perpendicular to the direction of flow of the fluid in the vane. This method of attachment
makes the assembly of turning vane assemblies 200 faster, easier and less expensive. Since
the screw bosses can be formed into the extrusion mold for the turning vane 201, the tuming
vane 201 can be extruded to any length and then attached as needed with no further
modification needed. Since the screw bosses 214a, 214b are formed inside the heat
exchanger turning vane 201, the method of attachment to whatever transition piece or end
plate does not disrupt the airflow over the turn vane, as in prior art methods of attaching
turning vanes to support racks. If the attachment points were on the outer surface (airflow

surface) of the turning vane 201 such extrusion molding could not be used, since then the



attachment points would be on the entire surface of the turning vane 201, spoiling the
aerodynamic qualities needed.

In an alternate embodiment the screw bosses 214a,| 214b could be formed by leaving
the area of the screw bosses solid in the extruded part and drilling out holes and possibly
tapping threads after extrusion to form screw bosses 214a, 214b. In another alternate '
embodiment the screw attachments could be installed into the interior of or on the exterior of
the turning vane after formation of the turning vane, such as by welding, epoxy or other
means.

In a heat exchanger turning vane assembly 201 it is necessary that the attachment of
the turning vane to the connection piece 202 be largely fluid tight, to allow for continuous
flow of fluid, often under pressure. Depending on the application and the heat exchange
medium being used, some low levels of leakage of exchange medium may be acceptable.
Therefore the term fluid tight should be understood to encompass levels of fluid leakage at
the junctions that are within operating tolerances. However, even once the screw bosses
214a, 214b are formed into interior of the turning vane 201, a connection piece that allows for
a fluid tight connection that is easy to assemble and is not expensive to manufacture is
needed. Large numbers of these connection pieces are needed, as will be discussed below.
The greatest need for heat exchangei's in re-circulating wind tunnels is in those used for
amusement attractions and training facilities, which are often operated near continuously or at
least for extended operating hours, unlike testing tunnels. When the wind tunnels are being
used as amusement rides or training facilities, the cost and time to build the tunnel become a
critical factor in the profitability of the business or viability of the project, while the need to
keep the air at a comfortable temperature for paying customers and trainees increases,
particularly in warmer climates. Further the heat exchanger must be easy to maintain in
terms of both cost and down time, to prevent the maintenance costs of the wind tunnel from
becoming excessive. Therefore the heat exchange mechanism as a whole must be low cost to
build and must be able to be built, installed, inspected, tested, updated and/or replaced within
reasonable time parameters. Further it is important that any needed repairs must be relatively
easy and low cost to perform.

To lower costs it is desirable to be able to use as much off the shelf material as
possible for the fluid connections both within the heat exchanger tuming vane assembly 201
itself and to the fluid supply. Therefore it is desirable to be able to use standard plastic,

rubber, PVC or similarly common plumbing pipes and/or hoses and connectors as much as



possible. This allows for lower cost materials and easy to replace pieces when repairs are
needed.

Therefore. the connection pieces 202 should function to form a simple, inexpensive,
fluid tight connection betv)een the airfoil shape of the tuming vane 201 and standard
plumbing pipe or hose 204 in the depicted embodiment. The connection pieces 202 must be
easy to attach and remove from the turning vane 201 ends. The connection pieces 202
themselves should be low cost to manufacture, in the depicted embodiment they are
manufactured from a two piece injection mold, which significantly reduces the cost of
individual connection pieces 202 to manufacture.

The number and size of the turning vanes in a given heat exchanger turning vane
assembly 200 needed in any particular heat exchanger application will depend on the airflow
speed, heat to be exchanged, and airflow volume of a given tunnel.

Figure 4 is a perspective view of one end of the heat exchanger turning vane assembly
200 with the turning vane 201 mounted in a rack 215. In the depicted embodiment the rack
215 has shaped slots 216 to hold the turning vanes at the appropriate angle and orientation.
The racks 215 are designed in such a manner that no additional mechanical connection is
required to hold the smooth continuous exterior of the turning vane 201 to the rack 215.

Side views of the whole heat exchanger tuming vane assembly 200 can be seen in Figures 5
and 6. The horizontal floor of the bottom plenum 108 is indicated by line F. The racks 21 5
have been shown in a rotated manner for easy of viewing. This should not be taken to
indicate that the racks 215 would be mounted in the orientation shown in the Figures 5 and 6.
The appropriate orientation of the rack 215 and the heat exchanger turning vane assembly
200 is also shown in Figure 1.

Referring again to Figure 4, in the depicted embodiment the inflowing cold water
flows through four tuming vanes 201 before being carried away from the heat exchanger
turning vane assembly 200 as warm water. The cold water flows in through inflow pipe 217
and is connected to pipe or rubber hose 204 which is connected to connection piece 202 and
thence to the turning vane 201, labeled A in Figure 4. The water flows through channels
206, 207 and 208 to the other end, which also has a connection piece attached to pipe or
rubber hose 204 which in turn connects to U connection 218, seen in Figure 6, which is like
connected to the next turning vane 201, B, though another U connection 218 to another
turning vane 201, C and then again through another U connection 218 to turning vane 201 D
and then out through outflow pipe 219. The labels A, B, C and D are purely to indicate the

turning vanes 201 being discussed in the flow path to aid the reader in understanding the flow
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path of the depicted embodiment. These turning vanes 201 are not different from any of the
other turning vanes 201 discussed herein. This configuration of flowing through four turning
vanes is repeated with the remaining turning vanes 201. The inflow pipes 217 are connected
to cold water supply pipe 220 and the outflow pipes are connected to warm water removal
pipe 221.

The warm water can be used to heat any desired nearby location, either by flowing the
warm water directly into a water supply line for pool or other location needing warm water,
or by having a second heat exchanger on the other end of the line, allowing the heat to be
pulled out the water at the desired location. For example, if the wind tunnel was near a
shopping mall or other large recreation center the warm water could be flowed into a heating
system for the building and the heat used to heat the building using standard warm water heat
exchange systems. In those cases the now cooled water could be flowed back to the heat
exchanger turning vane assembly 200 to the cold water supply pipe 220, forming a largely
closed loop. There would need to be an inlet for more water into the system to replace water
lost to small leaks etc. It may also be desirable to have a method to flush the system to
remove any particle build up, such as mineral deposits, that could reduce the efficiency of the
system

This use of the energy in the heated water to heat some other system allows some of
the energy cost of running the wind tunnel to be offset by reducing energy costs in another
system. This reduces the overall energy consumption of the whole related complex as the
complex is not paying for cooling the air in the wind tunnel and paying for heating some
other system.

‘The flowing of the water through four turning vanes 201 in the depicted embodiment
should not be taken as a limitation, fewer passes through turning vanes 201 or more passes
though turning vanes 201 could be used, depending on the application and the cooling needs
of any particular installation. As mentioned above, other cooling mediums could be used as
well as water in a given installation. No limitation to a particular cooling medium is intended
or should be implied.

The connection piece 202 is in Figures 7, 8, 9 and 10. Connection piece 202 has a
body 235, a pipe connection piece 236 and a bottom surface 233. The body 235 has an outer
ridge 228 which adds rigidity to the connection piece and gives it the proper aerodynamic
shape. The rounded edges of the connection piece 202 are for structural and aesthetic
reasons. The edges could be square or other configurations as desired. The pipe connection

piece 236 has ring 237 extending annularly from its surface to allow standard hose clamps to
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attach a standard flexible hose to the adjacent connection pipe. If desired, a connection pipe
could be attached directly to the pipe connection pieces 236 instead of having a flexible hose
piece between them. The flexible hose piece allows for flex in the tuming vanes 201 caused
by the fluid flow or other forces to be absorbed without causing stress on the fluid pipes.

Referring to Figures 7 and 8, there are four screw holes 230, 231 that align with screw
bosses 214a, 214b respectively on tumning vane 201. Screw holes 230 are located near ends
245, 246 of the body 235 and align with screw bosses 214a. Screw holes 231 align with
screw bosses 214b and are located on cross members 239, 240, which correspond in location
and general shape to bracing members 209, 210. Cross members 239, 240 only extend a
limited height H into the interior 241 as seen in Figure 10. This leaves the majority of the
interior 241 of the connection piece 202 open to allow for maximum fluid flow. The cross
members 239, 240 need to be sufficiently rigid to hold the screws when the connection piece
is held fluid tight against the turning vane 201. The exact height H of the cross members
239, 240 will depend on the specific application. The cross members 239, 240 divide the
bottom surface 233 to form three openings 242, 243, 244 that correspond to channels 206,
207 and 208 in the turning vane 201. This allows the fluid to flow out of the interior of the
turning vane and into the interior 241 of the connection piece 202 and then into the pipes and
vice versa. The fluid flow from the pipes 217 into the connection piece is split into the
channels 206, 207 and 208 through the connection piece 202. If a gaseous cooling medium is
used, then gas tight connections will be needed, which can be provided with the appropriate
sealing means.

All four screw holes 230, 231 are accessible from the top side of the connection piece
202, as can be seen in Figure 7. This allows an installer or repair person to attach or remove -
the connection piece 202 easily and quickly with common tools. The screw holes 231 that
attach to the screw bosses 214b on the bracing members 209, 210 are required to ensure a
water tight seal. Screw holes 231 are located within the flow area of the connection piece
201 so that any leak at the screw head would be inconsequential. This means that only the
other two screw 230 locations require a gasket or o-ring to prevent or reduce leakage of the
fluid from under the screw head. One gasket is used per screw location. Unless the turning
vane is an extremely small one, the two intemnal screw connections are needed to ensure a
fluid tight connection. In such a small turning vane, the bracing members 209, 210 might not
be needed as well. Recess 232 is formed into the bottom surface 233 of connection piece
201 correspond to the shape of the end of turning vane 201, so that the connection piece 201

sets over the end of turning vane 201 to allow a water tight seal to be formed.. A sealing
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gasket (not shown) fits in recess 232 and is shaped to correspond to the bottom of connection
pieces 201. The sealing gasket is die-cut from a sheet of EPDM rubber in the depicted
embodiment. Part of the shape of the recess 232 is designed to hold the sealing gasket in
place while the connection piece is being attached to the turning vane. If a gaseous cooling
medium is used, then gas tight connections will be needed, which can be provided with the
appropriate sealing gaskets and sufficiently tighten screws. If needed the size of the screw
holes can be different at each location.

The shape of the connection piece 202 in the depicted embodiment allows the
connection piece to be formed in a two piece injection mold, allowing the connection pieces
202 to be manufactured at low cost. In the depicted embodiment the connection piece is
made out of ABS Plastic but it may also be made from polycarbonate, polypropelene,
polyvinyl chloride (PVC), nylon and other forms of plastic.

The above system allows a method of cooling comprising the following steps:
flowing a working fluid at a first temperature through a pipe system to a first heat exchange
unit;

the heat exchange unit formed of at least one turning vane having single unit
connections pieces at each end of the hollow tuming vane, the connection pieces being
removably attached to the tuming vane;

the connection pieces having been removably connected to the hollow tumning vanes
with mechanical connectors;

the heat exchange unit connected to the pipe system such that fluid can flow from the
pipe system into the heat exchange unit;

passing the working fluid from the first heat exchange unit into a second heat
exchange unit;

the method further comprising the steps, performed comemj)o'raneously with the
passing steps, of turning air as the air passes past the hollow turning vanes, and cooling the
air as the air passes past the hollow turning vanes by transferring heat to the fluid and thereby
raising the temperature of the water from the first temperature to a second temperature.

The method can further comprise using the heat removed in the first system to be
transported to another system and used to heat another syﬁtem. The method can further
comprise retuning the now cooled water to the first system.

While a number of exemplary aspects and embodiments have been discussed above,
those of skill in the art will recognize certain modifications, permutations, additions and sub-

combinations therefor. It is therefore intended that the following appended claims hereinafter
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introduced are interpreted to include all such modifications, permutations, additions and sub-
ccmbinations are within their true spirit and scope. Each apparatus embodiment described
herein has numerous equivalents.
; 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, but it is 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 preferred embodiments and optional features, modification and
variation of the concepts herein disclosed 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.

In general the terms and phrases used herein have their art-recognized meaning,
which can be found by reference to standard texts, 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.
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We Claim
1. A connection piece for connecting a fluid pipe and a hollow turning vane to allow a
heat exchange medium to flow through the hollow turning vane in a heat exchanger,
the connection piece comprising:
a body having an upper and lower surface and a hollow interior;
a hollow pipe connection extending from the upper surface and connecting to thé
interior;
the lower surface being shaped to correspond to one end of the hollow turning
vane;
the connection piece having a plurality of attachment points for attaching to the end
of the hollow turning vane, the attachment points all being accessible from a
top side;
the connection piece forming a fluid tight connection to the end of the hollow
turning vane when the connection piece is removably attached to the hollow
turning vane at only at the connection points; and
the connection piece being formed as a single unit.
2. . The apparatus of claim 1 wherein the connection piece is formed in a two piece

injection mold.

3. The apparatus of one of claims | to 2 wherein at least one of the attachment points is
accessible through the hollow pipe connection and at least one attachment point is

located on the uppef surface of the body.
4. The apparatus of one of claims 1 to 3 wherein at the least one point attachment

accessible through the hollow pipe connection is located on a cross member located

inside the interior of the body.

5. The apparatus of one of claims 1 to 4 further comprising two cross members, each

having an attachment point. -

6. The apparatus of one of claims 1 to 5 at least one attachment point is located near one

end of the connection piece.
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7.The apparatus of one of claims 1 to 6 further comprising a recess on the lower surface
shaped to correspond one end of the hollow turning vane.

8.The apparatus of one of claims 1 to 7 wherein a sealing gasket is placed inside the
recess.

9.The apparatus of one of claims 3 to 8 wherein the height of the cross member is less
than the height of the holiow interior such that a majority of the hollow interior is
open.

10. The apparatus of one of claims 1 to 9 wherein at least one of the connection points
further comprises a sealing gasket.

11. The apparatus of one of claims 1 to 10 wherein the connection points are threaded
holes and screws are used to removably attach the connecting piece to the connection

piece to the turning vane.

12. A heat exchanger turning vane for a re-circulating wind tunnel comprising:
a rack;
a plurality of hollow tummg vanes formed to allow a fluid to flow through the
vanes, said hollow turning vanes mounted in the rack;
connection pieces at each end of the hollow turning vanes to connect the turning
vanes to a fluid pipe system; and
said connection pieces being formed of a single piece and connecting in a fluid
tight manner to the hollow turning vanes without heat or chemical bonding.
13. The apparatus of claim 12 wherein the connection pieces connect to the turning vane
at connection points that are within the hollow area of the turning vane.
14. The apparatus of one of claims 12 to 13 wherein the connection points are screw
bosses.
15. The apparatus of one of claims 13 to 14 wherein the turning vanes have internal crbss
- bracing and the connection pieces connect to the internal cross brac':ing with a
removable mechanical connector.
16. The apparatus ot one of claims 12 to 15 wherein the connection pieces is one of the

connection pieces claimed in one of claims 1-11.
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17. A vane array comprising:

a plurality of hollow vanes, each having substantially constant cross section, the
vanes disposed substantially parallel to each other;

each vane having a first end and a second end;

the array having a first edge defined by first ends of the plurality of vanes;

the array having a second edge defined by second ends of the plurality of vanes;

each vane's cross section defining at least two screw bosses formed therein;

each vane having at its first end a first respective connection piece, first respective
connection piece secured fluid tight thereto by means of screws, each screw
threadingly engaged with a respective screw boss;

each vane having at its second end a second respective connecﬁon piece, second
respective connection piece secured fluid tight thereto by means of screws,

each screw threadingly engaged with a respective screw boss;

a first manifold disposed along the first edge;

a second manifold disposed along one of the first edge and the second edge; and

pipes connecting the first manifold, the connection piecgs, and the second
manifold, thereby defining a plurality of fluid flow paths, each fluid flow
path passing from the first manifold and through at least one of the vanes to
the second manifold.

18. The apparatus of claim 17, wherein the pipe connection to each connection piece

defines an opening thereinto;

| the screw bosses formed into each vane's cross section including at least one screw boss
positioned such that the screw threadingly engaged therewith has an axis passing through the
opening.
19. The apparatus of one of claims 17 to 18, wherein the number of screw bosses is at
least four, and wherein the number of screw bosses positioned such that the screw
threadingly engaged therewith has an axis passing through the opening is at least two.

20. The apparatus of one of claims 17 to 19 wherein the connection piece is the

connection piece of one of claims 1-10.
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21. A method for use with a plurality of hollow tuming vanes, the method comprising the

steps of:
flowing a working fluid at a first temperature through a pipe system to a first heat exchange
unit;

the heat exchange unit formed of at least one turning vane having single unit
connections pieces at each end of the hollow turning vane, the connection pieces being

removably attached fluid tight to the turning vane;
the connection pieces having been removably connected to the hollow turning vanes

with mechanical connectors;
the heat exchange unit connected to the pipe system such that fluid can flow from the

pipe system into the heat exchange unit;
passing the working fluid from the first heat exchange unit into a second heat

exchange unit; and

the method further comprising the steps, performed contemporaneously with the
passing steps, of turning air as the air passes past the hollow turning vanes, and cooling the
air as the air passes past the hollow turning vanes by transferring heat to the working fluid
and thereby raising the temperature of the working fluid from the first temperature to a

second temperature .

22. The method of claim 21, wherein the connections are fluid tight.
23. The method of one of claims 21 to 22 further comprising the steps of ﬂowing the
' working fluid through a second turning vane.

24. The method of one of claims 21 to 23 further comprising the steps of fransporting the
heated working fluid to a second location and transferring the heat to another fluid
through a heat exchange system.

25. The method of one of claims 21 to 24 further comprising the steps of transporting the

heated working fluid to a second location and utilizing the heated working fluid at the

second location.
26. The method of one of claims 21 to 25 further comprising the steps of transporting the
now cooled working fluid from the second location back to the first hollow turning

vane once the fluid has retumed to the first working temperature.
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27. The method of one of claims 21 to 26 wherein the working fluid is a liquid or a gas.

28. The method of one of claims 21 to 27 wherein the working fluid is selected from the
group consisting of water, Freon®, gas, salt water, or compressed gas.

29. The method of one of claims 21 to 28 wherein the Working fluid ét the second
temperature is used to heat the environment at the second location.

30. The method of one of claims 21 to 29 wherein the connection piece is one of the

connection pieces claimed in one of claims 1 to 10.
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