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cha}@er p es, heat energy is transferred by a variety of methods, including
conduction in electric-resistance heaters; conduction-convection in exchanges,
dwellers, and condensers; radiation in furnaces and radiant-heat dryers; and by
special methods such as dielectric heating.

The design and testing of practical heat-exchange equipment are

20 based on the general principles of heat transfer. In simple devices, the vital
quantities such as average temperature difference and heat transfer coefficient
can often be evaluated easily and with considerable accuracy, but in complex
processing units evaluation may be difficult and subject to considerable
uncertainty. The final design of heat exchange equipment is nearly always a

25 compromise, based on engineering judgment, to give the best overall
performance in the light of service requirements.

Sometimes the design is governed by considerations which have
little to do with heat transfer, such as the space available for the equipment or the
pressure drop which can be tolerated in the fluid streams.

30 Heat exchangers are so important and so widely used in the
process or chemical industries that the principles of their design have been highly
developed. Standards devised and accepted by the Tubular Exchanger
Manufacturers Association (T. E. M. A.) are available covering in detail areas
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type of heating, fluids are stored in vessels, and the vessel is exposed to the sun.

The heat energy from the sun heats the liquid inside the vessel.
Methods of cooling, similar in principle to thermal heating are also
20  known. A simple example of evaporative cooling is known, particularly in off-road
and long-distance trucking. In this method of cooling, a storage vessel is
surrounded by cloth, the entire vessel and cloth then submerged in water, and
attached to the front of a moving vehicle. Due to the speed of the moving vehicle
and the air passing by the storage vessel, now surrounded with wet cloth,
25 evaporation takes place. Due to the fact that evaporation requires heat energy to
heat the water above a particular temperature, heat is absorbed from the water
inside the storage vessel, thus cooling it.
The above methods of cooling and heating are not generally
appropriate for small-scale hydroponics operations. Tubular type exchangers
30 and plate type exchangers are very expensive and require large amounts of
maintenance. For these reasons, they are often only found in large chemical
plants. They are highly complex pieces of equipment and as such are not

serviced easily by untrained operators. They require special knowledge and



mai nt enance. For these reasons, they are often only found in | arge chem cal
pl ants. They are highly conpl ex pieces of equipnment and as such are not
servi ced wadBloysesby untrai ned operators. They require specipair/AAneomiadge and
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pi eces of equi pnment which are often quite large and conplex and therefore
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25 The pregfdact withean ingit ggsdpueh wadoperatiogathearryeisaitof gashabrpsptiapisr at us,
provi de. 1 FaledsRE R b e ¥R °0r commer ol &l choi ce. 1n one form the
i nvention resi ik methédgas gas exbieigechalendig@dvantages which are similar to the
15 heat exchanger situation. They require special skills and training for operation of
the required equipment and as such are not used by users without such training.
They also are expensive pieces of equipment which are often quite large and
complex and therefore are out of the budget of smaller users.
It simply would not be economically viable, nor practical, to use a
20 conventional heat or gas exchanger, in a relatively small business such as a
hydroponic primary producer. Often these large-scale pieces of equipment have
their own problems, and as such would not meet the needs of a hydroponic
grower.
OBJECT OF THE INVENTION
25 The present invention is directed to a gas and heat exchange
apparatus, which may at least partially overcome the abovementioned
disadvantages or provide the consumer with a useful or commercial choice.
In one form, the invention resides in a gas and heat exchange
apparatus, which has at least one substantially vertical elongate hollow member,
30 a plurality of internal members spaced inside the at least one hollow member,
each internal member having at least one opening, means for gas intake and
exhaust in fluid connection with the at least one hollow member, means for

draining the at least one hollow member and a means for adding liquid to the



apparatus, which has at |east one substantially vertical elongate holl ow
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hol | ow newbaeB/o4ssesh | nt er nal menber having at | east one opemiAawz/omsans for
gas intake and exhaust in fluid connection with the at |east one holl ow
menber, means for draining the at |east one holl ow nenber and a neans for
adding liquid to the WO 03/ 048668 PCT/ A002/ 01632 4 upper end of the at

| east one hol | ow nenber. Preferably the internal nmenbers conprise insert
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material. A preferred material would be polyvinyl chloride (PVC) or plastic.

The connecting member at the upper end of the hollow members
will preferably have an elbow joint at each end of the connecting member and
also a third, T-shaped joint between the elbow joints. Each elbow joint will

20 preferably be attached to the first and second hollow members respectively and
the downcomer of the T-shaped joint will be attached to the third hollow member.
Each elbow joint will preferably be connected to either side of the crosspiece of
the T-shaped member via a length of connecting member.

The connecting member at the lower end of the hollow members will

25 also preferably have an elbow joint at each end of the connecting member and
also a third, T-shaped joint between the elbow joints. The connecting member of
the upper end and the connecting member of the lower end of the hollow
members will preferably be substantially similar in design.

The wall thickness of the hollow members and the connecting members

30  will preferably be the same. It will preferably be between 1 mm and 25 mm. This
wall thickness may be important in maintaining the vertical strength of the hollow
members, and also the heat flux through the wall of the hollow members.

The length of the hollow members will preferably be between 1.5 m



t he upper end and the connecting nenber of the | ower end of the holl ow
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The HS | cdnmabeerionhetweeetiee hpllgwmaembenaad feeiseeonchaember. Itis in this
annular portion that the heat and gas exchange will preferably take place. The

ends of the second member will preferably be sealed in a substantially fluid tight
manner to prevent any fluid flowing into the second member. This will force the
fluid to flow preferably through the annular portion.

20 The orientation of the substantially vertical elongate hollow
members when erected will preferably be to avoid all of the members being
exposed to the sun at once. This means that the general orientation will be
parallel to the East-West movement of the sun.

The hollow members will preferably be maintained in their

25 substantially vertical orientation by a support frame attached to the hollow
members. This support frame will preferably be manufactured out of a light metal
such as steel. The support frame will preferably hold the hollow members above
the ground, at a suitable height to engage with other hydroponic apparatus.
Preferably the lowest portion of the hollow members will be held approximately at

30 1-2 m above the ground surface. The support frame will preferably be strong
enough to maintain the vertical position of the hollow members even during
violent storms.

The insert members will preferably be disk shaped members. They



25 substantially vertical orientation by a support frane attached to the
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hydr oponi c apparatus. Preferably the | owest portion of the holl ow nenbers
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extremt i;?l%fé)rfabWe accomplished by the method of attachment to the second member.
The insert members will be held in their position by the method of attachment to
the second member.

Preferably, there shall be at least three different types of insert
20 member. The first type of insert member will be located at the upper and lower
extremities of each hollow member. There shall preferably be one of the first
type of insert member located at each of the upper and lower extremities of the
hollow member. The first type of insert member will preferably be circular, have a
central hole which is of a diameter to engage with the second member, and have
25 a plurality of openings on its circular surface. The openings will preferably be
holes to allow the flow of fluid through the insert member. The first type of insert
member shall preferably provide an even distribution of fluid around the diameter

of the hollow member.
The second type of insert member will preferably be located
30 adjacent the upper first type of insert member. There shall preferably be 9 of the
second type of insert member arrayed adjacent the upper first type of insert
member. The second type of insert member will be circular, have a central hole

which is of a diameter to engage with the second member, and have a plurality of



hol | ow nenber. The first type of insert nenber will preferably be circular,
have a central hole which is of a dianmeter to engage with the second
menber, awo obawsse®25 a plurality of openings on its circul actTsabaos2 The
openings will preferably be holes to allow the flow of fluid through the

I nsert nenber. The first type of inser menber shall preferably provide an
even distribution of fluid around the dianeter of the hollow nmenber. The
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circular surface. e mesh nenber w preferably assist the %as exchange.
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arrayed &dihapgset the | owest second type of insert nmenber. The third type
of insert nenber will be circular, have a central hole which is of a

di amdtSer to engage Uhe thizbtypeeofsiagertdnembkeewill Radosated adjacentdhe dgwest
openi ngs é)&c)intdstyf)i(er 8P|rf?srertsH1reWeer; bﬁp%bove the lower insert member of the first
type. There shall preferably be 3 of the third type of insert member arrayed
adjacent the lowest second type of insert member. The third type of insert
member will be circular, have a central hole which is of a diameter to engage with
20 the second member, and have a plurality of openings on its circular surface. The
openings will preferably be holes to allow the flow of fluid through the insert
member. The plurality of openings shall preferably be of two different sizes. The
first sized opening in the third type of insert member will preferably be
approximately 40 mm in diameter. The second sized opening in the third type of
25 insert member will preferably be approximately 20 mm in diameter. The two
different sized openings will be alternated around the circular surface of the insert

member.
The third type of insert member will preferably be covered by a
mesh member. The mesh member will preferably have openings which are
30 smaller than 1 mm square. The mesh member may preferably be constructed of
"sailing cloth” mesh. This mesh member will be preferably attached to the third
type of insert member to both its upper and lower circular surface. The weave of
the mesh member attached to the third type of insert member will preferably be



openings will preferably be holes to allow the flow of fluid through the
insert nenber. The plurality of openings shall preferably be of two

di fferentweiozmsscesThe first sized opening in the third typeTofuocnsset
menber will preferably be approximtely 40 nmin dianeter. The second
sized opening in the third type of 25 ipnsert nenber wll preferably be
approximately 20 mmin dianeter. The t different sized openings wll be
alternated around the circul ar surface of the insert nenber. The th| rd
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of the T-shaped neans is preferab g attached to the connecting nenber at
t he upperTheoverticalh@orinn «f therbesBapethi means | issprefarably aftaghedoto tthe neans
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extend downward. At the |lower extremty of the perpendicular portion, there
shal 15 level.

The crosspiece of the T-shaped means will preferably have elbow
joints on either end. The perpendicular portion of the elbow joints will preferably
extend downward. At the lower extremity of the perpendicular portion, there shall
preferably be a mesh cap member. The mesh cap member will preferably be

20 dome shaped. There will preferably be more than one T-shaped means
connected to the connecting member at the upper end of the hollow members.

The means for gas intake and exhaust will preferably be
manufactured from polyvinyl chloride (PVC) or other plastic pipe. The diameter of
the members comprising the means for gas intake and exhaust will preferably be

25 smaller than that of the hollow members.

The means for gas intake and exhaust will preferably be in fluid
contact with the connecting member at the upper end of the hollow members,
and therefore also be in fluid contact with the hollow members themselves. This
will preferably allow the flow of gases, particularly air, into and out of the hollow

30 members.

The connection of the means for gas intake and exhaust to the
connecting member at the upper end of the hollow members will preferably be
such that the orientation of the means for gas intake and exhaust with respect to



preferably be a nesh cap nenber. The nmesh cap nmenber will preferably be 20
done shaped. There will preferably be nore than one T-shaped neans

connect edwbm3bisseconnect i ng menber at the upper end of thechotoemasenbers.
The neans for gas intake and exhaust will preferably be manufactured from
pol yvinyl chloride (PVC) or other plastic pipe. The dianmeter of the
menbers conprising the neans for gas i ®t ake and exhaust will preferably be
25 smal l er than that of the hollow nmenbers. The means for gas. intake and

exhaust wihel hollowr eesmhersyaay ber¢hangede JRreierably the meansdandes inigker@Rber at
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menber under the force of gravity. The means for adding liquid to the upper
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(PVC) or plastic. The systemof pipes will preferably be operatively
assodifat eeongtiusted munpolirwianps chiosidgud&her plastic. The "system of pipes will

preferably be operatively associated with a pump means, to pump the

water/nutrient from the storage tank or hydroponic apparatus to the upper end of

the hollow members. At this point gravity will preferably take over and act to draw

the liquid down through the hollow members to the means for draining the hollow
20 members.

The system of pipes will preferably be attached to the outside of the
hollow members. There will preferably be only one pipe carrying water/nutrient to
the upper end of the hollow members. At the upper end of the carrying pipe, will
be a T-shaped joint which will allow splitting of the flow of water/nutrient into

25 separate streams, each stream entering one of the hollow members and the
liqguid may flow downward towards the means for draining the hollow members.

The water/nutrient will preferably enter the hollow members through
substantially fluid tight openings in the connecting member at the upper end of
the hollow members. The fluid will then flow directly onto the first type of insert’

30 member which will have the effect of dispersing the fluid evenly about the annular
portion of each of the hollow members.

Due to the pressure effect of pumping the water/nutrient into the

upper end of the hollow members, air will be drawn from outside the hollow



water/nutrient fromthe storage tank or hydroponic apparatus to the upper
end of the hollow nenbers. At this point gravity wll preferably take over
and act twodsawseet he |iquid down through the hol |l ow nenbersTiALORAE3ZRANS
for draining the hollow 20 nenbers. The system of pipes will preferably be
attached to the outside of the hollow nenbers. There will preferably be
only one pipe carrying water/nutrient 18 the upper end of the holl ow
menbers. At the upper end of the carrying pipe, will be a T-shaped joint
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plurality of 1nsert nenbers 12 spaced
15 vertical elongate hollow member 11, a plurality of insert members 12 spaced
V vertically inside the hollow member 11, the edges of each insert member 12
being in substantially fluid tight connection with the internal surface of the hollow
member 11, each insert member 12 having a plurality of openings 13, means for
gas intake and exhaust 14 in fluid connection with the hollow member 11, means
20 for draining the elongate hollow member 15 and a means for adding liquid 16 to
the upper end of the hollow member.

There are three substantially vertical elongate hollow members 11
making up each apparatus 10. Each of the three hollow members 11 is the
same, both internally and externally, allowing more fluid to be treated than that

25 possible by a single hollow member 11.

The hollow members 11 are connected by connecting members 17
disposed at each end of the hollow members 11. The connecting members 17
are adapted to join the three hollow members 11 in a substantially fluid tight
manner to each other.

30 The hollow members 11 are elongate tubular members. The inner
diameter of each hollow member 11 is approximately 150 mm. The hollow
members 11 are manufactured from polyvinyl chloride (PVC) or plastic.

The connecting member at the upper end of the hollow members 18



vertically inside the hollow nmenber 11, the edges of each insert nenber 12
being in substantially fluid tight connection with the internal surface of

t he hol | omo osewdses 11, each insert nenmber 12 having a pl uraltiAgp20ic3epeni ngs
13, nmeans for gas intake and exhaust 14 in fluid connection with the

hol | ow nenber 11, neans 20 for draini ng t he el ongate hol |l ow nenber 15 and a
nmeans for adding liquid 16 to the upp ! end of the hol |l ow nmenber. There
are three substanti al Ielp]vertical el ongate hol ] ow menbers 11 naki gﬁiﬁgp each
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possi bl e -y a sl ow nenber are connect ed
by connecthenfirsteamdesecohd hdlicwp osemdbeats @ 4chndrtbe afowrdmonhel bbthengrdhapedl 1.

The connect i mephers 17 e, adgpted to join the three hol |l ow nenbers 11
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11 are el ghgqd 7 r Ij f tHH TSRl I mber
11 is%approm ncg?del%)!éiltg%r %Tangtt%ﬁgehcg{gf?\}v@é@ngntt)%s 11 aFgrfnﬁanu gghrlgﬁgﬂﬁfom
pol yvi nyl ot¢drnecting prabent7.pl asti c. The connecting nenber at the upper end

f the holl nb 18 WD .03/ 048668 PCT/ AU02/ 0163 1 | baw j oi nt
T0 at “each end of 1P EORRRINGECHERbA! e IoiRT Sichel el Rl memias agy ©
joint 20 prbveanahNabsivhemti i dich é8d dramb &irﬁfé‘@tih@'rﬂém%%r'ﬁ ahd afdea to
the first and second hol'l ow nenbers 11, and the downconer of the T-shaped

j oi nt 21, thivd,, IT-shapad jeintchetweenhibet elbow joints.ow heesbaneating member| afothej oi nt
19 is 5 connecte ei,ther side . of the crosspiece of the . T-shaped,nenber
Via 3T engoRer ord clshaBe: e cRiuRe et S R irety=hd gz ot 288 M5 o ner
end of thmehdrav in@elibstatiiallpsinildias dasighl bow joi nt at each end of the
connecting nmenber 22 and also a third, T-shaped joint between the el bow

joints. The connectThe wallhthicknesstafetheoheligvememeemnssiirand e conredingng
i ar i AT S Fh,SA e BRroBfhakl Hal Ml nLhSPEr Thekier k2
connect i Ngnpdéreires snairtairstHe \eriieamstrength 6f tericivivmeeinerd 19, mm This wal |
th cklnSess 'S The length of the hollow members 11 is approximately 6 m in order
to maintain the vertical strength of the hollow members 11. This will provide
suitable length in which to accomplish the gas and heat exchange, but be short
enough to maintain strength.

There is also a second member 23, disposed inside each

20  substantially vertical hollow member 11, to provide support. The second member
23 is also an elongate hollow member, and is also constructed of the same
material as the hollow members 11. It is of a smaller diameter, and fixed within
the hollow member 11 in a concentric manner. The second member 23 is of
equal length to the hollow member 11, and terminates at both ends in a plane

25 common with the hollow member 11.

The second member 23 is spaced from the hollow member 11 and
held in position by the insert members 12. The second member 23 is disposed
substantially in the centre of the hollow member 11, so as to define an annular
portion 24. |t is in this annular portion 24 that the heat and gas exchange will

30 take place. The ends of the second member 23 will preferably be sealed in a
substantially fluid tight manner to prevent any fluid flowing into the second
member 23. This will force the fluid to flow through the annular portion 24.

The orientation of the substantially vertical elongate hollow



I nportant to maintain the vertical strength of the hollow nenbers 11. 15
The Il ength of the hollow nenbers 11 is approximately 6 min order to

mai nt ai n woa3messts cal strength of the holl ow nmenbers 11. Parsausbiec3pr ovi de
suitable Iength in which to acconplish the gas and heat exchange, but be
short enough to maintain strength. Th%ée Is al so a second nenber 23,

di sposed inside each 20 substant i al | y ertical hollow nenber 11, to
provide support. The second nemb is al so an el ongat e, hol | ow rrenber
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vertical elongate holl ow WO 03/ 048668 PCT/ AU02/ 01632 " 12 mermbers 11 will be
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t hat .t he e rient on. Wl | rallel to.the Eas venent of
the &h. SEYERET lBkidae) og sPind Bbuertle hiitAl fRelanttd nos ST
vertical the Kdliodnin@iibdis BY evepldiriig vibleabBtoamached to the hol | ow rrenbers
11. This support franme wll be manufactured out of a light nmetal such as

steel . The support Fhainsertippmbernd2iase disk shapedrrsembesnolbey pee gla@and at
o) oG O SRR S BB PBRL SrPRBEE Y Sor BB
1-1. 5 m afpeyearehecateduTHe hgdraatembére 120 hav pocdntidl didke 26! WhIUherfrﬁtcmaslsy be
strong enough to maintain the vertical position of the hol | ow menmbers 11
even 1%ur i the Qutsr dipmetepafdhe second member 23 located inside the hollow member
11. The central hole 25 engages with the second member 23 and the insert
members 12 will be supported by the second member 23.
The insert members 12 have an inner edge 26 defined by the
central hole 25, and an outer edge 27. The inner edge of each insert member 26
20 is attached to the second member 23. The outer edge of each insert member 27
is attached to the hollow member 11 in which they are located. These
attachments will preferably be in a substantially fluid tight manner to prevent any
fluid flowing through these attachments. The method of attachment may be any
conventional method, including adhesive means or collar means.
25 The insert members 12 are separated vertically. The insert
members 12 are separated by an equal spacing. The separation is accomplished
by the method of attachment to the second member 23. The insert members 12
will be held in their position by the method of attachment to the second member
23.
30 There are three different types of insert member 12. The first type
of insert member 28 will be located at the upper and lower extremities of the
hollow member 11. There is one of the first type of insert member 28 located at

each of the upper and lower extremities of the hollow member 11. The first type



The insert nenbers 12 are di sk shaped nenbers. They are planar, circular
menbers matching the shape of the hollow nenbers 11 inside which they are
| ocat ed. Whasiomsest nmenbers 12 have a central hole 25, whipch/ammeoiss 15 t he
outer dianmeter of the second nenber 23 |ocated inside the holl ow nenber

11. The central hole 25 engages with the second nenber 23 and the insert
menbers 12 will be supported by t he se&gnd menber 23. The insert nenbers 12
have an i nner edge 26 defined the central hol e 25, and_an _outer edge

27. The i®hiBseddgember ¢8d# q'rﬁg@r.t Aapgentigl hole 28 which imefiaidiamgterdecond
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menber 29 arrayed adj acent_the upper first type of insert nenber 28. The

secord t yiypes insprbmemkemndd isoappioximatelyc1$ simdn diametera Thentwadiffesent 25
Whi €h 1S 4he sized holes will be alternated around the circular surface of the insert member
12.
The second type of insert member 29 will preferably be covered by
mesh member (not shown). The mesh member will have openings which are
20 approximately 1 mm square. The mesh member is constructed of "fly screen”
mesh. This mesh member is attached to the second type of insert member 29 to
both its upper and lower circular surface. The mesh member will assist the gas
exchange.
The third type of insert member 30 will be located adjacent the
25 lowest second type of insert member 29. There are 3 of the third type of insert
member 30 arrayed adjacent the lowest second type of insert member 29. The
third type of insert member 30 will be circular, have a central hole 25 which is of a
diameter to engage with the second member 23, and have a plurality of openings
31 on its circular surface. The openings 31 will preferably be holes to allow the
30 flow of fluid through the insert member 30. The openings are of two different
sizes. The first sized opening in the third type of insert member 34 is
approximately 40 mm in diameter. The second sized opening in the third type of
insert member 35 is approximately 20 mm in diameter. The two different the



10 of a dianeter to engage with the second nenber 23, and have a plurality
of openings 31 on its circular surface. The openings 31 are holes to allow
t he fl ow wofo3bksssgl t hrough the insert nenber. The plural i trgTofvoopsse ngs
shal |l preferably be of two different sizes. The first sized opening in the
second type of insert nmenber 32 is approximately 40 mmin dianmeter. The
second si zed opening in the second 15 type of insert nenber 33 is
approximately 15 mm in diameter. The two different the si zed hol es
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weave of tTtl"f% %%tﬁs”f)o'f(bfés %tﬁ?&% te?hé@ﬁ 36 will preferably be T-shaped. The

vertical portion of the T-shaped means 36 is attached to the connecting member
at the upper end of the hollow members 18. This will position the means for gas
intake and exhaust 36 approximately 8 m above ground level.

20 The crosspiece of the T-shaped means 35 has elbow joints on
either end. The perpendicular portion of the elbow joints extend downward. At
the lower extremity of the perpendicular portion, there is a mesh cap member 36.
The mesh cap member is dome shaped. There is more than one T-shaped
means connected to the connecting member at the upper end of the hollow

25 members 18.

The means for gas intake and exhaust 36 is manufactured from
polyvinyl chloride (PVC) or other plastic pipe. The diameter of the means is
smaller than that of the hollow members 11.

The means for gas intake and exhaust 36 is in fluid contact with the

30 connecting member at the upper end of the hollow members 18, and therefore
also be in fluid contact with the hollow members 11 themselves. This will allow
flow of gases, particularly air, into and out of the hollow members 11.

The connection of the means for gas intake and exhaust 36 to the



second type of insert nmenber 29. The nmesh nmenber will further assist the
gas exchange. 10 The insert nenbers 12 will all preferably be fixed to the
hol | ow mwolen4sbds such that the openings on the insert nemogravoldiaaee not
aligned. This will ensure that the fluid flowi ng through the holl ow nenber
does not have a fixed flow path. This will provide a degree of agitation
to the fluid. Insert menbers 12 are con$tructed of a rigid yet strong

material, 15 preferably such a material such as pol yvinyl chloride (PVC
or other GPABESUNG Membasatdhe gippghendnefibe helovemenbers3® & suchothat dhanl y
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ground |l evel. 20 The crosspiece of the T-shaped neans 35 has el bow joints
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"~ 15 allow the collection and recycling of any water/nutrient added to the hollow

members 11. The pipes are constructed of polyvinyl chloride (PVC) or plastic.

The system of pipes 43 is operatively associated with a pump means 44, to pump

the water/nutrient from the storage tank 42 to the upper end of the hollow

members 11. At this point gravity will take over and act to draw the liquid down

20  through the hollow members 11 to the means for draining the hollow members

39.

The system of pipes 43 is attached to the outside of the hollow
members 11. There is only one pipe carrying water/nutrient to the upper end of
the hollow members 11. At the upper end of the carrying pipe, will be a T-shaped

25  joint which will allow splitting of the flow of water/nutrient into separate streams,
each of which will then enter one of the hollow members 11 and flow downward
towards the means for draining the hollow members 39.

The water/nutrient will preferably enter the hollow members 11

through substantially fluid type openings in the connecting member at the upper

30 end of the hollow members 18. The fluid will then flow directly onto the first type
of insert member 28 which will have the effect of dispersing the fluid evenly about
the annular portion 24 of each of the hollow members 11.

Due to the pressure effect of pumping the water/nutrient into the



avoid the intake of ground | evel heat and dust. The neans for draining the
hol | ow menber 39 is a hole in the connecting nenber at the | ower end of

t he hol | owomsmssss 22. This hole 39 is in substantially frcaiaboypes2
connection with an el ongate tubul ar nenber 40 leading 10 to a storage tank
41. The hole is disposed towards the ur]| erside of the connecting nenber 22
to all ow draining of the hollow nenber 'Y1 under the force of gravity. The

means for adding liquid 42 to the upper .end of the holl ow pnenbers is a
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nmeans 36, into the hollow nenbers 11. This air will then be mxed with the
wat erVmut Piaspeteathg mixipgyef| the air with the liquid. The liquid at the bottom of the

apparatus is a substantially cooler and higher in dissolved oxygen content then
the liquid at the top of the apparatus. The liquid is then drained into the storage
tank 41.
The system 10 is substantially fluid tight and as such prevents
20 losses through evaporation and also acts to recycle the liquid. The system also
acts to strip the water/nutrient liquid of any noxious gases which may be
deleterious to plant life.
The invention has been described in language more or less specific
to structural or methodical features. It is to be understood that the invention is
25 not limited to specific features shown or described since the means herein
described comprises preferred forms of putting the invention into effect. The

invention is, therefore, claimed in any of its forms or modifications.



downward t hrough the holl ow nenbers 11. 5 The apparatus operates as
follows: water/nutrient is punped fromthe storage tank 41 through the
means forwaddiossyeéd i quid 16 to the upper end of the holl owCrextivenss3il. The
liquid then falls under gravity's force through the elongate hol |l ow
menbers 11, and whilst doing so, is ”129d with the air comng in through
the nmeans for gas intake and exhaust 1 Due to the punping action 10 when
adding liquid air is actually sucked into the neans for gas intake and
exhaust 1 LA§W§ it isthis air that mxes with the liquid as it falls. As
the air comng into the holl ow nenbers 11, is generally cooler than the

heated |iquid fr .
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hollow members are connected by connecting members disposed at each end of
the hollow tubular members, the connecting members adapted to join three
hollow members to each other in a substantially fluid tight manner.
5. A gas and heat exchange apparatus according to claim 4 wherein the
20  connecting member at the upper end of the hollow members has an elbow joint at
each end of the connecting member and a third, T-shaped joint between the
elbow joints, the T-shaped joint having a crosspiece and a downcomer, each
elbow joint attached to a first and second hollow member respectively and the
downcomer of the T-shaped joint attached to a third hollow member, each elbow
25 joint connected to either side of the crosspiece of the T-shaped member via a
length of connecting member.
6. A gas and heat exchange apparatus according to claim 5 wherein, the
connecting member at the lower end of the hollow members is substantially
similar in design to the connecting member at the upper end.
30 7. A gas and heat exchange apparatus according to claim 1 wherein a
second, rigid elongate member is disposed inside the at least one substantially
vertical hollow member to provide support, the second member fixed within the

hollow member in a concentric manner.



2. A gas and heat exchange apparatus according to claim1l wherein each 10
I nternal nenber is substantially disc like with an outer edge and the outer
edges ofweaai4dent er nal nmenber are in substantially fl ui dPCirgiiio2zoeoizmecti on
with an internal surface of the at |east one hollow nenber in which they
are located. 3. A gas and heat exchange_,apparatus according to claim?2
conprising nore than one substantiall 38vert i cal, elongate, tubular, hollow

menber. 15 4. A gas and heat exchange apparatus accordi ng t | ai m
wherein tfe hbl 86%\/%%15‘8?5 exchangsh APPa U%ya%ﬁﬂﬁﬁttpn@'a ri&ﬁlerﬁﬁ”s ed at
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j oi nt et wRehbdrge el bow joints, the T-shaped joint having a crosspiece and
a downconer, each elbow joint attached to a first and second hol | ow nenber
respectivély aAdgahanddweatoxcbangé apparatus repseingitatclaim: doteeteirothe ahird
hol | ow nmepber, each el bow,25 .j oi nt, conpected to either side.of the
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gas and hggbpsxfaaige apparatus according to claim5 wherein, the
connecting nmenber at the |ower end of the hollow nmenbers is substantially
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hol | ow menmber in a concentric nanner. WO 03/048668 PCT/ AU0O2/ 01632 18 8. A

gas and hiégrmekereamriSappar at us according to claim7 wherein the second
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menbers. 9. A gas and heat exchange apparatus according to claim1l wherein
the a5 12 gas and heat exchange apparatus according to claim 1 wherein each
hollow member has at least three different types of insert member, each insert
member being disc-like,
at least one first type of insert member located at the upper and lower
ends of the hollow member, the first type of internal member having a plurality of
20  openings on its circular surface, the openings providing an even distribution of
fluid around the diameter of the hollow member,
at least one second type of internal member spaced from the upper first
type of internal member, each second type of internal member having a plurality
of openings on its circular surface, the openings of two different sizes, the first
25 sized openings in the second type of internal member of approximately 40 mm in
diameter, and the second sized openings in the second type of internal member
of approximately 15 mm in diameter, the two different sized openings alternated
around the circular surface of the internal member, and
at least one third type of internal member spaced from the lowest second
30 type of internal member and above the lower insert member of the first type, each
third type of internal member having a plurality of openings on its circular surface,
the openings of two different sizes, the first sized openings in the second type of

internal member of approximately 40 mm in diameter, and the second sized



| east one holl ow nmenber is nmaintained in a substantially vertical
orientation by a support frane. 10. A gas and heat exchange apparatus
accor di ngwD®3ok#sabsn 7 wherein the 10 internal nenbers haveca/aamantad hol e,
the central hole of each internal nmenber engaging with the second nenber
wi t hin each hol | ow nenber to support tq§ i nternal nenbers. 11. A gas and
heat exchange apparatus according to cl'dim1 wherein the internal nmenbers

are equally spaced along the I ength of each holl ow nenber. 15 12. A gas and
heat exchQH@@“Qﬁﬁarﬁleﬁeﬁ‘é%rtm%g)ft ipternal; meinwepgappé%mat%ﬂ%\m%%er
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the openings of two different sizes, the first sized openings in the second
type of iner@aphaiemiensaredssapiates withttbe nollowrmembedisaghiteat therapeningssecond
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si zed opengngsAagasrdirt tdableRdRshdd apphratus accordinga® claimthavheréipr i
menber. 13. A gas and heat exchange apparatus according to claim 12 wherein
each 15 means for gas intake and exhaust is in fluid contact with the upper end of the at
least one hollow member to allow a flow of gases, particularly air, into and out of
the at least one hollow member.
17. A gas and heat exchange apparatus according to claim 16 wherein the
means for gas intake and exhaust are T-shaped, the vertical portion of the T-
20 shaped means associated with an upper end of the at least one hollow member.
18. A gas and heat exchange apparatus according to claim 17 wherein the
crosspiece of the T-shaped means has elbow joints on either end, the elbow
joints associated with a filter cap member.
19. A gas and heat exchange apparatus according to claim 1 wherein the
25 means for draining the hollow member is an opening at a lower end of the at least
one hollow member, the opening in substantially fluid tight connection with an
elongate tubular member associated with a hydroponic apparatus.
20. A gas and heat exchange apparatus according to claim 1 wherein the
means for adding liquid to the upper end of the hollow members is a system of
30 pipes leading from a storage tank or from a hydroponic apparatus, the system of
pipes operatively associated with a pump means, to pump the water/nutrient from
the storage tank or hydroponic apparatus to the upper end of the at least one

hollow member.



5 second type of internal nenber is associated with a nesh nenber having a
plurality of openings of approximately 1 mmw dth therein. 14. A gas and
heat exchaoga/oggspar at us according to claim 13 wherei n eaclrCTiAtRM1d3ype of
internal nenber is associated with a mesh nenber having a plurality of
openi ngs therein which are smaller thapgthe openings of the mesh nmenber 10
associated with the second type of insert nenber. 15. A gas and heat
exchange par gt i j {Bi 1 s are
assoct at el 1 S R e BB ot s B g, ol e e e
menber s asysterntofglipemsdattaiohedAo gl oatsiiehebithecatdbast gmeappovmamembmarcor di ng to
claim1 wherein the 15 neans for gas intake and exhaust is in fluid
contact with the upper end of the at |east one hollow nmenber to allow a

fl ow of gases, particularly air, into and out of the at |east one holl ow
menber. 17. A gas and heat exchange apparatus according to claim 16 wherein
the neans for gas intake and exhaust are T-shaped, the vertical portion of
the T- 20 shaped neans associated with an upper end of the at |east one

hol | ow nenber. 18. A gas and heat exchange apparatus according to claim 17
wherein the crosspiece of the T-shaped neans has el bow joints on either
end, the elbow joints associated with a filter cap nenber. 19. A gas and
heat exchange apparatus according to claim1 wherein the 25 nmeans for

drai ning the hollow nmenber is an opening at a |lower end of the at |east

one hol | ow nenber, the opening in substantially fluid tight connection with
an el ongate tubular nenber associated with a hydroponi c apparatus. 20. A
gas and heat exchange apparatus according to claim 1l wherein the nmeans for
adding liquid to the upper end of the hollow nenbers is a systemof 30

pi pes leading froma storage tank or froma hydroponi c apparatus, the
system of pipes operatively associated wth a punp neans, to punp the
water/nutrient from the storage tank or hydroponi c apparatus to the upper
end of the at | east one hollow nenber. WO 03/048668 PCT/ AU02/ 01632 20 21
A gas and heat exchange apparatus according to claim20 wherein the system
of pipes is attached to the outside of the at | east one holl ow nenber.



