METH@B#AND. APPARATUS FOR AERATI NG AQUACULTURAL SYSTEMS 5 FI ELD OF THE

I NVENTI ON The present invention relates to a method for aerat mg@gﬂ gggrno
f4 owi ng through cul tivation. containers of ponds in-aquacul tur té ,
particularly in hydroponic and fish farm ng systens. The apparatus for
achieving this aeration nethod is also 10 descri bed. PRIOR ART One of
the maj or problem of both hygyIaroD ANDHAPPARAPOSHORI 1 sh farming is the 15
need for aerating. the nuijjEred] AOY RATHEMEe that oxygen and
ot her atnospheric gases are af y V ne liquid to reach the
cultivated organisns. In hydroponic plants, oxygen is required to reach the
roots of the plants. In a fish farm oxygen is needed to sustain the fishes
reared whi CIRIELDY OFCPHEMNVENTRONS, are normally reared in a popul ation
density nmuch hi gher than could be 20 found in their natural habitat.
Many attenpts have been made to solve this aeration problembut they are

ei ther ineffgct] i a 00 I ngjve. |

hydr oponi cs,ﬂfehgyegfﬂtrilﬁg%ﬁ% Fe%at%eé%nq q@%ﬁ% %e@ﬂ% ﬁg@gﬁ ﬁof”ﬁ%g Itgrtoggll%OS,
suppl i es pl aniltivatioh ltoftaitRfs omnpends!ix aguacultual ismeﬁs,lAg&ﬁéulmﬂm Hydiopodient in
el ongated 25 hol | ow troughs as described in US-A-4,379,375 (Wi ttaker
Cor por at i on)andffish farmiag|systems.ofThe; agparatus for achigving thig segation wediad dyialso
troughs1 prov&eg‘%?beﬁn air space on top of the nutrient solution inside the

t rough 9hus al T ow ng sone oxygen to reach the roots. However, nmintenance
of an adequate supply of oxygen to the roots becones a probl em when the
roots prolifﬁgﬁ.e ing internediate and | ater stages of growth 30

(Dudl ey Har r4-% | lustrated Guide to Hydroponics, p.20). In the 1970s,
a hybrid between NFT and aggregate (such as gravel) sub-irrigation, called
the Gravel Fl ow Technique or Deep Flow Techni que (DFT) is devel oped.

US- A- 3, 992, 80ge oLtlie. major\problemaof both ripideopwhicacuitivitioncandcfishy farmingnistthe a bed

f -2- agagr te and ans for ,deljver.ing nutrient solutions to.the bed.
?n a DA Sygr?e@ﬁ]gt%r aera?mg r{ﬁe nutrient li(tj;u{dlI or Exqul medium so that oxygen and other

atmospheric gases are adequately dissolved in the liquid to reach the cultivated
organisms. In hydroponic plants, oxygen is required to reach the roots of the plants.
In a fish farm, oxygen is needed to sustain the fishes reared which, for economic
reasons, are normally reared in a population density much higher than couid be
20 found in their natural habitat. Many attempts have been made to solve this aeration

problem but they are either ineffective, inadequate or too elaborate and expensive.

In hydroponics, the Nutrient Film Teéh_nique (NFT), started in the late 1960s,

supplies plants with a continuously circuléting film of liquid nutrient in elongated
25 hollow troughs as described in US-A-4,379,375 (Whittaker Corporation). The thin

layer of liquid nutrient flowing through such troughs provides an air space on top of

the nutrient solution inside the trough thus allowing some oxygen to reach the roots.

However, maintenance of an adequate supply of dxygen to the roots becomes a

problem when the roots proliferate during intermediate and later stages of growth
30 (Dudley Harris, The Illustrated Guide to Hydroponics, p.20).

In the 1970s, a hybrid between NFT and aggregate (such as gravel) sub-irrigation,
“called the Gravel Flow Technique or Deep Flow Technique (DFT) is developed.
US-A-3,992,809 (C.E. Chew) is an example of a hydroponic system with a bed of
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nutrient solutions are delivered to the bottom of the bed of aggregate

(normal |y wat er-absorbing material'. like |eca, perlite, etc.). Aeration is
achi eved when the solution flows vertically upwards through the gravel,
resulting in the "bubbling” 5 effect. However, to achieve an adequate

aeration, it is required that the anmount of I|qU|d supplled to each box has

to correspondvm hth r t cul arl en, the
sol ution i s*aRYRG Y @HW%% engé ﬁgﬁgieﬁf&éﬁ?{yonﬁ “Sﬁ‘ (31(‘:1 pFﬁx Bt the
nutrient sohsttie@NsolRions Gite rdeﬁvdredb@twwmintdfrmugd%de@ﬁ:ﬁggugate Yﬁdrhﬁn%umt or
container. 10 In US- A-4,594,811 (Dainichi Sangyo K. K.) I s described a
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(Harris, p.efgctCiwiesr,aorichievoin hiefua® aetitiong ittis récﬁnred tendhambadtiof sol ves
t he aeration problemof hydroponic nutrient liquid but the capital outlay

for such coh@tidcupplied: ineack bax hasyia Gorpssperd, withy e amount of dissplved gir.t he
aeration of I o} q%g.? p t he
pond by sprpﬁﬁg@gﬁy%rﬁ o@ggg%ﬁaﬁggg#lkxgu bmm%t éqglhgge\l\gﬁl eg{ ﬂé')slpfr?g air 20
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| NVENTI ON The, present invention attenpts to solve the problem of aeration
of liquid i HMETr CONMAAEL - | tural systens, such as hydroponic systens and
fish fgyms, by introducing atmospheric air into the flow of Iiquid through
the application of fluid dynamcs principles thus resulting in an effective
and econom &mlUSxAy4,694 8&1 4Daimichi (Sangya)Ki.K.) itris describegd ec hydrbporie spstement

t the neth the |iguid, flow th
mor e |1 aui o BBRRRIRG BYen faiBe Akafon Bisrs Bmedoy piind Yo Ampmiet F G ner via

at | east On%ul'tl%t‘l‘én &i‘ﬁ Q¥R Wlﬂpﬂﬁzﬁﬂts ﬁ&lrfghﬁltﬁ&ﬁtlgfuﬂ?&ei/élﬁ uch & ?ﬁ%’l

outlet, said nmethod i's essenti al achi eved ptl ng t he out

conpri se an method; lalseknowatas ragrqmamn (Hlaonis anR)asreatee rgsist eftliquid mutrmnge
enoug h $° th a& pro%ebly sol‘\a/e e ggr%{lgxll Sro blem ot?’hydropomc nutrient liquid but the capital

outlay for such complicated towers is highly prohibitive.

In fish-farming, the aeration of the rearing pond is normally done by spraying water
into the pond by sprinkler system or pumping air bubbles into the water using air

20 pumps or combination of these two methods.

BRIEF DESCRIPTION OF THE INVENTION

The present invention attempts to solve the problem of aeration of liquid in
25 aquacultural systems, such as hydroponic systems and fish farms, by introducing
atmospheric air into the flow of liquid through the application of fluid dynamics

principles thus resulting in an effective and economical way of aerating the liquid.

_In one aspect of the present invention, the method for aerating the liquid flowing

30 through one or more liquid container units wherein the liquid flows into the container
via at least one inlet and overflows out of the container via at least one outlet, said
method is essentially achieved by adapting the outlet to comprise an overflow

aerating opening which has a cross-section large enough so that the rate of overflow



of the liquid does not overwhel med the said opening and so that the said
‘overfl ow substantially forns a vortex. In another aspect of the present
invention, Bernoulli's principle is enployed to 5 achi eve a decrease in
‘pressure near a jet of liquid flow, thus drawing air fromthe surrounding
and adm x it along with the liquid dowm-flow. In this nethod of aerating
l'iquid flow ; I : r '
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t he cont ai nersubstantiilyl foerng aooetex.nl et conduit and overflows out of the
container via at |least 10 one outlet conduit, the nethod is
characterised in that at |east one of the conduit has one or nore
constriction |Qxfb@hér S§t& ot ibhstish Bemengid i | e the
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t her eby 6r eatachigva addecreass impressure pearssjet of difjfiidcflover thus drawisag jat frolnahe 15
A second openin be .adapt e 0 caprure sai.d jet-f£l ow of Jl.iqui | ewi ng
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at nospheric pressure around the jet- flow Both the conduit wth _
constricted eemmprisds one aremored ligpidntontaineryunits whersimithealiguidi flows himtasthelg so
as to contain_the decreasin ressure .effect. . An air i.nt ake ssage
S brovided ofPERRETSH B R ORG i oy Eand Fesnv Pulprie eomaiphies of BEY
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now be set forth in the follow ng detailed 25 description and
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Figure 2 sbredfingoa dedre/ingodir pedsht ieffoct buidtheges-owver f | ow aer ati ng

openi ng; Figure 3 shows the various dispositions of the aerating opening
inrelating to the cultivatioh container; Figure 4 shows the opening
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the constricted tip, the said second opening disposed below the conduit at a distance

sufficient for the liquid flow to create a drop in atmospheric pressure around the jet-

flow. Both the conduit with constricted end and the second opening may be

accommodated in a housing so as to contain the decreasing pressure effect. An air
20 intake passage is provided on the said housing to allow intake of air.

DETAILED DESC ION OF T NVENTION
Various other features of the invention will now be set forth in the following detailed

25 description and accompanying drawings.

Figure 1 shows a cross-section of a typical cultivation container in hydroponic
system wherein the outlet is adapted according to the present
invention to an overflow aerating opening;

30 Figure 2 shows a series of variations of the said overflow aerating opening;

Figure 3 shows the various dispositions of the aerating opening in relating to
the cultivation container;

Figure 4 shows the opening embodied separately as overflow chambers;



flowof liquid froma conduit; Figure 6 shows an enbodi nent with a
gradual reduction of dianeters of pipes via a series of three tubes with
.the respective reducing dianmeters 5 -4- j oi ned by reducing
L-joints. Figure 7 shows the application of the overflow vortex of the
aerating opening in a deep-flow technique (DFT). In a preferred enbodi nent
of the preserd: | nt i ' ' oo Aerh P . . d oni c
system cul ti \%%Lllrg\éecomg g?%%? h?’%&\ﬁnh?lée@ %g{,nﬁglét %gff%%yl,k %?é%ugh‘yltgg% e?'gnk,
vat, or specially constflowcofliqlid fgen acehduipond for the purpose of grow ng

pl ants hydropgnically of fish-farpmng to suit accordingly.to the _ |
requirenments Fdﬁ“rﬁaénobb)sf‘%‘f”? amg Qﬁm?gkwnbla %MF@“&W'O%@ digmeters;of pipgg

typi cal cultivation contai : ) [S ' :

B d- hol ding tray (11T 2aeres B InER b Ant Recht tediblsUifmeters ¢
plurality of apertures j¢ihed bgwedwhigyLggiased t o accommpdate the crown of

pl ants as they grqow, and has at |east qne inlet (14 ereby the |liquid

nutrient nmay F8H& i nt o SRAKS §1¢ 3PP Eﬂﬂ"&i‘}%éh‘? ovzq;ﬁow ‘Bré"ﬁ\ggéée aHRER MR M

plane of the tray (11) h$ &E%Ims&cﬁ%@ﬂﬁﬂg (15) conprised of an overfl ow
g

aerating opening (16). The o eni n as ‘a cross-section that is large
enough so as not to be overwhelned or filled up by the rate of overfl ow of

the liquid. en the gross-secti of the., aerating opening. (16) is to
[ arge for § o QURIPRTISHeAORTERR B¢ s rpent (eheiie aF FUATLIn LSO F-ORIAD ¢ he
level ofjot he Raedonit sysiem cultvation ¥brthinér (20 WRIH may e althey, Frdligh, RN a0,
around the rins or edde of the said opening, |eaving an-air colum at the

centre of thevatoon specigilyl ¢apstructed ddrgovealerpend forwthef purpesel pfgrawing planits
manner enabl es the air to.be.adm xed at the. bott of the vortex.. .Depending
on the i1 1 eribiroreafaly bE AR ullzcholfindl IR RyteReyS ok Ehoubio L' 50
in Figure 2, Rdwe-gkowet lop\vomeieréial sep.be of whirlpool -1ike shape, flow ng
down in a rotation about an axis (A), in concentric flows (B), radial flows
(© and the like. Hence, the word "vortex" is used herein to cover these

variatiogs of utivaiQH Bhtalref 1 6) doMpHie!a 16FePFLE beN LRGN Mding ~ >

tray (11), and an upper part being a cover (12) which has a plurality of apertures

(13) suitably spaced to accommodate the crown of plants as they grow, and has at

least one inlet (14) whereby the liquid nutrient may flow into the said container.

20 Disposed on the bottom plane of the tray (11) is at least one outlet (15) comprised
of an overflow aerating opening (16). The opening (16) has a cross-section that is
large enough so as not to be overwhelmed or filled up by the rate of overflow of the
liquid. When the cross-section of the ;.erating opening (16) is too large for the
overflowing liquid to fill up, the liquid, upon reaching the level of the opening (16),

25 will flow down into the said opening around the rims or edge of the said opening,
leaving an air column at the centre of the vortex of liquid outflow. The flow of the

liquid in this manner enables the air to be admixed at the bottom of the vortex.

Depénding on the different construction of this aerating opening (16), as is shown
30 in Figure 2, the downflow vortex can be of whirlpool-like shape, flowing down in
a rotation about an axis (A), in concentric flows (B), radial flows (C) and the like.
Hence, the word "vortex" is used herein to cover these variations of downward flow

of liquid through the aerating opening.



In a preferred enbodi mrent of the present invention, as shown in Figure |IA,

. the outlet (15) conprising the overflow aerating opening (16) is fornmed by
“an enclosed wall (17) projecting upwards fromthe bottom of the said

contai ner (10), the height of the wall ebctlosing the said opening (16)

:"substantially defines the level of liquid 5 held in the contai ner before

the liquid overflows down the said opening (16). It will be appreciated
that it is pbsaipseferred embodiroéritiafrthe presaitoiventions ap Showm imFigurad A1 whi ch

inilarl i he. £1 ow. | h variati f th
openi ng. ( 16) VS (Hheta i bh BesoRf i Srerie g’ omaloy b fiRed "
circular (2Aailk@n pr?%ﬁhgg?whﬁl& ftokBiheBifliolESPEe 341l coRfalnes (TS HRSFSIANS .

and with serrations t will be further appreciated that the |evel

of 1iquid (hpfHsl \uz;ll mczminatmesnid(m)ﬂnue(ﬁé} sx:smrt]iallq;dieﬁnmﬁl;c ﬁm\/gf qu'dkt he
! RSCiiashos _ \ X ! .
Phto. corii amnef i $hd R, ieoesThE LM, et ihe. achin i sadCopBine U6} ¢ pe "

openi ng, thus the expression "substantially defines the level of fluid . 15

It will also be appreciated that the outIe;ﬂjé_lS) may be adapted to dispose
on di f f er ent Tpwilkbe appraciated-hat isispassiblei to bayediffgeept erabadiments fof thernpening

oy CNR . . o _
b erevat ed DDA Gy inay eI ainiel e riex o EIROII eI VbR of T, O
sai d el evat edppsing (163 Qe stefwmisFighe 2 eeteimfs showtiodtiéts | I5)i of cifdular (2AR

contai ner before the |iquid overflows down the said aerating openi ng (16)
of the &ut| etreqtangplar |(AB)-and hewagonal (3 prass-gectipns, and Jyithe sereations 62130 2E)- de

peri phery (2 | pr.afar ) | shown
o Fogar e . il ol BEmErSbiatiaka ulaP 4R BlD BF NG (0 RS nEERBIRG) nctie”
chanber (30) theliquidbeerfloosdoiva thoopeninge(16) k(jefindd by theaninirmwmrigight @adief from
the container, (10 y pbe channel ] ed to the overfl ow chapber, (30) via an
inl et passagdh E’Egl .d%t IB9 copgideratign the; ferraligns; or-9ther RdaDiatioBs, 8R eARRY

chanber need h-%gf | pth [err]
of contai ner o?%e) mﬁﬁ‘#é@%%%gﬁgﬂgg%ﬁ Ihsc?)lks%ﬁa e?! S 23‘@% @F%‘?Q ol di ng
depth [esr] may 30 be |l ess than that of the cultivation container (10)
t hus enabling t overfl ow.ch er. (30 be desi.gned as a rel atj.vel
smal| and ol 87 PRRIECE d E)att_ ¢ {3y oy e fa %mv_ée pedi ‘?FF“‘Zm
aquacul tural sausbethe chitaier SmftamliiaBahiad to/ ditdyaD VASRRNS ad Shdvi{ir Figafe 119
where an aerdating opening (16) 1s constructed within the cultivation

In Fig. 3A, it may be adapted to form on an elevated part (20) of the bottom of the

container, the height of the said elevated part (20) defines the level of liquid held in

20 the container before the liquid overflows down the said aerating opening (16) of the
outlet (15). In Fig. 3B the outlet (15) is formed on tﬁe outside periphery (21) of the

container.

In another preferred embodiment, as shown in Figure 4, the aerating opening (16)

25 is embodied as an overflow chamber (30) separate from the container (10). The
| overflowing liquid from the container (10) may be channelled to the overflow
chamber (30) via an inlet passage (31). ' It may be seen from Fig. 4B that such an
overflow chamber need not have a depth (h,) that corresponds with the depth (h,) of
container (10). In fact, the overflow chamber’s (30) liquid-holding depth (h;) may

30 be less than that of the cultivation container (10) thus enabling the overflow chamber
(30) to be designed as a .relative[y small and convenient piece of attachment, as

shown in Figure 4C, for an aquacultural system. This is particularly advantageous

in fish-rearing where an aerating opening (16) is constructed within the cultivation



-6- container (10) may be dangerous as it may cause the fishes to be sucked
. into the vortex. In another aspect of the present invention, Bernoulli's
‘principle is enployed to 5 achieve a decrease in pressure near a jet of
. liquid flow, thus drawing air fromthe sfrrounding and adnix it along with
"the liquid down-flow. In this aerating nmethod, the liquid flow ng through
an aquacul tural system for exanple, one which conprises one or nore liquid
cont ai ner uncomainere¢ld) maynbe dargereusfasonenayravse the fishes 40 bersucked iato theast
one inlet conduit and overflows out of the container via at |east one
outlet 10 V@SHuit, is characterised in that at |east one of the conduit
has one or nore constriction along said conduit so as to increase the
velocity of the liquid flowi ng out therefrom or to create a jet-flow,
t her eby cr eai® agotheriasneet of Ae arasewsr imyention, derraulli’'srpyineiple He employedow, 15

It shall_ be rs Lot e l,.: chion of
the di areter géhq%%%a%ﬁ#gq{ﬁggggggw é}#&tm@g&;%& t rﬂlfﬂ‘gg‘ggﬁsﬁ ?% %ﬁ may

al so be di spgg@surdingtdand qlenik iitalomy with ehecl dowhlowt. hin thisedeedtingdnethddydi ment
is to have the constriction disposed at the end tip (50) of the conduit as

shown in Fi-gthediguid flowing thfpugh an aquasultiaksysteme fAr c3ampls, engWhich comprisgse

. tion. . : . . b SR t th
constri ot ed S0 Moré Batiibongfher bifs bfbeoid B Sou afly b tolbiR ¥R & | P
(53) of a set¢esdonoiles tondait)andi sveeliess att of thestommainercviast lesoogd outlerm t he

tip of the first condyit (50) .to create a decrease in ajr pressure around
the jet 19| owCOBRHY 15 %é,er(ss@)ma@ab@tegeasb OBEFRfua’é condyit; bas. PRERY FNOTE; qui d
25 flow n : [ L 5‘?155 b HRvi gh
the said ope%?ﬁggﬂﬁftg;&él%%li{ﬁ;endgggg'ﬁ%{oc%n we?ﬂ ?g%?&doéﬂn“%gq{%e w#l%? s
condui t for thereftemi or contatecy jet-fiotv, therelyetreating i decreasérigeair deseurb effiectent |
the.constricted ngntg of the first conduit and the 30 openi ng of the
second condui3foyng 8 itz in a housing to contain the effect of decreasing
pressure created around the jetflow and an opening is provided on the
housing to allow air intake. Figure 5B shows an apparatus adapted for this
met hod whier ey shilk b eunderstapdothak itheicansteigticn @ayt ber augpadualf teductionr of tieet
conduit (52) d’i‘ann%tgr of the fluid passageway of the conduit. The constriction may also be
disposed on any portion of the conduit but the preferred embodiment is to have the

constriction dispdsed at the end tip (50) of the conduit as shown in Figure 5.

20 In preferred embodiment of this aspect of the invention, as shown in Fig. 5A, the
jet-flow (51) of liquid created at the égnstricted end (50) of the first conduit (52)
now flows into an opening (53) of a second conduit (54) disposed at a distance close
enough from the tip of the first conduit (50) to create a decrease in air pressure
around the jet-flow, said opening (53) adépted to capture said jet-flow of liquid

25 flowing out of the first conduit (52) and the liquid flows through the said openiﬁg
(53) into the second conduit (54) forming the inlet conduit for the néxt container

unit.

In yet another preferred embodiment, the constricted end of the first conduit and the
30 opening of the second conduit is enclosed in a housing to contain the effect of
decreasing pressure created around the jetflow and an opening is provided on the
housing to allow air intake. Figure SB shows an apparatus adapted for this method
whereby the jet-flow of liquid may flow through a first or inlet conduit (52) and a



-7- second or outlet conduit (54), said first conduit is constricted at the
--tip (50) to increase the velocity of the liquid flow ng out therefrom
creating of jet-flow (51). An opening (53) of the second conduit (54) is
--.adapted to capture said jet-flow of quLri7d (51) flow ng out of the
constricted tip (50), the said opening (53) disposed 5 bel ow t he
constricted tip éSO at a distance sufficient for the liquid flowto create
a drop in at ¥eeoBA i Quilst seBdiit (3 oswid ﬁqﬁéc?l&mtf ‘smnesmyed #othe iMm&SDi tost

conduit (52) . [ e
accommodat edll rgé%eﬁl@eﬂiél#g@tc?dsh& l@u %wﬁlg it ai n&P e’ %g lggzaéf ] Bgeglhre
effect. An aiAn opénirge(339.of alye sécdid cosiduir (M)dsEddmed tvecapaird shiduji-flgw(6H0) -t o
allow intake of air. 10_1n one_ enbodi ment of this aspect of the present

i nvention, t Hél“tﬂoﬁdhlflm%%ﬁ/%'eo%@ﬁwﬂﬂélﬁ@d tipr @XPatheysais opeaingne) \ﬂ(‘ﬁP8$edrror e
t ubes ea?“ 4P c%h&ﬂ@ée& ti S Lﬁ]dfsﬁﬂ u%d}ﬂheﬂ{ ﬁﬁ"?ﬁe Hg&&' td 4R 270"

exanpl e, "t he conduit nmay ree es W a series decr sasi ng

di ameters in detyein mnosplimqn'essofe {rdund the) jet-flowq(5B).: Batit the]ﬂrst ddnduit (52) a
wor ki ng exanpl e, as shown in Figure 6,  .usi stapdard PVC a 30mm
pi pe (60) mayWiftconstisteditin e GPeRing TR B a?ﬁﬁhm@ heysing pow

joint (61) a r e
(64) with a 30050 s SR e ?@?S@%ﬂfﬁ%ﬁ%‘aﬁ%ﬁm P gk B Sy
reduction ratgrovidet & thewaid bousinga(60ata allaw iftald 6f ai20 Al t hough the present
|nvent|on was conducted mainly on deepwater NFT hydroponics systens, it is

appar entl®t hat the vortex flow and the Bernoulli principles described above
may equal |y byg &ef @xﬁsédiﬁewof hﬁs %ﬁcﬁbﬁtmreaémsmmldnn thé QuhduI6 malesei N
the cultivation tray (70) is filled with a bed or aggregate (71) wat er -

25 absor bi mvgstmm rgradually by Hawing, tmemn inore, mbes:eaclrﬂwavmrwldname(em)naﬂm t he

inlet flow of ut rient ose n_suc t he
nut 11 ent 11 queh b s B sl .o BoR erenteif B8 GPRL Rag st e bBRy | "
llayer of |i quifh 2B dffaecr%aainggaaﬁmeferg ethe esticcRaEE df (8o UF (PREPS@ADYL) SO
that the liquid may overfl ow down the aerating.
15 In a2 working example, as shown in Figure 6, using standard PVC pipes, a 30mm

pipe (60) may be reduced to a 25mm pipe (62) with a 30x25 mm 'L’ or elbow joint

(61) and the 25mm pipe (62) may further be reduced to a 20mm pipe (64) with a

25x20 mm elbow joint (63). This example of 30mm:25mm:20mm reduction ratio

works out to be a ratio of 5:4:3.

20
Although the present invention was conducted mainly on deepwater NFT
hydroponics systems, it is apparent that the vortex flow and the Bernoulli principles
described above mé.y equally be effective in the DFT systems as shown in Figure 6
wherein the cultivation tray (70) is filled with a bed or aggregate (71) of water-
25 absorbing material like leca, perlite, eic. The conduit (72) for the inlet flow of

liquid nutrient is normally disposed in such way so that the nutrient liquid flows
upwards through the bed of aggregate (71). A thin layer of liquid above the surface
of the aggregate (71) is necessary so that the liquid may overflow down the aerating
opening (73) in a vortex flow. Alternatively, the aggregate around the aerating

30 opening (73) may be evacuated to create a pool of liquid (74) so that the overflow
of liquid down the aerating opening (73) in a vortex flow may be achieved. A
porous retaining means (75) may be provided to prevent the aggregated from falling
into the evacuated area (74).



opening (73) in a vortex flow Alternatively, the aggregate around the
“aerating 30 opening (73) nmay be evacuated to create a pool of liquid
(74) so that the overflow of liquid dow8the aerating opening (73) in a
"vortex flow may be achi eved. A porous retaining neans (75) nmay be provided
to prevent the aggregated fromfalling into the evacuated area (74). It
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the outlet conprises an overflow aerating opening having a cross-section

| ar ge enough so that the rate of overflow of the |liquid does not

overwhel ned the said opening and so that .9.he said overflow substantially
forms a vortex. 10 2. A nmet hod according to aim1l wherein the said
outlet is formed by an enclosed wall projecting upwards fromthe bottom of
the said container, and the height of ghapMgd ! enclosing the said opening
substantially defines the level of liqurd held in the container before the
liquid overflows down the said opening. 15 3. A nmet hod according to any

f dains, 1 2 in_th id.out|let is f | e t
of “the bott ontor “t e MEHRE, fore atrafing Yl Hovihe Ao AlaflnfalC¥RaR T e
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said outlet. 20 4. - A nethod according to Caim1 wherein the said outlet
conpri se$ an <eonaingrodia ahleasamednishand Bows ous afithe contaien kia, atdeastionthoutiesr

conpri ses at L@Eﬂerggilﬁ ﬂ!a?t passage- for liquid overflow ng out of the
cont ai ner an aerating opening. 25 5. A nmet hod accordi ng
to Oaim1l wherei nthebatlétiothpeisés Miovesfldwadrathgupehing having & chessispétionylargé t he

contai ner. 6. A et hod according_to ant¥l one . of Clains 1 to 5 wherein the
fluid overfl oeroughsgulat thedauef averfloypiathe diguid doesxaet Ryernyhelmed (the,53id) | y

downwar ds fr O%énp%eﬂ?; gc; n{é‘?gtrh%%F‘d[ %@p{g% ggos%tiall% séinivel b&qe’@ccor ding to

Claim6 where urt s passageway proxinmate to the
aeratingioopening is larger than dianeter of the -10- passageway's di stal

end so that the narrowi ng of passag y of the fluid flow ng_through the
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t ube. height of the wall enclosing the said opening substantially defines the level of liquid

held in the container before the liquid overflows down the said opening.

15
3. A method according to any one of Claims 1 and 2 wherein the said outlet is
formed on an elevated part of the bottom of the container, the height of the elevated
part defines the level of liquid held in the container before the liquid overflows down

the said outlet.

20
4, A method according to Claim 1 wherein the said outlet comprises an overflow
chamber separate from the container;' said chamber comprises at least one inlet
passage for liquid overflowing out of the container and at least one aerating opening.
25 5. A method according to Claim 1 wherein the said outlet is formed on the outer

periphery of the container.

6. A method according to any one of Claims 1 to 5 wherein the fluid overflows
through the outlet into a conduit extending substantially downwards from the aerating

30 opening.

7. A method according to Claim 6 wherein the diameter of the conduit’s

‘passageway proximate to the aerating opening is larger than diameter of the

A




9. A nmet hod according to Claim8 wherein the conduit conprises three
tubes with a series of decreasing dianeters in the ratio ranges of (8 to
4):(5to3):(4to1). 10 10. A methgd according to Claim9 wherein the
ratio is 5:4:3. 11. A container for use in aerating liquid flowin an
aquacul tural system wherein the container has at |east one inlet for |liquid
i n-fl ow and ggap lat t L G fLi§ HWARS er i sed
in that 15 ﬁ&sab t%g%gad% Pgtssctgﬁfs%gowébgﬁ# é%vévgrhgré& f|illggfﬂj(§;‘\)eni ngé havi ng
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does not overwhel nmed the said opening and so that the said overflow
substantially forns a vortex. -12. A contai ner according to Claim1ll
wherein the gaid ' grﬁ)dc i ' I-0g
upwar ds frongs't he %ﬁ%tgénq %%%O{cﬁﬁe sal @Y‘E?ﬂﬁ%ﬁ‘é‘rfwgﬁl&aﬁﬁ?ﬁﬁﬁfﬁg ?t eé]vvall
encl osi 8g t hebesadadh hpeing aglismetetr smaliexithan thaf ohde predoustubk. of |iquid hel d
in the container before the liquid overflows down the said opening. 13. A
cont ai ner according to Claim1ll wherein the said outlet is forned on an 25

el evated parg of Alhfethod hea&aﬁgtt@evlﬁﬁnwwm thé) SotRiiItmptised e bpiqt ed

part defines the level of liqurd held in the container before the liquid
over fl ows dowith aiserieseofieorensing diameters inghe apticarangessof (BrtodS itm3ntktor Dance
with the nethod of Claim4 conprising 30 an overfl ow chanber separate
fromthe container, said chanber conprises at |east one inlet passage for

l'i quid sverfi@w ng méthodhcdobding enChiimed wheekidthel dstis §1#3.aerati ng openi ng.
15. A contai ner according to Caim1l wherein the said outlet is forned

on the outer periphery of the container. 16. A conduit for use in

accor dimg-t ot biny eofipiteefor ik B 5tafe il Finfin b ol sy R BRGIRL ¢

fitted wth gprdoftalef ha®arlesst .ond Snlet fob ligald bflow amdradli¢asgond elitiedl fér Bl ng
t hrough an aquacul tural system 10 conprising one or nore liquid
cont ai ner unPytBowipf the H%ﬂeﬁl-'ﬂﬁémwdhgfi nto the

15 the outlet comprises an overflow aerating opening having a cross-section large

enough so that the rate of overflow of the liquid does not overwhelmed the said
opening and so that the said overflow substantially forms a vortex.

. 12. A container according to Claim 11 wherein the said outlet is formed by an
20 enclosed wall pi'ojecting upwards from the bottom of the said container, and the
height of the wall enclosing the said opening substantially defines the level of liquid

‘held in the container before the liquid overflows down the said opening.

13. A container according to Claim 11 wherein the said outlet is formed on an
25 elevated part of the bottom of the container, the height of the elevated part defines
the level of liquid held in the container before the liquid overflows down the said

outlet.

14.  An apparatus for use in accordance with the method of Claim 4 comprising
30 an overflow chamber separate from the container, said chamber comprises at least
one inlet passage for liquid overflowing out of the container and at least one aerating

opening.
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container via at |east one inlet conduit and overflows out of the container
viia at | east one outlet conduit characterised in that at |east one of the
conduit has one or nore constriction al_m_g said conduit so as to increase
the velocity of the liquid flow ng out erefrom or to create a jet- 15
flow, thereby creating a decreasing air pressure effect around the

i sposed at 1he aniotiper FEBRlfe Brciiy TR R SAR TR 5RHRE 00 Breg o
any one of Gugk peripkerfod thdcomtging@l n the jet-flow of liquid fromthe end of

a first conduit flows into an opening of a second conduit disposed at a
di stance cl ose enough fromthe tip of the first conduit to create a

decrease in.air pr | et - ' i o]
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liquid §lows through the said 25 opening into the second conduit formng
the inlet conduit for, the next container unjt. 21. A nmet hod accarding to
any one C ailfs 18 method M&ﬁ“’t% chf’r??tdﬂﬁﬁ‘ése@ tQAQ whergin distal ead of hequi ¢

and the opeq::pﬂ%ip{s s @ﬁﬁ@gﬂnﬂa‘%fe&i s enclosed in a housing to contain

the effect o ecreasing pressure created around the jetfl ow and an openi ng
30 I's provided on the housing to allow air intake. 22. An apparatus for
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10 comprising one or more liquid container units wherein the liquid flows into the

0 %1.
tural system

container via at least one inlet conduit and overflows out of the container via at least
one outlet conduit characterised in that '

at least one of the conduit has one or more constriction along said conduit
so as to increase the velocity of the liquid flowing out therefrom, or to create a jet-

15 flow, thereby creating a decreasing air pressure effect around the jet-flow.

19. A method according to Claim 18 wherein the constriction is disposed at the
end tip of the conduit.

20 20. A method according to any one of Claims 18 and 19 wherein the jet-flow of
liquid from the end of a first conduit flows into an opening of a second conduit
disposed at a distance close enough fr&n} the tip of the first conduit to create a
decrease in air pressure around the jet-ﬂow:, said opening adapted to capture said jet-
flow of liquid flowing out of the first conduit and the liquid flows through the said

25 opening into the second conduit forming the inlet conduit for the next container unit.

21. A method according to any one Claims 18 to 20 wherein the constricted end
of the first conduit and the opening of the second conduit is enclosed in a housing
to contain the effect of decreasing pressure created around the jetflow and an opening

30 is provided on the housing to allow air intake.

22.  An apparatus for use in accordance with any one of the methods of Claims
18 to 21.
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