WATER FLOW APPARATUS Field of the Invention The present invention relates
to an inproved rain water collection system 5 Background to the Invention
GQutters awe proaeszinant |y designed to channel rai nwat er PCT@B20@af0833and

bui l di ngs to various water drainage systens to avoid accunul ati on of high
vol umes of water which can cause flooding and water damage to buil ding and
roofing o materials. Various types of gutter systens are well known in the.
art. Figure 1 depicts one of the sinplest- forms of gutter system know in
the art. The gutter conprises a narrow open trough (101 ), which collects
rai nwater fromthe roof of a bMWATERFLOWEABPARATEYS| s configured to have a
water outlet at a first end (102) at which there is attached a downpi pe
(103) down which water is diverted away fromthe building, typically into a

drain (not shovm)e,q #gf‘th% |ﬁ95Hgahi onal gutter systemas shown in figure 1,
the rate of wat ' tated by the amount of rainwater that falls
on the roof vi @hepresant inventnoelaigsaie: aryimprbvedginaiater ehdigptiarsystei npi pe.

In many gutter systenms, the trough is inclined so that water flows by force
of gravPty, by locating a first end of the trough at a |l ower position to a

second end, thys,S&rblal thaheindértivrd S directed towards drain pipe (103). 5
Such gutter sy ed as to incorporate nultiple drai nage

outl ets whi ch fGuitdrerarenpeadomindrdlyvdesigred o whaenet nziowsten fremcoofeeandd by

? hceir ﬁhprggre t?&ﬁ%fn%rs”té r\}ari?o I\\//vg{gartdlrar}ﬁageHgys RS to taogirdeac'cﬁm%rl'atfo?\ho(?rh?gq{ vélhme 'n
of water which can cause flooding and water damage to building and roofing

10 materials.

Various types of gutter systems are well known in the art. Figure 1 depicts

one of the simplest forms of gutter system know in the art. The gutter comprises a
narrow open trough (101), which collects rainwater from the roof of a building. The

15 gutter is configured fo have a water outlet at a first end (102) at which there is
attached a downpipe (103) down which water is diverted away from the building,

typically into a drain (not shown).

In a conventional gutter system as shown in figure 1, the rate of water flow is
20 dictated by the amount of rainwater that falls on the roof via rainfall, and by gravity
pulling water down the drainpipe. In many gutter systems, the trough is inclined so
that water flows by force of gravity, by locating a first end of the trough at a lower
position to a second end, thus so that water flow is directed towards drain pipe
(103).
25
Such gutter systems have been adapted as to incorporate multiple drainage
outlets which further enhance the volume of water that can be collected by a
drainage system in a given time. However, there is an inherent limit in the number
of drainage outlets that can be inserted into a given length of gutter channel. This
30 also leads to the need for multiple downpipes which is a disadvantageous as it can

lead to obstruction issues for other structural building works and access points.

SUBSTITUTE SHEET (RULE 26)



of drainage outlets that can be inserted into a given |length of gutter
channel. This o also leads to the need for multiple downpi pes which is a
di sadvantwgeoussa®iit can |lead to obstruction issues foPCotdB2noswniset ur al
bui | di ng works and access points.can |ead to obstruction issues for other
structural building works and access poifits. Another mmjor problemis that
the flow rates can only be increased to'a 5 certain |l evel due to the

constrai nt $50f |cgH 3% bBdthRAiBh BElds fdMbtherSstRRAAEl BUliding WoRE! S dieckse
heavy rainfall. If the flowrate in the gutter is not The sane or greater

than the flpoints.ate of water entering the gutter system then the gutter
systemw || overflow. o The problens nentioned above have |led to the
devel opnment of known si phonic drai nage systens. Siphonic drainage systens

typically usedAnothdt ingljoRgsrobievn g thistothe v hates! edrgenBubé dnereasead tofar
exanpl e airports, warehouses, stadiuns and the like. 5 Referring to figure

2 hereip, tcREAED jeyekidorntan ke constirtsof grRMEIPNa! PvniThidisiesRgeialy & em
conpri sing ral i I phani : i pi pe.
S phon; ¢ syiedbl! Quind bt BB, it e Ao AR rE HEURRE! 1ot M Sakientr B EC
the | evel gfreatet eare trieeloworatd of systee mnteringathiepglittéresystgmi hivers itze guttet he
wat er system ( 1 10, 114, 112) and/or the use of baffle plates at o water
inlets ( 1BYstemwillaverioW. the air entering the drai nage system Wen a
system becones full of water and therefore void of air, the action of water
droppi ng down the downpipe ( 1 12) wll cause a negative pressure to form
at a top end ofThehprotiemngimentioriedl apove Hiavenledatoi the perslopment af krown

tilised to,' k' t h ter.pi 114) installed i tall
o Ao, S GBSy BN AT
drai nage PHRGRYSESofsi With"StRrgE WMRE By for SkaMplel @#pbHY, warehouses,

stadiums and the like.

15 Referring to figure 2 herein, there is shown one example of a known
siphonic drainage system comprising a plurality of siphonic inlets and a
connecting collection pipe. Siphonic systems work by having substantially closed
pipe systems where by the level of water entering the system is manipulated by
the size of the water system (110, 114, 112) and/or the use of baffle plates at

20 water inlets (111) to restrict the air entering the drainage system. When a system
becomes fUII of water and therefore void of air, the action of water dropping down
the downpipe (112) will cause a negative pressure to form at a top end of the
downpipe (113). This negative pressure can be utilised to ‘suck’ water along the
water pipe (114) installed horizontally connecting the water outlets at a higher

25 level.

By using siphonic drainage processes, the rate of water flow is significantly
increased relative to simple gravity dependent systems, and the need for multiple
downpipes is reduced, because each downpipe carries water at a higher flow

30 rate.



I ncreased relative to sinple gravity dependent systens, and the need for
mul tiple downpi pes is reduced, because each downpi pe carries water at a
hi gher flwa201v@be1However, in pipe based siphonic systeos/GBEh@/pdize Wwor k
i's positioned inside the building adjacent or under the roof. Under high
rainfall rates, overflow of the open chgnnel into the building can occur.
This is often incorrectly attributed to™Meaking joints, leading to

unnecesary mnai e, h Ve S o] I
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appr oxi mat gl ¥e§i€9%ﬂﬁf1fsesieéﬂmg guﬁnﬁébekgﬁ/ fldisiehbMée RN HeaNFotor&ally on of
t he siphonic a tation aabove tHis distance. Referring to Figure 3
her ei n, 5t hgokreithe Prablameofdverfiovg averdhe sidasndfithe abadielcl osed i n

international patent application W)Y 2007/080380. Figure 3 shows a gutter
assenbly (302) conprising an elongate gutter (304) for receiving water and

defining a pri 'if%i"Yar%tzb%ﬂdlhﬁé‘rﬁ“@fahe(‘dﬁﬁl@%|Id|ﬁé@hn6§b@na)v%€390dﬁétvesl\@ngr

transport channel I's di scl osed primary water transport channel
(310) is cdﬂiamagecsmsteras@relrﬁ@g&djmmmewm l%nﬁ!h\nirsw@ia bt@&ﬂg fages.

menbers (324) reducge for tion of t
inlets (31 Velh nayvn 9'”&&%?3/%\{3@% %ﬁtb@'ﬁénﬁ%&t@éléw %endI 1E|)'£lc\|m(©alnter
vat er {4 ongligiaricest Be rioid eiar Iploxirbielpraotametisst ©ing dassteothie dffectied
(310) fills with water to becone free of air to _enable water to be

t r anspor t edaldnsagnd-epesatiemef thesirhonis aptiemiimiatianeabeye is 4iH@Naeai nage
downpi pe (338). An advantage of this systemis that the predom nantly
cl osed system enables all water transport channels to be provided
external |y to ®Rdferringi taoFiglifé S herein, there is shown a shown gutter assembly as

disclosed in international patent application WO/2007/080380. Figure 3 shows a
15  gutter assembly (302) comprising an elongate gutter (304) for receiving water and
defining a primary water transport channel (310) and a secondary water transport
channel (312) is disclosed. The primary water transport channel (310) is
connected to a drainage downpipe (338) and vortex reduction members (324)
reduce formation of vortices in the vicinity of primary water inlets (316) of the
20 primary water transport channel (310). When sufficient water flows into the gutter
(304), the primary water transport channel (310) fills with water to become free of
air to enable water to be transported along the channel (310) by means of suction

in the drainage downpipe (338).

25 An advantage of this system is that the predominantly closed system
enables all water transport channels to be provided externally to a building. This
is an advantage because the risk of water leaking from the gutter system into the

building is minimised.

30 Figure 3 shows two transport channels, (310) and (312) of which the two
channels lie side by side and where at least one part of a said transport channel

has an increasing cross-sectional area in a direction toward a first water outlet,



I s an advant age because the risk of water |eaking fromthe gutter system
into the building is mnimsed. Figure 3 shows two transport channel s,
(310) andwO2am)yosef21whi ch the two channels |ie side by sipde/GBrdovdoesse at

| east one part of a said transport channel has an increasing
cross-sectional area in a direction toward a first water outlet,whereas a
second transport channel has an mcreasT“hg cross-sectional area in a

direction t ward a

nvent i on MR 8 sRE0RR ARG RHhbE e Rihbadthg SRR B T lell Ra |
that the weirgttidn RWEROE sedumidnwhter lbavet. tpomanpileammm@ge bathig im/ehtmmS vvat er
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drai nage neans"ar € nee rent out e gutter system
one at w®ackvaterdoutiBtdhawetterbe placed @t toppbsiterehds do salchsaber. T histreanst thehal
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of a buil ding devel opnent d nunber of Water transport channels are
i ncor por at eldfermtmutllets gmweeguttesspstbhyonaateaclh egdto Figure 4 herein, there
is illustrated schematically in plan view from above a section of a roof of
a building, fitted with six separate runs of guttering of a type as

di scl oggd in V\@hgqut’eQQ%BOnF(tHaﬂne{%ndlséI@@é@dn letnatRelal patert4bblicatidi?) , i n

this case each having a triangular pitched roof, are fitted with first to

sixth el on@{é@&@?ﬂ@&}aﬁﬁ)gar%smmwm theydjpvettova ghapeshin ayvaythat | el
10 e, val Wl o ol SRt A B ol 0
appr oxi nat ghderfdOte8BéliAidn PloBletnawithahe $pstnofod bulldiagt develdififent if an odd
number of water transport channels are incorporated into the gutter assembly.
15 ,

Referring to Figure 4 herein, there is illustrated schematically in plan view
from above a section of a roof of a building, fitted with six separate runs of
guttering of a type as disclosed in WO/2007/080380. First and second roof
sections (401, 402), in this case each having a triangular pitched roof, are fitted

20  with first to sixth elongate guttering systems (403-408) respectively, running
parallel to the valleys of the pitched roofs. A maximum span of building, which
can be drained using a system disclosed in WO/2007/080380 between
downpipes is approximately 200 metres. Where a roof span of more than 200
meters needs to be drained, for example the 300 meter span as shown on figure

25 4 herein, this can be accommodated by fitting two 150 metre length gutters end
to end, for example (407, 408). Since each run of gutter requires a downpipe at
each end, this means that a drainage point must be installed into the ground,
both at each side of the building (409, 410) and at the centre of the building (411,
412). Consequently, drainage points and underground drains (413, 414) need to

30 be laid underneath the concrete slab foundation and along the centre of the
building to drain the water to either one or both ends of the building. Additionally,

there will be a plurality of downpipes (415 420) which need to run vertically down



neters needs to be drained, for exanple the 300 neter span as shown on
figure 4 herein, this can be accomobdated by fitting two 150 netre | ength
gutters ewmo220wm/msetl for exanple (407, 408). Since each Pom/GH20@uULIBE6

requi res a downpi pe at each end, this neans that a drai nage poi nt nust be
installed into the ground, both at each side of the building (409, 410) and
at the centre of the building (41 1, 412). Consequently, drainage points
and underg r t ete
a1'ab" T ounddy San, B I diing, Tehh (18 760 € 18 drBi i 1R 00 SR IR £
ei t her onettwa:bohhtefrmlsobsﬁtrudted bpéenh fieegspasdavithimtied buildindhere will be a
plurality of downpipes (415 420) which need to run vertically downt he
centre of the building, fromthe roof to the drains in the floor slab which
limt the amoupyh&b @terigtis %ﬁr@f@é@'ﬁb fahe&(lﬁﬁl@cﬁmﬂlﬁd“ the BRaikate Bbints
Where guttering is being fittedto an existing building, the draina
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each sigle apd®isesto thBedgeidfthebuidingiel | as a down p| pe | ocated toward the
m ddl e of the building. The non-centralised drai nage section of a known

gutter assenmbly causes probl ens with the regulation of drainage, as well as

prosent. | vent Coht g whTEie Tastidla rUAPL! RRhY SPRIGTREESHal vifer
flow 420 and 421) means that there would be a water downpipe located at each

side or end of the building as well as a down pipe located toward the middle of

15 the building. The non-centralised drainage section of a known gutter assembly
causes problems with the regulation of drainage, as well as increasing

obstructions.

Summary of the Invention

20 Embodiments of the present invention aim to provide an improved gutter
system which can have multiple water transport channels whereby the water is
directed to a single drainage position . Furthermore, the proposed system may be
utilised to incorporate a siphonic process so as to achieve an overall increased
flow rate relative to a simple gravity based gutter system.

25

According to a first aspect there is provided a guttering system comprising:

a first elongate covered channel member capable of carrying water flowing
in a first direction;
30



system whi ch can have multiple water transport channels whereby the water
is directed to a single drainage position . Furthernore, the proposed
syst em mayohelospizised to i ncorporate a si phonic proces®CIGER80NMWOIB6hi eve
an overall increased flowrate relative to a sinple gravity based gutter
system According to a first aspect there is provided a guttering system
conprising: a first elongate covered channel nmenber capable of carrying

vater flow ng Liddef f §éc(§mdr Eiohg S ﬁtﬁe\/lér&f‘%hagn%eﬁl%%é?' UARRINR A CANSeCr

channel nenber positioned above~or ow sal irst elongate covered
channel nebblew saidifdstsongate cosered champabinemifer: saidssecond chaooaelroapaglenat er
flowing in f&l d first directi (%n. In use, .t g.e fd'érs% channel may provide
primary dr Sl 3P Farmypeyaterfiqying in sy drsiiestionng t he second channel
may provi de secondary or overfl ow drai nage under conditions of abnormal or
increased rainfall conditions. Preferably said first and/ or second channel
has a c¥oss sebtusmdhedirgchannehmay predde primary ideaicage sndennemalaisfall | ow,

This may prompt.e the onset of siphonic 0 i an h her eby
i ncr easi ngc?’rlﬁf'?n% @é}dﬁtgseseggﬂg&hggp&ﬂpgy @?(é\ﬁ({!%geggrﬁ%érpﬁr g}vgﬁﬁg\;/ &%}nasq?cond
channel i sypfefcsidrdranifistnoymapdysihaiaaséé raiffalldopadionss ful | | ength. This
may provi de conveni ence of manufacture of the gutter. Preferably, said

gutter conprises: a first water inlet positioned at a first end of said

posi 1 oned at - BUBRRISER R FRGH petBhd chopfcr T Rles hlibfalartBhilcn |

first chanprréasessiaahediraation of Watér flovei Thiomealy ptoraaiedthiel orsdet @fi dipbloniai d
gutter for allowing water to enter said second .channel; and,
operation of the channel(s), thereby increasing their drainage capacity.

Preferably, said first and/ or second channel is of a substantially constant
height along its full length. This may provide convenience of manufacture of the

15  gutter.
Preferably, said gutter comprises:

a first water inlet positioned at a first end of said gutter for allowing water to

20 enter said first channel;

a first water outlet positioned at a second end of said gutter for draining

water from said first channel;

25 a second water inlet positioned at said first end of said gutter for allowing

water to enter said second channel; and

a second water outlet positioned at said second end of said gutter for
draining said second channel.
30
The inlets may be provided with at least one vortex reducing means for

minimizing vortex formation in and around said inlets.



a second water outlet positioned at said second end of said gutter for

drai ning said second channel. The inlets may be provided wth at |east one
vortex rewocorgspans for mnimzing vortex formati on i RCaEB200%000336sai d
inlets.Preferably, said first channel is forned within a first cavity, said
first cavity having a substantially trapezoidal cross sectional area as
viewed in a direction perpendicular to A main | ength of said gutter; said
first channel is defined by at |east one elongate tapered insert fitted
inside said first cavity; said second channel is formed within a second

cavity, said spestefhbha\gdid filsd\chagnal isUbahediwithin w firshpavity, dald firsosavity
sectional area as viewed in a direction perpendicular to a main |ength of

sai d guttehavinac sebstantalyniiarezaidalicross geslionad afsa a6 viewsd i f dirgpined
i nsert negpglrgﬁfnh}cyfé}tg\nét[ngm |§ﬁg@|&%%m1 Lgg@vity. Having substantially

trapezoid aped cavities e es a trough shaped gutter to be made in a
singl e pperation, with the cavities being fornmed by fitting first and

second covers between the sides_of the trough, w,th the chanpel s bgin
formed bet meens%'ﬂrfg’ﬁtech@ﬁ‘@ﬁ tS Aefiped LYoft %’ﬁ??”%fel?’r‘%‘gﬁttaﬂﬁfﬂd&r@eﬁi ﬁeéﬁ
wi thin eacffvdiy first @l giti;i rst and/or second channel may have a

substantiall'y rectangul ar’ ' cross sectional area in a direction perpendicul ar
to any main length of said gutter. According to a second aspect there is

i ded tter, . t i sing: el t h hayi fl ,
1 Pt ol ongat eSifriasANeAABNRLIS ToRiedanin dhacerushGarE. st sheed) sa"hi | 7
an el ongat ﬁ?ﬁﬁg? s%%f?ﬁﬁal@p%%koﬁ’dmrdro:@é QBttioHal afé P Q6 ABEe@ ih endiragtidret ween
sfde wal | s

said uprig , and closing off an upper part of said trough at a
perpendicular to a main length of said gutter; and

said second channel is defined by at least one tapered insert member fitted
within said second cavity.
15
Having substantially trapezoidal shaped cavities enables a trough shaped
gutter to be made in a single operation, with the cavities being formed by fitting
first and second covers between the sides of the trough, with the channels being
formed between single insert members or pairs of insert members fitted within

20  each cavity.

said first and/or second channel may have a substantially rectangular cross

sectional area in a direction perpendicular to any main length of said gutter.
25 According to a second aspect there is provided a gutter system comprising:

an elongate trough having a floor, a first elongate upright side wall and a

second elongate upright side wall;

30 an elongate cover member spaced apart from said floor and extending
between said upright side walls, and closing off an upper part of said trough at a

first height, so as to define an enclosed cavity there between;



first height, so as to define an encl osed cavity there between;
characterised by: a single enclosed channel being provided across said
trough bewoeerv/msai2d fl oor and said cover nenber and ext eqwiGRR0@/003F6a

| ength of said trough; a water inlet for allowing water to enter said
channel ; and a water outlet for allowi ng water to drain fromsaid channel
said inlet and outlet being provided spafed apart from each other along a

| ength of the gutter, such that water entering said channel via said inlet
passes through said channel to said outlet. said enclosed channel having a
vari abl e crosschaeictersad area in a direction transverse to a main |ength of
sai d trough, and which increases along a main length of said trough in a
direction fromsaid inlet to said outlet, so as to be relatively increased
at sal d out] et ConHGflidRanatbrbbil Grpviael hcitdd S4id TRIGhWBHEER Sid | east
one insert nenber Yocated between sal oor and sald covér, said insert
menber haviflogr and saslcovec triemntzer saandeextemding diorera lengtipof saiddiroughar to its
mai n | ength which varies between first and second ends of said insert
menber. Preferably the gutter conprises a pair of insert nenbers |ocated

between said fb%teﬁrmlaﬁa&mdeﬁﬁgwaltéﬁtolewétsawehgﬁn@,aémi nsert menbers

bei ng tapered, wherein said chahnel is positioned between said pair of
insert nenbers. Preferably, said gutter conprises a second el ongate cover

menber positioned abov aid fi.rst cover, m [, to define a second
cavity betmeenaeﬁﬁafgﬂﬁﬁﬁar%BWQPg“@@'&°#¥$§5R§8§8§P%ﬁ%"§@id first and
secondy gipri ght side walls;a single second encl osed channel being provided
across said trough between said first cover, said second cover and said

first and secosdiduiplatgmd eutips being providadiseacashapar dfame eagh el Agndidng a
I engt h of ?eaHg(?h torf?H@@htter, such that water entering said channel via said inlet passes

through said channel to said outlet.

15 said enclosed channel having a variable cross sectional area in a direction
transverse to a main length of said trough, and which increases along a main
length of said trough in a direction from said inlet to said outlet, so as to be

relatively increased at said outlet compared to at said inlet.

20 said gutter may comprise at least one insert member located between said
floor and said cover, said insert member having a cross sectional area in a
direction perpendicular to its main length which varies between first and second

ends of said insert member.

25 Preferably the gutter comprises a pair of insert members located between
said floor and said cover, at least one of said insert members being tapered,

wherein said channel is positioned between said pair of insert members.

Preferably, said gutter comprises a second elongate cover member
30 positioned above said first cover member, so as to define a second cavity
between said second cover, said first cover and said first and second upright side

walls;



sai d second encl osed channel having a variable cross sectional area in a
direction transverse to a main length of said trough, and which increases
al ong a mEDreolognsgi2h of said trough in a same direction RET&H2009%G00336
channel increases in cross sectional area. Preferably, the gutter further
conprises: a second water inlet for alloywing water to enter said second
channel ; and a second water outlet for allowi ng water to drain fromsaid
second channel ; said second inlet and second outlet being provided spaced
apart fromeach other along a length of the gutter such that water entering
sai d second chanmsigleisewaiddeselosed charutel pizsegspmhid@dgacmsdsaidatmaghto
sai d secon ut | et e gutter ri se at e ins . nb [
ocat e beRetuReS 5ol HrLEVek trd RS T Beret Bufiseid ARt RO eran hadthte

cross sect i s@ﬁ%@cbﬁd%hﬁhrﬁ@l@xtéﬁduﬁ@él@ﬁ@@ leHGEY oft said ttfoul; N | engt h whi ch
varies between first and second ends of said insert nmenber. Preferably, the

gutter éorrprl ses a pair of insert nenbers | ocated between said floor and

sai d cover, r rein said
channel is p05|‘°‘ta %%%&B]e?\/\égﬁgdsgp %%i tﬁa\fﬁd@ﬁ\éazﬁﬁ?é eﬁ;ostéc'?és)é\t’rt gglox\%%n@ 0 a
third aspecfirection eransvars@ o datlaim lgngthesf sl treagle.camd Wbk inerdases talatigoagat e
covered channel nenber capable of carrying liquid flowin a first

di recti on; ra@in angth gf §é'90tFRjJ9§1 bRy saeecrstien asneaid dirst shapeel 'ﬁééqals%rﬁ'éd
aboveor bel g€l ongate covered channel, capable of transporting
liquid in a(%s\%ssrgé(glgﬁgr%%rectl on of liquid flow Preferabl y the first

el ongate covered channel nenber has at | east one inperneable three

di nensi onal e e of an inner wall of said channel
menber to for m@(&%@ﬁﬁ% @ﬁrﬁ"ﬁlﬁf&omnf@?% ongate covered channel nenber
whi ch increases in cross section fromsaid first end to said second end.

a second water inlet for allowing water to enter said second channel; and
15 a second water outlet for allowing water to drain from said second channel;

said second inlet and second outlet being provided spaced apart from each
other along a length of the gutter such that water entering said second channel
via said second inlet passes through said channel to said second outlet.
20
The gutter may comprise at least one insert member located between said
floor and said cover, said insert member having a cross sectional area in a
direction perpendicular to its main length which varies between first and second
ends of said insert member.
25
Preferably, the gutter comprises a pair of insert members located between
said floor énd said cover, at least one of said insert members being tapered,

wherein said channel is positioned between said pair of insert members.

30 According to a third aspect there is provided a gutter system comprises: a
first elongate covered channel member capable of carrying liquid flow in a first

direction; at least a second elongate covered channel member positioned above



Preferably the second el ongate covered channel nenber has at |east one

| npernmeabl e three di nensi onal nenber |ocated at a side of an inner wall of
sai d chanwel2mesten to forma channel within said secona#CelGBrg@m®ozsever ed
channel nmenber which increases in cross section fromsaid first end to said
second end. Preferably said first el onggte covered channel nenber has a
first end and a second end, said second '€nd defined by a water outlet.

o SO Lt RN el gl o oL

end and a se sai a water outl referably
t he sai d syatmesajdidirecticryof lemidtBowr i ses at | east one el ongate trough for
receiving and transporting liquids to said first and said at |east second
el ongate covered channel nenber. Preferably said at | east one el ongate

trough conpri Sﬁe@?am?atﬁb 1€ eidrgéted colbfid cﬁ’éﬁrﬁarﬁahsbe?%& at 1bgasénone

liquid inlet conprises debris gu vortex reducing nmeans. Preferably the
said fiBst mpengmhie&m‘eer(hmeohwnabmmmaﬁémcaia@ ah acidmatan nngériwallheftsaid

subst anti al nst ant thr u t he I f.the said chann

member . Pr E]Cbga%? Hﬁ’egetﬁ)o 6598' 8cff{3ﬂﬁ@ng 8¥erﬁ§scréa'1f}?5nnel
wi dth that nhémﬁé'tb@h%ﬁtlh@bbye§mrt§rb§§1§eéﬂ%inm’ﬁ€§éid fildeeh@ kD tHid¥ecbhe epdi d
channel nenber. Qther aspects are as recited in the clains herein. Brief

Description of the Drawings For a better understanding of the invention and

to show how th ' ' h n
descri bed by ré% e%?gc&ﬁ{ Eloﬂgsgég%:é’\{e?éé%g\taa PIF?Ieﬁt @B’&r l’{ O%;Yegﬁtdone
processes ﬂﬂp@rl’rﬂeé‘tﬂettlﬁ)rebhﬂmhematmember located at a side of an inner wall of said

channel member to form a channel within said second elongate covered channel

member which increases in cross section from said first end to said second end.

Preferably said first elongate covered channel member has a first end and a

15 second end, said second end defined by a water outlet.

Preferably said at least second elongate covered channel member has a

first end and a second end, said second end defined by a water outlet.

20 Preferably the said system gutter system comprises at least one elongate
trough for receiving and transporting liquids to said first and said at least second

elongate covered channel member.

Preferably said at least one elongate trough comprises at least one liquid

25 inlet.

Preferably said at least one liquid inlet comprises debris guard vortex

reducing means.

30 Preferably the said first elongate covered channel member has a channel
width that is substantially constant throughout the length of the said channel

member.



invention with reference to the acconpanying drawings in which: Figure 1 is
a diagramof a sinple gravity based gutter systemas known in the art;

Fi gure 2 wbaows/msedzenati cally a siphonic gutter system WRCEIGB280%0@ss i n t he
art; Figure 3 shows in schematic view, a known siphonic drai nage system as
di scl osed in WD 2007/080380; Figure 4 sqgws schematically in view from
above a roof fitted with a known gutter system as disclosed in

i nternational patent application WO 2007/ 080380 depicting direction of

water flow along the gutters; Figure 5 shows a diagrammtic view of a novel
dr ai nage syst eRrafecabldithg sgmoodeelspgaﬂef caveeed ebaneel membdrehas aseimnnel

i nvention e 6@ sh n cut a Vi ew, dr ai stemof figure 5
her ei n; Fi ngggW hat d§isS IY &Qnﬁijl\f#ﬁgmﬁéﬂp?“gﬁ‘ qqgg‘g @%}s?@'ﬁ: a?a'm ur es
5 and 6 in gaparay view from above; Figure 8 shovvs a partial view fromone
end of the drainage systemof figures 5 to 7, showing an elongate cavity
contai nbng a channel and with the incorporati on of a pair of three

di mensi onal i%npgblesnrsert nB ﬁr 9.shows schematically from
above a roof fitt&do WS 3ep??1feaq %Eﬂ ers as described in
figures 5 to 8 herein, illustrating the dlrectlon of water flow within the

gutters to drainage points positioned at outside walls of a building;

Figure 10 ill u&é@ﬁﬂ'ﬂﬁtﬂﬂaﬂﬂiﬂ%ﬂﬂﬁ ew from above first and second

gutter section i her . | ot .. Fi

illustrates sc%@ﬁgﬁ%{'ﬁ??Jyﬁlgﬁg%ﬁé'ng\%y%|n&§ﬁ®'g%{1§r§%%b$§ewdzwﬁger%"ﬂ‘étm@ﬁd

second gut e caietli pbs effect,i tere Wil nbw ibeg destrited &yl 0dF, example only,
specific embodiments, methods and processes according to the present

invention with reference to the accompanying drawings in which:

Figure 1 is a diagram of a simple gravity based gutter system as known in

15 the art;

- Figure 2 shows schematically a siphonic gutter system which is known in
the art;

20 Figure 3 shows in schematic view, a known siphonic drainage system as
disclosed in WO 2007/080380;

Figure 4 shows schematically in view from above a roof fitted with a known
gutter system, as disclosed in international patent application WO 2007/080380

25 depicting direction of water flow along the gutters;

Figure 5 shows a diagrammatic view of a novel drainage system according

to one specific embodiment of the present invention;

30 Figure 6 shows in cut away view, the drainage system of figure 5 herein;



Figure 12 illustrates schematically the first and second gutter sections of
figures 10 and 11 during a second stage of joint formation; Figure 13 shows
in cut awap 20icsef2nom one end the gutter under a first IpevaiB20§9/00a336 fal |
in which a first enclosed channel drains water fromthe gutter; Figure 14
shows schematically in cut away view frqgm one end, the gutter of figure 13,
under an increased level of rain fall in“which first and second encl osed

channel s drai n g:al - EJ : j ' ' r bove
a further en‘ooc!:ir“;r'uer]r%t7f %Jt’f%v{'ser#%@E‘%@yzﬁ%pﬁ@ﬁﬁéﬁﬁéﬁgégk&%{ﬂn@f\‘f%"l&é%%i n e?s;

Fi gure 16 dheousawayeiewtfromldboven cut away view from one side across a cross
section X - X the gutter of figure 15 herein; Figure 17 shows

schematically in plan view, a first water inlet having a | eaf guard /

debris guard vegge 8eitws"d PRAAE vie HOht oke SRGVET ihe BFisages 8G5teRy of | ew

fromone side the water inlet” of figure 17 herein; Figure 19 shows in
parti al 5cutfigavesy SviceW, showingnan silorgate gavity asintainimgnatehannel andowitiFither es
17 and 18 herein; .Fiqure 20 ows..in view fromabove.a second water inlet
naving a admaromtan Pt paies PR o seEAh PGPS iR elS
schematically in cross section view fromone side, the second water inlet
of Figure 20 herein. Detailed Description There will now be descri bed by

way of exanpl e Figwpe?ishowsneehemativadyniram eabayg aHeof fitledtvwiths a plyrality of

e A S| Al il ' : .

brovide o T3epaBEEAE HERLAY, 5P RibIdsp 16,8 Melol Bpfand e’ diBefondr ' ©

ski | | edoi n wdter fiow, withiatthé gitters&e dtainaye points poslitiohed at outside walls of a
building;

Figure 10 illustrates schematically in view from above first and second
gutter sections abutting each other for forming a joint.
15
Figure 11 illustrates schematically in cut away view from one side, the first

and second gutter sections of figure 10 during joint formation;

Figure 12 illustrates schematically the first and second gutter sections of

20 figures 10 and 11 during a second stage of joint formation;

Figure 13 shows in cut away view from one end the gutter under a first level

of rain fall in which a first enclosed channel drains water from the gutter;

25 Figure 14 shows schematically in cut away view from one end, the gutter of
figure 13, under an increased level of rain fall in which first and second enclosed

channels drain rain fall;

Figure 15 shows schematically in view from above a further embodiment

30 gutter, having a plurality of in line water inlets;



practiced without limtation to these specific details. In other instances,
wel | known net hods and structures have not been described in detail so as
not to urwecerwmeiliy obscure the description. ReferringpPCo/dB20aves33s and 6
herein, in one preferred enbodi nrent of the invention, a rainwater

col l ection system conprises a gutter section (500) and a plurality of down
pi pes (501 , 502) positioned at one end!df the gutter section.The gutter

S d trough weBUre dBnmnd SeraRatitak e R Y Vo b Shecolie dicrodalR o
al ong a f utlost aBétidh RI- XTetguttesbf figurbi1sshersipr i ght side wal | (503)

extendi ng al ong the whole length of the floor portion (502) and positioned
on one 5 side of the floor portion, a second upright side wall nmenber (504)
posi tioned on & [ sd : o f Iy I SEnS] |
(503), and ext%gﬂﬁg?§0§&sa§rﬁiﬁg gﬁtlfl:%lmﬁmpﬂgrgglvlléﬁ’n%mﬁﬁwﬁépﬁlértsqaiiqugqﬁafaﬂl,\?
menber ,5 t hgudrdd@ebns oard aodex fedsicingndears;ond upri ght side wal | nmenbers
preferably being forned in one piece so as to be inherently water tight; a
first cover portion (505) positioned above the first o floor portion and
extendi ng_acr ogigy g GHblys h SdbsWechbif vISW S IR BB MG Wi it opfiglrecond
side walls and &xtending substantially in parallel with the first Tl oor
portion solAgetainforma first cavity (506) bounded by the first floor
portion (502), the first side wall (503), the second side wall (504) and
the first cover portion (505), the first cavity being enclosed by the side
wal I's @and firsgigary ¢ shBWs! ifbarfal TRE aRdy Nidk Yok BAB!Si@S A part)of thé watercond
cover portion extending fullg'aC(oss a wdth of the gutter between the
first and inetohffigires 1Mnds18 Bereis t o encl ose a second cavity (508) bounded
by the first cover portion (505), the second cover portion (507), the first
side wall and the second side wall; at |least one first water inlet (509)
whi ch provi desriguragagows PNVisWoYemt disbvees @ador@ wedtef mlst) haviigp atdebrisi 1 st

cavity 0 (506); "at | east one second water inlet (510) which provides water
passage frouard vortex reducing means; and

15
Figure 21 shows schematically in cross section view from one side, the
second water inlet of Figure 20 herein.
Detailed Description
20 There will now be described by way of example a specific mode

contemplated by the inventors. In the following description numerous specific
details are set forth in order to provide a thorough understanding. It will be
‘apparent however, to one skilled in the art, that the present invention may be
practiced without limitation to these specific details. In other instances, well
25 known methods and structures have not been described in detail so as not to

unnecessarily obscure the description.

Referring to figures 5 and 6 herein, in one preferred embodiment of the
invention, a rainwater collection system comprises a gutter section (500) and a

30 plurality of down pipes (501, 502) positioned at one end of the gutter section.



above the second cover portion (507) into the second cavity (508); at |east
one first outlet aperture (51 1) positioned in the first floor member, for
dr ai ni ng wetero/dseem t he first cavity into at | east one PCTAIB20@M00336pe
(512); at |least one second aperture (513) positioned in the first cover
menber (505) for draining water fromb5 we second cavity (508) into at

| east one second down pipe (514). The fiTst cavity (506) has a

substanti al | ' : -

2long 5 mai o | SHECGREY “cuS] 180G CoRFsBS i Morfiand/ UG éntbct SO ToP]

I(O g(r)t8|) Onwlglggd;;éoﬂgggv?ﬁgtifafzytr?bgh forlhembec i@rlpngtamgmgg? flosrepartidn c(5gz)/e[]
rst_and seco respect as

a second sWhshafixtends 1ona geii '&agtefbpg §'@é’9ho st WpaghbSide W 5 )‘B()E i 0

2 oubst ant ERESRGclofl e EnaIe IRbfSS thEFRr pOftion (582) 44 923‘2?5‘% e

posi ti @edsﬂbmfdheﬁbos@odm caos@ondemr@ht chErvall mnbarbéi(&gtnoaltmedlqmul ar

| ate h | |
whi ch-col 1 Becarpenye site 8 e fifen méniher b dhe S aige vEACIEES). Aty EBholih . &
entering i ghgsth Ilty ih Paraiel With'tﬁé fistaidk Wal %ér’ﬁ@erf ithe Hodreinemisdraimaefirs( 506) ,

and all owi ng on passage of water. The at | east one first wat er outl et
(509) is pesd tseooedi upaght sldatwall mammrstwe@atdnéaemq tosmed: e PleseHINs

drain water from. ositiag d
O e e BEient, SR BIE PR oo OB FRogpdaranile fiysecor
second; €0V aborEEHEH aﬁé%?derfdlriy\écrbbé e fulitviett ofrtae éebeﬂwdantth(e?nmﬁ)anmt o
the first water channel (506). At |east gne second water |nI et (510

conpri ses secarsLside wallsiagist exiending substastialbnintrasalis withi tog firet flaasp
(516). - anaBevbdhi AR SayBrRide) poffed yARE TR Rorbo f‘ﬁq&?&f‘@‘r’%ﬁéz@?” o
pl ate, arespeswval (B03), thedbedorld side ofalr (G4 lang tdaletfafsrkjccmgarqmmor( %A0H), thehi ch
BFL?af ,hte yC:‘j;s(t:ucla?nrty %le?rgge eﬁglg\égdtb@etﬁeug%e( \?v%\?g antdhfe rs%e cg\e/érngoﬁlro%\”a ggcc?nd
15  cover portion (507), the second cover portion extending fully across a width of the
gutter between the first and second side walls, so as to enclose a second cavity
(508) bounded by the first cover portion (505), the second cover portion (507),
the first side wall and the second side wall; at least one first water inlet (509)
which provides a passage from above the second cover (507) into the first cavity
20 (506); at least one second water inlet (510) which provides water passage from
above the second cover portion (507) into the second cavity (508); at least one
first outlet aperture (511) positioned in the first floor member, for draining water
from the first cavity into at least one first down pipe (512); at least one second
aperture (513) positioned in the first cover member (505) for draining water from

25 the second cavity (508) into at least one second down pipe (514).

The first cavity (506) has a substantially trapezoidal shaped cross section
as viewed in a direction along a main length of the gutter section. Similarly, the
second caVity (508), which is bounded by the first cover portion (505), second

30  cover portion (507), and the first and second sides (503, 504) respectively, has a
second substantially trapezoidal cross section as viewed in a direction along a

main length of the gutter.



apertures between successive ones of the radially extending arns, which
allowinlet of water to the second water inlet, whilst at the same tine

bl ocki ng welwimssizeh as | eaves, twi gs or the |ike whi chpoayGHaM000336| ect ed
in the gutter on the o upper surface of the second cover nenber (507).
Wthin the first cavity are provided one or preferably a plurality of

el ongate water inpervious tapered i nsert®menbers which define a first water
channel within the first cavity. Wiilst the first cavity may have a
substantially constant 5 cross sectional area along its full length, the

first channel Adgidasedriy filshaniepaseo)besmprses aeshbstanti@§2cirdularsor squane 505
and the first and second i nsert nenbers, has a 8radual I‘%/ nd |inear|
Of)

i ncr easi ngpletewbichide spagrd apai formand arsitiensd Above these | GPVBEMSERS cul ar
to the mal QSd?znlWeh stéﬁ‘tﬁllgt&r%gl r O?wﬁhg# glraké(hawﬁ@ 2 gﬂ%a vﬁ'eﬂe Ses

one or ‘pered 1 nser Ine a-se ann t he
second BNat pojedtiagnaimsh €51 5)g whigh adllmjtlk/glyl actr e s gille rcm)sxeMtarryn@lavas,ea

t ds the outl d of th
the first EYGS 96ASRES SraeH ©10 iF S WAet migkaend o 3 reSNPe &henart y.
rect angul 506! dé Lﬁ CBHﬂy fHe b%%arg%%faﬂ@t\ék arhé bP fehsh BAB IRt Wétéf eaféng

linearly t Iet end ch respective cavity, and increasing
in the dir&o9) mpmﬂntmﬂcbsudﬁ that a spthaIltmof aaeéure@rheéweﬁg tla,faann@ Heaimwater

out et of T8 $aSben pamenalm PR thi e SRR hiahe sObT o oty o,

pri maryy chesygl so thatwater %onéa@a'% tN& geﬁerdaﬁletbp ftffrtﬁE'serc@hﬂfo@k/ér frgtabér ons
will carry thé water fromthe adjacent roof to a drainage point, and the

second cha(afd) ﬂm theougbsthg fisst watenindeid68@hiNjo mﬁaﬁﬁéwaﬁm@ﬁmaﬁl @%&m@s into
operat | on WALPHn Lhoh 8 hiePldctsTbEbhp ks S RERLE HIRIPRERL RO
stage two @fp of VARER @PprovRiesiey Eifdular MatedBOY pspaietsagartfromsars apper edge of
the tubular portion (516), and between the upper rim of the tube (516) and the
15 circular plate, are positioned a plurality of radially extending arms (517), which
hold the circular plate above the tube (516), there being provided a plurality of
apertures between successive ones of the radially extending arms, which allow
inlet of water to the second water inlet, whilst at the same time blocking debris
such as leaves, twigs or the like which may have collected in the gutter on the

20 upper surface of the second cover member (507).

Within the first cavity are provided one or preferably a plurality of elongate
water impervious tapered insert members which define a first water channel
within the first cavity. Whilst the first cavity may have a substantially constant

25 cross sectional area along its full length, the first channel defined by the space
between the floor 502, first cover 505 and the first and second insert members,
has a gradually and linearly increasing cross sectional area in a direction

substantially perpendicular to the main length of the gutter.

30 Similarly, the second cavity encloses one or more tapered insert members
which define a second water channel, the second water channel having a

gradually increasing cross sectional area towards the outlet end of the second



out in BSEN12056. Thus, the gutter has a plurality of enclosed channels,
one on top of the other, and an open channel on top of the encl osed

channel s.w&bavoses2lil ects in the open channel and drai nsPCmGB2009200336bot h of
t he encl osed channels. The gutter can be formed fromany material known in
the art that is suitable and commonly used within the building trade.
Preferably the gutter is forned fron1ex?$uded plastic or alum num At | east

one perforati. ' r form
vater 1 ni cravib, [igRrERe Bhelinal Bfodt 5t Y fSF ohd scenbictiRinels, iAebebt ' oTe
of the wat aiode; anseath substantially (diﬁ)efngmd Eﬁlﬂ)the‘ﬁhétrdofrthetneotanghlamass flow
i s shown as arrowed (512 9) in figure er tr nspor nel

that wat er SBEHOSY @Céﬂasm%/"'?ﬁfé")/pté’ r%m?r OFﬁl‘#Eeq‘go{j@ﬁ e tcﬁ‘g'l%eq t of
the corr esgﬁ?&%%ﬁé dlr'élc n A WAEE oW, t%) H{%ﬁ W@tb?redté’f’rﬁ:} ehbh tdHanhBper

part of th can e ascertained I gure 6, 1none enbodi nent of
t he i nvent empenemesmwmenmg char(rel @ if ﬂnwmaldngdhergmtercbomdlsltgaautlat om t he
upper roor of the. tr h han the other water inlet (509). Wen water
enters the 'ler@'ﬁaﬁc“‘(ﬁa(f firstly channel through the |ower water
inlet(509) and into first eI ongate covered channel (506). Water runs al ong
the first channel and out of first water outlet (51 1), down a downpi pe and
then into a drZhadigst chpenehmaydie errdigtied as atprnariahannebihatie aehvenchnd

h
ret( S1op iy whder e ey otEhions oy B tne Water. B88Y s’ Bt RIBE R
second, y\at gf al diaffageSpdint, amd fhet semmrmbpnwsem\s@m adangedondafB) and

down second wat er outlet (513) and out of the gutter systemvia a second

g(i\g;wpl pe gnhamﬁuwm@lboewgomﬁq inta oparalian Unéeﬂ'h@hv!ﬁi’@roﬁrﬁln@"s FoE eyamplfy and
can
PRHHE B P, S ISy B ) o

efficiency
operation during stage two of a category 3 severity or above rainstorm, as set

out in BSEN12056.
15
Thus, the gutter has a plurality of enclosed channels, one on top of the
other, and an open channel on top of the enclosed channels. Water collects in

the open channel and drains into one or both of the enclosed channels.

20 The gutter can be formed from any material known in the art that is suitable
and commonly used within the building trade. Preferably the gutter is formed from
extruded plastic or aluminum. At least one perforation is present at various points
in the trough floor(s) to form water inlets. The water inlets allow rainwater to be
transported to any one of the water transport channels (506 and 508). The

25 direction of water flow is shown as arrowed (519) in figure 5.

The exact water transport channel that water enters at any one particular

time is dependent on the height of the corresponding water inlet compared with

the water level in the upper part of the trough. As can be ascertained by figure 6,

30 in one embodiment of the invention, one water inlet (510) is manufactured to be
higher from the upper floor of the trough than the other water inlet (509). When

water enters the trough, water will firstly channel through the lower water inlet



inlet would conprise a baffle plate as a nmeans to reduce vortex formation
in and around the inlet. Vortex formation is detrinmental to the flow rate
of a systwonzbmomeRe it allows air to enter the channel aou/Gioremsizng
vortex formation is 5 therefore advantageous in creating a siphonic effect.
A further enbodi nent would be to produce_a water inlet as a bow shape. The
bow shape itself would be in the form=bf- an i nverted hol | ow pyramid with a

oo o PR P Rt st OB PHAL AR, peos e 1o
inlets is pRANMS Y bat of Braaneater ioutied{511)e downt ardayrgigenansl thee inhe a

di vergi ng shape of the internal channels of the gutter systemthense| ves
encour age drainagecgystem Grot shewphdhithe waterciow ingraases,and the waier IBYeL o

whol e. Thepef - Si i Gt i j | ; t Wi i nto
the channol® RS0 BS%: BRI St bhaphte tkThigheChadt et (310, Bopsieriil

si pEonig:aI P’?enwé‘dgiﬁuhawlwmf thrﬂo'rv]sndhtui theabesonzhavater inleéte(510)sand ento

si phonic effect begins to formw th |ncreasing water flowr t he
dovnpl pes. SFRIG Hlangas: FVGHEHENATIEREID AN IOHR SErab AR fo e bhck

al ong the r e LN n hig

t hrough t hgngﬁgﬁhgl é%r g%é%@. X\%ygt gﬁ?}dhgr%@?@(%l?ﬁgnﬁrﬁayg%tgggre F‘ggﬁgﬂgri |1
or a nesh-sh@enktructure to substantially cover the water inlet. This would

advant ageous to prevent |large objects fromentering the system causing a
bl ockage. The water may flow through the gutter systemin either a gravity

dependgnt NMANNEHeQlate iMefsl RIQNEE0 WAHES1d) @ beNpradesd & MafoesrinrdiraRnt |
water wll initrally flowinto first elongate covered channel (506) and

will fall dayete meréasesiomsaterandiafficieng)s in onepreferigdrsnbegiment.dhe avader pul | .
However, as, the channel . bec full_wt r ' el il
becone voi @I%W%Lﬁa_cwlsgcq ﬁgﬁ%&lg?h%%ﬁﬁ%% %D'gggéjggr\{éh% gltf?r(ﬁ}ial%gjEll \/\'/zlra‘tgeﬂrCJ
droppi ng dawurdhthed W IVsited fdrmadion ds algiegehtal@o the flow rate of a system
because it allows air to enter the channel and decreasing vortex formation is

15 therefore advantageous in creating a siphonic effect.

A further embodiment would be to produce a water inlet as a bowl shape.
The bowl shape itself would be in the form of an inverted hollow pyramid with a
hole at the bottom to allow water flow. This configuration is known in the art to

20 reduce vortex formation.

However, having individual siphonic inlets is not essential to operation of the
gutter system, since the diverging shape of the internal channels of the gutter
system themselves encourage the creation of a siphonic effect in the gutter

25  system as a whole. Therefore, non-siphonic inlets, which allow both water and air
into the channels may be provided, and the gutter system will still operate
siphonically without the need for individual siphonic inlets, since a siphonic effect
begins to form with increasing water flow rate at the downpipes, and the position
of formation of the siphonic flow moves back along the channels towards the

30 inlets, as the amount of water passing through the channel increases.



pressure to formw thin the channel s and pi pework. This negative pressure
w Il cause water to be sucked along the el ongate covered channel nenber,
whi ch wi Iwothueospszer ease the water flow At full desi gnPcagneynooishe wat er
builds up around first inlet (509), first channel (506) becones full of

wat er, and al t hough worki ng siphonically, reaches its maxi mum capacity.
Water builds up in the top of the troug‘H80n top of the second cover (507)

and raises to d ] f er the t ' t ube
(516) of the se:anainEEErtaanbeERRy ahibrers il 4BE sBbiflo ' 1
second charyu®ktantiffy) cbiéd tha!waérTiniétr Mhiwvdule aldvaatagebasel prebéf) large

Initially, at low water flow rates the channel operates as a normal drain

with the wabigets from erfetinadhe system GUsHIA Plogkag®wever, as the channel
fills up with water the channel begins to act in a siphonic manner, with
the volune of water in the second down pipe (514) causing negative pressure
whi ch dsaws norfhenaater may flow lileroaghrthe gutier $ystermean withier al gravifyod&@enddhén t he

second channel is full of water apd the second . do i pe, (518) is. full of
wmtar ¢ he TORBRRIT I8 LT iahRNC ate Bow, it 2 BISABRY Sl gt vl ilipiiall: or
bei ng dr awgal it SESRIREY | ( ar VAT '
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ar ea will thus increase the water flow.

15 At full design capacity, the water builds up around first inlet (509), first
channel (506) becomes full of water, and although working siphonically, reaches
its maximum capacity. Water builds up in the top of the trough on top of the
second cover (507) and raises to a depth whereby it can flow over the top of the
upright tube (516) of the second water inlet (518) and into the second water inlet.

20

The second channel (508) fills up similarly as the first channel (506).
Initially, at low water flow rates the channel operates as a normal drain with the
water flowing under force of gravity. However, as the channel fills up with water
the channel begins to act in a siphonic manner, with the volume of water in the

25 second down pipe (514) causing negative pressure which draws more water into
the channel at the second inlet (518). When the second channel is full of water
and the second down pipe (518) is full of water, the channel operates at its full
siphonic rate of flow, with water being drawn in through the second inlet (518) at
a relatively high rate.

30



where the cross-section of the channel increases froma first end (703) to
a second end (704), where the second end is defined as being the end at

whi ch at weasto/mm2iwat er outlet is provided, and bei ng trhe/GE2d0NONEEdS

whi ch the water flows. The mani pul ati on of channel size in varying degrees
al ong an el ongate covered channel nenber, is advantageous, as by allow ng
for a narrow cross section in the V|C|nﬂ§y of a water inlet, this increases
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water entering 't e covere a narrowed
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wide. Also shown in figure 7 are a plurality of optional locating straps
705 - 707 M‘iW%Q‘E%H@ﬁ'&W@Q POH¥S-channel to locate the insert members in
spaced apart relationship to each other. The straps each conprise a PVC
coated rigid steel strap or simlar having a pair of downward pointing ends
whi ch can be erEf@E'tdlginngtlrhe? ihesain; the: diageami shawsein plain view @ prafereadn,

Wi t hout obstruct.i ann Referrin ure 8 here is
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(506) is defined between the first and second tapered insert blocks (701 ,

702) res pe@npe@ngabltfrmoql@déoéd?ws whichhmay lbe iaserted endither pr hatlesiges of

972 e Yl b o O B 8l v e
materiph. Rasdredadd ws tbhollage nechrtmubasly varabiRdRakna orese ebstiaral area
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B oner 1o cREEYBHE Pha] SHRke HESe s oA abiRORLe LS 1P Eh o
channel (50&gst e Watmrmltmtlhs peovidied, s being the end towards WhICh the water
flows. The manipulation of channel size in varying degrees along an elongate
15 covered channel member is advantageous, as by allowing for a narrow cross
section in the vicinity of a water inlet, this increases the ability of the system to run
under siphonic conditions as the volume of water entering the elongate covered
channel member will fill a narrowed channel rendering it void of air at a lower

water than if the channel was wide.

20 |

Also shown in figure 7 are a plurality of optional locating straps 705 — 707
which extend across the channel to locate the insert members in spaced apart
relationship to each other. The straps each comprise a PVC coated rigid steel
strap or similar having a pair of downward pointing ends which can be pressed

25 into the inserts to retain the inserts in position, without obstructing the channel.

Referring to figure 8 herein, there is illustrated schematically in view from
one end, a gutter as described with reference to figures 5 to 7 in partially
assembled view. Water channel (506) is defined between the first and second

30 tapered insert blocks (701, 702) respectively. The tapered insert blocks are
preferably made of a high-density foam, which is both light and durable and can
easily be shaped into a tapered form by moulding or by cutting from a larger



expands in wdth at a constant rate between the inlet end (705) and the
drain end (704), with the wi der channel portion being positioned at the
drai n endwofotomsogputter. As the water enters the channelPCatGR2b@/iond3et end
(704), water flows down the channel and experiences an increasingly w der
channel , of continuously increasing cro sectional area as viewed in a
direction perpendicular to the main | ength of the gutter, with the cross
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installed in a roof of a building. Wiere referrin re 4b, art
syst ens ha@auiRient o@@ﬂ‘t%&"%taé? VRLShsIFRarVieHsn have P"@}‘ glﬁff'@' 'Q§'£|€ Mies

where the 3ﬁéﬁéméé Ad' RaRAgh |%&@95 e)}é' ‘ﬁiiéatid?ma@ﬁifé)ébéﬁ \Mtrro%@tssg?mcatnfﬂ' sis

di sadvant ageous as It neans outlets, downpl pes and dral nage
entry pesi tdegreddtianeofiperfoembocat ed within a bUI | di ng. When a building face
is long i.e. over 200 netres, therefore two or nore gutter systens may need
to be introduced on one face which gives rise to nmultiple positions where

downpi pes, wat ¢ tQelldnfibSdimiedt @haWHaﬁfe @ﬁérﬁrYelF(%B; hassa \&@Hé@nbﬁewdéﬁh The
water flow in each covered channel nenber woul lowin the sane direction
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will now b €scr
length of the gutter, with the cross sectional area and width of the channel

increasing lineally towards the drain end of the gutter.
15
Figure 9 herein, shows the water flow of the present embodiment of the
gutter system where a plurality of gutters are installed in a roof of a building.
Where referring to figure 4b, prior art systems have disclosed two water transport
channels for gutter assemblies where the water flow in each channel travels in
20 opposite directions this is disadvantageous as it means that water outlets,
downpipes and drainage entry positions have to be located within a building.
When a building face is long i.e. over 200 metres, therefore two or more gutter
systems may need to be introduced on one face which gives rise to multiple
positions where downpipes, water outlets and drainage entry positions would be

25 needed.

The water flow in each covered channel member would flow in the same
direction (901 or 902) in any single gutter system and the channels would sit
above or below one another. Thus the number of positions needed for downpipes

30 903, 904, water outlets and drainage entry points is significantly reduced.

Moreover all water flow could be directed to the outer edges of the building faces,



Firstly, having assessed the area of roof to be drained, and the positions
of avail abl e drai nage points, and the specification of the gutter, i.e. the
maxi num awounto/sds2ziai nfall that the systemis to cope wpChGE2b@/doassgt h and
design of the o gutter is determ ned using conputer nodelling to optim se
t he performance of the gutter. An overal]l length of gutter is determ ned,
and an opti num nunber of i ndivi dual gut'lzéf sections is determned, to be

j oi ned tog r sl gro\Ve £l ﬁ‘ﬁm t , ] he
wi dt hs andqﬂplg%fﬁa}"gggo%\étb ﬁtgoééﬂugﬁ%@ldge ﬁi er ﬁpd&soésﬁ iugtr?i%%Bgfﬁat eSEélhr]l ets,
and speci f ivathin thesbdilding.nl et types and hei ghts, and 5 downpi pe di aneters
and | engths. A conputer nodel cal cul ates at each position along the |ength
of the gutter, the optinmumcross sectional area of the channel, the vol une

of water per S??éf@ﬁingts tdqrgg@é@ fa ltb hoveabkreinf atmeetﬁaanaﬁlmamwéefuréimnic

and non si phoni ¢ nod and the negative pressure in the channel. The data

f or t hesoptinstaltationafike gutterssystarowibnaw ke desatbedbe converted to a program
o data for a laser cutting nmachine to cut the tapered inserts to the
optimum tapering profile, which could be linear, or a stepped or curved

t apering shape Fifsfly, Hadlasstssed théare bRt to deafrained, hha thé pusitions of
Preferably, the channels are shaped such that at the slowest part of the

channel , w#veilable drainagepaints, pad tthe mpesifisation ofthe,gubat.|ie: the HeaxXipwEy of
ter flowj . . .
ravel 11 no o8 @isk bl the Syl £ o6 vEE M et 65 ofine

moul d ebc. ddttef Brddibymintd @isingséamputer Areiefingdo toptintiss thiecperfornepetiof the
pressures of less than 8 netres of water to obtain reliabllngurﬁredi ctabl e

per f or manc&uttsr-EAB HovelAl! dngifuiafQuitaros dstgrpined. andsan RANNHMOAYPEH Ofay be
e erat o ShPyd GEkaladn & Pl 6 boldRkystadhet OBy
first coverassembistegttierptagetizer with thes eidthsl andvaofiles gidhe chanaeld, iombeach
cover Corrp%rr]\%n;t)(’)sit?oning of the inlets, and specifications for inlet types and heights, and
15 downpipe diameters and lengths. A computer model calculates at each position
along the length of the gutter, the optimum cross sectional area of the channel,
the volume of water per second at various fill levels of the channel, under
siphonic and non siphonic modes, and the negative pressure in the channel. The
data for the optimum channel cross sectional area can be converted to a program
20 data for a laser cutting machine to cut the tapered inserts to the optimum tapering
profile, which could be linear, or a stepped or curved tapering shape, to provide
an optimum channel shape in the trough. Preferably, the channels are shaped
such that at the slowest part of the channel, which is usually the part furthest from
the outlet, the speed of water flow is always at least 0.7 metres per second,
25 because water travelling at this speed is makes the channel self cleansing of
debris, mould etc. Preferably, the system is designed to operate at negative
pressures of less than 8 metres of water to obtain reliably predictable

performance.

30 Each run of gutter, for example, a 150-metre long run may be manufactured
in a factory as a plurality of shorter sections, to be assembled on site. Each

section of gutter comprises a trough component, a first cover component,



correspondi ng one or pair of respective foamtapered insert nmenbers as
descri bed herein before. For systens designed to accommobdate a category 3
or greatewonraiospzim the first and second cover nenber #CRidH20000336t ed at
the factory so as to provide a two-tier channel system However, for
systens which are designed for a category 1 or 2 storm the gutter may have
a single tier enclosed channel. In the ?éctory I engths of steel, alum ni um

or plastic desc d eldin
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tapered I NgREAn&EeNbers may be secured in the channels by a plurali ty of

upright spikes or pins welded to the trough floor or side walls. |In another
nmet hod, the inserts may be positioned in the troughs, and a pIuraIity of

PVC ted st t ' t
The straps may &UR R RS e v T RESTRES R AsttodPy WP Wi, °
parts,@ne sﬁéﬂéae@dés&ﬂ)édﬁhéi‘blmf&@ Witk irkferorce abdiguréd & baaardsnIvetal
menbers, as shown in figure 7 herein, to | ocate the foamtapered bl ocks

each side &Prighkspacersaay beweidadsacress e trangl At .%rleﬁ@dnt@r\eai%tp 8RO he
trough to {0 M chidh LRdPoFHY dobofiddbdeialg frBfelefmiidd ABNRFheighPdobite

channel .
the floor of the trough. For example the heights of the first cover may be set at

40mm, 60mm, or 80mm from the trough floor to provide the correct optimum
15 design heights of the first and second covers, to achieve the optimum channel

heights.

Sheets of foam or similar are cut to a shape corresponding to the correct

taper for the particular section of gutter being made, and are glued, adhered or

20 otherwise secured inside the trough. In one method, the tapered insert members
may be secured in the channels by a plurality of upright spikes or pins welded to

the trough floor or side walls. In another method, the inserts may be positioned in

the troughs, and a plurality of PVC coated steel or aluminum straps may be
pressed into the foam inserts. The straps may comprise a horizontal part and two

25 downwardly projecting parts, one at each side which may be positioned above
the foam insert members, as shown in figure 7 herein, to locate the foam tapered
blocks each side of the channel. The first cover member is then placed over the
trough to form a lid to a cavity containing the insert members and the channel.

The edges of the first cover member are welded or otherwise fixed in a watertight

30 manner to the up right sides of the trough, thereby enclosing the cavity and the

channel, the cover forming both an airtight and watertight lid to the cavity.



The edges of the first cover nenber are welded or otherwise fixed in a
wat erti ght manner to the up right sides of the trough, thereby encl osing
t he cavi twoanty/ashichannel , the cover form ng both an aiPCriGgHo%m00336
watertight lid to the cavity. The cover nenbers are preferably nmade of 1.2
mm sheet steel, alum niumor plastic with or without a plastics coating,
whi ch enabl es the cover to be joined t o28he edges of the trough using a

heat wel d, or PVC seal ant qai vi t | Lt S -
sections of gu?psrcc’é{?r W@%?{gﬁre%ﬁﬁéémyﬁéedeg&a?‘2qgﬁg§$1%(%/tgéiéol%érgtﬁlmlgismgut
for the inlgeplathe vt brekith@Rre plasties ¥oatind, hidraehablgs tié cooergio tseljdined) of

t he aperturesa)n’;%/ al so be possible at the installation site. The section of

gutter at ththeoedges ofdhe tiewghnising ameahweldaor adeYE sealant @i givriertiabt or y
fitted wt nga"'\@hﬁ{éé ht seal, for connection of a down pipe on site. For
the sectio f hnel” at the inlet end, cover grills as shown in figure 6
herein @are fitted to the inlet apertures for the first channel and (where

fitted) the second channel. These are prefer factory fitted prior,to
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I nsert nenbers are cC ape an I Xe top of the rst cover nenber,
simlarly asayhalseibe poskibleatihednstabatidrosite. fbefsection ohgulter at thedutleberd whi ch
is fitted a second cqv

er menber. The secopd. cover nenber | | ded, Mheat
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ensure; @ V"%Bﬁﬁéét%tofsae@éwn-ﬁﬂﬁ bmdjti dual gutter sections are transported to
an

the site, are lifted on'to the roof either manually, or using a crane.

The gutter sections are bolted in place at the edges of the roof and/or to

the frame of the Rhuilding, dint ca f 1] di | lgiple

apex roof, in FR&H‘\F&F?Qg?g %@%ﬁé@ﬁ' ?E@]er '8%? eﬁgcﬁ?gﬁérﬁls% SRl th fAglRd'd
herein are fitted to the inlet apertures for the first channel and (where fitted) the
second channel. These are preferably factory fitted prior to shipping, but could

15 alternatively be fitted at the installatioOn site.

In the case of a two tier gutter system, in the factory a further set of foam
insert members are cut to shape and fixed on top of the first cover member,
similarly as herein before described for the first channel, and above which is fitted

20 a second cover member. The second cover member is welded, heat sealed or
otherwise adhered to the upright sides of the trough member to ensure a

watertight seal.

The individual gutter sections are transported to the site, and are lifted on to
25 the roof either manually, or using a crane. The gutter sections are bolted in place
at the edges of the roof and/or to the frame of the building, and in the case of a

building having a multiple apex roof, in the valleys between the roof sections.

Referring to figure 10 herein, there is shown schematically in view from
30 above the ends of two gutter sections 1000, 1001 positioned end to end for

joining on site.



Referring to figure 10 herein, there is showm schematically in view from
above the ends of two gutter sections 1000, 1001 positioned end to end for
j 0i ni ng omotmsgRishown in figures 10 to 12, the ends @eCTidB20eu0DIBH
sections are manufactured such that a portion of the floor of the trough is
exposed and accessible from above, and the first and second cover portions
are stepped with respect to each other,- 2fp al | ow access to the joint for

connecting the,gqutter sections o |t e e

there is shownpi bPW\W s Jllﬂué%%v@ §°f ﬁ?s?ﬁét é@@gg?ft J“g% eﬁbt %%Ctg)ﬁ%t gﬁs
sections 1QQthufd&tlided sbiek thatiat portivACHT @i h@@rldfsm@pt:reugtansi eXpdsedvand ,
1002, 1003 respectively, exposed and extending short of the end of the
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their respeetfiors owyws. nenbers, so as to allow a platform across whi ch to
span a further section of cover over the joint. Referring to figure 10
herein, there is shown the first and second gutter nenbers (900, 901

respectively) eférjnﬂ t8 fﬁunae’f @h@ﬁalﬁ e isBMAWnVinSHEW Fom 9?&@5‘?@5@%@@9 a

jointing operation t and second gutter sections 01) are
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fixed 1n plac e roof or adjoinin struCture. To create a
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cover members, so as to allow a platform across which to span a further section
of cover over the joint.

15
Referring to figure 10 herein, there is shown the first and second gutter
members (900, 901 respectively) of figure 9 herein, in cut away view from one
side during a jointing operation. The first and second gutter sections (900, 901)
are placed abutting each other end to end. Each section is supplied from the
20 factory with the first and (where fitted) second cover members cut slightly short of
the end of the gutter, to leave room for creating a joint between the ends of the
two gutters. The two gutters are placed end to end and are fixed in place to the
roof or adjoining building structure. To create a joint, a plastics membrane and/or
tape strips 1004 may be fitted either inside the trough members and/or outside
25 the trough members and heat sealed to create a watertight seal. Additionally, the
two ends of the gutter may be bolted together at their ends with one or a plurality
of plates (1003) extending across the joint. A plurality of optional waterproof stick
pins 1100 may protrude upwardly to locate the tapered foam inserts which are
pressed down into positions across the joint.
30
Referring to figure 12 herein, one or a pair of insert members (1200), which

are pre-cut to shape in the factory, or which can be cut from block of foam



two ends of the gutter may be bolted together at their ends wth one or a
plurality of plates (1003) extending across the joint. A plurality of

opti onal weteropses2i stick pins 1100 nay protrude upwar diPgTiGB2h@adB6t he
tapered foaminserts which are pressed down into positions across the
joint. Referring to figure 12 herein, one or a pair of insert nenbers
(1200), which are pre-cut to shape in tﬂé‘factory, or which can be cut from
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channel and between the upper (second) cover portions of each gutter
section, thereby creating a watertight and airtight seal. The nopst
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channel and between the upper (second) cover portions of each gutter section,

15 thereby creating a watertight and airtight seal.

The most important joint to make is the joint between the abutting trough
members, since this is the joint which keeps the water out of the building. The
other joints on the cover members are preferably water tight and airtight to

20 promote negative pressure in the channel and the siphonic behaviour, but if there
is some degree of leakage on these joints, it is not critical since it only marginally
affects the siphonic behaviour, and there is no risk of water leaking into the
building. Under conditions of heavy rainfall, since the upper open channel will be
full of water, then any minor leaks between channels through the cover joints will

25 not significantly affect siphonic operation since only water will pass though the

. leaks.

Referring to figure 13 herein, there is illustrated schematically in cross

sectional view from one end operation of the gutter system of figures 5 to 12

30 herein under conditions of moderate rain fall. Under conditions of moderate rain
fall, for example a category 1 or category 2 shower, water collects on top of the

upper cover member and flows into the first inlet 509), along the first channel



bui | di ng. Under conditions of heavy rainfall, since the upper open channel
will be full of water, then any m nor | eaks between channel s through the
cover | oiwbD=owdshszmot significantly affect siphonic opefrariGBr®/M0EB60N] Y
water will pass though the | eaks. Referring to figure 13 herein, there is
illustrated schematically in cross sectignal view fromone end operation of
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15 As shown in figure 14 herein, under conditions of increased rain fall, for
example a-category 3 storm, water fills up in the top part of the gutter above the
levels at which both the first inlet (509) and the second inlet (510) can intake
water. Under these conditions, the first channel (506) is filled with water and
operates siphonically, and water also enters the second inlet (510) and the
20 second channel (508). Both the first and second channels fill with water, and the

second channel also begins to operate siphonically.

The rain fall rate at which the first and second channels begin to accept

water is a design selectable parameter, by altering the height of the first and

25 second second inlets (510) above the upper cover. At one extreme, the inlet of
the second channel can be placed at thé same height as the inlet of the first
channel, in which case the first and second channels may drain water at a similar

rate as each other and operate in parallel, whatever the level of rain fall, and the
onset of siphonic operation may occur at approximately the same time for each

30 channel.



second channel (508). Both the first and second channels fill with water,
and the second channel al so begins to operate siphonically. The rain fall
rate at wiochioidses2fii r st and second channel s begin to ac®epiGBraE900336 a

desi gn sel ectabl e paraneter, by altering the height of the first and second
second inlets (510) above the upper cover. At one extrene, the inlet of the
second channel can be placed at the sarmé’hei ght as the inlet of the fi rst
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first ¢channel has a sllghtly | arger dianeter and is fitted to a slightly
| arge di aneter down pipe than the outl et (513{ of the second channel .
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accepting Vaies eikAmipfe shown in figure 12 and 13, the outlet of the first channel has a
slightly larger diameter and is fitted to a slightly large diameter down pipe than the

15 outlet (513) of the second channel.

Referring to figure 15 herein, there is illustrated schematically in view from
above a further embodiment gutter in plan view, showing a plurality of water inlets
1500, 1501 along the length of the upper open channel for accepting water in to

20 the first (primary) enclosed channel; a second plurality of inlets 1502, 1503 for
accepting water from 'the upper open channel in to a secondary enclosed
channel. In this case, the inlets are positioned in line along the length of the
upper open channel, but in other embodiments, the inlets to the primary and
secondary channel could be staggered, or placed side to side. Similarly, a first

25 and second outlets 1504, 1505 to the primary and secondary channels
respectively may be positioned length wise along the gutter, or may be placed

side by side at the end of the gutter.

A plurality of inlets corresponding to each of the primary and secondary
30 channels may be provided at various distances along the length of the gutter.

The inlets may each comprise a debris guard vortex reducing means, or may



the first (primary) enclosed channel; a second plurality of inlets 1502,
1503 for accepting water fromthe upper open channel in to a secondary
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connecting member 1702, and at a lower end by the outer circular connecting

member 1703.
15 |
An upwardly facing surface of the plate 1700 comprises a shallow dome
shape, such that water entering inside the upper ring 1702 and resting on the
dome flows in a direction outwardly towards the inner apertures 1707.
20 The water inlet cover comprises two main functional parts. Firstly, the

central plate member acts to exclude air from entering the downpipe or bowl
(depending on which type of rainwater system the inlet cover is fitted to) during
high flow conditions. Excluding air from immediately above the centre of the pipe
or bowl promotes a greater water flow and can encourage the onset of siphonic

25  behaviour.

Secondly, the radially extending arms act as an outer grill which prevents
debris over a particular size from entering the inlet, since the debris (primarily
leaves, but also including items of litter roofing materials such as bolts, or roof

30 panel fragments etc.) from entering the drainage system. The arms create a
ridged grill consisting of grill members (the arms) with a plurality of apertures

there between. The ridged shape of the arms tens to keep the debris on the



dome flows in a direction outwardly towards the inner apertures 1707. The
wat er inlet cover conprises two main functional parts. Firstly, the central
pl at e merfvenomasss2io exclude air fromentering the downpCpasBN0d00436
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having a away profile, the arm portion is of a substantially inverted “V” shape having a
relatively longer outer arm portion, so that the arm resembles a spider leg

15 arrangement.

In a modified embodiment, the outer ring member 1703 may be omitted, so
that the lower ends of each outer arm portion 1706 are unconnected to each
other. The substantially circular plate member 1700, viewed in cross section from

20 one side comprises a smooth underside.

Referring to Figure 19 herein, there is shown in partial cut away view from
on side a single arm of the inlet cover of figures 17 and 18 herein, showing the
peaked inverted “V” shape of the arm, and the connecting ridge portion 1702.

25  Debris collects preferentially on the outside of the arm, at the longer length of the
arm in preference to inside the ring 1702 due to the overall crater like shape of

the cover, and the ridged grill formed by the arms.

Referring to figure 20 herein, there is illustrated schematically a second
30 water inlet'cover. The second water inlet cover comprises a substantially square
plate member 2000; a plurality of outwardly extending arm members 2001

arranged peripherally around an outer perimeter of the plate member 2000; a
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the lower arms could be connected to each other). The plurality of radially
extending arms define a plurality of inwardly facing apertures 2005 through which
15 water which collects inside the ring 2003 can drain from the plate and in to an
underlying‘ drain pipe or collecting bowl. The outer portions of the radially
extending arms define there between a plurality of outwardly facing apertures,
through which water can drain from a position outside of the inlet cover, for
example water collecting on a flat surface of a gutter channel, and which can
50 drain through the outer apertures in to the underlying rain water collection pipe,

enclosed channel or siphonic bowl.

Referring to Figure 21 herein, there is shown schematically the second inlet
cover of Figure 20, in cut away Cross sectional view along the line Z-Z'.
25
Each. arm has an inner upright portion and an outer upright portion,
connected at an upper ridge 2102, so that the plate member 2000 forms a crater
floor shape inside the ring of arms, with the peripheral ridge formed by the
plurality of peripheral radially extending arms. Individual ones of the arms have
30 an annular molding 2004 containing an aperture, by means of which the inlet

cover may be bolted or screwed to a flat surface around an inlet.



figure 19 herein, but without the | ower ends of the arns being connected by
a |l ower connecting ring (although in yet another variation of the second

i nl et cowso,20toms9320wer arnms coul d be connected to each eChaB2009fitoas3e
plurality of radially extending arnms define a plurality of inwardly facing
apertures 2005 through which water whicl) collects inside the ring 2003 can
drain fromthe plate and in to an undeﬁq'ing drain pipe or collecting bow.

The outer port | i 5, gefd
ollurality of cirue: Bps BNt off sEShA it Byl giian 260 BsTBIEE T om

?I posi ti ?rU@dérfSrirﬂeletﬁtetWate'r fiows, wateerencbantezingntbiecinistivell floo! betekeienghen a

at surface of a gutter channel, and which can drain throu t he outer
aper t ur es QUiek apem@resrRnst Fj9YVHd”rt8itﬁevU§WeY"atﬁfl q‘@'@ﬂ'% PR%E! C&'F‘]F'tqt'eget??v@hannel
or si phoni Re rddiict | QAT 1 el ' praivye

schemat i caﬁc}%wt‘%aéh'se%‘mdd %Tﬁllse%d(ﬁoggrlé%\gesl’—'it\g@;seb%t,téfﬁmlga% Spar\(?vay c(riofgosm

secti opal flidwimg am dodhe hdraini e the dutwdtdiyhextendingsarans. i hiosveveprthghieapes,t i on

ol'at o nenticier 3B8aRss RRan slia &70RS Bis onftS, WERBamene el difier kS  n°
the peri phﬁfcﬁ!starnbﬂ%ewfa% Tady Bild R BEKha! thbYe&leP 8l Ritdra! Wetbrfidwin

r
extending arns. | vidual ones of the arns have an annul ar nol di ng 8004
cont ai ni ngoven thpeleaves angy dekrghsnay flaki over ke itep af thevedger@pdothendnged or

et and cRosHg RARBST R3S REerirE bk crtibr) SEratRERAN R flod,c

wat er 15l owyaterabaferifgC e cehir@Doft e imeteiwilnflow fdutvarigt Wewardsheheo irkdr

apertures and down in to the rain water collection pipe or _collection bow
under neat lepesiwesicnd downdhtathe wiy water pipg or sollectianebow | Clegdy pif &hasat ed

| caves, |11t A ghcaR MBSy Males SR 1B Ao (KL RELRRIRET o bR NRR. | 0°
that furt rdgbridelhé’s having both an outwardly facing and an inwardly facing sets of
apertures will not prevent blockages and the inlet cover becoming blocked
15 altogether. However under less extreme volumes of debris, debris will be
preferentially retained outside the centre of the crater, leaving the inner apertures

unobstructed and capable of draining water.

Where the inlet cover is fitted directly to a gutter floor, ove an aperture in the
20 gutter floor, an upper surface of the plate is positioned at a height above a height
of an outer perimeter of said cover, such that when the cover is fitted to a gutter
floor, the plate lies substantially parallel to, and above a level of said gutter floor.
In various modifications to the embodiments, the inlet cover may be designed to
be vortex preventing, or not. Where a simple flat, circular or flat rectangular plate
25 is provided with a flat underside then vortex prevention may be left un-optimised.
However, where the shape of the inner circular or square plate is domed on the
upper surface, and provides a convex cusp shaped protrusion in the centre, this
may effectively exclude air in the waterflow under high flow conditions, and aid
the prevention of vortices.
30
It will be appreciated by the skilled person that the embodiments of figures

17 to 21 may be formed in a variety of ways, such as by plastics mouldings, or as



and standing water may build up behind the | eaves and debris. Water fl ow ng
over the |l eaves and debris may fl ow over the top of the ridge and the ring
connect i nyormerbses2iand in to the centre of the "crater" PeurGR00d®OB3BY t he
ridge. Water entering the centre of the inlet will flow outwardly towards
the inner apertures, and down in to the_rain water pipe or collection bow.
Clearly, if there is enough debris, litt%ér or |eaves such that the inlet is
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grill barrhedghtsef the first and second |nlets This has the advantage of standardising
components for the trough and covers and thereby reducing overall system costs
15 by avoiding the need to manufacture different trough and cover sizes.
Optimisation of the water flow rates, sizes of inlet and outlet apertures, and the
shape and cross sectional area of the internal channels at each position along
the channel can be determined by computer implemented calculations, to give an
optimum designed system for each building, roof area and climate. Both the
20 height and the width of the channels are design parameters which can be easily
varied, by use of different height vertical spacers and different width or shaped

insert members, using a single trough shape.

Specific embodiments disclosed herein may have an advantage of

25  permitting, through the use of a multi-storey channel system, siphonic behaviour
of one or more inclined or substantially horizontal water channels, where each
channel drains to a same end of a gutter system. Further, two such gutter
systems can be placed end to end, with their outlet ends placed opposite to each
other, and their respeCtive inlet ends placed adjacent to each other so as to

30 enable drainage of a length of roof of the order of 400 metres or more using
siphonic guttering, without the need for any down pipes to be present in the
middle of the span between the two outlet ends of the end to end gutter lengths.



formed fromw re nesh shaped into a ridged ring. A further advantage of the
speci fic enbodi nents disclosed herein is that using a sane trough wi dth and
cover w dvb,2otons9sidt hs and the cross sectional areas ofcCtrieB22000@033al
channel s can be varied over a range to optim se the onset of siphonic
behavi our gutter to different roof aregg*and designed for rainfall rates
using a single set of trough and cover “Ui'nensi ons, by inserting different
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shaped i ns@?{n?%qﬂfgr%qaeﬁsg{]éwfdegkﬂkn@%@ettbg306#1'8'5 ape. Specific enbodi ments

di scl gged herein may have an advantage of permtting, through the use of a

mul ti-storey channel system siphonic behaviour of one or nore inclined or
subst anti al 1 y htherosoareiianad siphomie| systeme reonariising lenetBs ef RIRgs and a

same end of,a, gutifigfs S¥ShBMn RUfdie 2 HefinS Hale WS Bhardsd HTpigePBizReatP! aced
W 1 et % to e%c

end to end, €l r out erds placed bpposit
every inlet, and are restricted by the available pipe diameters to a limited range of

cross sectional areas of water channel in the pipe. In contrast, in the specific
15 embodiments herein, the channel cross sectional area is continuously variable as
a design parameter, allowing greater optimisation of cross sectional area at any
distance along the water channel and enabling greater optimisation of the water
flow. Whereas conventional pipe based siphonic systems are designed to be
optimised around a single rainfall rate, and the pipe sizes are fixed once installed,
20 this means that the conventional systems may not perform optimally at other
ranges of rainfall, foe example 60% of “design for “ rainfall rate. In contrast, the
embodiments presented herein have a continuously tapered channel cross
section and can therefore be designed for optimised performance over a range of
rainfall rates, rather than just one target rainfall rate, because they are not
25 restricted by predetermined pipe sizes. The embodiments described herein may
be designed to operate siphonically over a greater range of rainfall rates than a
known pipe based siphonic drainage system, and can be designed to become
siphonic at a large range of fill levels of the primary channels, compared to known
pipe based siphonic systems. In turn, this means that the risk of overflow of the
30 open channel which collects the rainwater prior to entering the inlets is reduced
compared to known systems, because the open upper channel is drained more

quickly. This has the advantage of reducing the risk of flood or water damage



other, and their respective inlet ends placed adjacent to each other so as
to enabl e drainage of a length of roof of the order of 400 netres or nore
usi ng si pNorooy/ages2ieri ng, w thout the need for any downPprmsRoeamossepr esent
in the mddle of the span between the two outlet ends of the end to end
gutter lengths.-34- This nmay avoid the need to fit drains in the centre of
a building's concrete floor slab, or atr east reduce the anount of such

drai ns nee r . sipnce t in ] f a pr, tes
St phoni o Bonde: Bl bffioq b o e TERY AP 1 MoBAe RASLsEIRED

addi t i onalodeafrerned todl wisich 98 dfiepvintoeddtiyesttrtautad Itol lepkipg joimts, desutlting in
building, as in the prior art case shown in Figure 2 herein. This avoids
addi t i onalUNAESERIANY SysleAh mainfenarRcani RN fif PIBREYSIEHI%Is t he addi ti onal
jointing with its associated inspection and nai ntenance and ri sk of | eakage
i nside the building. Further, conventional siphonic systens conprising

| engt hs of pipe and siphonic inlets as shown in figure 2 herein, have step
changes in pipe size at every inlet, and are restricted by the avail able
pi pe dianeters to a limted range of cross sectional areas of water channel
in the pipe. In contrast, in the specific enbodi nents herein, the channel
cross sectional area is continuously variable as a design paraneter,

all owi ng greater optimsation of cross sectional area at any di stance al ong
t he water channel and enabling greater optim sation of the water flow.

Wher eas conventional pipe based siphonic systens are designed to be

optim sed around a single rainfall rate, and the pipe sizes are fixed once
installed, this neans that the conventional systens may not perform
optimally at other ranges of rainfall, foe exanple 60% of "design for "
rainfall rate. In contrast, the enbodi nents presented herein have a
continuously tapered channel cross section and can therefore be designed
for optim sed performance over a range of



rainfall rates, rather than just one target rainfall rate, because they are
not restricted by predeterm ned pi pe sizes. The enbodi nents descri bed

her ei n mayohkelodssizgned t o operate siphonically over a gPEeaGB2009%0003360f
rainfall rates than a known pi pe based si phoni c drai nage system and can be
designed to becone siphonic at a |large range of fill levels of the primry
channel s, conpared to known pipe based'3>6i'phoni c systens. In turn, this
nmeans that the risk of overflow of the open channel which collects the
rainwater prior to entering the inlets is reduced conpared to known
systens, IClagrge t he open upper channel is drained nore quickly. This has

t he advantage of reducing the risk of flood or water damage-35- inside the
bui l di ng due to gutter overfl ow conpared to known systens, the occurrence
of which is of1t.en_i n&g[l{tgrcé s¥erﬁf[cto% il to | eaking joints, resulting in
unnecessary system rmaPnteénanceé in prior-art pipe systens.-36- Clains 1. A
gutterssystemconprising: a first elongate covered channel capabl e of
carrying water flowing in a first direction; a second el ongate covered
channel posi ti chi§t glehgatescavered PQ@”@?O‘Fﬁj’&b@ ebRAndRg WRIRTHEWING i) ﬂ%E'gcond
channel c¢ ,%Qi of carrying water flowng in said first direction. 2. The
gutter systemas clainmed in claiml1, conprising an open channel positioned
above said first and second channels, for collection of rainwater. 3. The

gutter systemas clained in any on f the precedi ng cl ai rein said
first and/ or %é@%‘?fbd _ ¢ scog(?@‘ﬁﬁﬁ%? tr?é)ﬁ'tf%pegeﬁg‘é@ gp@&rs\[fﬂegwg ol e
lengt g, BRI Bhariiid! $ai€¥2ond channel capable of carrying water flowing in said

first direction.

2. The gutter system as claimed in claim 1, comprising an open
channel positioned above said first and second channels, for collection of

15 rainwater.

3. The gutter system as claimed in any one of the preceding claims,
wherein said first and/ or second channels are substantially sealed along their

whole lengths, except at their ends.

20
4. The gutter system as claimed in any one of the preceding claims,
having a channel cross sectional area which is continuously variable along its
length.
25 5.  The gutter system as claimed in any one of the preceding claims,

wherein said first and/or second channel has a cross sectional area which

increases in the direction of water flow.

6. The gutter system as claimed in any one of the preceding claims,
30 wherein said first and/ or second channel is of a substantially constant height

along its full length.



4. The gutter systemas clained in any one of the preceding clains, having
a channel cross sectional area which is continuously variable along its

| engt h. SwoORhm/ges2zier system as clainmed in any one of tireT@B0@diongpec| ai N5,
wherein said first and/or second channel has a cross sectional area which
increases in the direction of water flqow. 6. The gutter system as clai ned

in any one of the preceding clains, whetein said first and/ or second
channel is of sub ' S - hei I | h.37- 7.
The qut ter sydrem ael ' aVer AR BhinE Hland il i pidcaakE ot 21
sai d firstwherdinosaigefirehdndivrrgeebnl ashannelibas antsubstantialbce tetangudar crosss
sectional area in a direction perpendicular to, a‘ maihn le%& of said
gutter. 8 sechpralqreadr adirection BerrendicHial to @ maip leagthpf sg ®ceding clai ns
conprising: a first water inlet positioned at a first end of said gutter
for allowng water to enter said first channel; a first water outlet
positi ened at & secortk gotlen$ystamdag ctairaedfiorargr anaioh dhevgreseding clairas d
first channel ;. a second water inlet positioned at said first end of said
gutter forCPAMR™GW%hg water to enter said second channel; and a second water
outl et positioned at said second end of said gutter for draining said
second channel. 9. The gutter systemas clained in any one of the preceding
cl ai ms, conpr issfitstwaterdblet pogitianed abatfisst enstioksaid guttan forrallpwinchwateritag
vortex formation,i.n.apd around at | east one water inlet.
enter said first channel;
10
a first water outlet positioned at a second end of said gutter for draining

water from said first channel;

a second water inlet positioned at said first end of said gutter for allowing

15  water to enter said second channel; and

a second water outlet positioned at said second end of said gutter for

draining said second channel.

20 9. The gutter system as claimed in any one of the preceding claims,
comprising a debris guard vortex reducing means for minimizing vortex formation

in and around at least one water inlet.

10. A gutter system as claimed in any one of the preceding claims,

25  wherein:

said first channel is formed within a first cavity, said first cavity having a
substantially trapezoidal cross sectional area as viewed in a direction
perpendicular to a main length of said gutter;

30
said first channel is defined by at least one elongate tapered insert fitted

inside said first cavity;



10. A gutter systemas clainmed in any one of the preceding clains, wherein:
said first channel is formed within a first cavity, said first cavity

havi ng a wolketozuspi2al | y trapezoi dal cross sectional areaPa3/GB206900336 a
direction perpendicular to a main length of said gutter; said first channel
is defined by at |east one elongate tapered insert fitted inside said first
cavity;-38- said second channel is formdd within a second cavity, said
second cavity having a substantially trapezoidal cross sectional area as
viewed in a direction perpendicular to a main length of said gutter; and

sai d second chsidekcord ¢abhneldsfprred Ivithin aoseconapeavity, saislesecomendeevityf i tt ed
within said second cavity. 11. A gutter section conpri si né;' .an el ongate
trough haviawing ar suhstantiglly itrapezeidgh giass S/tiPhak agagas waw d, iy adieetiBR g
el ongat e ' S o . ver nenber spaced apart from
said fl ooﬁp%arhgmelgﬁlgggjl %\E’l‘%gt@@g?\%gg%%%@?a@om de walls, and closing off

an upper part of said trough at a first height, so as to define an encl osed

cavity there between,; aracterised : si pgl e, encl gsed channel hei ng
provi ded acr os%a"i\g?ﬁprl Q’L@W%éﬁ %@P‘?‘Q&Y a?lppaﬁgn%rﬁpeggﬁ?m Te edand
ext endi ng \gRYaR d&RBbENftysai d trough. 12. The gutter section as clainmed
in claim1l, further conprising an open channel positioned above said
encl osed channel and defined between said first and second side walls of
sai d trough. 113. The %u ter stecti on as clainmed in claim11l or 12, wherein
sai d 1. A gutter section comprising:
10
an elongate trough having a floor, a first elongate upright side wall and a

second elongate upright side wall; and

an elongate cover member spaced apart from said floor and extending
15 between said upright side walls, and closing off an upper part of said trough at a

first height, so as to define an enclosed cavity there between;
characterised by:

20 ~a single enclosed channel being provided across said trough between said

floor and said cover member and extending along a length of said trough.

12. | The gutter section as claimed in claim 11, further comprising an
open channel positioned above said enclosed channel and defined between said

25 first and second side walls of said trough.

13. The gutter section as claimed in claim 11 or 12, wherein said
enclosed channel has a variable cross sectional area in a direction transverse to
a main length of the gutter section.
30
14. The gutter as claimed in any one of claims 11 to 13, comprising at

least one insert member located between said floor and said cover, said insert



encl osed channel has a variable cross sectional area in a direction
transverse to a main length of the gutter section. 14. The gutter as

cl ai mred iwoanw/mpiof clainms 11 to 13, conprising at | e®€T/GB00%008336t
menber | ocated between said floor and said cover, said insert-39- nenber
having a cross sectional area in a direction perpendicular to its main

| ength which varies between first and «Pcond ends of said insert menber.

15. The g ' ' | ai ; j a5
pair of i ﬂééﬁbeﬁg’rﬁg"e@sg‘la%(@%?esgeﬁ% \/I\Zaerggslgi%dp?%%én E%H;esaljg co&’le?é, rPEI?IIE}I east
one of saildngthsetith varidebstweenrfyst apbsecbnddredscofrsaichindedhrmembker.i s

positioned between said pair of insert nenbers. 16. The gutter section as
claimed in any one of clainms 11 to 15, i o conprising a water inlet for

al l owi ng waterqg o e i pﬁﬁ‘érda%ré'irﬂé&gn %@g'ﬁ?ﬁé of di4imd 1% tgui4,edoln§rﬁ'%]{iﬂd35 as

clained in any one o alns 11 to 1 nprising a water outlet for
al | owi ag vireof inser membérsdocated bedwetnsaitl fdoarane said oyér, afteasyoneef

section as clainmed in,any one of clai 11 to, 17, conprisin t, l.east one

i nsert rrens@éd "]S&’Eta?’@ﬂ"t}%%/\%g}g @prﬁcﬁlvg%’reﬁ'n%a'géﬁ%"ﬂ%ﬂgrgosé%%&%i BRWEEN renber
having a @$pa’fidseRdhembeps.in a direction perpendicular to its min

| ength which varies between first and second ends of said insert nenber. 2

0 19. The gutter section as clained in any one of clains 11 to 18,

conprising a pair of_insert nenbers.|oga et ween ld f rya i d
cover, at |east-one U?e %ttﬁrisﬁ’gﬁ?? %ﬁ%é’ﬁ“%gb& ﬁayt%rﬂ)ezﬁbéd?lamergi Egsg?d
channeb i copfsridingaedhtecihke for fldivihdahterad entiseiaid 8REOSEd chanel.

17. The gutfer section as claimed in any one of claims 11 to 16,

comprising a water outlet for allowing water to drain from said enclosed channel.

15 18. The gutter section as claimed in any one of claims 11 to 17,
comprising at least one insert member located between said floor and said cover,
said insert member having a cross sectional area in a direction perpendicular to

its main length which varies between first and second ends of said insert

member.
20
19. The gutter section as claimed in any one of claims 11 to 18,
comprising a pair of insert members located between said floor and said cover, at
least one of said insert members being tapered, wherein said channel is
positioned between said pair of insert members.
25

20. The gutter section as claimed in any one of claims 11 to 19,
comprising a second elongate cover member positioned above said first cover
member, so as to define a second cavity on top of said first cavity and running
substantially parallel therewith, between said second cover, said first cover and

30 said first and second upright side walls.



20. The gutter section as clained in any one of clainms 11 to 19, conprising
a second el ongate cover nenber positioned above said first cover nenber, so
as to defwoeon/mse2ond cavity on top of said first cavitycamaBoemodisg
substantially parallel therewith, between said second cover, said first
cover and 30 said first and second uprn&?t side walls.-40- 2 1. The gutter
section as clained in any on of clains to 20, conprising a single second

encl osed channﬂ be"ﬁge ggrlméirdg&ﬁ% rggs%lgw{grodtp Qﬁ %q.'l %fgrflgw 11b% n sai d

first cover, sai'd secondcover and sai 5t an second upri1 ght

wal | s, sai @brﬁm‘sm@ acsingleesecondeartiogpdationned beingy plovideds acibss ra)ugith df said
second encl osed channel havi n&rsa vari abl e cross sect idonal area in

di rect i on $a3idieveh Letwgen spid trst eR¥Arnsd segp EPGRIA said fifitiand E'fq‘\:@F‘gases
al ong a mau éjh?@ﬂbh/véﬁs §§i'd%écbﬂbl%ha|1ﬁel3e)&éﬁﬂ?ng%fo?@hée@glgﬁ?oﬁﬁléi tFdught

channel ases in cross sectional area. 0 tter section as
cl ai nred | n claim 20 or further conprising a second water inlet for

allowing water to ente anne 23.. . The gutter section as

Cl o e i n anySAREoEen reaphéeéff‘ﬁaanﬁﬁnawmM?r@'%&ﬁ%% h{Hipraf Blseb Mo e
outlet f Ord.?éck.enﬂtnasv@r%@rtotaonﬁrrwéﬁ f @f‘%ﬁ@'tn‘éu@ﬁcﬁﬁéi miwmlreas%é aldh@t t er
conprising: 0 an elongate trough haV| ng | oor, a first elongate upright
side wal | maih dength ofsaid oggh & amamsh lr@t@e amsaid figat ehasmghinsreasesrinrenber

spaced apart fromsaid floor and extending between said upright side walls,
and cl osi o8 PR @pPE™ part of said trough at a

10
22. The gutter section as claimed in claim 20 or 21, further comprising

a second water inlet for allowing water to enter said second channel.
23. = The gutter section as claimed in any one of claims 20 to 22, further
15 comprising a second water outlet for allowing water to drain from said second
channel.

24. A gutter comprising:

20 an elongate trough having a floor, a first elongate upright side wall and a

second elongate upright side wall;
an elongate cover member spaced apart from said floor and extending
between said upright side walls, and closing off an upper part of said trough at a

25 first height, so as to define an enclosed cavity there between; and

an open channel above said elongate cover member for collecting

rainwater:;

30 characterised by:



5 first height, so as to define an enclosed cavity there between; and an
open channel above said el ongate cover nenber for collecting rainwater; o
char act erweeadiongds241- a singl e encl osed channel bei ng pPOTiGE200%ADIIBES a

wi dt h of said trough between said floor and said cover nenber, and
extending along a length of said trough;, 5 a water inlet for allow ng water
to enter said encl osed channel fron1safg'open channel ; a water outlet for

I
a o ng vl e, Lol AndidkeAmRAngl BRIAP PRILFAR RS 2 width B Safd!tofipnas

claimed in claim erern sal are spaced apart “from
each ot herbetivesq said fowtdndodaid bevgruntatbers aol exteridingblongeantemgtingf saidd
channel via said inlet passes through said enclosed channel to said outlet;
and 5 a crif¥9ectional area of said enclosed channel increases in a
direction fromsaid inlet to said outlet. 26. The gutter as clained in
claim25 or 26, conprising a second el ongate cover nenber spaced apart from
sai d fbrst cowwewateminéat for alowimgdwatesxtbeenten galdeengesed ahdnoglr frgimt saiide

wal I s, and cl osi ng off an upper part of said trough at a second height, so
as to defi(?%enaé?é%ﬁﬁd encl osed cavity running above and in parallel to said
first enclosed cavity. 27. The gutter systemas clained in claim 26,
conprising a single 5 encl osed second channel extending across a w dth of
sai d trough bex wetar osdlptifor alewingovaier tecdiaén framosaideaclosed ebamreler nenber,
and extending along a |l ength of said trough;

10 25. = The gutter as claimed in claim 24, wherein said inlet and outlet are
spaced apart from each other along a length of the gutter, such that water
entering said channel via said inlet passes through said enclosed channel to said

outlet; and

15 . a cross sectional area of said enclosed channel increases in a direction

from said inlet to said outlet.

26. The gutter as claimed in claim 25 or 26, comprising a second

elongate cover member spaced apart from said first cover member floor and

20 extending between said upright side walls, and closing off an upper part of said
trough at a second height, so as to define a second enclosed cavity running

above and in parallel to said first enclosed cavity.

27. The gutter system as claimed in claim 26, comprising a single
25 enclosed second channel extending across a width of said trough between said
first cover member and said second cover member, and extending along a length

of said trough;

a second water inlet for allowing water to enter said second enclosed

30 channel from said open channel; and



a second water inlet for allowng water to enter said second encl osed O
channel from said open channel; and-42- a second water outlet for allow ng
wat er to woanmn/iezn sai d second encl osed channel . 28. APCOXGB206900003361 ai N
water inlet, said cover conprising: 5 a plate nenber; a grill positioned
around a perineter of said plate nenber; o said grill having a plurality of
spaced apart nenbers, with apertures be43neen sai d spaced apart nenbers;

Cent 18l plate henneld Relrb el o8l PR dR-g vl B8 SRR el .,

upper surfggghnel.of said plate nenber. 29. The cover as clainmed in claim 28,
wherein said grill conprises a plurality of inwardly facing apertures
positi oned between said plate nenber and said peak of said ridge. 0 30. The

cover as claimggd i ndﬁlc%. 8} foip aoﬁair?\ﬁ?teméteggidscﬂvgr g6ﬁ1Hisﬁﬁ nprises a
war dl'y a

plurality of ou acing apertures positione ound a perineter of
said gsill. 5 3 1. The cover as clainmed in any one of clains 28 to 30, ,
wherein a pluraljty of said spaced apart menbers, each extend in a first
direction trardPBe B98O nain pl ane of said plate; and a second plurality
of spaced apart nenbers, extend in a second direction o transverse to said
mai n pl ane of said plate, -43-

a grill positioned around a perimeter of said plate member;

10 said grill having a plurality of spaced apart members, with apertures

between said spaced apart members;

said grill being formed into a ridge around an outer perimeter of said central
plate member, such that in use, a peak of said ridge lies above an upper surface

15 of said plate member.

29. The cover as claimed in claim 28, wherein said grill comprises a
plurality of inwardly facing apertures positioned between said plate member and

said peak of said ridge.

20
30. The cover as claimed in claim 28 or 29, wherein said grill comprises
a plurality of outwardly facing apertures positioned around a perimeter of said
grill.
25 31. The cover as claimed in any one of claims 28 to 30, , wherein a

plurality of said spaced apart members, each extend in a first direction transverse

to a main plane of said plate; and

a second plurality of spaced apart members, extend in a second direction

30 transverse to said main plane of said plate,



said first and second transverse directions being transverse to each ot her
and transverse to said main plane. 32. The cover as clained in any one of
cl ai rs 28woDaoBy/aB9s2aher ei n sai d pl ate nmenber and sai d gr PCIr/dR200W@0336
substantially cratered shape, wherein said grill forns a ridge around said
central plate, and said central plate is positioned in a floor of said
crater. 33. The cover clained in any one’of clains 28 to 32, wherein said
central plate | S ' ' ry: The: ' | ny
one of clains %d ??)QB%@\%%@/H%E%\? %edrllrter%g nsppgknéot@ﬁss\%z%{ﬁ'te ?gﬁldy}n%ﬁuar e.
35. The coard transvdrse tesaidmainyplame of clainms 28 to 34, wherein said plate
menber conprises a substantially cusped shaped undersi de. 36. The cover as
claimed in any one of clainms 28 to 35, wherein said plate nenber conprises
a substantial | 5 conv : ; | 4 } 7 one
of clainms 28 t%2'36 cﬁ%#?gﬁ\f;&%’ urallni%%n)y %ﬁ@gﬁ%ﬁﬁ%?g téx@éﬁﬁﬁgéh S
subst arst i aplate mentharend'sdid ghithfarch arsubstanéialiyncraterpt whapes whefeirs aaid grill
apertures fhere hetween. 38.. The cover as clained. in .one aof clainms 28
Lo 37, wheloln & AdgmaE g Seidente Dlite B1dsai; eyl Pl e gostionss dh gn.
above a hefigdiorbiPdrafyrt er perimeter of said grill.

33. The cover claimed in any one of claims 28 to 32, wherein said

10 central plate is substantially circular.

34. - The cover as claimed in any one of claims 28 to 32, wherein said

central plate is substantially square.

15 35. The cover as claimed in any one of claims 28 to 34, wherein said

plate member comprises a substantially cusped shaped underside.

36. The cover as claimed in any one of claims 28 to 35, wherein said

plate member comprises a substantially convex upper surface.

20
37. The cover as claimed in any one of claims 28 to 36 comprising a
plurality of outwardly extending substantially inverted “v” shaped arms, having a
plurality of said apertures there between. '
25 38. The cover as claimed in any one of claims 28 to 37, wherein an

upper surface of said plate is positioned at a height above a height of an outer

perimeter of said grill.



