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TURF PLAYI NG SURFACE AERATI ON AND DRAI NAGE SYSTEM
BACKGROUND OF THE | NVENTI ON Cross Reference to Rel ated

wapplsiioadseon This application clainms priority PCDMS2006/006127
provi sional application filed March 17, 2005 under

appiHER AN REROREATE s B AN ERARAYE e
11/094,995. 1) Field of the lnvention The present
i nvention rel aBACHEREANPPOR g"%ﬁ%\ﬁ??‘@:@\laerati on and

drai nage systens, arid nore particularly, to a
conbi nati on pr@msaRefaratcede Related Arplisstienbl y for
mai nt ai ni ng at nospheric isolation of the subsurface

sy Sthesrapblidgionediaingd prigrityditopn af prowisiormal apglicktimnnileg March 17,
the water out of the system 2) Description of Related

2005 indMP SR AGURYET STFeEPY£3,08R4 é’eNcﬁLERﬁﬁbi&ﬁ)éll application filed

renovi ng wat er and aerating turf on sports field
I ns. . Ad VD i onpri sed of a
Marﬁ@t%%pﬁgfuqdﬁ( §%‘%Lﬂghb§gﬁgﬁj§4n§%% pi pe | ocated
beneat h regql.o f turf and a bl ower connected in
such a rﬁnne%’?laaﬂ the E'Hle('gﬁﬂ vacuum or differenti al
pressure can be created in the drainage network. Water .
dr dihespresent inventien rRlatestganeuglly hsubksuriaseseralien ang drainage

pi pes that transport water to an external discharge
systeptnt adh. mbre  gantididantye , tomangombeaimnh presssiey exnal vacuum valve
outfalls that are defined by the | ocation of drainage

ass@lint/z O RRANBINING ARRBPhe GSVIStION tJF thev siilduriicel epgem while

grades sloping away froma ridge, for exanple, are

sepflefiRaPE i Mo dPeBitid Bl war RERTUR AR Povec

as air i3 drayn iotion of Related Art

Subsurface systems have been developed for removing water and aerating
turf on sports fields and golf greens. A typical system is comprised of a network of
interconnected drainage pipe located beneath a region of turf and a blower
connected in such a manner that a partial vacuum or differential pressure can be
created in the drainage network. Water drains from the network through one or
more “outfall” pipes that transport water to an external discharge location. For
instance, many greens have several outfalls that are defined by the location of
drainage pipes beneath the green. Greens with several surface grades sloping
away from a ridge, for example, are often plumbed with an outfall for each sloped
region.

In the vacuum mode of operation, when water is removed as air is drawn
down through a region of turf, water becomes entrained in the air stream and the .

mixture of air and water moves toward the blower. A device called a “water
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down through a region of turf, water becones entrained

in the air streamand the m xture of air and water
wonvesioicdnar d t he bl ower. A device called a PCT/US2006/006127

"wat erseparator” is normally | ocated between the drain

I pe, net wor nd t | ower, i & '

sepdfalpk: Briotialydeatdbaties tns BRln plpg HBFQREh e blower, and

. streans conprising an air streamto the blower and a ..

it fungtions taiseparatethe airwaigr mixiye IJatve) separgis glregnas comprising
several reasons why it is desirable to keep water from

an airestrgsinmép thee blowareargl a Miatet streamdetot the diainagesoudfedl. There are
normal |y designed to nove air, not heavy water

sevdrar fgaebrs wHyat s @édirable e keam datérf feormi reeching thedlowers. First,
reduced when significant quantities of water becone

sincg‘gﬁﬁ%\é\)@e@ reainb{l“?:taﬂ)?_@l@sigﬁéeQBdl*r%veme,eﬁotltﬁéﬁi@l_ {vater particles,

ect at [ow elevation“regions or "saddles" in the

p [ Y : [ ;
botreERnEY 2 R ReRe it Pl B SInifRE brlics of water
ultimately fromthe turf. The bl ower temh .
becalae SHACHIRINS AT SIFCRRENe WG EHRS th AOlIEF 2hgW gevation
partial vacuumis applied beneath the green to cause i
regiens ot satidles” ip thepineshvhinh reduses ther fiisctiyerapshgestian of pipe,

root zone and noderating tenperatures on the surface
therélryoredusingaair flewrtheoughttat figes b nitineatpbyr feamiihe tivé.
substrate beneath the green. In either the vacuum or

t heh@ bRSGer §ydtBichad BesdtoRE Medewr lpeedtrat Whele prexguces rather
being treated nust be isolated from at nospheric

thanf’él ??fﬁé'i 9acnygﬁ1:)\8 g’ﬁléﬁ rb(ﬁn??{rﬁﬂeoé}%eh;{%@a{ﬁ%%ifjt&’g%\{vhup through

€ Oor no pressure erent e alr

woyld tend t bet ween outfalls d.th
the i thereoSrnrefnd hip P Rone Y PRoeHENG BT gLR gy ne surface
forms of separators and val ves have been devel oRetd to
fromgheair streanathatzasbeen fanperedydhegyibstratehgneatnihe green.
and at the sane tine provide atnospheric isolation
belnweititert the vacuwmarrthprgressure modet e pipa hetvrvirgneath the
and the discharge outfall. One such conventi onal

oSTERIH SoSET ot e liohib ek chaetphseprogures Wit st
isolation, there would be little or no pressure differential and the air path would tend
to go between outfalls and the blower rather than through the turf to the blower.
Various forms of separators and valves have been developed to break the
air-water mixture into two streams of flow and at the same time provide
atmospheric isolation between the vacuum or pressure created by the blower and
the discharge outfall. One such conventional separator consists of a barrel-
chamber configured such that the water/air steam entering the chamber
encounters a baffle that causes water to drop gravitationally to the bottom while air

continues moving above the water level to a port near the top of the chamber that

is connected to the blower. An important feature of conventional separators is a “J
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encounters a baffle that causes water to drop
gravitationally to the bottomwhile air continues

wounviengiabove the water level to a port near tReTUSP06/006127
the chamber that is connect ed to the blower. An

0rt an ture of co S rators,is .
trap” PG S ot oGNP ERAdR the Hara &F oS DRGehGie hrasah which
the barrel and through which the water discharges from
thet watesadtisearges drameheuparsel infn ee omfell pipe.aphsed Jieap serves to
i solate the pressure or vacuumin the separator from
isolakee tloa preddur@igrevacisinwin ¢ne separatbrafrom the ohtfal pipe. As water
and in the J trap beneath, it builds up enough

acoihfatesen tBad/dult @v@mm@ﬁth@p Yaaesh, & Badldduperidigh pressure
ower at which p0| nt water flows out of the J trap,

bl
heéd"f &fﬂ? r?@ tHE hBuliinGebidd tl.ri}?’g@ l?ISWéF Q?\Afﬁf?l’fsﬁé bt w%'ibr flows out

such "a system ca ound I n

of fﬁbol Bag iy e, o e Rhthe disfher it Phe 8 ‘i'e of such

ressure or partjal _vacuuns created by the blower in
syste{n caphg 998?1 in Hstﬁétwﬁ%@ﬁg P90t he pressure node,

for instance, and the pressure level is 20 inches
V\at%ppa@mqtkom of theed tram depentegpoh sufticieat wateipbeaimgt held to
be greater than 20 inches to counter the bl ower

couptarastip@sslfe bhpanrizt vaounmedecresed 9N gry bibar ihebe rssplarator.
be approxi mately 20 inches |onger than the outgoing

the! §8tdf i8riASthet Bré%%ﬁ?é %b(?é‘%ghnﬁéﬁéé UASd t’tﬁe Bﬂ’e@s&re level is 20

ter to escape fromthe outgoing [ €g wt I'i ng

ol JEVERBRERGR P8 RS0 0L M P, P BEARER rm 20
o, BB B b R g coun

fromthe atnospheric pressure in the drain line. The
mughke appraxiipatelo20tinehes:lnnger ithan theyauigeing ted inserger to develop

and cover a separator plus a J trap is approxi mately
enoeighgress)refte grermionatel ty esohpe from thet datigbingf leg without filling the
mul tiple-outfall drain network beneath a green is

sepafdtbe Hapbl.t N the Sﬂﬂﬁrn%(%s o® GhdthfurareAtflidni ftd! account,
or nultiple outfalls in the

pressure and vacuum, the trap must be greater than 48 inches deep to properly

isolate the blower vacuum pressure beneath the green from the atmospheric

pressure in the drain line. The overall depth of the excavation required to install

and cover a separator plus a J trap is approximately eight (8) feet.

Normally only one outfall of a multiple-outfall drain network beneath a green

is connected through a separator to a blower. Additional or multiple ouifalls in the

‘'same network must also be isolated from atmospheric pressure in order for the

proper pressure or vacuum levels to be established within the drain-pipe network

beneath the turf. Conventionally, J traps are also used for this purpose, and a golf
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same network nust al so be isolated from at nospheric

pressure in order for the proper pressure or vacuum
woOevwl191d4s®2 be establi shed within the drai n-pi peCnaswsk06127

beneath the turf. Conventionally, J traps are also

used, for this puppose, da l.fare N r :

aroedicatp or PrreRBolrra a3l it FFELT RO ot Bhirags yith one
traps with one | ocated on a separator ynjt and on

located-fn 6f sanssatos At anAPNEw 8aeh 8f the r elmﬁ/l}é‘g'ért‘,"’otcﬁg%gsar e
several problenms with this type of arrangenent. Mre
speioweves) there doe iseyeiahprebleats with thisdype af areangsment. More
required to install a separator with J trap or a J

spedifiedly? Huginguhbialhtorpudéep lexgaestion Isnsqaiiredt fooinstalleasseparator
can l'ay pipe and nmake reliabl e connections nuch nore

with%]égrggi & QUSIrdp \Maes endifse &ﬁ?a’ﬂvgll‘e{eﬂﬂslnﬁa%ﬂ@ﬁ &Ry idagdiay pipe

excavat i ons require Speci zed equi pment, such

as_backhoes an he || ' t :
and JRak sr e gt P eonsHIE D P e, S Yy Qs S ek bxvations
time of installation jncreases when,.deep excav tionﬁ back
are RPEreqtiedr ddeck eFREtIONg; leqUITe pheglized SgHiPIER Y sYch s back-
traps, by design, have deep curved channel s thro%gh
hoesianch thedilgat@nd tagsipment eperaior thatante netitnegded for shallow
These deep regions tend to collect sedi nent and becone
treneleingt Thetedt @ndclimg gfdnétabiatiarh amunedses When ajeepnexcavagions are
i nspected frequently, especially after new green
reqdh‘é’ﬂt allations, where "fines" tend to wash out of the
turf and settle in J traps. Another problemis caused

wh r ' Ednasbhi it t gy JAdr '
' ERhRE P (BUBRIL R, TRy, YL Bafty B il g Beop curved
rel atjve displacenent of the two,tends,to br or

chappels kthfcﬂ’eg J‘-"F‘l“;}bﬁﬁ th?}rgtrtaﬁ%llseﬁlu}?eﬁlﬁcp?f%gogg}‘élil't i thege deep
sedinment and fines to enter the trap or to rend(?r th

regigns tefpl ineqllach sediment @gddrerpnye cppstristegorsppaged dpw ‘ﬁ@“”e's-
present invention to provide a turf playing surface )

J traps ahusin benihspeeiedatreqegstiys nespeaciallydafier mew rgsgen rigstallations,
deep excavation for

where “fines” tend to wash out of the turf and settle in J traps. Another problem is
caused when the surrounding soil shifts after a J trap is installed and connected to
a separator barrel. The relative displacement of the two tends to break or crack the
J-trap fitting thereby permitting additional sediment and fines to enter the trap or to
render the J-trap inoperable.

Accordingly, it is an object of the present invention to provide a turf playing

surface aeration and drainage systems that does not require deep excavation for

installation and which maintains atmospheric isolation of the system while

separating water from air and draining the water out of the system.
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installation and whi ch mai ntai ns atnospheric isolation
of the system while separating water fromair and
wdnreieniong2t he wat er out of the system SUMVARY EET/TISEN06/006127

I NVENTI ON The above objective is acconplished
according to an enbodj Hen I nvention by
provi di ng a turfsﬂwﬁ%ﬁg éﬁﬂfffﬂ%@s\égﬁé& and drai nage
systemincluding a perforated pi pe network instal|ed
beibat above objactiveds assamplishegaccopdinattpvan gmbodiment of the
associated with the pipe network for establishing an

presyint ifdemtionrbyt providing antetfysiaying Autiageragratien asd drainage system
connecting to the perforated pipe network for

incl¢d1Ag e heR@radl Ship8 Het@brk [dstaliclie bBAGAMI the dinadd, awrl a blower
has”a vacuum node in which the air flow creates a

; Is Tals r ef: t ' i
opel il rlen RUARBTNR eyt BF LtRighi B PaR el inthe pipe
fromthe air. fl.ow priagr t nt eri.ng,the. bl l Q. t .
netwark hntiafiebands cRaRmEnG.B FReSaiteied fins Piiosk for Hanneling
pi pe for discharge throu?h a drain outlet. A flow .
watergrtiafithe pine Peiwong dhablawerhas avacugmiaeden pBiaipe air flow

drai n pi pe downstream of the air/water separator and a
creates ta autcuem di stheapipengetwarkr tAn taidwateti separatast is vaenected
flow control unit has a vacuum node of operation

upshbankoi@edblowet dor épnatimy Wagenfroi thel air float priohie entering the
drain pi pe when the blower is in the vacuum node, and

blowd e ﬁg%y%@bjllﬂﬁiatmédg t‘%\ﬁq’\_di eh%ﬁﬁcwm% irWBefheadretlin pipe for

wat er up wthint in pipe at the uni
. inlet, exceeds {he vacu j A :
dischPig i PEST Rarrei oo g Kb BROAbharlia. it hi s ponnected
t hrough the drain outlet, |In a preferred enbodi pent o
to thge dr#0e RiRe rAowNtream ol dhe r air A Pt ?‘?P@Irﬁrﬁ’ésaﬁ%cﬂﬂ'&n outlet
section having a first valve el enent novable between a
discharging patet tothebdeik patietai Thaflawweanirol undihasha agHuimaode of

unit inlet in the vacuum node, and a second position

opetétioﬂvblogdggfaﬁl’ffwvgﬁroﬁghvﬂte untt inlehintal thee drainipipet when éhe blower
prescri be

is in the vacuum mode, and opening the unit inlet in the vacuum mode when a

waterhead buildup within the drain pipe at the unit inlet exceeds the vacuum level
established by the blower at the air/water separator to discharge water through the
drain outlet.

In a preferred embodiment of the invention, the flow control unit includes a
vacuum section having a first valve element movable between a first position
blocking air and water flow through the unit inlet in the vacuum mode, and a
second position allowing discharge of water to the drain outlet at a prescribed
waterhead buildup. In a further advantageous embodiment, the first valve element

includes a flapper carried at the unit inlet for sealing off the unit inlet in the vacuum
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wat er head buil dup. In a further advantageous

enbodi nent, the first valve el enent includes a flapper
woanteiiethsat the unit inlet for sealing off thePamius2006/006127

inlet in the vacuunmode and opening at a prescribed

wat er head, bui | dup | eyel, to di schar.ge the ter thr h
modehadAPENGG: ek Proserizer WatoRy puturel B Eogh a8 8 water

may be constructed and arranged with a pressure node
throogh 8peewait potlet. n which the air flowis directed into

the perforated pipe network and up to the turf playing

sufd adarthédeaiiocaiment ltiye bidwerfhawbeocansstuctad and arranged with

i ncludes a pressure section having a second val ve

a prekSiveinotB\GitbSerbfof i WHiéh BRS biri flow iid dirbetellr ings thieeperforated
node bl ocking the air flow through the unit outlet to

pipegﬁ%?l% atgﬁcew?ité thd %@T%gﬁéﬁﬁ%é& %@K/QH%&B{O&SI dgid flow control

he "secon el ement no 0 a
.second position in.the vacuum npv | | ow :
unit J5ides, BaighewReSthor TR 8 SN e ElepeptHhElabie to a first
enmbodi nent, the second val ve el emsng i n¢l ydes %‘@Q?t
posifign|in the RressHrenodeiasking thaair HowH: r%@b rn O prevent
into the unit outlet to block air flow through the
the airi flovodtdretexitingl thvoaghi thetdraint putiet, waid thes secensbyalvg element

float out of the unit outlet during the vacuum node by

mowaBleeto Breiondopdsition liro e oacuwh mové dlowirld waterativeexit through
exit through the unit outlet and be di scharged through

the hﬁg ogfﬂ%{.n 1R bRdferrbd émbdtikiapt, ReVasichgealfe element includes a
embodl nent t b

nt, a water bypass channel is included in the

i | et ' ivng '

foat il fEted y e, FONE ElirRbile b ALY, InE BLbe to block

. isin the first position. Further,_t inventi o

air floe fTgegh 4ne pinitgDWiiRS. aRdheseinet Setchall r B do float out of
air/water separator to position the flow control unit .

the anit putiehdurisg dhatvaswunh modenby segier gntaringother deMstcentrol unit to
wat er drainage to the drain outlet and establish a '

allowrwater i tbeekitvétireulhaithebunit dutiet landabgrdisehargdd through the drain
enbodi ment, the grade of slope of the drain pipe

ouflet.

In a further advantageous embodiment, a water bypass channel is included
in the unit outlet for discharging water to the drain outlet during the pressure mode
when the second valve element is in the first position.

Further, the invention includes sloping the drain pipe downward from the
air/water separator to position the flow control unit at a lower elevation than the
separator to promote water drainage to the drain outlet and establish a prescribed
waterhead buildup. In a preferred embodiment, the grade of slope of the drain pipe

between the air/water separator and the flow control unit is generally between 5%

and 40% depending on the length of the drain pipe.



10

15

20

25

between the air/water separator and the flow control

unit is generally between 5% and 40% dependi ng on the
woOengtiiat t he drai n pi pe. BRI EF DESCRI PTI ON OFPTHES2006/006127

DRAW NGS The construction designed to carry out the

i nvention w ' 'ﬁ?,t ether with

ot her feat uﬁ&lﬁéﬁglbﬁgaﬁ%emg i I”Tlg%e nor e

readi |y understood froma readin f the followinhg .

(bt foaRtiuGHoR RPYgNT b ar GHB6 CLl PRATNERUAM! fieinatter be

drawi ngs form ng a part thereof, wherein an exanpl e of )
deserifeed, fegstheowith othenfaatured thewodi Thernyentiomwilsbe mgrenreadily

vi ew showi ng an aeration and drai nage systemfor a

undérstdodpfrayi agreadirfgaot tiee dolfoing specifibatign @neinby reference to the
invention; Figure 2 is an enlarged view of a

acc&hééﬁﬁliﬁﬁt%vﬁh%é YRlRing P Qheddf WHANIROBN @xakiPié of the

according to the present invention;, Figure 3a is a

inveﬂﬁ{)l‘?iié %% SWd%} gﬁ:fl ow control unit operating in a
vacuum node [

creating a waterhead buildup according to

the, present ipvention; Figure 3b.is a tailed view of

¢ nEEREd B PGy Vigh hoing dt pragieh shd Siroadisabth Bir a tur

operation in which the waterhead buildup is relieved
playigcatacepacerding tethe prasenhirwgntion; and, Figure 3c is

a detailed view of the flow control unit of Figure 3a

i nFryupe & suae aendalgedf viepeofi i distribDEEDARIAAtBESERRFRITOIORNG flow

OF A PREFERRED EMBODI MENT Wth reference to the

contéslamitnetieordiRg td theepidsent vehtiw be described in nore
detail. Referring to Figure 1, a turf playing surface,
deg ?é‘%%dis?gl%@iédyvi@ﬁ/ dPihd fio Wﬂohﬁglt ’lg)e?ﬁting‘; in a vacuum
aerdation and dral nage system designated generally as
12, for ntrolli . er _drain from l.ng
modgﬁrggt@rg;, § &\éatﬁﬁ\qadgzgu 1@2#) aqqcﬁbaé} ey zcgﬁ]ea@;%ﬁakpﬁwghﬁgﬁ,

Figure 3b is a detailed view of the flow control unit of Figure 3a in a vacuum
mode of operation in which the waterhead buildup is relieved according to the
present invention; and,

Figure 3c is a detailed view of the flow control unit of Figure 3a in a pressure
mode of operation.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

With reference to the drawings, the invention will now be described in more
detail. Referring to Figure 1, a turf playing surface, designated generally as 10, is
shown having an aeration and drainage system, designated generally as 12, for
controlling water drainage from the playing surface, as well as aerating the playing
surface to promote turf growth and maintenance.

Aeration and drainage system 12 includes a fluid flow network, designated

generally as 14, having a plurality of perforated pipes 16 and a manifold pipe 17
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surface to pronote turf growth and mai nt enance.

Aeration and drai nage system 12 includes a fluid fl ow
waeboswkss2 desi gnat ed general ly as 14, havi ng aPCT/US2006/006127

plurality of perforated pipes 16 and a nanifold pi pe

b diesea S SERAEh W A58 Lok PRI

fromthe playing surface. Fluid flow network
andf rarhding i walen dissmathr gilaying pririeges orFleiafinw] PﬂE{VQrHeM further
water to a drain outlet 20, which typically my enpty
incliidés watifdinipipe €8 dor Iclaennelmgotbtmj waiebltoveerdraip pstlet 20, which
operatively connected in fluid comunication with

typlcf:emﬁ/‘ rﬂaﬁ'eﬁﬁﬁt{ﬂﬁ{é/\%{%rlﬂtofa)bolfé&@hlpw.dan air flow 30

fl ow network, and in particular, through

&ﬁ@%‘?@% E%ﬁ%’%ﬁ@elx%n‘ﬁ%cfgﬂy inPfuid edo‘ﬁ?rhhﬁ%'aﬁoﬁ with fluid flow

alr r a pressure alr

oo ] 5o M e B0 oA ricir,

then vented through an above ground vent 24. At [Plro

throggh toe @@ﬂ@gatadmmhlw Y b EelstivRlY RoyacumIn a5 figviada, or a
air and water down through the playing surface and the

preszerré airdtoas 3pbp&ower 22 tvaisdevacuies imaste df eperatien yhich draws air
aeration effect on the turf playing surface. In a

flowf 804 hBFoLRIFPAGIIMRSW . ndtverier 42 vhiely ibehemventad trdughdan above
arranged Wi th a pressure node of operation in which

grodid vELLH. 39\?'oﬂo§lY é%ﬁ'?@c@sa&"%ﬁmﬁ Wﬂﬁldaﬂdw heavorkOft tedraw air

|rected in ow network 14 where it exits out

ar G RORARTE o] ST A ot A prove o

root system and tenperature c nt r ol the t
desispd edifadRe|Gf ag;?élogyg?f@ 'E)"e Q:’B‘néar r%&:& In a further
arranged to operate excl u3|vely in a pressure node, or
emteodiinesit kibyei 22 maybe gonaisdetedrand arrarged wihg piesgurgmode of
bei ng operatable in both a vacuum and pressure node,
opefaiidiPmalhithairdiea 302 derevmbsst erd pressuresir flow 30b is directed into

advant ageous. As best shown in Figure 2, an air/water

flui ABR' RetNorik G 4! Wh&RMe54i8 bt Ddrfdthtéd pipes 16 and travels up to turf
playing surface 10, which is useful for aeration of the turf root system and
temperature control of the turf. Alternatively, the system can be constructed and
arranged to operate exclusively in a pressure mode, or exclusively in a vacuum
mode and is not restricted to being operatable in both a vacuum and pressure
mode, although the dual mode embodiment is most advantageous.

As best shown in Figure 2, an air/water separator 26 is connected to fluid
flow network 14 upstream of blower 22 for separating water, designated by
reference arrow 28, from air flow 30 prior to the air flow entering blower 22 in

vacuum mode. The water is channeled into drain pipe 18 for discharge through

drain outlet 20, as is described in detail herein below. Removing the water from
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flow network 14 upstream of blower 22 for separating

wat er, designated by reference arrow 28, fromair flow
wG@Qogriotis2t o the air flow entering bl ower 22 i RCYASN061006127

node. The water is channeled into drain pipe 18 for

v wglie gchafge -t hroughr-drai n outl et ﬁo, as e&‘s qescri bed in t q

the @én Bow thehei blower sepugesntorhgnd HeanandherhigPhgompenents an
flow to the bl ower reduces wear and tear on the blower .

resulsnipomente effidient airl flaw imthe systenef Wherehlowarr23 jsogpengting In
the system Wen blower 22 is operating in pressure

pre$RA6 makbe, hirdwv 5 direeietdedownwdrailr pipe p8 pe adliion to perforated
addition to perforated pipes 16. In either vacuum or

pip‘%g ?ﬁ?g?e?im%achﬂﬁ 8t brddsare Yidde, tthavat fiblreingraviehenrough the

east resistance. Accordingly, if drain pipe

18.,i;S_qpen. d, . I : j t
oot afGRRNE, ARSTIP. AT, SV 1 ted nen e
vent 24, drawing . very.little if. any air .d t
bloW eI &R el Sy ek i AR AR B i Petil put vent
primarily exit out the drain pipe if not controlled t& .
24, cirewing teey dite i aBYcRIDHOWST theauobr o @epPRied pes.  Also, in
Advant ageously, referring to Figure 2, a flow control
preskiire moés| gnedlegrimerigreadit gutdbe 3aini gipe ifovitdeatrotied to direct the
mai ntai n at nospheric isolation of the fluid fl ow

i bLWA Ot BY peFeead biv@saig, i ntake and exit through
axr%aﬁﬁ pI pep18, whi Pg@further allowi ng for the

Sgﬁf%rn@afgﬁusggt Féfe{rﬁrggg@gF@U?é M oy ligly 2¥ntrbl Wkit, designated

I nC nit rnlet 34 connected to

draj n pi 18 downstream of .air ter se r :
Gergraly 8Bt Pt SBrIAISH ot a0y SEErert cROpBbR"of the fuid fiow
addi tional drain pipe or to drain outlet. 20, for e furth
netwoec Ivxr Bravgnilag cair finlgkedang Xl guough qiginpirg,J8, gvhile further
Figures 3a and 3b, flow control unit 32 has a vacuum .
allowirste forf thepdisehage of wekérnthraigh train @olet 20onTavasPAtol unit 32
additional air inward through unit inlet 34 into drain

i 38 onosherdicn Spera s 10t o st
sepA5iBr VB! €A uRf diitiet 98 i¥'Brdvid&d f3H dorfhection to additional drain pipe or
to drain outlet 20 for discharging water from drain pipe 18.

Referring to Figures 3a and 3b, flow control unit 32 has a vacuum mode of
operation blocking air flow 30a from drawing additional air inward through unit inlet
34 into drain pipe 18 when blower 22 is operating in vacuum mode. Unit inlet 34
only opens during vacuum mode operation when water 37 builds up to create a
waterhead, designated generally as 38, within drain pipe 18 at‘unit inlet 34, best
shown in Figure 3a. Once the waterhead exceeds the force of the vacuum
established by blower 22 within the fluid flow network, and particularly at air/water

separator 26, flow control unit 32 open unit inlet 34 and water 37 passes through

the control unit and is discharged through drain outlet 20, as best shown in Figure
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wat er head, designated generally as 38, within drain

pipe 18 at unit inlet 34, best shown in Figure 3a.
wanoews/ w2 wat er head exceeds the force of the vacuwseo06/006127

established by blower 22 within the fluid flow

i et wer-k - and ~parti-cul arly at air/water separator 26.. .

g e e R TR AR MR oA S AR
passes through the control unit and is discharged .

to préVerialir thtakal duniit eflet282 openbextly dtida exterrd y@ten jorees it way
11 .- """ " 3b. After the waterhead buildup is

throhgh' ENiednibt ¥ GRNEr Rlsulinbt tRQ whtesiesadiniressureeon 34nit dnlet 32.
pFevent air i1ntake. Unit inlet 32 opens only to the

AcoRliH. HRE SR QR3S alle W8 Yt iRy tid Rk etk Foagh anit inlet

erhead pressure on unit inlet 32.
Accordingly, little to no _aik..i er the
32, whisne o e o pERIE Tt BuBI G0 [hus
mai nt ai ns the vacuum establ i shed b | ower ,22. 1 .
pr én & peafesas _/mbegimest of Hae i‘Wﬁé\t}P%oﬂ‘?Wf ?%W‘%éﬁ‘ét%? includes 2

unit 32 includes a vacuum section, designated
vacgemesatiion,adegignatedv gagerally i 23140, angdng| @niirgt valve element 42
novabl e between a first position, designated generally
mowshld beBhdlers BORYEt hsifol,udesigated |gesienglhyoas 4drand showe in Figure
34 and bl ocking air and water flow through unit inlet

3a, é%foeé,@]?ﬂ‘wlj‘@%gﬁ aﬁigfb%dld'i@atr%n'a‘ gaie fRiw tifough unitlilet 34 in

s a second position, designated

vacﬁﬁ&ﬁ%@lplsg @%fqﬁgq%whcgw‘%gﬁnﬁrgt %Rfe (%én%lr{tg&i figther has a second

drailn outlet at a prescribed

wat er head bui | dup. Once wat er.head bui.l | S: :

posiin dgvignaten iGBTGEEING fe Abactii CPOS BIE a1t ol Bipaggigcharee of
w || cause first valve elenment 42 to close unit_inlet head

watd# taghiendiain cutlet atoa ppreseihechwateriieade bugdlaﬂ-ai @Ange yuaternea
18 in an automatic manner as a result of pressure )

buildupf 38 e9tpariisiiybasiieeed, fHeuivaciurmwores whrair flawada il cause first
surroundi ng atnosphere. In a preferred enbodi nent,

val\I/]é BRImet '%etc? LREEUnitdiRIct 34l agtag it otdéntoeprevahtsair intake up drain
esignated 42, p

Ivotally carried at unit inlet 34 for

Pip% ﬁ?ai"gg'&%%?"hgg% %nér@seé rb8ulk B pY&Eiredimstentisls between fluid

flow network 14 and the surrounding atmosphere. In a preferred embodiment, first
valve element 42 includes a flapper, also designated 42, pivotally carried at unit
inlet 34 for sealing off the unit inlet in the vacuum mode to create waterhead 38,
and opening at a prescribed waterhead buildup level to discharge the water
through unit outlet 36. For maintenance purposes, a removable lid 48 is carried by
vacuum section 40 of flow control unit 32 to provide access for cleaning and
maintenance.

In a further advantageous embodiment, referring to Figure 3c, flow control
unit 32 may also include a pressure section, designated generally as 50. When

blower 22 is operating in pressure mode, air flow 30b is directed down through
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and opening at a prescribed waterhead buildup |evel to
di scharge the water through unit outlet 36. For
worbestienance purposes, a renovable lid 48 i s cRCTiIUS2N0bP06127
vacuum section 40 of flow control unit 32 to provi de
and, mai_nt e

craR555 50 SR P ST P BRI et 52

control unit 32 may al so include a sure se tion
proviras] whiatel GENaPlA 1y 2lrsbaostiRBn dgplGREIo generaly as b4, in the
operating in pressure node, air flow 30b is directed
pressoren nodde gtidh dblocks i fisw 30 feewxiting Hwodph anibwutlet 36 to
fromexiting, a second valve elenent 52 is provided

preveht e ais flowvidmestitng ttrough dpaiaidutiet 20deSeqral ealve element 52
generally as 54, in the pressure node which blocks air

is aIESEQWO\%)@ figra f%ébéhdﬂ%o%ﬁabﬁuaBs@ﬂbfedogéh@Han%st %péwun both

e alr rom exiting through drain outl et

Figuﬁ%sﬁ??%g:qaib"eg%cﬁgfg@vg%rgéerﬁg @2@@2@& fo 5806 Eg&pﬁn 56 in the
vacuir JHad 48 SHRIATES DR IR, 2 . AoHe R o iy allows

bl ower 22 and flow control unit 32 which allows water
wategB7 t9 @t threughougit auiet 3Guin the Hestratgdierabodimanty %ﬁ(@d‘d valve
enbodi nent, second val ve el enent 52 includes a float
elenszit| 52 michmledesi fivatt leall, 3so Hesighatedl 52.5Float bkl B2tiediregted by
the air flowin the pressure node into unit outlet 36

the éleIS\WQﬁ lth@ pfedsupvmiddearEBuhibeutisti 36 RUblbek airtfiwetrough the unit
V\,h | ower 22 is switched to vacuum node, float ball

outl tS ﬁ&Hé@& Wheh! tﬂ%teﬁ fl€§®ﬂ:§%€l¥ td VRS Gh HBkS, ﬂB&t'b%ﬂ i$€aused

wat er_énterin rol unit to allow

o s%% S R BB S0 S o A

allow dhe PEIOEp BREQWGHENSETE Plpt St BFG BeodisEbpraesl hupih e drain

to provide access for cleaning and mai nt enance.
outl®etie beshshown i FigreBh. For mainiendrce pdrpmseaga semovable lid 58

enbodi nrent, a water
is carried by pressure section 50 of flow control unit 32 to provide access for
cleaning and maintenance.

| Referring to Figure 3c, in a further advantageous embodiment, a water

bypass channel 60 is included in the unit outlet for discharging water to the drain
outlet during the pressure mode when second valve element 52 is in the first
position 54 to block air flow from exiting unit outlet 36. Because residual water may
enter fluid flow network 14 during pressure mode operation, it is advantageous to
allow the water to drain from the system to prevent deposit buildup and other
maintenance issues. However, when second valve element 52 is in first position

54, it blocks both air and water from entering unit outlet 36. Accordingly, water

bypass channel 60 allows small amounts of water to be diverted around second

11
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30

bypass channel 60 is included in the unit outlet for
di scharging water to the drain outlet during the
wonrewssi@a2 node when second val ve el enent 52 i sSPCI/USE®6/006127
first position 54 to block air flow fromexiting unit
outl et 36. Because residual water may enter fluid fl ow .
valvie elementia2 furdraigagee butideesbakalinye eatignificant:pergon of air to exit
advant ageous to allow the water to drain fromthe
in aryet Bmaintpineresdurd eyitram fluidluidvd nptveorl 1dt her
mai nt enance i ssues. However, when second val ve el enent
52 RE&fdriind itd Figwesi 1 e 2Adrdih ga@algsisbsibpedidovdiward from the
water fromentering unit outlet 36. Accordingly, water

airlgli\é\ﬁl’@gf%gggr%wlto qgasﬂidrp‘ﬂ%v@%h*roﬁ'ﬂﬁﬂng% ?tg a rﬁér deRfion than

around 'secondval ve el'enent o. al nage,
air/Bigter Sepacnb 28to Ml Mo E2Hads Gid A SeytZp pfly gotabiish a
network 14. Referring to Figures 1, ng 2,§€rain'8iﬁe |
presgribad gyaipdwagdomilding i comination withatst & ¥Saeigrent 2. In a

position flow control unit 32 at a |ower elevation
prefersed @mbjosiment, shpagrader designatest asoreterancerantfiaihagk slope of
to drain outlet 20 and establish a prescribed

draipipehtd hebubdrd ap/water separaidi 26 andtflowd coatrovaniv 82 is generally

elenent 42. In a preferred embodi ment, the grade,
betd@eh Rt 854 DY HPLABRR BAThE lén?tﬂf oftHeParfh plpél Bs detailed in

pi pe 18 between air/water separator 26 and flow

contrpl unit 32 is generally between 5% and 40%
tabﬁ%ﬂ&’ﬁ@’."‘hg on the length of the drain pipe, as detailed

in table 1 helow, Table 1: Pipe |ength between .
Tatfp vt 7 iPOUAGTARSIARA T WAHEE SARSTBROT B QW Gpntrol unit
bl ower déed Rlowes ggnersing AneaclGhyacumdle (% s ope)
Pi pe | engt h S8tat@of’% slopm)50fRipedeadtbs t

5% 100ft
10% 50ft
20% 25ft
30% 171t
40% 13ft

Accordingly, aeration and drainage system 12 of the present invention
preferably includes the combination of a vacuum section 40 and a pressure section
50 each having a valve element 42, 52 that together selectively and automaticaily,
without mechanical actuation, prevent the discharge or intake of air flow and water
into fluid flow network 14. This system eliminate the need for deep excavations,
external controls, and is less prone to clogging than conventional drainage
systems, such as the “J” frap discussed above.

Vacuum section 40 may include a backwater or check valve that permits
water and air flow in one direction only. As discussed above, the preferred
embodiment employs a flapper 42 that opens in one direction when the air flow or

water pressure from the source, drain pipe 18, is greater than the pressure of the

12
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30% 17ft 40% 13ft Accordingly, aeration and drai nage
system 12 of the present invention preferably includes
woOhersziondse nati on of a vacuum section 40 and a PCEAS06/006127
section 50 each having a valve el enent 42, 52 that
« t«0get her selectively and automatically, w thout
degiitdion cipinaetieit2G P respersediffarprcas sausg e Heppat kkepen and
of air flow and water into fluid flow network 14. This
closgstithout therpitadfesprings e ethdrane chesmyica roearst. i ons,
external controls, and is |l ess prone to clogging than

CONVH s & pravRbRs SYQICANBO, is HEY B8 coRstricled BhaRarranged as
di scussed above. Vacuum section 40 may include a

a “?aﬁﬁﬂ’@t&fnté\hin‘é@ﬁé?at"@ill"% %ﬁkjsrﬁl‘gﬁdﬂeft %6%@@%%@% opening

| ow I'n one drrection o | SCUSS

4 adi nent flapper. 42 that opens . . .
suft et i B0 HRtn "BRL BT p2is oiRBfinad bl MiretRE P air, and in
fromthe source, draip pipe 18, is greater than the
SOpEeS o3 WalkEos bIoRK e HisEhaoR QRRTAd. Jn then@giims mode of
di fferences cause the fl apper to open and cl ose
opejiatinoor biawer 22,.owatgsrdhestasingotheedeviee navisesltherbalisto float up
Wth regards to pressure section 50, it may be
and anglyrfrorheéhbe apeniagl degebly aaablingl infdstricted) flewrdfavatenthraugh the
float ball 52 with unit outlet 36 having a prescribed
unifBafetss such that in the pressure node float ball 52
is constrained by pressure of air, and in sone

SAAN X r#ﬁ% ‘Featgéeoop Eé’&ﬁc{) Egl%/giégﬁﬂwg %Zggfﬁpggﬁérgl %ﬂ.}:ﬁon 50 is

in

t he vac opera ower

enterin he devi ce cgus t bal | t l.oat yp and
theghig A6 anane Suil s5Tet e clheinet Byl ifisetFzs Begond valve

flow of water through the unit outlet 36. An inportant
elemant B2 Hfisspushed Vaipheeppraing by the permbinationset@iroand any

50 is the size and shape of unit outlet 36. Wen fl oat
stahdinlg waten peelssase Sebondit.v aheaormal buoyant pressure on float ball 52 is
disrupted by the absence of hydraulic pressure in the opening, and the ball has a
tendency to become lodged in the opening by the combination of air and water
pressure behind it. Therefore, the apening must be large enough to permit fuil flow
in the vacuum mode, yet small enough to reduce the tendency to get stuck from
pressure differences in the pressure mode. In a preferred embodiment, using a
ball of 5.9” diameter, together with an opening for unit outlet 36 of 3" in diameter
provides sufficient buoyancy to overcome a pressure head of 9" WG (Water Gage).
Preferably, the center line of the opening matches that of the ball to ensure the
best fit.

Another consideration was the removal of water that may flow into the

drainage system while the system is in the pressure mode. As discussed above, a

small water bypass channel is therefore included in unit outlet 36. It has been

13
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el ement 52, it is pushed into the opening by the
conbi nation of air and any standing water pressure
woebiondidst. The normal buoyant pressure on fl oatCThakdo6/006127
52 is disrupted by the absence of hydraulic pressure
. 1n the opening, and the ball has a tendency to becone
testeddipat! o hypass opemngfd5t rrdive Misahareem wWelterapl sfigient rate to
wat er pressure behind it. Therefore, the opening mnust _
prebladeabgek@nangthe @ressuret séation fwhile b theessmeutime preventing
node, yet small enough to reduce the tendency to get

sigiifitht SiF FBWPISESWhEn Hd hetenreprdsent e flonessntrel umitie2. Tests
In a preferred enbodi nent, using a ball of 5.9"

. di ' eny . it outlet 36
viepRITbfiks fbARGhERT b Al (8o O B ki B,
overcone,a pressure head_of 9" W5 e) :

Pr efBeALING, %éeﬁtg?ﬂsega’l ?Q@r 8@0{}9@%%%% ﬁgr%%tvgﬁtgg and air can
that of the ball to ensure the best fit. An?_t her ¢
passofie¢lidnaene Airgetion, Hauty atohe other-whie twpsaCtings ey e located
into the drainage systemwhile the systemis in the .
adjpcartsto ecanhdethéts odi separstedl dtyowad, infeseaninectiag eection of pipe.

bypass channel is therefore included in unit outlet

Altetfativdly hite Ssioheshay belfaimed hygetber dpeniingleafnicditaining both
radi us” di scharges water at sufficient rate to preclude

firspé’ﬁé(ge?éﬁh 9&99@%3@%\’(894255@ ?]gn while at the sanme tine
preven |

Ing significant air ow | oss when no water is
present in flow contr [t ) . Vi :

P SRR D8 0 R e e P S cranase
_the two sections 40, 50 are connected in,series, .mater .
pipingdoglimipate @gggaqucg@?@r&lptgh gemr,aic&rt %cﬂﬁ Er&p Mflgyﬁaglon. This

ot her. The two sections nmay be | ocated adjacent to )
duatavalvet lmerangemziaeaableshihenconataiclionn okt a ngistituted nair/water
of pipe. Alternatively, the sections may be forned _
seppgr et inakes sisegbfehensiépe ongeade of) thrdyién between turf playing
second valve el ements 42 and 52. This dual valve
surByeR! fNFRANdREh BaRE: 200 16 @BLUMEIdten WatdtheRarsumidigiteto counteract
rai nage
the vacuum mode negative pressure to discharge water while under vacuum.
Essentially, the system is comprised of three functional sections that are
connected together in a relatively shallow trench running from the end of perforated
pipes 16 toward drain outlet 20. Going from the turf playing surface toward the
drain outlet, the three sections are: 1) air/water separator 26, 2) drain pipe 18, and
3) flow control unit 32.
Air water separator 26 includes a “Y” shaped fitting oriented along the fall
line (or down-slope) with one leg 61 oriented in a generally vertical position. The
vertical leg is connected to blower 22 by an air line 62, while the other leg 64 is

connected to the perforated pipes 16 at an upper inlet 66, and connected to drain

pipe 18 at a lower outlet 68.
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piping to elimnate the traditional air/water

separator and "J" trap configuration. This dual valve
wano@ngesent enabl es the construction of a di sSPCTiUSE®@E/006127

air/water separator that nakes use of the slope or

grade of the regjon petween, turf playing surface 10

an%"‘tﬁ*‘teafii Hasgeh @GS{)EG%WW@%%&W t%F/W@ separator 26 and
sufficient to counteract the vacuum node negative

flowpasdroliuait 132, dhe dengtiyof winereqmired dapeanels wpiLtiha slope of ground
Essentially, the systemis conprised of three

in whiohctiizim aipe 48t isoinstaliad; aauset fantinére taklet bgboler Arsteep grade
relatively shallow trench running fromthe end of

requiek’ RE3LHPe AP R dRalloWafradsl reduiiradimerie & prédticegaf grestribed
the turf playing surface toward the drain outlet, the

wateyfE6E SE) RESvELEme heflachlf FesPaRA A G5tetloy &iep blower.
separ at 6 ingludes Y5 .shaped fitfi e :
o bRl e o SR 5 1S, eI b SbBRY, no. of
_oriented in a generally vertical positiogn. The .

Alkepe SOURCAAE, 10 ¥ARLET Vel i5 Bithadpnge %&oaﬂ% ipches WG and,
62, while the other leg 64 is connected to the _
thergford othet etevptipesdrop fremaair/waterr separetored6 tarftbw control unit 32

connected to drain pipe 18 at a |ower outlet 68. Since

mus@ biigesdtendhanse4 biacliey el Hpwdvdetinvds rprafertedtteat 36 inches be
separator 26 and flow control unit 32, the |ength of

provRI&RE gﬁig!éa“s% ﬂ%ﬁgﬁ'r_% B%rac{i%ég‘{x&P%quov@rc@HW LRt 32. For a

ai n pipe IS as set forth in
. : ' : :
sus b OG EordT 80 LR PE LG 87, D06 lfhfes we.
wat er head byil dup to overcone, .t he vacuym. pressur.e
and o 6PRPSRPISING Fefraramep i elevasan Srai 15,60 frshes (Bk)r
7.5 HP bl ower manufactured by SubAir, Inc., of A ken, . .
Soln thecpressutsamotRe PrasSUTTSe@insl 5Q of flowaeatiohHpik 33rrestsicts air
to 24 inches W5 and, therefore, the elevation drop
flowftocanfictionadf ethe stepsi rfmtwo coing frofr blovesm22 oyetuibiprovddes a small
must be greater than 24 inches. However, it is
bypLh@ féalathFovdt LA REtdhirains from the playing surface while in the
pressure mode.

The system of the present invention may also be used as a stand-alone
device to isolate multiple drain outlets from atmospheric ‘pressur‘e, thereby enabling
vacuum/pressure in the drainage pipes to be controlled by the blower. A turf
playing surface, such as a golf green, may have several drain outlets that are
defined by the location of the drainage pipes (perforated pipes 16) beneath the
green for a given slope on the green. Greens with several sloping grades away
from a ridge, for instance, are often plumbed having drainage pipes with a drain

outlet for each sloping region. In such cases the system must be installed in such a

manner as to take the specific drainage configuration into account. There are
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provided in this case to ensure proper operation of
flow control unit 32. For a SubAir Portable Air
woéanwaolsshl ower unit, the vacuum |l evel is up teC#AS2006/006127
i nches W5 and the correspondi ng recommended el evati on
= drop is 6Q inches (5 feet). In the ress
sevqrab@@aslblhg%tname% eoporﬂtrwueom’f%f) 0grte 3%“5@9? (ang drainage
air flowto a fraction of the total flow com ng from
systbirobeneal the gredn whets BiesSUMSIFEESSyEat 080 drain quilet causes
flowin case water drains fromthe playing surface
vacMhlahd prskaray gesugicouttile. enfine pies hetwark. iéhipraesenair/water
invention may al so be used as a stand-al one device to

sep ér%%raé@aﬁéi”brdv&e@ﬁ h?dy‘bé’lébhr‘?écﬁerﬂ &@Bh@tcm?ﬁ@'al%irhéﬂe outlets 20 or

pressure t hereby enabling vacuum pressure in t

everg'@;enﬁggnj%'u ?tht &09 e‘f:lg@' gﬁé Eﬁj{em’ [\ cﬁh@ Fain Ddutiefs need to

sur green; ave
sever al draln ou ets th re def the 1. =0

havg @ (IR RATEFG ALY é? el Belyess ﬁrep8§9§@5te@e‘rr§§%a {{6%hd the
the green for a given slope on the green. Geens %ﬂ&#

draig eudeklocstiopsHeh gr%td@uamﬁmﬁ PEIRSHIE i%/@és 9%$fated y blower 22
i nstance, are often plunbed having drai nage pipes wth

are @&othtad rframtthetatrfnospbarmsmmmdngg thegy floid. flow nefwhric as glescribed
the systemnust be installed in such a manner as to

herdike the specific drainage configuration into account.
There areseveral possibilities, nanely, a continuous,

' ”‘i/\%réoa:}?r% b P ehfiddineRl of %@'lﬁ%ﬁoﬁyﬁse%eaﬁn&&dﬁrbed using

the gree ere a vacuum or pressure on one drain

Iet causes yvacu nrand S o t
spegiié Bl SRS PRSI i o BESHAE™ RIRR Qh'ye%?r‘rdat o be
26 and bl ower 22 may be connected to one of th
Undarigath Bt SeNees Ayl wANaANG MaY bemase: WihowoRgparting from the
provi ded for the system Any other drain outlets need
spirit or bavee of thedallowimgradimmi t 32 connect ed between the
perforated pipes 16 and the drain outlet |ocation such
t hat vacuum and pressure | evels generated by bl ower 22
are isolated fromthe atnosphere surrounding the fluid
fl ow network as descri bed
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herein. Wiile a preferred enbodi nent of the invention
has been descri bed using specific terns, such

wdeswrioptseon is for illustrative purposes onlypPCauws2006/006127

is to be understood that changes and vari ati ons nmay be
made w thout departing fromthe spirit or scope of the

Whdtd$ ceinad is| ai ns. What is claimed is: 1. A turf playing
surface aeration and drai nage systemincluding a | .
penf or adeturpi payingt surface rasraliore dinde deainage Hysteipf inguding a
and a bl ower operatively associated with said pipe _

periBRIMe ipd HetRSh@MstkRidnBenwathi thef $urfaden arieapblperer operatively
net work, said system conprising: a drain pipe

asséﬁé%ﬁg\f/iﬂﬂga@gp@r@i SRR Wredsdbiniey BataefiswiiArthe pipe network,

out of said pipe network; said bl ower

. having a vacuum node in which said air flow creates a
Sa'({;%i@ﬁ‘?lﬁ]qc’ﬂ"@ﬁ"??'pi pe network; an air/water separator

connect ed, upstream of sai,d bl ower, f.or sepa L n

£ T GriraiepiRPIconNBang Iosadpesiaraied pite sRRigkTRL Phafffeiflg water

sai d vacuum node and channeling the water into said
out df said pipeeetwarkdi scharge through a drain outlet; a

flow control unit having a unit inlet connected to

saisgiddpleiver piapigdevastumanodé is aihichasaid\eait tow sEgalestpracuum

and a unit outlet discharging water to said drain

; tdigd ; igd. fl ow control unit having a vacuum node of
n S%geélgt ingﬁﬁ% ocking air flow through said unit inlet

nch APEE SefloPhd FEa, dhooay or i biaReffor separeting

wa’celajrn Ifrtorr|1 Qﬂ\g tah1 ﬂovsvaglnrgorv%c eh erlrﬁ%dgaiwqglgm%r in said vacuum mode and

channeling the water into said drain pipe for discharge through a drain outlet;

a flow control unit having a unit inlet connected to said drain pipe
downstream of said air/water separator and a unit outiet discharging water to said
drain outlet;

said flow control unit having a vacuum mode of operation blocking air flow
through said unit inlet into said drain pipe when said blower is in said vacuum
mode; and,

said flow control unit opening said unit inlet in said vacuum mode when a
waterhead buildup within said drain pipe at said unit inlet exceeds the vacuum level
established by said blower at said air/water separator to discharge water through
said drain outlet.

2. The system of claim 1 wherein said flow control unit includes a
vacuum section having a first valve element movable between a first position

blocking air and water flow through said unit inlet in said vacuum mode, and a
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wat er head buildup within said drain pipe at said unit
i nl et exceeds the vacuum | evel established by said
wohowawiat said air/water separator to di schar geTWwsRme/006127

t hrough said drain outlet. 2. The systemof claiml

wherein said flow control unit incl u,ge a vaﬁuunjwé ibed
secemrt trositidnaallowing disekarge o watareite st dndpib C8 gk fhvdeRresorive

first position blocking air and water flow through
watéeadduniildupnl et in said vacuum node, and asecond

position allow ng discharge of water to said drain

outg et athed sPEtBRT bf kRImatwhéreh shid firckipiahie eliment includes a

system of claim2 wherein said first valve el ement

ﬂap.égg lf;lgﬁge%o?tf ééiamﬁrinfe@rf&jn%lﬁ‘{g Sisdidiihit irléd iatsdi®vacuum mode

said unit 1 i'n said vacuum node and

opening at a prescriped t er:h i p
andaPEeRRo2t (e RRTHIOA NSt oCa P A (o iop fiscpatd dhe water
systemof claim2 wherein said blower has a pressure
throwghesadd UBBOUHEt-on in which said air flowis directed
into the perforated pipe network and up to the turf
pl alyi ng Ehe System 6f chaima Zsydbeesin @aid bgWeshah arieFswg; gode of
flow control unit includes a pressure section having a

opeP&h WhlcresHiti eiveffdw iwuiaddtedtintoathiei pesforptesi pipemeatwork and up
sai d pressure node bl ocking said air flow through said

o il B st cvent said alr tlow from exit1ng
o O A Sy e BRECT WA 2R oy ettt 2
propsuS RN 8 SSLPHE ValYS FommE A avS I 7 (HRERSsiton in said
pressuseipde plagking et el tvoughgai] Suib et BIpsbfery Said air flow
wherein said flow control unit includes a
from exiting through said drain outlet, and said second valve element movable to a
second position in said vacuum move allowing water to exit through said unit outlet.

6. The system of claim 1 wherein said blower has a pressure mode of
operation in which said air flow is directed into the perforated pipe network and up
to the turf playing surface.

7. The system of claim 6 wherein said flow control unit includes a
pressure section having a second valve element movable to a first position in said
pressure mode blocking said air flow through said unit outlet to prevent said air flow
from exiting through said drain outlet, and said second valve element movable to a
second position in said vacuum move allowing water to exit through said unit outlet.

8. The system of claim 7 wherein said second valve element includes a

float ball directed by said air flow in said pressure mode into said unit outlet to

block air flow through said unit outlet, and wherein said float ball is caused to float
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pressure section having a second val ve el enent novabl e
to a first position in said pressure node bl ocking
weaim/1aias2f | ow t hrough said unit outlet to preremuss@sdos2?
air flowfromexiting through said drain outlet, and
sai d second val ve el enment novable to a second posjtjon
outi of s2id dnit acidiehdudng said \Aaupe mederbY wals enterpg ggiel flow control
said unit outlet. 8. The systemof claim?7 wherein _
unis & dileecutdr Yalexi thlcerargaid nnitualdet @nd badidsharged through said
directed by said air flowin said pressure node into
draffb@tatnit outlet to block air flow through said unit
outlet, and wherein said float ball is caused to
f | ogt out ' Intai k [ i id unit
by it or 10 STty EEClayfl T KA Tiabd bR tHEHIRAm said
ter to,exi.t through sajd unit t
oulktI6h, alsGoaaihg AT s Peah Bt Shfihg 4 Bessyrg mage when
claim7 ipcluding a water_b Bass channel in said unit
saig sepend valverlemeRt i§ lﬁ@%ﬂ@%l P9lidBi d drain outl et
during said pressure node when said second val ve
el et@nt The isystem dffdlaist 1pekeneirosaid draimipe ys skapedf downward
claim1l wherein said drain pipe is sloped downward
frofin S41Y S/ Wakirrdepatstor s pasitibnrsald flowscdntd usiti at 4 lawer elevation
control unit at a | ower elevation than said separator

thah%d?%f%?@%?at&@i&érdiﬁ%@gr\ﬁ%r*d?aiﬁé%é’ 16/ fs@iid) dfalh lovitleRBA establish a

esta a prescri bed waterhead buildup. 11. The

system of ¢l ai erein the grade of slope of said
P“ﬁ¥%?%jﬁﬁﬁﬁ%8§9&%@ﬁ“§2id ai r/water separator and said

flow control unit is generally.between, 5% and 40%._. .

depkhdi n§hesysiea Pk ﬁb’??'ﬂ o Wbs?/%n Sb%ﬁﬁa?f? B%.S Opg Of g, flyain pipe

pl aying surface aeration and drai nage %isten]includin%
betweshusaitli aiyweterpeenaratarcandy spidsflow saantict dinfeiseggneralhe Detween

pl ayi ng surface through which an air flow passes for
5%aaidd 0 fgdepehdingovithg levagtie of Saidrdralrepipeayi ng sur f ace

and a manifold pipe interconnecting the perforated

pi pgs, fon GRRMNSYihG Is@fdceRérafre laneldrainage system including a
plurality of perforated pipes installed beneath the playing surface through which an
air flow passes for aerating and removing water from the playing surface and a
manifold pipe interconnecting the perforated pipes for channeling air and water out
of said perforated pipes for drainage, and a blower operatively associated with said
perforated pipes having a vacuum mode of operation for establishing said air flow
to create a vacuum in said manifold and perforated pipes, said system comprising:

a water separation and drainage network disposed at a relatively shallow

depth underground having a functional length over which water separation and

drainage effectively occur;
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of said perforated pipes for drainage, and a bl ower
operatively associated with said perforated pipes
wboaviengia2vacuum node of operation for establi BOrmwg2006/006127
said air flowto create a vacuumin sai d manifol d and
perforat ed pipes, said system conprisi.n a wat
seRit a@i/¥iatein Gapesatehg i iR geR¥GYen #nda drainage network
relatively shall ow depth underground having a
operatinaly coanedted o rsain enanifolct pipaefoe sesanasingtwater o said air flow
dr ai nage effectively occur;an air/water separator
pndrnﬁlsgmﬂaow@rsepar ation and drai nage net wor k
operatively connected to said manifold pipe for

Sepéﬁ @Fdng éétfﬁ%mfﬂtﬁénaﬁéhﬂle@'lﬁ s%loo%@éﬂa%ntéhcﬁﬁkéinage network

| ower ongated drain pipe 1ncluded |n sai d

con %B da:tcjé r %F/Q@%P%gggﬁggﬁgro@%%w Sﬁgﬂadsald air/water

sl t&rnaéﬁgﬁrar?ﬁr waltr§e SR odf &5&%’?&@@& A gptablishing a

‘pressure within sard drain pipe; and, a flow contr ol
watgn pressete wighin said drainigipe;and,a unit outlet, said
control unit being connected to said drain pipe
dovanfiow eanitrof usithdvimigrd wait évletsamhaamitrodtist, saidtaootrbl ugjt being
the buildup of water pressure within said drain pipe

conpbctd 19 sHid draifl fipe dAndtrehAVoTsd A watdiriseparatbefd controlling
first valve elenent novable in said vacuum node

thef@ﬂlgﬁﬁno@w%érs re‘%%l?téu \Aﬁtﬂ)sri; éldb!jw i I0i%e 2t" 51% ﬁmn' hiét; said flow

direction t contro
r on. a aV| ea3|n ressure i.s

confiBE Rt aN A TRV elftie iS22 i PRE TR, Bt gptweon 2
_ dischargi ng water through sald unit inplet and out
first ppsatl%%af gloekmsc@lr devoippa Jirstedisestions thr@wgmusaectﬂv@ncontrol unit

when said water pressure exceeds the vacuumforce in
wheraiuigonraaiwatérhead Hadindhrcregsing nprefsurieaisncreatedh @t esaid unit inlet,

said air/water separator includes a yfitting having an
andu@watcehd positionnfd disthaeging asdted thiroughishid lueitanietzad outlet in a

anot her | eg
second direction opposite said first direction when said water pressure exceeds the
vacuum force in said drain line.

13.  The system of claim 12 wherein said air/water separator includes a y-
fitting having an upwardly inclined leg connected to said blower and another leg
connected to said manifold pipe and said drain pipe.

14.  The system of claim 12 wherein said first valve element includes a
flapper carried generally at a unit inlet of said flow control unit for sealing off said
unit inlgt in said vacuum mode, said flapper valve opening at a prescribed

waterhead pressure and closing when water pressure drops below said prescribed

pressure.
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connected to said manifold pipe and said drain pipe.
14. The systemof claim 12 wherein said first valve
wehemwaniese ncl udes a fl apper carried generally aCTaS2U6006127
inlet of said flow control unit for sealing off said
unit inlet in said vacuum node, said fl apper val ve
opefibng ahe$ypiesm of Claim tawheriadaist BowEr dasn PEessiira gnode of
when wat er pressure drops bel ow said prescribed
oppratiosuine which shid syrsflew isf direetedh inlo waid gienfosalied pipes and up
bl ower has a pressure node of operation in which said

thraugh theoturt Slagingestiriede Nt o sai d perforated pi pes and up
through the turf playing surface. 16. The system of

cl aig 15T]4€g§;§ité}n88t" @h ithOYs Gﬁﬁk%r{eﬁ{ sHId FloWnNEbMASIS uAit Oincludes a

second va ement having a first position in sai

. i . | h . ™ '
soffFEPALE SRBrEhaTbRf a0 oy SR, BOUR Ybino saic
.draip outlet, and said second val ve el epent haying a . .
air OB IYRI SR IR A Sl Ao RDNR SPICh AR gy aval said drain

di scharge through said unit inlet and outlet. 17. The
oudsts eamh $Hid geaphdl Malven elanaemighavingtee seeysh Positinaninesaif ivacuum
said unit outlet for discharging water which enters

moslai allofrMimywetertto aisahairge throagh daijoredbintet amoldrutied. sai d
drain outl et when said second valve elenment is in said

firsy7poshé isQstehl BEKlal TRInGIudiNg a AtbEbypdss cHdvthel in said unit
system of claim 12 wherein said drain pipe is sloped

ouf8 Y3 AP SIS0 i B g prssurs

el P2k S o e QTR LT SRR, st posivn
pressure. 19. A nethod for aerating turf and renoving

blogkingsaichurit Uk ng surface wherein a fluid flow

net wor k having perforated pipes is installed bel ow the
pl a¥8.ng The system of claim 12 wherein said drain pipe is sloped downward

from said air/water separator at a grade generally between 5% and 40% depending
on the length of said drain pipe fo promote water drainage to said drain outlet and
establish a prescribed waterhead pressure.

19. A method for aerating turf and removing water on a playing surface
wherein a fluid flow network having perforated pipes is installed below the playing
surface, and a drain pipe is connected to the flow network, comprising the steps of:

drawing a vacuum on said fluid flow network to draw air and water from the
surface into said perforated pipes;

separating the air and water drawn into said flow network;

directing the water into said drain pipe for channeling the water through a

drain outlet;
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surface, and a drain pipe is connected to the flow
network, conprising the steps of: drawi ng a vacuum on
weaim/miased fl ow network to draw air and wat er PET@SRE06B06127
surface into said perforated pipes; separating the air
and water drawn into said flow network; directing the )
wat lodkingdoais Bew intoaid graie ping whrasall Yaryunmis erfgelished in said
through a drain outlet;blocking air flowinto said
pedositad pipes Wh qresaitdaiv doumu rerterirg tsald dedie dpipe thaiugh said drain
perforated pipes to prevent air fromentering said
oulétaiaAdpi pe through said drain outlet; and allow ng
wat er flow through said drain pipe when a waterhead
pre [ [ [ v i
on SR PofR R b IR PR SRR Re MR A WAR G prossure i
qutlet. .20. The hod of cl.aim 19 inel udin he. s
saf bicio 2BF 1 ot RGOS MG Vet AP AR ST ORI istERoe water
t hrough sai d perforated pipes up to said playing
thrayglp §ng’. érﬁ'r‘.l‘?UtMe met hod of claim20 including the
step of blocking air flow out of said drain pipe ) )
t hr 3dgh Fhednethednofocliainet1 inchugling e spare ok prassarizivg said fluid
of said fluid fl ow networKk.
flow network to force air through said perforated pipes up to said playing surface.

21.  The method of claim 20 including the step of blocking air flow out of
said drain pipe through said drain outlet to maintain pressurization of said fluid flow

network.
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