VORTEX | NHI Bl TOR DI SPERSAL PI G FI ELD OF THE | NVENTI ON Thi s invention
relates generally to a pipeline pig that services a pipeline and noves

t hrough twe 200smpicor of the pipeline by the flow of pregsuniszed/ogesss Mor e
specifically, this invention relates to a pipeline pig that provides

i nproved distribution of treating liquids, such as inhibitors and cl eaning
chem cal s, subsisting =1 el i ne. BACKGROUND OF
THE | NVENTI ON The i nven?PE{:le%gii Lt %W%§M| i ne pig that

provi des a nethod of applying a treating fluid, such as an inhibitor or a
cl eaning chemcal, wthin a pipeline to speC|f|c | ongi t udi nal and
circunferential areas along the inner wall of the pipeline and particularly
to the upper interior portions of t he interior wal | of a pipeline.

Pi pelines, particularly thos (ﬁpﬁgF on! arge volumes of gas under
pressure, are customaril metal an usually of steel. Steel is the
prefei fed net Ahisfipyentiom aﬁﬁ(ﬂeil%ﬂ}’oﬁo apiptlive | nig) hat sesviees 4 pipelinehrad enaves

strengt h, maygh hRBhietidYof BOPip8RRNAY e AIINEY ﬁlresshﬁieeeglas ' M&yg#;e%ﬁf'ccﬁyo gfQr 1 0si on
as a consequence of oxidation or reactlon W t asses or .y, such as
wat er, t hivenfien relateprinn pireling pigrhat peonidosiamraved distribusion o treating gmgdsamh del i vered
thr OUQh inRibRsRd én'a%leaﬁfﬁ)% hemRAL, sﬁ&fsf1ﬁ§xh%lov?er?&ﬁ&g%"fﬁxe ﬁ;gm' que enpl oyed by
many operators of pipelines is to periodically deposit inhibitor Iiquid
within the pipeline. The liquid can be noved by the f|OM/Of gas through the
pi peline or nore commonly, by the use of pipeline pigs inserted into the

pi pel i ne and noved by the flew of gas. The pigs serve to provide a noving
pl unger within the pipeline that tends to sweep liquid within the pipeline
before it and to therefore nove the liquid through the full length of th

pi peline. One nethod of applying a treating liquid to the interior of a




pipeline is called "batching"” in which treating liquid is captured between
two pipeline pigs that nove in tandem Alihough this nethod is wdely
accept ed wodowswere2t does not insure that the upper quasCaniS2@b/0s15e3
interior of a pipeline is adequately coated with or exposed to the treating
liquid. A second neihod of treating the interior cylindrical surface of a

pipeline is called the "ir i t(g*og " i thod, the treating
liquid is injected direct Irﬂf(ﬁ#t;%apﬁz) %W&aﬁemved by gas flow to
carry the liquid through the Iength of the pipeline. This nmethod is costly
and usual |y r dgiiveationHigeeribedebareiings ¢ pipelingspitaiprodidera methed ob atrilyimas| y
injected uwbifg trhel, Riddehd BE. intkbBI®k Qrl & cRhitd eﬁ‘e%claiﬂp&gitﬂih Caa‘ialpl%e {ogsptetihc?l

ec I qui d’si

met hod, OL) the treatjng liquid to the inner wa ecause C
condensat €8S5fgahaaS ciecugyierential 43e56 elons fhaimmer wall ofiihe pipding pnd pretioglagiskd the . ~ A

third setage: afréraiohder thdwatetint il @ pgilited el @Rfcﬁﬁ{fxfﬂﬁée RsiPheA i NE 'S
called the "dispersion_nethad,” and is disclosed in . S. Patent No.

6, 874, 193V i Eh{ LURB K 385 S eT PRSP Fslymaely geade of Bﬁ%ﬁ andyusyally; féteple t hat
has a tr eSteélighé prafected lﬁﬂ?ﬂ foh@nguetidns s amplewhebu% @?& iﬂﬂeméw §Iféﬁ@lé|,glhaitabiﬂtyf ]

pi pel i ne. Th g ks confiqured.to nove .|iqui orward.in advance of the
pig sot ha ef[fs‘ %Ig)m?i af?iw Vi ﬁtﬁ%ijﬁggt@%f?ﬁ @HOTI?%%\ Fpasegpge pRORMEP e 1SRGPhi n t he
pi pel i ne. witls gdstee opliguidvpsuek ag Waten diat & hempoyie kicoentaadiwhisihgs vbluges 6F @t ong

ahead ,qf | ressurized gas fromthe rearward end of the
pi pel ilﬁe DFSGI’?E%}S}‘R’EJ%%%?}B‘%‘% rearward inlet, through the interior of the

pi g body, and Togbmbat oergplsion, dpppdad tpaseagapayed byhsany epsruarsof pipbléks isso
P ot o 201k BioRs o ELeninl® LR VP o APl 5. Bpel b1 pl0gy oo
interior geithrough thefpincier inped ¢amandnht by the userdf pipelgredigsfinsetie igiophequipeline
O phon. ponsael PR, KRRt P Bk et F .fﬁ’i‘feﬁa.s%&??iﬁ%‘?#eﬁg@‘éég%véé‘f%geﬁL e
carri ég i hatfpndp to yieeryhianid within e ripelipn bejoroit and tpuherclors theerfeadliquidkthopgct ed
froma  the full length of the pipeline. One method of applying a treating liquid to the interior of a
pipeline is called “batching” in which treating liquid is captured between two pipeline pigs that
move in tandem. Alhough this method is widely accepted and used it does not insure that the
upper quadrant of the interior of a pipeline is adequately coated with or exposed to the treating
20 liquid.
A second method of treating the interior cylindrical surface of a pipeline is called the
“injection method.” In this method, the treating liquid is injected directly into the pipeline and is
moved by gas flow to carry the liquid through the length of the pipeline. This method is costly
and usually requires that treating liquids be more or less continuously injected into the pipeline.
25  There is no direct application, in this method, of the treating liquid to the inner wall because liquid
simply condensates and rests on the bottom interior surface of the pipeline.
A third method of treating the interior cylindrical surface of a pipeline is called the
“dispersion method,” and is disclosed in my U.S. Patent No. 6,874,193. In this method, a pipeline
pig is positioned in a pipeline that has a treating fluid, and the pig is moved by gas flow through
30  the pipeline. The pig is configured to move liquid forward in advance of the pig so that the liquid
will be carried from one area to another within the pipeline. As the pig moves through the

pipeline and pushes liquid along ahead of it, some of the pressurized gas from the rearward end of

the pipeline pig flows through a rearward inlet, through the interior of the pig body, and out



nozzl e opening to cover an upper interior segnment of the pipeline interior
cylindrical wall. The shortcom ngs of the current dispersion nethod are (1)
a | arge wsbun®/p7édypass gas or liquid cannot flow th-owgh/ush@psg4sbody or
nozzle, (2) discharge velocity and the mxing effect of the nozzle are
limtec by differential pressure, and (3) a pI urality of nozzles is
required i er to achi eve_direct .t cati refore,
there is &mﬁléé 8 °¥rars p&s)agegvﬁ%r"glglre%ggpg{)&pr? @g’alggq%é@%? tﬁ%@?@“ BFE comi ngs
and provi dete pipelink. rrﬁ‘h@gaadlodn sspeinds ﬂmplmndaagsm@mmgade&rimlﬁqumbﬁﬁn HeRY OF
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cl eani Rg n r e f eline pig
has o Pongheuet e SRb R b o bl hR a0 or Lo B PRt 8w JURaBHAEY OF P12
pig with aozebnp@aig-tcsmm uepmurxtmor spaent afthapigele mt@@s@ylmﬂmeIaW@kt er nal

circunferenti 3121 %ﬁkérﬁﬁg%s%f?{é‘%{?&énh@;fe?sﬁo%qne%%}@%ﬁﬁlg emglﬁg'i? &5 ézls

preferred enb st sea I enent
per f or at eljquigcagpot flew gl ‘oyghcdheyigbedy o eozelued@) decharzprederiy evdatile ff’@ﬁng qffﬁeno@

residing k2 ngzzAeQNEmittd 34! H&i‘é%en@il p%e&%repélﬁ%)' AR oAReA 19feq£1Pé'a nﬁ)blﬁerdco
passaglgvvay for vapor 1 esi ding in an ug, quadrant of th 515' pel i ne and

ahead 8f efhésvpigee fPﬁdcaé‘é‘SéhElw%R?é} t et feséhélfei in g nesdefor A dispeeal apngrafugdiadl  di sc
shape, angiddes 5eeenssRRk R pRIERBRE inSoR@ Bk RERRMd bawiag ckeast two pl aces
to provide a passageway for Iiquid and vapor noving past the perforated
first sealing elenent. Located within the nozzle is a longitudinally
extending tapered cavity that shares a common centerline with the pig body.
The nozzle has a venturi and a circunferential array of ports arranged
around the apex of the venturi of the nozzle. The array of ports is in
comuni cation with an interior portion of the nozzle and a cavity external
to the pig body that



serves as a | ow pressure plenum The cavity is defined by an exterior
surface of the pig body, an interior surface of the pipeline, and opposing
sur faces WD 200093meond and third sealing el ements. | n aPprafSesnmsils43

enbodi nment, the array of ports is located just forward of the discharge
side of the nozzle, hi another pieferred enbodi nent, the array of ports is
| ocated rearward of the In yet another
prefeited enbodi nent, %ﬁﬁgbﬂﬁ@(}e{%ﬁiﬁhgﬁﬁmﬁﬁ is perforated and the
cavity servi ng\ pigelime bmwcm@sgtsvrtbls pivenrtwmls movedclabwll theinweenoftdpigelihe bgt
sealing ele t z L gns may
further conpqﬁgsoefqbgeqspﬁg.‘ggda a@%ﬂ&‘%o% ouv OV%{I%@B%WA%%%? ﬂﬁufhec %ic ar ge
si de of t hbibligyz [aelegrivg plysna@ﬁ ogtorigiadecudices ofnthe p@nlﬁrieallly -pifiekite pgdher abl y
creat esa pplifdhahgl bshaviPP fozzk Y. ers
I ncr eases t%e d?rsb% ? ? J;%aoc?ztz H&aﬁ&%i@%ﬁ@ %E%hglcgglg Shﬁg%e r eby
creating engd PP@;@%@?‘? @eéftast thrae Wl@bm@l@ﬁﬁ% S@?ﬂmz piem‘g@rlgmdn@ar‘ézfrd etthe t he

hi gh vel ogdbi ffa RLBRl ARBHLAVGAE ARASSIAYRAYAR- sﬁaaﬁd\éﬁ‘c{‘fs WhirorEERLES @ | ow
pressure at the array of ports tit .at is recognize cavit The

per f or at el§2s fresplacghep m@e‘%ﬁrmp@@awaargforeln%wgﬁw@n&m lpwgapsfraaid the Rjedlige i n

front of &ﬂa%héaHGftTh@p ?@mﬂé ﬁééﬁgévl?hty%ﬁdaﬁ‘or%%iﬂ'ir{gﬁn al ﬁyb@tltﬁgdl&ﬁi%fm%ipame%ﬁkﬂ back

into the discharg t he nozzl hi s manner, d subsisting at a
bot t ot porhterdf ﬂ@rplg h”éh< 5Pqat F‘F?eth’if%seéllﬂ%ﬁlfmeﬂtﬁ Bave\ﬂéb%%l dzsé ahap&ﬁ*ad tesereided

through t &ehﬂg%zdeﬁt it Peroedidden @t Bast A&k E10380 i deQafaba gevap Bbri 1GaidI 8d vaPor t he
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i nvent i on ipg pagfdhe ffﬁﬁaﬁgg“f?‘eﬁlfﬁgte% °fol | owi ng detail ed description of the
pr ef eL r gd lerrbaidtameanstvﬁh]i alkefiozzla i€ Qn]ougﬁmﬁmaly witénkding hepesbidassving $hag Rbhrdshe
attached cl ai ns W NGS Pref.er nents of
e T nventRPReR PRI B A T bAG® PR Pt AFILES § P eP R aXPt P,
aspectls, pntd advgdtaged hé spére of rties eaturi nf éiet hamlew [The hegpré dogt tierin

under st Oogomvz\fiunaatlon with an interior portion of the nozzle and a cavity external to the pig body that

serves as a low pressure plenum. The cavity is defined by an exterior surface of the pig body, an

interior surface of the pipeline, and opposing surfaces of the second and third sealing elements. In

a preferred embodiment, the array of ports is located just forward of the discharge side of the

20 nozzle. In another preferred embodiment, the array of ports is located rearward of the discharge

side of the nozzle. In yet another preferred embodiment, only the first sealing element is

perforated and the cavity serving as a low pressure plenum is located between this first sealing
element and the secord sealing element.

All the nozzle designs may further comprise a plurality of louvers—located forward of the

25  discharge side of the nozzle cavity and arranged circumferentially—that preferably create a spiral

helical shape. The helical shape created by the louvers increases the discharge velocity and

mixing effect of the -10zzle, thereby creating a vortex effect. In an application of the Bernoulli

effect, the high velocity of pipeline product passing through the venturi creates a low pressure at

the array of ports ttat is recognized in the cavity. The perforated first and second sealing

30  elements allow vapor and liquid in front of the pig to be drawn into the cavity, through the ports,

and back into the discharge of the nozzle. In this manner, liquid subsisting at a bottom portion of

the pipeline is drawn into, vaporized, and dispersed through the nozzle to achieve a complete 360°

coating application of the interior cylindrical wall of the pipeline.



regard to the follow ng detail ed description, appended clains, and
acconpanyi ng drawi ngs (which are not to seals) where: Figure 1 is a

cr oss- secwpap@lo9yicew of a pi peline pig that enconpassesPChaspooonaisps es of
this disclosure. The pipeline pig has an array of ports arranged
circunferentially around a nozzle and | ocated forward of a venturi, a set

of perforated ing,elenents,. and | o ressur | enu Fi.gure 2 is a

vi ew of the pi%gﬁeﬁgg‘iﬁfs@mg’gg ﬁ?éli.‘fr @VT%?%WEYHB%IO Wé‘“ggg’tni ﬁr}%’lf"ﬁ" gdeiled; o r e 3
is a crosdesegmtibn ofithd profered enfoodimentptapea in nenjypictionhaith thedraWgardale sthchpd! t S
arranged gircunferentially aro and a nozzle with helical |ouvers and

| ocated forward of the venturi, and having a single, perforated sealing

el enent and a | ow pressure plenum Figure 4 is a view of the pipeline pig
of Figure 3 taken along section |line 4-4. Figure 5 is a cross-sectional
view of the pipeline pig having the array of ports arranged
circunferentially around a two-piece nozzle with helical |ouvers and

| ocated rearward of the venturi, and having a set of perforated sealing

el ements and a | ow pressure plenum Figure 6 is a view of the pipeline pig
of Figure 5 taken along section line 5-5. Figure 7 is a cross sectional
view of the pipeline pig of Figure 5 with a single-piece nozzle having
hel i cal | ouveni.DETAILI|I D DESCRI PTI ON OF THE PREFERRED EMBODI MENTS It is to
be understood that the invention that is nowto be described is not limted
inits application to the details of the construction and arrangenent of
the parts illustrated in the acconpanying drawi ngs. The invention is
capabl e of other enbodi nents and of being practiced or carried out in a
vari ety of ways. The phraseol ogy and term nol ogy enpl oyed herein are for
pur poses of description and not limtation.



Referring to the drawings, Figures 1 and 2 illustrate a pipeline pig 10
having a longitudinal, cylindrical body 12-preferably nade of flexible

met hane- Iwoav@dwiéehi n a pi peline P. Body 12 ias a forwaca/usag9obdisand a
rearward end 16. Positioned at rearward end 16 is a rearward cup 18 and, in
| i ke manner, positioned at forward end 14 is a forward cup 20. Cups 18 and
20 are preferably nmade qf ric material; urethane is a commonly
used material for pipel %}%ﬁgﬁgs .T.OWE%BR@WFE? has a circunferenti al
cup-shaped recess 22 in the rearward surface that provides a flexible,

ci rcunf er ent i direféried eppdiments 28 the pventoe abill mgweregkspeibehin fuithdn detaid iOtiteer i or
cylindric r i i . I i pmlar to
Carvard ST RRS R RAREOE B ol Bl gecche B HEEERE

provi des zegirildgithd &llowingcdprfled descriptlon] appepisd tolaims, 28d tacedmpenype dewoigs war dl y
by thesf opgfenafe H8R sLh9WnkQ: engage the interior of pipeline P. The sealing
engagenent of the cups 18 and 20 allows pig 10 to be noved by fluid flow

through pi pel TR, is paEIstfeairaal et Mearpdine ety engprmpsea il pricdiplaseidbieup 18
is a set ekcésel ahe sthéite ?i%@llz@anaigﬁy 0t poltd Brrdn@SH AeulieRGtiABAkInBI nEAR HATY 1N

nunber dependi ng on pipeline sFr vice requirenments and are preferably nade
of a tougK EPLETGHER Y @s5taf Perieryiad spaling Spmeiss erdAday PHESUFRRCOER- out er
ci rcunf erent i diguacdge a Melvidathe ppERBOS: IfFuicnttaich Alon\bfionQfe pipel i ne P. This

engag nt prqvi des.a squeegee_ acti t hat. noves .any fluid_ in pipeline P
2l ong Wi th pi U5 S8 g T6 P! popad i RESPHES emey ByPojaSmhast,
Secur ed t eirdutieerdntiglit ar@ind pi 1@zE10 &th helidab loaved#dl 18cafld foaxakNf Me it radd end 42
and a re\%vvard en]g Aé or%lgzzhr? eio its Qrﬁferabllé% [ormad of arigid material.
Locat ed w't'HEA SHEZAEC A6 ARAEDBR" B dnAY BECERIEYTi ne 90 of pig body 12 is
a coni cal - shapréglredi is 6 hiaw@é thp apslig @iwof Fitre 3Rass algrywytiohGine 4-4.
Figure 5 is a cross-sectional view of the pipeline pig having the array of ports arranged
15 circumferentially around a two-piece nozzle with helical louvers and located rearward of the
venturi, and having a set of perforated sealing elements and a low pressure plenum.
Figure 6 is a view of the pipeline pig of Figure 5 taken along section line 5-5.
Figure 7 is a cross sectional view of the pipeline pig of Figure 5 with a single-piece nozzle
having helical louvert.

20



tapers in dianeter toAvard an apex or orifice 54 so that a dianeter of
passageway 46 at forward end 42 is substantially |arger than that at
orifice S%O0mawamyeway 46 may further conprise an arrayPoffl/usea9mss458

pi eferably having a spiral helical shape. To secure nozzle 40 to pig body
12, nozzle 40 has a central -reduced cylindrical portion 48 that is received

by forward end f. Dl Ly | ocat ed on
an external sur i?ﬁ%?bﬁ%%iﬁ)l@ﬁ%ﬁ@k ﬁg‘i{?ﬁ%]ﬁﬁgﬂwggbody 12 and
hold nozzle 40 in place. A radially extended portion of nozzle 40 serves as
a bunper to alliigie b wrlsisieod Bvtithy fiventien 2hat & new torbe gesetibed ib oetdlimittddr its ear war d
end 44 of xipeeabe tthe Ritafls 60 MeCRnstiB@RCHd! MaBlenmt SNAL AHAPELSAAMA 10 @

di scharge orifice 54 und a venturi_56. Inlet 50, discharge orifice 54, and
venturi  SECUPRIMYIBE FPRHSt | FheuReBtris Fapebly obpbiembetiney sdeof dging practiced
Hel i cab- shaqagidd betiv arer&s of vematee phatdsReH a0f e hitbBr G 1Bkd b€ rdfor MBY be
enpl oyed to crﬁgbe a vortex effect, working to enhance the discharge
vel oci ty BHBPSH% AGErRLF R &cnop¥mitdion| ¢ 40. The nunber, shape, and pitch of
the | ?nyver s alRiefe&ﬂ]@LioCﬁlE i @mﬁ@g@i@u‘;@. 1 éAﬂd ar El?lytra@%c aP@ipdise GAa 16|4hév§1%\a£ ranged
ci rcunferent.j y ut . pi y nd noz 40, respectively. Arrays 62
and 64 ar n?h%éﬂnﬁﬂﬁﬁﬁﬁﬂﬁﬁﬁyaﬁt feﬂﬂﬂgﬁ%@ﬁéﬁ @ﬁ&%ﬁﬁﬁﬁﬁgﬁTpﬁﬁﬂfgﬂgﬁt?al
space 68 pipslimed. Bydyal2r aeesawirt ehdbl dnddyeapbard omizlce PSItiémad aekM@adend 14 OW
pressyre Rl m wi.thion pi.g..body 12. The .portin .64, which s conprised
of sugétaﬁf?%ﬁ&?¥%HG§FT§I§%%€% P ‘éb@%ﬁé@é?“ﬁ?%%ﬁéés%ﬁ¥%ﬁd§%%(E B area in
space 68 thad 2D gregeafehdp edddyf auehstomerichfataizl; ygimssisgasmirlootysisddhnaergh
orifice 5 ] . Sl i i .of D i ch
array o2, Tbgtage MpaRb: REESya 0 UL Wt AbkAN:R, PIRRARARTY' I BECD
t he pr ef ercrwdrdesnifesd ithek prozidesyaleaim wagpnieterntis! lopmtiand24] inwtsedling wagagenmt
di schar ge f.lce . 4:@Qg- f l i 0.

with Rietlﬁt@ngf. v i cglnﬁl‘fgc% thﬁgﬁeggéj g aﬁﬁ’wﬂ'&\%p 20 qgnc&ﬁﬁ&%ﬁ stifar %o

Passa%emay 6 en i sects spa
5 rearward cup 18 and has a cup-shaped recess 26. Cup-shaped recess 26 provides a flexible,

L

circumferential lip portion 28 that expands outwardly by the force of gas flow to engage the
interior of pipeline P. The sealing engagement of the cups 18 and 20 allows pig 10 to be moved
by fluid flow through pipeline P.

Positioned between forward cup 20 and rearward cup 18 is a set of radial disc seals 30a—d.

20  The radial disc seals 30 can vary in number depending on pipeline service requirements and are
preferably made of a tough eclastomeric material. Each radial disc seal 30 has an outer
circumferential edge 32 that engages the interior wall of pipeline P. This engagement provides a
squeegee action that moves any fluid in pipeline P along with pig 10 as pig 10 is forced through
pipeline P by gas flow".

25 Secured to the front of pig body 12 is a nozzle 40 having a forward end 42 and a rearward
end 44, Nozzle 40 is preferably formed of a rigid material. Located within nozzle 40 and about a
shared centerline 90 of pig body 12 is a conical-shaped discharge passageway 46. Passageway 46
tapers in diameter toward an apex or orifice 54 so that a diameter of passageway 46 at forward
end 42 is substantially larger than that at orifice 54. Passageway 46 may further comprise an

30 array of louvers 58 pieferably having a spiral helical shape. To secure nozzle 40 to pig body 12,
nozzle 40 has a central-reduced cylindrical portion 48 that is received by forward end 14 of pig

body 12. A plurality of barbs 70A, 70B located on an external surface of nozzle 40 grip the inner



Forward cup ZO and radial disc seal 30a are each perforated and spaced
equally apart, as illustrated in Figures 1, 5, and 7. The size and nunber
of perforwDi208098%2 36 in forward cup 20 and in radi al @®CTASs@I03G0R,
respectively, is determ ned by such factors as pipeline size, pressure, and
flow availability. Additionally, other configurations of pig 10 may be

enpl oyed, fpr anpl e, ,a pi.g .10 haying.a lti-se t.nozzle. R dl ess
of the pi GRERT BuPeY; Gand ol more ) miliey & il gumdit PEfot Hasdr il ng,
passagﬁs,s@@ﬂamaﬁmmﬁﬂsdﬂmuhdmnemﬁhhhstﬂé4®mphezthose illustrated herein. In
an applicatio t he Bernouyl li .eff t he high ve i of pipeline
product passi nr}‘é)%t?%lr%ﬁeéw%\r/d;erﬁgé ?’ iOfgoéﬂg%éiastaecé’mz‘ig—lsga\ﬁe%lrnéaegg%rh)é{t t%‘%ersﬂ?g’ n&y e ay of
ggrtsd64 tiadierge srifi@cdgnd 2 @dntion 56 phadee 56 Blischargeuggticp &4.sad ewdyri 6 araataedyvi ti es
~and 82 Forward; ci %Q‘@“ﬂ di di a . liquid
Linfr onf’nf 0?1 e\tp%e d’lc gglito 1o eeb(gllr g\%%caﬁéggl%dgg{%rtsi%g’slog%éd?ggya%g?f %%h%ggjh ports
62, and bagficeishimayttsenglogethiactpate g vadexodiledieyioising toebaneg therdisshargmyebacity | | qui d

L subsi st b0mAine 01 AB3ROEG. T OFb AfmddE, REdok NG Rk ofl B REMER%d BpBEhibEVE a
conpl ete 360 coating application of the interior cylindrical wall of p

pel i ne P.siEeifijvard cup 20 and radi al disc seal 30a nmay al so be perforated
(e.g., perforay fAy3fporRel, bNisArRRbs Bi%ﬁnﬁéi'ﬁﬁ@lg( bt 1515 8¥M3) 1234n@ REzAd UMD, Out er
portion of their respective circunferential edge, but this type of .

per f orlft | BEPSHIHEY. HERYDIART @8 25dn RERTnicatioewifieene gpth o sh S FEFIRMEEH# n t he
| OW pr essyag: ¢3! SiielbRE RBess GANE §dd§of BRz18 0 oReve &S 160 BfesdultSplERMEViDIESE S €

drill-size perforation of Figure 2 . Figures 3 and i1 lustrate another
enbodi nenPOC&lepiTae POFNg P10 \§h1&1h’6c?alinﬂ%%ﬁ<? ,°’f[ %viffwlﬁ W&F]IJJV Waprdngsspreways,
per f or at egrovila s 3640 pWwey rbsteARNpeS d0omhMeEs devalbgedvayerrDB6 6L Bypassl dandlo®D, as

cont er |1 nePaRA VIR Hin LA B o7 PSP P bt By VORI V86 b g el ty 80,
Cavi t Y1580 vae dapesdirgSontpi@lihecopwessure and flow. In one of the preferred embodiments, passageway
64 is located just forward of discharge orifice 54 and angles rearward and away from centerline
90. Passageway 64 then intersects space 68.
Forward cup 20 and radial disc seal 30a are each perforated and spaced equally apart, as
illustrated in Figures 1, 5, and 7. The size and number of perforations 34, 36 in forward cup 20
20 and in radial disc seal 30a, respectively, is determined by such factors as pipeline size, pressure,
and flow availabilitz. Additionally, other configurations of pig 10 may be employed, for
example, a pig 10 having a multi-segment nozzle. Regardless of the pig configuration used, the
relative arrangement of the porting, passages, and cavities would remain similar to those
illustrated herein.
25 In an application of the Bernoulli effect, the high velocity of pipeline product passing
through venturi 56 ceates a low pressure at the array of ports 64 that is recognized in space 68
through passageway 62 and cavities 80 and 82. Forward cup 20 and radial disc seal 30a allow
vapor V and liquid L in front of the pig 10 to be drawn into cavities 80 and 82, through ports 62,
and back into the discharge side of venturi 56. In this manner, liquid L subsisting at a bottom
30  portion of pipeline P is dispersed to achieve a complete 360° coating application of the interior
cylindrical wall of p peline P. Forward cup 20 and radial disc seal 30a may also be perforated
(e.g., perforation 34, 36) in a notched-shape (mot shown) along the outer portion of their

respective circumferential edge, but this type of perforation does not provide as great a degree of



pressure plenum Figures 5 6, and 7 illustrate yet another enbodi nent of
pig 10. The difference between the enbodinent illusi rated by Figure 5 and
that il uwOnad9tsy Figure 7 is nozzle 40. Nozzle 40 i sPaTtus609i08583 nozzl e
i:i Figure 5 and a single-piece nozzle in Figure 7. In both enbodi nments,
forward cup 20 and radial di sc seal 30a are perforated (perforations 34,

25 B RO Bk SRS L e,

64 and 68°Ar
pressure ¢MbmuﬂmﬁwbmmmfF@&@2|s formed by nozzle 40 as it tapers rearward to
a reduced diage a h of
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parti cul afidsyre pithY %y changes nmay be mads in the details of construction and
t he arrangenen? of conponents w thout departing fromthe Splrlt and scope
of this discl @s&&reéS h«tnﬁl%ﬂhﬁ%ff ¢t gepther papodiment PhrigdPi dhe figlersate hep¥err ed t o

t he enbodthaelﬂsoﬁnﬁ&t il 9fated bpefgaters afn@ Ehamﬁ@@@@sy ploueXaiRdzlkia0 alNbab 4081t is to
be Ilnlted only by the scope of attacheq clainms,_ including the ful
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of a pipel rising. a l t udi nal g bod havj a.nozzle at a
orvard el iHereBrvept oty Shope e Bamiie ey PemRErERrn YD Saar PG

el enent s, adn@rva af b peithafyelo @ résalre plefnay. Ventpo 156 S5 foﬁilﬁédjb}ﬂﬁd'zzleeﬂroms\dt fageral
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15 formed by an insert €0 that is received and held in place by a plurality of barbs 72 that grip the

inner surface of pig body 12. Altering the distance between insert 60 and venturi 56 works to
adjust the diameter of orifice-to-venturi area and the distance that area transcends from venturi 56.
While the imvention has been described with a certain degree of particularity, many

changes may be mad: in the details of construction and the arrangement of components without

20  departing from the spirit and scope of this disclosure. It is understood that the invention is not
limited to the embod ments set forth herein for purposes of exemplification, but is to be limited

only by the scope of the attached claims, including the full range of equivalency to which each

element thereof is entitled.



longiti dinal centerline with said pig body; said first and :second sealing
el enents each being |located rearward of a forward portion of said nozzle
and bei ngwpepdamateed to provide two or nore passagewaysPCTAISA000I0BEY3
passageway being in comunication with an upper interior quadrant of a

pi peline and said second passageway being in comrunication with a | ower

interior quadrwéﬂ?%ﬁiw 2l ine; and said array of ports being in

comuni cation \ _ or portion of said nozzle and a | ow prsssure
p: enum 21.dA P pedlineipig fir dapasngliquifl dn® iateddrruriacwdid’ n @ipalisaotipligivg: pr essur e
pl enumis defi . . .or surf e. of i i ody, .an interior
surface of t hé qg‘%b‘g‘?{?aﬁg‘,ge%ﬁg%’gn oas]%floﬁalggtuar ?g“é%‘i Q%G‘fjth%g(?fdagegc% R nﬁiﬂ rd
seal i ng el ements. @reupepinpia s¢afing Pémentscod dicigintierentiabirray df partst her conpri si ng

a circynfer entsjiialnoz%fé%@in# Reahi& -sﬁsags{dg@ﬁﬁl g;%igﬁ{g abtf £Gdr@ri a%g;sfla%(ﬁg aQbm@gh d Pi g

body and an exterior surface of said noz sald circunferehith J space
bei ng i n communi caeppmdinilicpptebpedviboadpicdedyire pl enum 4. A pipeline pi;*

according 10 GLalgh} Jnd¥B@hesRRAIGh AlseaN tofng RREES reGVIRS dr38SrwhiihoRtion TPT €
substantially equally spaced passageways. E A pipeline pig according to

claim1 wherein a Pmerdnngioigg prizdrd topravigoio oF OKAPHEIEy of ports is
locate:! forwvagdnaf géﬁ?éiva\jl%gihgﬁﬂ comBruniéutish R&th b EpplY iBteAGCREFAROF 4 Bpdihel M 1
wherein a portion of at |east one port in said array of ports i's | ocated
rear Wépd of said V&t second PESRERER H@nﬁoi”@ COREHMERTY Vi @ RiVR 1RREr ei n a
portion of at |easfua@ag obPMe bipklihesaldd array of

said array of ports being in communication with an interior portion of said nozzle and a

low prassure plenum.

2. A pipeline pig according to claim 1 wherein said low pressure plenum is defined by an
15 exterior surfac e of said pig body, an interior surface of the pipeline, and opposing surfaces

of said second and third sealing elements.

3. A pipeline piz according to claim 1 further comprising a circumferential space located
between said nterior surface of said pig body and an exterior surface of said nozzle, said

circumferentizl space being in communication with said low pressure plenum.

20 4. A pipeline piz according to claim 1 wherein said array of ports comprises two or more

substantially e qually spaced passageways.

5. A pipeline pig; according to claim 1 wherein a portion of at least one port in said array of

ports is located forward of said venturi.

6. A pipeline pig; according to claim 1 wherein a portion of at least one port in said array of
25 ports is located rearward of said venturi.
7. A pipeline pig: according to claim 1 wherein a portion of at least one port in said array of

ports is orientzd perpendicular to a centerline of said nozzle.

8. A pipeline pij according to claim 1 wherein a portion of at least one port in said array of
ports is oriented at an acute angle relative to a centerline of said nozzle and angled away

30 from the centerline and rearward in relation to said nozzle.

10



ports is orient d perpendicular to a centerline of said nozzle. 8. A

pi peline pig according to claim1 wherein a portion of at |east one port in
sai d arr ayoabogpmeies i s orienied at an acute angl e rel at iPce/useot/osesas erl i ne

of said nozzle and angled away fromthe centerline and rearward in rel ation
to said nozzle.9. A pipeline pig according to claim1l wherein a portion of

at | east pne port ..in .said array. of rts is oriented at an.obtuse apgle

fel ative o a CHRPEF PF aeoReS Sh b FrET 248an T Bty PPY SRS B er | ne
and forward i porsis afidnad at o cbaiselanglezzlbigve td B cenferlpicpé kdidiaozplejand amgedawely ng t o
pl aim1 V\'h.er Sl 3 c% thlZZflm% ffrlélvlétdqg{‘ela%gn}%rsl id 55721 p| ur ality of louvers being
irranged circu eren{llafl?y about a cent et ne?of said nozzle. 11. A

pi peline pij according to claim 10 wherein a portion of said plurality of

| ouvers i &-1 odaripdling pitvasoarieg togplam domeregesadd epezlpfurfias epmpgisesagplurality ofy
pi pelige pi g §reQE likkOhriabed bdduirdkbhiwiessin cedbdinddrdsiahbdzie. of |ouvers is
hel i cal - shaped. 13. pi peline pi ; according to claim1l wherein at | east

one of sajd first .and.second sealing.elenments j.s rfaorat.ed. through an
interior SurfAcEPIEY P a"ﬁi’rgléﬁi heBt go ACEsHd ?106%1 ?nogtﬁslalélil Ignmf l%oefﬁoeulvﬁrsg | east
one of sai d f ilacsted fonehé eftotidthageadidendsad @rEat s is perforated along a

circunferential edge. 15. A pipeline pij; according to claim1l wherein only

sai d firsy, sea|}; 16 YEBdids So AGH 18MAER M said Buthiiy W 163 HiHefoaPliR4M bei ng
defi ned b%/z'an eéz e?igllgg surfgcoe of said pisa1 %de‘!t’%gn i nt erieora su?%‘aace of the

pi peline, and opposing surfaces of said.first and_second seal i | ements.
16, A pi pE néd PBPUnaERGPHITiEE POIR 4 HORIHAHAE H° S5 b ZRoT cHLPS
conpriiges an ielRmedtt ispavdrited throdgiindakriglaapes. 17. A pipeline pig according to
claiml1l wherein said nozzle further conprises one or nore

14. A pipeline pig; according to claim 1 wherein at least one of said first and second sealing

elements is perforated along a circumferential edge.

15. A pipeline pig; according to claim 1 wherein only said first sealing element is perforated,
said low pressure plenum being defined by an exterior surface of said pig body, an interior

15 surface of the pipeline, and opposing surfaces of said first and second sealing elements.

16. A pipeline pig according to claim 1 wherein said nozzle further comprises an insert having

a conical shape.

17. A pipeline piz according to claim 1 wherein said nozzle further comprises one or more

internal cavitizs, said cavity being in communication with said low pressure plenum.

11



internal cavitiss, said cavity being in communication with said | ow
pressure plenum 18. A nethod for distributing liquid present in the |ower
portion oVoaogawIwepel ine to interior surfaces of the piPp&EltiSa@9/083APri Si ng
the steps of: passing a pig having a venturi and an array of ports arranged
ci rcunferenti ally inrelation to the venturi through a pipeline, the

LT o I N B 5 RSB B D Pt B

ci rcunfer entl alrfasaahhaglpelimmnmssmgjhmt@doﬁn the pig, at |east one of the
sealing elenments being perforated through an interior surface; draw ng

liquid froma | O‘Aﬁfassh@taeﬂlé devngoarxtehﬂﬂ afd ad J&?aymf B@ljts‘ d?ﬁn@:ﬁ@u&ﬁiﬁ%ntfaﬁ?m an
upper interior portion of pi pel i ne throug g}grforated sea

el ement, int orecleﬁlen footle ml@srsmglpa aireline: T&?\MGWW isd By lg%wpr%sﬁurﬁam s; and

di strlputl ng lﬂb\gltgkg]ﬁg;ﬁ%ggﬂﬁpqyeﬁﬁhar ge orifice of the venturi onto the
interior surface of the jipeline. 19. A method according to c ai

wherein the pig hd8mes Fé&%tpr?fﬁ%e SleRYT PGEFL fEh £BRMn BT E At 83 "é‘i ong a

ci rcunferenti gemefdgRcdd dnhike Sigak 163G ofd EMEBILealingQlenAniIBERG PerbbAaN Hiolgh t O
claim 18 wherein the pig has an array of |ouvers arranged circunferentially
about a cent e KEOGEI3Ch0221 . 2 1. A method according to claim 20 wherein

the array of |ouveksvihslifgd el « Bapderior portion of the pipeline and vapor from an
10 upper interior portion of the pipeline through the perforated sealing element, into the low

pressure plenum, and through the array of ports; and

distributing liquid through a discharge orifice of the venturi onto the interior

surface of the ipeline.

19. A method according to claim 18 wherein the pig has at least one sealing element being

15 perforated along a circumferential edge of the sealing element.

20. A method according to claim 18 wherein the pig has an array of louvers arranged

circumferentially about a centerline of a nozzle.

21. A method according to claim 20 wherein the array of louvers is helical-shaped.
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