' VORTEX | NHI Bl TOR DI SPERSAL PI G REFERENCE TO PENDI NG APPL| CATI ONS Thi s
application is not based upon any pendi ng donestic or international patent
applications. FIELD OF THE | NVENTI ON This invention relates generally
to a pipeline pig that services a pipeline and noves through the interior
of the pipeline by the flow of pressurized gas. Mdyre specifically, this
invention relates to a pipeline pig that provides inproved distribution of
treating liquids, such as inhibitors and cleaning chemi cals, subsisting in

the | ower portions of t el i ne. OF THE INVENTICN
OR’FE INHIBITOR DISPERSAL PIG

REFERENCE TO PENDING APPLICATIONS
This application is not based upon any pending domestic or international patent

applications.

FIELD OF THE INVENTION
This invention relates generally to a pipeline pig that services a pipeline and moves
through the interior of the pipeline by the flow of pressurized gas. More specifically, this
invention relates to a pipeline pig that provides improved distribution of treating liquids, such as

inhibitors and cleaning chemicals, subsisting in the lower portions of the pipeline.



" The i.nvention described herein is a pipeline pig that provides a nethod of
applying a treating fluid, such as an inhibitor or a cleaning chem cal,
within a pipeline to specific longitudinal and circunferential areas al ong
the inner wall of the pipeline and particularly to the upper interior
portions of the interior wall of a pipeline. Pipelines, particularly those
designed to carry large volunes of gas under pressure, are custonmarily made
of netal and usually of steel. Steel is the preferred netal for
construction of a pipeline due to its inherent strength, availability, and
econony. However, steel B§1§ﬁ§F§H€NPd3EaﬁﬂhgﬂgﬁNggoﬁgconsequence of

oxi dation or reactyon W th gasses or |iquids, such as water, that is
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pi pel i ne. To combat corrosion, a standard techni que enpl oyed by nany
oper at dregting fliedichess s inlmbper bodi clehihipg dbpomsdiat, withinbi tpellneqioi dpasifichi n
the pipeline. The liquid can be noved by the flow of gas through the

pi pel i nengitudinal ghdodrumifdryntiab yrebhdotis thedfinegp iwadll dfniee pipgldnel and gratteedlarlytto thehe
pi pel ine and noved by the flow of gas. The pigs serve to provide a noving
pl ungerppédihienot et thdRtdridatvall & d igefing WRipBlidds GptirGeuddriynihBsd degighbpel i ne

before it and to therefore nove the liquid through the full Iength of the
pi peI | RGrry PEe 0915]?19;9 of asaMeYb%s@e taﬁ@@@t&ﬂarh&‘iﬁﬂd@ c;anétElean'ansﬁéll)QBf Qtera
pi pel i ne {s called "ba ching” in which treating liquid is captured between
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interior i peline i deg coat e th or 9, the treatlng
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flowto carry the liquid through the length of the pipeline. This nmethod is
cost | y agrdeliyegd througheRipelés- t hat treating |iquids be nore or |ess
continuously injected into the pipeline. There is no direct application,

in this et fedombht comesionemstindgrd feguiiguet amploed; byraanyeierateye o nwelingsdsiiod
sinply condensates and rests on the bottominterior surface of the

pi pel i petiodically depodithinhithitorelidiod wathirt the atpehige. t Hige liqutié carobe mplédbly thedlovsef f ace
of a pipeline is called the "dispersion nmethod," and is disclosed in ny

U. S. Pahemtoudd thdpiBdiheldInort Botoslyey tredise af pipplitd pigs ps@tadsinfpake pipeled i n
a pipeline that has a treating fluid, and the pig is noved by gas fl ow
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advance of the pig so that the liquid w be carried fromone area to
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of the siphon passagemay draws liquid fromwthin thls si phon passagema

and cabppessiupdrang afiihe eeripiof apipdline inadggpaiglyotoatedguithy of exmosithivdha HgdEgect ed
froma nozzle opening to cover an upper interior segnent of the pipeline

i nteribguidylindrical wall. The shortcom ngs of the current dispersion
nmethod are (1) a large volune of bypass gas or liquid cannot flow through

t he pi g body @rombzzthed (f2jecadhs clivaimgeiov elybedrical authcehe anpipelivg sfdadled thef t he
nozzle are limted by differential pressure, and (3) a plurality of nozzles
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there is a need for a dispersal apparatus that addresses these shortcom ngs

and pr gyl desy b 16 WRE eXeH i IRRRT SirQIkhand 1n@tdtMBe BipkBAL. - This method is costly

and usually requires that treating liquids be more or less continuously injected into the pipeline.



'IBRVEF SUMVARY OF THE | NVENTI ON A pipeline pig according to this
invention is noved through the interior of a pipeline by the flow of
pressuri zed gas and provides inproved distribution of treating |iquids,
such as an inhibitor or a cleaning chemcal, onto interior surfaces of the
pi peline. The pipeline pig has a | ongitudinal pig body having a nozzle

| ocated at a forward end of the pig with a conical -shaped central opening
and at | east three external circunferential sealing elenments |ocated

rearward of the nozzle, In a preferred enbodi nent, EFe first se?LLn

el ementThecss isup- diFrepapplisadon. dn sis menthade @F fthe Yeatng Jiquid tRoths iReE Ve if%B'?Fi de a
passageway for liquid residing in a | ower quadrant of the pipeline and
ahead dfqutdemplygoadrisatepasigageamtheottomaperorwsfel ¢ighe pirgncupper quadr ant

of the pipeline and ahead of the pig. The second and third sealing el enents
have a radi & tididsmegiodps, treunidg tthe isedand/|mdatdl mgrfeteentatpipdingeisfaatled ¢tk i n
at least two places to provide a passageway for liquid and vapor noving

past t hgjspatiberadest,? iahgtis s18alos@d it hBNEIH. . Patent No. LOSHEL EXB. Wit iin nidieod)azzl e
is a longitudinally extending tapered cavity that shares a common

centerlj ' iHed i i flRid/ 8Rd theipi@Rdnéved by gas flow
circunggggﬁ%F§Psggﬁgek%#pgg%?glgﬁ?gﬁéggﬁgyg%nd f he apéy@of t he gé%turi of

t he no . ar.ray ] { Sid i i 1 i ok tion
of -t e (e3s HTREL 10} pRIELulaReid o SRS M kAl bORERIES RE
pressure plenum  The .cavity is defin by...an_ext.erni qr I g
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second and third seali el ements. In.a preferred enmbodi nent he array of
por 1o Paliectt ke Guibdmb e e i shep bRC e s Ty b de R

anot her preferred enbodi nent, the array  of port£¥is.located rearw%rd of the
di scharcge oftheeripsling pig fpws thsoughp Sﬁéfwaé%é‘?lﬁfefhrﬁ‘r‘ tbp eI dRT RisrkedYoMd, ¢ he
first sealing elenent is perforated and the cavity serving as a | ow

pr essumst firerghm bypabopassasgwbpt beneares! injet é preéalin glased mopg toalhg intgeor
second sealing element. All the nozzle designs may further conprise a

pl ur al ibbgtorafof Hepipgslime] Foagaedidwswaradeh siphen pissedeaay end duevsdiquidheitiiozbd e
cavity and arranged circunferentially-that preferably create a spira

hel i callowérameriorTetibredf thapipshiap@tcareiaioe endyf thésiphaupasacivagr €hs gplichigon

di scharge velocity and m xing effect of the nozzle, thereby creating a

vort ex oehfie@iced pRoste aPRlel Giddrl @8 AAfthd Biph&e pLaviay efrdvec tiquit Menhmgthiny elioci ty
of pipeline product passing through the venturi creates a | ow pressure at

the ari oﬁ’éas@ wdy L@tarkiSs f SG@ARE 28%0l tRatta\Bra@Milighid i ke kh@ERERM fifohf St
and second sealing elenents allow vapor and liquid in front of the pigto

be drawn |0t ﬁ%grlt% &R dan uth%QHQ:na} %%BEH{ dtShe B glix@l@&ribf‘&ﬁinﬁh@@l%ﬁl@ harge of

the nozzl'e. s ‘manner,” T qui I'sting at a. ottom portion of the
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of the ogiliglﬁldicgr?riot flow through the pig body or nozzle, (2) discharge velocity and the mixing effect
of the nozzle are limited by differential pressure, and (3) a plurality of nozzles is required in
order to achieve direct top coating application. Therefore, there is a need for a dispersal

apparatus that addresses these shortcomings and provides for improved dispersion and coating

effect.



A better understanding of the invention wll be obtained fromthe foll ow ng
detail ed description of the preferred enbodi nents taken in conjunction with
the drawi ngs and the attached clains. BRI EF DESCRI PTI ON OF THE DRAW NGS
Preferred enbodi nents of the invention will now be described in further
detail. O her features, aspects, and advantages of the present invention

w || becone better understood with regard to the follow ng detail ed

descri ption, appended cl ai s, and acconpanyi ng drawi ngs (which are not to
scal e) where: gure 1 is cross-sectional view of a pipeline pig

t hat enconpasses the prBRéEEﬁéBWMARH.%FE.P%%Il%‘éENJIOﬂqe pi pel i ne pig has an

array of ports arranged circunferentially around a nozzle and | ocated
forward of & mipelingrrig aecosding of thireinfertiande mowed (hiepadl erierior cdicPipeling\py
pressure plenum Figure 2 is a view of the pipeline pig of Figure 1 taken
al ong secflowroflpressurze.gas and préuiidpsriepBovied distdbwis- sfetctatiog diquidis esucbfastdme

pi peline pig having the array of ports arranged circunferentially around a
nozzl eipMititor elal &@'mrlgodh‘éﬂﬁé‘al adifio peadredriheiswartke pipelife YeaObipeline pigchakavi ng

a single, perforated sealing elenent and a | ow pressure plenum
longitudinal pig body having a nozzle located at a forward end of the pig with a conical-shaped
central opening and at least three external circumferential sealing elements located rearward of
the nozzle. In a preferred embodiment, the first sealing element is cup-shaped and is perforated
in at least two places to provide a passageway for liquid residing in a lower quadrant of the
pipeline and ahead of the pig and a passageway for vapor residing in an upper quadrant of the
pipeline and ahead of the pig. The second and third sealing elements have a radial disc shape,
and the second sealing element is perforated in at least two places to provide a passageway for
liquid and vapor moving past the perforated first sealing element.

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 circumferential array of
ports arranged around the apex of the venturi of the nozzle. The array of ports is in
communication 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
nozzle. In another preferred embodiment, the array of ports is located rearward of the discharge
side of the nozzle. In yet another prefefred 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 second sealing element.



Figure 4 is a view of the pipeline pig of Figure 3 taken al ong 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 elements 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

nozzl e having helical |ouvers.
All the nozzle designs may further comprise a plurality of louvers—located forward of

the 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 nozzle, 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 that is recognized in the cavity. The perforated first and second
sealing 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 disbersed through the nozzle to achieve a
complete 360° coating application of the interior cylindrical wall of the pipeline.

A better understanding of the invention will be obtained from the following detailed
description of the preferred embodiments taken in conjunction with the drawings and the

attached claims.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS It is to be
understood that the invention that is nowto be described is not limted in
its application to the details of the construction and arrangenent of the
parts illustrated in the acconpanying drawi ngs. The invention is capabl e of
ot her enbodi nents and of being practiced or carried out in a variety of
ways. The phraseol ogy and term nol ogy enpl oyed herein are for purposes of

description and not |imtation. Referring to the drawi ngs, Figures 1
and 2 illustrate a pipeline pi 10 haV|n a longitudinal, cylindrical body
12-preferably made of BREKFH oEHdE WIY@S a pi pel i ne P. Body

12 has a forward end 14 and a rearmard end 16. Positioned at rearward end
16 is a reafrefedet epbadmarid of ithe invretiorawiterow pe sesaribaddn firthep dgiai d XAer 14
is a forward cup 20. Cups 18 and 20 are preferably nade of an el astoneric
mat er i dbgtungs,edshane and advacapee off yheupesenravential wilbbeginpebétive upilgsteapsvith
Rearward cup 18 has a circunferential cup-shaped recess 22 in the rearward
sur f acgegdi@tio RhOVbItesing detaghsi blescriptioh C speadeintiammhs, land goompatyiid diantings
seal ing engagenment with the interior cylindrical surface of pipeline P.

For war ¢uwaiR a&0ndiSo &R Wgefeed simlar to rearward cup 18 and has a

cup- shaped recess 26. Cup-shaped recess 26 provides a flexible,

circunferen aFﬁg%J e ! P, BREL 4o fvmﬂéf aeg{pém@% %&m&%xas@ys aqslenmﬁeeopifmgas

flowto eng e Interior of pipeline seal i ng engagenent of

cups 1%13% CPSBeO T%e Wﬁné) | gélag’ af Qr£% yt?%’rr?ry &Lgmfehegl afl?ﬁr%ﬂg(ha H?ﬂ% 4

Posi ti one St weeR F Ear wa cup set o

di sc seal s 30a-d. he radi al seal s 30 an var |n nu er d endlng on
bl pel | el gt Pt o Bira e a%fosﬁ?eed e %{B?fg}s ﬁéﬁ PGl iR

el astoneric _material. Each radlal di sc .seal %@ an ouHer C rcunferentla
edge 32 t hatiBEgagesviewe! thetapslige plgatf| Fighre bitgren e gl§ec“ﬂ‘i‘| gle@ngagement

provi des a squeegee action that nmoves any fluid in pipeline P along wth
pig 10 as pifggurodiisafoneeertiontlough opitiseripricpinyayag thq gigy of ports a”@%%f‘d’r

to the front of pig body 12 is a nozzle 40 having a forward end 42 and a

r ear wardcentreniallNowzhe a4®zils witleheicablopvérs ang doastedaforvepiddb{rthe aentai, and
Located within nozzle 40 and about a shared centerline 90 of pig body 12 is
a coni talinghapegtt, dérsrhiad gelipgskagewayl A6w fressagpdmayn. 46 t apers in di aneter
toward an apex or orifice 54 so that a dianeter of passageway 46 at forward
end 42 is syhsianidaliby of eedsfelinbam éiiagural takehfalong sbdionRassiageway 46 may
further conprise an array of |ouvers 58 preferably having a spiral helical

shape. To seqresnozzlR é&tbﬁ P8y B9 limeGAZ hevif® thagrd seslkakrangduced
cylindrical %%}tlon 48 t t II% rlecelvedlgigel 8%%ar& end ligef pig bod%ggz A

plural i, ;rxurﬁferé%a@ ]@7091@%1 7% g@geaé@zheowﬂgq ﬁéfflqw@érs sk i RerdAtaMQAz be tft0

grip the inner s ace of pi d nozzle 40 in place.

radi al | exte nozzl align Iocate,
and hoI%“HBZZ aﬁﬂ asm‘%%erOMKiSea%ﬁﬁgIﬁggygﬁ“$§gﬁﬁagﬁpﬁﬁgh@ﬁ ofgnozzle 40
is a conical:shaped |nIe 50.that ta to.a d| gr rifice 54 and
a venturi 568U P &t EHY ngt?d’h%erhé%p&ﬁ%‘gegweﬁﬁgmgéﬁ? ot '%ZS gre | ocat ed

circunferentjally about centerline 9 Hel i cal - d | ouvers 58, | acated
forward of Ei%lé%ér’gé @Psst feconsh vigp gl the Bippl “E?y%’@ CE IgPEat I ¢ SIESPIETS ect
wor ki ng to enhance the di scharge velocity and m xing effect of nozzle 40.
The nunbeﬁeh@MeﬁemCddduwW&ch of the louvers are application specific.



An array of ports 62, 64 is arranged circunferentially about pig body 12
and nozzle 40, respectively. Arrays 62 and 64 are in conmunication with one
anot her through a circunferential space 68 fornmed by a recess in the body
of nozzle 40 to serve as a | ow pressure plenumw thin pig body 12. The
porting 62, 64, which is conprised of substantially equally spaced
passageways, provide a |ow pressure area in space 68 that is devel oped by
venturi 56 as bypass gas flows through orifice 54. The nunber, size, and
configuration of passageways in each array 62, 64 will vary d%pending on
pi pel i ne pr es DRBAHMED DESCRIPTIONOFf THE & RIEISE R RESHE MBI YR 1S

passageway 64 is |ocated just forward of discharge orifice 54 and angl es
rear war d andtéWaweﬂmdwﬁweﬁﬁwﬁKWh@V@ObHP@géageway%64kﬁﬁ@ﬁdﬂhﬂ@ﬂg@ﬁﬂgngﬁace
68. Forward cup 20 and radial disc seal 30a are each perforated and
spaced apglictiby taphe tdetads of Ithaisvnwsatietibn md-agargement, o5 theaprdts7illuSthaeds iz ¢heand
nunber of perforations 34, 36 in forward cup 20 and in radial disc seal
30a, respeefdnyRigrawingd eTley il aebnhy cguuble of aaieoEmbadimphiahd BEbshZ Bracticed
pressure, and flow availability. Additionally, other configurations of pig

10 may Jpea@ieR!RY &fa vty 8X3RPL. € Th@ pRiaGeoldlynNaMi BiehifoloE binpREITREEINNDE Zbie.
Regardl ess of the pig configuration used, the relative arrangenent of the

portinqmnggéﬁﬁgﬁﬁxgﬁgga(ﬁ&hmhﬁ§ﬁ@9uld remain simlar to those illustrated

her ei n. application of the Bernoulli effect, the high velocity
of pipeline product passing. thraugh venturh 56 creat ne at
the array OFQS%P?%t%A%%HgFgP§&rg¥%6ﬁi§é*%i% @B%%gngS&ﬁﬁ%%SﬁéBgsgigégéy 62
and cayities. 80 and 82. Fqr dc 0 and radjal . disc seal 30a, al.],ow vapor
U ana I ORIER U T B nBse RS WS TS SO B,
through ports 62, and back into the discharge side of venturi 56. In this
manner PiRelige Pd Body 4B &pst fyamkend Idand grirgviatd o 16F Bonibiensha rerrpv rdcﬁ”gplér sed
to achieve a conplete 360" coating application of the interior cylindrical
wal | ofis pregevardeurp]8 mh imlike mapnepostignechdtifenvagd end Keigla faoeardayp 4 soutse
perforated (e.g., perforation 34, 36) in a notched-shape (not shown) al ong
t he outl8rngdp riapreBfabithmade ofempdatimeicnatetial arctnant &l a edgeonlpused hatsrigly pe
of perforation does not provide as great a degree of control over vacuumin
t he | ovioippipsisner pigpbipnunRaireard agvil8 ihas a8birandeBRtial asipebhesed: treesyeimprleci se
drill-size perforation of Figure 2. Figures 3 and 4 illustrate

anot herepwhadiuredy theff protidesl®dflekiBlel Birduneroieadal Mporti®@ND 4 ini®kaaih g efihge@@nt S
perforated. Passageway 64 angles forward and away from centerline 90, as

does pRasageVRKrbe cy PRFRATENBY . OF ARGInPASSTYRVRY B8 BNAr &ndigtRIMBilar to
centerline and
rearward cup 18 and has a cup-shaped recess 26. Cup-shaped recess 26 provides a flexible,
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. The radial disc seals 30 can vary in number depending on pipeline service requirements and
are preferably made of a tough elastomeric 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.



comuni cate | ow pressure created by venturi 56 to cavity 80. -Cavity 80

serves as the | ow pressure plenum Figures 5, 6, and 7 illustrate yet
anot her enbodi nent of pig 10. The difference between the enbodi nent
illustrated by Figure 5 and that illustrated by Figure 7 is nozzle 40.

Nozzle 40 is a two-piece nozzle in Figure 5 and a single-piece nozzle in
Figure 7. In both enbodinents, forward cup 20 and radi al disc seal 30a are
perforated (perforations 34, 36), but the array of ports 62 is |ocated
rearward of vcnturi 56. Cavities 64 and 68 are in communi cation with one
anot her and Ssare@togBe Fopralipig Yodyos ippagzale 40 hveramforyatand 4298d p searypided by
nozzle 40 as it tapers rearward to a reduced dianete and then increases in
di amet end 4¥h¥oednit0ad prsfeaabdy Gfrmied b€t rigRl matefidr fedatby wathin mwelet40g0dtahant | s
received and held in place by a plurality of barbs 72 that grip the inner

sur f ace shirepicentridy 90.3f pidlody i1 Dgs 4 benichl Shaped disbledrpepassagesay B6 6Pasagkwegnt ur i
56 works to adjust the dianeter of orifice-to-venturi area and the distance

that augaapdrams cnsise QB 8Ntapsl 0PBrifice 54 soVMkd & didiettmyEpiskRRwARSIGhAEN
described with a certain degree of particularity, many changes may be nade
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more egig rttll’]eailnner surface of pig body 12 and hold nozzle 40 in place. A rédially extended portion of
nozzle 40 serves as a bumper to align, locate, and hold nozzle 40 in place.

Located at rearward end 44 of nozzle 40 is a conical-shaped inlet 50 that tapers down to a
discharge orifice 54 and a venturi 56. Inlet 50, discharge orifice 54, and Venfuri 56 are located
circumferentially about centerline 90. Helical-shaped louvers 58, located forward of discharge
orifice 54, may be employed to create a vortex effect, working to enhance the discharge velocity
and mixing effect of nozzle 40. The number, shape, and pitch of the louvers are application
specific.

An array of ports 62, 64 is arranged circumferentially about pig body 12 and nozzle 40,
respectively. Arrays 62 and 64 are in communication with one another through a circumferential
space 68 formed by a recess in the body of nozzle 40 to serve as a low pressure plenum within
pig body 12. The porting 62, 64, which is comprised of substantially equally  spaced
passageways, provide a low pressure area in space 68 that is developed by venturi 56 as bypass

gas flows through orifice 54. The number, size, and configuration of passageways in each array

62, 64 will vary depending on pipeline pressure and flow. In one of the preferred embodiments,



circunferential sealing elenents, and a circunferential array of ports;
sai d nozzl e having a conical -shaped central opening and a venturi and
sharing a conmon | ongitudinal centerline with said pig body; said first and
second sealing el ements each being |ocated rearward of a forward portion of
said nozzle and each being perforated to provide two or nore passageways
through the sealing el enent wherein said two or nore passageways conprises
a first passageway and a second passageway; said first passageway being in
comuni cation with an upper interior quadrant of a pipeline and said second
passageassagbeings iinlaetethjnit datwash ofidisshargt ovidice Shtaad japeleg ueatwaigt ansf awdie
pi peline; and said an-ay of ports being in comunication with an interior
por ti orfrarh canertin®10Z zP&sapRdag 61 Ovenpinessdus epapé 6B um 2. A pi peline pig
according to claiml wherein said | ow pressure plenumis defined by an
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
and in radial disc seal 30a, respectively, is determined by such factors as pipeline size, pressure,
and flow availability. 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 arréngement of the porting, passages, and cavities would remain similar to those
illustrated herein.
In an application of the Bernoulli effect, the high velocity of pipeline product passing
through venturi 56 creates 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
portion of pipeline P is dispersed to achieve a complete 360° coating application of the interior
cylindrical wall of pipeline P. Forward cup 20 and radial disc seal 30a may also be perforated
(e.g., perforation 34, 36) in a notched-shape (not shown) along the outer portion of their
respective circumferential edge, but this type of perforation does not provide as great a degree of
control over vacuum in the low pressure plenum area, cavities 80 and 82, as does the more
precise drill-size perforation of Figure 2.
Figures 3 and 4 illustrate another embodiment of pig 10. In this embodiment, only

forward cup 20 is perforated. Passageway 64 angles forward and away from centerline 90, as

does passageway 62. Passageway 64 and passageway 62 share a common centerline and



exterior surface of said pig body, an interior surface of the pipeline, and
opposi ng surfaces of said second and third scaling elenents. A pipeline pig
according to claim|l further conprising a circunferential space |ocated
between said interior surface of said pig body and an exterior surface of
said nozzle, said circunferential space being in conmunication with said

| ow pressure plenum substantially equally spaced passageways. 5. A

pi peline pig according to claim1 wherein a portion of at |east one port in
said array of ports is |ocated forward of said venturi. 6. A pipeline pig
accor di ¢regiedtailon Prespee sretted Pioventsn 39f toggavite 89 bAWLPBY tseives gaihe vt ay
of ports is located rearward of said venturi. 7. A pipeline pig according

t o cl aipressusetpdereion a portion of at |east one port in said array of ports is
oriented perpendicular to a centerline of said nozzle.

Figures 5, 6, and 7 illustrate yet another embodiment of pig 10. The difference between
the embodiment illustrated by Figure 5 and that illustrated by Figure 7 is nozzle 40. Nozzle 40 is
a two-piece nozzle in Figure 5 and a single-piece nozzle in Figure 7. In both embodiments,
forward cup 20 and radial disc seal 30a are perforated (perforations 34, 36), but the array of ports
62 is located rearward of venturi 56. Cavities 64 and 68 are in communication with one another
and serve as a primary low pressure plenum. Venturi 56 is formed by nozzle 40 as it tapers
rearward to a reduced diameter and then increases in diameter. The conical shape of inlet 52 is
formed by an insert 60 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 invention has been described with a certain degree of particularity, many
changes may be made in the details of construction and the arrangement of components without
departing from the spirit and scope of this disclosure. It is understood that the invention is not
limited to the embodiments 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.
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8. A pipeline pig according to claim1l wherein a portion of at |east one
port in said array of ports is oriented at an acute angle relative to a
centerline of said nozzle and angled away fromthe centerline and rearward
inrelation to said nozzle. 9. A pipeline pig according to claim1 wherein
a portion of at least one port in said array of ports is oriented at an
obtuse angle relative to a centerline of said nozzle and angl ed away from
the centerline and forward in relation to said nozzle. 10. A pipeline pig
according to claim1 wherein said nozzle further conprises a plurality of
| ouvers bei gHArI@HgedMEPdSNT erential |y about a centerline of said nozzle.
|l ocated forward of a discharge side of said nozzle. 12. A pipeline pig
accor dilng t o\ pipalinme fi§ foshigspetsingsajuit @it iraéridrpudicel ofw pipslinescongirisyagl - shaped.
13. A pipeline pig according to claim1l wherein at |east one of said first
and second sdahgdifidinal piFEsRds hiasinparioariataed fofvaalighl hareoftterct of nBu Eaemal
circumferential sealing elements, and a circumferential array of ports;
said nozzle having a conical-shaped central opening and a venturi and sharing a common
longitudinal centerline with said pig body;
said first and second sealing elements each being located rearward of a forward portion of
said nozzle and each being perforated to provide two or more passageways
through the sealing element wherein said two or more passageways comprises a
first passageway and a second passageway;
said first passageway being in communication with an upper interior quadrant of a
pipeline and said second passageway being in communication with a lower
interior quadrant of the pipeline; and

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

low pressure plenum.

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

surfaces of said second and third sealing elements.
3. A pipeline pig according to claim 1 further comprising a circumferential space located

between said interior surface of said pig body and an exterior surface of said nozzle, said

circumferential space being in communication with said low pressure plenum.
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14." A pipeline pig according to claim1 wherein at |east one of said first
and second sealing elenents is perforated along a circunferential edge. 15.
A pipeline pig according to claim 1 wherein only said first sealing el enent
is perforated, said | ow pressure plenum being defined by an exterior
surface of said pig body, an interior surface of the pipeline, and opposing
surfaces of said first and second sealing elenents, 16. A pipeline pig
according to claiml1 wherein said nozzle further conprises an insert having
a conical shape. 17. A pipeline pig according to claim1 wherein said
nozzle further conprises one or nore internal cavities, said cavity being
in comrunication with said | ow pressure plenum

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

substantially equally 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

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 oriented perpendicular to a centerline of said nozzle.

8. A pipeline pig 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

from the centerline and rearward in relation to said nozzle.
9. A pipeline pig according to claim 1 wherein a portion of at least one port in said array of
ports is oriented at an obtuse angle relative to a centerline of said nozzle and angled away

from the centerline and forward in relation to said nozzle.

10. A pipeline pig according to claim 1 wherein said nozzle further comprises a plurality of

louvers being arranged circumferentially about a centerline of said nozzle.
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11.

12.

13.

14.

15.

16.

17.

A pipeline pig according to claim 10 wherein a portion of said ‘plurality of louvers is

located forward of a discharge side of said nozzle.
A pipeline pig according to claim 10 wherein said plurality of louvers is helical-shaped.

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

elements is perforated through an interior surface.

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

elements is perforated along a circumferential edge.

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

elements.

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

having a conical shape.

A pipeline pig according to claim 1 wherein said nozzle further comprises one or more

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



