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METHOD TO | NCREASE THE EFFI Cl ENCY OF POLYMERDRAG
REDUCTI ON FOR MARI NE AND | NDUSTRI AL APPLI CATI ONS

WIS ABMTOF GOVERNVENT | NTEREST The i nvent i onPCT/US2008/050029
descri bed herein may be used by or for the U S.
Governnment for governnental purposes w thout the
paynent of any royalty thereon. TECHNI CAL FI ELD The

DI TSN ERS S SR IT R GE PG YRR fAG
RED UEEIPRsFOR MARINE i\ NheINDIW S TRIAt AL PIFHAAdAONS
Japan, Ukraine, and Russia. The coatings nay be used

' ' ' ' ot her drag reduction

STAT%ﬁi%@?&éﬁwmﬁof such coati ngs has not

been consistent; they are fragile, heavy, costly to
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Further, the coatings are subject to marine fouling,

whi ch _can degrade their performance and the
TECHIﬂglAf Hfte of the vessel. Some coati ngs require

el ectric, thermal, or pneumati c energy to adapt to the

: : y
ORI 55 % e R Raeb DL e RRPHESHL el e Sarch and
a series loppatents tover the padt d8tyears moﬁtllhgtetir&;aates $race dapire Ukoaind @nd

Russia. @%PQ@ g@ﬁ#ﬁd%@g@%#ﬁ %?{cﬁ@é@?éﬁredﬁcﬁon techniques.

The perppraxgaes ofi gl aedtings Arsenot bggn ‘fQ_f)lSﬁFe@Vlﬂé@ an fragie deqvpe costly to
install, SHPGMiSEHbEE Aga MV BGOBE AEL I BLRel o thedySseMdt ddtpl&an, their

nd and tol era e stress of marl stri al
apphca%%w'c}sﬁﬁ%ﬁwde(@ﬁ)0%%%&7\ SRR o FOHEP &?Mﬁﬁ%@s are

subject &f Ifmﬁmigouhﬁg fwmclﬁ t:zﬁnde@mg thﬁﬂplﬁfdrman&eea}hll”thﬂ pasgorgiaabe afsthe

vessel. omeerc\(l)gttm%s requlre T trlci._,l oell\‘lmgt i)rﬁeeuél}dtlls &ner&g’to g?a[%gfol %lﬁ éiynamics of
a maring lar odghtrist arp@ﬂlgdrttoanﬁle@ iat need tpe aﬁzeﬁfn@tlx@seaﬂdmmimained and
low-cost&REoeldsdik cl)!ﬂﬁ tﬂ ti ﬁ‘lgﬁabl ecﬁ‘]:de Wkr)n e Add industrial
. 135-141, 1948 ? to en ance t avora
environg|{isr onnent al |npact of pol yner dr ag reduction by
further reducing the noxious em ssions and carbon

I OX] 1SS m mari ne propul sion systens; (4)
OBJEC&W%%@EE@&E@\& ive ani sotropic viscoelastic
coating that, by itself, will reduce friction drag on
I to prowdearreansto
&H‘ﬁ @ %?Jes fth%%gesg&rlﬁ%]}ttﬁn(ag%ncom tant "in-service"
th algapsedds an efdeqﬁm: Hragpiededinpyiseoelatirapiting sgpioinrtbaireanself-mend
and tolde& teQuREOY HE I R/HEAG N1V NBekOat i ng that does not

require costly installation_and
(2) to provide a method to increase the efficacy of friction drag reduction techniques such

O

as the well known “Toms Effect” [Toms, B. A., “Some Observations on the Flow of Linear
Polymer Solutions through Straight Tubes at Large Reynolds Numbers,” Proc. 1* Intern. Congr.
Rheol., Amsterdam, 11, 135-141, 1948];
(3) to enhance the favorable environmental impact of polymer drag reduction by further
reducing the noxious emissions and carbon dioxide emissions from marine propulsion systems;
(4) to provide a regenerative anisotropic viscoelastic coating that, by itself, will reduce
friction drag on the order of ten percent;

(5) to provide a means to inhibit biofouling and the concomitant “in-service” drag
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redocki ng for mai ntenance and repair; (7) to provide a
coating that produces no degradi ng "edge effects”; (8)
W0 00pogisedle a coating that will not produce sup¢EHUS2008/050029
def ormati ons that extend above the viscous subl ayer
and thereby act as "dynam c" roughness el enents, which
increase drag; (9) to provide a coating that, by its
nature, is anisotropic in the direction of flow (10)
to provide an abl ative polynmer coating that can be
assoc1ateamthyoge@p1lngmm slnmﬁmwhnheonmaimr way at sea or operating
§ chse%\qge? g Eifa eé {%at HE?%aF Idrg&glg lre c8strPy 1%¥taﬁia%10% and
redockipg ﬁrghnalnﬂeeargarafl@&@atrhat wi Il reduce the | evel of
@n%yrsﬂgsa@éatﬁ%%hgg%&u@w dor i “e@ E'Eff%&t?m ed

ibers in the f nd wmth mecro edsur aces,
(fhi terprayide @ ep3ting thatpyilmet pigd %thWé thag extppd above the

viscous @eﬁmyér@ﬁﬂ t}&@@ﬁy e@8ss f almiw irbgghheky démentslaiiash indrdakedrag;
1960Q r amer. stud ed co&gllan

Bhcieitnggtse Githalfd. G bllerisahiaiage 55 TR dimon ofdiow:
(18 togrovideoan atdgiverpolyma coatinpdntycandyensi[yKieplkrishedWvhile

h Lam nar Boundary
underw% o Seyﬁﬁ%@ﬂ% g% h IE’[?C?JS&?&E R@ P(%Hfﬁ ggS whi ch issued
(Lla De peamida a Tioglastin durkaca st fonrsa irons or ivasghkkestuface that will
reduce MBIARHLf @FbuRiRPh had Ren babARFarBOVRIBEYed BYES T HRWIow and with
ent 3, 585, 353 whi ch issued 22 June 1971].

mlcrogr&%é?ewréla@sg&@t%&r% kaned ibkice coatings that
successfully mmc the skin of a dol phin had the
Lal,to reduce the friction conponent of the drag
BACK(@‘%M%‘%‘; vessel . A successful denpnstration was
conducted in Long Beach Harbor under the sponsorship
%Iter%{lgo 03 ha{}ﬁl\égzi}ggg (%%nt s N%Kf%!le %ﬁ& ?(glfﬂag Iﬁléo W}Mn Max O.
Kramer@@gi@@d@mphaanp&{mm, asns tg gqgipﬁ%ldrag @p@@}(tenq,qlgzt lammar flow

region 131%7bz)11nda$!y nGRr fK@et, NMEO., tRRARs hRSMESRA fbi Stﬁlﬁlﬁzﬁg' ¢ afSFar

Boundag} g e Lo TOG RN 14BaESab ieh Pty S Gt an

Kramer¢ MakiOwgs “Meponamnl Mdethby féitBratiiixing Latdavy Bovadarg dagerdiled,” U.S.
rlnﬁr ai vosi bir Russia.. ..

Patent 3S \;DdrSé, Wﬂ}cg ﬁsesg?% ‘glilnerl-_ll.%7iﬁ d&%%eg?[ugcﬁ%t%éi’t%a{c g%r‘%z\(]‘? coatings that

successBalyeniw¢c that skurh@f a ddphin drné thef patgndinbiveedeneites frichioKicemponent of the

drag of LT RnB SesdRl, OF @ﬁ&féss@ul&f&?ﬂo%%rﬁfon%@éé‘ c%hdﬁd?é’&%tLan Beach Harbor under
Certificates [Sovi et Certificates 328 483538

the sponsgshgref thq@o%é\?azqy fﬁﬁ@@éNswl@seaé?h H?r@@eml\ﬁf‘%p ‘Bpgidary Layer

cOntrowyamﬁﬁ&all ]Dolghllfﬁthalﬁﬁg’ ’aNﬁvaﬂ|E§1@1ﬂeBﬁsqﬁﬂ@dl 8B5Y: acﬂugewm Since
ence 1.n er

of . tur dar er r a t
that e 78 i3 B e SGTORY o AT I B Kp ! g | Hggever.
throughwiee €9703taad 188 dmgtrhdmby merk enldodtingespbgsoprdigduthe Saviet Navy,

was corﬁi?éts,tteg %E‘Bgﬁ n%%lev%ﬁr aﬁati\fo\(/%sﬁ)ﬂ%’lﬂ Reulsglg eﬁ“hlts %&%?E pqﬁl“? eered by L

researc
F. Kozlppanke ¥ eseri V. Babsakp et twtlngitutgfof Hyé@nwh@@@ema@ww krame

producé?ioe?stek199§f St Iﬁté?lrﬂ&s aRdifldates ‘Pml&@érgﬁcé%st ll'll13286 1483538
ot hert ech nlque Ki ev. .t eam was ble to. id entl

159786g pk0RPT - Jﬁlﬁ%ea%%?t eéfprté difsy Tromy g s fhog ey .aﬁ-'galso intended to

reduce the level of turbulence in the boundary layer rather than just extend the region of laminar

flow. Some coatings were integrated with polymer additives to produce a system that was more
effective than either technique alone. Babenko et al. were among the early researchers to

recognize the potential of these viscoelastic coatings both alone and in combination with other
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that had not been specified by Kramer in the details
of his earlier effort. It becane apparent fromthe
waelewpgss3ed t hese coatings that an inportant feBCT/US2008050029

anisotropy in the direction of flow Most of the

vi scoel astic coatings tested in the United States were

not successful and sone actually increased the drag.

After Kramer, the approach of U S. researchers was to

try a range of available coating materials. Not until
techniqddasy The Kidio teapiay &vatlldvyider@ify kpecific @laractéridgsd @ wikcessful coating

Vi i [ .t uce- F e Fr
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the desige of these/c2003] thaan intpertentsnatefefio pnisotoopyandhadiractige o fow.
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par aneters acent turbul ent boundary
actually iggigpsed\ipq drag h%tea&%%rc e apieasbriaBiSe reseHERYS BiAs ta thy range of

avaﬂablla@datmga@u@ﬁaly Not ﬁ@tﬂ&ﬂﬁﬁmﬁr%ro@w [Bay, 6% BI étGl., “Design of

Viscoel Qe ARG o RS Tyl LA e i‘?@&ﬁ@%r@” 516,653 B1, which

issued IdnigtbHung 2OOB] wids t]h_er¢ afl Effoit do meﬁnﬁytsyle&ftﬁ@plto@emﬂs of the viscoelastic

coating E})Rﬂﬂd&ﬁ)gqﬁ@éiﬁrg%l%}[seoif é@@acﬁ%c%ﬂ%ﬁlﬁ% é;%fﬁc{aaf ga’ygrv o dth éhis approach,
unfavorpply canditiviey bptipd\plagaag bES trhseerchivs, shghes | | dptiqpiigp@endegsdynamic

roughné, atrltlgva‘i/@sat)ﬂl[}ﬁc\%g@ﬁ)é faR@nFRE GRG0 R B QHRANIAER. J and Hunston,
D.L “Fh’ésatl ons the turbul ent boundary Iayer n

BIPFHY E fgﬁfa opFawiekRerpted Y 1en gn rd<piont %zé%ceé’eLEbL
Mechartl@g v €E33, 06iL- 197, 198&]5%@ ndloided.t MRyGhd letrd)ph@eﬂfaughﬁlﬂat the material
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direction o oropayev al SO
necessag ;g ltvitchelastigripating theeeeessty nl“élrsattb@y Her@adeBabsako pigaching

that thetcbﬁtlrfg‘&hﬁﬁ%@ affsofrbfic GPAkIANGCtBASIt MR, SoeeBEMhNEndeb&Phyev also

I scous subl Third, they. taught that
taught tﬁﬁﬁn ?t/)}l n?eogq,pgﬂat?cf (ge% Qiations 816 thei Sﬁéf %eu%fg e Emna must not exceed
the heighe sﬂﬂhb vlsﬁoﬁd‘@bta@éﬂ entirdy the@ftaitghe that emﬁepemyoﬁdunedjtrmve@e coating
edges c{)ﬂdtrgsf% 5 ?Eevrgﬁ%c(stlsono ’tl%rﬁglggce:érggggeﬁévz}vg? i]n tﬂ? Eogl %96 h?c?ge
effectS)tthmanuhiedmatel thgefffentivenaps Qﬁtmlcsiatlm eliq@wtd)xihnﬁta@llgbt thhtethe coating

dens1ty gﬁ(ﬂﬁ& by a%gro;uﬂﬁtéclir Hie%etlglg%ﬂﬁe ﬁﬁfﬂrﬂévﬁﬁ %Q@IIthQ Boatfn¥en

E er | pose oatlngs are ragl e and can
Em?ﬁ When Propei eppeddhe sentings aisdrazilepnd ean ppHeegherphy degrading

their eﬂ@etmx%hai sx Th Igsrtle@flﬁﬂlle RGNS Rer® bf M{lélbﬁl c@ﬁipl&@mt :n@ Xlﬁgllycost that their
S elr altl on ar en

spplicafiibyon Iy 83 P g EORH AT HEGeS TR CORPEYE Caplly o the

order ofusigab ltgn e@ntiteeerothibdr rrmkm(g nigerh heztx@randelllﬂfucmet(emstaﬂh IFokthese
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sons, nnerc |ca n has yet to becone
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reduction [ G| nman,

Tho
Substraigs dlayHigia HE drephific ﬁj@ai”@)g ’épﬁﬂrﬂ‘gﬂ A&t %007é91]<§4%%§t1 rPé}P]égled 9 August
2007, ahi@Diigtg) Tamboyharvpdtiall.| cDEgatddagrion Rktlele Al Mefhod of Use,” Pub. No.

us 2003094 0%7 P@#hAh?f 5‘9uléa§§§9]pz85@8%5§ﬁy PR ARR g amition

Willarddfhalise et alRutblydNghilic Fouling-release Coatings and Uses Thereof,” Pub. No.
US 2007/0258940 A1 published 8 November 2007], but these are not viscoelastic. Others
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US 2004/ 0126541 Al published 1 July 2004], or the
ability to inhibit marine fouling [HamIton, WIllard
w@habsgas2et al ., "Hydrophilic Fouling-rel ease BOHUS00%050029
and Uses Thereof,"” Pub. No. US 2007/0258940 Al
publ i shed 8 Novenber 2007], but these are not
vi scoel astic. O hersinclude hydrophilic bottom
coatings for boats, such as SEA-SLIDE(tm and water
abl ati ve painted coatings that rel ease polynmer into
include thigéropbilie dartyml cayeiigs[fGene seth Al SEA lSJLHDEPahI&h‘tvathbablative painted

coatings %ﬁ?l%le%ze %OI\AE'ICP fﬁté ﬁl% l’é)% nc?a(r)\tf)llal%re]lu @r é X u 2 T%a’c s ?gt’e%lte IFI?'eS d488,076,

which igsgei 30 Jarylest )90 vxﬁésn &manefoﬁck@dymf}@ mignegrooge@sufrsan(referred to
as riblettsﬂ WiRHWREn OF 88y fo%ﬂﬁ% A1 RARBE RONESceQl5E rS@Bqni%f%l? bdvie€ Brder and

ongl t udi_nal w structures near the surf
stabilizg ghrdorgitdimblew sugPreg Sowbhs PEIce o HeweNery thesssaagngs each perform

only a sﬁﬂ»gl?&fdn@ﬂor( @ 9, blofbluﬁﬁg)i—ﬂhhlﬁﬁoﬁ @bly:hhdrlrﬂeasep&l ptﬂﬁﬂe a surface structure)
r oV ur rLucrure
and reqlie SRS sitfoe BB Epg et R HHanaBHGenal Siite HagH- Thus. the

vessel riust be rermMedcﬁform bezrvisa(iar.,)dryddelied) fohee- amﬁlsﬁionrrMﬂre leeently there
have be%f*? g‘?ﬁﬂﬁﬁl‘gel}( SUR oM rt%gé:e en(lérgﬁ ﬁ nlagth%l %%)to 1Kgpc%iuce turbulen c- 1nteract1ve
re ere

I catlon. een

surfacesarn %fiefrdp reduce frigtion el @iaﬁ@awmbﬁ@@mdir@ glalt.o Mﬁé@ Apparatus

for Redhaﬁg LGS DM ET 8CS.IPAGNS Nof @s,@@ 459189 r\gﬁkh'is@u&?ﬁyp&ruary 2003;
friction dra "Kar ni adaki s, George

t hod
Nosenchygk, Rﬁﬁlg}%{{ G alf, Elegga@egqfélcﬂﬁvgﬁﬂ a@HtMeEﬂ;l%?or B'Lgu ary Layer
ControlPat SnPatbler. N6, 5320, ¥B5whith ivoaed h4 Uﬁibllle}@4laﬁldﬁ€@§euaﬁl)tk Daniel M. et

al. M AR E SR T g Bkl ELgaptrs el s, PIRANRY 437421,

which iRaeehtAugost 1593RONBMOse syhieot afsewetiex 4eqhiradi 9 canrtdol systems,
and can?ﬁﬁﬂﬁ@ﬂ &flc%né\%!ls Men?{%?’ BoundM” tiple

l'ectro gnet I C ary Layer Control,
Hemee, thgreista nged fo3 aspmplepanviighmept-fodese gand CAafg%fﬁqctwe

drag-rediR9R] coallHE, WHIES anSHESE:@IBited s6 af RIMALR Y se the ﬁé’ﬂf@lﬁlaﬁgé/ A& rational
congr ol and can consune.signifi.cant vel s of
efficiengy, gé wse ?—é‘ﬁ(‘f@g t{ni;])élg]é wager £asy %ﬂasr ligpui @PW‘B% Blroug% pipes or ducts)
and canefe\appbasdmrtheﬁtcbzhrgé aninterainde eqehsesfahéfot dmeock mgurradems ng
£ e?e%nm&’taﬂéfg %r?ctlg%arfr:]ducg?g ﬁgs l‘l)eehggorg (Peha‘%%y acplevgcq ﬁ% ﬁle 1ntrgduct10n of

additlvem)mpn@e bmgugﬁawatﬂ@rw (Hga medtlcommadnj agditdss am\agnepus solutions of
long Ch£1H P[HR&R, P'Wdéﬁgtfscd)ulang @anFﬂgtl(ﬁﬁpkbﬁgaﬂ@e ih %(Vlng Tanks,”

% mal nt énance expenses an

Proc. 1Q ebplarp ehrsving Tapl epf. mEsddingen. 1%} éiqyén‘ Méd@mdoﬂowé@ctwn
Reductidf EINURDE, miylsabbw -AGHIRYEd. W ‘tmag IRRH 6@y Fly@érs and

a dJ,t | Ves |S ) bOOUnd JYETS 1t8(lgypg‘§7?c]%1§%1ﬂeﬂ and J. N.

Surfactang \Y% $ Las
Hefner,podly a3, 413- H@S’tl,990] . AAhuabelr dfabeHndqueAhavd heell Bevaldpedrtalselect,

prepare%s?@%%obﬁb% di%r%?edzarﬂ égléltlgéggiocﬂgfaﬁ Wt e‘Hllag f\rgc\ﬁﬂcﬂgn
Agent, Sy Pater Ny 438 56t 0o whirb dhastissond 29 MDRDEISGvyibede, Kggona M. et al.,
“Drag- 1@@&1@?&1 mér Sus\ﬁénsw@r algubR%u@tS' 2@@3)@1 sPolyAe E bl?s'ﬂgd 2 October

Sur f act ants Vi scous Drag Reducti on | n. Bound ary
2003; Jogpsien Regily- @aalby Mstiad gt Mnefactusing Drag-regucigrhpdymeryo) |
Suspenéliar%,” B3 N2 91 A003I065¢5 A H’p&lﬁhsﬁhﬁd BegmRqueMheveTRae:D J. et al.,

“ Stablha?cy ]golp/gl lg%ar%glées 8?@%%%&? F@ eig ’alggn E%t?rtl)tglllo 27623%?%%1@5 which was

issued lﬂe/&ulglst 2ﬁ07A@/B1_1ﬂm, THdnfas JP&S@hilizdéd anc_uFIEBEﬁ Boectedifotymavd3rag
ReducitSRYEH saSpeRivhd,” PRE N, kP 86iRn0I83853 B3 MMbiifed ' September 2007; and
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"Drag-reduci ng Pol ynmer Suspensions,” Pub. No. US
2003/ 0187123 Al published 2 October 2003; Johnston,
waRopokss3es al ., "Method for Manufacturing DragPCEUSZISIEH0029
Pol ymer Suspensions,” Pub. No. US 2003/0065055 Al
publ i shed 3 April 2003; Martin, Thomas J . et al.,
"Stabilized Polynmer Drag Reducing Agent Slurries,"”
U S. Patent No. 7,256,224 B2, which was issued 14
August 2007; Martin, Thomas J., "Stabilized and
Bassett HD@ed Robrn@breetteed ‘TRotysseyr foDP g afed Aqudrgs Rgbmier Emulsions,” Pub. No.
0 0 |
US 2002@)@{‘2(3 {]Blb‘tgl./sﬁgcg }]% Ssgﬁﬁ %aléegge aﬁ ueﬁlav@%@eﬂ ﬁ@v,%gop%d to
enhance’ mp@eetmopmy HErpohandra @Tmlweblfs epal. yﬂrbgh Mﬁlﬂoglaa) Nécight Polymer
AddmvE’%l« c&{@mg W %RQ@&QQ%’?&Q%SN P PJo' @@%0%16‘@454' AP %lshed 8

her te ques have been devel oped to enhance
August 88%%’ fpé ﬂﬂf'rR}ﬁE‘PS[e)Pf éFe%th be[rsrgrll alingsurfages @topgpsed to
enhancmg—lldg*g Mohgiod) ar Wei ght Pol yner Additive for Coati ng

@E}Eﬁr qu%érg 1%(!1%5 E?\ge% gﬁciljlde f%r?ac[tq,NFg 'bﬁﬁaﬁps(gg.\g %{3?0 1%1081?1%1411 micelles have
been foshedeigirha nandg%efwdmat%ffaﬁid% eddng Reduntioaod Juasilop posecby
Additivgg’al CA&ge {cggabﬁ eﬁgﬁ %%ase irl@?g{ ?ﬁ%&fs I’1]1£il<1ter als %uch as

lves I nc 1 ONns
asbestogrpiyloeHdsaVe Kogbal..f d) iﬂﬂ@éﬁn[t Byrg Reducting irBBolpmsido Sphltloms

COntamYMg Suspe @&dmgzt IAQTCHOf JTQO I@HI e7y-133, qmap;wmdhﬁd YRfma, R. S. et
Ac Publ,. (] SBN 0- 7923 '3485

. Drgg BFSHeOR Y enir Sns e ied ety b %‘PIYWWE) ﬁol[uﬂg%»] Ghem. Eng. J.,
18, 73-K, 1979]ahnd siialUgaR WuBbies, PefRgreRetlauC thhiod bbbl 801 [Wheekle °C. L. and
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Reductigh in Bbﬁl(@y&mwdw oy DC¥h Bawshellrrmd lInNeBefren Vafl. 123, 351-410,
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from th(‘-i;i ?eg?nSt e{arié gheB/ are Efrf‘ectw?btﬁere %%ﬁulrfgh e\!eg r aCt I 1]ture {%{]es to

severa
maintaih effe¢taeilovess @feidétt@etconqehne’amorrm@r dtel woail Ea‘c&vhyuf rPo ﬁvf fahe Smol'yakov
A. V., ‘Ao MR it 8 Qf‘PGlngﬂem Q%ﬂ@ﬁr L géﬁe FJ oMRES B¢ Nﬂﬁﬂecﬁ(/l‘échamcs

effective as hei r coal nce into

and TeqhgicglbPhysical &2 (ibP0es’ 1. Wit ldh Advoe the §15 Bad foke prgmixed and

carried A€AYUGH o Sisags thEy)( GeRrd prf)pé'rl}ﬁmbieﬁlah@ dy@@tedofBeem@ oPthe very high

eonetrie her additives _.can
cxpend Rrairy e LSl Ty o PR B hdr Epay. digkel E-S. e
, “FriefidreDragiRedut tier &ldyigh Rgynsldnyuuwders widr Balldxjeeted iPolynger Solutions,”

to i1
2605558 8 I USLLGEL L Y] 3080, B A o sty v
expectegripbe geieadedan aymatter Pl hpurs end toi dppligdtion obboloieynanpsated to be

limited & ﬁgﬁ&@q)éysel-ﬁ}i%hlch JgMEB%hrspf)f MHeal nesht Mealani cs and
Techni Cal Physi cs, 526-531, 981 Al so, the

Botdshanstopgdicing fpistion %ﬁ%g%@@nélﬁ%ﬂ wearifedy tieigcton pf fipegsgsuch as
asbesto€BiShi6n, tal@)enhaice tig p’&iﬁfrhﬁ{néﬂ ofgdlyand eipctbat@iictiBeIadsw. K. et al.,
e f . the ry.hi. ure rates require ith .,

Turbu B R RiFicl) PR RO G ranbE Yiitsd bbb ALChEL.
20 (1), W&k, JarE.19B4; aptl Sharma, R. S. et al., “Drag Reduction by Center-line Injection of
Fibers in a Polymeric Solution,” Chem. Eng. J., 18, 73-79, 1979]. Lee et al. reported that the
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al., "Friction Drag Reduction at H gh Reynol ds Nunbers
with Wal | I njected Polyner Solutions,” 26th Synposium
w@RooBlasssks Hydr odynami cs, Rone, Iltaly, 2006], |BE€TES2008/050029

vol unes of slurry are expected to be expended in a

matter of hours and the application of polyners

appeared to be limted to mlitary vessels in which a

qui ck burst of speed m ght be useful. In addition to

reducing friction drag when used separately, the
quantityepefthdrg mwhich élb]htepmdu&dmboﬁsl Sqﬁebmt gguaionnyilfictionadrag produced

over 60%%@0%9)[0 t\%%fh%? e,%t%ctl o nﬁéhl.z,ﬁ H‘@IIP W}{% qdﬁgg o?&gh%?eﬁ%zit Uone

Produceldoinjm@bquc 3SpIgtitoRE f@@holamdmtgorsﬁpgn@l eich Hatge eenfirmag the
generah%h ofthd enha?nQe& &)ag d@RibR %erfc]ﬁﬁhncé- 8 &mhel %@Pandﬁibegsystems

uction by Center-line In]ection of
The op];,qr’g,lg]rtg tq Wp&mg@ay%ﬁgésnggp%lfqea glusiverhepqusgRplimitationsiom marine and

1ndustr13§apﬁﬁcatﬂoﬂz 9f fibdieeSedh fbers srAbVAdo bB BizatdRE Y@ Riidly/arf most are

one pro t 15 cent
Con“defeéicfﬁ @F U eﬁnPPh‘&t@Pté O&’ﬂﬁ% Og’ﬁ’F ad’éc@éc%@%b Bogeplyars break
down irfto hiztforathe fardiec tindmtwhabcomeavnd m edthvas tchrbbh diaxiderdnidtwataffor the
pol ymer that al one produced only about 36 percent skin
friction reduction. Sharma et al. later confirned the
dbereng othgr expmples of ANgrgied batveagn vaderes dragrigsiemgriepdinigmes. For

examplfit Hé%ffkbﬂi‘%‘i’o\ﬁ@{h)éf@l% PR EoRBIagy S EIBymdNGe@RRARY Hrﬁéx()}zfubble
to exgiﬁlt t hat synergi sm has, een eI i ve because of

cjcction, piita { I0BHANE RO RN HRR R BEDET 4F1S APNaE seichAs g the sum of
1nd1v1d1fdl beﬂf&maﬁdﬁ levtls pesBerveBKNowwal { cChabinag Brfdeis Sntall Amounts of

potsme 2R R0y R RASHIGHF ol oGRS
Tekhmcdmlslldréiaskb&%% 188hmAinnow, Ai I ef dr, “Ekgerinomtesn Bmthulent Drag
Reductleﬁﬁ:)'_s’rJQi!nt ggggxﬁ)_ﬁgl? licif %aﬁﬁ%sc GAY Rﬂc&b%l?&e n%%l%ﬁérezgdcﬁﬁces

are ot f exanples o synergl sm

Abstr. %eE%@%n\l%nag &éu@md\ﬂ%@@c%‘geﬂpé&mﬂlq LES; amhPewtrehpl et al.,

“Combﬂnt:d Pagnkeend Ml&%uﬁﬂ@bréé’ﬁ%d%{cﬁ&@ bn & QARie@ht @Ake OfJournal of Fluid
a Ccro e Ion, as W

Mecha PR3P a4 S e 4R fBe s e Pl patghe

efﬁclenby? df,lpdilymﬂr ¢jbaiont tvers ugadofith Mn\andmtahdpaw psdrpederming

V1scoela§%c ??zﬁ R%ggon?c? BY Flglfyo]lcyntl eénh da’éi d S‘E’[:O ar'l 1tdha%fbfe %}}o%cn that the

['ow™ an
combing@ladtmoet Piblcabird 110}yro¢r aTidrtth gield ﬂelvclt Qf@mag re@ecrtlopathat is greater

than theTs%bm{ecé?ﬁ{slTkoWE afkPv gﬂ P 159 84)ra H&Pﬁ’on’% IJol &tSolutlons in

perlnentqhon Tur bul ent Reduct © on by Joi nt

Riblet- Iu%d BireSo Mpriraght 8 ch\&OPﬁagsDra@a&edW&er@blﬁné Megﬁag, Lausanne,
SwitzerB@N9e3]. Adfistif WRSheg atAQSeIanro&thtEILHffb@%aﬂ f@éﬁ%n@@@@ﬁﬂl@l\tles

asocia G R %ﬁ%ﬂh@%ﬁ%ﬁ?ﬁm Sy REdlEpr B b could
be overt@ngehdsk &tchﬁ’]qaesend‘t odbuwaodt offer & praictcdViacdtlanad efsndde6t friction drag

reductlo‘?hogut?’% d e %Ofs]e%i ﬁﬁg‘!:cglﬁ?mﬁﬁ Rifh t}E er{%klgffecqgtﬁjx 5]19 Xf dllute

I clency O
aqueonssaian AfpoBTRI) 4his |amﬁr¢/litdhﬁﬁlﬂnﬁyln£ﬂg€ﬂ{e<b@ﬁf€m anlgl be both fmore

effectiv¥ i@ ﬁl%k@@ftﬁ'c{%ngﬁaﬁ bB@me? jﬁl:t%tpﬁy fdegni ficantly enhanced.
Simlarly, béen shown that the conblned action

BelyFieR 1@?@ Haﬁ%rag 5%511%%@ seefs Rhudhyleng Qride (FERd) ars#nawago form
adsorptiof@d&ihkRmehhRaterks Svhile @t &itadt Rath drifRvEeP a{/@taesuﬁfa&ema‘iham P.etal.,

“Adsorlégqonug%r%{%}gféql%r‘g ia}/flzrg L1<ri Fl%'wir%g’ High%ggcﬁgr etléh? Bo% %o}/utlons III.
Solution Concentration and Solvent Power,” Colloid & Polymer Science, 264(6): 515-521, 1986;
Hand, J. H. and Williams, M. C., “The Adsorbed-entangled Layer in Drag Reduction,” Chemical

latter.
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Ri bl et-Li ned Pipes," Abstracts 8th European Drag
Reducti on Worki ng Meeting, Lausanne, Swtzerl and
wa2®3pss3Thus, if the negative environnmental efPEDUS200$/050029

fibers and the difficulties associated with the

devel opment and mai ntenance of a drag-reducing

vi scoel astic coating could be overcone, these

techni ques not only would offer a practical method of

nodest friction drag reduction, but also when used in
Enginearingtiditaice,@8: 68468, 1918; TehKowhlskc T ., (‘Thebuignee Suppresionsand Viscous
Drag R chllglﬁ&f R\Z %g%leswt%?mgtAd%q V%fs ” ﬁ%rysna{o)n's .o% Ehellf'ovgpﬂl%{ltuﬂ%n of Naval

integra e€m wour o e pot T ot

Architeett f ¥t 3 We l%ﬁﬁi hbe éaC@er theit eeritral Hmwformatqund@r@wth @rdiyrption-
entangléﬁl&ﬁllﬁ erd AL NBEHR dﬁ%ﬁﬁ:al Hatglreatg hedhbd HyhisH e 185ers form, the

pol yet hyI ene oxi de (PEO, are known to form adsorption
polymepsalgti)) %ﬁttramapeth% leﬁcwkar e At detPoliines: B splvertineyer. the
tempera@t‘ﬂ@rarﬂ tBelFdt@eethk Bakhary tHe. sufhcel Specifically, with increased molecular

weight. (RSTERER SRR GI. oy nErerSa i seesrd flow et Phiher vessel
speed), @erlewart fartied mae chpSl wed tenBedver grdwoickai BaghPol BiderA

Quantit%q%%gel%gf}?lg)ébrréétﬁ 50% klddss 1?[%1%8 een?glen‘#:nt L e>r/sa’ éollmg & Polymer

ScienceRBeR(2Y:i56H-391 AAS i and IDErigl- ke et ﬁllngKSEﬂtléﬁ@%AQ@fptBBl@@ Desorption of

Po1ystyﬂe%z 3n s@m ﬁ%&m@e@iﬂin MacronddIERM e 82 FUBPIE$59AN SR an aqueous
Vi scous %ﬂgv uction b% Non- Newt oni an Additiv

salt solufjonrg a&pe U Rayather peprdegt s cgt 0 bo\gxpapted 1 a saltwater
environAe@hiJbestand Kidhazds) ;' PdI9®81s. at Thadcd ah @ Iieitrivat,” @aﬁﬂﬁrﬁge University

pes, 000, BB e Bl P GOLER IS er e
particulwtly ghtht heeab alyesearéloand intingrypetheyerthe tebvabi @rpolymers at surfaces and

1nterfacg e o f_r{télreétofhe &RE/ rgﬁér?sc@ ﬁBWX\@kﬂQ{teﬂl | ﬂgﬁ) B{H Hﬁﬁf e%nd Williams

e sol vent ower , erature,
(mternaﬂ Hewp weie %m@ﬁt lfrﬁ@d;tﬂwlfmzbéﬂens%@i ha%,tan |p9rt bwkf:h feaders in the drag

reductidnnGASAE [KIvREEar | *RirBllEncel UPHRASEH afPNERHEY BfaleHbduction by
bet t.er Iven and |nc ased fow ate e.

Non- NerWt@‘Pfé’i‘ A&iggg’éf’ L %—éﬂé‘(@i&é&b—fﬂi@ 207-219,
1968 (@edletaqupelmdiadtvmtgfncdmdubsmlkm pharnam19By G.E. Gad, A. G. Fabula, B.

del for For
Latto a%é rit{ éhen g%t%é/n’glA ear{lgih M”Egﬁrelg s n?fle(.%ﬁaa oé V%LaUPAPSOﬁ%Uon on the
Toms Eﬁ@pfé’ chePgh 8 AEndeO B ;10ahd 060, 1074]1) Thed:ackle agteptance of
polymer Qs@?ﬂtioﬁ%nﬁf sdaﬂé&r fBI' Eﬂ&n@fﬁov@?éﬁrﬁy dt@f?)u%fci 7‘[5’ Qé\)éﬁtl ﬂm%‘;}@ During

Si'lica from Decal | n, Macr onol ecul es

laboratory ¢eafs widh prale madelylbailates in Ve nRshs. the taétgawre of shar
duratiors QIftéf Mss tHah atERuted Thatshert t@xpansde drd t3)eakure @t B background level

ctedlnasatwat r. environ J
ot po G T 58 bR AL <SRN & H00F o0 Ecksround by
the tunr€aishun dglagh)spaedrasﬁtlet the Bhas &5t 1c2Rd} andlbfiten whke nafifleizanlevals of

chloriné/\f%l‘ldegrqgg &L ?8@!% rf!befutgd l"ﬂﬁls 1§1 a881t thcghlq}?tﬂlgﬁo%gggﬁﬁlty for

par "t he "ar eds resear

adsorptiondis ﬁffth\Mf éhecaddaeé cbleha@ piegk high- sg@ﬂd;ﬂp@h@galtf tha sl eould inhibit

the adscﬁﬁﬁloﬂ PloBEds AR@Fick Bf ﬁfow}aﬁ'k? E %}k oviIROR& fh¥ AR RN hé hYan open
wal ski (external-fl ow) Hand and WI Ii ans

rather ﬂ(%nrﬁ rEFialatmEg Ry ey éﬁhﬁﬁ&e ﬂ%savléltb@wyn%muﬁ Gy, cogpern for
prev1oulsl@®§dctddrpoﬂ)ﬁﬁér &Mtahﬁﬁatir@&ﬂ@fn&oﬂnﬂlgtﬂ[tﬁv dKa@alskiita thiso®sts for

Ko Ki, T., "Turbul.ence Suppressipn,and
extendeG PR Ep i RIS Fving RN TRE R GPRAR: oL Konducted
tests onBrsamglacdfit onepenfwitére SRoyral, ahdhslsd blicritanl mhpddaved, Kowalski was

apparer@&(iﬂé. ifflSuse adRfy ﬁgaﬁogiagg%i gﬁﬁesdéé?@eéqg @&gﬁg%&”egc{og Rlot. He

scussi ons at pages
Fabul a, B.
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Latto and C. H Shen); and Gyr, A and, Mieller A,
"The Effect of Wall Absorption on the Tons Effect,”
wW@h@nigsks Engi neeri ng Sci ence 29: 1057-1060, 1BGH]S20081€50029

| ack of acceptance of polynmer adsorption onto surfaces

for external flows can be attributed to several

factors. During |laboratory tests with scale nodels or

flat plates in water tunnels, the test runs are of

short duration, often less than a mnute. The short
demonstragt] tipe sucitis statlowtefectins dn gle teheatly trédncbatiglifusich taeve the ejected
polymep gw% {rXH‘Rﬁ? 9191%%{3”%}16 erf%ArPangg 0 gs é:c"ilgr f%%} tre 1gl%cfiucmgttple diffusion

groun
rate wag latpnghantiiedry ¥dovini g &tpeleﬂak@ﬁ’t( &7&%@1 198 ib)r tLa‘t@rs‘;lt-Sea tests were

also hrﬂ?t%fi 't@ﬂét @detOvate‘?ﬁ‘inmeE bh @Hhfid L] "ﬁﬁg dhGMEN ﬁm?tfof%}l) 4 fi%€minutes

rade" F yner in solutian. US
was becaa%ﬁ qut hlafgs q’ﬁpﬁlilcil %@ra&eﬁﬁéﬂlﬂm hyyn?félﬁlea% 69%.% requiggd very
large vahhecsf polly &&%lﬁﬂ}d eﬁh&ﬂh@ﬂddﬁ@erﬂﬁdoﬂ F@hr speedat 101800 Rgpm (weight
ption cess

et hi bit the ads
parts PREISRY Ur KOS K9 4 ERgR! RSVEPF OB RRg L& RaaY i Thus. the
volumehé shag raquicddnr juat hfew minaresaf tasc dictuddathatigdivekibl tests be short in

duratloﬁ ﬁ”%&% ttﬁ/ Tf’@Hﬁconhi!ﬁ%n% lngflg 5B legalgﬁF& O'Tflé Qslﬁ%gﬁf W—steg 42 conducted

ncern revli ous e ect mer contam na
by Mooreh@t al.id&rarad<.f} enel., Pdawagrsmd ‘Fesh Ofﬁ olyast Brag)Rerwtlem gglem on

Sea FlyBer pRetshiad 4t piipti @ﬁﬁﬁmshﬁﬂ@h INAVAIY d?8d famidd, ®ehhe, ﬂa@ 17-22
par at us. o, conduct ed t est é_Fon a smal

Septempiggop?f ﬂnﬂaw Wa%éem@@cmmnerdﬁ S P igivating, ie.
uncoilingnthe pbl@zﬁfee mdl@wais}séglstewaﬁslﬂgammf&l Yhishﬁ deinfanll st Qeris@®udled with

ver
the Corfi i Bh 1o G a1 e ST Sh I Gl ments. s
enabling pwtqoonmzmlg tastige.eQverythe edwusedf ¢aak ddy.fifidisidonl tesitrensofxtended

over pele@s SHEC TR r?ﬁl Y&%‘Ilo@“@mﬁﬁl 18 1&1@1%1&1% 8§ ?o bel Bhducted over the
| mportance o uhIS el e eat ure 1 n red uci ng t ﬁ
course @fj e ggy ohlenes: enwg@swtalt @AY @ad Proviel abyeasgysilaw xpenditure rates,

tangentﬁ[‘@ﬁlzcﬂli/(ﬁlk QltYd é&tﬁglgnﬂﬁﬂe % fded thedd ditRIns %@&sia@? Est tNe&@ablishment of
| so |i e o)

to fiv s.in duration
adsorpt}ﬂ‘?legta&ﬁ HFPb]ﬁY‘FrF ttls WEJW‘E that ﬁ\‘;gﬁ Prﬁﬁoé}ém%sé’ﬁlﬁ@@aﬂﬁ‘éi%r a
varying@findehgall shegatresspeitictiatiser deforatagidn oe G]dﬂoﬂ&d HBO lalyefsf iChiueel et al.
report tl%[t Qi I&d%ﬂch@l%ﬁnc t%?c Infr:sesdof Y eeréldtsor%gg fagel% carq%g cﬁang%a Ib¥ Thctor of two

concen
or morelfoy @@@r sy {ivei gipectpdifars: Ieknotishipi divy cthles:hl thtplraess sre not

caused %_ﬁdés%ﬁ%tlo‘ﬂqg te?R dse@H HPRE1 (e hge?atﬁfkr) t@hl@ﬁ}&lﬁlr@’ aﬁ"@it&ﬂfed time.

vol ume of slurry required
Under shesiiirass- B1e 30saption yee dliormesiGhiy by easid eaé,lfiéh%BEO adsorption

layers b%HzWetas iviscBle1h aici ek TChBhEy, N1an e@all, e M yd Rt b RIMEhivEIeSs and
Deformﬁ'g}ow&fog s%léli)'l Eﬁayey[s-l’\-?gg’roiyeeﬁiﬁen\?oéx@?s ’Sa?| ourna?séilp'@;ﬁogdéﬁuéﬁrﬁgrface

ScienceTlédt 3@F-3@5, ROD §rerheprag s Reftieddintitiobyst thimetliectSeaoflpydsing and

consohcﬁ{;@?%ﬁé %&agﬂ]ﬁ%gﬁ% J]]I }@q\q@%ﬁﬁ g%gp@'\@;(s%hgastlcé)dg%ﬁrtles of the layers

to changggs %@a@dmahofdhe @I@nﬁmﬁnﬁ@ on ylirp@r stimketh@rdwﬁhf( wissqetagtia pepperties will

modulaBGue @ tHeMAjuskménts il WS QI k T]?]é'ég ik tk@m@ ok B@fﬁrmdgﬂ tﬁ@é"iuﬁisﬂrequency of the
S Sten1US|ng seawat er . i's on-demand syste

C
changeyy Ao 41 8B AREOIP afecip &8 UEGEIBOMmP RSN ! Hrgrlﬁé“%rt%‘fcé‘@% and the
establisH@bE adssipuPandigement 1:8GH tRPREeRce dihhisradnablek B@Jld result in air

ti Ov th f
being oA RIS BYERT 1F fRe Bt pouE SR P ahe R fobies ar
entrainefimsrhectagisg & beong fogmedi|the @dnsity ntliheicdatalg 4sesdlbastic Wecoelastic
propertl{éQ RAYEL %dﬁ?’e@r T I@%l&ﬂfféa‘%l%n gI‘O(RIQ&i gyﬁ‘é(ntra'_ﬁ‘e{aca?r wh s Rred to

wat er tunne preV|ous t-sea tests
expendlture rat es,
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tangential ejection, and sufficient tine provided the
condi ti ons necessary for the establishnment of
wa@ad®ongiseon ent angl ement |ayers. It is al so knpemusivas/050029

the flow of polynmer solution under a varying

tangential shear stress will cause deformation of

adsorbed PEO | ayers. Churaev et al. report that the

hydr odynanmi ¢ t hi ckness of the adsorbed | ayers can be

changed by a factor of two or nore for shear stress
degradeviht veqakk dpeeedatif @perford@néaiadgimtin g)sevé'hbrrﬁﬂﬂﬁﬂsgﬂ"&:r igfls ejection was
e S I
1n1t1atec{ ﬂ{edc ér%gﬁg eéggof }1? gor tg % érjlﬁe flglul? gt%? ggs éc?@g (V%rs]ts’g) F% Zl—elgwév%r, for
more estabhishedlgodBngss bystam é@grwélontdhengdls@afmrug@m ejeelymr wagadft obsarved.
Thus, ré]&'ilﬁ% fne SRy s[r@ééeJnsthpl:é(atﬁggtﬂah £re DER rgfaigﬁﬁ’&pi)y %a&ﬂ%ﬁ?%lowm g or

e as vi scoel astic di es N.
stopping [hedestl-ranireleasncakBes 2aaY an%rf'dmmgi t9rspesd YidlsagRisergmpress and

consoh&a’%’ﬂfe&:o@tﬁnﬁitﬂ@hfﬂédu@&ﬁe@(dn@&l&nateﬂﬂblr nal of Colloid and

B Rt Teokp L OoTgh PGS CaPo OGS DEEPowT ik in the
presence ofis dllowdtld, rthe bzttﬂ{balcrksdrthe do]lyayee tlsmin blmw&,s ooineted amthe direction of
the ﬂov&e )éggﬁ: It 18&%84;%&8? tf@&ﬁtk P. %E leeg)trieﬁ?atﬁfcl of ﬂﬁsér %cﬁs&yfngr in

as a runctron | n S
Respongq t|0 ar klpwt” Celloidhand Jusfaged A 198 ' plj and Hpigineering Aspects

86: 295@@%@43 dHes, bR ém%c%gbpﬁkmamrﬁed %a&&%a& 1a3PE &heh Produced in a
rns of both ﬁg;mtudegggd frequency_ of the ch?n ges.

flow fie §§)am§qtro§gsmﬁhq: e rE oy, dn genapdl, ) laggp pymber of long molecules
can be @Al it tei sQifadw. tlfhes)@Ihzbyrfom @jre€ t'lioops anst eikfedd out into the solution and

aresep G 8B BUBF W Ch BB A2 “EOUPH: FRRGIT P R afoT back inco

the solugintr Aheredailsare htHnd:t&y@ersferﬂeﬂ t¢ he" toosies.fgvhich qamsb:ecdzrac depse as they
n

it ou SR DERT g, BLACOUNRGS, B Sodfly A1 85 gt

of free %wmga@olpcﬂ%ew%%wwﬁwsts%@éé ficdecuigsihavine loangiangd &xls.

Eh@al@@ dieflikadwh @t PoREMGREe BYideNMPEO) Bthcal fireWRSngly resistant to

protin B £ bF+ iAe Eelg aﬂﬁqrh'éoerg VB b B o gdnors.

Poly(etleylet glpevlWaBerhidiry aad Bd)l@g’idal cﬁthbaitmd AGB Sympt Seit 681@, foherican

Chemlcni §] cmﬁ \@'f %hei‘rrl D) % el%bbgnA%é o%tP%gP% use s\l\éesu?f te Dector to
est abi | Shed coatin system degrada P

reduce Emtjallaadsgrpt@agmé jceld aqlhmwwas mq:dtcabimgdanlg dblos?fmgpss and dlagnostlc

dev1cesr[ﬁ eﬁéﬁn‘i‘egl ek°' E—ﬁﬁ‘tror)s Pfa@ﬁlﬁ P%[}rﬁé}q:ﬂ%aiﬂlﬁkgﬁd E'Bﬁ& eqsr‘é‘ss London,

surabl y or stoppln

bb. 23790 el S g 3P LABE AT TGN SEBEOLHEN 1OanbiPRicHl aglsion so as

to preve q&dfoﬂmdonaﬂamaro@mlﬁ@sﬁhanﬂo@m&@hg st BlowhearfQad hitbtubeworm
ut reduced en trac[;]?d materi als. Further, using

macrof%le}ﬂ?% PO BRSPS RO TY s hP R PESERBEEYY, it has been
sllrowndudeaih, anisntrofie vpcedenceoafingefficientl§ bl effectively, both the

concemg’@ﬁeﬁgbt? ﬁ{fﬁ%lo%?fegﬁgp&% éiﬁeﬁol@g%‘ s;& &%gl\gl’vﬁigﬁé A \r%li &6 innd RS stream

(having[apyedaeity, U-p sheqld i suffie@nly hight to shswe ahﬁmrbb@ﬂni@loy geégorption

entanglérﬁerﬁ%%ﬁﬁ’@%@llt Efﬁ@ﬂ@@fecﬂlﬁﬁ\és thzg:QinleQﬂ #fls eRBEd ?Hfﬁl%f Bt rﬁto the
si cochem ca Engi neeri ng_Aspects 8

stream, Izggqg]t anriapgent OhBealydrngentio the WaHeWHayangsiffusion of the polymer

away erinStﬁ@ﬁéa’;leﬁalpreg@MerdM@TA M. agd Sﬁﬁi)l vakoa, Al ww Difghdon dSPolymer
SOhlth]ilS llllgflgfuﬁ'ﬁﬁﬁlét léo?}lintciira]rgxr{galyrmejf :_ .= f Al l ed Mechanics,ar 8' . i
19 (2), 53 2@0&97&'@@9 Veyinf, r. M. had §mol’ jfﬁOpSA Vh éiTulé))aIeanﬂlftﬁluuon of
Polymehni'h% rgllrl“hyk:p’n] A1 BF R ppRLARRAL A QVand® e@flrﬂ al ks 22 4),
are p ysic :
trail back into
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the solution. These tails are sonetines referred to as
"brushes, " which can becone dense as they trail out
w0 niog/0sd3es f | ow field. Thus, as the flow conti nRPEFUS100£050029

coating can grow by entanglenment of free flow ng

nol ecul es with previously established nol ecul es havi ng

| oops and tails. It is also well known that

pol yet hyl ene oxi de (PEO surfaces are strongly

resistant to protein and ot her bionol ecul e adsorptions
526-531,HaB1]. On the.othdr haind] ad@jdcfs kiyat dSectf EEréle‘g'eZttal)polymer along the vessel

wall (1. 43 !h%f (Igss?lyﬂu?lg %&éﬁ%yr))dug] r%@r?s&eééldl%g]sdwﬁ n?rﬂ)u%a]to the sqppresswn of

turbulerg@hﬁf@etlg/n ar\da\gm qngm@rthat bigh conmggm}lonﬁoﬁ t|h{: picoted PE@rjad remain close
to the Wlé.ﬁeﬁileé%? %&é’arsflﬁctﬁe P&t@ﬁtﬁﬁ tPEstdtflish %@éﬂ)‘f’ﬁlcﬂf Q{tﬁig‘ﬂement layers. The

adsor ptfon and cel hesion in di cal mgﬁ
ability tBlpé%dé]ﬁ% rtangeniind eifclol Hoi8e .sealabwl%tégd{nmueaé} ﬁast#% gjesented

structurﬁlEéi[bzltﬁI hnd Pib@ﬁﬁlf@orﬁﬂiaﬂ Bdes FHoR®verl 50004 shhl1&0hh&88jector (about five
S Lon

degreeséaglf] ﬂov.hs] % il;? ﬁg?e%gerp%%%a q%rﬂa PBOq%ﬁ‘F] %rp/tsﬁ%r&lllve& (i.e., on the order
of minuagh eddochedd ayeas[ KovgskeyVEnt Tirhelefar SrppirassonfindriViscols Blag
Reductlgll 'bgq\?ont Itf@\;]toﬂ{a?l (?(ﬁtl%sa’gerCf%gl soo‘yttgeaﬁéﬁ(f :|I?Stlﬁﬂga Qlf Naval

rm mnmacro
Archlteg‘gg 012 8.ekP08]. nhiape @agtesﬂmapg@gm envphvesriogeeirqydation but continuous

replenishhiRAPSH BS tk€ sGQM 104, BT AphRAt ke AR %b%rt&péds&%wn wWAQHHE result
t he concentration of hi gh nDI cular%xﬁ_ %gnmnd

of only %F‘iﬁfi iPgh&nesppt §ot the %értFméhﬂll Up fRE apbicht gf rléaa
concent{d1Rvi oT §oBme |1loﬂietf},bvxkflélds fM)ch“b tedoptlf Wt-keaCdx@Bitimgnidivgth the Cortana

comor B, B SBLPAREROK! 0RO RO 7B
Effectivepesstaed Eﬁmly[mrof(Mmltlp}eptlimml:ieryémyela@pntrcdﬂhe]nmqmﬁ U.S. Patent No.
6,357 3‘7@?? ehic 1ssP§c9L¢ Matrm délﬂoﬁ te¥hd fealtbiid lity Sf]{};m(ﬁ@hmg longer

usion o € pol yner avvay romthe near-
term and @gprgHonaliydaeqtisal adsongtion pefagrigmentdpysys oman gperational vessel. By

eJectmg " tBh é&lﬁﬁl‘l@ﬁhcpivoﬁﬁhiffﬁﬂoé@ hﬂ&éa@@ﬁl fuPoudentl ErRgiB ALy as sociated with

our nal Mechani cs
additivergeigpici @%@}@Pé@c piiue éﬁtardié@p e resian OLg 9dYs feross the
boundaAlayér and Snol 'yakov, A V., "Tur bul ent Diffusion of

nd Layer. " Journal of lie .
TBLHIEEE R8Tt e o A2 03l APBL Eypon o
just 1,0@hhta heObwhen of &k WaR-8] @attftow tatestof di to d Ottgnasile Bpwdhrodgh the
viscous Qﬁiﬂﬁﬁgr(l @l oeng SQhﬁ) Y(ﬁf?%l adb@ldte {0 es%bhsﬁ g@o%§§§’erﬁﬂ'tﬁé order of

hout I 'nt rodu0| n unst eadl ness w | contrib
tens of mmyt%Su spncadiag shoBrd e bR 16 Rttallhed) élilf‘o%Pﬁﬁ‘Htw Fate digs ipgproduct

of concédiatioRiCy finfeo ﬂfeeﬂttw aed QIQS:omt‘d Hﬁ‘he%lﬁje@ @ﬁ&@hﬂﬁanys (ﬂa@{ely by a factor of
her e
more s GRS b LS IiNre ST FIPRe ST A NG e 4y e fevel of

drag rediledombHendey ntuoh promdmdesa qtangienbdt aldigyeastvosuppsitrgtended periods
of drag f'é%dil@ﬁ(?ﬂ h%} tfl Fiyot ﬁ@x ]6'1 ttlbgs @(ﬁltasgﬁgrnlpé’regfgérﬁgld with

ruc rlcé I on

seawateirbiooes; | K é R Ia A lzmmnl aod Tgpigifa fé]lﬁ@crdpragéi@du@ucfn Yystem on Sea
Flyer,” gﬁ@é&@@aﬂtﬁe Qms{qh?aglﬁﬁ bh@@ae«m ﬁ%oamlgﬁm Kghedr bo

uce very .shor i ved ., on.the order of
Septem 0BT 2564 © Qo A vern Fosgrasg g stumy form

and perfnikp eS8 tamd nMiksd @rLtSeJEEtangﬁaCHdlﬁé(bLQmabyolutlon
nsactions of t

PG PRt R h RV Rayar e BES S8 2SR Ml N raglaive 0
the weightaff fiedsavedrfoamgie me nésseldepends dnribe ammonmtofi dedgi rodudion, the speed of
the vessef hd B %‘T‘tl&? ﬁal@]tl gtrelgﬁ‘wet t%%otfaf &1%% S§[Ramd féstlgdltu'ré rate of

I'S apparent t served adsor pfi on was
resul t
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of only ejected polyner and not the | ong-term buil dup
of an anbi ent or "background" concentration of polyner
WO pooblogs3td ow field. More recently, at-sea expePCTES1088/050029
with the Cortana Corporation fluidics ejector [Moore,
K. J . et al., "Method and Apparatus for Increasing
the Effectiveness and Efficiency of Miltiple Boundary
Layer Control Techniques,"” U 'S. Patent No. 6,357,374
Bl , which issued 19 March 2002] denonstrated the
polymef, @@t dpiloptiyejedtore Btlaleht whh ggpeldand@re dxpemdiaumnelrate of fuel is
al. t . ' enga I n aver
approxﬁﬁ?el Eub%] Wlt#l an? ﬁ‘lveebégéfilt%q%)%{)gl}éééﬁ?%% %%néﬁ%leésfs% \))/v}/tg r\{gssel
speed. Hmowdhl dgs1grt¢@l h]@bﬁpeqdw@g@qmﬁugmuﬁ(émﬁ knots, such as large multi-
hull fentlésagie @08t fu¥l @380 ﬁlﬁqeﬁ’\éxﬁ)gn@éaqb bh Yl% &H&gf 119N, WhESa simple

j éction technjque retards the ra ffusion of the
fuel sucgdlé ioftap@e Cald rds Buingd 1b<@@,mgiwe|adl}ag}ber q{mpqul@ﬁpﬁs water, and of

course dalﬂb’(ﬁfth@ilae ews. dakekibanes of !ﬂﬁ%% dram@gRtiaat pRideedsijen OOér three
ust to

kilograsp SR o P PHTsE Y g et i 8 R ‘f"‘&‘\’/\‘?f]“ disKide. 1n

seawatefr hiveoangh olf e presocust sithithydrgrdation pragiss IhQBeon dBBEd it proceed
rapidly ?@%ﬂﬂ%}t‘sg\{ﬁ&% l}?lgs;cﬁ%ﬁgs %WepéardthLP%r%Eec‘ss 'lppocfug?sscgﬁg Fhou? ftwo

' nu ce the adso coatin S
kilograms phesirbeyhdigxide e eaglp khelframrod pplynger Oxidezed. sqspueRily; oxidation of
one kﬂo%frarﬁ opsantd &l Harexgéétémsprsmefnh&wtﬁa%ts@ IQ}aens%kedcab@on dioxide

than thq g Cq%?wff OPekAea® ot Eheee e attc ol B welh' vl saved to the
weight bﬂmﬁhel%)dpldhdedam dn $el drlleraghDgthe G(]Fh&nﬁ@di@lshﬁat@mﬂﬁ halled@en

generat%ci3 %{ ﬁ]ie\fléfﬂﬁgw aﬁ% Eeéi}l{;echg(gf %hl&%o& g 8$?u63§ t&,‘? glé)z emissions would be

about 93 @dbie tinowmnt thayr dthew,iset heuldbave begn). oTImsx1f dlikdovteralbwgssed wledy were

reduceaq:fy ﬁpﬁ%e@ﬁ tlﬁfggxrl]%%‘r@(g%t ar}oﬁ)@??@%@% L:Mfcot&% dlﬂ C}fufil ‘(i))}]lrneﬁt and thus a

reducticgyaftabenichs seracﬁlz 9@#5510n§)Wé§]é1rh€é§al‘dﬁdt he 26th Synposi um
on Naval Hydrodynam cs, Rone, Italy, 17-22 Septenber

orier SPREHAYEY o HLIRVERARG Tocc, Lo carry, the pdditive i
t o be m xed and ejected in an aqueous salt sol ution.
gre der?? Ven{u?n }sha]em%céﬂ\r/cli ?oerlegis 1s%11%%z'11‘€ﬁ étredutclﬁ}e%v CfO%PlStl(f coating on
a maring avmduﬁual WY@PQ/@N thﬁe@smsedné phd providingdow ﬂm@hstof dfictehmadyag
reductlcfne\gﬂﬁ' tvérgrlow Vépiﬁ?egmﬁfen’é Bﬁ%fﬁ%s endlﬁﬂgs & oﬁﬁfntgi Héh Rbels of

fricti drag relative tot Sl nce
friction dragaigeiation evifatignigepslyyadtced \wmymea eweaeévreéﬁfééfeéfrﬂveﬂ%
traditiohdl @e@lineme}ebtll@l{)@@%n@n dFHeEﬁetE@’cpﬁ'ﬂﬂflithBﬁdés@?@edi)ﬁlfgceﬁﬁjal fefms. First,
Ir.OXI te IcC Wt the.beneflit o
o drag- G et S i ks R s g Speingoy i a IR tht i
charactevedet] -asle gpgh edyerh sghh apﬁre&h wassﬁi $am1er ab tomy oacecerBthtddofe.g., on

the orde:}q @%ﬁpng\slslégﬂ{oﬂsof tl?ery[%?e}; % e cgﬁé’ehﬁﬁtﬁ% tS(glr‘talt BI‘?MI be termed
the "flrsl tﬁlumi”) vﬁhmpr@peﬁlmr@emmﬂ:d émt:ﬂulalgs B@n&mte@éﬁngensally mto a

boundaﬂWé?&%f thel sc6GTY MEQIUGRe ScOHIRRII f@cfwé']@\?ék Q'ét?rfegfésﬁlsa manner that

wat er nd f course car bon di oxi d %
avoids igRidHiTpgAn 6 the PRIYITSE g Dhe e v ey bwemfé g sejcegﬁé flgiderThe velocity
of the sédohe€lukd ¢dTFeaBhtrofledC@sbxample) b dRangRol y¥Ed1 speddy toadrsyre the

) d i nto . water. an ar bon . ln s
probabifi AR R e Eie AP EPmeg otec itk Ee i s Bl With the
surface pna thes svithaslsibed laybsemvtbe surfacpsoaegckestablish the drag-reducing

viscoelastic coating within the desired time. As the first fluid streams over and contacts the
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rapidly after just several tens of m nutes. However,
t hat process produces only about two kil ogranms of
w@ 200008532 oxi de for each kil ogram of pol ynmer orRCTHUE®AS/050029

Consequent |y, oxidation of one kil ogram of octane can

be expected to produce nore than 50 percent nore

carbon di oxide than the oxidation of one kil ogram of

PEQ. Since the ratio of the weight of fuel saved to

t he wei ght of polynmer expended is on the order of 10,
surface tthe1dd@-hein gdyroas etthidlishwolilhdlikavetibgen tigesuefaat. eBedayise the
polyme% Isede[)gs?tte% %%86% 9%%1808 onl;e%%o\xﬁl?{%g Jrq %&r{a%%éﬁ??ﬁgm%? molecules due
to their ehlsgmoaipestuirsa famrladommélrbéemntatm thatfthe tesulgng flémlls
structur¥® §1§cﬁ£m§gtﬁ)§1c"ﬁrt§e dieueR dr RYw3Qc R&Is6 %Bﬁ‘mmfotﬂ's glo Yig'tﬂedsurface such

equate to rou a 30% reduction in
that und&ﬁlaaﬁlﬁ fyansyeysg a@gﬁS.aéenaV@ﬂde&b dupddifon F%bwaré?ﬁt@@ifo%@ having an

approxivR fchRinued duzRbe, tRRINEKnSIIMIIIRY e CHitiddEodiNYENTh i dibestructure,

and its EoS0Y iR S B JRET W B R g S E SR TGy Furher. when
polymersneiwhtas iP&lO, Sumf imsh-like strineurpsirthosmtiof teids hebehprod zdsysgam of
polyme} ?We}se%fcielﬁ%g{ f]'jrﬁrl 1ﬁ£ﬂe?%£{h@g§eagg Ie"sts Ut(rﬁg é&%)ﬁrgedvlggé{rs Lﬂl\’\ﬁ
compresﬁeg langl eQnspldaged. lepqst q‘ilg'm gdhggepqsmp@tpr@qes thnqqshear stress should be

altered, ¥l INhé V&RATNSwd e qaegseréﬁlrxlﬁ{ea o BEP SRAILERILS cbAt@She depsity and
re atlve tO traditi ona pO Mer ejection %stems

viscoelastie REppettios of fhercatangled ddsrpsdlagesn GEAYST gf the @atypge of the coatlng and

the turblriensflow dietll, @g:- filadyiciaog 1spﬁla>dyenca1 pfvcen dfﬁep‘@ﬁtﬁl’n @@dospich) and
non

ablatiorf RSy ARTPT Pnerli £ SRS ity T tkal SProah aggppion

conditiay, irs@aevpi lériunt corfdation suck thrat ehetdeat)s‘dor( Bitqis approxirhaely equal to the
t

iaio et o S0 IRBT A, P o A5 PUTEL 4OBLEAl s

riblets, py fipegs,)the eprpenghifuspeate of e mebimar aeesdsFy tsachiqvgiadpeafie frygl of drag

reductid i€ %Fe%ﬂ%r tr&ﬁﬂé‘c[‘ﬁeilﬁivle)fo 'tHeterege(?ﬁiﬂéﬁ‘i&r shohéﬁéﬁbds)d‘)f dj&&®ion over a rigid
secon

| uid, t

sur facesEPﬁ AcAe tesly as fﬁ’aﬁ‘ﬁ & ﬁelflﬂ%&tr aledd %}smrtgi) F%F%Yef ‘FOF}Q}U&H it is, without
contmuédlgeao:lnydrﬁmtlateﬂ@&ﬁ didveiobatie Gilin yah sedace ok fiitteonsdra®oml the order of
yld The velocity of the second fluid can be
controlled (for exanple, by changing vessel speed) to

ensure the probability that a | arge nunber of ejected
DETAIPEDYDESCRBIEER €s conme in contact first with the

surface and then with adsorbed | ayers on the surface

so as to establish the drag-reducing viscoel astic

Tﬁépﬂe@&t Wiehiidh fje'kﬂeﬂ?%' th&Hod fdfestfaﬁﬁshﬁﬂgea ﬂﬂaffrédlfciﬂgl Wscoelastic
reans over . and.contac r
conting 30 RETE HGUBTL AT I FRREMOBGE Ao [P PHATS U pBgformed i

the orddBewdicsed, bhenqaleyevearily $n sheposia edleant o t he surf ace

ile flo rt urface, the nol ecul e .
@E @lF@gtanﬁﬁ%xWIﬁbﬁéﬁz\?ﬁ ditoa CgP?eéltraF§\§8ﬁlt18n to proguce & fitst fluid
that hasl a@ﬁﬂﬂx‘irﬁﬁjtelgqhe drhedndity 8ha S@ohdAhid thex fAlRSLdek BGuiffhdeMhle Friction
structured and anisotropic in the direction of f1 ow.

drag of fhe segong] fdyd @@mmmm sheajuefinge bding depied debasipdncadnat
t‘bﬁdg chngﬁleeﬁr‘st Y&heRa i§ gtﬁgia)a}rrlt% Ry s)elcgl(i:}cij ﬂuldr}lo 19 g %Ive)rrlhe surface
ani' so rop ¢ and an appr oxi W

in a maG@N thad doeksnos hiiahce dlffd'sﬁ)ntdﬁltlﬁ‘fkdijeﬁﬁd ﬁfst ﬂhﬁ dcBSH ﬂtel figd flow
coatin its transverse structure, and its densit

boundagfa]@yeg ﬂtq«p@C@I@qﬂﬁll apahisrsscang flygd \ﬂ@ms opj%rstgg surface, Wlﬂ\ll the ejecting of
the firstH A9 b&‘ﬁg YEh BShcERREdoA%nd BH re}e%ﬁ&n raf&Rh that a coating of polymer is

ten perce
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pol yners, such as PEO, form brush-1like structures, the
coating tends to behave as a system of pol yner,

wo piwenss32and riblets. By increasing the shear BCT/ESH)8/050029
t he adsorbed | ayers can be conpressed and
consol i dated. Thus, during the deposition process, the
shear stress should be altered, e.g., the vesse
slowed to rel ease entrai ned gases and thereby contro

the density and viscqel astic properties of the . .

adsorbed ihiGF st g6 s aalpe PspolBeeaingElyrere W thider peh ggme; and
Ecﬁ e;%e‘fﬁ%iﬂ;é%,t A J& s FCE‘JSP‘}Q cﬁé@tioﬁlo@\ﬂ’%ef Pg@! fid ¥8%nddiih Wep (a) into the
surface 15 in a cyclical process of deposition

second (ladiswripitetory) thafidst dloidformed {ndegoapinto . seEaplehdd aga oite such that

the ejection rate, the polymer can be in a deposition
meCOM@EHHﬁ%i%ﬂ?”?ﬂW%H?@EﬁVW?BF?%n1condition such that the
PHRRRS tHel AP (bRloRie P nRARPHORE BBARhYaRALS thd Arst NidaMea4dcaBn rate of
~rate; or in an ablative condition. As when pol yner
the firstftidd.tand élee ealecitysu dhariecpnddeidimayshe ganbpledsso asrtofcpiieelghe

the expenditure rate of the pal r .necessary,to..
adsorpipinE HETLE Rl b D wlape sy HP < APIERSTERG, LsgPuge,
entangléReliaR@r ired adsinke tih@ geliedr alerebee itk #&) (b9,HBE bhear stress on the

peri ods of ejection over a rigid surface. Full-scale
polymer adspeption egaaclergat Wueromsienabeday hatelaed onper agretimesto control

. . |

R e
adsorptibhagtanplehieat ayeler Sofl fleher ptee @t she ddsTiAd sLdnDhORSIGRIePAd Oiption

The present invention relates to_a nethod. for .
entanglgraenypiyesh) ey (avel begnreatrs: Hy itud masthecicctish at agatghag achieves
a coating%hﬂi%ﬁgﬁl depd Hﬁltiﬁé @hich\ihd Qﬁ@cion-rljafé (ﬂ?ﬁfﬂ?ﬁ ﬂle:i}rMQ% e is

ol'low ng steps, perfornmed in the orde ?ndlcated, but

balanced bty tiedaposiaion Irate bhpslgopaeontd die ourides.: Howyvar the ngatmg equilibrium

| ynme ith. olvent.intg a concentrated solution to
state miybsimade bRAFDE SO (L6 1Y I TABFBRI%E: el y the same

nsi t S second fluid that f]ows.oyer. a surface, .
ThREReEaRPs o aragnts b HeturdShiot PR Fhofhal PRV ER ppuine
thicknessus frargaibed ogerdeskiceded @riod of éicheced; (b) ej ecting the
first fluid fornmed in step (a) into the second fluid
flowi ng over the surface in a manner that does not
enhance diffusion of the ejected first fluid across
the fluid fl ow boundary | ayer of the second fluid as
the second fluid flows over the surface, with the
ejecting of the first fluid being at a concentration
and an ejection rate such that a coating of polyner
i sadsorbed onto the surface and the coating of polyner
initially grows thicker wwth time; and (c) perform ng
at | east one of ceasing ejection of the first fluid
formed in step (a) into the second fluid or injecting
the first fluid forned in step (a) into the second
fluid at a rate such that the coating of polymnmer grows
thinner with tine. During the step (b), one or nore of
the concentration of the first fluid, the ejection
rate of the first fluid, and the velocity of the
second fluid may be controlled so as to control the
adsorption rate of the polyner to the surface so as to
establish a pol yner adsorption
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entangl enent layer in a desired tine period. Mreover,
during step (b), the shear stress on the polyner
wa@emengiseHn ent angl enent | ayer optional ly nmay BPET/US2008/050029
rel axed one or nore tines to control the potentia
entrai nment of gases or other materials and
consolidate the resulting pol ynmer adsorption
ent angl ement |l ayers. Still further, after the shear
stress on the polynmer adsorption entangl enent |ayer(s)
has(have) been rel axed, the first fluid may be ejected
What isgflaimedat:e t hat achi eves a coating equilibriumstate
during which the ablation rate of the polynmer fromthe

1. A mgtﬁr %?qr&gl uiém?g? gt%grd oy ‘El?e g S Iq%ﬂg{lg%g ﬁ?ggﬁlggllﬂéﬁln;\rdscoelastic
coating %B%trﬁar%yortfﬁddgﬁﬁ? sﬂ&%t L inkdhod IEQﬁﬁ)rlglhg he folleH%ystctf)@ performed
only nonentary). above steps (a) (c)
in the ordep eslictbds buttﬂmnecatss:ﬁe@y mesgquimiaheridepol ymer ¢ oat | ng
hi ckness is mai.ntai ned over an extende riod . of .
b e g ot Sndi o 2aplren S s L BRG fg ee a first fuid
that hasmpbwmﬁat@pynﬁ@ CHrhdllihsTtAh e sdn@ SluRPthhSHYWAGoWRr a surface, the friction
drag-reduci ng viscoel astic coating on a marine or

drag of thvoﬁ@gqndu faid @@Wﬁ@:@verﬂm Wriges bioe deosmied ite bhpduens!;
E]bg e%ﬁ%gglsezﬁrr? 111I e gIeeguent?P é{} 1Bt|3§hé) ge%?ﬁr)l huﬁlﬂ: 1sgbv¢?ru[£e surface

in a mamidr YWae doad i eﬁlhzﬁleé " fiisionrif ehedeje QBT Bt ﬂaid@drdiﬁ) khdztﬂhﬁﬁl flo
produce a first fluid that has apprOX|nateI¥ t he sane

boundaﬁfelﬁgqrtoy thessegongbldyid @s thegeerndrfatid flowne ventbe sytacgr Witk éhe ejecting of
t

e 15 ELE L PREAR 150 SRR [ PYURTO, AN o Bty

adsorbetlionst the lsuiifabefand tigccdating bepol fampr inittadl ytdnew s thoakied with uinek; and

flo over. the surf n_a manner that does not
ﬁfgﬁlﬁ%gdﬁ figSH Brratsroft a]PFeﬁléf BEiSa0T i e fp i 3gigRion
entangl&rﬁﬁltfléﬁéksd HlvaniieuR ARkl ayer of the second fluid as
he second fluird flows over the surface, wth the
ejectlng of the first fluid being at a concentration
an n ejectjon flow rate such that. a coatin f
2. The ol SISk R raish sBlrTe Rl B PR oS % Tht 1 ng
Qhe QRCYRPRItioh @, bF BlelfisidT@WS thicker with tinme; and (c)
reducing the ejection rate of the first fluid such
tthragieqtiva rpisl Qe theddsoilpeli o ent angl enent | ayers grow
T d as set forth in claim
&1'3 mﬁe%%[regﬂltvalog t}q% o% the %E?Iﬁ? olhlg or nore of: the
are con@@lﬂﬁd&d@ttﬁz&&h@d&baﬁﬂlgﬁ)f pJSImeer Issildsdrbed Opto ttesugfaee tvithin & @dsered time
Qlof the first fluid, and the free streamvelocity U
period. of the second fluid are controlled so that the coating
of polymer is adsorbed onto the surface wthin a
desired tine period. 3. The nethod as set forth in
3. The méthbdndset forth iwddilmel, and Glrthetr ngJuding; idngng the sstpeh), tdnpporarily

1 rar|I rel axi ng the she tress on the adsorbed
relaxing GEERHG SBY55B1 YrboHE CBH T @D TGS Byt FHLT g Y Fgucine the
free stream VClOClty U, of the second fluid in order to control the potential entrainment of gases

or other materials and to consolidate the resulting polymer adsorption entanglement layer(s).

4. The method as set forth in claim 2, and further including, during the step (b), temporarily

relaxing the shear stress on the adsorbed coating of polymer one or more times by reducing the
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free streamvelocity U of the second fluid in order to
control the potential entrai nnent of gases or other
woraioenssks and to consolidate the resulting poPgNES2008/050029

adsor ption entangl enent |ayer(s). 4. The nethod as set
forth in claim2, and further including, during the

step (b), tenporarily relaxing the shear stress on the
adsorbed coating of polymer one or nore tines by
redu0|nglthefree stream vel ocity U of the second fluid

free strqam wlel ootRtrenddhed st It cifaigREuof gases
oA S SR AL N0 L RIRB AR LRSI e

mathod as set forth in claim3, wherein, after the

ar, stress, ha el axed, the first fluyid i .

5. The 808 rioah dorether b ey e Thg L2 b L3, the
fluid is 6R8fel Aa EEHEEAtRIonARY Strate @hA WERiBE s WHoGHnd &ﬁul%hﬁﬁ k@ during

rate of the polynmer fromthe surface is bal anced b
which thmblaltecpvgtet dfshe paymenfropdhs sraface it nlansed by Heatsposidon rate of
olme : plas set forth in claim4, wherein, after the
poly 5?1%811 1855 has been rel axed, the first fluidis

ej ect ed at a concentration and a rate that achieves a

coati ng t&w ibriumstate during which the abl ation
6. The fr@f@d@ﬁ seterth i Glaie 4 vereinhalteyuhe dhear stesphashsereelpged, the first

fluid is Iﬁf_ﬁgteg QF% g%‘fcglgtpaédé ?tagor tr%tgl hat 4 zallf:%gt O&Elg% g‘ci‘uilfﬂ?ﬁﬁn sthte during

which thoatilativgh i@apoflthdpolyimesfrainghd surfogel és aldvictd ay tHeydepbation gate of
that the duration of there being an equilibriumstate
polymey gntg e suidfent ary. 8. The nmethod as set forth in claim
1, wherein said steps (a) to (c) thereof are repeated
one or nore tinmes so that a desired m ni nrum coati ng
7. The triethokine set fogh maelnina b neberemehe erntieg eqmitibdupetatod nodde arbitrarily

time : : . .
short so tilat the duration of there being an equilibrium state is only momentary.
8. The method as set forth in claim 1, wherein said steps (a) to (c) thereof are repeated one or

more times so that a desired minimum coating thickness is maintained over an extended period

of time.
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