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ý. rouýýýess efý'ýý'ý ýýýýý thetýý'bnýh the size ofthe buýýýýps cý; ýrnýýIirýý tcM ýýýýý ýýanwýýter oftlic pipe. 
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ýýýýýirt 2, ýýýni. kat +. ýtiriwtitNe of". PVP 

pvpý of ýýýýýých ýi s also k �"n, as potyv ýý ýn. c, is ý ýýýýate1r-solrýrblýýý polyiýýrer°3 ýýýýde fiwo. ý. ý 

the rri"onýrner "ýýýýýýýýý ýýýoýect; iiar ft)t]fl1JIt of It ýýº a 
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7Y 

ýx)ý, ýýrýN"r that ýýý: ýýý ýN 
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ý4ýwpK r ýr 

ýý 
and ýý1ý 

ýýi"1ýrý ý ýýýýýýýýýýý>ýýýIýý1ýýý1 and ýýýý'ýýýr, ýýýrýýýN ýý. ý 
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nd 

is vry k, ýwr n ýýýýýdcrýtyr T1ýýýe potyýnr po''wdr ýis vit"Niýýýý to tight TI1oý¼r in co1'our ard 
ýý I'1I" ýýIiNýnpri has ýý dýýýrý« ýtý. ý ýý of ý. ýýýýýNýrfl at 

standard. ý 
ýI 

ýýý', ýýýý, ur°t«ý ýýýanýarid 
is 

srn ýýlýýýy iisuirý 
' industry 

£S bifld'C1 and a. d. ýi~wýrýJ 

ý9ý. ýýý, an ewýperiä, rýýent vas done and ý 'as f"'ýýitirýud out tkýý in1NtINýýýýn of ý LIts into 

aqueous PV " :P sokrY. tk)ral, ýýýto of he theta ý. 1tcIinpe1ratIiýre and inIrinsiýýý 

ýýýýýýýýýýýý>r7 but this experiment was hoývever conýýýýýýýýl: ed using inorganic salt ttýiýý the 

said ýýctý ýnghý be ýýifýr fiorn tests using tap Ntýw, ýý, ý 

ij 
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Figure 3, cIen1? J'ýc$: I! trwuctiu"e of iIýJyýýýýýýýý, vMýe 

PoIyaýry'Il, ýliniide is Ianau exurnp1e ofatcir"_5lLuublc ipolmierFw ith. an, acrylic group. it L 

, ýýýirl()phiü: lic rlal1ylr1lianý iwilich is iýýýieý fl, SptliV(" 1l0 the addition of ýýýi'tswý; unlike ýýP a \iýery hII 

a., II ineiit1oncd prelý'lkaus1y, IýIh: ickii i{Iwý rea1aflfýýtcd w'ah saft addition. [his porter is 

widely used 
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il li f1ýý. iýýiýýý 
I+ýiý N'ýn1ýýýýiýl 

li, t ýýla.: irýw 
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1ýýar'ch conducted h)r 
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. 
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out , ýýldlc, ýiýr: e ýI ý IýýwI�yýýýýýrý'ýý 
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wýlý'Iýýriýýiýýýý 
1ýý1ýýNF týýýýý ýýýýýýiIýýýýiýýýlI . ýlýýriI lý. ýý: ýi Vk"äuýýd out fiat the 
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shrýiý ' ir. ýý 

, , ýý 
ýwift vvi11 °increase %ýiriii"l iflCl. $iflg salinity and a ýýý. I! CrýýaSCId vo1. um .. e was observed 
i4with 1. iiic'Ir°eJý'ILsiIn 

.. gt, e1"lliperaturie2ý'ý. 

"Fher"'e was aIio1th! (ýr" iibnIdliriLg 'cIailýrrring that the yiýerd siress of ýýýýýýýýcrý'"iarniýe so'ýutio 

decreases wý "ý increasing 

decreases , rýýuý ýtenicperat1Lrre and, desereases with increasing 

concent, ratkýl: r1L'wrýN aAflO'thCr research co: nc1lLuýded. that urýýýýýýýýý; adegradation eflTýct 
increases wvýth decreasing concentration oiwpoýyacryrirýýýide in the soI'ýýýion1ý ud these 

fi, rrdirnrýs give a ; ýýýýgrrifican1ý Iiýýýýýýthesis lör this rearvl~r ývhüch wi. fl be ýýýýýýcusýý'4. in 
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. 
ýIJýNN 
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in [ýIýuýý 

flIoýýýIýý'I dind this is ; suýýýýýofted. ti'or; rý 'Cýa; dd'lls findiný. ý ýwh"'e ýýsu. glýcsted, that 

th(ý damping 'of t°ui, rl°bukný by polýTnerr addities is drrrILrl to their high resistance to 

ýI! k)ngat. iIo'rra strain \'h1hchr acts itýý, ýll supprlýss rlýtrec'ýk förnialtIon fl(J in. the 
%, ýiI ý 

,N 
IPýý� 

". ', IIaýýrrýiý, ýu"býr "t aI ýt, 
conducted 

art 'Ný 
ýN NI Iý ; ýiýl ýýýýýýN ý'ý1ýýwýwýrNNýý, ýý>Irýrrýuýýrýýýt in order to study t; ýýýe 

phNNIýIlsica. ý beha, or of iiuýki f'Iýýýýiw and[ ()'ýS'Crýve(i that h 
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igh po! ým .tr ýýýýcentratýorr. 

apars to damp the iiNnt, ertäcial iaýýýýýýý ýprent üi the; flow. iiey also 

observed 
Nt tý °r 

1NI 

ý)rýýN 
7NI the MNII that ýrllý r, ýýIluwllýNrrrLC+u rNIýýI, ý`~ Iýýý ýýýýur"wiý1 , ir reduces t hýý ýtýIl, ýwl, ýýlýýlýrýýýlý pressure gradient and 

thiI"J effect of ýý 

rnore significant diue" water výýocity iricrease1, NIýIý.. + ANNN , 

AI. 
ýýA. naýý et. &. L 

Nuý ýýýý'ýýN, of 
r 

ýýIr°rýuýllrýrdýýýý, tý1VrýýNýý, ý 
ýN. ýI s ir, ýýýýý ýýItrýýýe r, rýru týýrNbýrlýýlenl flow ýrýýtýýlýýrid ýýý arrýuu'ýnýaýý flow but N 

however! 
iý+rA 

.* AbduJý rl3ariii 'et'» ý&i. disDve. r'red s'igrýificarrrt, findings w te the 

ýýýýýýýýenc: y o' ý)R)ýI 'iu reach a maximum point at a ýerta,. rrr Reynolds ý. eynolds number and 
'U ý"M .ý' ýr NI 
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of iý"ýR. ýýý SUýChas rno! ýýuilarN i'; iýlhi1k of` plo 1yin1ýýýý, so1ýrbilit y, concentration. couId point. 
, ý. drMý, ýý ýý ý weýý: M et. wý rýý"ýýýýýIýýýýrýýý and i1iýýliýr ttr, rb rýýýýýiýýýýý.. In 2008. H. A. ýýi-ýýýAL cýýrMýýuýJýýýd fýýný 

ý, 
their experiment °ýýýat poilyiriiý r d+ýýradat'k»ý ýýduce: s the drag. wuýýdu1ýýýýýýýý ef. flýýýof ý 
flowing s; ysý! eir11 ýTrd iMý is also irrientlMonod in, ar"roflýlýýr nýwse: arch p ýcr that pIýýynýer 

ý utýoýý arýýtýýýrýýýýýr.; ýý, ý ýý ýýuýý°ctix! byr inlcctuuiicai +ýýegnchdion, which nay sut in 

shorter Ir~ýf drag ef"fýctiirenessr8 thus is C: rLrýýýýýto 5tud; ý the eýýct 

of d{eg. radatýi: nn on the drag ireduction e: fiiciýenc, yl. 

Later in 2009, Ahýrd Kamel eL ai&L nýýtudkýd ýýýýýýýý ctiýct. ofsdýri'iity nd temperature on 
drag N"cdtIWCýýtkbin iýMcýeriucy andI coInciudi týro irnpo'rýant finawýýýýýgs are; an 
increase in e11ýýýýýLire ýih7rid ýýýiiniitredýýýýýýýcs drag reduction efficiency, and the 
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ýýwl are' 
only ý I: ýýýwwl ý 

ýuný ý ýýý{ IAýIr 
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,I +ýý r fý. ýruýi. iý°ý fý ý'ý! ýi tý ýýýu ýr ýýrýuýýý ýýý ýýýýýrýý ý'ýýcericy ; ýý ; ý� ýýýýýýýýýý ýýýýýýrý on liýýý,, ýý 

,. rr°ýa, r ý ihi ýý r ýiiýfýýlýr'uiý°ý4ýýf ý ýýý ýý µýý lýý ý ýýý�w ý ýý 'ýýr ý ýý ý. ý by ýý. ýýiýýcýýr, ýý b' liýahrn ýýtý auý ýr thýýýýr fýýýýýý d out 
that the . 

hyd. r°ophobkt, yi of P'P " ý°ý{ýý : iirea9ýýý "itlý incirýasiruu, týriýýierturea. ý, It rýý. y be ý. 

concýurýýýý from the °. ý fi. ridinNgs tha1ýt an iincrease 'ifl terrkpý! ratu. irý ýýýýýis«e°s the poyrrrer to 

. iflix ir.. pro"per'iy in the s: 1, utiorý thus recif]Lie: s tiýýýý drag rýýýu. ciung efficiency , of the ý 
In other vvorids, ibýlr+resinLg the temperature ýýýý ýýýuse a. decrease ir the 

ýr)'jµ of ateuiM11, which 1a, t'uNr Ir'iIl"ces the iinteractk, ýn pofyýýers in 
SOUtk1fl and turbulent f"Ioiw, 

w. 
TThis stittm1eIrit is fiýirrthr u, ýýýlai1ýýýý dth. J. ýýýýýýýon in a 

t: echnic. ai paper where it is w, n'LwntkýrMed that o; ne of the key f'ýictors governing, the 

aýýýIo'unt ofdrag reduction acheubIle in a giiýý'crw systený is; the soýiubilkitýý of the 

pIoýlyrner in the continuous pfýýýse2''. Fhe e, I: iýct of t'emxýrature orý drag rýýuciýg ag; ent 
is nhwo ex1ýý'e11`iýment&d in another r'eIýearh there it is said that an increase in 
ternper°ýa'u, re iNi lresu1ft iiuý. 'e, Noiriugatiiona1 viscosity . 

i'hiic: h increases small eddies and 
tub'jiýiit flýuctuat. io'rusý r. These f'iiniJ'uinlgs °%ý, r. ere the ` 'ýýrý, the rýýýtivatýý of conducting the ý 
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"Mlt, Us1'l1g iatell at 
ýýiflbllilw! 

ýlýt IýAwllllýiýý1ýýý1ýýlýlýlllr" 

9 



Cii a'nter 3 
'Iýliiý oýllýlýýýýl ýIl, iý ý, ýý; ýý ýý, ý', ýIlil 

wý 1wrojecýý c°tiývftk 

TIItiiýlik S'JIectIýou 
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oýýn ýo"m ý ýuý ýýý ýý mý ýýý u ýir ýýý. ýý ni ýý ýiý ný. ýý. ýi. n. ýoým. ýýu. n ýo ýýý. ý iýý m ýýýi.. i oiýýi.. ýi ýiýý"n. J 

Mýý ýýýýN ýýýýý ýýc ýi 

,. . 
ýý 

'Iým 

II"114ýIIInn. ýll"ýInýý"lllinpýlliýnnýiiý n, illý Iý"In, lýý", l dýýe.. ýýý., mýýu"m. ýýý.. ýý.. nýý�ý"i, "ý�ýýii. ýýi, ýoý ýinýi 
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1hiis �nýXp(tiiýfleNi1ir wiülý he using Pýý ýýd P'Výýý' sokn. üons at ý. ifiýrtnt 
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"I ýNIýý1ýý, ýºýý ý 
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ý 

ý ýýxp'ý: rý, ý: rne: rnt,, t: iýýý ýýýUýýOUS SO11J Lions were prepared in two sets; fiýýýs. h and ýýýýýýýýed 

ipo1yrnr, l 
here thýý 5°th poiyiýier solution was ý)rýýare(i byr the polymer 
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r� ý 

IIpI'; ýII'II'11"Il g,; h 

mný 4 

*l 

LýU, ýýýý 5: ' iýýýwýýýýýýýýýýk oF eý. ýýýýýýýýýýýýiitýýý 'tu, 

ýppieu 

ý 
ýIbwl illyýlI! 

ý_ 

Fhý ýýýýriirner. tauE ýýýýttrp rr'J üý th; ýýýit. rrdir üiý'ý ýýý"° t. ýýý ýýýý. ý�ýýýýýýýýº wý wo 

G'OITI'pO; r1Cfl1 

ý) ,, ýý 50 ga. llon rrrrýý 2()'() . L. 11Or1 fiýýý fluid nxng and storage 
iiyl ý 

ýý ý-: 
rýý 

ý, ý ýaý 'ý1 iýý, ýýrýlµý'ý+'ýý pipe ýýý, ý at the i 
test 

section ý' ý' "iii) 

.A r'c'iiprýýýcal ! pu. rýip Iiýed tEiLe titiiid to the test section 

iv) P`nýssuire g; ýirrýge 

rT, ýýe support structure tbr the týýýýºýý ýýtcility consists of"ý ýýýýýýýýed ýýýýýýýýý and ý ýýýýýýý 

ýýýýýýýt toi%iºrN strýýýýýýýýýýýýý to &Hlo" s+ýý9iNc: r'ierit potential e'n&r ýý to feed th reciprocal 

Pu "1 1ýp. Týýýýýý ýestt: kýwn consists of ýýýý ýýýýýý ýýýýýýng galvanized. ýý ýýý ýýýýýýýd the ýýý prýýýýýýýure 

g; augýýýý rs 1ocal°ed at the eýýd of test ýýýctiýýýý vvierý the 1kMýýý pLtt: erfls are considered 

to dýýýe1ýýped at týýýýýýýý Iocaton. Jýýýýýýý ýýSt flýuýýýý ýýýýýýý ýýýýýýýýýýý ýýýýýo : ýýýýýnip ýtank. 
: h+ýýrc : flýýýýýýýýýýý ýarn11ýýýIe 'viii be ýýýýýýýýýýýýýý) fýýýr f'ýtrthýýýýr anaýýýsýýsý, 

ýý 
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"i"IiirC, experiiinuentai setup is IS ýýýýýýýd . 
ir A. ýýýýenýýix 1. The exýerýýýen. tý. ý 

prcuccdure för runnhN°iýiý; thýýý ýýýýýrýýhiýrit is 'rýý ýýýýýýHo+i ir ý. 

i) 
III ý1ýýýIIW 

111NN 
IIN IIw tiýuýlý IIN 

i)uý 
IýI I 'r Iýýý ýI.. 

opened 
I 

ýýýr 
Iýý. ýId 

:ý anValve ý. and ýýII ýýIýýý 4 arc ensured ýýe 
\Iai*e 

.2 
Iýýýnd 

Výädvlrllr 
atµýJ 

^IWI. 

iOSýryW 
IL 

M" ýIF'i 

Iý 
w IN I' W 

ý: ýpý 
' 'MIhýý 

Iý. ýIýýý: rIýtýýrýrý begins °ýýýýýýýn týýINý pump ý 
ryýu 

stýaIlýýi. Open the N 'ýýýýýA point 

o'titlet to allow tIiLl solution to enter ,, ý, I ýýhýt, I, w water flow. 
i11i) iIIreIýýIIsiIr. re IriýN'"IIadI.. n; MI is ro'>r"d II.. 

i) "rN°I°CTII,, ''ýýa; IýI'r! I 1 anii \aive III 
ailpr 

ýýýýsedIN Repeat p>rol°ýdue I"ý to ýli) wý. th 

'Ji"ff'ýýrerlit "poýýIIn°aýer 
sIýýýutkal: ris. 

3. I4. ; I)atn : ýILCiqi1wiSlit1Ofl ýiýý ýýýýerimenta''P 

Vit; h the 'data oiaýýýýned ficm. he experiment, ,° ýýýexperiment, ý, h,, ý fi1Oýryýýýr' ýfl )ýýýµýýýýýýýýýterý ýý be 

requýI1uýý to aflo'sv : Iiirtherý ýýýaIysý. s for the experirnent, 

III 

Thiý ýýýýýýýý ýýýýýýiiiated using the tb'ýýowir�nýý ý, eý: ý ýEýýýn as 9ýýýýý. iýýw, ý. ý 

Q 
ýý 

IM 
Ii 
Iý P 

Mý 

ýiýý 

wY' 
'iMI au . iwlxxýluMrwriwi= 

ýFIýýVIull. lý 
, 

YryIý 
Ifyý 

I+ý ýý ýw ýiý 
V= 

ýnr. rx 

ýwý A 

n 

T ie flurýýi vouniietrrý ýc ýýýýý ýýýýý, 0ý ýýýýýý recorded by meas&i, ýýng the time 
roqiaýirNýýýýý ýýýýý the water to fill týýý ýýýýýýý ýýýýýýý at ý ýýý(xi'ctermmed vo. hýnxý,, v 

()I: ̀ OµO2525m ýr The prýýýIeýýýýinýrýýýý ýýýýýumýrý,, ý', 'ýý ýheý ývki. ýýýý ýy the 
time rrýýx()rýýýýýýd1 at errch. r°unr lo o1ýtai. r^r volumetric flow rate 

(ýr 

Numerically. 

1ý  
ýýIý 

I 

ýNMHýM NWNNMMNWNMIMIMIMMYMIMI 
'[Y'N. 

ý11 ýIIY 
ýýAr 

! erVýý ; 

Q 

. irMw Vot numL` 
tII' 

Nic 
flow 

rat 

Aý 

(in/s) 

d 

iýý ýý: 
fr iý1k4jýýfý wýýýýýýin, ýie density (kgfm) 

ý3 



Fluid . ýýýnp ýýý vfrositýýý (kg/in . . ýý) 
t :ý ý'. ý°ýJ%ý (s) 

ýýýýýeterýýjned ýýýýýýýýýýý ýýý ýýýO258251n 
ýý Iý, 

ý 
ýI ý 

ýý 

iý ýý Iý, ý ý 'ý 
ýý ýý11 

ýL 
ýr 

ý 

io 
Iw ý°ý 

rý 
ýý 

4m 

we wm sectional i ý, area = ý'Lw0ýýýýý, ýýý67 im, 

The drý nsýty ; 1r1u. d the viscosity of the fluid. is measured by tak. nnýý ý s. ýu. pk 

after each run arid hýýýýý the ýýýmp. ýýý ýýýýted using COiTeSp(mdiflg 

in; eas"wýer°n. errt ýýýquýpm+ýnt, "1 hi experiment tbcrýs o. r. the effect of drag 

redud: riorr pe: rýýý! fl, ýý g4l only ýn. turbulent rýýýýw (Re ýýý 4000) thus thc 

voýurrretrk floýýte,, Q' wifi be r. rýanipulat wý to ac. 'ýýýýve a range of 

RrýýýýýýýýkIs rrýýýýýýýý to rrrorýý than 4ýýýýýý Providentially, the ecproca. 

puruýp used in this cx, perirrren. t is ýýýýýhk of p. uWýýidirý, ý�. turbulent , 
ý"ýýýw ýýr, ýý. 

ý. 
the! dcwý. iganýýd syýýtemrr . ýýýýý there was no fir. riher trýýýýýýýýýýýýýýýion n. ýýýded fi)rw ýýýý 

odýýrý Reýýýýýýýs nurrtherw parameters. 

. 
Dr caku. bt'ýýýýýi 

Pressure dýýýýý reading týý: rrýýýýýý, ýýý the test section prior to and after the 
ý rýý 

ýddiýtiot"VI of po: ýýýýýýýýý ýoiutkýýý wil. G be required to cakubte the drag 

ý. ýýýi u'ýý 
u' 

ýiýýý. 

ýýýrýirýý 
irýaý. 

aýý 
(%CW) iw 

ýy ýýý, "ýVw i ýýýýas ýrýwýlar ýý ,ý 

w WNi 

ýý""', 
y ýINMNMý 

ýýý 

IMIIMIMýIFwry WMýxM1wlMiwwwalwMeMtwewlwM, 

, 
ýý dýý 

ry 
'ýIy1 IýYINyý ýM , ýRy! ' ý 

"i 
ii) 

IýI 

Iý wiiý w IMlwlwi I IiwixlMnxi Iý'ýI xl IxIMIN PlxryMiwlMiwlxiMiniw yxllMxylulwiwwiwlwpWwi Iwp 

The rhcokýgicýil panunetýýýýs ofýýýýý pcýýymr solution and ýýýýýý fiýýd wIýýýýý be 

miesured to allow' ýýýýýtheIrý anýiyýýs on the efýýýct of the ýýýýýýýýýýi 

properties oft'ýie IýýýýlutNoýn on drag reducýio, r prförmance. The parameters 

n+wýlLXieýý to týI mýýasiýreýi are de'nsitýyý and viscosity. 
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lý 
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ýIý ýýýý pomp speed 
Figure 
ýýý and 

Figure 7 
sI wcthe effect 'of drag 

reduction efficiecy 
f 
arýý! dcI', rad. ed polýýýýrýncý" 
iýý7r ýýýýýýýrFeýý pýýýý ýrýýýýýý ýýýrýceýrýýtrý, 

tiýýýýs 
at high 

ýýýý: ý. 

ýý. p sýýýýýýýcý" lýý. ýýýý! ý, be 
ý ý°ý 

irrnlýýr~r~nrýýý'd 

froiribotrh 
grmpiis that theý 
rýýýag ýductüMrýn 

s 

more 
ýýýýýý. 
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ý: 

ýýý 
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pumýý speed ýýýýiih; s 

n 

an 

increased turbulence lievell 
! 

Io l" 
tiNik'fiýr~waY 
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K) 
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Figure to : i: °rnNrulýuaýGriiýwrý! riM cirli r'Virag wviduc uküooim ef'°filirlerucy of fnesh and degraded imlymer's with 
cfiffirc`eummv c, ucccwc^nmtrwmtfiamwmamc at high pummummmp 8mj*, tA 

ý. iýpýýraaaw a'; aurrrcl l dkulniarc. slrovm the ,c fllc, c, t c, f trag r educ, trcrrr e4`fia~ýienicy of fir, sh and 

clcý, raaulcr+cl Ipcrl;, }°urrrc. ar ii: irr c. laf: lc. rent fw;. rl; y+rarcr c. c. 7ocer°ut: r°atryorrn, u at high prarnp sgw.,, c: d,. It can tv 

l. rrla�rrxrcll Il5rc. arrr frcrtla p, graalalr'lrss tl4ruat� t: Vhrr'ý. drag roalrarc; t; lora is rruuarv significant at high purnp 

s; f°ac. c. ci csc7hrrrýurar°cncll to that of, 14.01411 pauar: rarrlla sl: aMt'. r, ', hd.. T'l`raüs c. rfr servaatlc; rn ä. sa dcr+r; a t: c'r tlae tarrlmaaleruc. e 
lia. ývc. f p: rirc (, rats, a iNri t; lamý. s,; y"ýýnlc. rirra a, al'rvlraiýcla pi^s wtircclaal! in fýrrrvrcl'lraý;, a saaltaalýlc ra°rc. cf'lrarýr liýrr 

the frc: +l; y rruc,; a w°, t: a. r be c, fffresictlvu, High pump speed results in an lrac: rcraa. scnal turbulence 

lA, e, 'va, YI the f'llc, rvmr rwvlaaic: llu cscrrassexfara.! rrtl, l^ cmrrsc. s" lsaarfw; e uwsxllclnes to collide thus, ibrining 

rs, rriallc. r aacla. lii+r. s in the Mm". "ll"lae rsrrolec,, aalens^ of' lxalstrrrrýýWr i: u"wt: rcdarcecf', to the flcw mi, 1'fl 

later part 4; a1l these c, clclicss, saurp. ýfrrca"siirug the cefcliensss thus eventually impede aaray. 

f'°raartlhuc: sir 11'l° irrrnaatiiicsru c7aK'c+: ", i, lcliics. 
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Il Ijf; ak? '; fl`': i i1b41: V"rl�ed'iyY bW. at pkWi'V4wäQ 
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Figure 8 'IX'. 'ecta of paAyruer aerucerrtrat'ious to drag reduction efficiency for f1rv. rtr p; rtyeuer at 
With Im said high pump speed 

["'i, gurre Sarrd Figure 9 ccyrnlaarr° the perti, rrrrrrtrrce aº1'tlre ftsh and degraded polyyrrreýrs 

res»practliveNy, at diffiWrerrt mrrrwerrt': ratious in 91rractiorr of pump speed. As, can be clearly 
SeCrr in tlrc.., e two figures, the dra, g reduction percentage increases with increasing 

polymer concentration and this is especially truro. (br, 1PVP. This can be explained by 

trnclerýstrrrrcliraý the ii; ut that increasing the rrc)l, yrrrer concentrafion subsequently 
increases the number o9C" molecules present in the flaauw-, thus leads to a more efficient 

cIra: rpi, reduction system as more molecules are involved in suppressing the eclrJic: s. 

l''igpc rc: 9 gc. rwrul'ly, reflects that degraded polymer gives an almost identical 'drag 
]rmiirlict; iorr pattern as the concentration increases, but however, it can Oe clearly, 

observed that degraded l"''VP at high pump speed gives the highest drag reduction 

lrra, ac cýcrrtan'ps'; cýý ýrracl. this is especially true fc. ~, rr, lfour out cyl"siar concentrations tested. It may 
he iirrlk, c-red l'irc7rrmr this finding that PVP is more resistant to moclunical degradation 

compared to, PAM due to it; capability of'giving higher drag reduction percentage 

compared t: o that cal"l', '"A. N4 
, 
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i~"ig, uwiwe 9, IEffwxtw of pAywuw+u ur cowwreuutuat'iwuwws to drag reduction ýffiu; mu: uý. ), for dugnAuted podNy' ueu° 
at both low and high pump siaýed 

Vlra order to ; auryaVlyare the previous fnf'erence made relating to the effects of rA)lyrr, ser 

cfcýý, rýuýfatrc°ýuý, charts as displayed ln Figure 110 and Figure lI I are constructed,, Figure 

10 slacamrs, Eliot the drag ý-°duatücary percentage of PVP is not as significant as PAM 

(ý'''N1gure 11). For irirs°MtanrWe, 
� taking 'ý0ppinýý"rar both po9y°mcrs, it is ob%ioustfiat the drag 

reduction puMreerut, aýfye caused by polymer degradation f; 'f-)r PVP (Figure, 10) decreases 

from about 20/""n'a to about 1"$ý� 'W11llSt fbr PN V°l the drag reduction percentage depletes 

from 61,, "51K to 111r1'). 

A (lccwurcim, in drag rc, cla. anýrk: ia. ýn arý: 'ýcicaracy, due to mechanical dcýýradantiýýýý may be 

explained by, the fact that clc, giraclatiora iaraýwnsrsilýly alters the fX)lyrnerstructure caused 

by chemical reactions iraaitiatcMwral by mechanical eracrgyra2. J. Ni Maerlcer, cwt al, 

cälrýcýý iºvw.. irt, ýcl from their r~pw. search''`'4 that there will be a slight reduction in the motecular 

106+a, iik, h1t nyl the pjcýlyarnurr when it is degraded mechanically. This finding may be 

explained rrracnre by Alaw; lcalý-Alirna and Hannrielec where they tbnnacl out that a reduction 

in the rrra ale, cnrlarr weight , ol''the degraded pcul0yraawr is more pronounced with the higher 

raura�ºl+ea'curlianr rswrýaýiýi; ht liran; tircara'a. "l''lrase literature rwa+wr'iwcwws explain why mechanical " 
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ý cfradlaif: ianr prrýrc�i, a 4>i¬; rýýuN'ýýlüc. ailr'lt decrement in the rýý-u. ý, reduction percentage, for ý'Aiýýý:, ý, 

ý°r tkurc t''04 that is used Fcm this research has a molecular ixeight of over than 

5, rOOiO, 0O1() (Aiq°)pend>ii. x 8). Side-to-sk(e ýýýampacr%son cafthese twý'J figures xs att:, achecf än 
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Fhgyuha 12 and Figure 13 below an7lyze, the drag reduction percentage of &esh 

j°aaaA. ý,, rhnears alt 21010"pprtn and 300pprn and confirm that PVP gives the highest drag 

in percentage at fw)t: hhm concentrations despite of' the pump speed except for 

"P3tJOFrpiwr°t I''N"T' (1. 'igurr 13). It can be obýrwrxJ that the drag reduction of PVP for low 

piviirija spiced decreases florrr 7% to about Pý as -the concentration is increased from 

210OxaPrnu tc, 30Opprn and we can deduce that the optimum concentration for PVP at 

lovv IPrrrrrp, speed is between 2010pPrr°r and : 300pprrr. 

12 
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"Z »Dnrrng nvrdnrwl: tiarnn effir'rierrcy rnl 1D08h polymers At 2(*Pprnn for, both tow, and hkh pump 

, sNtd 
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r4 

5 MhýM'I'IiIIýýý'ý1ýý 

A cornrl°Actc study of' 1'low, ttest has 'been performed usirig two types of' polymer; 

polyiaucr'YlaurnuiclN, c, (f', acgA1I) and p+nly'viirr; y'lpyruroliclona (P"4"l? °) and pressure aller the 

addition of lsralyruner° mflutiorr. war. ý; exlrer°irrrentaliy studied. The drag reduction 

Iplerc, r~: rrtaýl; n: was investigated in firnctüorr. of Reynolds nrcrrrrber, polymer 

cirirrcrýirrkrýticrru; s 4rinuc°i F"rolynnruer clegraGClakionu. � 
Based on the experimental o1mrvations, 

the c(irrc°lrrsirimýs are as l'i°: yllic)"wvinýg: 

lI'catýrv inyllNýyrrclTilclane (P"Vý1) gives the rrncrst sägrnifä 

poircerr tr119; C. 

0I 

reduction 

As pýnrrrrri speed d'üre4I Gy, proportional to Reynolds unumbicro", observations, 
depict that arn increase in Re, )ýrua, lds numNr results in an increased drag 

reduction percentage dare: to lairý; eý eddies collision forms smaller eddies in the 
flow. The rraol+tacwerle<w caf laeAyrnnear introduced to the flow will later be part of 
ttre-., e, eddie, s� suppressing the large eddies thus eventually impede any 4'itudner 
fi", ta-rnaati0111 cal''ewclýcliieus, 

An increased r: lnrg reductiaan percentage was also ob. wrNtxl at an increased 

pAyrrner, cconcentrations as higher cwow; xrrA: ranticrrr, s results in an: ixicreased 

rnnnrribrMrr ra ['"rmcrlwryc; rnlý, ý ýrrrýýlýrrasýýirrýýe the eddies present in the flow. 

DR. a? k c ffivoierrey' decreases if the [awilyrner is applield to mechanical 
degrrrdrrCº+crrn rr. 5 the phyrº: kmi pmopenäcs of, d: he iw)9yrrrers are dc°t, erkmaked, 
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IY"cº rriVr'iww flrrther improvements and better rnteq, retatior~R, s in this study, the following 

u aawu°°rr°rrrrreirrýýtiu °ý. ý are srrgý"ýavataJl: 

10 

0 

It is rsuh: s, ta: rrtially crucial to rvplace the cAr4, tlrrg pressure gaugewith pressure 

clrcq; r gauge OR to add another pressure gauge in the system right before tile 

first valve +ul"the existirrg test equipinerit. 

i'cu change the reciprocal pump to centrifugal pump to a'vo'id the pulses Thai 

resrnlt: ed frr. ýrmn changing dischar'ýge pressure orlrear9 of the prrrrrl'", M. 

Since rutilia. irtg reciprocal pump causes the gauge indicator to be constantly 

rwrravirril, it is inst recommended, to use camera to capture the pressure reading 

, at desired, instant. 

w üinvcs, skigatýýýý the ýlYee1: of vertical flow ýsy:, tem on the drag reduction 

Percentage. 

" 'lb hnweuctul, ate the effect of'difý'+erent DRA points on drag reduction. 

0 f"cr study the ef: fects caf`q: ýipc diameter on drag reduction efficiency. 

"Cc, u experimentally study týhc, ý eaktik)gy properties of the polymer solutions. 

0 To relocate the pump right below the water tank to allow the, pump to 

quickly filled mn"%th, the fluid. 

To use higher polymer concentrect'lcrns. 
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Completed experiment setup 

Rea:: ipwar+ca9 Pump, (Moda'ti'la floaýda G: ) , essure gauge, configuration at the end 
of' the test Section 

Appýendi% 2µ Experwcrrrventsetýp with the components 
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