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1 , INT RODUC TION 

f l ow t hrOu9" po rous med ia LS o f g r ea t Importa nce because of its 
man y irlduslrial a nd e ng ineerIng applications suc h as filtration proc 
esses , chemIcal I nd us t ry an d packed bed' s technolog y. In fact many 
irldustr i al processes invo lv e non New t oni an flUid flows throuqh porous 
m~d iurn as In OJ I and chemic al indust r Ies . From t he poin t of View of 
drag r educti on, the flow of non Ne wton ia n po ly mer soluti ons in porous 
me di um 1s vary in trestI ng due to the f&c t t hat the f lowlng flUid 18 
sub j ec ted t o accele r atlon as we ll as decele r atlon . Un der such flow 
conf Igu rat i on polyme r mol ecules a re s ubjecte d t o s t ret c h I ng At suf f
lC l en t l y hi gh strain r a tes a nd e l astic e f f ects appear . It Ilas been 
postula ted that the r educ tion in fr I ctIona l dr ag of t u rbulent s hear 
fl ows IS ca us ed by the h igh res i s t a nce t o stretchin g wh ich characte
r i ze polyme r solutions . It inhi b i ts t he s tr etching o f the vortex 
st ruc t ur e In t he ne ar wa ll re gion wh ic h de lay s the developme nt and 
ejectio n phases o f th e bursting cycle [ 1] . 6y doin g so . t he f r eque
nc y o f tu rb\Jle nt bu rs t e j ectio ns from l he wall de c reases compa r ed 
Wi t h t l'a t of Ne wtonian flU Id flo w. Thus , the generation of t urbule
nce 1 $ decre ased and subsequently t he fr i ctional drag IS r educe d . 
Accordingly , t he st udy of the behaV i ou r of drag reducing addit ive 
f l ui d flows In ext e nsiona l flo w fieLds c an pre s ent va liabl e infor~a

tl on to e,plslrl t l'IC Il tlenome non as we l l as ~upplying data f o r pr acti
cal appl ica t Ions . 

~Iost o f Lhe sLu di es we r e conc prned ~ lt h inv~sLiga t inq elol19ut 
iona l flows of cOll ce ntraled pol yme r s olutions . Flow fields such as 
i n expa ndlllg Jet , throug h o r Ifi ce , between cylinderlcal rollers and 
through porous me di um \'Ie r e ex pe r imen t ally s t udied . In fact , concen
trate,j po ly mer solutions e xtllbi t non Newt onIan beha viou r everl In 
~ l mp le s hea r f l o ~ . Aithough these in ve stigati ons a re impor tant for 
eng illeerln g ap p l i ca t ions , th ey a r e o f lit tle bene f it to dr ag reduct
Ion . E~p erIml! n t s ana ana ly ses of conce nt r ated polyme r sol u tions In 
suc h el ong ati on a l f l o .... fi el ds wer e revie we d by Sa vins ( 21 . The work 
of Da ub en and Henzle [] ) was th e f irst to stud y the flow u f dilute 
po l ymer 50lu tions through porous med i um . Th lS was f ollowed by the 
wor k o f Jame s and McLaren C41 . Exper i men t s sim i lar t o t he ir s we re 
earne d ou t by El ata et 81. ( ; ) a nd Nau dasche r et a !. ( 6 J . Elata 
et a l. [ 51 car r i ed out the i r expe r ime nts using Bol u tion s of di ffe r ent 
COnCf!n tratl on s of polyox coa gul an t rI owi o9 t h r oug h po ro us beds of 
spher ica l part i cJes unde r la ~i na r r l ow co nditions . La ufer et a l. (7] 
stu dj ed the flow be ha Vi ou r o f t wo dl i lit e po ly mer so lutions , PolyoK 
WSR 301 a nd Separe n AP 27' , at COII C6fltr at ions as low a s 25 wpp~ 
Lhrough po rou!) beds o f sphe rical partic les . Ihe result s s howe d that 
po lymer ad d i li ves i ncrease t he pr essure dro p by 2- 10 t i me s compared 
wi t h Ne wtorl i un orle . lh l s i s attributed to t he i nc rease of st retchIng 
res i stance . Al thou gh the scatter of t he exper ime ntal data av a i lable 
is wide, t t'IC agreeme nt In trend is clear. 

The aIm o f thiS wo rk is to s t ud y t he flow of di lute po l y a cry ~_ 
mide so l ut i ons Ltl fOIJ gh po r ous medium of ir regul ar sha pe pa rt i c les 

(sand) unde r l a mI na r, t ransi t ion a nd t urb u len t f Low cond i t ions . 

THEO RETIC AL BA CKGROU ND 
The dl s c r lp tion of a Newtoni a n fluid th ro ugh porous medi um is 

based on th e cl ass i cal e ~perimenl o f Dar c y' s law fo r one d i mensional 
flow ( B1 
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u i~ the 5upe r flC Lai veloci ty . ~ i s the dyn amtC VISCOS i ty and K 1S 
tRe permeabll,lt.y of the porous lIIedium . Tho quantity K dcpendfl on lhe 
~t r uctu r e of the porous lIIedlum as wel l as t he f low regime. 

The mos t common model for th e f low In 0 porouo medium IS lhat 
known as the capil lary model , 1n this mode l , the medium is rcorescn
ted by a solid permea t ed by an asse mblage of t or tuous . conllnuou~ 
cap1llar ies , which have non un i form cross sec ti ons. for such capil
l a ries , the mean hydra u lIC r adius lS ~elated to the particle dLam8lp.r 
o an d the VO I d fracti on (porosity) G as 

P D ----E- _ ,_ 
Rh = 6 1- £ · .... (2 ) 

and t he average ~e!ocl t y o f the flo~ t h r oug h 8 capil la r y is re la ted 
to the superfIcial veloclLy U

o 
by 

u ::. u l e ..... (>\ 
, 0 

Fur laminar flow througn II pI pe o f ra d1 us R, Hagen- PO I$ eul lIe 
giHC the pre~liSure drop ll. P as 

· .... ( 4 ) 

Reqardlng the oor ou6 medju m as a condult ·,nth complIcated '~rosg 
secUon tile lIIean hydrauliC raduJs Rh. glven by eqn . (2) I S relotel.l tu t( IJv 
Rh : R/2. USing the superfIcial ve lOCI t y u , tne pre~~ ur e drop for 
laminar flow through packed bed can be wrl ttten as 

uo p L (1_ £ 2 
o P: 72 J ..... (5) 

D~ t-
P 

So fa r. we have conside r ed t he length of t he capil l ary to be th ata f 
thebed deplh wh\cn is in correct si nce the f l Uid mus t flo w through a 
tortuollS IIR SS of greater length . Exp e r imen ta l data sho we d t~at the 
constant In equatio n (5) mu st be I SO i ns t e ad of 72, glve in g what IS 
known 8S Blake-Kozen y equot lon . AS3um~ng that the frlctlon ractor 
"f" and Reynolds num ber " Re" of a pac ked be d ar e define d 09 

Re " 

Blake-~o zeny equation ca n be wri tt en as . 

r " lS0/Re 

This is valied fo r laml,na r flo w regime whine Ro " 10 . 
ly tu r bulent flow whe r e Re > 1 ,000 , experiment al do to aho w 
ed bed frict i on facto r has a constant value gi ving wh at IS 
Barke - Plumm~r equatlon as 

f:: 1. 7S 

• . . .. ( 6 ) 

for hlgh 
that pac\(
I< now n 8S 

..... (l) 

ror the fl ow in the tr ans i tion r egl oni 10 ...:: Re <. 1,000 . [r 9un(9 1 
shows that the e xperImental dat a of se veral I nvest i gators corre l ateS 
ver y well by Simp ly adding lamin a r a nd turbulent expr e s s i ons aS i 

f" lSC/Re of" 1.7S ..... . ( 8 } 



M. 86 L. n .Rabie , f .f .Ar aid and 1~ . A . Shalaby 

f h is r~la t lon which is known a s Ergu n eq uatio!' represents t he 
flow in lamInar , transi ti on and tu r bu l ent regimes and fits available 
e ~perimenta l da t a o f New tonIa n f lu id flo ws ve ry well . The a dvantages 
of thjs e quation is tha t I t c an be wrItt e n in the form 

2 
P " OJ f U o + P ! U o 

..... \ 9 ) 

i n whIch th e parameters 0( an d " depend on ly on t he geometery of t. he 
por ov s mediu m (D a nd e ). This f o r m o f Ergun equatton is lnlerpre 
ted a s that the ~ota l r es ist a nce c2nsists of a vi scous par t ( O()' U ) 

and a form resist ance pa r t (13 f u ) . Such form o f Ergun equation 0 

'c arl be eas ly mo di fied to acc ount f8r t he VI scoe l asti c characteristics 
o f di l ute po ly nlcr s o l ut i ons . 

As the flu id flo ws t hrough a p o ~ ous mediu ln, it encoun t er s con
ti nuous contractions an d e ~ponS lo ns and elon gati ons } stre sse s appear . 
In such fl ow situall ons , elastic a nd non- Ne\~tonlan ef fect s of dllute 
po l ymer sol u tlons oc cu r whe n the re la xa tIon time ~ of the fluld p~ce
eds th e li mp. $ca le of l he fl ow. The rl ul C. th e n, WIll not accommo
dal e t he f l o w changes and an i ncrea s e In t l1e flow resistance wl il be 
noled . Suc h inc r ease is lnterpre ted as a n Jn c r~ase 111 the eJongalion-
8 1 YISCOSlty ~u e t o s t r e t che d pol yme r mo le cule~ . For a New t on i an 
flUId contaI ns dissol ve d o r s us pende d mat e ri al , an ad ditional stress 
te rm may be gen e r at ed . Therefo re, the normal s t r ess 1n t he mean flow 
oi rect i on c an b e expr esse d as 

~n = -p + ( 2 r- of" 1. l G .... .. 10 ) 

wh e r e P is the i sotrop i c pr ess ure, G is the s t reamwlse straIn rate 
l du/dx; and 1 I S the elongatl onal vi scosi t y CO!ltrlbuted by t he pres
sence o f t he pol ymer mol ecules in th e flo w. rrom that equa t l on . It 
I s clea r t ha t t he In c rease i n flo w r esis t ance of porous ~edia dll~ t o 
cl astic and no n Ne~' t o n ia n effec t s i s proportional to "'\. G. Th e ,:, Ion
gallona l st r al n G J S p l"opo rt i onal to the super f icial velucll y U " 
Equation (9) ran be Inodl f ied to I nclude t he elastic alld non New~onl an 
ef fecls a s 

liP = . . • . . ( 1 1 ) 

As ( <>( jJ U ) re p r esent the vi scous contnbuLion and {13 f u21 th e 
for m drag co n t~ l b u tlon, ( . ~ U ) represent the elasllc and noR ~ew 
lo nlan co n tribu t Ion I n the tot a Y r es ist a nc e ; wh el·e r 18 another para
mel e r lhat depen ds upon t he porous media's ge ometery ( £ , 0 ) . 
Accordi ngly , the f r ic t Ion factor o f Viscoelastic non Ne wt onian fLUId 
fl ow In poro us media e nn be wr it t e n a s 

f 0 [ 150 + k ( '1. /~ ) ] I Re + 1.75 

wh ere k i~ e numberica l cons tan t. 
" • 1 2 ) 

Th e elongationa l viscos ity ~ o f polyme r s o l ution s r apid l y in 
crease s With the e longational defo r mation rate , then tends t o satur
ate at certa in l a r ge va lue whe n the el ongation rate exceeds the rec I 
proc al of t he r ela xat ion lime ~. It 15 con ve n i ent to use t he el ong
atIons! VlSc oSlt y rel a tlonsh l p de l" i ved by Ba t chelo r ( 10 1 for elongated 
par t i cles o f aspe c t ra t io " A" as 

4 2 
"1. / r= -,- c A/ ln ( 7C' /c) ..... (13 ) 
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where r I s t he vol une CO(lcentr a t lon of polymer ~olecules ~hlCh IS 
taken liS the mao s corccn t r6tion 3L(lC~ th~ apacl f lc gravity of t he 
pol~~cr t~ 1 , 0 . The aspect rati o of the elonqsted polymer molecules 
"A" denend~ on t he strall\ ra t e C o r t h e (lo w. rt storts to g r o w ~ll e(1 
I h" strutn r a tc G becume:l larQe enouQh t o ,lr~lc!1 tile Dolymer l!Io l ecu : 
Ics. ~urlhe r i ncrease In th~ strain riltc C cause,.; nore stretch ing 01 
the mnillc u l co wh ich Iflc r e8Sc 3 II cl nd ne nce lhe non Ne ... lullian cfructs 
i.~ ., A ~ Il l be oro port! onal tn ~ C. ~s A co n tinues to ~r~w ~ tth the 
sCrajn r il l e "t Will IncrCIHl 1I until It s 8t urate ~ .... hcn A rea<.:h~s a 11"1-
Ll n <] v,11ue at which po ly!!!e r noll!eule lO :lf e fully e x tended. IlImc!'! , 
be c omes cons t ~n t whicn CQ n be Opo ( o ~lm8led ~s 

'i l f :: l J: [ti l nn{ "/f. h..:. 

.. here [ )1J IS t he In t onSle VI :lCOSlt y whi c h 15 91.·8n by ., 
K ;:1 .2 ,> ;.. 11l 

• , . • , ( 1 4 l 

ard Z is a con~tR nt that dapengs o n pol yme r t ype, fOf po~yoc~)l dm idt: 
w!l ta r ~olu l ion Will . H : :> x 10 , l has 0 vil lue o f ) x 10 {I ll. ll!;.ng 
tile expreSSIOn Qlven hy equ3tio n (14) , the f rl c· l orl factor of pockeo 
bed 1"0lYll c r),lam.l.de flow can De qlven as 

:: [ DO + i:I c [",1 Iln( 7I. /c J] / R -].75 . .... (I·i\ 

\,nc,e Il I t. 8 const a nt; <\1 :: klJ t hat call be determlned e ~ flerjmentall~ . 
Since In (~ /~) d oe8 not vory lIopr~cj8bl y withln the dilute conce'l(rat-
10 ' ro nge o f our lnt r cSt . It HIll bp consld~r~d as constant \al,l~ and 
.'11, be included In the co notant 1, (1 :: kl/ln( lT /c )) . Hence equallon 

(I:'J be comes 
f l 150 + Y] /Re 

.." ~ </> ., [ ~ J 

.. 1 . 7!) .. . ( ; (,) 
. l1li-a) 

where -y Js ;j par;JMetc r that depends upon polymer t~pc and t::ullcen tr:at
I LH' 

) . [:XPERIME NIAL T[C'IN IOUE 

E-.; pe nmentn l rig i s S/lo wn 1(1 ligur e (1) . It J 5 a qra v tlallnnrd 
<Jp en - fl ow l:Iy~tel1l . The ilu l d "to r en l"l an o ve r he ad l ank, 200 \.tCt:l 
capacity suppl i eR a or,nll con~la nt head over flow tonk . flon, ~h icn 
the fluid f l ows ullder Qruv lty act i on th r ough the t est sec t jon , t hen, 
to the a t mosphe r e ~ n d dioca r de u . Th e leRt &~ct I O " )3 8 pOrouS b~ d o f 
sand parti clco co ntai neo uy t wo ~c re enS In a ZB ~~ dla~ete r tubp of 
150 mm leng ( /I. he pnr ou~ oectiol1 i s kept horlzontol ~ t 0 I ewe) af 
6 , 000 111\ dow n that of the flU i d in t he ov e rflo w tank . I he p , ~ssurl? 
drop along lhe poro us secti on 4 P 15 nel:isuied us ng FI U tube "'ercury 
ma no~ete r connected t o two pres ~ ure taps 1. 0 mm djametcr l ocated j us t 
up s tr~am and downs t ream the te~ t s e c tion. The rio .... ra t e is Illeasured 3 
by t he tun e tnken by Ihe d i ochs r g&d r ju ld / 0 rill tI Volume o f "aD c m 

IIHOU ljhuu t th ls wo rk, fiv e p or ou:; s ections me de o f d i rr crent 
par t icle SIZ e q are USed . Each po r o us se ctJon is m&Qe of sand per t i
c lcs wilh di~lllete r s l imlL e d to 8 s er ta in r a nge of oi ze ~. fi ve dlff
e r enl ranq e$ of s a nd p ii r li cle :lIize s lir e \J5~d to mak e the di ffp. r cnt 
Do r ous ~c c tlons ~s (0 ,25 - O. 6 25 )mm, (O . 62S _ 1.0) m", (1 ,0 - 1.Z' l mm, 
(1,2 ~ - 2. 0)mm a nd ( Z. O - 4.0 ) m~ re spec tivel y . As t he 9 12e s of the 
sRn d nAr tic lc~ i n each r9nge a r c r andoDiy d ls t rjbuted ac r os ~ th~ end 
l lml t & u f th e r ange , i t i s co nve n ient to consider l he ave r age ps r ti
cle dlamet e r Up t o be 
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Dp : (d
l 

... d Z)/ 2 

wher e d and d are t he lo wer an d uper 11~ lts of the pa t ljcle dla 
mete r s In the ~ange considered. ThlS gI ve s an a~e r ag~ particle dIa 
meter In each of the fjve porous ~edlum sec tIons as O.4J7~ . 0.a125 . 
1.1 25 , 1.62~ and J.O mill r e5pectl~ely . The porOSity t of each sectlon 
IS measured expe r Iment ally by the vol ume o§ wa te r that Just covers 
tho dr Ie d sand in a certa In volu~e 100 cm). For eactl sec t Ion a t 
least 10 expe rimenla were carried out and {1~~rRyed to giv e a mean 
~alue for "f lO. 

Ttle experime ntal work was made by co rr :dngout u !Oerie'i o f measu 
remen t s of pres sur e d r op an d flow rate fo r cacti porous sect I on us,n9 
elttle r '~ Rt 'H flo w or dilute polyacrylamide solu l lons at d i ffe re nt C(Yl

cen trotlon s . Fi ve CoJ1cont l'uli ons ; 2 , 5 , 10 , 20 and 50 .. pp m "" re used 
throughOIJ t thIS ~I ork . 

4. R(SULrs A~D DISC USS ION 
1 - WMle r ~low Results : 

In orde r t o check the perfo rma nce of the e ~o~rl ~e n t.l rlq a nd 
the ~easurlnQ eQuipment, a se rIes of expe rI mentsl t, ests Here rarr ie d 
out for pure water flo w through t he f Ive porou~ BccllorlS . In ad dI t
Ion , water f low resu l ts are als o used for the comparlson wllh dIlute 
~ol utJ o ns of '1a ler- polyacrylaml de t o dete ct the chan9~s due to the 
preserlce o f aod l tivps I n the rlo w. rYPlcu l wate r floH /'esul l s of 
tf'le pressure gradient dP/dx asa functIon o f the supe rf) clal velc lty 
u oro shown Ifl fi gu re ( 2 ) . I t i s more co nvenIent to p lOL these 
r~sulls in t he nond l menS l onal [rgun coordenatcs r el atlnQ the frIctIon 
ractor of packed bed i a nd Reynolds numDe r I~e as deflne d ear lIe r. 
The pa rticle diame t er 0 is taken as the m~a n val ve betweon the lorle r 
snd hIg her lim its of thQ particle si ze dI s trIbutIon. rh e poros ity of 
tlH~ medIum IS e xperl menta lly de termIned Wi th values vOrylnq fr oll'l 
0.24 for WIder rnnge o f par ti cl e rlZ~ La O. JJ for sma ller one. 
Such pr esentatI on o f re su lts ~ade al l expe r im enta l data to collapse 
on onp. cu r~p as Ghown in fig u re (J). Compar ing these resu l ts Wlth 
those r eported by Crgun and rep resent e d by tIle emp i ri c al fu( mu la; 

f: ISO /Re ... 1. 75 

show oxcel lent ugr ueme nt . The exper i mental results reported In t illS 
work co n fir m t he fact t ha t Er gun equation is also veiled fo r po rous 
medIa o f non sphe rical pa r tic les , in spIte of the ocalter found at high 
ReY I,ol ds number ( la rge size parti c les) . 

2- Dilu te Polymer So l utions : 

rive di ff ere nt d ilu Le concentrattons of po l yacryl amid e-wa t e r 
solu tions we re tes t ed in each of the f i ve por ous 3ccll Qn9 i they were 
2 , S, 10,20 and 50 wppm. Typic al pressure gradi ent dp/d x results 
ve r sus t he sup erficia l ve l oc i ty u for the flow of dilute polymer 
so l uti ons th ro ugh th e 0.6Z~ - 1. 00@~ partI c le size porous sect i on 
are sho wn in figure ( 4 ) in compa ri son Hith wat er f low r esu l t s. They 
aho w r 7~arkab le inc r ease In dp /d x f or the s a~e flow rate (u ) compa 
fe d Wi t t wa ter flo w resulls . As shown in figur e (4) , S wp B ~ of 
p~lysc r y18~ide c aus es an Increase o f about 1 00~ In the pressur e gra 
dle nt . 50 wp pm poly me r aolu li on increases the filtration resistance 
( d- P/l ) by almost 10 li flles t hat o f the solvent ( Newtonian) flU i d 
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n but, It is best re l a l ed t o (c l",l ) where n '" a .H. Th1~ doc a flfJl 
agr ee wl t ll t he val ue o f n : 0. 5 rep o r ted by (lata e t at. t 5 1 and 
Nauda sche r et a t. ( 61 for t he flo w t h ro ugh s pherical particl es por
ous medium . Naudssche r at 01, ~l att ribu te d suc h lowe r values of 
n t o shea r degr adstlon of polymer moler. u l~~ ~a they fl ow t hrou9h 
th e porous med ium. rhLti is nota reaso nable int e r pret ati on fo r the 
fact that it 15 a ( unc Uon o f the fl ow rate and no t o f polymer concen 
t ration. its e ffect will appea r as u dec rease In po l y ~er effectiV
eness "' Ith fio N r at e, I t 16 mo r e l O(jlcal t o be e ltp lau, ed on t he base 
of the behBvjou r o f po l yme r mo lec ul es in s uc h f low fie l ds . Polymer 
.olecules ca n al tai n the Ir ma x imu~ st r etchi ng onl y ~hen the y 8 r e 
aligned i n t he d i rection of major titrain lotl1ch i s almost the dl r ect
Lo n of the nOIll . Polymer lIo l ecu l es misaligned th:;; l- direc t ion 1'111 1 
no t st r etc h enoug h and so me t imes will not stre t ch a t al l, lhese mol 
ecules Wi ll no t con tribute I n t he Increase o f the eltlenSIOnal VIS 
cos Ity ~. ThiS is more r easonab l e to assume that not all poly~er 
.olecul es are allngne d i n t he m:;; jo r stra~ n dr i ection n3 83sume d by 
Oa t chelor's model . Hen ce , in such flo w Situation extenSl onal VIS 
cosity at s a tur at io n condItion IS bes t assllmed to be proporti ona l 
to { d )lJ"" where n < 1 .0 r athe r t han t o c l.pl . 

As s how n i n rigure ( 8 ) , reiat.i,.o n ( 16 - 8 ) ca n be rewrI tten 85 

"fI ~ N (e Cr) In 

wher e N : 1. 069 x 104 ; n : 0 .7 5 

..... ( 1 B) 

Rela ti on ( 18) 15 use d wit ll equati on ( 16 ) to pr ed Ict the friC
tio n fac tor of porous media dil u t e pol yme r so luti on flows . The res
ult s a r-= sho wn as a solid li ne In Fi gures (5 ) and ' 6) III compartson 
wi t h experImental dat a . A good agr eeme n t IS sho~n lor all poly~er 
con cen tra tions tested. Th i s cl earl y demonst r ate thal , wlthln the 
ra nge of Reynolds numb e r tes t ed, polyme r s have no in f luence on the 
fo r m d r ag t e rm and t he non Ne wt onian effect 1S only contr l hllt ed 
through inc rea Si ng t h~ viscous t erm. Pr edic ti ons according to 
rel ati on ( 16-a ) wh ich assumes n : 1 . 0 are al s o sho wn i n figures 15) 
and ( 6) as dotted li ne . Thes e resulls a r e s hown onl y for comparison . 

5. CONCLU SIONS 

Th is wo rk presents 8 st udy o f the f l ow of dilute solu t ions of 
pol yacr y Lamide In a po r ou s medi um of non s pherical pa r tI c le s . ri ve 
poro us s ec t i on s of dif ferent part ic le si ze ranges a re us ed ill order 
to increase the range o f Re ynol ds number examined, r l\oe dil ute pol y
~er concen tr ati ons a re consi dered. Expe r imental resul t s s how thal 
\je rt dilQ le COllceli LI aU OI !S of Uneul, !HUh mol ecular weight po l ymers 
as small a s 2 wppm cau s e Sub sta n tial increas e i n the fl ow resistance 
of po r ou s media when comp ared with tha t of t he s o l ve nt ( wate r ) . 10 
ti~e s in c r ease in the fricti on fac t or i s foun d t o assoc i ale the flow 
of 50 wppm polyacr yl ami de solu tion. Suc h nOn Ne wloni an be hav iour of 
uilul e po l ymer so lut i on is attr ibu ted to the in c r ease in the el ongat 
ionsl vlscos ity whi c h I s found to charact eri ze lha t ty pe or fl uids , 
Such e ff ect s appear when the f lo w structure I s doni!late d by ex ten t 
i onal f lo w f ields as t hat o f po r ous medium ~ n d t ha t of t he near wall 
reg ion of turbu lent bound a r y l a yer. To ttlat pr operty , d r ag re duction 
in turbu len t s hea r f low is a ttribut ed by in fluenci ng the bursting pro
ces s o f the viscous s ubla ye r a s d iscussed be f ore . 
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