
of mm~1tiaar.  his wras tha i imt n~ probzu t o  have 

been r olved irnrlpff o d l y  (Iirrrlie 19643, 1971 ) . ghe 

plan+ parallel plofau on@ of wbiarh mare8 w A a  a ooaetant 

n l o o g t j  7' nh*Ave t o  tha other. kaa i .  developad 

the general theorg for thirr f low illr *(I gmmanaa o f  r 

maEplsf;la f i e l d  applied i n  tiha p l u u  o i  ahem and 

pzediot.d a o h m  in appawnt riaaomitr (g] when 

either *he ahear ra*e or #e mrliprcrfia f i a l d  l a  varied. 

Btewrrer for  anaZysl~~& the f l o w  in d e W  osr! mda W 

apply auop8rioal isscrhn%gtxc9a for  sol+llag thr diffoFaadia1 

epurtlalu. %his hP. be- dona b J ll$nlapel~ (1974) who 

atudAe4 the effdat of a mgnetto $&el& qppUad ~expe13di- 

oular to  the plaOeai w i t h  hoaeolbrogia w 8 l l  r2igmant. He 

Bid not however imreatlkgratsr effeotr  oi r f ie ld  applied 

along fhe flow. Moreover nef #er Xleslicr nar Finlopon 

oomidered other equally iaporCan* g~eopoetr&er i n  &ear 

f l o w .  In this ahwgtar atudles s f  isnu: out; o f  the sightr 



rrhero the direator wiantation is uonfiatbd to the plane 

ur 
f i e l d r  ;agplird t&a f low  perpendiuular to the L 
phfer  hato barn w ~ e d  out gar eymastrlo (ho~eotropio) 

aaQ mgauaet~io; d-scrtoilr olfgmuents at the plates. 

l!he ncra3rtA# A8 rrrrucrd t o  oompy the apprrrc, 
- 

betweam pzaaar ;I 0 urCL y - 2h, 2h being maple 

fhicrlauerr. ma pXat+ y = 2h $6 rammed t o  row dong 

r axis wAth  8 eonstanb xelmitg V* A eonstan* amgnetio 

fArl& fi i a  appUed in the qplw (whiah &a the p l u u  

body Sorear w e  igno~ad. Bfsady @%ate aolutioaa for  tho  

diraetoc agd rolca~~)I%g Zlaldr are aasu~~ed to be 

2 

a la= @(TI ,  @in 01 
3 
r * t V(Y) ,)r 0 # 01 ( $1  

SPbr sqtxrtionr 25 ef Q a g t s r  It e&RpUQv t o  the iollorring 

d2fterenti.l apP.Qions [first obt&n.d by Ltmlir (1979 ) ]  

i m 8 a n d r t  



2 2 Hen, f ( B )  l(ll#@s 8 + K 3 r a 1 ~  e .nd 

a @+en v d w  6 @f %he applied rhecnr we latogref r 

(2), obtaining O u a ntrro+&on o f  y subjeol t o  the 

%hen infe$;raZe (3) $6 obtain the relooity V of the uppel: 

q which i r  deiincbd ar uaual a8 the xat;fo of the applied 

aheu . t n e a  ( 0 )  t o  a0 average veloaity gcadiat (V/2h) 

i r r  crcrdlo'trlated 



a.oxyaaisole (PM). th. . l u t t a  and vi.oo.ity 

eoeffi@lcentr have bera r6awed t o  be the same arr thoso 

-04 by 28.w a a* (8.0 table 1). These ha+. be= 

f o u a  t o  fif the upwiratal rsrsultr of  Pirhrr and 

Predriokson (1 969) tam d L .  %?ha diaaagnatlo 

auaoeptibllity ultacrtropy AX be- t a e n  t o  be 

0.156 r 10'~ o g  (Bupasoru rad fxost  1971 ) %ha 

whi~h om be toruad Sa a8 appendix t o  +hi# Chapter* 

%he rrfrtec6n serocrr 02 tho rixteenth oceder hgatndxe 

pof a%oe Bar ~la8rb;l 1 s r o Z V f ~  W # o  def ommtf om oalou- 

l a t iom have barn rap+a+ed with 24 aallloosati~n poiat8 

(tb seroe. o i  za4) ta tha acorrraer o f  reaulta. 

above 1909 p rmplr, thickness. Bat resultr for a 50 y 

luu b+an used i a  all  arolaguf abions . 

!ha typau of bound- eoaditlonrr have bsea 





( 0 , 2 = Q : I n  t h i s  case i n  the 

abacbnoo o f  flew tihe dizeetor As homeotrogicsally aligned 

in the gap pll8ttsc in %he absrsnea, o f  mrsgnetie f ie lar .  

At low sheat: rate8 (or squiv&lant;ly at low relocit iee 

of the tlpper plat.), in 'Oh. obsenor of a magnetia f i e l d  

q remarins nearly a oonest;anb at the Miarrow&rrs value 

q~ (r4 + cs - p2)/2 (m 0.092 p ~ i . 9  for PU). With 

inoreasing shear rate  q deoreraase aqpgroacrhSng the 

Xie.owAct value , + p4 + p6)/2 (m 0.024 poiae 3 
for PAA) crmrerrpoablng t o  the director being orients4 

along the flow dfreoUon over a major sleotidn of the flow. 

me paramten 'that bare bean used are euoh that for 

PAA I L I O  2 - A  ghia n e w  that the U r e o t o r  

orientation st high &ear =tea i a  parallel t o  the flow. 

It baa t o  be admitted that there is as yet no eonelueire 

evidenae that thia is iMsed the oase for PAA. Bigure la 

i l luetsatee the viarlertion of q wSth the velooity of the 

upper p2ate. 

w;Lt;h %he ahem rate (figure Ib) Sn t h i a  oase Sa erXaro 

erim;t2sr. But at low ahear rates the eonstant value of 

it f e rabou* half vrdw for oa~re ( i ) .  !2hA@ i s  beolauao 

o f  the faot tht thar direator f l e l d  is  deforptetl even 



VPPia%ion of apparent lrjilrrararrity w i a  aheras rate 

rrd magnet%@ fial&. 

(a) el = n/2 e2) Hsgabtia f i a l d  mm~al to the 





t o  the m y ~ ~ ~ e f x i o  value of 8 at $he platre. JMLtrr Were, 

i a r  already a finits projao4lon o f  dB@ direetw U o n g  

the flow dfrscrBion. 

Sffecrt'oi ng;nsticrr fields 

In g w r 3  a - t ie  f i e ld  (IZ,) clhiub f. applied 

parallel t o  the flow brltbgsl born q. -8 i a  bearauer the 

f i e l d ,  in this  ass@ tries t o  orient Wa+ dimator f i e l d  

alow *her f l o w  and thus aide *he visoous f;orpucrr i n  

d o l n i r r a t i ~  over %he elastio forquer, iSiailarrly e flex4 

( B J )  8ppli.d pexpeMI0~1w t o  the pletea aut8 agoinat 

the dafoming acswcao o f  viara~wr tarqwr d t h  me rrsault 

*ha% rueh a Xte l4  in general tsadrr t e  aahamcr $he value 

o f  q. 

(i) 9 ( ' )  n/2 d 2 ) a  A* lm &err  rate. a 

f i e l d  H doare not; i t e  parssentre fa%$ rinse as 
Y 

directtor i s  @~%Z?y'Wh8~8 sSigns% normal $0 $he f law*  But 

on inareadog the ahear xate q dearerne8 bu$ more ~ Z O W ~  

than in the f i e l d  free aaaa, l srgea~ the mgnitude o f  

II r l o w r r  the dealccaaae in q (f1~q;wce la). But aP hi* 
Y 

aherr rate. q attains the v&u# () ,, If tZIe .hear 

rate ie kept eonstant at o high value (euoh that q z =.,,I 
and the magnitude of By i. imreored (figure 2b) q x W n r  

marry croftstsat at abou* rl and fhen inareasat8 till i t  
tl 



The e f faot  oi a f l e l d  8, i s  mare intarestin&. 

I f  at low 8heu rateo the value of 8, i s  inorewed q 

x.D.im oolutont at  qA ( f i p l r e  20) till H, attaAns a 
s f u i  arit ioal  value 8. -- =( AX ) (3 1750 saws for PM) 

whloh i n  tha rtatlo awe oarrerrpondrr t o  the Prsede~iokisr 

$beehold below whioh there f 8 no deformation. lor  

Bx7 q ~ ~ ~ E I O C C ~ I  fljtrlj rbytldly attaiaing the value 

q at high rolurm oZ 5. A% low shear rates the va lw  
II 

of q i 8  qA ac X@U t h a  (1, d @ p e M & ~  upon whethe2 B, 
I6  1a.r thul or y..tu th.n Ha. But on inorecufng the 

#hew raw q rldsorrlarres (figure la) attdang: the value 

(1 at Ugh 8 h . p ~  rate8 regmdlwm o f  $he magkitude o f  IIx. 
II 

' ( ~ i )  ' 0 d 2  - 8 A* low shear rate. 

and with inoreaairy applied f i e l d  By, the value o f  q 

imraase8 &om 0.5 qA and 34qpma tends t o  the value 
( ~ i  ure  2b). 

qA at high vlu.8 oi 5 2  i. due t o  the direotor 

fir14 getti- ali-4 perpra4imXar t o  the f l o w  over a 

larger ssotioa a i  the flow as ET Ss Imreaaed. A t  any Y 

opon the aa&attudr o i  BF. However on inonadng tha 

shosr ra$e (f-r 1b) Q deorraoar and i iWl~f i e t t s r i ~  . 

the value q at Ugh #bear rartrrs. 
1 I 



(b) #&el& $ mnul t o  the plPtea~ (1) 8, 1 0% 

e, r/2) o 10-3 08 (2) e, =/a 

a,, a i. 10.0 gm. mam2 . 





In the peaems of  a f i e l d  8, q eonti~uowly 

rates, dropping from 0.5 qA t o  q,, at Ugh rfiaea o f  

Ex [figure 24. %he or i t l oa l  boh..$ew *hi& $8 

exhibited in saaa (i) aannol be rxgeatcrd hem beuauaw 

a def ora3ation in the dizerotar f i r 1 4  axista even pr$ctr 

t o  QBs aagglitmtion of rhear or f i e l d *  It any givm 

vnlua ai %, q r d n a  eonstant at Low ehem rats8 at 

a value c ) i  (lower thaa 0.5 qA] depeading upon the 

magnitude o f  &Ixi,. But on inorruing the ahear rate  

(figure ib)  q doorewes and attains thm value q at 
/I 

high shear ra%e@. 

Orlentatf en ~rofA1gg 

IPhe bircaotor 001:ieatar.lrion prof&lcra l o r  b i f f  oren* 

ahear rates and sa$lmeficr flaltlr for  bo#t b e w a r p  

oon8itAorne haye been given in a m g o  3 Por 

d l 1  = 4 2  = e (*) the e p ~ o i i x .  A. found t o  be a p t w r i o  

batween the platers. On inorear* either Phe d e a r  

rate or tha field Hz the dincfcrr orientation oppsaaehea 

sera at  the oentrs of t h e  gap bu$ inoreuee t o  %/2 near 

the platea. !the d i a g r a m  (ii&azr 3) inbiaato that for  

very high shear rate. or Hx one osn upeat  t o  iLnd a 

boundary layer phenolpenon for the 8 prlpf;lle. If of a 

high shear rate a f i e l d  $ i a  applied the direator tsnds 



t o  all- nampel t o  the $Saw in ths &ap. A t  a high 

fseld (figure 3) 01e -Lentat& on doe8 no* vary irmoh 

from n/2 awey frm the platerr. 

~ s r  the a r m  8 ( I )  0 ,  e(*) 1 r/2 tha B p r o f i ~ .  

i a  noblsly a rfrsig4G Zinrr at low she- rsaipea;. 8 iaerreaaea 

ires *he sex@ talur, at om plats f i l l  i t  attalnrr the 

+due r/2 a t  th. ether. But 011 i m ~ @ ~ . I n g  t h k  .hem 

rate o r  B T ~ M A M  U.U Over a 1azg.r 8a0tloa o f  

tho f h w  (i1gufi 3) AnoreraaAng t o  x /2  in a =mow region 

neer the m@+jtdg phire. %he 8 profile beoomas oonoare 

ugward. X!8 f U e  geomateg the 8 psofAle i s r  4irrtosiped 

even by a fie%& $ . Wl~h a i S e l d  tends t o  Migntha 

U i r r ~ t o r  ncarprcrit t o  .t;he Slow over a greatel: 8;lstmos dn 

the gap. %+ 8 graf i l e  beamen oarmare ~QWJIWEIS~. !tho 

larger the f i r l d  $& ror. rapidly doe. 0 inorearre iror 

sero at the atatlwmxy p h t e  t o  o rP1ue oleas o l  4 2  

(figurs 3). 2he 8 pafi les  i a  both as boundary 

eondf$jlonr $it+ r taleas p5etorial ayplsmation fw the 

varirtionar of q wifh h 8 a r  mte and nragaetlo ffel4s. 

VelocriOj profiles are prcsssntrd PA f igwe 4. 

large rang8 im~lrrrd* In @neraX the re loa f  Q V of  the 

qppes pllste i s  &readier fm gree;tar aorppUed ahear auld at 

,==- -- --- . --. 
F 1 IBRARY 1 k,4MAN RESEARCH INSTITUTE 

04-3: 5 3 $ 3 & 0 ~ . ~  k / l J  
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(a) H * 01 r/2 1 e2g a u ($1 011 (2) 1.0 

(3) 10.0 d p .  am*** 

(b) H 0% 0,  * 0 ,  e2 1 n/2# c [ I )  10"' ( 0 )  0.1 

(3) r b  (4) 10.0 m. maZ* 

(a) Q 10.0 d;lm. c, - 4 2  = 45, 

*? 
1 (1) 1000 (2) 2WO (5) O @am#. 

(a) 90.3 am. o ~ ~ ~ )  el r/2 = egt 

H* I (1) O (2) 1800 (3) 2000 (4) 5000 $aU.* 

(.) = 10-3 am. ~ M C ~ ~  at - OI eg - S/ZS 

P (1) 5000 (2) 25000 (1) 1000 (4) 0 Baue@* 

(i) o 10*' djn*. amat el 0% e2 * "121 

% (1) 0 (2) 1000 (3) 1300 (4) 2000 

(5) 2500 garusr. 





A f i e l d  H hee the ~ppoa i te  eifeat. %Us rcraountr fo r  
Y 

tha dependenos of the appuenO t r i o u o r i ~  on aagwtia 

f i e l d  in either bettndrpx;p ctondltiea. OM craur also 

obsrerve that ad srhilsar xal;e, 'I 5- ehr) ~ I O P O I I W ~ O  

ease i a  leas than that for the m ~ t r i o  OM+, &owing 

alseurJy that q in the iormrrr ease 18 mom % h a  thlaP; in 

the latter oasa. 



l!mmkA 

Vsloo i ty  profilers for diffarcrn* deer  rrf;en mB 





Hen the' applloatlon o f  the orlhogomal 

cro~oacafloa method k, the problem o f  .CAs shear flow 

sf mmatSer f r  deruribrd. As willbecome altaar the 

and axtermion of %he Gauasiaza quadrature f o  U s  

solution of bauradary value problema involving 

y t o  f muoh that 

OXesrly Zhe boundsrfeo y = 0 an8 y r 2h now aoinorida 

rtth the Nu.. = -1 and j I. +1 ~eapimtZvely. 

EquaUona (2) and (3) san be writtsa ae 

%he reoson fe thir t~axlefonnation i s  t 0 rake thu r-e of 



ooinoiae w i t h  the r u y  in  oh LegemIra po~jnor ia l .  

W. now appmldrrtr, 8 by a r a r i r a  o f  the Soma 

where di e ra  oonmtanta. Let be any one of  the I 

root8 of pa(?). %he value O of 0 at  gj o m  be nritten 
;II 

In ratrix forr (a) can be written a8 - 9 - Q $ - 



%he I ~ 0 @ t 8  together with the boundaria. f 31 3 
are oallsd the oollwortion pointer. 

!!he derivative8 of B at the root. j4 oon be expra~aed 

in t e ~  the value8 e4 5 @(Fa) i n  the f ora 

Substitu*iqg i a  ( ~ 1 )  an4 ( A 2 )  it i r  new poerrible t o  

eraluatr the ftarP atpatioas at the oollolesltion pants  



whem + @I = dl) the boundlrg vaur  

of e a t  J = 0 ( q z  - I ) ,  %+2 8 (2) the bound- 

rdlu of 8 at = 2h (or;  a +1), tl r(g! = O )  * 0 

low ( A 5 )  proridem I elyuat2oru for the I tmknownr 

@ ( = 2 . 8 3 )  Zhrm equations can be solved 

by the Newton-lahapran arthod at  any given value of Q 

end the 0 profllr obtmkned* blow ths ere* of N+1 linear 

A t  th i s  sta@e om nrighb ask why other a~gfhod8 

like tho $Anite dif.t8mma m8t;hgd were not used. 2he 

presen* wxitar did iaderrd w e  me fiuf e differrbnecr 

method (SOW atepa, bcubAe pxeeiaiosr) rrrd found #a% 

th. value. o f  obta~rud agreed t o  1 p u t  in 104 with 

f;hwa obtPRined irea %he crollooorffoa re%hod. Baa* the 

f i n i t e  differexme raefihod w a s  found t o  be sfowar eutd ' 

oould nof yield raault8 f o r  c > 1.0 i n  all oosem. 

Beme fhe oollouert$an methob waa ohoeara for  our 



Ths pro$zam war0 all nrllf;t;ur Xzr P ~ ~ ~ f r a a  ZV. 

stand-d mbroutiaes (prwided by Ohe fB I  i n  thair 

Solentf f i o  Subroutins Paaka&s) were wad f o r  Xntrrfing 

raartrlorea and for aoXviu linear rquatioaur, 9Pha 

pogmma were run on the llln sol44 at Oh. Urwaputu 

Csntra, Xrrdian I-tf tutr aY i6%crienos, f angalore 560019. 

with double greroisfon aritbaatio?. 'Pha t e t a l  $&me, for 

amputation6 of thia ahapttar weto abauf 20 housar. 
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