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SYNOPSIS 

Dur1ng the J'eCent yeare the at_ or Interaction 

between magnetl0 field. and 1'lIOV1Jlg eleotrically oonducting 

tlu1IiG acqu1red conalC1.erabla attention in view ot Ita 

importance 1n the fields at adence and techn01OSY. The 

atUdy of the /JIOUon of 1m e1eot%'10&11y Qonduot1Jlg 1'1 uid 

1n the preHnoe ot a tio field ba.e g iven rl.,. to a 

subJect, v1z . . MqIleto-hJdrodYJ18t4ica . neto-~drOc:tyna­

mle. finds Important eppltoatlons 1n Astronomy and Oeo­

phyeloe, atell ... and 801ar ftelda, cSynamo tbeoJ")'. oonver­

aion of enel"gY. MHD senerator • lon Pl"OPUlelon eto, 

The flow of tlu1cSa thJoough porous cl1a baa beoome 

autfiolently wide to rlnd app11catlon ~ any branches or 

eng1Deerlq and applied lenee, t.n ftuch c:l1vOt'8e fields as 

sroWld water and hydrology. petroletlll eng1.neerlll8, 8011 meeha­

ntoB eto . 'fhl saneral theory of the t low ot fluid. ttuoough 

J)Ot'Oue mater1al. can be cona1c1ered as the branoh ot eolenti­

tio treat_nt of the probleme or ll"1"1Sation, 8011 ero.lon, 

and tUe elre'"aga. 140 t utuzoal17 an4 art1tlo1al1y porous 

_tenal. have a random volli atructUN. The truotUN or 

sUCh ~rlal. can be de.orlbe4, ln tact, 1ft stat18t1oal 

torma. Even 80, 1t 18 posslble to tre t the flew of f l uids 

~h such materlal. on a macro8Qop1c basis. 



The put poe. ot thla theais 18 to study some theo­

retiOal 88peote ot _cme flow problema 1D hJlh-OIIIIiISMtlc8 

and tlutd .-obanloe ot pel'llleable _dl_. whlch CUI be 

801".4 IIIltbelllat1oal1y, by the method ot tobed uyrApto­

no eQan81one. 'fbe t:belde cOllPl'l .. s Six Chapters. 

In the t'1:'et Chapter ot the thesle, acri tical 

l!lUI'Voy of the l1t4traturoe bas been oan-led out . It cona1l!lte 

dl thNe eeotlona. t:be tirst two MOUOM 1Doludethe baste 

ooncept_" stWerall1S eQuat1one" detin1t1one aDd the aathema­

tioal aDd php1cal _pecte of the now ot an e l eotr10ally 

ooQduotlllS fluteS in the PNeence of 8 !lNlBnetto neld, 

thro\lSh pwoua media and. the theory ot beat and .... 8 trana­

tel' . 'l'te thiN otlon or this Chapter oontain the method 

or oolutiona, i.e •• the bul0 concepts ot the theOl"7 of 

a111sl.llv pel"turbatiou U1d ita aUb_quant deVelopment per­

ta1n1n8 to the problem • 

The "OOM CbapHr aaJ.., with t he slow.. steady 1'1ow 

of aD tnoompre .. 1ble. vS,sooua, eleotrioally oonduot1llS f 1 u14 

put a ephere i n the preHnee of a unltol"Ul IJNI8I18tl0 field. 

'1'he olutton le, eought" by uail¥l the _thod ot matched 

UJlGPtcottc expaaslone. The ~led masnetlo f leld 1I!l weak 

and 10 al1&nad aJ.0fI8 the tree stream d1rectton. The baslc 

aeaumptione &.N tbat the magnetio psoeaaUl'O m.nbel' &I (. Qe) 



foe or O( 1) &nil ~ < < Re. 'l'he solution requlfts the 

matohing or two aa~otic ex,panuona at the aurrace 

of tblt bod" but mot at 1nt1n1ty IIhU. the o~r .. Ualy 

the colllll1Ucm at 1nt'1.n1ty bvt not at the mu-tao. or the 

bOd7. 'l'he 1ntluence of I'm and R. on the 4r88 1'01'0. 1e 

etWllecl upto Ol"clel" O(Y.>. '!'he contl'1.buUon tl"cm the 

f'axIlIell stre •• 1. abeent beeallM 1t produces .5b1ll11t1'1.0 

al'larls.. tn the cSl"ag tOZ'Ce. 

'!'be tblrd Chapter c!eala with the &low. stead)' 

tlow of an incompress1ble. vi.coue. eleotrically oonduc­

t1~ tluld put e otroular crUnd ... tn the presenoe of 

a unltom asasnetio field. Tlw applied magnetio 1'1eld 

18 weak and 18 altsned ftlOJl8 the tree 8trelllll cl1rection. 

The b8aio U8U11ptlona l!I8de here are that the anagnetlc 

preS8\ll"e maber M( """e1l0a(;, i ) ta 01' o( 1) and R. < < M. 

l\a < < M. The .olutlon 18 sO\lSht by the _tbod of 

natohel1 uymptoUo expanelona. The tntluence ot magnetio 

field and v1.costty on the drag toroe 1. studied upto the 

oNer o( Rt ) and o( .Rm ). It 18 to\lbd that there 18 
(lcsM)D IOiiR 

no oontribution 01' the higher order terms on the drag 

except tor the 1'1 ... t teN, tlle reuon beill!: that o~s 

prociuoec1 in the atreseea 4_ to these terms are ayaaetrto. 

'!'be tourth Chapter deals with the m1Jc8d conY.oUen 

PJ'Oblem past the porous sphere at emal.l Reynol4IJ and aruhof 



Q\Dllel'8. The proble 111 t Ulated by wslrc the U8ual 

Navl.J'-.Stokee equaUone deseri bins the flow outside the 

eplIere whlle lnai.de the apbere the flow I scwel"D8d by 

DU'07 law. '!'be UDdSeturbecl tlutd 18 IIICWhg at speed 

u. wi th J'e6V4 to the .pMre 8DII the dill'eOtlon or tbct 

1mU0I'III atN_ 18 taloln along the poetu". X.axis. I .e. 

opposite to the cJ1reot:lon or gravity. The bastc U8\1l1P-

tl or the present anal~ts 18 rest1."1oted to a ,.1211.1:1 

of wut i'1"an<ttl numbe .. tosether With fl. < O( 1) IID4 

a < 0(" .\IOh that G • o(a:) as He ... 0 Wbeft C =~. 
'l'he solution 18 determined by the ,.thod or matohed 

uJlUPtotl0 expansions lmrolvtns three a1mUltaneoua expan· 

atono; lnte .. io... lnnet'" an4 oute... The effect or the pe ..... 
2 

.. abUity 0I'l tho dJ"ag i.e studied upto all O(Ri log He) in 
At 

forced convect1on and \&Pto an O(eRe lOS Re) In tree oon-

vectton. Permeabtl1t7 artect. both the .~lt number 

and the cJrag torce thro. the tONed convection .. well 

... the natUl"al oonvection. 'l'h8 cJrag toro. deoreases as 

the pel'\lleabll1t y. X Increases. In the C ot floe. eon-

v etlon, the )J8l'111eabUlty. K tende to oppoa the tOJ"Ced 

cOlIYeetlon ttect whll. i f t" < t .. ( G attve) , the 

J"Ole of the p8nneabUity, K 18 now rev ... eed. The dras 

torce decreases with the permeab1lity. It in the rang. 

o EO K IE: :} w1th 0 ... o • .:!: 10- 8 
• .± 10-

4
, .± H,- a and . 001 



~ Ret ~ 0.1. '1'be l~l~noe ot tbe peNeflbl11ty K le to 

c1e~2'Oaae tbe N'la8el t nUlllber I Nu, botb thl'ollBh the torced 

aM tree oomreotlon etfects and the exten t of cIeoNaee 

bocOIDIe ..,..1101' .. K lDCN"'S. It t " < t.., tbe rolo 

of K tl'lroUgb the tree oonveotion i& that 1t tends to 

OPJlC*t the tOJ'Ced cOl'lYeotion effects. 

The tHth Chapter 18 ooneemad w1th tbe problem 

ot Glow, steady flow ot an incompre.sible. v1.oo~, elec­

tl'1oally conduotl;ng tluid, o&n"11ng a vnltOJ:":!l O\l'l'l"8ot 

put a ))01'0\18 ncn .. oonduotUg sphere ot arbitrary oonduc­

tivity. Tbe applied IIIItgMtio field 18 weak and an altgl'l8d 

o~nt or un1t~ denaity .10 and oonductivlty ~ lspaaaed. 

The bealc as8Ull'lptlone Il:I'G that tbe IIft3I'MPtl0 pre.sure D\III1»1" 
PeJ2 ne 

~(.. ~ ) 1s of o( 1) aDI2 !te < < 1. 'l'be ettoot or per­
p . 

_ability, K OD tbe dras vpto O(Re) 18 equivalent to the 

ductlon of tlw tree 0102'08111 velocity a!¥l the o\ll'Tent 

den81ty by tl'!o taotora (2+X) and ~ l'08peot1vely. It 

i8 .en that tbe pel'SlltabtUty as well as tbe cunent 

both tend to 1noNaae tbe l eagtb ot eddl •• 

TNt Sixth Chapter oonauts ot tlto main Mot1ons : 

tbe N.r81> section conoel'D8 with tbe problem ot the ettect 

or pe1'l:leabil1ty on the I!IU8 ~fer tI"cIm a poroUlS sphere 

of radiua a I_reed 1n a vn1tOJ'lll stream ot 1noOlDpre8e1ble 

v1800ua tlu14wltb oOnoeDtration ot tbe reaotSns spec1es 



C. and velocity U.l In stoJat8 flew with .. ooncl Ol"der 

aUf'taoe reactlone . The oonatruotlon ot the uymptotio 

expana10n11 la the ...... that tC'if' the flow field. The 

bU10 uewaptlune ~ the Pl"GMDt analpla are Ite < < 1 

and the Pran4tl n\&'Sber. PJ". to be of' ~ unity. 'l"be 

aWl as- ~oocl nuDlber. 18 caloulated i.n power ~ 

.Peolet n\lllbeJ"a. !?8 upto tbe o1"de1" O(.a). wbere ~ .. ~ te e 

We notiC. t .bat 20{- r-(2+1f) + (2+a)" -4 ) t J}18 a nesa­

tive dime_1onl ••• parameter whioh depenclc on m ... dUru-

81vlty. 1'IIution rate coutent and f'ree streDrll ooncen­

tration 01' the reMtlrc 8P.o1e8 . The oonvectlve 1llU8 

dirt_Ion wll1 tend to lnCl'llUO the Sbel"WOOCi m&llber. 

The pe~abll1ty etteot appears In t.he terme of O(e21ogc) 

whioh teD4S to 1'IIduce the Sh4n'WOocS Il\IIlIbItr. Tbe laet 

eectlon ot the Chapter conclucSes with tbe d1scU881on ot 

the .1"feet ot JlDI'IIlGab1Uty on the mass tJ"SllLS.fer t'rolII a 

P01"OlIII c1roul.ar oyUnder which 18 placed In an otlw1'­

wlee pU'allel unlt01"Dl atre ot viscous. inc0UlPJ"B881ble 

f l uid with oone "'raUon 01' the Nacttng opec1a. C. and 
.... 

velooity u..' wlth .. oOlllS oNer' aurtace Nutton. The 

tlem lns1de the c711nder Ie scwemed b,. the DlWOY law 

w outa1de tbe cyl1nder# It 18 sove%'2Wd by tbe _ual 

t:av1er-stokee equatlOM. 'l'be Hawts show tbat the per­

meability dc:;ea not artect the Sherwood. nwber. Sh upto an 

o( 1 ) beoauee the comecUv. etfecta are tNIUICon-
(106Re }G 



~ntally _au nM1" the body 1ft the two d1llenalonal. 

0888. 




