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ABSTRAC

In the prasent paper, the ursteAdy motion of a veELly

conducting, incompressible and viscous fluid due to non­

unifomm ±otation of an infinite flAt disk, ±A considered.

The motion 1s Bubected to A uniform exterهn l :@greiic fi-

eld nomnsl to tne disc and parallel to the axis of roteti-

on٠ The egtations oI motion are rr1tien Assumnirج lor meg-

netic Reynold' number i.. The exterral mepneiic 3ield

ia undisturbed during motion. 'The general Aolutio:1 :s le.

temm1ned by the aid 0f Green's fumction, and 1 otcir d د

1n the for f a Aystem of integrel eguations miiici can be
'٣

solved by successire approximat1onه A special ce e د 0f t.1e

solution, which corresponds to unifomrm rbtation of the di­

sk, 1s deduced and discusged.
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1MTROZCTTON

hs fow 0f viscous, electrically c rf ت  دtid ان هتن: ن:

in the 1=igABourhood o± a roteiag diskis oi resi ع [Tac-

ticel importence, psrticularly in connection with ±otary'

magnetohydrodyمصn ic Machines. Similar problem ir classi­

oAl hydrodyaAmics 1s stud1ed by rAmy awthors')2ر Ae ex

act solution or the eguAtion o4 moiion of a visc¢. rl!،id ت

around a flet 1nfinite disk whch rotetes 2i ::r.£ :=ت٠ ا

perperdicular to its plane with a urifoIm E: .-: ج02 ن:!٧ ما:=
ty• د was. studied by 0ochran', and the steady vate ة -i تث

±on was obteined by sinailerity. The moiio¥ ve ث : - ن ة تاذ:

ating disk in a flui5 At ret, mas &2£5 erErir.1 :  ما

the trarsition 0£ E three-ة im= !iora نند bwiidary -  تمان ر

burbalenee () ana ر ±t was provea kat ii beco:43

.t et lArse Renoid's numbars, is> r:03د 

In the preseLce of An eRternal axiel rAgretic 1ield,

the steAdy ±low oR an elecricelly conucting rluid was

stuaied due ta the ±otetioa of en infinite cyiع aeج ,()
Cther problems of steAdy motion o± conduoting fluids 6ue

to rotat1ng isksة are described in mAny reference (4,5)

Such probleps ere ±elAted t5 magnetolydrodymic ( MAD )

-D vortex floR, and the solution Mas obtط enerAtoTA And Mي 

a1ned uainly by mumericl methods.
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Ir the p±esent rork, is conAidered, tbe non-umfom

rotation of er infinite thln diak throagh the orltlM, eb­

out the 2-aris, in an incompressible, rlscouA and elect±-

1cally conduGting flu1dم The flu1a 1a assعu ea A lyتt1 خد4'

at rest, and is subJected to a unifora ertemAl magnet1c

field normal to the d1sk and parallel to the z-Axie  ه

Foll0w1ng the cylindrlcal-coordnates (r,6,z), the case

considered 1s e fully three dfMensionAl flor i.e there ه

erists three coaponents of the velocity of flom ٣«٢

and 70 THe fluid leyer neAr the diak 1s carried by it
 مى

through frict1on and is thrown outwards 0ming to the act­

ion 0f centrifugal forces. This is oompensated by parti­

cles rhich 4lo# in an axial dlrection tomrds the diak to

be in turn cArried Aad sjected centrifugally.

Denoting the three couponents of veloc1ty by

v. = u( = و٧(t,٤ ة, v(r,z,t) and v = ٢(=,2,t), And eea-
T

u ingص low aagnetio Reynold's mmbar Re«l, the equAtioهص 

of motion in cylindricAl coordinAtes are mrltten in the

 ءoR (م3,5,)
u 3uة u5هت ا+5 +ت±٣5% د ة 2  ، د ،

±
 ر٥±r ±ج2٤ ر,(4٥ )ز±- &ه



 ب ، سم

and
o33 ير م يد م٣ 32r5± د د و

where  و

٥ ٥ ح12 }
 ج2

٦ي-+ ٥r 2 ن43' r٥3 ج
2 4-H and H. = constant externAl magneticom = const =  و

eم .field.

The angular velocity of the rotetion of the d1sk 1s a؟ 

given function 0f tذ e r(t), so thet the in±tal and bound-

amy conditions can be Tepresented in the fom;

,w= At ت٦=0 t = 0

u =O,٧= r w(t), w= O At  =ة0,••(2)

and u1 = ٧= 0, aS Z0ه 

It is re ured ف to obtain the solutior of system of

equations (1), which sAtisfies the boundary and inltial

conditionA (2). The s0lution is assumed in the foID;

,(z,t) »= 2}(z,tج) t) , v= rن= ,ة(£ء 

P = P(z,t) (3)

Substituting ±froa (3) the و aystem o equations {l) is

reduced to the fom;

±٥٤% لا m2 £ 2٣ 3£ + £ 2 £ -2,ج5٤- ةة-26

(4)٠re2+ب £برج - ٥2Aةs $٤ 2 5 و٥2 ل--٥٠٥m ي
1 3F2 y 5٧ ،٥٧yج? 
٦ --ج=2 م2٦« ، د 3%3 ٥

and

- f
y

 ة
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THe system of equetions (4) is solved with the ±oll-

owi.ag boundar; wnd iniا iel conditions;

at t = 0

et0=2ت f = 0 = w(t) ,y=0

£= =ع0٠

٠٠ (5)
f  دع٣=0=

and as % C ج

Introeucing the new function F =f+i €, ٠٠٠ (6)

the two first equAtions of the system (4) are mritten in

the form;
23m 2 ىو,%£ &مr رر33 2 ->,ج٥٤ م، 2

The function ' will be deduced fromn the relation;

 ي -ر
£ مللا-="٢ dz =- Re (F) az,  و٤٠

o o

(7)

(8)

ahere  و

Re(F) is the reel pert of tne functioH 1  ه

Boundery and initial conditions of the net function F are;

F = 0 at t=0 and T = i ٦(t) a  ا =ة0 و

whle as C2 جد Jn > eIo ؟ (9)

The nethod 0f solution followed he±e, 1a describad by

SharikAdze and legطa e'6) THe wnsteady solution iA obta­

ind by superpositioT, as the sum of two parts. The firsتt 

part is the solution o the homogeneous differentlel eauA­

tion mhich satisfies the given bounda-y conditions and ze­

ro initial conditions, mhile the second part is the solut-

1on 0f the given differenا iel eguatlon whlch correAponds

to horogeneous boundery conditionB.



 ب ن، مي

S0LUTION OF mHL EROBLEl

The solution of ths left-hAnd side of equetion (7),

mh1ch satiefie the boundAry cad1t1ons (9) ean be proved

to be;

F (a,t)
- #ء ت ٢o »٦ ه ولهة]-- ح-»+

a٦،جد- ة
IntroaucinE Green's funeti,(6,7)

(1o)

t

٠ ا
##a ، د

 ج2.2
exp د ، ( 4LT m٤) exp

2(٤-٤ -] {فهد [ء".- ،

(-t لا4T :لهد، جهي و«

exp(t,٤)6 ,ة

o

wh1ch aatisries at ; عرم equAt±on ('7) without the rigHt­

hand side and tends to zero at -t= 0, And At 2 = 0, 0 ,

the finAl required solution F(z,t) can be ±epresented in

t
3(2,t) = F(٦,5) +[

o
a٤

 ه
{ «ey$; +٣eu»,7٠-+٦43

·٠٠ (12)

the fom;

o

Differentiating equation (l2) with respeet t0 %, under the

;ign of iniegrAtion, me Getة 

٥ م38
5z-5at د ،

t

٢o
a

4T ( ey25 « س، ,م2 ر3£٥ ج

5za٤

 ي

(13)
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The sy5te= of equat1oNA (l2) and (l3) and be s0lved
3N to ء obiain tbe unلomصa F,5? , hence the two functioدa ±

٥
and g cen be detemlned, Bquation (8) enAblea to obtA1n

-while the third equation of (4) ±s appl1ed to detem1إ 

ne P. The components of velocity are deduced frou f & و

andY a defined before.

The metAod of Aucceasive approximation 1s epplied to
. ٥1 ,solwe the system (12) and (13). DenotIG 5;=", the re-

quired functiors are rer-%5ated in the form 5f the foll-

o:7iNg se±1es;
ae

٤٩50,0٣.٩٦-٤°«٣

n=٥n=٥
٦-٦,٠

 فه

٥-٤
n=٥

·.٠(14)

wHere  ,و

Subst1tute from (14) into equ-

, starting initially with;
٥y - ء  و

Re ( (٤ ج dz = 0,
o o

) ٤s paremetez٠ ه

and٩ ه'٢

at1دده (s), (12) and (13)

٥s
-5 ء

٣٨+3 م5)٥6,

recurfent forTulAe;
o n ٠٦!2ي/٣٧ ء

the
t

 ا-
Me obtain

F4+1
o

...(5)Re ( R5ه ) dوة 
2

 و
o،٣ -د

 د



and "4 د«
t

1

 ه

 ه يت

٠ ء٢٤ ٢2٣٥"3٥٣ ة٤٠١3 ه»٤
o o ٠a=o

The funct1on F, eould be calculeteD ±ro {l0) As a

pure iMaginAry function m1tb A reel part eguala aer0م The

so2ution deduced in (14) and (l5) an be promeD to toma a

ystem 0f convereent serles within the condit1ons underة 

conlderationم 

TAe firAt two approz1mations of such solution are de­

temtire4. Cons1der Ase first epproximation;

Fج=٥ y =0 i.e.o ,o=%٤٥ =ج
Therefore from (4) and (lo), ne get;

u = 0 w = 0 (t)2م= 

"٥=٧ ]٠٩ ومج,]»- «$يج«+. ج
..٠(16)

The last equations 1ndlcetes thAt the first approxهذ ­

ation affects only the rotat1ag motion of the fluid, mhile

the radial and a1al components of the velocity ere .er0 ة

I£ the disc rotates with unifor angular velocity i.e0

w( = )ج ته= const , ه me Get after integret1ng (l6);

=4ه/e و«-( م٥/١)er ع٥ ه-ي=(٧٤١٠٠ ج تما
t2 ر

+ ex (/ و( ق» e٠.47.(/,٦ه+٨٧٤)±٤ ء)
t2 ل
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١٦mhere, erfc

thجاو ­
 ة خشا.

Bguation (l7) represents 6he distributior 04

a verBeف comnponent of the velocity of flow @ua to

oraly rotat1ng infinite disk 1n the. presence ofexterصصl

» د(6) ٠4

magnetic field. As m tendA to zero the comreaponding so­

lut1on in clessical hydrodynAmics 1s obtaine@.

٢=٤ (تهer ع٥(a/2 ر€لا

 يةم د-

t -ه٠٠
٦٠٦٢٢33٤٥٦.6A3١٠-

For the second approrimation the folloring reaults

are obteined;
t

 رة٠ ا
o ، o

٥0

٤٤]٢3
oo

and the following ezpressions are deduced;
z

a7{ 6 .« ه
o

٥م

٥٢ {85
o

t

٩٥;٠٧ ]--ر
٥

o0

٢ °ي o
o

t
 ]درءa ج

o

All the results obtalnad in thlA womk for tho cEBe 04

1nfin4.te disk, cAh be Applied Ae well to the cese 0f c1rc­

w1ar rotAt1ng d1sk o± finite radiue R, provlded thAt the

radiuA is lerge compared t5 tHe thlckess o£ he 7iscous

R>75.boundAry layer i.6.

Rquat±o (l6) wHich ±epresents the 'solutlon for the

welocity correApondlng to the f1.rst ApprorlmAtion, allohs

to calculate the moment of the force oR frlction Allover a

 ج-٥١ ج--دج
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roteting diso t f±nlte rad1uA R. The moment 0f the force

of ffictlon 16 nef1.ned And calculAted As follows;

37٥R
5Tج ة--2m]{2 م.ا= dع

0

t (%م-٤ )ج-
·٠٠ (19}d٣+ غ ر،٩ a2م84١ ا - ٧٠٥٣-٤o

It 1s arident froa (l6) and (19) thAt even in the f1-

rst t?rox1mation the magnetic f1eld has an effect on the

veloci+ distribution and th± friotional Moment.

Subst1tuting m = 0 in the obtained ±esults, the CoIT­

espondlng results of claasical HydradصAny icB Are obtained,

w1thout taklRg 1nto cona1deration the conductivity of tنh 

fluid or the presence of eRternAl mAgnetic field.
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 مدل مائع حرئة دراسة

 نهائى لا قرص دوران ناشدةعن

 مجاهد الرحمن عبد عادل

 القاهرة جامءة الهندسة كلية الهندسية وليزيغا الرياضيات بسم

 ضعيف ومص لنح مائدم حرة دراسدة البحث يتناول

 لانهائى تطر س رقيق ترص دورن عن الاشئة للكبرية
 خارجى مئلطيى لمجال المائع يترض بينما

 عمودي الحصول "تم ألقرص سستوي على

 سرعة لرئبات الماج الحل على

 بسرعة ألقرص يتحرك عندما أليثع

• للزن علاه كدالة تتغير ورانية د

• للحل الخامة الحالات بعض استنتاج تم كسما
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