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The flow of a certain non-Newtonian fluid characterized by 7' = —pl+-
a3A;-tapAgs+az4,2 (where 7' is the stross matrix 2 }], £ is the unit matrix,
ay, ap, ag are constants and A4,, 4, are the kinematic matrices as defined
in Rivlin and Erickson (1955) has been considered between two infinite
disks, one of which is rotating and the other is at rest, It is found that
under certain conditions depending upon the distance d between the two
disks and the angular velocity £ the non-rotating disk experiences a suction
but when d is decreased sufficiently it experiences thrust whereas in the case
of Newtonian fluids, the non.rotating disk always experiences suction. Our
results ere similar to those obtained by Srivastava (1961).

1. INTRODUCTION

The flow of a Newtonian fluid has been considered by Stewartson (1958)
between two infinite disks (a) when the disks rotate in the same direction,
(b) when the disks rotate in the opposite directions and lastly when one disk
is stationary and the other is rotating. The disks have been taken to coincide
with the plane z = 0 and z = d. :

Srivastava (1961) has considered the flow of the non-Newtonian fluid
characterized by

T = —pl+ad;+agd? e .. (LD
between two infinite disks one of which is rotating and the other is at rest.
2d2p

He solved the problem for small Reynolds number R( ==
1

, where o, is the

coefficient of Viscosity). He found that under certain conditions depending

upon the distance d between the disks and the angular velocity, the non-
rotating disk experiences suction but when d is decreased sufficiently it
experiences thrust whereas in the case of Newtonian fluids, the non-rotating
disk always experiences suction.

In the present paper we have considered the flow of the non-Newtonian
fluid whose constitutive equation is

T = —pl+udytagdetagd} .. .. .. (12)
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where .7 is the stress matrix [j#; |, p is an isotropic pressure.
- I is the unit matrix, «;, ay, oz are constants and 4,, 4, are kinematic
matrices defined by

Ay ={dyll=l2dyll =l (Vi,;4+ Vil . oo (L3)
a - m "
Ao =5 dy+ Vg, 1+ AmV "+ AV | .. o (14)

between two infinite disks one of which is rotating and the other is at rest.
The two disks have been taken to coincide with the planesz = 0and z = d. We
take the disk situated at z == d as the non-rotating disk. We have also taken

P2

the Reynolds number R(: ) to be very small. The problem has been

31
solved approximately for small Reynolds number. We found that under
certain conditions depending upon the distance d, the angular velocity 2
and two parameters «s and oy, the non-rotating disk experiences suction but
when d is decreased sufficiently, it experiences thrust. The conditions for
suction and thrust being

10xs+3og) _, _ 302,
paz = 3p a2

0(at+ia) 4000,
pd2 3pL202

By putting o, = 0 the conditions reduce to those obtained by Srivastava (1961).

2. Basic Equatioxs

The equations of motion in cylindrical polar co-ordinates are

((';u_l_Vau_i_ L Vz) Fr+agr }%@ atrz+m-—wo e
( ZV+VZS+ {;V_i_uV) F0+at,)e+}a;%0 21,:0+822z 22
BN et

and the equation of continuity is
%’:+“+:a£ aai"_o 29

let the velocity field be given by
u = rQF(n), v=12G(y), w == dQH(xn) .. .. (25)
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where 7 = gand R is the angular velocity. Then the kinematic matrices are

given by
20F 0 el
d
4, =] 0 20F ’[ff 2.6)
rQF’ QG ,
= —a A
_QF’Z 202 F" (¥
4Q2F2+T _’ﬂqu_ %ﬁ( .F.F,)
202 ’ 202’2
a2 =] ’____Qdf ¢ sqape 4 2226 2 (—Fa) 1)
2 202
k 21 ( FF,) 219 ( FG) %(F’2+G,2)+492H12
, . 2
4022 4 2O F 0 C“;i (2FF' +HF")
’ TQZ ? 114
Ay = 0 4Q2F2 4 202 HF S (2FG +HG")
er‘ ’ " TQz ’ 01 n 72 12 I2
2L QPP HF') " (2FG +HE) 292[1111 +oH Y  (Frre)

(2.8)
The stress-strain relations take the form
r mm
trr = —p+oc1(2.QF)+a2(2.QZHF’+492F2)+a3( 402 2 4 )
2027 ('
. tr0 = ug [T—‘“EZ—] B
” 7 .Q G’2
100 = —p-oy(2QF) + ap(4Q2F2 + 202HF )+a3( Q2F2 4 )
' 02
m=°‘1(w)+ xS QP+ HF )y 25 (—FF)
' 2
62 = o (’%G )+az’-fli(2m'+ya”)+as 22 pe)
for = —p+uy(2QH') g . 202 [HH”+2H’2+ (F’2+G’2)] +a3[492H'2
+ F’2+G'2)] R ¢

The body forces are taken as zero.
With the help of equations (2.9), (2.5) the equations of motion take the form

R(F*—G24F'H) = F"+aR(F2—2FF"—@2)+BR(2F'%+ HF'")—2P; (2.10)
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R(2FG+G'H) = @"+2R(F'¢ —FG")+pRI2F' G +HG™] .. .. (2.11)

RHE' = P'+H"+R(28FF')+BR40FF' —2HF" —2H'F"]

2 ’
+£§[2R(a+23)(F'F”+G’G”) ~P] .. .. L (@212
and the equation of continuity is

2F +H = 0 O S &)
PR % s 4
Whel‘e R—T’B—pdz,a—sz .. .. .o (2.1)

and the pressure p is taken to be of the form

p= alg[—P(q)+:-;P1(‘q)] R 8 )
From equation (2.12) we have
P—Py = }RH2+2F ~14aRF2—BR[20F2—2HF'] .. .. (2.16)
and A
Py = (a+20)RF2 4G +) .. .. .. (217)

where P is the value of P at % = 0 and A is the constant of integration.
Using (2.10) and (2.17) we have
B(F2—@24-F' H) = F"—oaR(F'243@'2+2FF")—BR2F 2+ 4G'2—HF'")—2) (2.18)

For small values of R, a regular perturbation scheme for the equations (2.11),
(2.13) and (2.18) can be developed by expanding F, G, H A in powers of R.
We take

F=fo+Rfy+R¥s+ .. .. .. .. (219
G = go+RBg1+ R+ . ... Y 1))
H=hy+Rhy+R%o+.... .. .. .. (22D
X = do+EBN+R2p+ .. .. R ¢35

) Substituting the values of F, @, H and A from (2.19), (2.20), (2.21) and
(2.22) in equations (2.11), (2.13), (2.18) and equating the coefficients of like
powers of B on both sides of these equations we obtain the following equations

fr=2), g,=0 O ¢ 32
11 = alfg 307 +2,50)+B(fT +495 —2hof; )

+(f3—g5+f o) +2M

9 = (Yoo +9gho) — 2 £39,~1,9)

—BgHhedy) e e e e e e (229)
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Fo = Cf fi—=29,0,+f b1+ ko) + o[ 2f, f+69.9;

+2f f142f, fo+Bl4fo £, +89,9,— oS, =hify J+22

-(/; = (2f0g1+ 2f1g0+g:)h1+hog;)

—20(g, 147, fomtod —F190) =B 91+ 2100+ og, +Ragy )

- (f?_l_Qfofz_gi;_2gog2+f(;h2+f;ko+f;h1)

talf; 4 2f o fot 39,7 +69,9,4 2 ofot 2ofot2117)
L2140+ 8.9, —hofy —hafy —af| T+ 2)e

95" = (2fog2+ 290f2+.(/(;7’2+7700r;+ g,h1)
~a(gofatfogat0uf = foda—Fo0y—Frd7)
—B(2f 95420, fo 219, +hagy +hogs, +hagy )

and so on.
And the equation of continuity is

2 nt+h, =0
(n=1,2,3,....)
whilst the boundary conditions reduce to
fo=0,90=1hg=0atn=0
fo=0,90=0,kg=0atn=1
and for n=1 23 ...
fn=0,0,=0,hp=0 atn=0
fo=0,0,=0,kpy=0 atn=1
The solution of (2.23) and (2.27) satisfying (2.28) is
fo=0,90=(1=1), hg=0
The golution of (2.24) and (2.27) satisfying (2.29) is

1 7 1
= e P 2 1n3— _p4
fr =151 g5+t — 1t

g1=0
1 7 1
= e 2314 L 5
h= = qgntggn’—snttagn
1
?‘1=%(E-7—sﬁ)

(2.25)

. (2.26)

. (2.27)

. (2.28)

. (2.29)

. (2.30)

.. (2.31)
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The solution of (2.25) and (2.27) satisfying (2.29) is
f2=0,A2=0:k2=O
=3 a7 L 1 70
92= ( 70075~ 157" 00T~ BT
7 ¢ 1 ,
YV D SR D 9o
+ (x+B) (10 367 +6 307;). . .. .. (2.32)
Using (2.15) and (2.16) we obtain
P =2 [— {1RH242F —14aRF2~BR(20F2—2HF"') 4, }

+d2 (a+2B)R(F'24G'2)— )\}J .. .. (2.33)

Since p is everywhere positive in the fluid, P; must be negative. Let it be
equal to Q2. The expression for {2z is

tzz = —pt+o (2QH )t uy [2.(22(111[1”-}-2H'2)+L‘22 (F'2+G’2)2!22]
r2g2

+oy [ (F'2+0'2)+492H'2]

= 0,0 [%RH2+ 9F —14aRF2—BR(20F2—2HF')— Q2
(a2 62 )]

+ 0, 2QH + oy [292(HH”+ 21&!’2)+£l!2 L 2G2(Fe 4 G/Z)}
r202

s [Tz (22 +422H '2]
-2 2
(t2)s ma = +0,Q [—Qi ~ jﬁ] =02 [-Q§ ~ Qo+ RA+RD+ .. .)] (2.34)
Neglecting R3 and higher powers, we obtain

(t22)2 = 4 = =0, RQ3— 3P —a—3p)2 .. . . .. .. (2.35)

The average normal force ou the circular portion of radius @ of the non-rotating
disk is

——f 2ni(tez), — qdr = 322 (a4~ %) —al.QQg . .. (2.36)
Hence thegnon—rotatlng disk experiences suction or thrust according as
2
10(axg+ o) 40e, 9, ‘
L 1 < g . (2.37)
s 400, Q2
or 10(as+i0s) g 1% . (2.38)

Pde 3rQa?
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If we put a, = 0 we get the conditions obtained by Srivastava (1961) for a
certain non-Newtonian fluid and if «g is also equal to zero, then we get the
conditions for the Newtonian fluids.

It is quite evident that in the Newtonian case the average normal force
on a circular portion of radius ¢ of the non-rotating disk is —(a190(2,+2P.Qza2)
which is always negative. Hence for the Newtonian fluid the non-rotating
disk will always experience suction. For the non-Newtonian fluid charac-
terized by (1.2) the non-rotating disk experiences suction when the space
between the disk exceeds a certain critical value.
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