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[8] ’ 7 . ’
. , Xy ,
uy + vy = 0, (1)
p(u* ur + v uj) =- p;: + U(u;+ ujy)+ al(Su:utx+ e wyy +
U w0 u;k” + u* LL;x—F 2vx vax + u:uw+ u;vﬂm+ v um) (2)
p(u ve 0 ’Uy)=— py + p’(’l)xx— uxy)+ al(Sux uxy— Ux D —
v u;yx+ u* Vrx— U Uz + 2u$ u}k)— V2 thez + v:u;— n u;x) (3)
Q?p(u 0 + v 9;)_ K(em+ 9”)+ 14(4(ux) + (I,Ly + U)c))‘l‘
(ll(um(4u wr — 0 vx — v uy)+ uyy(v ve + v uy)+
v;x(u lLy+ u l}x)‘l' uxy(4v ur+ u vr +ou lI,y )), (4)
u v x oy cx y -0
) , K , P , U , G , Qi e (4
(2 (3 . (D~ (4 ,
(5 (D)~ (4
u+ v, = 0, (6)
Re(uux + vuy) = — pr+ (uw+ wy)+ O(Suwsttwr+ uvuyy +
Ulbgr + Vlyyy + Ul + 2000 + Wl + Uylxx + Vlbyy ), (7)
Re(uvy + wy) = — py+ (vw— wwy)+ O(Suvtay — wawwr —
Vlyyx + Waxy — Ulbor + 2Uylly — Uxllex + Uxllyy — Uy ), (8)
Re(uf + o0,) = 8i(0u+ Oy) + 4w )+ (w+ v))+
66 thr (Autte — vvx — vUy) + Uy (V02 + vy ) +
Vee (UL + UOx ) + Uy (Douc+ won + uwy)), (9)
Re= BL 5o % b= o= u% 6= . = c,%i’ (10)
Re , Eec , Pr .
(Re <1), (7)~(9) ,
ur+ vy = 0, (11)
= et (Ut Uy )+ O Sthellax + Ucllyy + Ullerr +
Viyyy + Ullyyy + 2000 + Ul + Uxx + Vlyae) = O, (12)

= Pyt (V= Uy) + O(Suvtby — Ui — Vi + Waar —
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Vierx + 2Uyllyy — Uxlbey + Uxllyy — Ully) = 0,

(B + 6,)+ 8 (4 u)?+ (uy, + v:)Y) + & (e (dute — vy — vuy) +

Uy (W0 + VUy ) + Vae( Uty + wx) + Wy (dvuc+ wi+ uwy)) = 0,

, 8 = &/, 8 = 8/ 6 (1)~ (13)
, A+ = Olgj'
[10]¢ (Re <1) , (2)~ (4
2
(1)~ (14)
= x+ €g(x, v, u 0, p,0)+ 0(€),
v = o+ €&(xy v p. 0) + 0(€),
U= u+ €Ni(x, y, u, v,p, 0) + 0(€2),
o= v+ € (x,y, u,v,p, 0)+ 0(62),
p* = p+ €N3(x, 5y, u,v,p,0)+ 0(€2),
0" = 0+ €Ny(x,y, u, v, p, 0)+ O(€)
( [ 8])
L= ax+ b, § = ay+ ¢, = au, Th= av,
2 2
M= d M= 2a0+ v(x,y), 4 &Y g
2t 0y
4 , a
uwv 0 . b ¢ d Xy p .
)
3
Xy , a= d= Y(x,y)= 0
e dy _ du_ do_ dp_ dO,
b~ ¢~ 0~ 0" 0 0

?Q-: y - mx, u= f(’g)’ v = g("é)’p: h(g)’ 9: k("é)’
m= c¢/b .

?
/

g/_nf ZO’

mh' + (1+ m')f "+ 8(1+ m’)[- 2m(1+ m’)f ' - mff & o G
— K+ m(l+ w1+ m)[2(1+ mP)f - mff O mgf @

F(1+ m*)+ 8 [4m’ P+ (f = mg )’ ]+ & [mF " (= dmff "+
mgg — o )+ f (g~ mgg )+ m’g (ff - wfg) -
nf (- dmgg — nfg + )] = O

(13)

(14)

(15)

(17)

(18)

(19)
(20)
(21)

(2)
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(19) (20)  (21) h(§),
1 ”
SOl =0

f g hEk,
f= (a8 ¥ Vi 84 o,

g= ml(08)%16 ¥+ &+ ¢+ a,

h=2(1+ m? &‘1(06)[%( ad) cre F® _ cze_g/(ms)] + c4,

4 2 2 4 )
+ 2m 4+ 1f o+ | ci(ad)” _ ~
b %[ 5 %e o) e Y czz?i] .
2 3
* - ) ad)” _
a62 C2C1((16)2e Ej(uﬁ)_ 01(4 o 22_/((18)]]_'_ CS€+ Cﬁ,
Cl, -3 C6 a

w(x,y) = (ad)lcre T 4 ooy = ma)+ e

o(x.y) = ml(a8) e ™Y b ooy - mx)+ e + q,

plx.y)= 2(1+ m? &1((16)[%((15) cre 2mm (08 _ e (m mx)/(aﬁ)] + ca4,

4 2 2 4
Ory) < - it gnle 1 [a(am ety _

m+ 1 4
e mx)? .
26102(a6)3e—()/—mx)/(a6) + 2 3 + ab (0201((15)267(9'7 my)/(ad) _
2 3
5 !
C—I(%Lefzof m)/(aS)}]+ cs(y— mx )+ c6®
m , . (6=0)
(8)~ (31)
c1 a
4
(16) a , 0
de _ dy _ du_ do_ dp _ dO,
x  y uwu v p 20

€= 1 u=of(8. v= (8. p= h(E. 0= (Y

-8 +4 =0,

& oa s (1 ) 85T+ f (- &) - fI3E+ 1f 4
YE+ 1)f @+ g28 + (E+ )f @-§7"+
&1+ Ag- &)= 0

W Y ) - - (T & al(38 1+
YE+ 1)f @+ 21 - f(38¢ + Tgor 28"+ EF 9+

(2)

()
(%)

(26)

(27)

(2)

(2)
(30)

(31)

(%)

(33)

(34)

(3)
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(1- 8 (- & )}= 0 (36)
P8+ U+ 2r= 278+ 8 [E(4 7+ &)+ Y-8 - U'd - 2¢8 ) +
S Y el S [N g dfa-f e gff v 4+

FHE )+ S-f el - F e+ (f e+ g = O (37)
(35 (36) h (34)

(1+ &) "+ §- a8 - Y1+ )y 0 4% "+ (1+ E)gf G = 00 ()

f = }ZM@ g= Zbkg r= Z@k (39)
(34)
bt = B, (k=012 ..)° (40)
E+ 1

(38)
2ar+ 6(61)0@3) =0 (k = 0), (41)
6a3+ 6(— 6a0a3+ 8b()(l2+ 6b1a3+ 24b0a4) =0 (k: 1), (42)
(2a2+ l2a4) + 6(— 8aoa2— 6a1a3— 24a0a4+ 8b1a2+ 30boa3+

6b2a3+ 24b1a4+ 60b0a5) =0 (k= 3), (43)

k
Lama(b+ 2)(k+ 1)+ ak(h- )+ 8- 4 Dar wam(n- 1) -
n=2
k+2 k
ZS:akJrzfnann(n— U(n-2) - Z:a/ﬁna,,n(n— )(n-2)+
k1 k+3 »
4Zbk+1fnann(n— 1)+ szﬁynann(n— D(n-2)+
n=2 n=3

k+ 1

Zbk+1-nann(n— 1)(n- 2)] =0 (k= 3,45 ..)¢ (44)
n=3
aj bk , f g
f g) _ + E_,+ €2 Ej 1 _ a_o_ 1 1é4_+_ 45
(<) = ao+ ai a 36b 28 682" 3 as . (45)
1 3 a
g(8 = bo- als gak- gt (46)
h(&) r(§ (35 (36), (37) (39 ,
h(&) = Y+ 48 bo+ a1) a8+ 2a2[26(a2— 2a0) - [1+ Z—ﬂ] 24 ., (47)
r(g) = cot & [co+ 61 [al+ 2a1bo] + 6;[12a2b0+ 2a2a1bo/ €2+ » (43)
;ﬁ ;LS 1 ao 1 ﬁ
u(x,y)= ax + ary+ az . E 5+ 1262b0_ 66—1)5— E) a2x3+ . (49)
3 4
v(x,y) = box— aoy+ ;azy—z— FLH' . (50)
X

2
p(x,y)= Y+ 48 bo+ al)azx + 2az| 28(a2— 2ao) - [1+ a—}i|L2+ .o (51)
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00
p(x, oo) = po, e(xa O): 90’ a_y(x’ oo): 0,

uo , V0 , PO
(28)~ (31)
u(y) = uoey/(voﬁ),
v =-— 0o,

2
Uo 2y/(v 8
p(y) = gze”o)+po,

0
2 *

0(y) = %’(1_ 62),/(1;06)] [61 ~ 6;] . 0,

< 0O ,

2

? s

* 2 I )
O(x, y) = cox’+ yxei- [CH 81 [ai+ 2a1bo] + 522[12a2b0+ 2a2a1 bo
a? , a) = 0 " .
5
5.1
) oy
u(0,y) = U(1-e "), v(x, o) = Vo,
Ju
al;(x, 00) = 07 p(— Oo’y): p(),
g_;(x, ) = 0, g—s(x, ) = 0, O(x, ©) = O
(28)~ (31) .
u(x’y) — U()(l— .~ a(}-,mx))’
v(x,y) = Vo= mUpe “7 ™,
plx,y) = (1+ m’) 8Usa’e *""™ + p,
4 2 2 .
__ m +2m+ 1@_2,1(},_,,“)[ « 62]
O(x,y) = 1 4° 5 - 5]+ 6o
= L
)
a ¢ m= 0, (54 Rajagopalw .
=0 , ,
u(x,0) = wuo, u(x, ©)= 0, v(x, ) =— g

]] y2+ .8

(32)

(33)

(#)
(35)
(36)

(57)

(8)

()

(60)
(61)

(62)

(63)
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5.2

(1]

(2]

(4]

(5]

(6]

° > ¥ ) po*
u(x,O) =0 v(x,O) =—- v, u(_ oo,y) = uoy, p(_ ooay) = po,
0 o4
0(x,0) = Oox’, g—y(O,y): 0, g_;(x, o) = ( (&)
(49)~ (52) .
u(x,y) = uoy, (65)
U(x,y):—voy, (%)
p(x,y) = po, (67)
# o0
O(v.y)= f’= [eo+ —— 2”"”07] v (68)
, ax= 0, g
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Similarity Solutions for Creeping Flow and Heat
Transfer in Second Grade Fluid

Muhammet Y r soy
(Department of Mechanical Education , Faculty of Technical Education ,

Afyon Kocatepe University , TR 03200, Afyon , Turkey)

Abstract: The two dimensional equations of motions for the slowly flowing and heat transfer in sec-
ond grade fluid are written in Cartesian coordinates negleding the inertial terms. When the inertia
terms are simply omitted from the equations of motions the resulting solutions are valid approximately
for Re < 1. This fact can also be deduced from the dimensionless form of the momentum and energy e-
quations. By employing Lie group analysis, the symmetries of the equations are caculaed. The Lie al-
gebra consists of four finite parameter and one infinite parameter Lie group transformations, one being
the scaling symmetry and the others being translations. Two different types of solutions are found us-
ing the symmetries. Using translations in x andy coordinates, an exponential type of exact solution is
presented For the scaling symmetry, the outcoming ordinary differential equations are more involved
and only a series type of approximate solution is presented. Finally, some boundary value problems are
discussed.

Key words: aeeping flow; heat transfer; Lie group



