, 28 11 Applied Mathematics and Mechanics
2007 11 15 Vol. 28, No. 11, Nov. 15,2007

1 1006-0887(2007) 1130711 © , ISSN' 1006-0887

B ¥, HG ¥ IREG

( , 47667, )
( A% 3k %)
. Pranct]
0373;0361. 3 A
, . Blasius L
, Sakiadis , Sakiadis'*”! .
Sakiadis s s
* Crane!”  Sakiadis .
, Gupta 3] , .
* : 2006-05-08; ;2007 06-07
B. Sahoo, s ( . E-mail: bikasdma@ iitr. in) .

) ’

1307



1308 B He G

(BVP) , ,
* Rivlin  Eeicksen'®
T =- pI+ UA1+ C11A2+ (le%, (1)
T  Cauchy , ) -»l, ¥
, Q2 , , A1 A Rivlin-Eeicksen
. dA i
A= L+ L', Ay= d—tl+ AL+ LA, (2)
d/d¢ ,L= "V Dunn Fosdick!?  Dunn Rajagopal[g] (1
. ( 1) )
(D ,
U 20, a 20, o+ a= 0 (3)
R Clausius- Duhern R Helmholtz
* Dumn  Fosdick!” , (3)
* Fosdick  Rajagopal” G+ =0 , , a; <
0, ) * Galdi " Dumn  Fosdick!” Fos-
dick Rajagopall9J aj+ a Z0 .
(3)
Fox (1 * Rajagopal (12
s * Troy
Bl . , Sadeghy  Sharifi ¥ Sadeghy
[15] .
’ Py O’ Has—
sanien''®’ Hady  Gorla!"” ,
. [1&21], .
1
(1) (3) ,
U N l]w ’
1 . .
. B= (0, By, 0) ¥- , L
> H UT ( [ 16]) :

U, Ui> Ue,
U= (4)
U°°, Ui< Uw*



1309

: gu_ e
e V= 0, (5) e Ve
b7 T A
p(ji_y: *T+ Jx B, (6) ﬂ, iﬂ LU,
, F 1 1 fgf T T T &
p ’J 2 2 ’ -—77——X=L, - J
(J % B):
(a) ; 1
(b) B \4 ) ;
(o)
(5) (6)
Ou  Ju
oxt oy =0 (7)
ou , ou|_ 4o
Pu Pu wdu Ju Fu
a1[ua ay2+ vt o5, ayz— dy auay]— %Bou, (8)
u v Xy . , T :
or . ar T
Qp[u ox T va_y}: kay_b (9)
Cp , k .
T-Tow
xzz_,y: Ll = i,u:i,T:Tw_—“, (10)
(7)~ (9)
du_ Qv _
okt oy = O (11)
ou du _ 1%
“oxt vay B Reayz_
Pu_, Qu, Qudu_ Qu Qul| LB o
a uaxay2 v ay3 Ox ay2 ay axay T U u, (12)
or . or| _ 12T
Pr[u Ox TV dy = Re ayZ, (13)
Re= UdL/v Pr= Ve/k a= ai/(@°) Prandi
u:%,v:O,T: 1, y= 0,
’ (14)
u UFT»O’ T” 0, y ~ oo
(12) R ,
.,V oa o), b ( [16,22])*

. dx, y)= $/(UL), u= 0¥/0y wv=-0%¥0x,



1310 B He Ge

roy) = By, by = T 09 = T(xy).
(15 (1) (13).

o o= L& add_ ed) N9,
0"+ %Pr‘Pg -0
Uy _
P= 0, ¢ = u_,e_l, =0,
¢~ U?oj, 07~ 0 27 oo
g K(= alU/(w)) ,N = L OBY (PU,)

4

T,
Cr= =% = Y0,

pUE T xRe
Fourier :
oT k Re
W = - A = - - TW— T - ®
gu(x) [ay]) . m( N
h(x) = —aul(x)
(Tw— T )
Nusselt
h(x)L , Re| ?
Nux = —%L:— 6(0)[96—6] .
2
(18) ) (16) (17)+
b 5 * 9 dA]/d[,
Navier Stokes . ) ,
* Beard Walters!™ ,
[2425],
[15,23] ,
. [2627] ,
Davis!® | 0
9 (P é = 0 * 2
, =0, (18)

o) = L7 ¢0) - 29(0)¢(0)1 + N¥(0).

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(2)

(23)



1311

(16)~ (18) . ¢(0) :
“«g0) . : o) d(0 : (23)
¢(0) Q0) , 2= 0 6 ,
(16) (17) - Runge-Kutta , Broyden
1) o) §(0) : . Y(o)
= 0 e( OO) = 0‘
yi= @ yo= 9, y3= € 4= & (24)
(16)~ (17)
’ l IL P ”
Y3+ Syiys= 5(y3= 2y2ys= yiys) = Ny2= 0, (%)
ya+ %Pryly;tz 0, (26)
y2= ¥3, (27)
yi= yo (28)
(18)
Us
2= 0: yi= 0 y2= 5 oya= L
29
— - UOO — ( )
¢ oo Y2 T Y4 0
¢ = ih, i= 1,23, .-, n, (30)
n , (25)~ (28) ,
+ 1 — 1
5 - 03 1 i
W + 2)/1}"3_
Jj+1 J Jj-1
K 2 P 17y = 2y3+ »3 ;
3[(%) - 25 0 2 M— Nyt= 0, (31)
i+ 1 J — 1 i+ 1 1
¥ o= 2ut vy 1. yf - ¥4
hz + 2Pry1 T = 0, (32)
iy . h . iy
A X EE R 2 (B)
R R CE A (34)
, (25) (26) j y (21)  (RB)
s s j+ 172, j Jj+1 vy .
O(h?) .
. (31 (32) y3  y4 3 . ,
| A ST o
Taylor . y5V Y, (33) Y (34)
Ve , Y1 Y2 ¥3 Y4 . ,yh"



1312 B He Ge

yi" $(o0) 000, (29) : Broyden
: ¢ (0 : ( 10°),
. Richardson R ,
O(h*) -
Teipel *! , * Ariel*!
. [ 1415, 3233] .
3
FORTRAN 90 , v .
, C oo . s , Garg
Rajagopalml , K 100 , S 60° ,
, K=20 K K K
1 N=0 P=50 <%0 00
[ 16]
K U, U
¢(0) 0 (0) ¢(0) 0 (0)
0.0 1.0 0.0 -0.4437 - 1.15363 - 0.443 71 - 1.153 63
0.0 1.0 0.332 06 - 0.576 69 0.332 06 - 0.576 68
0.05 1.0 0.0 - 0.445 &7 - 1.15339 - 04457 - 1.153 38
0.0 1.0 0.32 40 - 0.571 89 0.32 38 - 0.571 88
0.1 1.0 0.0 - 0.447 18 - 1.153 14 - 0.447 17 -1.153 14
0.0 1.0 0.312 74 - 0.5703 0.312 73 - 0.56703
0.2 1.0 0.0 - 0.449 81 - 1.15265 - 0.449 78 -1.152 64
0.0 1.0 0.293 42 - 0.5711 0.293 41 - 0.557 06
2 K=10 pPr=30 ¢ 0
N U, U ¢ (0) 0 (0 U, Uss ¢ (0 0 (0)
0.5 1.0 0.0 - 1.902 10 - 0.621 9 0.0 1.0 0. 045 44 - 0.28322
0.2 - 1. 878 68 - 0.636 4 0.2 - 0.098 42 - 0.41653
0.4 - 1.84917 - 0.65110 0.4 - 0. 308 69 - 0.52272
1.0 1.0 0.0 - 2.25053 - 0.568 U 0.0 1.0 0.008 10 - 0.21397
0.2 - 2.244 26 - 0.57575 0.2 - 0.216 06 - 0.32778
0.4 - 2.23695 - 0.582 81 0.4 - 0.51149 - 0.426 86
1.5 1.0 0.0 - 2.52604 - 0.5312 0.0 1.0 0. 002 28 - 0.19305
0.2 - 2.51335 - 0.53508 0.2 - 0.272 16 - 0.291 87
0.4 - 2.51090 - 0.5399 0.4 - 0.622 32 - 0.38218
, N=0 , Blasius(Us= 0, Uo= 1) Sakiadis( Us =
I, Us = 0) ( 1), K Hassanien! '®

) . ; ( NZ0¢ 2) ( N



1313

0)'Y, Prandt! | Uy— Ul
U,< Ux .
1.0
— Ua=0.1
0.8 - Ua=0.2
—-U.=0.4
~ 0.6
An
=
® 0.4 I
0.2 N~ _.. - .-
R E L Ly
0
0 1 2 3 4 5 6
¢
2 U= 1LK=1LN=03
¢
1.0
0.8 L
»
</
> 0.6 ~2
e g
. P
0.4f .- —U.,=0.1
- ---U,=0.2
< - -U,=0.4
0.2 -
0 1 2 3 4 5 6
¢
4 Us= 1,K= 1,N= 0.3
¢
2~ , KN Pr ,
( U> U
6

, Uy> Uw
1.0
— U =0.1
0.8 ---Ua=0.2
= -Ua=0.4
0.6
0.4
N
N
0.2 \
0 =
0 1 2 3 4 5 6
4
3 U= 1LK= LN =03,
Pr=3 0
1.0
—U,=0.1
0.8 \‘\ "'U.:O.Z
A - -U,=0.4
0.6/ W\
W
0.4 LR
AN
V)
0.2 \‘\\
~ \\
0 =i
0 1 2 3 4 5 6
¢
5 Us= 1,K= 1LN = 0.3,
Pr=3 90
U U g 00
Uy< Uc, U, Us ,
1.0
1 —N=1
) --N=2
0.8 3 — _N=4
. N=8
0.6f \\\.
6 \ Ve
0.4 ‘N Up=1.0Uy, =0;K=0.5
A NS
N \\
0.2 N
0 ST
0 1 2 3 4 5 6
e



1314 B He Ge

1.0 .0
—N=1 f \\ __x=;
---N=2 i} N -~-N=
0.8 = -Ir;=4 F| 0.8 ‘:.\_\ — N=4
----- N=8 i T e
o 06 i 0.6 o
>~ Ik 6 Uk
' ] \\\“<
04! y,=0;U.=1;K=0.5 ’,’/’4; 0.4 N
0.2 o 0.2 U,=0;U.=1;K=0.5 e
ad _.' -.\\._\
0 o Y 3
0o 1 2 3 4 5 6 0o i 3 S s

¢ 4

8 U< Us N ¢ 9 U.< U, Pr= 4
N 0
: Z, N L 92 . 009 .
; ( 2), U Us , U=0 Ux=10 |,
: : Yo, .

1.0

—K=1
---K=2
0.8f% - -K=4
v K=8
= 0.6/ %
< o .
\& '..
0.4 .
\\\'“‘ U.:];U.=O;N=3
s,
0.2 RN T
N
0 N
6 0 1 2 3 4 5 6

¢ 11 Uy> Ue, Pr= 3
K 0

1.0 1.0
. e R , . —K=1
0.8 ___K=2 g 0.8] % ---K=2
—--K=4 7 —--K=4
-~ 0.6 T K=8 ) 0.6 \\ ~K=8
3 s 0 ‘\\‘
*0.4{ U.=0;U.=1;N=3 7 0.4 "N\ Uw=0;Ua=1;N=3
0.2 g O.ZL
o - 0 =2
0o 1 2 3 4 5 6 o 1 2 3 4 5 6

12 U< Us K ¢ 13 Uy,< U Pr= 3
K 9

s B UW> U°°7 K N qj(é) ,
. : U< Us | (12 13 ,



1315

U

(1]

(4]

(5]

[6]

(9]

[10]

: K S . , ,
, ( ) ,
[1617]
Prandtl , Uy> Uw U, <
. U < Uso |, ) ( 1,
° Bo

[ ]

Papanastasiou T C, Georgiou G C, Alexandrou A N. Viscous Fluid Flow [ M]. Boca Raton: CRC
Press, 2000.

Sakiadis B C. Boundary-layer behavior on continuous solid surfaces—I boundary layer equations for
two dimensional and axisymmetric flow[ J]. American Institute of Chemical Engineers Journal,
1961, 7: 26-28.

Sakiadis B C. Boundary layer behavior on continuous solid surface: the boundary layer on a contine
ous flat swrface[J]. American Institute of Chemical Engineers Journal, 1961, 7: 221224,

Crane L J. Flow past a stretching sheet[J]. Journal of Applied Mathematics and Physics, ZAMP,
1970, 21: 645 647.

Gupta P S, Gupta A'S. Heat and mass transfer on a stretching sheet with suction or blowing[ J] .
Canadian Journal Chemical Engineering, 1977, 55: 744-746.

Rivlin R S, Eridksen J L. Stress deformation relations for isotropic materials] J]. Journal of Rational
Mechanics and Analysis , 1955, 4: 323-425.

DunnJ E, Fosdick R L. Thermodynamics, stability and boundedness of Fluids of complexity 2 and
fluids of second grade[ J]. Archive for Rational Mechanics and Analysis, 1974, 56: 19+252.

Dunn J E; Rajagopal K R Fluids of differential type, critical review and thermodynamic analysis
[J]. International Journal of Engineering Sd ence, 1995, 33: 689-729.

Fosdick RL, Rajagopal K R Anomalous feature in the model of“ second order fluids’ [ J] . Archive
for Ration al Mechanics and Analysis, 1979, 70: 145-152.

Galdi G P, PadulaM, Rgjagopal K R On the conditional stability of the rest state of a fluid of see
ond grade in unbounded domains[J]. Archive for Rational Mechanics and Analysis, 1990, 109: 173-



1316 B He Ge
182.

[11] FoxVG, Ericksen LE, Fan L T. The laminar boundary layer on a moving continuous flat sheet im-
mersed in a nor Newtonian fluid[ J]. American Institute of Chemical Engineers Journal, 1969, 15:
327-333.

[12] Rajagopal KR, NaTY, Gupta AS Flow of aviscoelastic fluid over a stretching sheet[J] . Rheolog-
ical Acta, 1984,24:213-215.

[13] Troy W C, Overman E A, Ermentrout H G B, et al. Uniqueness of flow of a second order fluid past
a stretching sheet[J]. Quarterly Journal of Applied Mathematics, 1987, 44: 753-755.

[14] Sadeghy K, Sharifi M. Local similarity solution for the flow of a “ second grade’ viscoelastic fluid
above a moving plate[ J]. International Journal Non-Linear Mechanics, 2004, 39: 1265 1273.

[15] Sadeghy K, Najafi A H, Saffaripour M. Sakiadis flow of an upper convected Maxwell fluid[ J]. Inter—
national Journal Non-Linear Mechanics, 2005, 40: 1220-1228.

[16] Hassanien I A Flow and hea transfer from a continuous surface in a parallel free stream of vis-
coelastic second order fluid[ J] . Applied Scientific Research, 1992, 49: 335-344.

[17] Hady FM, Gorla R S R. Heat transfer from a continuous surface in a parallel free stream of vis-
coelastic fluid[ J] . Acta Mechanica, 1998, 128: 201 208.

[18] Bhatnagar R K, Gupta G, Rajagopal K R. Flow of an Oldroyd B fluid due to a stretching sheet in the
presence of a free stream velocity[ J]. Intern ational Journal Non—Linear Mechanics, 1995, 30: 39+
40s.

[19] Allan F M. Similarity solutions of a boundary layer problem over moving surfaces| J]. Applied Math-
ematics Letter, 1997, 10: 8+ 85.

[20] Kumari M, Nath G MHD boundarylayer flow of a non- Newtonian fluid over a continuously moving
surface with a parallel free stream[ J]. Acta Mechanica, 2001, 146: 139-150.

[21] Abe-Eldahab E M, Salem A M. MHD free convedion flow of a non Newtonian powerlaw fluid at a
stretching surface with a uniform free-stream[ J] . Applied Mathematics and Computation , 2005, 169:
806-818.

[22] Rajeshwari G K, Rathna S L. Flow of a particular class of nor- Newtonian visce-elastic fluid near a
stagnation point[J] . Journal of Applied Mathematics and Physics, ZAMP, 1962, 13: 43-57.

[23] Beard D W, Walters K. Elastice-viscous boundary layer flows—I twe dimensional flow near a

stagnation point[ J] . Proceedings Cam bridge Philosophical Society, 1964, 60: 667-674.

[24] Mishra S P, Mohapatra U. Elasticoviscous flow between a rotating and a stationary disk with uni-
form sudion & the stationary disk[J]. Journal of Applied Physics, 1977, 48: 1515-1521.

[25] Shrestha G M. Laminar dastice viscous flow through channels with porous walls with different pee-
meability[ J] . Applied Science Research, 1969, 20: 289-305.

[26] Garg V K, Rajagopal K R Stagnation point flow of a non- Newtonian fluid[ J] . Mechanics Research
Comm unication , 1990, 17: 415-421.

[27] Garg V K Rgagopal K R Flow of a non- Newtonian fluid past a wedge[ J]. Acta Mechanica, 1991,
88:113-123.

[28] DaviesM H. A note on elastice-viscous boundary layer flows[ J].Journal of Applied Mathem atics
and Physics, ZAMP, 1960, 17: 18%-191.

[29] Chiang K T. Dealing with complicated starting value in shooting process with Broyden’ s mehtod:

[30]

Examples of the onset of convection for the viscodastic fluid[ J]. Internation al Comm unication in
Heat and Mass Tran sfer, 2004, 31: 815-826.
Teipel I. Die RAauniiche staupunktstrAomung fAur ein viscoelastisches fluid[ J] . Rhedlogical Acta,



1317

[31]

(32]

[33]

1986, 25: 75-79.
Ariel P. D. A Hybrid method for computing the flow of viscoelastic fluids[ J] . Int ernational Journal
for Numerical Methods in Fluids, 1992, 14: 757 774.

fluid[ J]. International Journal of Mathem atics and Mathematical Sciences, 2003, 60: 3797 3807.

Labropulu F, Husain I, Chinichian M. Stagnation point flow of the Walters’ B fluid with slip[J]. In—
ternational Journal of Mathem atics and Mathematical Sciences, 2004, 61: 3249-3258.

MHD Flow and Heat Transfer From a Continuous
Surface in a Uniform Free Stream of a
Non-Newtonian Fluid

Bikash Sahoo, H. G. Sharma

(Department of Mathematics, Indian Institute of Technology Roorkee,
Uttarakhand 247667, India)

Abstract: An analysis was carried out to study the steady flow and heat transfer characteristics from
a continuous flat surface moving in a parallel free stream of an electrically conducting non- Newtonian
viscoelastic fluid. The flow is subjected to a transverse uniform magnetic field The constitutive equa-
tion of the fluid is modeled by that for a second grade fluid. Numerical results were obtained for the
distribution of velocity and temperature profiles. The efects of various physical parameters like vis-
coelastic parameter, magnetic parameter and Prandl number on various momentum and heat transfer

characteristics are discussed in detail and shown graphically.

Key words: second grade fluid;, free stream; heat transfer; magnetic field; finite diference method
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