MW AHZE A D] 50 31 &5 57 8 Applied Mathematics and Mechanics
2010 48 J 15 H ik Vol. 31,No. 8, Aug. 15,2010

X EHS:1000-0887(2010)08-0917-07 © R FHBCER F1 2 925 42, ISSN 1000-0887

HESEXNAEEFSSH T HEREIE Newton
R REESEMRREAMNAMESHN

F-A-FE4r 5

(s Blaasabe Bes R R )
(A4 HEH)

WE: - DEAWA/WIIIRE AR MR R L, 08 T 48R 3F Newton WA I
2. AU B T AR B 9 2 R B Al A P D5 AR G B 444K, ) Runge-Kutta 35 2E 17 40 {H R
fift o R PR ) — R T B B — SE 45 2R | 5 LA A SR 25 AR UL, R B 2 A A AR ) — 2K
P, 2 PR B0, — oot R B B9 2 TR , 55 — ot 5 249 50 i 2 il BE L KA R R 6
EIRWROL, AT AR L 2R B AL TSR d FIRRIE L n, XHELE 7345 R Nusselt B0 45 5 KH)
S,

X # E: JE Newton Jifk; UL, WARME
hESES: 0357 XHEARES: A
DOI: 10.3879/j. issn. 1000-0887.2010. 08. 004

1

4 Newton JiAATEN Tl ih AR 75 BOR B 22, 10, ZAHTR G ¥ R G AR B M AL Fi i |
T AR RIR 4 AR FL 2 W 4 SRR AL )0 M ] T A Newton Y (44198
PEFIRZIK LRI ST. Fox S5 R FARABL YA A 8h i B3 12, 7 0 1) 3 T 3B AR, 98 T
TR R 28 75 82 T B 3 AR (9330, Chen AT Char'®' ¥E— S0 8 i 1k PR IR A AR f
W/ W AT A 32 252 4 AV TR I, AT 9 S A 2 T 5 700 4 1 2 T AL £ %o A% M RE 1 32
M. Ahmad 45" AN R 4Rl P 70 4% T 285 0 I A ) R 1) e JR ST AR, R 5 T A R sl
Prandtl ZUR KRN RS S ARPE. 7E— D F# 1R Newton JiLfA b | WA/ IR H i JReSY- T 14 5K
SIVEHT, ALY 345 T R e S S L 3h A2 T B2 5 12 AR AU . Hassanien %5 fff
G T AR AR T 3o = R Ao R ST T ) U 2 B AL R Bourhan A7 7E 14 SR THIIRLE AN B
VO RTTIR L T, A R R T A WA/ W A IS WIFSE T A Newton i 1A Y $uf% S ]

A L3R s I 5 e R ) L A 1) A B R AN AR 1. FRATTHNGE A7 e g B o
TR R AT A R A AR AL AN G, W R TR AR B BUE S — MR AP B3 L. 5 B 3R A Y
AL TR I S PR AR Chiam™ BFFT T 0] A8 #5538 % B4 A 8 30T 1 1 37 sl Al f%

« UWFSHEHEE: 2009-10-08; f&ITHHA: 2010-05-18
{E& @I : Faiza A. Salama ( E-mail : faizasalama@ hotmail. com) .
ARSCF ORI, BORERD 3, TkAr i AL
917



918 F-A-FEhi D

FSZ . T Elbashbeshym ,Hossain 25" Datti 251" | Salem' "’ Fl Seddeek 25" i 55 261,
TR AL 52 38T RS IR 1 R R G, FRATTHE4 S Bourhan 451 (ST, 1B #0556 bl
TR BEAZ AR A R R, DAY, AR SCH e — P i) AR B FRLRE 3 A1, ZEARN IR AL B ST IR 48 i 28
fif R AR Newton JiiiA T BIFSE W] AR TAAE G X % S A 52 .

(I G /N -V

H— 2R M ELLAL ST R, 6 — A # B AT 48 19 E Newton JifA, 7 4
TIRERRE M E WA, A 1 R, o Bl SR TR TR S WY B RS S AR T T 1],y Bl A
e FL B 4 2 i R 2 1w 0 o R R B R R A A B w, = wga™ T, =T, + Cx"  Jorfu, #MCH
TR, m F b NFEEC MR B2 BA5, BR Boussinesq ST LAN, % &R 5 P TR A0 G | % ]
iy AR B B R

Ty=T,+Cx"

o — U= Uyx"”

B MRREEEMEENEETAASIEHNRS

£+a*y=0, (1)
ou Ou _p 9 (9u|"t du
u8x+vay_pay(aiy ay)’ (2)
ar, oT_ 1 a(, . T
u8x+1}8y_pcp ay(k(T) ay)’ (3)
For, n A PEREAFEHR w0 x J7 1) LR RE 238 0 0 y J7 1) R RE 2o ™ AT Bk
£ p HEPE c, NIHLEEINE, T ORI, BUE IR - BB SR 00 R k(T) IR,
T-T
AN EA 4
(T) 1 +B—x7 (4)

ol AT =T, - 7T, WESSRTMIRE B WBH b, Fmai R KRR .
LT ERALR RS AT A2 B I3 A
{%/U’:Olﬁ: u=ux", v=ov(x), T=T, +Cx’;
Hy—-oo i u—0,T—-T,,
FE AR, JAEBL R R IATHERE v, Fr M (R S TR 0, < 0 WA,
b, > O KK, 535 E T IETR R RO HA A B AL 295910 (b = 0) AT

(5)



PUE SR A RUE S SECT FEE3E Newton i 1A 28 14 S (i 72 28 1 I L [ 052 ) 919

MRS (b =— 1) B, X m MR, FoR WAL BUEE H it 8 ARz 2h, 2
Z, 28 m Sy AR s g,

JE AN T AR
(x,y) =2 = f()
T-T, -T,
=7 7 o= o (6)
_oy W
T oy’ YT e
Horp o Sy e SRR T PR A, R TC R A AR (LA
FE R SO (A B 43t 78y
w = uox"/("mf,(”fl) v= uox"/("‘Z) [Mf(n) + 71][’(77) ] . (7)
I TC A B, R (1) HShii e, RE(2) FI(3) A2
" 2 - " _ " n=2p" " "
Re( 1 p? 4 2220 ) =l f 12 (L 4 (= 1F), (8)
(1 +B¢9)0”+302—Pr(b6f + ( ”>ﬂ9) (9)
R 1 0 5 4 A B R
f(0)=1, f(0)=d 2(1 ) S (n.)=0 (10)

6(n.)=0,6(0)=1,
Forp BAR® " FIRXS 0 SRIEL, Pr = (peug/k, )™ "™ T X Prandtl ¥, Re = (p/u” ) ug™
R X Reynolds 50, d = (v, /uy)x™"" " F7nid i 2L R ELEE T iS50, W i o IEME , R
A TUH.
Nusselt £ HS T M E LY R Nu, HIE R
Nu=-0'(0) . (11)

2 ZERAHE

TIRE(8) FI(9) =By f(m) FIZBiy 60(m) AHFRE Y TEL A A4A1F(10) TRy EIE,
FHFTHE I R HUAH T £/ (0) F167(0), HIF I Runge-Kutta ¥ HEF7HCE R A1) L B fre v] LA
FH Matlab 1580 45R 15, S BGEK An = 0. 001, JLF-XF FrA 500, &BEEL 2] 1077 AU SUhRvE.
UG LRSI 9, HREFRIAR 0, =9, + Ag R X TRHAYIESE B, n,d F1b, 47
= 0 A AR FN B B A E A AR B AR EA ST, 822/ N F 1077, R I AE ., A KA. X344
T A3 () G 187 970 SR e 4, fe 75 DX Bl 45 1 2 22 AR5 /0. AW AR L 913 3k H0 4 v
g, It H B Runge-Kutta 32528 SR 12400 (8 7] 2.,

XA A AL R SHU B AL TS H d VAR S n , F B e BEUE Ty A TEUE T3
SER PRI R BB S e 2 ~ 8 Hhfli. /A R (b = 0) MBGA KR E R



920 F-A-FEhi D

e W (b=- 1) PR AR i T
— AR 1 B9 A6, B3R T Nusselt 2009 @REFAE.

| J T M BE S R HER M K B = 0( A%

| HEAMESA) A b = 0(RTREEKIAT) 03

] | 4345 0(m) 5 Bourhan %5 B9 SR Hod, & B

P00 P A FARAE B — B 0 2 BT, 2 845 4

FUUTETTTS T2 Prandid 8 Pr TR EAE T (d = 0) Ak

B2 %5 0mo04re i, VEFE(E=0) MRS, LS B Pr

TN PrETHEENS FIHE N, JC & 40 IR R, X255 Has-

sanien 2500 {48 A — 3. X 2 KR Prandtl 2017
o, FEGGL FZ R i — 2 S BOR R AT .

4.5 »
SO e b=-1
35k B=25 —— =0
p=1.5"
8 s S
~ L B=1.0"
2 % 258 B .
S L =0
1.5 * ) e
0.5 Spmor T T
4 (] 1 2 3 4
n
B3 %Hd=02,n=02,Pr=10,Re =1 B, B4 Hd=02,n=0.2,Pr=10,Re = 1B,
ERXRENBETHERES T EREN B ETHRESENTN
2.0 " .
AAAAAAA b=-1 1.6 =03 e h=—1 1
15 — b=0 | — b=0 |
1.2':.-,""' i
~ K “—n=0.2
S 08}
Y | e
0.4 =011
4 %1 2 3 4
n

B5 4B =15n=0.2Pr=10,Re =10, B6 HB=15,d=02Pr=10,Re = 1Hf,
EREN JETHERES EREW n ETHRES
M Pr=10,n = 0.2 B X T RMEE (b = 0) MEARMIEE (b =- 1), MEFBHL
B(=0.1,0.5,1.0,1.5,2.5) (728 4k W TCE AR L 6(n) FIHAE S eR Bk k,, WISENR, 530 dn &
3 K4 R, INEI3 ATLUE h, #E S 250 B 0BG 25 DR TRLEE A3 I, X 55004 2R TH R B 38y
F. oy —J7E , NE 4 AT LUE H BEE VR S8 B N, Bk Rk k, 3G . AR 4 i a]
DB, BIR/INB—0) B, 3152 B L G808 T80, HAED RN ANh S b 45k A
1. W] LU B AL T 220 B 1 AS A XHIRLEE 73 A5 (4 52 1), S04 1Y 2R TR RE LU Y8 50 i) 2R T il B o
. R, AT LIS A58 CRHRE 5 VR OGRS AR Ry B b, AT LA 2 b O I e RAR



PAL GRXPA ML S SR TR Newton 314 U 28 4 252 7 2 1 o $Auf% S A S i 921

&3 B W BRFFAE.

XF b =— 1(BUAHRIERE) Flb =0 MFRIEEE) ,Pr=10,8= 1.5 &5 4t
TAFBd(=0.6,0.2,0, —0.4, —0.8) {EHIAYIRE . \TLAFH, 5T b =0, MHFRER
BRI, SRS ENTOR, WX b =— 1, ST AR A T BT LA, Y d
> 0 B, $a ) o] B sl R AL, G A2 R ERI N 24 d < 0 B, #ad el B sh i
I AB I 2 A B A A TR R DN

X b =— 1(BURIRTRE) b =0( ¥R ) ,Pr=10 B, K 6 251} 1T 348
Bon(=0.1,0.2,0.3) XEESR 0(n) WM. FEEFEE n B3I K AR T, 803G
FLZAR R, (R 23 f i iR PR e b XA n R, b =— 1 B b =0 B, &
T P B o kB R, K R A B0 W R THIRLE , L TC R N IR 40 0 45 ) 32 B R A n
5 AN

: 1.0 :
~p=05 b=-1 b=0
02¢ _ B=10 n=02 ] 0.8} n=02
e Pr=10 B=05 Pr=10
01F p=157""=0 Re=1 s Re=1
. 0.6} 1o
-0.4} S~ ] B=1.
Nu ol \_‘\ | Nu 4t
: B A=15
1.0+ : \ ] 0.2 =
I 05 . 05 ‘ 15 05 =05 05 15 23
. . P _ . . _ 5, . .
B7 HEHBAHRERET,Nusselt £ 8 HEMAMRERET,Nusselt
Nu BEfE RS 8 d T4k Nu BEfERS L d T4

K7 FE8 2Bl 7 b =— 1(BOLMRTIRE) b = 0( B RYRMEIRE ) X PR
T, JREB A Nusselt 0 Nu BEfE S50 d W22 k. 7T LI 1, UL S S8 8 BB K, 2 53X Nusselt
BRI/ FE— 2T LIS WA (d < 0) HEWRH (d > 0) SERERS SR AL IR EL, [l i s/ s
TGRSR, BRI WA S W AR L, AT DR T T R H)L Nu (R B, FORIRELTEA
A, R TAIR BE HF 2L = T A BIRLEE 5 Nu (E 0 IE, 3R7s $vie AR T 1% 358 3 4 B, (A5 i 1
FHONIE.

3 45 7

AR SCHEAE Newton JifA , w2 HHA WA/ R H T EE , THLE 5 IS SR8 K06 &
B, 28T T AR T sl B A s, XTI A R Y I AR RIS B R TR (b =0) AN
FOAMRMRE (b =- 1), BB T AFEYESECT RS, EEEBWT .

1) Prandtl 50 Pr (380, 23 (LB FRAIR, IF (A0S S R0 T R

2) PEEIME R SR R R R BRI M RSB AR AL, 5 R B 4 A i £
AR

3) WANFEE n BB IR B AL SRR T, B SRR E T ML A R B E0A
R I 2 ey

4) SFFERHRERE (b= 1) , AR HE A SR 20, 45T B A d (A, [ & B, %t



922 FoA-BERIT

THARd > 0, BLGEI 5 —T5 1 3 T2 R (b = 0) 1800 B, B R e A R 5L
(d < 0),8F AAMBARR (d > 0, W TELL).

S Xk

(1] Fox V G, Erickson L E, Fan L T. The laminar boundary layer on a moving continuous flat
sheet immersed in a non-Newtonian fluid[J]. AI Ch E J, 1969, 15(3) ; 327-333.

(2] Chen C K, Char M. Heat transfer of a continuous stretching surface with suction or blowing
[J]. J Math Anal, 1983, 135(2) : 568-580.

[3] Ahmad N, Mubeen A. Boundary layer flow and heat transfer for the stretching plate with suc-
tion[ J]. Imt Comm Heat Mass Transfer, 1995, 22(6) : 895-906.

[4] Ali M E. On thermal boundary layer on a power-law stretched surface with suction or injec-
tion[ J]. Int J Heat and Fluid Flow, 1995, 16(4) . 280-290.

[5] Hassanien A I, Abdullah A A, Gorla R S R. Flow and heat transfer in a power-law fluid over
a nonisothermal stretching sheet[ J]. Mathematical and Computer Modelling, 1998, 28(9) :
105-116.

[6] Bourhan Tashtoush, Kodah Z, Al-Gasem A. Heat transfer analysis of a non-Newtonian fluid
on a power-law stretched surface with suction or injection for uniform and cooled surface
temperature[ J |. Int J Numerical Method for Heat & Fluid Flow, 2000, 10(4) : 385-396.

[7] Herwig H, Wicken G. The effect of variable properties on laminar boundary layer flow[J].
War Stoffubertr, 1986, 20(1) . 47-57.

(8] Chiam T C. Heat transfer in a fluid with variable thermal conductivity over a linearly stretc-
hing sheet[ J]. Acta Mechanica, 1998, 129(1/2) : 63-72.

[9] Elbashbeshy E M A. Free convection flow with variable viscosity and thermal diffusivity along
a vertical plate in the presence of the magnetic field[ J]. Int J Eng Sci, 2000, 38(2) . 207-
213.

[10] Hossain Md Anwar, Munir Md Sazzad, Rees David Andrew S. Flow of viscous incompressible
fluid with temperature dependent viscosity and thermal conductivity past a permeable wedge
with uniform surface heat flux[ J]. Int J Therm Sci, 2000, 39(6) : 635-644.

[11] Datti P S, Prasad K V, Subhas Abel M, Ambuja Joshi. MHD visco-elastic fluid flow over a
non-isothermal stretching sheet[ J]. Int J Eng Sci, 2004, 42(8/9) : 935-946.

[12] Salem A M. The influence of thermal conductivity and variable viscosity on the flow of a mi-
cropolar fluid past a continuously semi-infinite moving plate with suction or injection[ J]. Il
Nuovo Cimentio, B, 2006, 121(1) ; 35-42.

[13] Seddeek M A, Salama F A. Effects of temperature dependent viscosity and thermal conductiv-
ity on unsteady MHD convective heat transfer past a semi-infinite vertical porous moving plate
with variable suction[J]. Computational Material Science, 2007, 40(2) :186-192.

[14] Chiam T C. Heat transfer with variable thermal conductivity in a stagnation-point flow to-
wards stretching sheet[ J]. Int Commun Heat Mass Transfer, 1996, 23(2) . 239-248.

[15] Adams J K, Rogers D F. Computer-Aided Heat Transfer Analysis| M]. New York: McGraw-
Hill, 1973.



PAL GRXPA ML S SR TR Newton 314 U 28 4 252 7 2 1 o $Auf% S A S i 923

Effect of Thermal Conductivity on Heat Transfer for a
Power-Law Non-Newtonian Fluid Over a Continuous
Stretched Surface With Various Injection Parameter

Faiza A. Salama

(Department of Mathematics, Faculty of Science, Suez Canal University, Egypt)

Abstract: An analysis of the steady two-dimensional non-Newtonian flow on a power-law
stretched surface with suction or injection was considered. The thermal conductivity was as-
sumed to vary as a linear function of temperature. The transformed governing equations in the
present study were solved numerically by using the Runge-Kutta method. Some of the results
obtained for a special case of the problem were compared to the results published in a previous
work and were found to be in excellent agreement. Two cases were considered, one corre-
sponding to a cooled surface temperature and the other, to a uniform surface temperature. The
numerical results show that variable thermal conductivity parameter 8, injection parameter d
and the power-law index n have significant influences on the temperature profiles and the Nus-

selt number in the above two cases.
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