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fo(®) =0, ¢y(®) =0, 6(»)=0.

0(¢") Br

m

F1w U] = S0+ (o fy = S0ub) = 2 (fof) = Sbub)) +60, +/0 =0, (38)

1 ,» 3 ~ 5 3 5 1 ., 1 .. "
]de)l +Zf0d)1 +Zf1¢o _Zf()d)l _Zfod’l _Zfod’l +Zf1¢0 +¢’o :0, (39>

(1 +a(l +A6,)°16, +3aA(1 + A,)*(60,6, +26,6,) +

600, (1 + 86,007 + Pr (31,6, 416, ~  f10, +6, ) =0, (40)
FHRL 01 5 A

f1<0) =f|’(0) =0, ¢1(0> =0, qb](O) =0, 01(0) =0,

fi() =0, ¢ ()=0,6(x)=0.
TR (34) ~ (41) ARG J7 FE4L, 7T 1 Nactsheim-Swigert 3% Q3% , SR 7S B Bt X
Runge-Kutta-Butcher WIE R it R . 'B5E & TS BT DX Jaly B g f74) JBE 452 DR 0 TR AS 0 R j U7
BRE T AR AT

Gr;3/4xfl/4crf :f"(0> ,
Cr£3/4x_1/4]w — ¢"(0) ,

(41)

(42)
(43)
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Gry* e Nu == (1 + 2565 )6(0) . (44)
3R, "
AIHTTHE(42) ~ (44) ATAS s (RIS AR 1 25K 3.
*1 %P, =01,R =200,8S=0.2,Pr=01,6, =0.5,1.5, 2.5,
PRI A5 B RE T AR AR Gr a4 C, B & 978K
Table 1  Numerical values of coefficient of skin friction Gr;>*x~14C,  obtained for6, = 0.5, 1.5, 2.5
when P, =0.1, Ry =20.0, S5 =0.2, Pr = 0.1, against £ by two methods
0, =0.5 0, = 1.5 0, =2.5
¢ FDM asymptotic FDM asymptotic FDM asymptotic
0.0 1.929 58 1.920 217 1.937 40 1.928 33} 1.944 80 1.971 00+
0.1 2.017 64 1.942 59+ 2.026 28 1.952 15% 2.034 28 2.249 327
0.5 2.458 30 2.054 527 2.471 16 2.071 27% 2.483 07 2.510 937
1.0 2.970 60 2.944 317 2.990 06 2.922 017 3.008 07 3.083 75+
2.0 3.663 65 - 3.701 20 - 3.73592 -
4.0 3.226 90 - 3.317 10 - 3.400 79 -
8.0 1.296 61 1.265 621+ 1.359 90 1.316 01+ 1.422 97 1.412 65%7
10.0 1.011 53 1.010 00 ++ 1.060 63 1.010 00+ 1.109 71 1.010 00+
*2 %p,=01,R =200,5S=02,Pr=01,0, =0.5,1.5,2.5H,
P BRI Grl N, Bl € AL
Table 2 Numerical values of coefficient of heat transfer Gr}*x'"* Nu, obtained for 6, = 0.5, 1.5, 2.5
when P, = 0.1, Ry =20.0, S =0.2, Pr = 0.1, against £ by two methods
0, =0.5 0, = 1.5 0, =2.5
¢ FDM asymptotic FDM asymptotic FDM asymptotic
0.0 0.151 53 0.145 48+ 0.149 48 0.145 65+ 0.147 58 0. 142 28+
0.1 0.155 06 0.153 74+ 0.152 84 0.154 097 0.150 79 0.150 887
0.5 0.172 47 0.165 05+ 0.169 39 0.164 30+ 0.166 57 0.163 917
1.0 0.194 13 0.194 19+ 0.189 92 0.186 55+ 0.186 08 0.185 207
2.0 0.240 00 - 0.233 21 - 0.227 05 -
4.0 0.367 08 - 0.352 33 - 0.339 06 -
8.0 0.775 46 0.808 24+ 0.739 07 0.781 87+ 0.705 94 0.756 31+
10.0 0.972 61 1.000 00+ 0.927 21 0.956 72+ 0.885 84 0.943 34+
*3 %p, =01,R, =20.0,S=0.2,Pr=0.1,0, =0.5,1.5,2.5H},
SRR ARE Gy B £ L
Table 3 Numerical values of Gr;**x~"* ] obtained for, = 0.5, 1.5, 2.5
whenP, =0.1, R; =20.0, S =0.2, Pr = 0.1, against £ by two methods
0, =0.5 0, = 1.5 0, =2.5
¢ FDM asymptotic FDM asymptotic FDM asymptotic
0.0 0.012 03 0.015 69+ 0.011 19 0.017 50+ 0.010 40 0.012 067
0.1 0.015 48 0.017 07+ 0.014 61 0.017 08 0.013 80 0.010 767
0.5 0.039 25 0.034 00 0.038 27 0.032 997 0.037 35 0.031 94+
1.0 0.080 08 0.080 167 0.079 03 0.075 397 0.078 05 0.078 277
2.0 0.178 98 - 0.177 91 - 0.176 92 -
4.0 0.390 06 - 0.389 19 - 0.388 36 -
8.0 0.797 67 0.800 00+ 0.797 56 0.800 00+ 0.797 33 0.800 00+
10.0 0.998 29 1.000 00+ 0.998 21 1.000 O 0.998 12 1.000 00 ¥
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T BR3P A BINFER/DFKA € (8 FDM N4 BR 2253 12 9 B E f# ; asymptotic
R B A A
2.2.2 £ RKHAAN

A/NAEE ST € BUORBUART , 7E B 2515 (32) T 2R ARE(29) ~ (31) MYff. FEiX )5 /2
Hh EAT AR TSR A AT, R (29) WA KTk 7 g £ R (30) ol T gD,
FE(31) o Fgo . e84 A MR I B0 R VA , I R e T 4R AR RR AR L (B m 2
INEAE, PRI S 00 IR A B 8 SR £, ¢, 6 7l m, G EAT145 AP 1ED5HE(29)
W fORE S RE(30) il ¢ Rl ép KITRR(31) il 0 il Eo & HTMT, TR=0(£"),
F=0(E7) M= (&) I, GIALTF A5 .

Y=£T"m, f(E,Y) =67 F(&,m),

(45)
¢(§7Y> =§4¢(§,77) 70<§1Y) = @(§7n> L4
BT FRE(45)fCATFE(29) ~ (31) , 153 R4 )5 FR4H .
FaF +0= ¢ [F'%—F"%—S(dﬁ%—d)"%)], (46)
1 P B T  OF . 0D " oF
Fm(p +(D:Z§ [Fg—@aig-l-}?g—(paig], (47)
1 4 3 g o1 [ 00 o OF
ﬁ[uﬁ(nww—n@) ]@+@_4g [ w9 %] (48)
R R AR A A R
{F<§,O> =F(£,0)=0, ®(£,0)=0, (£,0)=1, O(£,0)=1, (49)
Fl(é,0)=0, ®(£,0)=0, O(£,0)=0.
HoRELF,@,0 BIF R &7 NRIEL, IR R (50) FRATTRE(45) ~ (48) 1%
F(ém)= 2 E7"F,(n),
m:l() 1 (50)
P(gm) = X &P (), O6m) = X670, (),
I8 5 TR MG 11 [ Fe vk i R B 45 | 153
Fy+F,+0,=0, (51)
&, +P D, =0, (52)
(1 +a(l +A60,)°] O, +3aA(1 + AO,)*O; + PrO, =0, (53)
N IAEpUE TS S U ay ]
Fy(0)=Fy(0)=0, @, =0, &,(0)=1, O,0)=1, (54)
Fo()=0, ®()=0, Oy(x)=0.
A 2
F,+F +0, =0, (55)
& +P D =0, (56)
[1+a(l +A6,)°10, +3aA(1 + AB,)*(0,0, +20,0)) +
6aA’0,(1 + AO,) B, + PrO, =0, (57)
F,(0)=F,(0)=0, @ =0, ®,(0)=0, 6,(0)=0, (58)

F(e)=0,d(2)=0, 0,(x)=0
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T R SEBRATREE AT T 523k 20, 7 ¢ BORKUE T , 7153 A R S Bt (4% .

Grftee, = F(0), (59)

G, = (0), (60)
/4 1/4 _ 4 s '

Gr,”"x""Nu =- (1 +3Rd0w)@(0). (61)

E BOEERT, 3 (59) ~ (61) [RIMLIERES TR 1 2R3 1 IFSHRZEMEHG IR
SERAN L, BN IS 1R1R 4T

3 ZERATE

i A PR 225315 X T A 2R R 4 €, TEID A5 (26) T B (E sk A 7 72 (21) ~
(25) o ALl b, foE AT SR80 | o 8 20 300 P AR RIS 2 P Al 19 & (B, 7 450 (32) TR
fEITRR(29) ~ (31) . RS, MR R 2500 A A5 2 25 SR ARG B, I RN 3 S 830 45 31 1 45 S AH
e, BT B —20E, 76 3.1 /N K25 Prandtl 38 Pr, 16 J1250 S, W Prandtl %%
PRI SEC R, FIBETHIEEE 0, % RERIEESR AL Gr, o' €, B3R Gr o Nu FITHL 3 %5
& Gr x4 R B TS, FE3. 2 /N R XERRIZE R B8 g, 4S5 pPr, P, LS, R, 0,
WA [RIESEL RS, &5 4 TRE AT JRLRE 43 A1 RN 7 ] o O 835
3.1 MESHXEEER MIFREMRTHRENZI

B 7(a) 2R 7(c)mh T NIRRT SR, (B, XRE T [ 58 18 DR AR 0S8 4 3 1 HL 3 2
JERRZI, [ 7 (a) I 7 (¢) FE0, BE I EE 48 R BCUR 2 J2 080/ N, [T IR, A58 3R i 24 R 36 K
1), T FEL 90 2% B R BAE € = 10° DART H BRLE L34, KR K R, = Kap/ (40T ) R BE S%K
R, M3 A9 B Roseland WIS R B A BRI R AR R A B TRL 3 7 T B, e BH T 1
(132 ShTEIR SR, I, B ARXHIE A T RIS | B T 28 488 DR B0 R R 5 Rtb sl /N | T 4SS e R 50
SRR b I, PR — ik , S0 R, AR Ak, R REL I 5 B Y R SR A B S A A L A
K8 (a) ZE 8(c) WLAE R, W W S1 S50 S BOBE A, M FHAE AR Fp 358 X 308 14 T B8 482 DR 45
PR (R RS 4 5 1 B 30 % B AT A R T A A 1, 31 € = 10° DU BNIAEA T4
Ak, TR R R Re R RE S E S W MBS K (A5 A RAS slife , PR i, o R 1 R 42 1R
B I P I L AL 2 LG

K 9(a) 2K 9(c) 2t T AR Prandil % P, , X6 BE i BE 48 X850 HAA2 40 TR, 7 485 32 Y
SN, AT LA S, T Ui DX B T R AR DR AT SE BT B, IS M R AR RN AR, i8] LU B, /N
fH P, =0.001 I, HE 2 B R AR K, MG P, B3 KM PGE N %, JR7E P, = 0. 1 R/ A 0.
HR S5 10 ) S R R | B i Prand il 250 P, B3 I, 10 52 rb B4 BT FEL 3+ 00 R TR )15
], 235 SR A1 3 o VR 7300 S 2 1 TR B 1 TR AR S 17 R R, 3 PR AR Ui ol X b IR
B S, B P, O3 R I AR 4 DR BSORT FL 30 2% B AE T I, (R A 3o R R AR AR, B )i M
K1 10(a) ZE 10(c) FTLAE £ Prandd 20 Pr 9784k, % QB 1 (%) B2 45 PRI $0 52 0 30 10 fL 3 2
JEEICRE A B (R S, R LA B R T BT ) R AT R 5 R SO A R R s/ (EL R T Ui X S
T PEE 48 DR B0 PR bl /) 5 A, I 90 DX A 4 R A 8 28 0% 1 (P2 T it DX 3 ) #A5E
B I s F U DX Sl R 3 2 R A L TR S Pr BRI R , SRR Y2 82
R EE - THFIAS B T B, A BRI I8 B2 B 1) T, S8 i i A2 R R R R [l A
AT B SR 1 AR it 2 D A g D A

TEF 1 B3 T PR T 2 A BR 220 s PO i g8 76 € B R iF b, gk fr
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§=0.1,Pr=0.1, P,,=0.1,6,,~1.1

6r S5=0.1,Pr=0.1, P,=0.1,0,=1.1 - S=0.1,Pr=0.1, P,=0.1,6,,=1.1 1.0
7/
0T —R,= / 0.8
---Ry=2.5 e
o s 0T Ry= // s 3
S 2 osp ~—"Re=10 = 06
T 2 / ,/ T
:\:x < 3 // e ;;k 0.4
,§:| = Vs Pt ‘k\l
&} L s -
G) 0.3 /’ - _ G) 0.2
-—-Ry=10 S 3 0
0 2 4 6 8 10 0 2 4 6 8 10 0.1 1.0 10
¢ ¢ ¢
(a) BERTREBRIAEL G x4 C, (b) HHAE G2 N, () HUFLERIE Gr ),
(a) Skin friction Gr;¥*x~"4C, (b) Rate of heat transfer Gr;*x"* Nu,_ (¢) Current density Gr;¥*x="* ]
B7 %p,=01,Pr=01,5S=0.1,0, = L.1FSHR, =1.0,2.5,5.0, 10.0 i,
R T JEE 242 R B PRSI L o R 28 R 2 € 7R Ak
Fig.7 The behavior of coefficients of skin friction,rate of heat ransfer and current density
at the surface against £ for different values of radiation parameter
R, =1.0,2.5,5.0,10.0 whenP, = 0.1, Pr =0.1,andS = 0.1, 6, = 1.1
R4=1.0,Pr=0.1, B,=0.1,6,,=1.1 R4=1.0,Pr=0.1, B,=0.1,6,,=1.1 R;=1.0,Pr=0.1, B,=0.1,0,,=1.1
6k N 0.18r 1.0r
- — §=0 0.8
5 0.16f -~ §=8.2
@) A e =VU. z
S 2 -== §=0.9 e 06
T T i E
7 - 0 04
3 o0.12} 0.2
""""" 0
0 ]0 L L 1 I 1 1
0.1 1.0 10 0.1 1.0 10
4 ¢
(a) BETREBIRAL Gr (b) HEEHE G/ N, () HIRAIE Gr a1 ),
(a) Skin friction Gry¥*x~14C, (b) Rate of heat transfer Gr)*x"* Nu,_ (¢) Current density Gr;¥*x="4 ]
B8 4P, =01,R =10,Pr=0.1,0, = 1.1,#IZ%S =0.0,0.3,0.6, 0.9 i,

B T EEAE DN B AR N L LR 78 A B ¢ sk
Fig.8 The behavior of coefficients of skin friction, rate of heat transfer and current density
at the surface against £ for different values of magnetic force parameter

S =0.0,0.3,0.6,0.9whenP, =0.1, R, = 1.0and Pr = 0.1, 6, = 1.1
BE MR R IR HES A . R 1 ER 3 TLIER, BEE REIRE 0, A9 17, T U7X I
F14) B TH] PR 482 DR SO B S 0 AR AR AR O AR I DXl v U B 3R B 51 78 A KL X%
YRR IRATT AVFR AN T . Bl BE TR 0, AT, I 2l DXl A P A58 U B e, R
i Fourier HFRACHE AL , IACHEN A T U5 [l iat 21y, PRI, el 7 B T JBE 458 AR B S 4 38 R 4004 31
T RAFAN TR AR TR T L T R B SO A S A, 3R 1 2R 3 B R A
WaRrR | ENERE S | e/ EEgiv
3.2 YESHEEE REMEFERS =N
Bl 2 ZE 6 XIARIMZE RS E A, A PRZE L T S I B A 1) ' 3 o3 2 1 o0
i H B2 s X Se 2 Wl Bl & A2 Ak, A SCh 28 & 240 € BUE(E. K 2 2K 6 iT LR
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j
- I
016F —— Pn=0.001 038 P,=0.001 /
- g === By= 001 cod o B0 /
3 S Fum 005 =T P=005
= S 0.14F === Py= 0.1 0 Y X /
: iy /7
s 5 s
G (D 02_ //",A/
L -
e ————— =
|
‘ ¢ 10 10 0.1 : 1.0 10
(a) BETHIEEIEDNEL Gri¥ x4 C, (b) HECHR G N, (¢) ML Grp Y x "),
(a) Skin friction Gr;**x~"4C, (b) Rate of heat transfer Gr/”*x"* Nu,_ (¢) Current density Gri ¥ x4

B9 ¥R, =10,Pr=01,5=01,86, =11,7Prandl%P, = 0.001,0.01,0.05, 0.1 &},
g T B 0 DR B A A5 R L T 2 T L 7 R S8R € 7Rk

Fig. 9

m

The behavior of coefficients of skin friction,rate of heat transfer and current density
at the surface against & for different values of magnetic Prandtl number

P, =0.001,0.01,0.05,0.1whenR, = 1.0, Pr=0.1,S=0.1,0, = 1.1

$=0.1,R4=10,P,=0.1,0,,=1.1 $=0.1,R;4=10,P,=0.1,0,,=1.1 $=0.1,R,=10,P,=0.1,0,,=1.1

1.0
08F  pr=0.01 ) — Pr=0.01
F --- Pr=0.05 e 08F --- Pr=0.05
. 06F 7 Pr=0.08 /// Y Pr=0.08
S | T Pr=0.10 , e 5 0.6 ——= Pr=0.10
= e T
= /s =
=, 04 T o 04
3 " - (S
: G
0.2
0
KR e ) 01 7o 70
¢ ' ¢
(a) BETHEBRPEAC Gr a4, (b) BB G/, () MIHIE Gra ),
(a) Skin friction Gr¥*x~14C, (b) Rate of heat transfer Gri’*x"* Nu, (¢) Current density Gr;¥*x~"4 ]

B10 %R, =10.0,P, =0.1,S=0.1, 60, = 1.1,Prandtl ¥{ Pr = 0.01, 0.05, 0.08, 0. 1 i},
VA PEE A DR WA e R L T B BE B 28 R S8 & Ak
Fig. 10  The behavior of coefficient of skin friction,rate of heat transfer and current density

at the surface against ¢ for different values of Prandtl number

Pr=0.01,0.05,0.08, 0.1 whenR, = 10.0, P, = 0.1, S =0.1, 0, = 1.1

B BEEBUE & B3GR SR BE IRLEE RIS ) 37 43 e R AE DR/ 3X — IR G 78 43 BT, W AP Tk
ST UK AR A2 B, 1 ELAE A 4 B e B R IR RTORE ) R 3 43 e A BO(E S B
N 2(a) BRI 2(c) BIBES R LW YW EME Pr=0.1,P,=0.1,5=0.1F16, =1.1 X}
P B RS S H8E R, = 1.0,10.0,Bf% £ =1.0,3.0,5.0,8.0,10. 0 iZ 8 K, s 44
G TR R AN B0 LI 2, AR rh R S8UE R, WRE R, SR 3 R 17
Yoy e HAE) , S8 i ARG P2 R B AR B 3 (a) B 3 (¢) RIAHWALE
FHBS 01250 s = 0.0,0. 4 2546, S FIRE o3 A 2638 0, 10 B2 43 A B A2 Ak, 3 1 J2 BT
B, KRR 07 AR TR s, B 4 (a) 2K 4 () AT LIE ], S HESBIRFEA
A% Prandtl 20 Pr = 0. 01,0. 1 A5 {0 3 BB B AT Ul /I |, Yo B 43 A U AE 9/, I8 IX 8] 3 s 3 38
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a3, AR 1) 0 7 0w A A8 AL, =2 0T DLBR AR 09, RN TERG 7 7 72 (24) R, Pr PERI A E
K 5(a) BES(¢) BART, Pr=0.1,8S=0.1,R,=1.0 fl 0, = 1. 1,f Prandt 3 P, =0.01,
0. 1 ZZAEF X B 3 B2 RIS [ W 7 70 1 A R Wi, 3k 6 [RTTE 35 28 b 3R B, A3 WAV FHAE TR BT,
Bl 4 Prandtl £ P, 3G 3RS 4341 (B A 1S K TR BE 43 A1 B el 2% B ) il 3 53 i 2R
K, IR B P 4. RN 6 (a) I8 6 () FTLAE M, 5 BE TR EE 6, A T iy | 1805 RN L E
S ARBAERG K PR, Bl FAGh FZ R EAER R, 2 & = 1. 0 I BE3 R ) 43 A2 1 DR Y, i
X HA 728 R S AL € B, E i 1) 43 i A Ak

4 4

TCAFR TS PR F YR SHL, RS S8R, W18 S, Prandtl 3L Pr, % Prandtl %%
P, FUBEEIRLEE 0, , % RE B AL Gr ™ ., 3SS R Gry o' Nu R E Gr ' )
IS AT

1) Pl FR ST SEME R, O3, TR U D3l B T R 4 AR /S | TSR o R ARTE R
AL B LR € = 1 TR AT 3K,

2) Bl WL IISHS BIXE I, Tl i R T A4 DR RO S 2 K EUR A T AR B DX, A
A48 ZRFIORTHL I 9% B A AR/ N e A

3) KA W Prandtl 2% P, AO7AEAL T i DX 3 A BE T2 462 DX BRORH TR0/ )N, A S 40 38 R AR 4
AN A2 T B R B0 MR,

4) B Prandtl £ Pr py3E o RE I EE 48 DL ERCE Do /)N T FR A2 46 248 22 BORT L It 2% B2 3R BT
R,
5) Bl RETAR L 6, (%) L B TR 4 DRI ESORT PSS 8 SR ERAE1G A T FEL 3 % B AR B UL
EACAR/ .

6) “HARITSEL R, AN FIBUE , BEE 28 & S8 E W38 K 3R EE IR 2 IR ) o3 2 3
AW, BE LSRR A W AVERBS, 3hit IG5 2 0 5 BE AR,

7) WAEM N RESIZEL S W7E AL, 38 s AR ARG 73 AT sl I AELIR B2 4041 B f A2 4k

8) K# Prandtl X Pr (AR 4k, B 43 A RS A7 Wi/ IN, AR 8B 20 A7 B9800 (] o 37 358
B PR 43, T S 1) i A AR Ak

9) Bl #E Prandtl 20 P, ARk, 3 BE 43 A7 (B W A 3G K, 10 BE o3 A A A8 4k, (B2 W 5%
B 1) SR U N Y TR R R

10) BEERETIREE 6, WHE A, o BE R EE A A AE 3G K, PRI, gl S Gl B 2 i) JE 3 e 4
K. RSB ) 0 5 AAE € = 1.0 B 3G KRR 2218,

BUst AR SCVEH AR R RO R 0 = UL A 2R 1. /FE ¥ Muhammad Ashraf JE35f 3L 30
COMSATS {5 LB R BERCE R 24 T3¢ A AL,
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Abstract: The computational study of the combined effects of radiation and hydromagnetics on
natural convection flow of, viscous, incompressible, electrically conducting fluid past a mag-
netized permeable vertical plate was presented. The governing non similar equations were
solved by using (i) finite difference method for entire value of suction parameter ¢ and (ii) as-
ymptotic solution for small and large value of ¢ numerically. The effects of varying the Prandtl
number Pr, magnetic Prandtl number P, , magnetic force parameter S, radiation parameter R,
and surface temperature 6, on coefficients of skin friction, rate of heat transfer and current den-
sity were shown in graphical form and as well as in tables. Finally, an attempt was made to ex-
amine the effects of above mentioned physical parameters on velocity profile, temperature dis-

tribution and transverse component of magnetic field.

Key words: hydromagnetic; fluctuating; natural convection; magnetized plate; current densi-

ty; heat transfer



