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WA R A A
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BRI (64) M HITRE(65) HRAH N 1 B4 Bk
0(n)=ﬁe”)’”- (66)
PRTE K7 R (62) F1(63) B EIE—EL.

M1 —im) o, 1 _py
1 +m? V= Pre

(65)

V' o+ V' - , (67)
Hodr | v o AR R, S N R £ RS R g Bl V = 1 +ig. HEE(67) TEHFE(65)
AN AT BN

1
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H
Pr—-h
VO = brpr(Pr = 1) = ) (9)
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PRAE R pREC V BCSEER SRR R AL £ A F AR
. _[(Pr A)) (Pr(Pr-1) -A,) - B,B,]
S (0= Pr((Pr(Pr—-1) —A,)" + B}) (71)
Horp
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A= Bi= o b= A + B (75)
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L L(Pr=A) (Pr(Pr=1) = 4,) = BB, ]

Pr((Pr(Pr = 1) = 4)7 + BY)
WA T B 2R R ¢ BRI R A T B R C, G T
/PR TR Nusselt B0 N, Gr " MEMIAE T Pr 12 S 4 43305 T HI SEOIRIRIN b
SR B TFHCRURS 6 Nusselt ST IR, 915 ¢ ST A7 LTI B AT T L, 45 R,
X HBAE R R £ DA KR T £ MR,

3 45 Bt i

A SRR ZAR L XTI 2 2 R, it ak — ARG R AT 2R ICRR G | AT E 1 R TR,
YIS G TR HAE AR R L, %8 T Hall B AR, H B AR E AL (FVEF) FR R
A KA (SFF) K B2 T A 4 g AR L A 53 7 B A8 ¢ 0% i A U T T, 40531 28 T
WA PR 227348 2K, 456 Gauss TH 2595, DASJmaRAEAIALE 15 205 B2 (9 58 B i, W] 02, X BJiFIX
B ¢ /N R T IE R4 sk oK A oAb, FEIL B MR AT 2% X8, ¢ FR 85K, SR P I 23 BT ik
KA. XK Prandtl £, 158 T JR 2R 1 B4R R AL €, Gr>”° AR Nusselt 20 Nu, Gr.'° . fJ5 i
GEFE LT (AN [ 9 B 2 800K 3 52 ARt 85 A1 ) 52 i

£2 Mpr=01,M=01Mm=1.0,%kR¥ ¢ BORFIES,
Jr S % T JEE 4 LSRN B3 38 Nusselt £ S {E 45

Table 2 Numerical values of local skin friction coefficient and local Nusselt number coefficient

C.Gr"° =¢ , Nu Gr'” =(Pr. (76)

against the transpiration parameter { for Pr = 0.1, M = 0.1, m = 1.0

C,./Gr:3° = £'(£,0) Nu,/Gr;Y> = 1/6(,0)
¢ PVF RPS & ASS LNS PVF RPS & ASS LNS

0.000 00 3.114 77 3.114 78 (8) 3.114 00 0.264 04 0.264 04 (S) 0.264 11
0.100 17 3.172 74 3.172 85 (8) 3.171 71 0.267 97 0.267 77 (S) 0.267 90
0.201 34 3.231 53 3.230 74 (8) 3.229 59 0.271 75 0.271 55 (S) 0.271 68
0.410 75 3.348 62 3.347 12 (8) 3.346 10 0.279 61 0.279 39 (S) 0.279 53
0.509 84 3.403 76 3.400 08 (S) 3.399 15 0.283 35 0.283 12 (S) 0.283 26
0.601 37 3.451 17 3.447 53 (8S) 3.446 69 0.286 81 0.286 57 (S) 0.286 71
0.809 41 3.551 31 3.549 19 (8) 3.548 58 0.294 70 0.294 45 (S) 0.294 58
1.012 24 3.642 07 3.638 50 (S) 3.638 13 0.302 46 0.301 29 (S) 0.302 30
1.206 30 3.715 44 3.713 21 (8) 3.713 07 0.309 93 0.310 67 (S) 0.309 73
2.014 27 3.882 53 - 3.882 79 0.341 88 - 0.341 36
4.021 86 3.092 39 - 3.068 35 0.439 32 - 0.440 45
8.028 49 0.945 85 - 0.948 08 0.803 66 - 0.803 38
10.017 87 0.609 05 0.589 16 (L) 0.609 51 1.001 36 1.001 79 (L) 1.001 94
12.002 58 0.425 13 0.410 43 (L) 0.424 59 1.198 36 1.200 26 (L) 1.200 45
15.116 10 0.269 40 0.258 77 (L) 0.267 71 1.506 66 1.511 61 (L) 1.511 82
18.103 24 0.188 46 0.180 42 (L) 0.186 70 1.801 45 1.810 32 (L) 1.810 33
20.009 94 0.154 60 0.147 67 (L) 0.152 81 1.989 12 2.000 99 (L) 2.001 00
25.190 30 0.097 52 0.093 18 (L) 0.096 42 2.496 77 2.519 03 (L) 2.519 07
30.161 86 0.068 25 0.064 99 (L) - 2.981 39 3.016 19 (L) -

40.314 01 0.039 07 0.036 38 (L) - 3.963 72 4.031 40 (L) -

50.237 10 0.025 51 0.023 43 (L) - 4.913 15 5.023 71 (L) -

60. 146 53 0.018 06 0.016 34 (L) - 5.851 27 6.014 65 (L) -

70.583 94 0.013 32 0.011 87 (L) - 6.828 73 7.058 39 (L) -

E(S) ML) 735N ¢ BUMAEMIRAE.
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P AT LB B, — 71 , Bl 75 280 WOBEIIN M (8 1T 2 B 30T 1 Jm 500 9 T B8 482 PRI 52 i3 K
SRIG R MU /D 5 55— T, JR Nusselt BGRGH 3G ., FUESTH 2 HBIGIE T, /N CAE AR ¢ {ERT
B ik, TR WA BIR 2240 A A0 ) 38 R AR AL s bt — 250, A R A Il T e P ) B0 A A 24 4 1
K& RE. AR AT LI Y, 17 A BR 22 200k 45 th e, 6 B ¢ (BLIE 5 R R R AR AL L 45 9 i
X AR R ¢ AN .
3.1 HXMEEHI C.C77° F Nu G HIFM
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PRI R 5B Nusselt B0/ X =R i FHZ PRI T 3 80 5 A S 1) Loventz J7 , B 25 G
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KAGS> M 44. 432 34 ,20. 557 01 F111. 182 55, 20 FAE ¢ = 20. 328,6. 689 94 Fil 1. 855 18
Ak BRI SR EE M= 10. 0 B B RAEIFASH B S48, B 2(b) ATLLESR], ¥ M =0.1,1.0 i
10. 0 B, JR) 5 Nusselt Z50CEE AR 4T 2% i ik 21 R 38 5/ IMEL, SR TR ¢ O35 K, JR &8 Nusselt %k
BN B WHE . 75 ¢ = 12,164 6,5.890 11 2. 975 54 &b, 4 SIS f /M 0. 084 48,
0. 059 F10.047. i 7] LU BIPAEE G O, 55 0 90 A7 Rl de/IMEL BLAk, Bl 3 VR AR 3 1
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40 } all ¢ all ¢
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(a) JeyT = EE 1 R 4L (b) JE#E Nusselt %

(a) Local skin friction (b) Local Nusselt number
2 W Pr=0.005,m = 2.0, BSABE M BURRSLER, €, GroY®  Nu, Gr]"S BiZER R0 L 10751k
Fig.2 €, Gr;*> Nu,Gr;'” for different values of magnetic parameter against transpiration
parameter { for Pr = 0.005 and m = 2.0
MEEHBECM = 0.5, Hall 230 m = 2.0, Prandtl £¢ Pr = 0. 05,0. 01 F10.005 i, & 3(a)
FIE 3(b) 43045 T SRR 3 i BE 2 RV €, Gr*” FlJRiB Nusselt 5X Nu Gr. " | Wi 785 ZE ¢
7254k, 13 (a) ATLAE B, BEE Prandtl 25 Pr 380, Jay i 25 10 EE 462 DA 8720 W ek /L | [ I A% A 58
FEXGIN. Yy LR RTRE , Bk Pr RSN, S BUR IR AL S HERE TR, S B2 2
[ R4 7 ) o, e - 3R T B 42 1) 9/ 0, I T 340 L J22 PR A JR) 3 Nusselt B0 M. R R 1
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(a) Local skin friction (b) Local Nusselt number

B3 MM = 0.5,m = 2.0, Prandl BUCRHAN, C,Gri¥5  Nu,Gr"S BIAER R L MZEML
Fig.3 €y Gr:*° Nu,Gr;'> for different values of Prandil number against transpiration

parameter { for M = 0.5 andm = 2.0
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(a) Local skin friction (b) Local Nusselt number

4 M =0.5Pr=0.005, Hall Z8 m BURFBUERS, C 6r7  Nu, Gri'> BZEA R AL WAL
Fig.4 €y Gr;° Nu,Gr;'> for different values of Hall parameter against transpiration

parameter { for M = 0.5 and Pr = 0. 005

BE & Pridsgn, $ah 2R R, 5340, & 3(a) FH, Pr=0.005,0.01,0. 05 i, B4
2 I RAB AT 90 12.953 62,10. 072 92 F15. 134 848 43 B IRAE £ =2.96, 3.62 F12.12 4k,
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T B 4(a) AT LB R FEN A ETZRIIT , BEAS m (DG RV 25 J 30 29 1 B8 482 DR 0 1) Jm s s KA,
IR ¢ B, B R WE N B R W (. m = 0.0,1.5 F13.0 I, 5 RAE 420510 10. 458 08,
12. 170 27 F114. 36, 435 BLAE ¢ = 1.91, 2.52 Fl13.47 4b.
3.2 BHXYEBEHEEMEESMHEM
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(a) Velocity profiles (b) Temperature profiles

5 MEHSEM = 0.5, Hall 280 m = 2.0, Prandtl ¥ Pr = 0. 005,
R AR WO TR BAE I, JC i 493 5 AR BE R #9953
Fig.5 Velocity profiles and temperature profiles against 7 for different values of transpiration parameter

{ while Prandtl number Pr = 0. 005, magnetic parameter ¥ = 0.5 and Hall parameterm = 2.0

0 (&)

(a) B (b) B
(a) Velocity profiles (b) Temperature profiles
B6 X4M=05m=20,=4.0, Prandl 3t Pr = 0.005, 0.01 F10.05 i}, 38 8 AR EBE n 090145
Fig.6  Velocity profiles and temperature profiles against 1 for different values of Prandtl number Pr while

transpiration parameter { = 4.0, magnetic parameter M = 0.5 and Hall parameter m = 2.0

24 Pr=0.005,M=0.5m=2.0,=0.0,4.0F18.0 B, K 5(a) MK 5(b)/HAH T
TRZ% K Z B0 ¢ R R A AR B2, B SR A B 1 B2 RS AE T R TR SR R AR T
WATLVER], Y ¢ > 0 BF, BT Uiy W A S A e T R X IR R T
W RSN, S A4 1) BE 1T, 37 T3 AR T, BRI o 30 A2 PR T R AT R B T . (A I R
F= L, S RYZ R Gk R R R R i i, SEES TR AT IS 2] ¢ > 10. 0 B EE A
L5 AR.

M7 =4.0,M=0.5,m=2.0,Pr=0.005,0.01 f10.05 i}, K 6(a) FE 6(b)3HNEHT
Prandtl %0 Pr B [RIBUE R, JC 5 49 38 5 FE BE 4 A b v #9284k, el LIE 3, fi% Prandtl
B HE I, SR R B A3 A ¥ BN B 3B 0T LAE N, Y Pranddl BORELRET, 2 B R BE 70 A1
M 4 85, IR BV EA TRV HTL(E , AT, Al 52 A s i i BRI SR I Z i /D, X A4
() S R R 38 Bl 2R PR R A B, AR AR HICR T S 500 A 32 AR i 2 i)
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(a) BRI (b) WS A
(a) Velocity profiles (b) Temperature profiles
B7 M4Pr=0.005,¢=40,m=20,R%ZS%M=0.0,1.0,2.0 I, BEFRER 5 1950156
Fig.7  Velocity profiles and temperature profiles against 0 for different values of magnetic parameter M while

Prandtl number Pr = 0. 005, transpiration parameter { = 4.0 and Hall parameterm = 2.0
MM=0.0,1.0,2.0,Pr=0.005,0 =4.0 Flm =2.0 i, B 7 4 H T 835} J0 140k JE
f(Z,m) FHEEE 6(2,m) by 78tk NIRRT LA 3 FEE G250 M 0 88 hm3 2 h B2
PN ) 3 T A D RRAT T el B 7R 32 5. RS e A% — > A 1 s B D AR AR 142 5
W% HIE 7 (a) KR AR G T AR T 80 5 ), Bl 45 8 B ) B8 5, O e O %
T.ATTLUE B, G IS5 M B R Gh A2 A gl i i B2 R RS AR RS .

(a) HEEIM (b) RS
(a) Velocity profiles (b) Temperature profiles
B8 %4Pr=0.005¢=40M=05 Hal % m = 0.0, 1.0 f12.0 i, B HIEERE » (850156

Fig.8 Velocity profiles and temperature profiles against 7 for different values of Hall parameter m while

Prandtl number Pr = 0. 005, magnetic parameter M = 0.5 and transpiration parameter { = 4.0

B BRI ) Hall 80 m, % 8 E XA EE £(¢,n) FIRE 0(¢,n) Ffin A4S
fb. 7EE 8 H Hall 280 m = 0.0,1.0 f12. 0, HAh B & Pr =0.005,{ =4.0 f1 M =0.5. \F
W] LIRS BEE Hall 80 m W3GIN, s fe 8 i, [ EE7E T RE. sboh, shat i B2 5 R %
bR N, TP 2 T B AR A i d /D, vT DL B, Hall B 308500 5 B3 A0 He , A 5 1 J A s
(), A iz s ke 5 FEARAE .
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Effect of Hall Current on the MHD Natural Convection
Flow From a Vertical Permeable Flat Plate
With Uniform Surface Heat Flux

L. K. Saha', S.Siddiga’, M. A. Hossain’
(1. Department of Mathematics, University of Dhaka, Dhaka 1000, Bangladesh ;
2. Department of Mathematics, COMSATS Institute of Information Technology,
Park Road, Chak Shahzad, Islamabad 44000, Pakistan)

Abstract: The effect of Hall current on the MHD natural convection flow from a vertical perme-
able flat plate with uniform heat flux in the presence of transverse magnetic field was analyzed.
It was assumed that the induced magnetic field was negligible compared to the imposed magnet-
ic field. The boundary layer equations were reduced to the suitable form by employing free vari-
able formulation (FVF) and stream function formulation ( SFF). The parabolic equations ob-
tained from FVF were integrated numerically with the help of straightforward finite difference
method while on the other hand nonsimilar system of equations obtained from SFF were solved
by employing local non-similarity method, for the whole range of local transpiration parameter
{. Consideration had also been given to the regions where local transpiration parameter { was
small or large enough. However, in these particular regions, solutions were acquired with the
aid of regular perturbation method. Effects of the magnetic field M, and the Hall parameter m ,
on the local skin friction coefficient and local Nusselt number coefficient were shown graphical-
ly for smaller values of the Prandtl number Pr( = 0.005, 0.01, 0.05). Further, velocity and

temperature profiles were also drawn from various values of local transpiration parameter.

Key words: MHD natural convection; Hall current; permeable plate; heat flux



