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(017 + 2&1()}1 + 3015}1?) COSh(Wh) - ((121 + azoh)M COSh(M}L)
((Lz() - 2@23 - 6(122h2) S]Ilh(Mh) + 4(119/” S]Ilh(Mh) - (LzoSiIlh(Mh) -

2a\M sinh(M h) . (31)
M hcoshMh) - 2sinh(Mh)
h, = /'y
he = axMsinh(My) + 4awy’ + 2as0y + W.(3asy” cosh(My)
a32My3sinh(My) + 2asycoshMy) + a33My2 sinh(My) + 2a3ysinh(My) +
a34y2cosh(My) + asscoshMy) + assMysnh(My) + aze sinh(My) +
azM ycosh(My) + as;M sinh(My ) + a3sM cosh(My ) + 3azM sinh(My) +
2asM snh(My) + 2a4M cosh( My ) + ap snh(My) +
2aiMy cosh(My) + dasy’ + 2amy + aw ). (32)
W n n
Q= (u+ 1)dy = udy + dy = g+ h. (33)
hy hy hy
1 (T = /)
- L7
Q=TOth=70(q+h)dt=q+ 1. (34)
P = l{d—ﬂ dx. (35)
o dy
1)
h(x) = 1+ sin(2 x);
2)
n+ 1
h(x) = 1+ [—83":]{2"71_%)51“2 (2n - 1)@];
3)
hix) = 1+ [12 A 2 (- 1)x)],-
4)
h(x) = 1+ sn(2n x).
3
1 7.
1(a) Weissenberg W. P Q ,
=026Gr=1 =01la=01 =01 =02M=03E=0% 1(b) M
, Q , =036r=053 =08a=101

P
=02 =02W.=03E=04 1(¢ . P Q



St Nt & 929
, =096r=2B=0La=036G=02M=03W.=03E=20
4. , . , ,
, , 1(a) -1 0<Q I(b) (¢
-1 @/ 13 1 . 1
, W. < , M
x=02 <=02 , 2. , B ;
I—Ml=1 450 ' ‘ I l—¢'=1
- M=2 T B --- =2
........ M=3 K ¢=3
S v Sl
S ost
15}
305 0 05 1 1s 2
0
(a) W, (byM (o<
1 w.M < $P Q
3(a) W eissenbery  W.
h 1.50
) r ’ 1.25
=02 Gr=1 B=01L a=016G= 011 <= ;%1.00
02M=03E=03Rn =205. 3(b) Z 075
Reynolds Rm h. 0.50}
y , L=02Gr=1B=01 0.25
a=011 G=011l<=02M=03E=05W.= 0
0 1 , Rm, W. ,

hy(x.)
h(x,y)

o

Rm

L=036G6Gr=1 B=Q1 a=101

(b)
h. (% y)

Rm

¥



Johnson-Sega an

930
2 (=—1M=03E=03W.= 03. 4 , xl [Q05] xl [1
L 15 , xl [Q 5L 1] . ,
<
120 T T 120 T 7
5 =
> 2
o o
50 1 1
0 0.5 1.0 1.5
X
(a)
120
110
100 -
5 90k =z
< <
= 80k kS
50 1 1
0 0.5 1.0 1.5
X
(¢ (d)
4
2
1
Yo Yo
-1 -1
-2k -9 A .
-0.2 -02 0 02 04 0.6
X
(bW, =02
6 W,
5~17 / 0 . 5 M=2 3L=03Gr=06B=1038
a=016=02<=POoW.=0QLE=040=1 , M ./ 0 (
») ) .6 W.=01 02L=036Gr= 06
B=08a=016=02<=P/gM =2FE=040=1 , W. , ! 0
/ 0

7 . ,



St - 931

.4

-k " 1 " 7k AL l4 A —k L . ) L . . L
02 0 0204 06 02 0 0204 06 02 0 0204 06 02 0 0204 06
X X X X
(a) (b) (¢ (d)
7
Johnson-Segan an ,
1) M s < W, ;
)W, < : ;
3)W. Rm ;
4) B ;
5) , / 0 ;
6) <
A
__Berk o _Grl e KwhGrL o w4 @
“EAL+ 6y 2T 7L+ G) 2L+ G) BT Ty BT T Ty
F+ h+ 2a.h° ) )
= =M1 3ah h(Mh
%= Sah(Mh) - Mheosh(M k) ¢ (1+ ay+ 3ash™+ all cosh(Mh)),
(¢~ 1)Ga
a, = aM’ ay = (6a;)° ay = 18aM*ay, ay,= 108a,0M’a q, = _707’
(a® - 1)ag (a’ - 1)Gay (d* - 1)Gay,
WwETTTN e ™ T T T e T T T v
iy Ay 3ay  ay 3ay, Ay
“s T gr G T Ty ST Tt s T et T 3am®
e = G G :_ﬂa__ﬂ%:&_%
19 32‘42’ 20 Wz 21 Wy 22 Mz’ 3 2]”2 M47
2(ay;+ 2a,M )
D

ays = (2a,+ 3a,M - 2a, M — (2a,, + 4a,M + h(ay, - h(a,+ h(a, +
aysh) ) )M? ) cosh(Mh) +M (ay cosh( Mh) — 3a Mh+ cosh(Mh) +
(a,+ h(2a, - h(a,+ 2ash) + 4a,M))snh(Mh) - 2h(a, + ayh) @
M sinh(Mh)))/(M(MhcoshMh) — sinh(Mh) )),

aye = (M? (= 3ay, + 2a,sh + 3a,ch”> — 8a,M ) + (da,, + (Quy + 3ayh + 2anh +
2a,h* M ) cosh(Mh) = (a.,+ 2a,,h+ 3a,h}) cosh(BMh) - (a, + ayh) @
M cosh(Mh) + (ay — 2a, — 6ay,h”) sioh(Mh) + 4a, M sinh( M h) -



932

Johnson-Segan an

[1]
[2]

[3]

[4]

[5]

[ 6]

[7]

[8]

[9]

[ 10]

[11]

ayysmh(3Mh ) - 2a,M sinh(Mh) ) /( M hcosh(Mh) — 2sinh(M h) ),

Rmas Rm ay ERm Rma, Rmag
ay, =-M(2a,+ 3a,M), a, =- M T T T BT Ty T, + -
. ) a,sRm a Rm 3a,sRm
ay, = — (agcosh(Mh) + ayph™+ ah”), ay = - TR T R i vE
6a sRm  ayRm 2a ,Rm 2a,Rm  a;gRm  a,sRm
A5 = — M3 - M y Q3g = Mz , Ay = — M3 - M — M 5
a,Rm  6asRm  a,Rm aRm ayRm ayRm
s =TTy + e + ME o BT T Ty G0 T Ty Ga ST T
2a,Rm ay,Rm ayRm a,cRm ay;Rm
Ay = w A3 = — 4 Qg =~ ) + Mz’azts: M2

gy = — U35 — M — 2a,M,

ay = axh+ ayh®= agh*+ axMh+ 2a,Mh — ay;coshM h ) - ashcosh(M h) -
ayh* coshM b ) = ayh’ cosh(Mh) — ayy cosh( M h) — azgcosh(3Mh ) -
agsin(Mh) — azghsinM h) — ayh> sinMh) — a, sin(2Mh ) — aghsinfMh ).

Latham T W. Flud m otion in a peristaltic pump[ D]. M S Thesis Cam bridge M assachusetis
Institute of Technology 1966

Nadeem § Akbar N § Influence of heat transfer on a peristaltic fbw of Johnson-Segah an
flud n a non—uniform tube[ J]. Int Comm un HeatMassT ransfer, 2009, 36( 10): 1050-1059.
Nadeem § AkbarN S Effects of heat transfer on the perista ltic transport of MHD New tonian
flud with variable viscosity application of Adom ian decom position method [ J|. Canm un
Non lin ear Sci Num er Smul 2009, 14(11): 3844-3855.

Nadeem § AkbarN S Influence of heat transfer on aperista ltic transport of Hersche 1B ulk ky
flud n a nonuniform nclined wbe[ J]. Caonm un Non linear Sci Num er Smul 2009 14
(12): 41004113

Nadeem § AkbarN § HayatT, MalkM Y. On the nfluence ofheat transfer in perstalss
w ith varable viscosity[ J]. Int ] H eat M ass T ran sfer, 2009, 52(21/22): 4722-4730

Nadeem § AkbarN S Influence of radilly varying MHD on the peristaltic fow i an annulus
w ith heat andm ass transfer| J].Journal of theTaiwan In stitute of Chen ical Engineers. doi
10 1016/ jtice 2009 11 004

Srinvas § Kothandapania M. The influence of heat and m ass transfer on MHD peristaltic
flow through a porous spacew ith complantw alls[ J]. ApplMath Can p, 2009 213(1): 197-
208

M ekhem er Kh § Abd Elmaboud Y. The nfluence ofheat transfer andm agnetic field on per+
staltic ransport of aNew tonian fliid n a vertical annulus application of an endoscope[ J].
Phys Lett A, 2008 372(10): 1657-1665.

Ebad A. A new num ericalso lution for the MHD peristaliic flow ofa biofluid w ith varable vis-
cosity n circular cylinderical tube via Adom ian decom positionm ethod[ J]. Phys A, 2008 372
(32): 5321-5328

M ekhem erKh S. Effect of the nduced m agnetic field on peristaltic fbow of a couplk stress
flud[ J]. Phys LettA, 2008 372(23): 42714278

Srivastava LM, Agraw alR P. Oscillatng flow ofa conducting fluidw ith suspensbn of sphert



St I\ 933

J ApplMech, 1980, 47(1): 196-199

[ 12] Vajraveln K, Radhakrishnam acharya G, Radhakrishnamurty V. Perista ltic flow and heat trans-
fer in a vertical porous annulus w ith long w ave approxm atbn|[ J]. Int J] Non Linear M ech,
2007, 42(5): 754759

[ 13] Vajravelh K, Sreenadh S, Ramesh Babu V. Peristaltic pum ping of a HerschetBukley fluid in a
channell J]. AppIM ath Can put, 2003 169(1): 726-735.

[14] Vajraveln K, Sreenadh § Ram esh Babu V. Peristaltic transportof a HerschelBulkky fluid n
an nclined tube[J]. ht] Non—Linear M ech, 2005 40(1): 8390

[15] Elshehawey E F, E hdabe N T, E kkhazy EM, Ebaid A. Perista ltic transport n an asymm etric
channel through a porousm edum [ J]. AppIM ath Can put, 200§ 182( 1): 140-150

[16] Ealshahed M, HarounM H Perstaltic transport of Johnson-Segal an fluid under effectof a
m agnetic field[ J]. Math ProblEng, 2005 6(8): 663677

[17] Haroun M H Non-lnear peristaltic fow of a fourth grade flud in an inclined asymmetric

channel| J].Can putationalMaterialScience, 2007 39(2): 324-333

E ffects of Induced M agnetic F ield on the Peristaltic

Flow of Johnson-Segalm an Fluid in a Vertical

Symm etric Channel

SohailN adeem, N oreen Sher Akbar
(D epartm en t of Ma than atics, Quaid—i-Azam Un iversity 45320
Islam a bad 44000, Pakistan )

Abstract The nfluence of heat transfer and nduced m agnetic field on perstalic fbw of a
Johnson-Segalman fluid w as studied The purpose of the present nvestigaton w as to study the
effects of nduced m agnetic fied on the perstaltic flow of non-New tonian fludl The wo-d+
m ensbnal equatbns of Johnson-Segal an fluid w ere smplified by assum ng a long w ave kngth
and bw Reynolds num ber The obtained equations w ere solved for the stream functon m ag
netic force function, and axial pressure gradient by using a regubr perturbatbn m ethod The
expressbns for the pressure rise temperature induced m agnetic field pressure gradient and

stream functbn w ere skeiched for various embedded p aram eters and w ere interp reted

Keywords nducedm agnetic field vertical symmetric channe] Johnson-Segam an fluid m ag-

netohydrodynam ics (MHD)



