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HYDROMAGNETIC FLOW OVER A STRETCHING SHEET
OF A VISCOELASTIC FLUID WITH UNIFORM SUCTION
AT THE WALL AND HEAT TRANSFER

EEFF ELSHEHAWEY M A KAMEL and FF N. IBRAHIM (CAIRO)

A study is made for a hydromagnetic flow with heat transfer of an electrically-condueting,
incompressibje viscoelastic fluid past a porous plate. A solution for the velocity and {empera-
ture distributions in the flow. with uniform suction at the wall is obtained. Tt is found that
the velocities at any horizontal planc parallel to the plate in the fuid decrease as the
constant magnetic field M, the variable suction parameter R and the viscoelastic parameter K
increase individually keeping the other iwo parameters constants. If is observed that the
femperatire at a certain plane decreases with the increase of R, keeping K, M and the
Prandtl number Pr constant. A similar effect is observed as Pr incréases. However, the
temperature gives a reverse refation by changing ‘M or K. The boundary layer characteristics
are estimated for different values of K, M and R. - o

1. INTRODUCTION |

The viscous Newtonian flow on a wall stretched with a velocity pro-
portional to x, which is the distance along the wall ind where the free
stream velocity is constant, bas been studied by Danserc and FANSLER [13].
An extention of such a work in which an electrically-conducting, incom-
pressible fluid past a porous wall with a vanishing free stream velocity was
investigated by Craxrasartr and Guera [2]. '

There has been an increasing interest in the flow properties of visco-
clastic fluids, especially in technological fields. The introduction of the fluid’s
elastic property will play an important role in modifying the flow fields.
Orpkroybd [3] and Warters [4] attempted to formulate rheological equations
for viscoelastic fluids. The boundary layer equations of these fluids have
been derived by Beorp and WaLTErRs [5]. A numerical analysis was done
by SounpaLGEkar and Ramana [6] of the dynamic boundary layer and the
thermal boundary layer at a semi-infinitely large plate longitudinally stream-
lined by a viscoelastic fluid. o '

. In our present work we comsider the flow with heat transfer of an
electrically-conducting, incompressible viscoelastic fluid (with electrical con-
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ductivity ¢) past a porous platc coinciding with the plane Y= 0, such that
the flow is confined to Y>0. The ‘wall is" stretched keeping the origin
fixed, and a uniform constant magnetic field By is imposed along the Y-axis.
The free streamn velocity is taken to bé zero and the motion of the fluid
is caused solely by the stretching of the wall. A solution for the velocity

and heat transfer characteristics in the flow with uniform suction at the
" wall is obtained. I ' ' '

This problem has applications to polymer technology, wherc one deals
with stretching plastic sheets and metallurgy, and hydromagnetic techniques
have recently been used. It may be pointed out that many ‘metalluigical
processes involve the cooling of continuous strips of filaments by drawing
them through a quiescent fluid arid that in the process of drawing,
these strips are sometimes streched. An application of hydromagnetic to
metaliurgy is the purification of molten metals from nonmetallic inclisions
by applying a magnetic field [7]. C '

2. FORMULATION OF THE PROBLEM

The basic equations for the steady flow of an electrically-conducting,
incompressible viscoelastic fluid are given by [5]: '
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Here the induced magnetic field is neglected, and it is assumed that the
external electric field is zero and the electric field ‘due to polarization
of charges is negligible. The equation of heat (without dissipation) is given by

oT oT &7

(23) H)a;%-l?—a;-—(l ayz .

. In these equations u is the velocity in the x direction, v is the velocity
normal to the plate, v* is the coefficient of kinematic viscosity, ¢ 18 the
density of the fluid, K§ is the coefficient of the viscoelastic term, and a is
the thermal diffusivity. o ' ' '
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The boundary conditions of the problem are

u‘—-Cx; v=—1y, 1I=T, at yp=0,
(2.4)
u=0, T-T, as y-— 0,

where C >0, T, is the constant temperature of the wall and T, the

temperature far away from it
Let us define another set of variables as follows:

u=Cxf' (n), v=—0*CYf(n),
T-T,
T.,— T, '

(2.5)
n=(Ch) 2y, 0=

These valiables satisfy the equation of continuity (2.2) Equatlons 2.1)
and (2.3) under these transformations reduce to

(2‘6) fJZ _ff” =_fJJJme . K [zfrfm' *jjﬂv _j~,,2]’
’ (27) 9"+Pr fe.' —
where ‘
B GB% _ Ki:C
M= o K=

and the Prandtl number Pr = v¥/a. The boundary cond;tlons for the func‘uon
f(n) and @ () are given by

FO=1, fO)=v/0 " 00 =1,

(2.8) .
JHo)=1,  f(w0)=0, 68(w0)=

where vy > 0 denotes the suctlon ve]omty at the wall the ﬂuld bemg at rest
at mfmﬂy ,

3. SOLUTION .OF BEQUATIONS

To solve Egs. (2.6) and (2.7) subject to the boundary conditions (2.8),
we take o

R f ) = A+Be,

where 4, B and « are constants with a > 0. Substitution of Eq. (3.1) in
Egs. (2.6} and (2.7) and the use of the boundary conditions (2.8) gives

(3.2) CB=—ljn, A=R+1f,
(3.3) KRo®—(1—K) o +Ra+M+1=0,
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where
(3.4) R = v /(v c)t/?
and
: y(P, X, e ™)
3.5 fn)= —-—
(3.5) (= (P, X,
where
Pr A4 PrB
po r X, - T
o o

and y (P, X,) is the incomplete gamma function given by
. gy ' X, ' )
(3.6) y(P,X)=1{ e't*!"'dt, ReP>0.
0 B

Equation (3.3) has two positive and one negative roots. The negative
root is, however, not admissible as « must be greater than zero. One of the
positive roots closely agrees with results obtained by CHAKRABARTI and
Gupra [2] for a nonelastic Newtonian viscous liquid, for that we neglect
. the other one, - ) ) o

4. THE BOUNDARY LAYER THICKNESSES

4.1. The boumiary layer thickness o

This thickness is defined as the distance from the solid boundary at
which the ‘local value of the velocity reaches 0.01 of the stretched plate
velocity, ie. ‘

(4.1) y=48 when u=001(Cx)
or
(4.2) . = Sf(v*fe)? = *.M—(;ml".

4.2. The displacement thickness &;

Tt is another type of boundary layer thickness which is useful under
certain circumstances. This thickness is defined as the distance at which the
undisturbed outer flow is displaced from the boundary by a stagnait layer
which removes the same mass flow from the flow field as the actual boundary
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o
layer [8]. In mathematical terms this thickness is given by

. . s u
43) 5= J(lmcx) ay.

Using Eqs (2.5) and (3.1) and the definition of § from the relatlon 4.1)
and (4.2}, 51 in nondlmensmnal form is glven by

“.4) ‘ LSV =, —0.99/a.

4.3. The momentum thickness 8,

The momentum thickness is defined as that thickness of layer which,
at zero velocity, has the same momentum defect, relative to the outer flow,
as the actual boundary layer [8]. Thus 6, is given by

.
(4.5) 5, = J — (1_}3?)‘”’
0

Substituting Egs. (2.5), (3.1) and (4.2) into Eq. (4.5), we obtam for (52 in
nondimensicnal form the following expression:

0.9801

@6 8xJ(v*fe) 112 —
20

5. CoNcLUSIONS

In this paper we have studied the flow with heat transfer of an electri-
cally-conducting, incompressible viscoelastic fluid past a stretched porous plate.
The effect of a constant magnetic field B, the variable suction parameter R,
the viscoelastic parameter K and ‘the Prandtl number P on flow chara-
cteristics have been studied and are tabulated and illustrated graphically.
‘The boundary layer thicknesses &, 8, and 4§, definéd in the last sectlon
are calculated for different values of K, M and R. :

Figures 1 and 2 show that the velocities u and v at any horizontal
plane parallel to the X-axis in the fluid decrease as M (the magnetic field
strength} increases, for fixed values of R and K. A similar effect is observed,
for the velocity u, as the variable suction parameter R increases as shown
in Fig. 3. Figures 4 and 5 show that # and » at a certain # in the ﬂmd
decrease with the increase of the viscoelastic parameter K, ‘



Fin)h

(e8]
=y
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FIG. 3. Variation of S'(n) for several values of R with K= 02 and M = 3.
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FiG. 4. Variation of f(y) for several values of K with R =06 and M =1,
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Fic. 5. Variation f' (i) for several values of K with R=0.6 and M =1.
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Fic. 6. Temperature profile for several values of R with K=02, M=3 and Pr=2
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FiG. 7. Temperature profile for scveral values of Pr K =01, M—3 and R = 1.
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Table 1. The temperature distribution for a fluid
with Pr=2 R=06, M =10 for several values

of K.
] K =0 K =01 K =02
8 (n) AU 0 (1}

04 | 04537 0.4603 04742
08 | 01837 0.1921 0.2087

1 0.1137 0.1213 0.1364
12 | 00694 0.0758 0.0886
16 | 00252 0.0290 0.0370

Table 2. The boundary layer thickness a8, the

displacement thickness d, and the momentum

thickness 8, for a viscoelastic fleid for several
values of M with K=01 and R =1.

B 81 5,

2.133042 1.690190 0.229112
1.666167 1.307982 0.177302
1.372392 1.077361 0.146040
1,151293 0.903793 0.122513
0.921034 0.723034 0.098010

Bow oD B

Table 3. The boundary layer thickness &, thd

displacement thickness &, and the momentum

thickness &, for a viscoelastic fluid for several
values of R with K =02 and M =3.

R 0 51 52

0 2.059495 1.616753 0.219157
0.1 1940735 1.523524 0.206520
0.3 1.669556 1310642 0.177662
0.5 1.254053 0.984462 0.133448

Yable 4. The boundary layer thickness d, the

displacement thickness &, and the momentum

thickness &, for a viscoelastic fluid for several
values of K with R =106 and M = 1.

K 8 3, 5,

0 2.638035 2070921 0.280721

005 2464595 1.934767 0.262265 '
0.10 | 2.263205 1.776671 0.240835 -
0.15 | 2.012248 1.579663 0214129
020 | 1621385 1272826 0.172536 -

£308]
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‘It is seen from Fig 6 that the temperature at certain » decreases
with the increase of the suction parameter R, keeping K, M and Pr constant.
A similar effect is observed as Pr increases (Fig. 7).

We observe from Fig. 8 that 4t a given # the temperature rises with
the increase in M. This result agrees w1th that obtamed by CuaxasarT and
Guera [2] ‘

Table 1 gives the temperature distribution for a viscoelastic fluid with
Pr=2 M=0 and R=006. Thus at a givén 5, the temperature ris¢s as K
increases. We notice that this method cannot be dpphed to VlSCOG]deIC
fluids with a viscoelastic parameter K greater than 0.2,

Tables 2 and 3 and 4 show that the boundary layer thickness § as well
as the displacement thickness &; and the momentum thickness §, decrease
with an increase in the parameters K, M and R 1nd1v1dually, keepmg the
other twd paramcéters constanis.
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ok e =

STRESZCZENIE

HYDROMAGNETYCZNY PRZEPLYW CIECZY LEPKOSPREZYSTE] WZDLUZ
PLYTY Z ROWNOMIERNYM SSANIEM NA SCIANCE | WYMIANA CIEPLA

Rozwazono hydrmmgnetyczny przeplyw wzdluz pmowatq plyty z wymiang ciepla w przy-
padku niescifliwej cieczy lepkosplgzystq przewodzace] elektrycznodd. Otrzymana rozwigzania
dla rozkladu predkosci i temperatury w przeplywie z jednorodnym ssaniem na $ciance;
Stwierdzono, Ze predkodci w plaszezyznach poziomych réwnoleglych do plyty maleja, jesli
wrrasta tylko jeden z frzech parametréw: stale pole magnetycene M, Zmienny paramety
ssania R i parametr lepkosprezysty K (przy niezmiennej wartodci pozostatych parametrow).
Stwierdzono rowniez, 7e temperatura w pewnej plaszezyZnie malejé ze wzrostem parametru R
przy statej wartoéci K, M i liczby Prandtla Pr. Podobne zjawisko zaobserwowaé mozna przy
wzrodcie Pr. Jednak temperafura wywiera przeciwny skutek preez zmiane M lub K. Wartosm
parameétrow warstwy przysc;ennej ocemono dia roznych warto:,m K, M iR
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PE3WOME

THMAPOMATHUTHOE TEUYEHUE BAIKOVIIPYTOW WUAKOCTH BAOND
MAACTUHKH ¢ PABHOMEPHBIM BCACBIBAHWEM HA CTEHKE W TEILTO-
OBEMEHOM

PaccMOTPEHO THAPOMATHHTHOE TEYEHHE BAOID nopucTofi TIACTHHEH ¢ TemnoofMeHoM
B CAYYAC HECKAMAEMOH BAKOYNPYTOH afexTpoipoBoased wuAKocTH. [loMyreHsr pelieHud
JiTs pAaciPeNieneHns CKOPOCTH M TEMUEPATYPhl B TCUGHMHM C OAHOPO/HLIM BCACHIBAHHEM H&
cTenxke. KOHCTATHPOBAHO, HTO CKOPOCTH, B TOPHIOHTARBHBIX ILIGCKOCTIAX napaiie/IbHbLX .
MacTHEKE, YGLIBAIOT, €CIH BO3PACTACT TOBKO OAMH M3 TPeX TapameTpos: MOCTOMHHOS
MarauTHOE 1ose M, nepeMeHHBIE HAPAMETP BCACHIBAHMA R 1w paA3xoynmpyrmil napamMeTp
K (0p¥ - HEH3IMEHSAIOILMXCH IHAUEHHIX ocTanbHEX mapamerpos). KoncrarmpoBano TOXE, ©TO
TEMECPATYPA B HEKOTOpO# TROCKOCTH yORIBAET ¢ POCTOM TAPAMETPR R, 1pn TOCTOSHHEIX
suauenugx K, M w wwcna Tipaugras Pr. AHalOTHIHQE ABICHHC MOXHO HabIoIaTE © POCTOM
Pr. OnHako TeMIEpaTypa BHI3BACT APOTHBOHATPABICHILIH (hexT Npa HIMEHSnHH M wmm
K. 3uaueHHS RNapaMeTpoR NOTPAHKYHOTO C/ON OUCHEHH! ATA DA3HBEIX spavennid K, M 1 R
FACULTY OF EDUCATION, AIN SITAMS UNIVERSITY ROXY. CAIRO
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FACULTY QF SCIENCE AN SHAMS UNIVERSITY. ABASEIA. CATRO, EGYPT.
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