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NOMENCLATURE
A, constant defined in (1);
g, suitably chosen positive quantity;
D pressure;
2, density;
w, frequency;
t, time;
X, ¥, Cartesian coordinates;
U, coefficient of viscosity;
v, kinematic coefficient of viscosity;
u, velocity component in the x-direction;
v, injection velocity;
T, temperature of the fluid;
Ty, Ty, constant temperatures of the walls;
h, distance between the walls;
c specific heat;
g, acceleration due to gravity;
k, thermal conductivity;
o, 41, non-dimensional velocity components given by
(7a) and (7b);
R, vh/v, cross flow Reynolds number;
M, h(w/v)}'?, frequency parameter;
1, v/h, dimensionless distance;
T,
a, . dimensionless temperature;
h-T
Bo(n), non-dimensional steady temperature;
F(n), G(n), non-dimensional functions defined in (12)

and (13);

Pr, ugc/k, Prandtl number;

Ec, (AR?*/v)?/ge(T, — Tp), Eckert number;

Qo, heat transfer at the injection wall;

Q1. heat transfer at the suction wall;

|Dol,|D,|, amplitudes of rate of heat transfer at the
injection and suction walls;

oo, o1, phases of rate of heat transfer at the injection

and suction walls.

1. INTRODUCTION

THE PROBLEMS of fluid flow in a porous pipe and channel
have been studied in recent past by many workers [1-5]
with a view to understanding some practical phenomena
like transpiration cooling and gaseous diffusion. Particularly
the pulsatile flow in a porous channel is important in the
dialysis of blood in artificial kidneys [7]. The present paper
considers the heat transfer to the pulsatile flow in a porous
channel, treating blood as a Newtonian viscous fluid [8].

2. MATHEMATICAL ANALYSIS
Consider the pulsatile flow of fluid between two infinitely
long parallel and porous plates, distant h apart, which is
driven by the unsteady pressure gradient

—la_p: A{l+eexpliot)}, 1

p éx
where A4 1s a known constant, ¢ is a suitably chosen positive
quantity and o is the frequency. Let the x-axis be along
one plate and the y-axis normal to it. The plates y = 0 and
y = h are maintained at uniform temperatures Tp and T
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respectively. On one plate some fluid is injected with a
velocity v and removed at the opposite plate at the same
rate. So, with the help of the continuity equation, the
momentum equation and the energy equation reduce to
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where all the variables have their usual meaning. The
boundary conditions are
u=0T=T at y=0 )
u=0,T=T, at y=h
The solution of (2) is in the form;
Ah?
U= [uo + euy explion)]. (6)

where uo and u; are already given by Berman [5] and
Wang [6] respectively as

_ 1 [exp(Ry)—1
=R [exp(R)— 1 ”]’ (72)
i

Uy =—
MZ

N [1 + {1—exp(m;)} exp(m, n) — {1—exp(m,)} exp(m n)]
exp(m,) — exp(m,) ’
(7b)

where my,; = $[R+(R*+3MH)V¥] = A4, ,+iB;, n =y/h
R(=vh/v) is the cross flow Reynolds number and M is a
new non-dimensional parameter h(w/v)!/? characterising the
frequency. Introducing the non-dimensional temperature

TTh-T
equations (4) and (5) become

c[ao+vae _kF8, (au>2 ®
P s T hon | o TR(Ti—To) \on)
0=0 at =0,
6=1 at n=1

0

]
In view of (6), the temperature 8 can be assumed to have
the form

0(n, t) = 8o(n) + &F () expliowt) + £2G(n) exp(2iwt). (10}

On substituting (10) and (6) in (8), equating harmonic terms,
retaining coefficients of ¢?, and solving the corresponding
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differential equations with the help of (7). we get

exp(2Ry)
2(2— Prifexp(R)—1}?

PrEc
Bol) = C1+C» exp(PrRm--ﬁT [

" 2exp{Rn)
PrR  R(1—Pry{exp(R)~1}
82 {Ll exp(24, 1)

Lyexp(24;n)

2 {443 -24,PrR  44%-24,PrR
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F(n) = Csexpliin) + Caexplian)
+ 2iPrEc
{1 — PriRM?*{exp{m;} —exp(m,)}

N [{1 —exp(my)} exp(myn) {1~explm,)} exp(man)
iy nty

_ R Priexp(Ry) s exp(my 1) nz explma )} }
exp(R)—1
(12}
G{n) = Csexp{dan) + Co explian
PrEc
+ 4M*2 — Pri{exp(mz) — exp(m;)}*

x [{1—expi{my)}? exp(2m; n)

+ {1 —exp({m,)}* exp(2m; ) — 2(2 — Prins exp(Rn)].
(13
where

Ly,z = (A1 + B {1 +exp(242,1)
—2expl(Az,)cos By} :NM-.

L34 =2{‘-(AlBl+A231)M2.1i(A1A2—B%)M1.z§r”NM2~
M, = LOTF {exp{d,)+expld,)} cos By.sin B,
+{exp(A4; +4;)} cos 2B;. s 2B,
S, =24,+24,—PrR,
Sy = {(A;+ A2)(A; + 4, — PrRy—4B} )%,
N = exp(24;) +exp(24;) — 2exp(4, + A2)cos 2By,

ny,2{1—expimz. i)}
(1=Pr)(R+my ;> +2PrRm, 5

Ry,2=

2my ma {1 —exp(my)} {1 —exp(m.};
BT A PORE v 2Prmymy
A1,z = H{PrRE(PPRY+4iPr MY 2],
Asa =3 PrR+(Pr?R*+8iPrM*)* 2],
Pr = ugeik, Ec = (AR v/ /gc(Th — To).

The expressions for the constants of integration Cy, C;3, (s,
Ca4. Cs and Cg are not given as they are too complicated.

The rate of heat transfer per unit area at the injection
wall is given by

—goh [
oom ()
k(T — To) en/y=0
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44 dF
=22 + gexpliwt) — + (15
dn 2=0 dr] n=0
Equation (15) can also be written as
de
Qo =——|  +elDolcostwt+a0)+....  (15a)
dn j4=o0

where Dgo(= Do, +1Dy,), the coefficient of ¢ exp(iwt) n {15),
and tan«ot = Do, Dg,) are the amphtude and phase of the
rate of heat transfer respectively. Similarly the rate of heat
transfer at the suction wall is given by

qlh _ dGo

CKT-Ty)  dp

0,=

g=1+&|Dylcos(wr +a)+.... (16}

where

dF
Dy =Dy, +iDy, = —

=g

and tana, = Dy,/Dy,. The numerical values of |Dol, 1Dyl
tanap and tan«, are entered in Table 2.

3. DISCUSSIONS

The steady temperature profiles are plotted in Fig. 1. The
profiles are almost parabolic and there is no change in the
character of the profiles as Ec varies, But, as Eckert number
Ec increases, the steady temperature increases. The effect of
Eckert number Ec on the steady heat-transfer coefficients
1s shown in Table 1.

Table . (Pr=3,R=1,M=10,e=1)

Ec=1 Ec=2 Ec=3
(Boly=o 0.233 0.308 0.531
(00) =1 —1.440 -3.199 —~8.993
10p~
o8
E=1 .5
E=3
o6~
ki
04}
o2t~
P=3, R=1, M =10, ¢ =1
i | J ]
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Fia. 1. Steady temperature profiles.
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Fi1c. 2 Unsteady temperature profiles.
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F1G. 5. Unsteady temperature profiles.

We observed that the rate of heat transfer from the injection
wall increases with Ec while at the suction wall heat flows
from the fluid to the plate even if T} > Tp.

Fixing Pr and R, the instantaneous temperature profiles
are plotted (Figs. 2-5) to observe the effect of changing M
(with Ec fixed) and changing Ec (with M fixed). From
Figs. 2-4, it can be seen that the temperature decreases as
M increases. The temperature profiles are almost parabolic
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for small values of M, but oscillate more for large values
of M and the maximum temperature is shifted to the
boundary layers near the walls. The temperature increases
rapidly with increase in Ec, which may be due to high
viscous dissipation. Part of the temperature profiles are
linear and the maximum occurs in the boundary layers near
the suction wall (Figs. 2, 5). It can be observed that there is
no significant change in the character of the profiles as
Ec varies.

The effect .of changing M (for fixed Ec) and changing Ec
(for fixed M) on the values of the amplitude and phase of
the rate of heat transfer is shown in Table 2.

Table2.(Pr=3,R=1)

E
M 1 1 1 1
Values of Values of Values of Values of
|Do| |Dy| tanog tana,
1 1.1000 2.0140 0.2607 —0.1919
3 0.2476 1.8301 0.1930 1.3740
4 0.0926 0.3027 ~0.0560 3.0140
10 0.0070 0.0169 —-1.3271 3.6310
M
E 1 1 1 1
2 2.1130 4.0925 0.2607 -0.1919
3 3.1730 6.0443 0.2607 -0.1919
4 4.2304 8.0591 0.2663 —0.1952

It may be observed that at the injection wall there is phase
lag at higher frequency, but at the suction wall there is a
phase lead. It is also to be noted that there 1s no effect of
Ec on the phase at both the walls. We also notice that at
the injection wall the amplitude decreases with frequency
uniformly for fixed Ec, but at the suction wall it decreases
suddenly by 83.6% when M is changed from 3 to 4. For
fixed M the amplitude increases uniformly with Ec at both
the walls.
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