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Abstract—The effects of variable suction on the unsteady two-dimensional free convective flow of a viscous

incompressible fluid past an infinite vertical plate have been discussed on taking into consideration the

presence of a foreign mass. Approximate solutions to transient flow, the amplitude and the phase of the skin-

friction and the rate of heat transfer have been derived. During the course of discussion, the effects of Gr, Gc,
Pr, Sc, w and A (the suction parameter) have been discussed.

NOMENCLATURE

A, suction parameter;

{B|, amplitude of the skin-friction;

Ec,  Eckert number;

Gr, Grashof number;

|Q|, amplitude of the rate of heat transfer;

t, dimensionless time;

u, dimensionless velocity;

vg,  suction velocity;

¥ dimensionless co-ordinate normal
to the wall;

w, dimensionless ftequency;

C, non-dimensional species
congcentration;

Sc, Schmidt number;

0, dimensionless temperature;

Gc, modified Grashof number;

o, phase angle of skin-friction;

B, phase angle of rate of heat transfer.

1. INTRODUCTION

IN THE previous paper by the authors [ 2], the details of
the problem from the physical point of view have been
described. We now propose to study in this paper the
effects of variable suction on the unsteady free con-
vective flow in the presence of mass transfer. In Section
2, following the earlier paper by the authors [2] and
Soundalgekar [1], the equations governing the flow
are expressed in non-dimensional form. The solutions
being lengthy in character, to save space, they are not
mentioned. As the variable suction affects the unsteady
part, the study of transient velocity, the transient
temperature, the amplitude and the phase of the skin-
friction and the rate of heat transfer is presented in
Section 2 and in Section 3, the conclusions are set out.

2. MATHEMATICAL ANALYSIS

The geometry and the assumptions implied in
this problem have been explained [2]. So following
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Fi1G. 2. Transient profiles. Pr = 7, Ec = 0.01, wt = 0.01, ¢ = 0.2,

Soundalgekar [1] it can be shown that the problem is
governed by the following set of equations in non-
dimensional form:

1 du o, O o*u
Pr 00 o 00 070 (é‘u 2
T 5 PrUteAe T = oot PrE ’a}) @)
Sc aC o 0C  0*C
ZE-S((]“}’EAC )a—y—av (3)
and the boundary conditions are
u=00=0,=(1+¢e'"), C=1 aty=20
4

u=0,0=0,C=0 asy- .

Following the method of the earlier paper, we have
derived ali the solutions. The mean flow is not affected
by the variable suction. So the expressions for the
transient velocity and the transient temperature are
derived and they are shown on Figs. 1-3. To save
space, the expressions are not mentioned here. It is
rather surprising to note the effects of the variable
suction on the transient velocity. We compare the
curves in Fig. 1 with those of Fig. 4 of the earlier paper.
Comparing curves II from these two figures, for H,, we
conclude that there is a rise in the transient velocity in
the presence of variable suction. However, curves I11
from these figures for He are quite interesting. In the
presence of variable suction, the transient velocity near
the plate is observed to be negative and hence we
conclude that there may occur separation near the
plate when He is present. The same is true for CO,, but

in the presence of H,O and NHj, there is observed to
be a rise in the transient velocity. Thus, at small values
of A, separated type of flow may exists near the plate in
the presence of He and CO,. In the presence of H,, an
increase in A leads to an increase in the transient
velocity. An increase in Gr or Gc in the presence of He
is to enhance separation near the plate. But in the
presence of H,O, when A s 0, an increase in Gr or Gc¢
leads to a rise in the transient velocity. In water (Fig. 2)
we observe that an increase in 4 leads to an increase in
the transient velocity.

In Fig. 3, the transient temperature profiles are
shown for air. When A4 # 0, as compared to the case of
Gc¢ = 0, in the presence of a foreign mass, the transient
temperature is always high, and it is maximum when
CO, is present. In the presence of H,, the transient
temperature increases with increasing A. An increase
in Gr or Gc also leads to an increase in the transient
temperature when A # 0. In water (Fig. 2), it increases
with increasing A.

As in [2], we have calculated the amplitude | B| and
phase tan a of the skin-friction. The numerical values
of |B| and tana dre entered in Tables 1 and 2
respectively. We observe from this table that in the
presence of a variable suction, |B| for air, increases
sharply when a foreign mass is present, and it is very
high when CO, is present. An increase in Gr or G¢ also
leads to an increase in the value of | B|. This is not the
case in water. We observe that due to variable suction
| Bl decreases, and it decreases more with increasing A.
For air there is always a phase-lag when He is present.
Also there is phase-lag at high values of @ when CO, or
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F1G. 3. Transient temperature profiles. Pr = 0,71,
Ec =0.01, 0t = 1/2, ¢ = 0.2.

H, is present. Otherwise there is always a phase lead.
However in case of water even in the presence of
variable suction there always exists a phase-lag.

As in [2], we have calculated the amplitude | Q] and
the phase tan f of the rate of heat transfer. Their values
are entered in Tables 3 and 4 respectively. It has been
observed in [2] that in case of air for constant suction
the amplitude | Q| decreases with increasing w. But in
the presence of variable suction |Q| increases when @
increases from 5 to 10 and with further increase in o
we observe that | Q| decreases. An increase in A leads to
a decrease in the value of |Q| when Sc¢ < 1 whereas in
the presence of CO, the value of |Q| increases very
sharply due to anincrease in A. An increase in Gr or G¢
leads to an increase in |Q|. In the case of water |Q|
behaves in quite a different way as compared to that of
air. We observe in this case that {Q] increases due to
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variable suction and it increases more due to increas-
ing A. From Table 4 we observe that for small values of
Gr and w and for any value of Gc and A there is a
phase-lag, when Sc¢ < 1. But for large values of G¢ and
A, in the presence of CO, there is always a phase-lead.
Except for large values of Gr there is always a phase-
lead when o is increased. In case of water there is
always a phase-lead.

3. CONCLUSIONS

1. In the presence of H,, H,0 and CO, the
transient velocity increases in the presence of variable
suction but in the presence of He or CO, the separated
type of flow exists near the plate, even though A # 0.

2. An increase in Gr or Gec when A # 0, enhances
separation in the presence of He but leads to an
increase in the transient velocity in other areas.

3. For water the transient velocity increases with
increasing 4. '

4. For A # 0 the transient temperature increases
due to the presence of a foreign mass and the increase is
considerably high when CO, is present.

5. Anincreasein A4, Gr, or Gc leads to an increase in
the transient temperature both in the case of air and
water.

6. | B| for air increases sharply when 4 s 0 and the
foreign mass is present especially for CO, it is very
high. It also increases with increasing Gr or Gc.

7. In water, | B} decreases when A # 0 and decreases
more with increasing A.

8. For air, |Q]| decreases with increasing 4 when Sc
< 1 and increases sharply when S¢ ~ 1. An increase in
Gr or Gc leads to an increase in | Q.

9. In water, | Q| increases when 4 # 0 and increases
more with increasing A.
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CONVECTION LIBRE INSTATIONNAIRE AUTOUR D'UNE PLAQUE VERTICALE
ET INFINIE AVEC UN TRANSFERT MASSIQUE PAR ASPIRATION VARIABLE

Résumé—On considére les effets de I'aspiration variable sur la convection naturelle instationnaire et

bidimensionnelle d’un fluide visqueux incompressible autour d'une plaque verticale et infinie, en prenant

en considération la présence d'une matiére étrangére. On obtient des solutions approchés de I'écoulement

variable, de I'amplitude et de la phase du frottement pariétal et du flux thermique. On discute I'influence
de Gr, G¢, Pr, Sc¢, w et A (paramétre d aspiration).

INSTATIONARE, FREIE KONVEKTION AN EINER UNENDLICH
AUSGEDEHNTEN, VERTIKALEN PLATTE MIT VERANDERLICHER ABSAUGUNG UND
STOFFUBERGANG

Zusammenfassung— Der Einflu einer verinderlichen Absaugung auf die zweidimensionale, instationire
freie Konvektionsstromung eines zdhen, inkompressiblen Fluids an einer unendlich ausgedehnten,
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vertikalen Platte wurde unter Berticksichtigung der Anwesenheit von Fremdstoffen untersucht. Es wurden
Naherungslosungen fiir den Verlauf von Strémung und Wandreibung sowie fiir den Wirmeiibergang
hergeleitet. Der EinfluB von Gr, G, Pr, Ec, Sc¢, w und A {Absaugparameter) wird diskutiert,

HECTALMOHAPHOE OBTEKAHUE BECKOHEUHOW BEPTMKAJILHOW TIJIACTUHBI
B YCJIOBUAX CBOBOJHONW KOHBEKLIMU I'PHU NNEPEMEHHOM OTCOCE
U MACCONEPEHOCE

Anxoramust — PaccmaTpuBaeTes ABICHHE NEPEMEHHOrQ OTCOCA MPH HECTAUMOHAPHOM OOTeKaHnu
GeCKOHEYHOH BEPTHKA/ILHON MAACTHHBI [BYMEPHBIM [OTOKOM HECKMMaeMOH BS3KOH HAKOCTH B
yenosusx cBOGOAHON KOHBEKUWH NDH HANMYWM MHOPOAHOH Maccel. TMonyuedst npuOAHXKEHHbIS
peLieH s 41 HOTOKA B NEPEXOIHOM DEXMME, aMIINTY AL 1 (adbl HOBCPXHOCTHOTO TPEHHA, 8 TAKKe
ans Ternosoro noroka. O6cyxpaercs snusinue uucen Gr, Ge, Pr, Sc, w u A (napamMerpa Baysa).



