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Abstract: Free convection flow of a Jeffrey fluid between two long vertical
plates is investigated. The vertical plates are moving with some velocity but
in opposite directions. The coupled governing equations, of which one of them
is nonlinear, are solved by the linearization technique. It is observed that out
of all the physical parameters, the effect of non-Newtonian Jeffrey parameter
is the strongest on the velocity and temperature of the fluid. The numerical
results obtained reveal many interesting behavior of Grashof number G, Prandtl
numbers P, the Eckert number E and the plate velocity V. Furthermore, some
deductions are carried out to compare the present results with those previously
established.
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1. Introduction

Considerable work has been performed on the purely forced convection flow of
non-Newtonian fluids. In contrast, relatively little work has been reported on
the effects of free convection on non-Newtonian fluids. Over the past few years,
considerable research effort has been devoted to the study of heat transfer in-
duced by buoyancy effects in a porous medium saturated with fluids. Interest
in this convective flow phenomenon has been motivated by diverse engineer-
ing problems, such as underground heat exchangers for energy storage, recov-
ery and temperature controlled reactors, electronic systems cooling, petroleum
reservoirs, groundwater hydrology, coal combustors, grain storage, and fiber,
granular insulation and geothermal energy extraction. In studies of free and
forced convection heat transfer in fluids flowing between long vertical plates,
the Grashof number G plays a significant role in affecting the fluid flow and heat
transfer characteristics. Suriano et al. [1] have stressed the importance of small
Grashof numbers in the study of the laminar free convection heat transfer.

The flow of a viscous fluid past an infinite vertical porous plate with convec-
tive acceleration is studied by Yamamoto and Yoshida [2]. Vajravelu [9] studied
the free convection heat transfer between two long, vertical, thin plates moving
in opposite directions. Rajasekhara et al. [4] investigated the Couette flow over
a naturally permeable bed. It is found that the flux is greatly enhanced due to
the introduction of permeable bed. Rudraiah and Veerabhadraiah [5] studied
the temperature distribution in a steady plane Couette flow past a permeable
bed in the presence of buoyancy force. A mathematical model for the study
of flow between two permeable beds is given by Sreenadh and Arunachalam
[6]. The influence of permeability on the velocity distributions in the porous
and non-porous regions are discussed in detail. Rajagopal and Gupta [7] ob-
tained an exact solution for the flow of a non-Newtonian fluid past an infinite
porous plate. Ogulu and Amos [8] have investigated the free convective flow
of a non-Newtonian fluid past a vertical porous plate. Prathap kumar et al.
[9] considered mixed convection in a vertical channel containing a composite
porous medium. The influence of heat transfer on the peristaltic transport of
a Jeffrey fluid in a vertical porous stratum is studied by Vajravelu et al [10].
Umavathi and Shekar [11] studied the unsteady mixed convective flow and heat
transfer in a vertical corrugated channel with composite porous media.

Free convection flow and heat transfer studies of a viscous fluid confined
between two long, thin vertical plates finds important applications in industrial
engineering. Such a study is useful in assessing the effect of the motion of a
broad belt on the flow field. Motivated by this, we propose to study free con-



FREE FLOW OF A JEFFREY FLUID BETWEEN... 637

vection effects on the flow and heat transfer of a Jeffrey fluid confined between
two long, parallel, vertical plates moving with equal velocities but in opposite
directions. In this study, quite a few interesting features of the flow and heat
transfer characteristics have been discussed. Some deductions are made and
the results are discussed through graphs.

2. Formulation and Solution of the Problem

Consider a long vertical belt or two long, thin vertical plates are as shown in
Figure 1. Assume it to be broad enough to contain within it an infinite amount
of a Jeffrey fluid. Let X- axis is taken along the plates in the upward direction
and Y-axis along the distance between the plates. When the flow takes place
in the XY-plane, and as the plates are very long and broad compared with the
distance between them, the fluid flow may be assumed to be fully developed.
The parallel vertical plates are moving with common velocity V* in opposite
directions. Let the end conditions be neglected. We may take the velocity fluid
as (U(y),0,0) and the temperature field as (T(y),0,0).

x=

Figure 1: Physical Model

The governing equations of momentum and energy become

d*U 1+ )\ (dp 1+ A
—5 — (=) - ugx =0, (1)
dy I dx I
dp
ap 2
v =0 (2)
2T m dU \*

— ) =0 3
neld (1+)\1)Ko<dY> ’ 3)

where p is the density, p the pressure, p the coefficient of viscosity, Ky the
thermal conductivity, g, acceleration due to gravitation and A; is the Jeffrey
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parameter. On using the well known Boussinesq approximation, namely

PP BT -1, (4)

p

the density in equation (1) and making simplification (see Vajravelu [9], [10]),
we rewrite equations (1)-(3) as

d2U (1 +)\1)pgx5

4y 2 - [ (T - TS) =0, (5)
2T m dU\?
dy? + (14+X\) Ky (W) =0. ()

The relevant boundary conditions of the problem are

U=V*T=T, at Y =0, (7)
U=-V"T=T, at Y =d. (8)

Introducing the non-dimensional variables

Y Ud V*d T-—1T;
4 d’ b v’ v’ Tw — Ty

in the equations (5), (6) and the boundary conditions (7), (8) we obtain

d?u
— 14+X)GO0=0 9
dy2 +( + 1) ’ ( )
d20 PE [du\?
dy? (1+)\1)(d?/> (10)
u=V;0=1 at y =0,
u=-V;0=1 at y=1, (11)
where
3 B 2
o ©9:8 (1w Ts)’ E_ v C p=tMG
v2 d?>Cy (T — Ts) Ky

In order to solve the boundary value problem (9) and (10) subject to the
conditions (11) we apply the iterative method (see Vajravelu, 1978) as given
below:

d2ui
dy?

+(1+XM)GO; =0 (12)
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d*9; ~ PE (dui_1>2
- =0
dy>  (1+XM)\ dy

u=V;0=1 at y=20
u; =—-V;0=1 at y=1

Initially ug = 0 for ¢ > 1 , then we write the solution as

B B + 4V
we B (B Ly,

2
where
B=—(14+X)G,
0, =1,
up =V —2Vy
PE | G1+M)? ¢ G(A+N)° (GO+MN)
DY 360 7 60 2
G(L+X) (G +\) 2
+ 21 ( 5 -2V )y
Gl+XN) [ GEA+XM)?  GL+N) (GL+\)
+ - +
6 12 3
1 G(l—i—)\l) 2 3
5 ( 5 2V> Y
LG+ M) 5 |G+ N) G+ M)
2 360 60
2
+G(1+>\1) GA+M) ) GA+A)
24 2 2

* 12 3

)

6

_% (G(l;Al) _W)?)

G(1+ M) <_G2(1 +A1)? N G(1+4\) (G(1+>\1)

639

(14)

(15)

- 2v>
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PE [G*(1+X)? , GO+ X)) (GA+)) 3
—1— _ —9
02 1+A1{ 12 7 3 2 Vi)Y
1 /(G4 M\) 2, GR1+ )P
2 (f R I T E
G+X\) (G(1+N\)
_ —_9y
3 2 Y
1 /G(1+\ 2
+ = M_QV Yy, (18)
2 2
- moTy oy moTy g3 maT3 5 moTy 11 moTls g mole g
U =gy Y 56 Y T2 Y T Y a0 Y 72
moT7 ¢  moly » moTy ¢  moTi0 5 maT11 4
T YT e Y T Y T VT
T T
n m26 12,8 4 m22 132 4 Csy + Cg, (19)

03 =T1y"% + Toy' + T3y'® + Tuy® + Tsy® + Toy" + ToyS + Txy®
+ Toy* + Toy® + Tiy? + Tiay* + Ths. (20)

3. Shear Stress

The shear stress in dimensionless form is given by

du 14’m2T1 13m2T2 12m2T3 11m2T4
) = y13 + y12 + 73/11 10
dy 182 156 132 110
10m2T5 9 9m2T6 8 8m2T7 7 7m2Tg 6 6m2T9 5
90 7 2 YT s YT a2 YT 0
5’m2T10 4 4m2T11 3 3'm2T12 2 2m2T13
20 2 VTG 7y YT G

_|_

The shear stresses at the plates are given by

. du . 14m2T1 4 13m2T2 + 12m2T3 + 11m2T4 + 10m2T5
7 182 156 132 110 90
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ImaeTs  8moTy  Tmoly  6maody  SmoT;
+m26+m27+m28+m29+m210

72 56 42 30 20
dmoTyy  3moTi2 | 2moTi3
+ 19 + 6 + 5 + C5.

4. Rate of Heat Transfer
The Nusselt number in dimensionless form is defined by

dr
Nu = =12T1y" + UTpy'® + 10T5y° + 9Tyy® + 8Tsy” + 7Ty
+6T7y” + 5Ty + 4Toy” + 3Thoy” + 2111y + Tra.
The Nusselt numbers at the plates y=0 and y=1 are given by

dT
Nuy = (—> =1T19
dy =0

dT
Nuy = (d—> = 12T + 1175 + 10T3 + 9Ty + 8T5 + 7T6 + 6T7 + 5T8
y y:l

+ 4Ty + 3T + 21711 + Tho,

where PE
S —B=—(1+X A= 6P
mq W ma I+ M)G, 6P,
B=5P, C=4P;, D=3P, E=2P;, F=F,
maa mab mac —mo (a + 2b + 6¢) mo
P = . _ S Py = - P, = P — 2.
Y7360 120070 T 2407t 72 h T g

a b c a+ 2b+ 6¢ 1
o= 2o %+m+ﬂ—(T>—ﬂﬂ—V

—PFE 4V
a:—mlmQQ;b:ml (m22+4m2V);c: T (mQ; >

IE A T 90
mi (2AD +2BC) ., mu (2AE +2BD + 7).

T, = =
4 79 ) 5 56 )

T1 _ m1A2_ mlAB T miy (2AC + BQ)
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mi (2AF +2BE+2CD) . _ (2BF +2CF + D?)

T = = N
6 49 ) 7 30 )
my (2CF + 2DE) my (2DF + E?) mEF
Ts = ; Tg = ; Tho =
20 12 3
m1F2

Ty = 5 Tip = C3; Tiz=1

Further iterations can be carried out to obtain u; , 6; for ¢ > 4. It has
been found that wusg; ug and 02;03 are in good agreement up to the eight decimal
places. We shall call ug as v and 03 as 0

5. Discussion of the Results

The numerical results are obtained for the velocity u and the temperature 6 for
the flow of a Jeffrey fluid between thin plates using iteration method. Fluids
with high viscosity will have low Grashof number G, as their Prandtl numbers
are large. The smallness of the Grashof number G may be due to smallness
of the temperature differences. Therefore, the calculated numerical results are
expected to be valid for fluids.

Figure 3 shows the behavior of flow of air P=0.71 for different values of E,
P, V, and A\;. We notice that an increase in G results an increase in the fluid
velocity near the plate y=0 and opposite behavior is noticed near the plate y=1 .
An increase in E causes comparatively small enhancement in the fluid velocity.
It is found that of the Jeffrery parameter A; causes an increase in the fluid
velocity. It is clear that the plate velocity V enhances the fluid velocity near
the plate y=0 and decreases near the other plate. All the behavior mentioned
above in the case of air is true in the case of fluids with high Prandtl numbers
as shown in Figure 4.

The temperature of air at P=0.71 with variation in G,E,V and \; is shown
in figure 4. The temperatures of air in the case when the plates are moving are
higher than those when the plates are at rest. The increase in the temperature
becomes very important when the plates start moving faster. We notice that the
increase in G and E, the fluid temperature increases. The fluid temperature
increases with the increase in Prandtl number as shown in Figure 5. The
temperature decreases with an increase of Jeffrey parameter ;.

From the Figures 6 and 7, it is clear that the skin friction at both the plates
decreases as the plate velocity increases, while it increases with the increase in
any of the other parameters G,E,A\; and P. The skin friction is positive at the
upward moving plate and negative at the other plate. The variation in the rate
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of heat transfer coefficient at both the plates with the variation in G, Ay and E
in the case of air and water at 20°C is shown in the Figure 8 and 9. In all the
cases considered, the rate of heat transfer coefficient is positive at the upward
moving plate and negative at the other, the physical meaning of which is that
the heat flow at either plate is from the fluid only. The effect of E and A is
to increase the rate of heat transfer coefficient at the upward moving plate and
to diminish it at the other, while the effect of G is to diminish the rate of heat
transfer coefficient at both the plates.

G| E | V[XM
g — 02]001] 0 |01

—o— 11

By 0210010501 II
N A 021001] 2 [01] 11

—>— VI

BE 080010501 IV

== —&— VI

) S B 081001 2 01| V
] - » n L =
+ N 1 [08]002]05]01] VI

- 08]0.02] 2 |01 VI
0.8 0.02] 05|02 VIII

081002] 2 |02 IX

2
Y I 1T IIT IV vV VI VII VIII IX
0 0 0.5 2 0.5 2 0.5 2 0.5 2
0.1 ] 0.0099 | 0.40991 1.61 0.43962 | 1.63997 | 0.43965 | 1.64033 | 0.44325 | 1.64393
0.2 10.0176 | 0.31761 | 1.2178 | 0.37044 1.2711 0.37049 | 1.27179 | 0.37689 | 1.27819
0.3 ]10.0231 | 0.22312 | 0.8233 | 0.29246 | 0.89336 | 0.29252 | 0.89431 | 0.30092 | 0.90271
0.4 1 0.0264 | 0.12642 | 0.4267 | 0.20567 | 0.50672 | 0.20574 | 0.50785 | 0.21534 | 0.51745
0.510.0275 | 0.02752 | 0.0278 | 0.11008 | 0.11119 | 0.11015 | 0.11237 | 0.12015 | 0.12237
0.6 | 0.0264 | -0.0736 | -0.3733 | 0.00567 |-0.29327 | 0.00575 | -0.29213 | 0.01535 | -0.28253
0.7 1 0.0231 | -0.1769 | -0.7767 | -0.10754 | -0.70663 | -0.10747 | -0.70566 | -0.09907 | -0.69725
0.8 1 0.0176 | -0.2824 | -1.1822 | -0.22955 | -1.12889 | -0.2295 | -1.12818 | -0.2231 |-1.12177
0.910.0099 | -0.3901 -1.59 |[-0.36038 | -1.56002 | -0.36035 | -1.55965 | -0.35675 | -1.55604
1 0 -0.5 -2 -0.5 -2 -0.5 -2 -0.5 -2

Figure 2: Velocity distribution for P=0.71
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G E [PV | X\
2 —— 0510013 ] 0 |01 I
—o—
e 05(1001|13] 2 |0.1 11
N DAY 0.5[001]7|05]0.1] II
—»— V1
i 0510017 2 |01] IV
—a— V11l
3 —e—x 0.510.02|7]05]0.1 v
—k— X
Q T T
a 0z 0 L (0510027 2 01| VI
0.8]1001]71]05]01| VII
a1 081001 71| 2 |01 VIII
081001710502 IX
081001 71| 2 |02 X
2
Y[ 1 I il v vV N VII VIIT X X
0 O 2 0.5 2 0.5 2 0.5 2 0.5 2
0.1]0.027 | 1.62797 | 0.42714 | 1.62927 | 0.42728 | 1.63153 | 0.44343 | 1.64681 | 0.44703 | 1.65041
0.2]0.048 | 1.24984 | 0.34827 | 1.2523 | 0.34853 | 1.25659 | 0.37723 | 1.28366 | 0.38363 | 1.29005
0.3]0.063 | 0.86553 | 0.26337 | 0.8689 | 0.26374 | 0.87478 | 0.3014 | 0.91022 | 0.3098 | 0.91862
0.4]0.072 | 0.47497 | 0.17244 | 0.47892 | 0.17287 | 0.48584 | 0.21591 | 0.52628 | 0.22552 | 0.53588
0.5]0.075 | 0.07813 | 0.07546 | 0.08229 | 0.07593 | 0.08957 | 0.12076 | 0.13168 | 0.13077 | 0.14169
0.6 | 0.072 | -0.32501 | -0.0276 | -0.32104 | -0.02711 | -0.31409 | 0.01594 |-0.27363 | 0.02554 | -0.26402
0.7 | 0.063 | -0.73444 | -0.1366 | -0.73104 | -0.13623 | -0.72509 | -0.09856 | -0.68962 | -0.09015 | -0.68121
0.8 ] 0.048 | -1.15013 | -0.2517 | -1.14764 | -0.25143 | -1.14328 | -0.22273 | -1.11618 | -0.21632 | -1.10977
0.9 | 0.027 | -1.57201 | -0.3729 | -1.57069 | -0.3727 | -1.56839 | -0.35655 | -1.55308 | -0.35294 | -1.54947
1] 0 -2 -0.5 -2 -0.5 -2 -0.5 -2 -0.5 -2

Figure 3: Velocity distribution for P =7
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G| E [V] X\
— 02]001l0]01]| I
—e— |1
Dl 02001 |1]01]| 11
N v 021]001]2]01] III
v 081001 [101] IV
—a— V11l
o ix 08001201 V
, 08]0021 (01| VI
N, % 0.8]0.02] 2101 VII
/) \ 0.810.02| 1 |0.2] VIII
08]002]2]02 IX
1.00 ” T T T
0.0 0.2 0.4 y 0.6 0.8 1.0
Y I I 11T IV Y VI VII VIII IX
0 1 1 1 1 1 1 1 1 1
0.1 1 1.00113 1.0046 1.00104 1.00439 1.00208 1.00878 1.00189 1.00801
0.2 1 1.00202 1.0082 1.00191 1.00792 1.00381 1.01584 1.00347 1.01447
0.3 1 1.00267 1.0108 1.00258 1.01055 1.00515 1.0211 1.00471 1.0193
0.4 1 1.00308 1.0124 1.00303 1.01224 1.00607 1.02447 1.00555 1.02241
0.5 1 1.00323 1.0129 1.00325 1.01293 1.00651 1.02586 1.00597 1.02372
0.6 1 1.00312 1.0124 1.00321 1.0126 1.00643 1.02519 1.00592 1.02313
0.7 1 1.00275 1.0109 1.0029 1.01118 1.00579 1.02237 1.00534 1.02056
0.8 1 1.00211 1.0084 1.00227 1.00865 1.00454 1.01729 1.0042 1.01592
0.9 1 1.0012 1.0047 1.00131 1.00493 1.00263 1.00987 1.00244 1.00909
1 1 1 1 1 1 1 1 1 1

Figure 4: Temperature distribution for P = 0.71
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G E |P|V ]\
0.51001]3|0]0.1 I
1.254 :::il
L el 0500l ]3] 2]01] 1I
vV
20 ] DA 0.5(001|7]|1]0.1]| III
—»— VI
BV 0510017201 IV
o x| 050027 ]1]01] V
—k— X
® 051001 7]2]01| VI
1.10 4
081001 7| 1]01| VII
105 4 0.810.02| 7| 2]0.1| VIII
081001 7]1]02| IX
1-000.0 072 OI4 Vi 0‘6 078 1.0 0'8 0'01 7 2 0'2 X
Y T 11 T v v VI VII VIIT X X
0 1 1 1 1 1 1 1 1 1 1
0.1 | 1.00003 | 1.01893 | 1.01067 | 1.04415 | 1.0213 | 1.01026 | 1.04324 | 1.08641 | 1.01864 | 1.0788
0.2 | 1.00004 | 1.03397 | 1.01932 | 1.07922 | 1.0386 | 1.01879 | 1.07802 | 1.15589 | 1.03422 | 1.1424
0.3 | 1.00004 | 1.045 | 1.02583 | 1.10494 | 1.0516 | 1.0254 | 1.10392 | 1.20761 | 1.04639 | 1.1899
0.4 | 1.00004 | 1.0519 | 1.03007 | 1.12104 | 1.0601 | 1.02989 | 1.12051 | 1.24073 | 1.05473 | 1.2205
0.5 | 1.00004 | 1.05456 | 1.0319 | 1.12724 | 1.0638 | 1.03206 | 1.12736 | 1.25438 | 1.05884 | 1.2333
0.6 | 1.00004 | 1.05286 | 1.03118 | 1.12326 | 1.0623 | 1.03168 | 1.12404 | 1.24769 | 1.05829 | 1.2275
0.7 | 1.00004 | 1.04667 | 1.02778 | 1.10882 | 1.0555 | 1.02852 | 1.11009 | 1.21977 | 1.05261 | 1.2021
0.8 | 1.00004 | 1.03588 | 1.02155 | 1.08365 | 1.0431 | 1.02236 | 1.08507 | 1.16975 | 1.04133 | 1.1563
0.9 | 1.00002 | 1.02037 | 1.01234 | 1.04747 | 1.0247 | 1.01293 | 1.04852 | 1.09678 | 1.02397 | 1.0892
1 1 1 1 1 1 1 1 1 1 1

Figure 5: Temperature distribution for P = 7




2/0

\4 I 1T 11T IN% \4 VI VII VIII IX X XI XII

0 0.12186 | 0.30463 0.30449 | 0.49439 | 0.14204 0.16211 -0.12 -0.30927 | -0.30898 | -0.5088 | -0.14408 | -0.16423
0.2 -0.28 -0.1 -0.1 0.08003 -0.26 -0.24001 | -0.51998 | -0.69998 | -0.69996 -0.88 -0.53998 | -0.55998
0.4 -0.68 -0.50003 | -0.50005 -0.32 -0.66002 | -0.64002 | -0.91993 | -1.09987 | -1.09973 | -1.2798 | -0.93993 | -0.95994
0.6 -1.08 -0.9 -0.90001 -0.72 -1.06001 | -1.04001 | -1.3199 -1.4998 | -1.49959 | -1.6797 | -1.33991 | -1.35991
0.8 -1.48 -1.29994 | -1.29987 | -1.1199 | -1.45998 | -1.43998 | -1.7199 | -1.89978 | -1.89955 | -2.0797 | -1.7399 -1.7599
1 -1.8799 | -1.69982 | -1.69964 | -1.5197 | -1.85993 | -1.83993 | -2.11991 | -2.2998 -2.2996 | -2.4798 | -2.13991 | -2.15991
1.2 | -2.2799 | -2.09966 | -2.09931 | -1.9194 | -2.25987 | -2.23987 | -2.51993 | -2.69987 | -2.69975 | -2.8799 | -2.53994 | -2.55994
1.4 | -2.6798 | -2.49945 | -2.49889 | -2.3191 | -2.65978 | -2.63978 | -2.91998 -3.1 -3.09999 | -3.2801 | -2.93998 | -2.95999
1.6 | -3.0797 | -2.89919 | -2.89838 | -2.7187 | -3.05968 | -3.03968 | -3.32005 | -3.50016 | -3.50033 | -3.6803 | -3.34005 | -3.36005
1.8 | -3.4796 | -3.29888 | -3.29777 | -3.1182 | -3.45955 | -3.43955 | -3.72013 | -3.90038 | -3.90076 | -4.0807 | -3.74014 | -3.76014
2 -3.8794 | -3.69853 | -3.69706 | -3.5176 | -3.85941 | -3.83941 | -4.12024 | -4.30064 | -4.30128 | -4.4811 | -4.14024 | -4.16024

Figure 6: Skin friction at the plates y=0

and y=1: P=0.71
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Vv I 1T 11T v \% VI VII VIII IX X XI XII

0 0.12 0.34566 0.34426 | 0.62162 | 0.16012 0.18083 -0.15449 | -0.39129 | -0.38846 | -0.7631 | -0.72019 | -0.79473
0.2 | -0.2801 -0.1 -0.1 0.08027 | -0.26005 | -0.24005 -0.5198 -0.69981 | -0.69963 | -0.8802 | -0.96048 | -1.04073
0.4 | -0.6802 | -0.50025 | -0.50051 | -0.3202 | -0.66015 | -0.64014 -0.91934 | -1.09867 | -1.09735 | -1.2784 | -1.35869 | -1.43895
0.6 | -1.0801 | -0.90004 | -0.90008 | -0.7199 | -1.06006 | -1.04006 -1.31906 -1.498 -1.496 -1.6774 | -1.75764 | -1.83791
0.8 | -1.4798 | -1.29937 | -1.29873 | -1.1188 | -1.45978 | -1.43978 -1.71897 | -1.89779 | -1.89558 | -2.0771 | -2.15734 | -2.23762
1 -1.8793 | -1.69822 | -1.69645 -1.517 -1.85932 | -1.83932 -2.11907 | -2.29805 | -2.2961 | -2.4775 | -2.55778 | -2.63807
1.2 | -2.2787 | -2.09662 | -2.09323 | -1.9144 | -2.25867 | -2.23867 | -2.5193 5 | -2.69877 | -2.69754 | -2.8787 | -2.95897 | -3.03927
1.4 | -2.6778 | -2.49454 | -2.48909 | -2.3111 | -2.65784 | -2.63784 -2.91982 | -3.09996 | -3.09991 | -3.2806 | -3.3609 | -3.44121
1.6 | -3.0768 -2.892 -2.88401 | -2.7071 | -3.05682 | -3.0368 2 | -3.32048 | -3.50161 | -3.50322 | -3.6833 | -3.76357 | -3.84389
1.8 | -3.4756 | -3.28899 | -3.27801 | -3.1023 | -3.45561 | -3.43561 -3.72132 | -3.90373 | -3.90745 | -4.0867 | -4.16699 | -4.24732
2 -3.8742 | -3.68552 | -3.67107 | -3.4968 | -3.85421 | -3.83421 -4.12235 | -4.30632 | -4.31261 | -4.4908 | -4.57116 | -4.65149

Figure 7: Skin friction at the plates y=0 and y=1: P=7
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\4 I 1T 11T I\% \% VI VII VIII IX X XI XII

0 1.42E-05 0.0464 0.04505 0.09009 0.04377 0.03964 0.03454 0.04622 0.0447 0.08964 0.04374 0.0396
0.2 | 1.42E-05 | 8.87E-05 | 1.77E-04 | 2.27E-04 | 1.66E-05 | 1.89E-05 | -9.61E-04 | -0.00104 | -0.00207 | -0.0012 | -8.28E-04 | -7.29E-04
0.4 | 3.93E-04 | 3.25E-04 | 6.51E-04 | 3.22E-04 | 3.28E-04 | 2.79E-04 | -0.00342 | -0.00364 | -0.00728 | -0.0039 -0.00295 -0.0026
0.6 | 0.00172 0.00151 0.00302 0.00136 0.00145 0.00125 -0.00683 | -0.00719 | -0.01438 | -0.0076 -0.00589 -0.00518
0.8 | 0.00399 0.00364 0.00728 0.00335 0.00338 0.00293 -0.01118 | -0.01168 | -0.02337 | -0.0123 -0.00963 -0.00847
1 0.00721 0.00672 0.01343 0.00629 0.00613 0.00532 -0.01648 | -0.01713 | -0.03425 | -0.0178 -0.01419 -0.01247
1.2 | 0.01137 0.01074 0.02147 0.01017 0.00969 0.00842 -0.02273 | -0.02352 | -0.04702 | -0.0244 -0.01956 -0.01718
1.4 | 0.01649 0.01571 0.03141 0.01499 0.01405 0.01223 -0.02993 | -0.03085 | -0.06169 | -0.0318 -0.02574 -0.0226
1.6 | 0.02254 0.02162 0.04324 0.02077 0.01923 0.01675 -0.03807 | -0.03913 | -0.07825 | -0.0403 -0.03273 -0.02872
1.8 | 0.02955 0.02849 0.05697 0.02749 0.02522 0.02198 -0.04715 | -0.04836 | -0.0967 | -0.0496 -0.04053 -0.03556
2 0.0375 0.0363 0.07258 0.03516 0.03203 0.02792 -0.05719 | -0.05853 | -0.11704 | -0.0599 -0.04914 -0.04311

Figure 8: Rate of heat transfer coefficient at the plates y=0 and y=1,
P=0.71
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\4 I 1T 11T I\% \% VI VII VIII IX X XI XII

0 1.39E-04 | 0.45719 0.44378 0.88669 0.43128 0.3906 0.04612 0.45548 0.44044 | 0.87839 0.86131 0.78

0.2 | 1.39E-04 | 8.67E-04 | 1.72E-03 | 2.21E-03 | 1.63E-04 | 1.86E-04 | -9.47E-03 | -0.01022 | -0.02047 | -0.0232 | -1.63E-02 | -1.44E-02
0.4 | 3.87E-03 | 3.21E-03 | 6.42E-03 | 3.17E-03 | 3.23E-03 | 2.75E-03 | -0.03373 | -0.03588 | -0.07178 | -0.0774 -0.05815 -0.05121
0.6 | 0.01693 0.01487 0.02975 0.01345 0.01429 0.01232 -0.0673 -0.07084 | -0.14163 | -0.1501 -0.11594 -0.10201
0.8 | 0.03932 0.03586 0.0717 0.03306 0.03335 0.02887 -0.1102 -0.11511 | -0.23001 | -0.2413 -0.18968 -0.16677
1 0.07103 0.06617 0.13226 0.06198 0.0604 0.05243 -0.16242 | -0.16867 | -0.33693 | -0.3509 -0.27939 -0.2455
1.2 | 0.11208 0.1058 0.21145 0.10023 0.09545 0.08298 -0.22396 | -0.23154 | -0.4624 -0.4789 -0.38505 -0.33819
1.4 | 0.16245 0.15475 0.30926 0.1478 0.13849 0.12052 -0.29482 -0.3037 -0.6064 | -0.6253 -0.50668 -0.44485
1.6 | 0.22214 0.21302 0.42568 0.20468 0.18952 0.16506 -0.375 -0.38517 | -0.76894 | -0.7902 -0.64427 -0.56547
1.8 | 0.29116 0.28062 0.56073 0.27089 0.24855 0.2166 -0.46451 | -0.47594 | -0.95002 | -0.9736 -0.79782 -0.70006
2 0.36951 0.35754 0.7144 0.34642 0.31558 0.27513 -0.56334 | -0.57601 | -1.14964 | -1.1753 -0.96733 -0.84862

Figure 9: Rate of heat transfer coefficient at the plates y=0 and y=1:
P=T7
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