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Abstract Analytic results for unsteady motion of a Rabinowitsch fluid are obtained considering
the variable liquid properties. The Rabinowitsch fluid is assumed to flow in an inclined non-
uniform channel in the occurrence of the heterogeneous and homogeneous chemical reactions.
The flow under investigation is flowing with the velocity of the wave in the wave frame of reference.
The solutions of velocity, temperature, and concentration distribution are derived using the lubri-
cation approach. Graphs are drawn for the relevant parameters to explore the characteristics of the
velocity field, temperature, and streamlines. It is known that heat is nothing but the mean molecular

kinetic energy, and hence the variation in velocity accounts for the corresponding difference in tem-
perature. This behavior is noticed from the graphical representations of velocity and temperature

profiles.

© 2020 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Oscillations due to the transverse progressive waves traveling
through the flexible wall result into continuous periodic oscil-
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lations of the muscular ducts called Peristalsis. The mechanism
behind this is the progressive wave moving along the bound-
aries of the tract from the region of low pressure to high pres-
sure through pumping action. Peristaltic flow is a well-known
natural phenomenon for the mixing and transport of fluids
that occur in biological tracts. It occurs in many physiological
situations like transport of mixture of food grains and liquids
in the esophagus, transport of urine through the ureter, in
small blood vessels to transport blood, etc. This system
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Fig. 1  Velocity plots for (a) variable viscosity o;, (b) non-uniform parameter k, (c) angle of inclination § and (d) amplitude ratio e.

appears in many industrial and physiological processes to
pump sanitary and corrosive fluids. Currently, researchers
focus on peristaltic transport due to its enormous applications
ranging from a diverse field of biological systems, chemical
industry, physiology, and medical procedures. The peristaltic
motion under the lubrication approach has been vastly dis-
cussed by Shapiro et al. [1]. The peristaltic flow of a non-
Newtonian fluid has been considered by Medhavi [2]. Presently
there is a vast literature available on the subject [3—6].

In physiological problems, compliant walls are collapsing
due to the fall of internal-external pressure differences less than
a critical value near zero, and the muscular effect relates to the
real model. Consequently, the motion follows the peristaltic
mechanism. Wall tension, wall rigidity, and wall stiffness are
few of the wall properties that have captured importance
because of their physical significance in Peristalsis. Particularly
their high intensity can considerably influence BP in humans.
Elnaby and Haroun [7] deliberated the motion of a viscous
fluid influenced by wall properties under Peristalsis. The peri-
staltic flow of Maxwell fluid through a compliant walled con-
duit is examined by Ali et al. [8]. Srinivas and Kothandapani
[9] explored the MHD peristaltic transport to analyze the slip
wall and heat flow effects. Javed et al. [10] examined the con-
sequences of heat on a Burgers’ fluid inside the peristaltic
channel having compliant walls. Khan and Tariq [11] investi-
gated the wall property influence on dusty Walter’s B fluid
under Peristalsis.

Reactions are being classified into heterogeneous or homo-
geneous depending on whether they take place as a single-
phase reaction or at an interface. Various chemical reactions
involve homogeneous and heterogeneous reactions, viz.,
destruction of crops while freezing, catalysis, cooling towers,
combustion, dispersion of fog, biochemical systems, and many
others. A homogeneous-heterogeneous model in boundary-
layer flow is examined by Merkin [12]. Kameswaran et al.
[13] explored the nanofluid flow over a shrinking/stretching
sheet to analyze the effects of homogeneous-heterogeneous
reactions. The sheet is positioned in a porous medium satu-
rated with Copper-water and silver-water nanofluids, for anal-
ysis. The micropolar fluid motion over a shrinking or
stretching sheet is considered to make out the effects of
heterogenous-homogenous reactions numerically by Shaw
et al. [14]. The flow of a magneto-Newtonian fluid through
an asymmetric porous peristaltic channel is considered by
Shob [15] to explore the dispersion of a solute under heteroge-
neous and homogeneous chemical reactions. Hayat et al. [16]
examined the Carreau fluid in a peristaltic conduit with wall
properties for analyzing the consequences of homogeneous-
heterogeneous reactions. Hayat et al. [17] considered Peristal-
sis through curved geometry to investigate the homogeneous-
heterogeneous reaction effects.

The last few decades have seen a lot of development in the
research activities concerned with non-Newtonian fluids
motion and solution to highly nonlinear equations [18-31].
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The events in industry and technology and the challenges pre-
sented by the governing equations of the flow to solve mathe-
matically can be credited for this rigorous development. The
non-Newtonian fluid forms a large section of the fluids
wherein the deformation rate and shear stress have a nonlinear
relation. Further, no model exists that can be considered a uni-
versal constitutive model for predicting the behavior of all
available non-Newtonian fluids. As a result, several constitu-
tive models exist to illustrate their application in different fields
of science and engineering. The Rabinowitsch fluid model
reveals the complex rheological behaviors of biological fluids.
Rabinowitsch fluid model exhibits the nonlinear association
between the strain rate and shear stress. The Rabinowitsch
fluid behaves differently for the nonlinear factor «, represent-
ing a Newtonian fluid for « =0, shear thickening fluid for
o < 0 and it represents a shear-thinning fluid for o > 0. Akbar
and Nadeem [32] explored the Rabinowitsch fluid transport
under the peristaltic mechanism. Sadaf et al. [33] studied the
consequences of viscous dissipation and convective boundary
conditions of a Rabinowitsch fluid model in a non-uniform
peristaltic tube having wall properties. Sing et al. [34] analyzed
the model of Rabinowitsch fluid for homogeneous-
heterogeneous reactions in an elastic peristaltic channel. Sara-
vana et al. [35] found the consequences of heat flow on the flow
of a Rabinowitsch fluid in an inclined peristaltic conduit hav-
ing compliant walls. The peristaltic mechanism through an
inclined porous convective channel is reported by Vaidya
et al. [36] considering the variable liquid properties of a Rabi-
nowitsch liquid. Further, Vaidya et al. [37-39] studied the

Velocity Plotsfor variation in the values of wall parameters considering (a) « = —0.02, (b) « = 0 and (c) « = 0.02.

same fluid with wall and variable liquid properties. Vaidya
et al. [40] examined the compliant wall effects and rheological
properties of Rabinowitsch fluid through a porous peristaltic
inclined channel. Recently, Imran et al. [41] studied the Rabi-
nowitsch fluid model of peristaltic flow for simultaneous
effects of heterogeneous—homogeneous reactions accompanied
by thermal radiation.

Peristalsis has been inspected under thermo-physical prop-
erties like variable viscosity and variable thermal conduction;
however, these can’t be elementary for isotropic fluids. Com-
paratively, they become vital as the temperature and viscosity
of the fluid keep on varying, as seen in blood. Hence it
becomes crucial to study thermal conductivity as well as vari-
able viscosity. The instability in the heat and temperature pro-
duced by the inner contacts, for lubricating fluids alter the
physical characteristics of the fluid and cannot be steady again.
The progress in temperature accounts for growth in the inci-
dence of transportation. Variable liquid properties promote
the broader indulgence of classical and biological fluids.
Nadeem et al. [42] inspected the peristaltic transport under
heat transfer and variable viscosity. Khan et al. [43] examined
the properties of variable viscosity in the peristaltic transport
of a Jeffrey fluid in a permeable asymmetric channel. The
motion of non-Newtonian fluid in an inclined peristaltic por-
ous medium, to ascertain the consequences of variable viscos-
ity in a conduit having slip boundary conditions, was
considered by Khan et al. [44]. Lachihebi [45] examined the
peristaltic flow of a Newtonian liquid to acknowledge the
response of variable viscosity in an asymmetric channel. The
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Fig. 3 Temperature plots for variation of coefficient of viscosity o;.

flow of magneto-bio-fluid under variable thermal viscosity and
heat transfer analysis inside a vertical ciliated channel is
inspected by Farooq et al. [46]. Manjunath et al. [47] came
out with the results of thermal conductivity and variable vis-
cosity, heat and mass transfer on the flow of a Jeffrey fluid
under the peristaltic mechanism through a non-uniform con-
duit with porosity. Hanumesh et al.[48] went through the
MHD peristaltic transport to analyze the variable thermal con-
ductivity and convective conditions in a complaint porous
channel accompanied by heat and mass transfer.

Acknowledging the above research, it is noticed that the
work on chemical reactions along with variable properties
has not been carried out in the literature. Therefore, the pre-
sent paper emphaisizes on the impact of chemical reactions
on the peristaltic flow of Rabinowitsch fluid moving through
a non-uniform channel. Furhter, the variation in viscosity
and thermal conductivity are taken into consideration for the
flow of incompressible fluid flowing through compliant wall.
Governing equations for the problem under consideration
have been simplified under the lubrication approach. Solutions
are evaluated for mean velocity and streamlines using the per-
turbation method. Physical behaviors of different parameters
of Rabinowitsch fluid flow are explored graphically.

2. Mathematical formation

A flow of an incompressible Rabinowitsch fluid in a non-
uniform channel between two flexible walls is modeled under
peristaltic motion. The channel is symmetric and inclined to
the axis. The movement of the liquid is induced by the peri-
staltic wave trains accelerating at a constant speed c. The
deformation in the channel walls due to the peristaltic waves
is represented by:

h(X, 1) =IX)+b sm[%” (if_cE)} (1)

where geometry of the sinusoidal wave is represented by ;z,

non-uniform channel width by /(X), wave amplitude by b
and the time by 7.

The chemical species 4 and B react under homogeneous-
heterogeneous effectas describedbelow:

2

A+2B— 3B, rate—=k,c&. (2)

We also find the independent, first-order chemical and
isothermal reactions on the surface of the catalyst. Thus, we
have
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Fig. 4 Temperature plots for variation of angle of inclination f.
A— B, rate=kc (3) dec oz oc -
o M S+ | - Kecé, (®)
where the concentration of 4 and B are respectively ¢ and ¢, ! ox oY
the rate constants are k. and k. It is necessary to remember _ _
that all mechanisms of such reactions exist at the same d_§ — M, <£C; N 325;) LK.E Ez~ ©)
temperature. dt
. . . . . oX 0Y
The two-dimensional governing equations of the fluid ) o
motion in the laboratory frame is given by The equivalent boundary conditions are
U o du _dT . - — -
oU 9V _,, @4 —==0-—==0c=g, {=0at Y=0, (10)
99X Y dy dy
T 8717 _ a7 T - — - d7 _
o2V, p 02U, pOU) _ 0P Oy 0%y Ue 1, T=1, 0,95 k2 Dy = k2 at Y=h
dt X oY oxX 9x 9Y d aY
+ pg Sinp, (5) (11)
The flexible wall motions equation is governed by
(5_V+U5_V+V8—>_8_P+%+az” L(P) =P — Py, (12)
91 X g oy oXx oY where Py(= 0) indicates the pressure on the outer wall due to
— pg Cosp, (6) the tension of muscles. Here the linear operator L infers the
_ o o B membrane stretching accompanied by the focus of viscous
pcp(% +U (%( +V % 7= 0%{<k( )(‘%) + -2 (k(T) Z;)Jr damping and is represented as
7o QU g OV g (2V 4 0U) — ) 7 ? ; ) ¢
XXy YYoy  XY\ox o ) ™ L:71@+m18t2+n125+m3@+& (13)
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Fig. 5 Temperature plots for variation of Brinkmann number N.
where 7 denotes the elastic tension, H denotes the spring stiff- ¥ ¥ u ct ﬁ[% b pch
ness, m; denotes the mass/unit area, m, denotes the coefficient X=7r= L’ u= L’ 1= 7P T e T Re = o
of the wall damping force, m; denotes the flexible rigidity of o
2 T-T
the plate. Pr = _‘u(;:ﬁ, Ec = - ¢ —,0= 9 ,
p Oh Oh h Oh oh cp(T 1 To) I —To
—=FE—=+Eb—+E—+E— —. 14
ox o T oxor TP axar T e T oy (14) . ) .
The constitutive equation of Rabinowitsch fluid in the 1x) = b4 m(x), N = EcPr, Sc =75, ¢ = S
dimensional form is:
EZE “/:% Elzilz E2:m10/§ E3:@
Ty + Ty, = u? (15) S ML et Py Py’
4 msl HE pc - ly - bty
where p symbolizes the fluid viscosity and p, the coefficient of Ey= Prge’ Es = Tt F= gl Ho = I Ty = e
pseudoelasticity. The unsteady flow in a stationary frame is 0 f 2
considered to become steady in the moving frame of reference. _ bty - bty h mx
The interrelated transformations among stationary co- Tox = Lo Ty = o h= L I+ A

ordinates (5( \ i’) and varying coordinates (x,y) are given by

The following dimensionless

fornondimensionalisation:

parameters

are

(16)

used

>0
+ esin(2n(x — 1)), o0 = ’uo;”l .
>

(17)

Therefore, incorporating the lubrication approach to the
equations (4) — (9) and using the non-dimensionquantities in
Eq. (17), the differential equations govern the current fluid

flow problem:
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Fig. 6 Temperature plots for variation of thermal conductivity ¢.
dp _ Oty, Sinf (18) f+g=1. (25)
dx Oy F Hence,
Op 1 9
o= 1) gzt KU -7 =0. (26)
9 90 Ou Correspondingly conditions at the boundary are:
Y Y Y f=1, at y=0 and So=kf at y=h (27)
1 &f s i . L L
< 55— Kfg =0, (21) The constitutive equation of Rabinowitsch fluid in the
Sc 9y nondimensional form is given by [35-38]
v & - Ou
é 8_y§ 1 Kfe® =0. (22)  Twtor, =pu) ay (28)
The equivalent boundary conditions after non- Here o denotes the coefficient of pseudoplasticity: the non-
dimensionalisation are linear factor accountable for non-Newtonian behavior of the
fluid and exhibits a fundamentalpart in knowing the nature
du =0, 49 =0, f=0,g=0 at y=0, (23) of the fluid, and u denotes the viscosity of the fluid. The model
dy dy stated above acts as a dilatant, Newtonian, and pseudoplastic
i J fluid according as < 0, « =0 and o > 0.
u=-1, 0=1, a;lr: kf. aTg = —kg at y=h. (24) Every day, a similar-sized human or animal consumes 1-
y 'y

Generally, A and B, the diffusion coefficient of chemical
species are not equal, but as a special case, it may be assumed
that they are equivalent in size and therefore M, = Mp i.e.
y = 1. This assumption gives:

2 L of fluid. Thesmall intestine receives 67 L of the fluid as
secretions from not only thesmall intestine itself but also the
stomach, liver pancreas, salivary glands. This reflects the
dependency of fluid concentration on the spatial coordinate
y. Also, it is shown that blood cells are more concentrated near
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the center of the arteries and a thin layer of clear plasma is
found close to the walls. So, the viscosity of the fluid close
to the walls is less than that away from it. Further, the fluid
thermal conductivity varies with temperature. The expressions
for variable viscosity and thermal conductivity are given by

uy)=1—-ay for oy <<'1 (29)
k(0) =1+ @b forp << 1, (30)

where the coefficient of viscosity is «; andthe coefficient of
thermal conductivity is ¢.

3. Method of solution

To get a solution for the velocity field, Eq. (18) along with
boundary conditions (23) and (24), are solved analytically
and obtained as

u= é (6(P — B)’o(log(1 — hay)) — log(1 — yoc1)>
toy (6(P — B (h— )
3P = B)((P— B (h—y)(h+ )2
+oy | +2log(1 — hay) — 2log(1 — yoy))+
(3(P ~B)(h—y)+ (P~ B (I —y)a— 3oc1>oc1
(31)

where P = % = 8em® [Lsin2n(x — 1) — (Ey + Ey — 4m°E; — 13)
cos2n(x — 1)] and B =L,

The temperature and homogeneous/heterogencous equa-
tions are nonlinear and hence it is not simple to solve the prob-
lem and obtain a closed-form solution. As a result, the
perturbation technique is applied to obtain a solution. We
use variable thermal conductivity (¢) and homogeneous reac-
tion parameter (K) as perturbation parameters for finding tem-
perature and concentration profiles, respectively.

0=0y+ 90, + ¢*0, +O(¢?), (32)

f) = 1o+ Ky + K2+ O(K). (33)

3.1. Zeroth order system

% ((1 + w@o)%(j?) + eryg—; ~o, (34)
L % o, (35)
0y=1 and ‘3—@: ky at y=h, (36)
%_Oy‘):o and fy =1 ar y=0. (37)
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Fig. 8 Plots of Velocity f(y) for variation in the values of wall parameters considering non-uniform parameter &, (b) heterogeneous
reaction parameter K;, (c) homogenous reaction parameters K, (d) Schmidt number Se.

3.1.1. Zeroth order solution 1 8%, ) .
| §W;+kxfo(l _fo)2 =0, (41)
102} (60(% +(P - B)ZN(Hoq(}'th(zh;::{(}'}—lls)))+
17)
0, =1 and I =k, at y=nh, (42)
—60+a1h 8y
. —h ( 30 ) -
0p=—— | u(P—B)'N +o1h(10 + o h(5 + 3h a0
7 6008 el ) uh( wh( ) . “L—0and f=1 ar y=0. (43)
6074302241022 dy
+5:xfy4 + 30{‘1‘y5
_ +60(P — B)ZN(HP“JB)H) (f(lffx‘)l)?fééfj;.l?)> | 3.2.1. First-order solution
fo=e"k. (39) | 6¢"% Sc — 6% Sc + 2635 Sc + 5er ks Se
fi=— —6e%hs Sc 4 €3k S¢ — el ki tyks ¢
6k’
3.2. First-order system S\ 6k Hrks §e 23k +rks Se 4 6oV Scyk, + 6er s kf
45)
o 0, du (
—( (1 0))— Nz, — =0, 40 . .
dy <( + 6 8y) + N Ay (40) Further, the stream function is obtained from the expres-

sion u = ‘Z—t with the condition y = 0 at y = 0, which yields
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12(P — B)’alog(1 — you )+
12(P — B)*ya + (1 + log(1 — hay) — log(1 — yoy))
6(P — B)*(2h — y)ya+ 12(P — B)log(1 — ya, )+
V= | 2(PB)<6+(P—B)z(3h2—yz)zx+6log(1—ha1)>+ : (46)
Yo

+ —6log(1 — y)

(P— B) (12h — 6y + (P— B (4l — y3)a) o — 1202
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Fig. 9 Streamlines for varying non-uniformparameter:(a)k = 0.03 and (b)k = 0.07.
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Fig. 10  Streamlines for varying variable viscosity: (a) o, = 0.02 and (b) o; = 0.04.
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Fig. 11  Streamlines for varying pseudoplastic parameter: (a)o = 0.02 and (b) a = 0.04.

4. Graphical results and discussion ues of coefficient of pseudoplasticity ¢ = —0.02, = 0 and
o = 0.02 along with the parameters ¢ = 0.6; k= 0.05;
E; =0.09; E;,=0.04; £5=0.4; E;=0.02;E5=0.01; o; =0.02;
N=0.02; x=0.2; F=2;=mn/4; t=0.1;9=0.02.

Fig. 1(a)-(d) shows the behavior of velocity with radial
coordinate y, displaying theeffects of the coefficient of variable
viscosity oy, non-uniform parameter k, angle of inclination f
and amplitude ratio ¢ when the pseudoplasticity parameter o
takes the values:—0.02, 0, 0.02. The velocity profile increases
with the increasing coefficient of variable viscosity, as shown
in Fig. 1(a). In other words, velocity behaves oppositely near
the upper and lower walls. Usually, physiological organs are
non-uniform ducts, and from Fig. 1(b), it is revealed that the

The results of influential parametersupon the velocity, temper-
ature profile, concentration and stream functions are dis-
cussedthrough graphs. Particularly, the behavior of wall
parameters E|, E, E3, E4, Es5, variable viscosity o;, Schmidt
number Sc, non-uniform parameter k, angle of inclination f,
variable thermal conductivity ¢, homogeneous reaction
parameter K and heterogeneous reaction parameter k; are dis-
cussed. The Rabinowitsch model considered for study acts as a
pseudoplastic fluid for o > 0, Newtonian fluid for o = 0 and
dilatant fluid for o < 0. The nature of the velocity, temperature
profile and concentration profile are observed for the fixed val-

' 20

05

0.0
0.25 030 0.35 0.40 045 0.50 055 025 030 0.35 0.40 0.45 0.50 0.55

Fig. 12 Streamlines for F: (a) F = 2 and (b) F = 6.
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velocity profile enhances with the non-uniform parameter.
Fluid velocity increase with an increase in the inclination angle
due to the increased effect of gravity and is inferred from Fig. |
(c). The results of the amplitude ratio are plotted in Fig. 1(d),
which exhibits a considerable increase in the velocity profile
with the amplitude ratio.

The velocity profiles are plotted to study the different wall
parameters Ei, E,, E;, E4, Es (Wall tension, Mass characteriza-
tion, Wall damping, Rigidity and Wall elastic parameters) as
depicted in Fig. 2(a)—(c). It is observed that an enhancement
in E; and E, results in increasing the values of velocity. Phys-
ically increasing values of £} and FE, lessens the viscosity which
develops the flow rate. Wall parameters Ej;, E,, Es show that
velocity reduces for an increase in their values. Its reason is
that for larger E;, viscous damping improvesbecause of which
velocity reduces.

Fig. 3(a)~(d) depict the temperature profile graphs for var-
ious values of the coefficient of viscosity o;. Plots reveal that
temperature gets larger with increasing variations in «;. From
Fig. 4(a)—(d) it is inferred that the temperature enhances for
increasing values of inclination angle in case of dilatants, New-
tonian and pseudoplastic case. It is inferred that the angle of
inclination reaches maximum value nearer to the center of
the channel. From Fig. 5(a)~(d) the temperature profile is
increasing with growing Brinkman number N for shear thin-
ning, thickening and viscous fluids and this result is in concur-
rence with Singh et al. [34]. With growing values of N, there is
a stronger heat generation because the friction is utilized by
shear in the motion that increases the fluid’s temperature.
The heat conduction capability of a material is known as ther-
mal conductivity. From Fig. 6(a)—(d) it is accountable that
increasing the thermal conductivity parameter ¢ escalates the
temperature profile, for all the three cases. Fig. 7(a)—(c) eluci-
dates that the temperature profile rises for all the five elastic
wall parameters. It can also be noted that velocity and temper-
ature exhibit behave similarly.

Graphs in Fig. 8(a)—(d) elucidate the behaviors of different
parameters on the chemical reaction profile f{y). The impact of
the non-uniform parameter on the concentration profile
depicts that concentration distribution reduces with non-
uniformity parameters, as in Fig. 8(a). Fig. 8(b) and (c) demon-
strate the contradictory nature of the strength of heteroge-
neous and homogenous reaction parameters. The Schmidt
number is the ratio of the momentum to the mass diffusivity,
shown in Fig. 8(d). The figure reveals that an increase in the
Schmidt number diminishes the chemical reaction.

A cellular flow pattern is developed by the streamlines
forming closed loops that flow in the channel as a trapped
bolus, and the trapped bolus moves forward through the sinu-
soidal waves with the same speed as that of the wave. This phe-
nomenon physically can be seen in blood movement as
thrombus and blood bolus. In Fig. 9-12 contour map plots
illustrate the effects of a non-uniform parameter, variable vis-
cosity, coefficient of the pseudoplastic parameter, and body
forces on trapped bolus. Trapping is analyzed for the non-
uniform parameter from Fig. 9. It discloses that the bolus
enlarges with a rise in the non-uniform parameter. Enhancing
the variable viscosity and coefficient of pseudoplastic parame-
ters, increase the magnitude of the trapped bolus, as shown in
Figs. 10 and 11. The effect of the body force on trapping is
shown in Fig. 12. The bolus develops in size as the body force
increases.

5. Conclusion

In the present study, we have discussed the effects of slip,
chemical reactions, and variable fluid properties on the peri-
staltic flow off Rabinowitsch fluid. The nonuniform inclined
geometry is considered along with wall properties. Analytical
solutions for velocity, temperature, concentration, and stream
function are obtained and analyzed through graphs. The find-
ings of the current model help in analyzing the flow of biolog-
ical fluids under the peristaltic action. The significant findings
from the present model are:

e The velocity profile increases for increasing values of coef-
ficient of variable viscosity, non-uniform parameter, incli-
nation angle and amplitude ratio.

e For an increase in the elastic wall parameters the velocity

profileincreases.

The temperature profile is increasingcoefficient of variable

viscosity, inclination angle, Brinkman number and variable

thermal conductivity.

e Increasing the elastic wall parameters increases the temper-
ature profile.

e The concentration profile enhances with the introduction

ofnon-uniform parameter, Schimidt number, heterogeneous

and homogeneous chemical reactions.

The volume of the trapped bolus enhances with variable vis-

cosity, non-uniform parameter, coefficient ofpseudoelastic-

ity and body force, on fluid velocity.
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