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Abstract: In this article, the magnetofluid unsteady elec-
troosmotic flow (EOF) of Jeffrey fluid with high zeta
potential is studied by using the Chebyshev spectral
method and the finite difference method. By comparing
the potential distribution and velocity distribution obtained
by the Chebyshev spectral method and finite difference
method, it is concluded that the Chebyshev spectral method
has higher precision and less computation. Then the
numerical solution obtained by the Chebyshev spectral
method is used to analyze the flow characteristics of
Jeffrey fluid at high zeta potential. The results show that
the velocity of Jeffrey fluid increases with the increase of
the wall zeta potential and electric field intensity. The
oscillation amplitude of velocity distribution increases
with the increase of relaxation time, but decreases with
the increase of retardation time. With the increase of
Hartmann number, the velocity first increases and then
decreases. The positive pressure gradient promotes the
flow of fluid, and the reverse pressure gradient impedes
the flow of fluid.

Keywords: magnetohydrodynamics, EOF, electric double
layer, Jeffrey fluid, parallel plate microtube

1 Introduction

With the rapid development of modern science and tech-
nology in the microscale and nanoscale, the research
related to the microscale and nanoscale transport has

developed rapidly. This brings about a fundamental tech-
nological change to the miniaturization of analytical
devices. Currently, transport processes at the microscale
and nanoscale include microelectro-mechanical systems,
drug delivery and control of microelectronic devices and
so on. First, people used the traditional pressure drive to
drive the flow in the microscale and nanoscale pipelines,
but people gradually realized that the flow at microscale
has completely different characteristics from the flow at
macroscale. Therefore, electroosmosis drive becomes an
effective and feasible new option. It is more and more
concerned by researchers for its advantages of simple
operation, high reliability, and easy control. It is widely
used in microfluidic systems, DNA detection, transporta-
tion, and separation. Up to now, scholars at home and
abroad have made abundant achievements on electroos-
motic drive in microchannels [1–7].

However, electroosmotic drive has its own disadvan-
tages, and it is limited to the delivery of a small amount of
liquid sample in the microfluidic device. Therefore, the
external magnetic field or electric and magnetic field
hybrid drive mode is more and more introduced into
microfluidic devices to further improve the efficiency
and function of the microscale and nanoscale devices.
Magnetohydrodynamic (MHD) [8] has a wide range of
applications in modern industry, including bubble levita-
tion, alloy manufacture, nuclear heat transfer control,
etc. So far, there have been a lot of relevant research
achievements. For example, Shamshuddin and Ibrahim
[9] applied the Buongiorno nanofluid model to study
the steady-state electromagnetic fluid flow of micropolar
nanofluids when a reactive Carson fluid passes through a
parallel plate affected by a rotating system; Shahid et al.
[10] scrutinized the incompressible steady flow with tem-
perature-dependent viscosity of magnetohydro-dynamics
nanofluid through a vertically stretched porous sheet and
so on. To obtain higher fluid velocity, people began to
consider electroosmotic drive and electromagnetic drive
together. In general, the problem of microfluidic flow
coupled with electric field, magnetic field, and electric
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double layer effect is called magnetohydrodynamic elec-
troosmotic flow. Chakraborty and Paul [11] took account
of the combined influences of electromagnetohydrody-
namic forces in controlling the fluid flow through parallel
plate rectangular microchannels; Ganguly et al. [12] deli-
neated the heat transfer characteristics of thermally devel-
oping magnetohydroclynamic flow of nanofluid through
microchannel by following a semi analytical approach;
Zhao et al. [13] investigated the heat transfer characteris-
tics of thermally developed nanofluid flow through a par-
allel plate microchannel under the combined influences of
externally applied axial pressure gradient and transverse
magnetic fields; Das et al. [14] presented a generic framework
for describing the flow field that is generated under the com-
bined influences of a driving pressure gradient, an axial elec-
tric field, and a spatially varying transverse magnetic field.
The unsteady electroosmosis, pressure-driven, and MHD flow
of conductive, incompressible, and viscous fluid through a
parallel plate microchannel with a vertical magnetic field
has been studied by using the Laplace transform method by
Jian [15]; Wang [16] studied the electroosmotic flow (EOF) of
Jeffrey fluid in parallel plate micropipes under vertical mag-
netic field by using the separation transformation method;
Yang [17] studied the flow, heat transfer, and entropy genera-
tion of three grade fluid in parallel plate and so on.

All the studies mentioned earlier are about the flow of
micro-nano fluids in micropipes under low zeta potential,
but in practical application, the wall zeta potential of
most interfaces is higher than 25 mV. Therefore, many
scholars have studied the flow of micro-nano fluids in
micropipes under high zeta potential. By using the method
of separation of variables, Liu et al. [18] studied the time
periodic EOF flow of linear viscoelastic fluids between
micro-parallel plates, and semi-analytical solutions are
presented; Qi et al. [19] studied the electroosmotic flow
of fractional Maxwell fluid in rectangular microchannels
with high zeta potential; Vasu and De [20] investigated
the electroosmotic flow of the power-law fluid under
high zeta potential in a cylindrical microcapillary for dif-
ferent dimensionless parameters; rotating EOF of power-
law fluids at high zeta potentials in a slit microchannel is
analyzed by Xie and Jian et al. [21], and the finite difference
method is used to compute numerically rotating EOF velo-
city profiles of power-law fluids; Chang and Jian [22] inves-
tigated the periodic electroosmotic flow of linear viscoe-
lastic fluid in two parallel plate microtubes with high zeta
potential; Chen and Liu [23] investigated the rotational
electroosmotic flow of Newtonian fluid in parallel micro-
channels with high zeta potential and so on.

The non-Newtonian fluid has a great importance
owing to its practical usefulness as related to science,

engineering, and industrial applications [24,25]. Its phy-
sical properties and complex rheological properties can
be explained by constitutive relation [26]. The Jeffrey
fluid model is an important extension of the Newtonian
fluid model and can be derived as a special case of the
non-Newtonian fluid model [27]. One of its important
application is to represent a physiological fluid. Up to
now, many studies have been conducted on the flow
properties of Jeffrey fluid in microtubes. For instance,
Shahzad et al. [28] analyzed the magnetohydrodynamics
heat act of a viscous incompressible Jeffrey nanoliquid,
which passed in the neighborhood of a linearly extending
foil; Li et al. [29] investigated the time-periodic pulse EOF
of Jeffrey fluid through a microannulus by using the
Laplace transform method; Gireesha et al. [30] investi-
gated the three-dimensional boundary layer radiative
flow with thermophoresis and Brownian motion for Jef-
frey fluid over a nonlinearly permeable stretching sheet
and discussed the influence of nonlinear thermal radiation
on magnetohydrodynamic three-dimensional boundary
layer flow and so forth. But there are few studies on the
flow characteristics of Jeffrey fluid in different microtubes
at high zeta potential.

The main purpose of this article is to further study the
magnetofluid unsteady electroosmotic flow of Jeffery fluid
in parallel microtubes at high zeta potential. Firstly, the
finite difference method and Chebyshev spectral method
are used to solve the nonlinear P–B equation, and the
numerical solution of the potential distribution is obtained.
Second, for the solution of the velocity distribution, we also
adopt the aforementioned two kinds of methods to solve
the Cauchy momentum equation. In addition, we use
fourth-fifth order Runge–Kutta algorithm to deal with
time variable. Finally, the numerical solutions obtained
by the aforementioned two methods are compared with the
asymptotic analytical solution obtained by Debye–Hückel
linear approximation. The influence of various physical para-
meters on velocity distribution is given and discussed in
detail.

2 Mathematical model

As shown in the Figure 1, considering the magnetohydro-
dynamic unsteady EOF of the incompressible Jeffrey fluid
in the negatively charged parallel microchannel with a
distance of h2 between the two plates, that is, the length
of the microchannel is L and the width isW , it is assumed
that these two parameters are much greater than the
height of the microchannel, that is, ≫ ≫L W h2 . A space
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rectangular coordinate system is established, in which
the y-axis direction is the flow direction, the x-axis is
perpendicular to the charged surface, and points out
from the flow surface along the z-axis. At the same
time, we stipulate that the lower plate is at = −x h and
the upper plate is at =x h. It is assumed that the fluid is
subjected to both electric field ( )=E E E0, ,y z and mag-
netic field ( )=B B , 0, 0x . The density, viscosity, and con-
ductivity of the fluid are ρ, μ, σe. The chemical interaction
between the electrolyte solution and the solid wall pro-
duces electric double layer (EDL). Electric field in the
axial direction of the pipe. Under the action of Ey, the
ions in EDL will move. Under the action of the viscous
force of the ions, the movement of the ions drives the
fluid to move together. In addition, the Lorentz force
generated by the magnetic field and pressure gradient
are also another driving force of the fluid movement.

3 Formula derivation

3.1 Potential distribution

According to the electrostatic theory, the relationship
between electric potential ψ and electrostatic charge
density per unit volume ρe can be described by the fol-
lowing Poisson–Boltzmann equation:

∇ = −ψ
ρ
ε

,e2 (1)

where ε is the dielectric constant.
The ion concentration per unit volume of electrolyte

solution obeys Boltzmann distribution as follows:

⎜ ⎟
⎛

⎝

⎞
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= −n n z eψ

k T
exp ,v v

v

b
0 (2)

where zv is the ionic valence of the ion, nv0 is the ionic
concentration of the electrolyte solution, e is the amount
of charge carried by the electron, T is the absolute tem-
perature, and kb is the Boltzmann constant.

Electrostatic charge density per volume ρe is expressed
as follows:
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for solution =+ −z z: 1:1, Eq. (3) is specifically
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By substituting Eq. (2) into Eq. (1), the Poisson–Boltz-
mann equation satisfied by the electric potential ψ is
obtained as follows:
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and the boundary condition is expressed as follows:
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= ==
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x

, d
d

0,x h
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0
0

(6)

where ( )= /
/κ n z e εk T2 v b0

2 2 1 2, ψ0 is wall zeta potential,
and κ is called Debye–Hückel parameter, whose reci-
procal /κ1 representing the thickness of EDL is called
Debye length.

The following dimensionless variables are introduced:

( ) ( )= = =x x
h

ψ ψ z e
k T

ψ ψ K κh, , , , .v

b
0 0 (7)

By substituting the aforementioned dimensionless vari-
ables into Eqs. (5) and (6), the dimensionless equation
and boundary conditions of potential distribution can be
obtained as follows:
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ψ
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K ψd
d

sinh ,
2

2
2 (8)
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(9)

3.2 Velocity distribution

The velocity of the fluid satisfies the following continuity
equation and Cauchy momentum equation:

∇⋅ =u 0, (10)

( ( ) )∂ /∂ + ⋅∇ ⋅ = −∇ − ∇⋅ +u u u fρ t p τ , (11)

where u is the fluid velocity, t is the time, p is the pres-
sure, and f is the volume force, which is equal to the sum

Figure 1: Schematic diagram of Jeffrey fluid flow in parallel
microchannel.
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of the electric field force ( )Eρ xe and the Lorentz force
×J B,

( )= + ×f E J Bρ x ,e (12)

and here, the current J satisfies Ohm’s law:

( )= + ×J E u Bσ .e (13)

The final simplified transient momentum conserva-
tion equation along the y direction can be expressed in
the following form:

∂

∂

= − −

∂

∂

+ρ u
t

p
y

τ
x

ρ Ed
d

,xy
e y

+ −σ E B σ E B u .e z x e z x
2 (14)

The component τxy of shear stress tensor satisfies the
constitutive equation of Jeffrey fluid [31]:
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The velocity satisfies the following initial and boundary
conditions:
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The following dimensionless variables are introduced:
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where Ha is Hartmann number, which is a parameter to
measure the ratio of magnetic force to viscous force. K is a
dimensionless electric width, β is dimensionless parameter
representing the electric field intensity in the z axial direc-
tion, and vHS represents the Helmholtz–Smoluchowski elec-
troosmotic velocity.

By introducing Eqs. (17)–(19) into Eqs. (14)–(16), the
dimensionless equation and boundary value condition of
velocity distribution can be obtained:
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where = −
p
z

p
L

d
d

Δ , =Ω v
v

p

HS
is the ratio of axial pressure gra-

dient velocity to electroosmosis driving velocity, and vp is
the flow velocity driven by axial pressure, which can be
expressed as = /v ph η LΔp

2
0 .

4 Numerical method

The finite difference method is a local method in which
the derivative at each point is calculated from several
adjacent points, so the matrix used in the calculation is
a sparse matrix with many zeros; and therefore, its accu-
racy is relatively low [32]. The Chebyshev spectral
method is a global algorithm, which uses all known
points to calculate the derivative of a certain point,
greatly improving the accuracy [32].

4.1 Potential distribution

4.1.1 Chebyshev spectral method

We first select the Chebyshev point defined in ( ]−1, 1 [33]:

(( ) )= − / = …x jπ N p Ncos , 0, , .p (24)

Let [ ( ) ( ) ( )]= …ψ ψ x ψ x ψ x, , , N0 1 be the undetermined vector
on the Chebyshev point, and then we obtained a Chebyshev
polynomial ( )P x , i.e., ( ) ( )= = …P x ψ x i N, 0, 1, ,i i . By
deriving ( )P xi and evaluating it at the grid point, we can
transform the differential equation into a linear algebraic
equation. Finally, the numerical solution of dimensionless
potential distribution is obtained by the Newton iterative
method under conditional formula.

4.1.2 Finite difference method

Let = /h NΔ 1 , ( )= −i N1 ~ 1 , the central difference of the
above formula is obtained:

( )( ) ( ) ( ) ( )− + − =
+ −h

ψ ψ ψ K ψ1 2 sinh 0.i i i i2 1 1
2 (25)

The discrete format equation of the corresponding initial
and boundary conditions is expressed as follows:

( ) ( ) ( )= =ψ ψ ψ ψ, .N1 0 0 (26)
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4.1.3 Comparison of results

The results obtained by the Chebyshev spectral method and
thefinite differencemethod are comparedwith theD–H linear
approximate analytical solution, as shown in Figure 2. Under
the low zeta potential, when the number of points is small (8
points in Figure 2(a)), the accuracy of the finite difference
method is poor, while the Chebyshev spectral method only
needs a few points to achieve high accuracy. Under the
high zeta potential, when the number of points of the finite
difference method reaches 100 (see Figure 2(b)). The Cheby-
shev spectral method only takes a few points (30 points in
Figure 2(b)), and the two curves can be consistent. The results
show that the Chebyshev spectral method has higher accu-
racy and less computation than the finite difference method.

4.2 Velocity distribution

4.2.1 Chebyshev spectral method

Introduce the function ( ) ( )= ∂ /∂v r t u r t t, , and reduce
∂ /∂t2 2 in Eqs. (20) and (21) to ∂/∂t, and we obtain
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(27)

We use the derivative matrix of Chebyshev–Spectral
to compute the derivative in the x direction and use
fourth-fifth order Runge–Kutta algorithm (ode45) to cal-
culate ∂/∂t in Eq. (27) [34].

4.2.2 Finite difference method

Let = / = /h N t MΔ 1 , Δ 1 , ( ) ( )= − = −j N k M1 ~ 1 , 1 ~ 1 ,
and write the aforementioned formula as the central dif-
ference scheme, and we obtain
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4.2.3 Comparison of results

The numerical solution of dimensionless velocity distri-
bution obtained by the Chebyshev spectral method
and the finite difference method is compared with the
velocity distribution obtained by D–H linear approxima-
tion under low zeta potential, as shown in Figure 3(a).
We can see that taking a small number of points (8 points
in Figure 3(a)), the Chebyshev spectral method has
higher accuracy than the finite difference method. At
high zeta potential (Figure 3(b)), it can also be noted
that when enough points (100 points in Figure 3(b)) are
taken for the finite difference method, the velocity curve
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Figure 2: Comparison of the Chebyshev spectral method with finite difference numerical solution and D–H linear approximate analytical
solution for solving nonlinear P–B equations ( )=K 20 . (a) =ψ 10 and (b) =ψ 100 .
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solved by the finite difference method can be relatively
consistent with that solved by the Chebyshev spectral
method (30 points in Figure 3(b)). Therefore, the velocity
distribution obtained by the Chebyshev spectral method
is more accurate and less computational than that
obtained by the finite difference method. It is feasible to
extend the Chebyshev spectral method to solve the velo-
city distribution of fluid under high zeta potential.

5 Discussion

In this article, the magnetohydrodynamic unsteady elec-
troosmotic flow of Jeffrey fluid in parallel plate micro-
channels under high zeta potential is studied, and the
numerical solution of velocity distribution is obtained,
which is mainly determined by several dimensionless
parameters (Table 1), such as Hartmann number Ha, Jef-
frey fluid relaxation time λ1 and retardation time λ2, ratio
Ω of velocity amplitude to axial applied pressure gradient
and electroosmotic driving velocity, dimensionless time
t, and dimensionless electric field intensity in z axial
direction β. We will mainly discuss the influence of the
above parameters on velocity amplitude. In the following
calculation, typical parameter values are as follows [16]:

=h 200 μm, =
−ρ 10 kg m3 3, =

− − −η 10 kg m s0
3 1 1, and

= × /
−σ 2.2 10 –10 me

4 6 . If the range of magnetic field
strength Bx is 0–0.44T [35], the range of Ha can be 0–5.
Similarly, if the variation range of applied alternating elec-
tric field strength Ez is 0–1 V/m and = /v 100 μm sHS , then

the value range of the dimensionless parameter β is
×0–6 104, and the retardation time should be less than

the relaxation time.
The effects of different Hartmann number Ha and ψ0

on the dimensionless velocity profile u are analyzed in
Figure 4. It can be seen from the Figure 4 that the increase
of wall zeta potential ψ0 has a great influence on the
velocity near the wall, that is, the greater the wall zeta

x
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Figure 3: Comparison of velocity profiles among the Chebyshev spectral method, finite difference method and D–H linear approximate
analytical solution ( =K 20, =Ω 1, =Ha 1, =β 1, =λ 0.81 , =λ 0.32 , =t 1). (a) =ψ 10 and (b) =ψ 100 .

Table 1: List of symbols

Symbol Meaning

B Magnetic field intensity (T)
e The amount of charge an electron carries (C)
kb Boltzmann constant (J/K)
L Microtube length (m)
W Microtube width (m)
H Microtube height (m)
Ha Hartman constant
nv0 Liquid ion concentration (l/mol)
p Pressure (N)
β Lateral electric field parameter (N)
t Time (s)
T Absolute temperature (T)
u Velocity vector (m/s)
σ Electrical conductivity (S/m)
τ The stress tensor

λ1 Relaxation time (s)
λ2 Retardation time (s)
η Coefficient of viscosity (Pa s)
ρa Electric density (C/m)
ε Dielectric constant
κ Debye–Hückel constant
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potential is, the greater the velocity u, and the maximum
variation region of velocity u is limited to the thin layers
of two solid surfaces, that is, EDL. The main reason is that
the flow has no enough time to diffuse away from the
wall, and when the value of Ha is small, electroosmotic
force plays a leading role, so the wall zeta potential has a
great influence on the velocity near EDL. The velocity
profile u increases rapidly from zero to maximum in the
EDL range, and the velocity shows a significant depres-
sion in the center of the pipe, which is caused by the
interaction between the external drive and the EDL.
Furthermore, when the zeta potential is constant, the velo-
city u increases with the increase of Ha ( <Ha 1). Because
with the increase of Ha, the Lorentz force increases and

thus the velocity increases. In conclusion, both Hartmann
number Ha and wall zeta potential ψ0 have significant
effects on the dimensionless velocity u.

The effect of Ha and ψ0 on the dimensionless velocity
profile u is analyzed in Figure 5. When >Ha 1, the velo-
city u decreases with the increase of Ha because the resis-
tance part of Lorentz force increases with the increase of
Ha. The total Lorentz force is much greater than the elec-
troosmosis force, resulting in a decrease in velocity u.
These findings are identical to the physical fact that an
opposite direction force commonly called drag force,
which is known as Lorentz force, which is created with
the enhancement of magnetic parameter. It can also be
seen from Figure 5 that the increase of wall zeta potential
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Figure 4: Effects of differentHa andψ0 on dimensionless velocity profiles u ( =λ 0.81 , =λ 0.32 , =Ω 0, =β 10, =K 20, =t 0.5). (a) =Ha 0.01,
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ψ0 has a little influence on the velocity near the wall, and
the maximum variation area of velocity u is limited to the
thin layers of two solid surfaces, namely, EDL. The main
reason is that the flow has no enough time to diffuse away
from the wall. When the value of Ha is large, Lorentz
force plays a leading role, so the wall zeta potential has
a little effect on the velocity near EDL.

The effects of different β and ψ0 on the dimensionless
velocity profile u at =x 0.95 (i.e., EDL) are analyzed in
Figure 6. It is clear from Figure 6 that when the zeta
potential is constant, the flow velocity profile u increases
with the increase of β. The increase of β means that the
strength of the external electric field along the z axis
increases, and thus, the Lorentz force driving the fluid
increases. Thus, the flow velocity profile u increases as

β increases. When β is constant, the velocity u in EDL
increases with the increase of the wall zeta potential ψ0.
In conclusion, both β and the wall zeta potential ψ0 have
significant effects on the dimensionless velocity u.

Figure 7 analyzes the effects of different Ω and ψ0 on
the dimensionless velocity profile u in =x 0.95. It is easy
to see from Figure 7 that the higher the forward pressure
gradient is, the higher the velocity is, because when the
pressure gradient is forward pressure gradient, the direc-
tion of the electroosmotic force, Lorentz force, and the
forward pressure drive are the same, to facilitate the
flow of fluids. In contrast, when a negative pressure gra-
dient is applied, the direction of electroosmotic force and
Lorentz force is opposite to the driving direction
of reverse pressure, impeding the flow of the fluid, and
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Figure 5: Effects of differentHa andψ0 on dimensionless velocity profiles u ( =λ 0.81 , =λ 0.32 , =β 10, =Ω 0, =K 20, =t 0.5). (a) =Ha 2, (b)
=Ha 3, (c) =Ha 4, and (d) =Ha 5.
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when the negative pressure gradient is greater ( )= −Ω 10
than the sum of the electroosmotic force and the Lorentz
force, the fluid flows in the opposite direction (see
Figure 7(a and b)). When the pressure gradient is con-
stant, the velocity u increases with the increase of zeta
potential ψ0. The higher the zeta potential ψ0 is, the larger
the electroosmotic force is, and the forward driving force is
larger than the reverse driving force, so the fluid flows in
the positive direction. In conclusion, β and zeta potential
ψ0 have significant effects on dimensionless velocity u.

Figure 8 analyzes the effect of different relaxation
time λ1, retardation time λ2 and wall zeta potential ψ0
on dimensionless velocity profile at =x 0.5. As can be
seen from Figure 8(a and b), with the increase of λ1, the
velocity distribution shows a large oscillation, this is
because longer relaxation time implies greater elastic

effect and smaller recovery capacity. Due to Jeffrey’s
“fading memory” phenomenon, the increased relaxation
time makes the velocity profile more prone to change
under the action of applied electric field. As can be
seen from Figure 8(c and d), the amplitude of the velocity
profile decreases with the increase of λ2. This implies
that the flow is subject to greater resistance with increase
of retardation time λ2 due to the suppression effect
of the retardation time λ2. Physically, larger retardation
time corresponding to Jeffrey fluid makes it more vis-
cous, resulting in less velocity amplitude. The velocity
at =x 0.5 (i.e., outside of the EDL) remains unchanged
with the multiplication of wall zeta potential ψ0. The
main reason is that there is no sufficient time for the
flow diffusing far into the mid-plane of the wall, and
velocity variation is restricted only within the EDL. In
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Figure 6: Effects of different β and ψ0 on dimensionless velocity profiles ( =λ 0.81 , =λ 0.32 , =Ha 1, =Ω 0, =K 20, =x 0.95). (a) =ψ 10 , (b)
=ψ 20 , (c) =ψ 50 , (d) =ψ 100 .
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addition, the fluid velocity reaches a steady state with
the increase of time.

Figure 9 shows a comparison of dimensionless velo-
city amplitudes for Newtonian, Maxwell, and Jeffrey Fluids.
As can be seen from Figure 9, the velocity amplitudes of
Newtonian, Maxwell and Jeffrey fluids increase significantly
at high zeta potential than that at low zeta potential. There-
fore, the extension from low zeta potential to high zeta
potential is necessary for the study of fluid flow in micro-
channels. In addition, it can also be seen physically from
Figure 9 that the Maxwell fluid has larger velocity than
those of Newtonian and Jeffrey fluids due to the shear thin-
ning effect of the viscoelastic fluid. Shear thinning is an
effect where viscosity decreases with the increasing rate of
shear stress. Moreover, the Jeffrey fluid has smaller velocity

than Newtonian and Maxwell fluids, because the effect of
retardation suppresses the generation of the quick variation
of the velocity.

6 Conclusion

The magnetofluid unsteady electroosmotic flow of Jeffrey
fluid in parallel microchannels is studied in this work. In
the absence of Debye–Hückel approximation, the non-
linear Poisson–Boltzmann equation, Cauchy-momentum
equation and Jeffrey constitutive equation are solved by
the finite difference method and the Chebyshev spectral
method. By numerical computations, the influence of
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Figure 7: Effects of differentΩ andψ0 on dimensionless velocity profiles ( =λ 0.81 , =λ 0.32 , =Ha 0.5, =β 0, =K 10, =x 0.95). (a) =ψ 10 , (b)
=ψ 20 , (c) =ψ 50 , and (d) =ψ 100 .
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Hartmann number Ha, wall zeta potential ψ0, relaxation
time λ1 and retardation time λ2, dimensionless electric
field intensity in z axial direction β, the ratio of axial
pressure gradient, and electroosmotic drive velocity Ω
on the velocity distribution is presented. The following
conclusions are drawn.
1) The finite difference method and the Chebyshev spec-

tral method are effective methods to solve the poten-
tial and velocity distribution of microfluidic under
high zeta potential, and Chebyshev spectral method
has higher accuracy and less calculation.

2) With the increase of wall zeta potential ψ0, the mag-
nitude of the velocity amplitude u increases, and the
maximum variation area of velocity u is concentrated
on the EDL.

3) When <Ha 1, the velocity u increases with the increase
of Ha. However, when Ha increases to a certain value,
the velocity u decreases with the increase of Ha.

4) The velocity profile of Jeffrey fluid increases as dimen-
sionless electric field intensity β in z axial direction
increases.

5) The positive pressure gradient ( >Ω 0) promotes the
flow of the fluid and the reverse pressure gradient
( <Ω 0) impedes the flow of the fluid.

6) The oscillation amplitude of velocity distribution increases
with the increase of relaxation time λ1 and decreases with
the increase of retardation time λ2. The velocity u gradu-
ally becomes stable with the change of time.

7) The velocity amplitude of Newtonian fluid, Maxwell
fluid, and Jeffrey fluid at high zeta potential is
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significantly higher than that at low zeta potential, so
it is of great significance to study the influence of high
zeta potential on fluid characteristics.
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