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Abstract 

The present numerical analysis reveals the nature of non-Newtonian fluid flow through circular 

microchannels under slip boundary conditions. The power law has been used for the simulation of the 

fluid flow, which considers a steady, laminar, incompressible non-Newtonian fluid acted upon by a 

constant, externally applied magnetic field. The flow is axisymmetric and slip boundary conditions are 

applied in the near wall. A constant magnetic flux has been applied on the wall boundary to analyze the 

effect of magnetic field on Xanthan solution in formic acid, a type of non-Newtonian fluid having 

electrical conductivity. Using control volume method of finite difference scheme, a set of dimensionless 

governing differential equations defining the behavior of the fluid flow in the microchannel under an 

externally applied magnetic field, has been solved using slip boundary conditions to understand the effect 

of magnetic field on slip induced flow of non-Newtonian fluids. The results have depicted that the 

magnetic field affects both the centerline velocity and slip velocity but it is more prominent for the 

centerline velocities. The main objective of this research is to study the flow of non-Newtonian fluid, 

Xanthan through a circular microchannel and its corresponding behavior when flow boundary conditions 

are applied to interpret the characteristics under an externally applied magnetic field. The results obtained 

from this present study will find its application in the area of the flow of ferrofluids and biofluids. 

Keywords: Magnetohydrodynamics, Non-Newtonian fluid flow, Microchannel, Navier-Stokes’ equation, 

Slip flow 

 

 

Nomenclature 

B0 Externally applied magnetic field (T) z Axial coordinate (m) 

D Diameter Greek symbols 

f Friction factor, dimensionless β Slip coefficient, dimensionless (= 
𝑣𝑠

𝑣𝑚
) 

Ha Hartmann No., dimensionless γ Shear rate (s-1) 

k Consistency index, kg S(n - 2)/m η Apparent viscosity (Pa. s) 

l Length of the microchannel μ Viscosity (Pa. s) 

L Length of the microchannel, dimensionless ρ Density (kg/m3) 

n Flow behavior index, dimensionless σ Electrical conductivity ((Ωm)-1) 

P Pressure (Pa) 𝛕 Shear stress (N/m2) 

r Radial coordinate, (m) Subscripts 

R0 Radius of circular microchannel (m) e At entrance region 

Re Reynolds number, dimensionless h Hydraulic quantity 

R Radius of the microchannel, dimensionless max Maximum value 

u Axial velocity (m/s) m Average value 

v Velocity (m/s) r Along r direction 

V Velocity, dimensionless s Slip value 
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Introduction 

In last few decades, several experiments of micromachining and manufacturing of micro sized 

devices developed the application of micro-electro-mechanical-system (MEMS) in the various fields of 

engineering. Biomedical devices and mechanical systems of micro sizes have become more predominant 

in scientific experiments, industrial and commercial uses [1]. There is a significant development in the 

area of the fluid of various biological substances in biomedical devices which serves the requirement to 

analyze proteins [2], cells, DNA, embryos, blood [3], different chemical reagents and other similar 

substances. When these bio-fluids are allowed to pass through the channels of micro systems, they mostly 

show non-Newtonian single phase fluid flow in nature. The most common example of this type of flow 

through the micro-channels of micro-devices is blood. Microchannels offer advantages due to their high 

surface-to-volume ratio and their small volumes which lead to high rate of heat and mass transfer. 

Biological fluids have excellent match in length scale for substances like blood which is required to be 

allowed to pass through the micro channels of micro devices like lab on a chip device or micro filter for 

blood particle separation. Blood shows the value of consistency index (k) in the range of 16.08 to 16.26 

and flow behavior index (n) in the range of 0.66 to 0.73 [4]. Numerical simulation of liquid flow in 

microchannels with experimental validation to predict and model pressure drops and losses in 

microchannels [5] shows that conventional theory can predict flow behavior in microchannels. Motion of 

the fluid at the vicinity of the microchannel wall is a popular area of research which shows that, there 

exists a non-linear relationship between the amounts of slip to the local shear rate at the solid-liquid 

interface through the use of simulations in molecular dynamics [6]. This change in local shear rate at wall 

leads to slip flow which depends upon the surface energy of the solid-liquid interface and other 

operational parameters like pressure drop [7], Reynolds No. [8] etc. and also in the thermal properties [9]. 

Both analytical [10] and numerical [11] approach is popular to find out the characteristics and nature of 

the slip flow of non-Newtonian fluids through microchannels. Surface energy of the solid-liquid interface 

plays a vital role in the slip flow. There have been various researches to explain slip in different molecular 

aspects like kinematic slip condition and van der Walls force [12], and thermal aspect like conjugate heat 

transfer and entropy generation [13]. The application of electric potential [14] in the flow of non-

Newtonian fluids through microchannels, reveals that electro-viscosity plays different role for different 

flow behavior index. Slip flow as a physical phenomenon has attracted many researchers who study the 

subject to discuss about the application [15], nature [16] and the effects [17] of slip and slip boundary 

conditions. Depending upon the nature of the wall apparent slip appears for hydrophobic surface. Original 

slip boundary conditions, as provided by Navier have been tested numerically and experimentally. 

Boundary slip has always stabilised the flow while the consideration of apparent viscosity has 

destabilising effect by sharply reducing the boundary slip. The effect of slip has been studied for the 

different conditions for physical properties like viscoelasticity [18], shapes [19] or in the case of bi-phase 

flow [20]. In all the cases researchers find slip plays a vital role to explain the characteristics of the flow 

through microchannels. In the steady, pressure driven, 2-dimensional, Newtonian fluid flow at low 

Reynolds number limit the flow regime using Navier’s slip boundary conditions [21]. The use of finite 

element simulations to study the effect of wall slip for the development of planar and axisymmetric 

Newtonian Poiseuille flow with Navier slip law varying linearly for slip velocity against wall shear stress 

showed the development length to be in good agreement with previous research done in the field [22]. 

Further study in this field develops a new approach towards coupling the equations between fluid-solid 

domains and has been validated by the data from previous studies with the impacts of parameters such as 

Knudsen No. [23] [24]. The analytical studies and modeling of slip flow of liquid in microchannels 

classified into velocity and other flow parameters [25]. The power law model is popular in the study of 

flow and thermal fields of non-Newtonian fluids in circular microchannels for numerical simulations The 

Poiseuille No. (f.Re) plays an important role for slip flow [26]. In the recent past, variation of flow 

boundary conditions from micro to nano scales becomes problematic to transport fluids using pressure 

gradients due to decrease in characteristic sizes. This led to the question of interface driven methods so as 

to look at flows near interfaces in order to reduce the flow friction [27]. Study of power-law rheology to 

describe the non-Newtonian characteristics of slip-flow of a nanofluid in a microtube is now a popular 

area of research. The consistency index and the flow behaviour index depend on the nanoparticle volume 

fraction has shown that the influence of nanoparticle volume fraction on the flow of the nanofluid 

depends on the pressure gradient, which is different from that of the Newtonian nanofluid [28]. Slip flow 

can be described by the term slip coefficient. For a non-Newtonian fluid, slip coefficient affects the flow 

[29]. The application of a constant, externally applied magnetic field on a microchannel is a popular area 

of research. The researches have showed the effect of externally applied magnetic field on the flow of 
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fluids [30,31] which are conductors of magnetism. Further studies have been conducted into the 

application of a constant magnetic field normal to the wall to find out the transport phenomena of 

Newtonian [32] or non-Newtonian [33] fluids. With the advent of the newly explored fluid characteristics 

of different materials with response to magnetism [34] attracts a scope of new research towards the MHD 

induced fluid flow of bio-fluids which are non-Newtonian in nature. There is a recent trend in this 

research area to add nanoparticles into the fluid under consideration. The introduction of nanoparticles 

shows  enhancement in various fluid flow and heat transfer characteristics like convective heat transfer, 

exergy loss [35], Nusselt number [36] etc. Besides numerical analysis, homotopy perturbation method 

[37] and homotopy analysis method [38] is becoming popular in non-Newtonian fluid research which 

may be applied with proper boundary conditions. The present work shows the result of a non-Newtonian 

fluid flow, having an electrical conductivity through a circular straight microchannel. The flow 

considered in this analysis exhibits slip flow in near wall zone. An externally applied magnetic field has 

been applied normal to the microchannel wall in order to inspect the effects of MHD on the slip of the 

non-Newtonian fluid, Xanthan solution in formic acid. 

 

Materials and methods 

Physical considerations 

A slip driven; non-Newtonian fluid flow has been considered through a circular microchannel. The 

diameter of the microchannel as compared to the length is very small. The fluid flowing through the 

microchannel is fully developed due to the sufficient length of the microchannel. The flow through the 

microchannel has been considered to be axisymmetric, laminar, steady, and incompressible in which 

Ostwald-deWaele power law model is used to analyze the behavior of non-Newtonian fluid. All the fluid 

properties are kept constant at the time of analysis. Slip boundary conditions is applied at the 

microchannel wall. The axial coordinate, z, is considered along the length of the channel and along the 

radial direction ‘r’ coordinate has been considered as shown in Figure 1. The flow is subjected to an 

external, constant magnetic field equal to a value varying from B0  =  0.1T to 0.4T in order to determine 

the effect of increasing value of field intensity. This magnetic field is applied normal to the length of the 

microchannel. A unidirectional flow at the entry of the microchannel of intensity 𝑢𝑒is considered which is 

under the influence and application of an applied pressure gradient. 

 

 

 

Figure 1 Schematic diagram of the flow field. 

 

 

Power law model for a non-Newtonian fluid 

The expression of Ostwald-deWaele model which is also known as power law is a mathematical 

description in generalized form for rheological fluids. This model has been used widely in the literatures 

[10,13] to model non-Newtonian fluids which relates the stress tensor (𝜏𝑟𝑧
) with the shear rate (𝛾̇) with 

the help of consistency factor (k) and flow behavior index (n). The expression of the power law for the 

unidirectional flow along the z axis can be written as: 

 

 𝜏𝑟𝑧
 =  𝑘 (

𝑑𝑣𝑧

𝑑𝑟
)𝑛 − 1 𝑑𝑣𝑧

𝑑𝑟
 =  𝜂(𝛾)̇                       (1) 

 

The apparent viscosity can be written as: 

 

𝜂 =  𝑘(
𝑑𝑣𝑧

𝑑𝑟
)𝑛 − 1 = 𝑘𝛾̇(𝑛 − 1)                   (2) 
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By assuming negligible influence of body force and other terms, the hydro-dynamically developed 

non-Newtonian flow with power-law model having constant properties throughout the computational 

domain in a circular microchannel (Figure 1) can be simplified to a simple form. The steady-state fully-

developed flow of a power law fluid has been considered in the circular microchannel. The Navier Stokes 

equation in cylindrical co-ordinates along r-z direction for the given conditions can be expressed as: 

 
𝜕

𝜕𝑟
(𝑟 𝜏𝑟𝑧) =  −𝑟 

𝜕𝑃

𝜕𝑧
                          (3) 

 

Slip flow of non-Newtonian fluid 

A solution of momentum equation has been done with slip boundary condition. From Eqs. (1) and 

(3) the solution of the given problem can be written as: 

 

𝑣𝑧 =  𝑣𝑠 + (
3𝑛+1

𝑛+1
) {1 − (

𝑟

𝑅0
)

𝑛+1

𝑛
} (𝑣𝑚 − 𝑣𝑠)                     (4) 

 

The following parameters in their non-dimensional form have been used to find out the non-

dimensional form of velocity V. 

 
𝑉𝑧

𝑉𝑚
= 𝑉,

𝑟

𝑅0
= 𝑅,

𝑙

𝑅0
= 𝐿,

𝑣𝑠

𝑣𝑚
= 𝛽,

𝑧

𝑅0
= 𝑍,

𝑝

𝜌𝑣𝑚
2 = 𝑃, 𝑅𝑒 =

𝜌 𝑣𝑚
2  − 𝑛𝑟0

𝑛

𝑘
   

 

Using the above dimensionless quantities, Eq. (4) can be expressed as: 

 

𝑉 = 𝛽 + (
3𝑛 + 1

𝑛 + 1
) (1 − 𝛽) (1 − 𝑅

(𝑛 + 1)
𝑛⁄ )                          (5) 

     

𝑉𝑚𝑎𝑥 =  𝛽 + (
3𝑛 + 1

𝑛 + 1
) (1 − 𝛽)                             (6) 

 

𝑓. 𝑅𝑒 =  2(𝑛 + 1) (
3𝑛 + 1

𝑛
)

𝑛
(1 − 𝛽)𝑛                          (7) 

 

Governing equations for fluid flow 

The transport equations for the 2 dimensional, laminar and steady flows of the non-Newtonian 

fluids through a circular microchannel are written by considering a uniformly applied external magnetic 

field. Using r - z coordinate system the governing equations can be written in the dimensional form as: - 

Continuity equation: 

 
𝜕𝑣𝑟

𝜕𝑟
+

𝜕𝑣𝑧

𝜕𝑧
 =  0                          (8) 

 

Momentum equation: 

 
𝜕2𝑣𝑧

𝜕𝑟2 +
1

𝑟

𝜕𝑣𝑧

𝜕𝑟
=

−1

𝜇

𝜕𝑝

𝜕𝑧
+

𝜎

𝜇
𝐵0

2𝑣𝑧                       (9) 

 

Wall slip equation: For the momentum equation, Navier’s slip condition is applied at the wall of the 

microchannel. This can be written as follows: 

 

𝑢𝑠
𝑟 = 

𝐷ℎ
2⁄

=  𝑙𝑠 (
𝑑𝑣𝑧

𝑑𝑟
)

𝑟 = 𝐷ℎ/2
                      (10) 

 

Non-dimensional form of the governing equations 

To make the governing equations dimensionless, the following quantities have been introduced. 

 

𝑅 =
𝑟

𝐷ℎ

;  𝑍 =
𝑧

𝐷ℎ

;  𝑉𝑧 =
𝑣𝑧

𝑣𝑧𝑒

;  𝐺 =

𝑑𝑝
𝑑𝑧

𝜌𝑣𝑧𝑒
2

𝐷ℎ

;  𝐻𝑎 = 𝐵0𝐷ℎ√
𝜎

𝜇
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Therefore, the governing equations in the dimensionless form are given by:  

Continuity equation: 

 
𝜕𝑉𝑅

𝜕𝑅
+

𝜕𝑉𝑍

𝜕𝑍
= 0                        (11) 

 

Momentum equation: 

 
𝜕2𝑉𝑍

𝜕𝑅2 +
1

𝑅

𝜕𝑉𝑍

𝜕𝑅
= 𝑅𝑒𝐺 + 𝐻𝑎

2𝑉𝑍                      (12) 

 

Wall slip equation: 

 

𝑈𝑠|𝑅 = 1/2
=  𝐿𝑠 (

𝑑𝑉𝑧
𝑑𝑅

⁄ )                      (13) 

 

Boundary condition 

The Navier’s slip boundary conditions are applied on the above equations to solve the physical 

problem. Slip boundary conditions can be summarised as follows: 

 

At  𝑟 =
𝐷ℎ

2
;  𝑣𝑧 =  𝑣𝑠. At   𝑟 = 0 ;  

𝑑𝑣𝑠

𝑑𝑟
= 0.                   (14) 

 

The nondimensional form of the above slip boundary conditions can be written as follows: 

 

At  𝑅 = 1;  𝑉 = 𝛽. At  𝑅 = 0; 
𝑑𝑉

𝑑𝑅
 =  0.                   (15) 

 

Fluid properties 

This work has been done by considering a fluid which exhibits simultaneous behaviour of non-

Newtonian fluid and electrical conductivity. The present study reveals the fluid behaviour of Xanthan in 

formic acid solution (05 wt./vol%) when it is passed through a circular microchannel of sufficient length 

compared to the diameter. The properties of 0.5 wt./vol% xanthene polysaccharide are described in Table 

1. The aqueous solution of Xanthan typically shows weal gel-like thixotropic properties. When this 

Xanthan mixed with formic acid in different ratio the solution shows electrical conductivity. Xanthan 

gum is a type of extracellular heteropolysaccharide produced by a bacterium called Xanthomonas 

campestris. It contains glucose, mannose and glucuronic acid in the molar ratio of 2:2:1. 

  

 

Table 1 Properties of Xanthan solution in formic acid (25 °C) [34]. 

Xanthan 

[wt/vol%] 

ρ 

(kg/m3) 
n 

K 

(kg s(n - 2)/m) 

Electrical conductivity (σ) 

(Ωm)-1 

0.5 1225 0.761 0.214 0.01343 

 

 

Numerical simulation 

The fluid flow domain has been discretised and the equations of continuity and momentum are 

converted into the algebraic equations using 2000×10 grids. The present study involves 20000 elements 

and 22011 nodes to conduct the numerical tests. The flow field under consideration is 20 mm long 

circular microchannel having 200 μm radius. The actual number of meshes is finally selected on the basis 

of grid independence test for the final set of solution procedure. The total flow domain is discretized into 

non-overlapping rectangular mesh elements. For the solution of the governing equations, Semi-Implicit 

Method for Pressure Linked Equations, a numerical procedure used to solve the Navier-Stokes Equations. 

This algorithm is iterative in nature, where the boundary conditions are set up and the gradients of 

velocity and pressure are evaluated. The discretized momentum equation is used to compute the 

intermediate velocity field while mass fluxes at the faces are corrected and the pressure correction 

equation is solved to produce cell values of the pressure correction. The pressure field and boundary 

pressure corrections are then updated for each iterations thereby replacing the old values. 
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Validity and accuracy 

The validity of the current work has been compared with the research work of Barkhordari and 

Etemad [26], where the simulation has been done in no-slip flow and slip flow regimes for values of slip 

coefficients ranging from 0 to 0.2. The results of the present work have been validated with the results of 

Sarabandi and Moghadam [23] for the velocity distribution of the fully developed power law fluid flow 

along the z-direction of the circular microchannel. The work justifies the result based on these values to 

validate the study and further improves upon it with the application of an externally applied magnetic 

field to present a novel approach towards the application in circular microchannel flow. Figure 2 and 

Table 2 represent the data accuracy and validation process for the present work. While there have been 

previous studies on microchannel [6], non-Newtonian flow [26,20] but the combination of slip flow [28] 

coupled with an externally applied magnetic field on a straight circular microchannel has not been taken 

up for study for applications pertaining to slip flow boundary conditions under MHD (Magneto 

hydrodynamics). 

 

Stability and convergence 

Numerical stability of the solution has been checked by the consistency of the finite difference 

equations derived from the governing equations of the present problem with help of the Eqs. (8) to (13). 

Errors generated from the finite difference approximation are in decreasing order as the computation 

proceeds from one iteration to the next. The convergence criteria for the present work have been set in the 

order of magnitude of 1×10-6. On exceeding the value of 10-6, the iteration terminates to achieve the 

solution of the numerical procedure. The value of convergence criteria is same for the equation of 

continuity for both r and z coordinates. The present problem uses absolute convergence criteria for the 

solution as the flow has been considered to be steady and laminar. 

 

Results and discussion  

The flow pattern of Xanthan solution in formic acid under different intensities of externally applied 

magnetic field was studied for different slip coefficients (β). The flow domain has been discretised which 

involves 20000 elements and 22011 nodes. The governing equations of continuity and momentum were 

converted into algebraic equations with the help of 10×2000 grids. The actual numbers of meshes were 

selected on the basis of mesh independence of the final solution. Before the final selection of mesh 

number across the flow field, a set of mesh sensitivity tests were done. 

In order to check for accuracy, the results in Figure 2 shows an excellent agreement with the 

available result for which n = 1.5, Re = 100, β = 0.2 with no externally applied magnetic field. Besides 

this a comparison of maximum velocity attained along the centreline (Vmax) has been studied for slip and 

no slip conditions which is described in Table 2. When the flow deviates from no slip-to-slip flow 

regime, the axial velocity of the fluid has been found to increase at the vicinity of the wall. This 

phenomenon forces the fluid to decrease the corresponding centreline velocity in order to maintain the 

law of mass conservation. 

 

 

Table 2 Centreline velocities (Vmax) obtained for slip and no-slip conditions [Eq. (6)]. 

n 

No Slip Flow Slip Flow 

β = 0.0 β = 0.1 β = 0.2 

[Eq. (6)] 

[26] 

Present 

Study 

[Eq. (6)] 

[26] 

Present 

Study 

[Eq. (6)] 

[26] 

Present 

Study 

0.5 1.67 1.66 1.59 1.57 1.53 1.5 

1.0 2.00 1.99 1.89 1.9 1.79 1.8 

1.25 2.11 2.07 2.00 1.96 1.88 1.86 
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Figure 2 Comparison of velocity profiles obtained in present work and previous studies. 

 

 

Slip is a near wall phenomenon which can be quantified by the changing nature of the Re value as 

the microchannel flow shifts from no-slip to slip flow regime. The deviation of flow from no slip to slip 

observes the wall shear stress to decrease with the increment of wall velocity. The quantification of this 

change majorly depends on the slip coefficient. When the flow entered into the fully developed region of 

the microchannel, it has been observed that the shear stress at the wall decreases with the increase in slip 

coefficient.  When the value of slip coefficient is in the higher order, the wall velocity increases and tends 

to approach the value of centreline velocity. The range of slip coefficient has been selected in order to 

determine the slip flow regime at the near wall zone for the values when the fluid flow begins to deviate 

from no slip to slip flow. The velocity at the wall and centreline, along with their corresponding wall 

shear stress has been found to be linear for the higher values of slip coefficient. The present work is 

focused on the range of slip coefficient up to the value of 0.3 The Slip phenomena is more prominent 

when wall shear stress decreases and β increases (Table 3). 

 

 

Table 3 f.Re values obtained from present work and previous studies for slip and no-slip conditions [Eq. 

(7)]. 

n 

No Slip Flow Slip Flow 

β = 0.0 β = 0.1 β = 0.2 

[Eq. (7)] 

[26] 

Present 

Study 

[Eq. (7)] 

[26] 

Present 

Study 

[Eq. (7)] 

[26] 

Present 

Study 

0.5 6.32 6.31 5.97 5.80 5.63 5.72 

1.0 16.00 15.95 14.31 14.12 12.72 12.20 

1.25 25.24 25.10 21.95 22.25 18.95 20.26 

 

 

A comparison of different dimensionless velocity profiles has been shown in Figure 3 for no slip (β 

= 0.0) and various slip flow coefficients when no magnetic field is applied and flow behaviour index 

value at n = 0.761. It is observed that with the increasing value of β, the velocity of the fluid at the 

vicinity of the wall increases and the centreline velocity decreases. In contrast, with slip condition, the 

velocity gradient decreases at near wall region for higher values of slip coefficient β, in order to preserve 

the law of mass conservation. A plug like velocity profile is observed. 

For the given fluid, when magnetic fields of various intensities are applied on the slip flow 

boundary conditions, it is observed that with the increasing value of magnetic field intensity, the 
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centreline velocity increases. In Figure 4 a comparison is made between various dimensionless velocity 

profiles when the slip coefficient β is maintained at a constant value of 0.2. The slip velocity also differs 

at the microchannel wall with the change of increasing intensities of externally applied magnetic field but 

that change is very insignificant. 

 

 

 

Figure 3 Comparison of velocity profiles of slip and no slip flows for different values of slip co-efficient 

(β) when no magnetic field is applied. 

 

 

 

Figure 4 Comparison of velocity profiles for different values of applied magnetic field (B0) when slip co-

efficient (β) is 0.2. 

 

 

A comparison of different flow patterns due to different values of slip coefficients have been done 

by plotting the corresponding velocity profiles (Figure 5) when exposed to an externally applied 

magnetic field of same intensity (0.3T). The plot shows a tendency, that with the increase in slip 
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coefficient, slip velocity increases and the corresponding centerline velocity decreases, in order to 

conserve the momentum of the flow in the microchannel. 

 

 

 

Figure 5 Comparison of velocity profiles for the different values of β when applied magnetic field (B0) is 

held constant to 0.3T. 

 

 

 

Figure 6 Effect of Hartmann no. (Ha) on Umax. 

 

 

The effect of an externally applied magnetic field on the centerline velocity in the microchannel is 

shown in Figure 6. The electromagnetic force becomes predominant in comparison to viscous force with 

the increment in Hartmann no. (Ha), this increases the centerline velocity of the fluid flow having 

different slip coefficients. The effect of externally applied magnetic field on the slip velocity, near the 

wall shows the opposite tendency. With the increment in Hartmann no. (Ha), slip velocity decreases 

rapidly to a certain value of 1.5×10-5 and at the later stage this influence becomes less significant and the 

curve becomes asymptotic. This behavior is shown in Figure 7 below, where the effect of magnetic field 

dominates the centerline velocity more in comparison to slip velocity in the microchannel.  
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The Hartman number depicts the relation between electromagnetic force and viscous force when the 

field intensity and characteristic length is considered constant. For a given slip coefficient, the slip 

velocity decreases with increase in Hartman number which demonstrates the dominance of 

electromagnetic force over viscous force. The value of slip velocity is higher for slip coefficients having 

higher values for the corresponding Hartman number. This trend in slip velocity decreases over the 

decrement in the slip coefficient value as the flow tends towards the no slip boundary conditions at the 

microchannel wall which reinstates the general flow behavior in the absence of slip flow boundary 

conditions. 
 

 

 

Figure 7 Effect of Hartmann no. (Ha) on Uslip.  

 

 

When comparing the relation between β and Ha, the result reveals that by the increasing value of 

Ha, slip coefficient decreases. This tendency is much prominent in the region where β is less. With the 

increment of β this tendency decreases (Figure 8). 

 

 

 

Figure 8 Effect of Hartmann no. (Ha) on Slip co-efficient (β). 



 Trends Sci. 2022; 19(19): 6180   11 of 14 

Figure 9 depicts a graphical representation of centerline velocity for different β when they are 

exposed to a same B0 = 0.4T. This diagram shows the gradual development of the flow along the 

microchannel and at the 20 % microchannel length flow develops to be a fully developed flow on which 

the electromagnetic force is applied. For the given conditions, the fluid flow having less β exhibits 

maximum centerline velocity. 

 

 

 

Figure 9 Comparison of Uc v/s X for B0 = 0.4T for the different values of β. 

 

 

In Figure 10 a comparison of f.Re values for the different β to find out the fact that, when β is less 

f.Re becomes more which makes the slip velocity less. But opposite happens with the increase in β and 

consequently f.Re decreases and slip velocity increases. 

 

 

 
Figure 10 Comparison of f.Re v/s X for B0 = 0.4T for the different values of β. 

 

 

A comparison in the values of Vmax and Vslip is drawn in Tables 4 and 5 for the different values of β 

and applied magnetic field. When externally applied magnetic field is acted on the flow then slip flow 

decreases and corresponding centerline velocity increases in each case to maintain the momentum 

balance. The comparison for maximum centerline velocity under different magnetic field intensity with 

varying slip coefficient reveals the relative change of the maximum centerline velocity when the field 
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intensity has been increased from 0T to 0.4T for different values of slip coefficients. The percentage 

increase of maximum centerline velocity for a specified slip coefficient on increasing the field intensity is 

shown on Table 4 where a change of 6.1 % is observed for the slip coefficient of 0.1 when the field 

intensity was increased from 0T to 0.4T. Similar comparison has been represented in Table 5 for slip 

velocity near microchannel walls where for a given value of slip coefficient of 0.1, the increasing field 

intensity records a decrease in the slip velocity with 32.73 % with the variation of field intensity from 0T 

to 0.4T. 

 

 

Table 4 Comparison of the developed Umax for different MHD. 

Varying Magnetic Field intensities (B0) 
Varying Slip Coefficient (β) 

0.1 0.2 0.3 

0 1.80 1.70 1.62 

0.1T 1.84 1.75 1.66 

0.2T 1.88 1.76 1.68 

0.3T 1.90 1.77 1.69 

0.4T 1.91 1.79 1.71 

Relative difference % = 
(𝑈𝑚𝑎𝑥)𝐵0 = 0.4𝑇 − (𝑈𝑚𝑎𝑥)𝐵0 = 0.0𝑇

(𝑈𝑚𝑎𝑥)𝐵0 = 0.0𝑇
× 100 6.1 5.9 5.6 

 

 

Table 5 Comparison of the developed Uslip for different MHD. 

Varying Magnetic Field intensities (B0) 
Varying Slip Coefficient (β) 

0.1 0.2 0.3 

0 0.110 0.225 0.308 

0.1T 0.098 0.209 0.294 

0.2T 0.086 0.200 0.286 

0.3T 0.077 0.198 0.283 

0.4T 0.074 0.191 0.277 

Relative difference % = 
(𝑈𝑠𝑙𝑖𝑝)

𝐵0 = 0.4𝑇
 − (𝑈𝑠𝑙𝑖𝑝)

𝐵0 = 0.0𝑇

(𝑈𝑠𝑙𝑖𝑝)
𝐵0 = 0.0𝑇

× 100 
32.73 15.11 10.06 

 

 

Conclusions 

The current work studies the effect of an externally applied magnetic field of varying intensities on 

slip flow of Xanthan solution through a circular straight microchannel. The results obtained from the 

simulation of a non-Newtonian fluid (Xanthan) concludes the increment of centerline velocity in slip 

boundary conditions under the action of an externally applied magnetic field while the corresponding slip 

velocity near the microchannel wall region decreases. The effect of the magnetic field is more dominating 

on the centerline flow velocities compared to the near wall region. The Lorentz force of electromagnetism 

acts as a resistive force for the fluid flow through the microchannel. This resistive force reduces the 

velocity at the vicinity of the microchannel walls, in accordance with the law of conservation of 

momentum of the fluid flow through the microchannel. The comparison for maximum centerline velocity 

under different magnetic field intensity with varying slip coefficient reveals the relative change of the 

maximum centerline velocity when the field intensity has been increased, for different values of slip 

coefficients. Similar comparison has been represented for slip velocity near microchannel walls where for 

a given value of slip coefficient, the increasing field intensity records a decrease in the slip velocity, with 

the variation of field intensity. It has been observed that the values for Umax and Uslip has increased and 

decreased respectively for different values of slip coefficients under varying magnetic field when 

compared to the results with no external field intensity. From the various comparisons it can be concluded 

that the effect of externally applied magnetic field is more prominent in near wall region than that of 

centerline of the microchannel. This tendency decreases for both centerline velocity and slip velocity 

when slip coefficient increases. 
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