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This study demonstrates the viscous flow of nanofluids under the influence of magnetic 
field and slip conditions over the boundary layer in a moving plate. By applying 
appropriate similarity variables to the governing partial differential equations, a similarity 
transformation is implemented to obtain the same as non-linear ordinary differential 
equations. The Transformed equations are then numerically solved by the finite 
difference method. Various parameters such as plate velocity parameter, slip 
parameters, thermophoresis parameter and Brownian motion parameter, Eckert 
number, Prandtl number and Lewis number are examined to study the properties of flow 
and heat transfer. The coefficient of skin friction, Nusselt number, and Sherwood 
numbers for selected parameters are numerically presented. Impact of MHD, slip 
conditions and viscous dissipation on nanofluid temperature, concentration and velocity 
profiles are determined and analyzed via graphs. This research reveals that the presence 
of magnetic field and viscous dissipation contributes to increase in temperature profile. 
Moreover, it is found that, when velocity slip increases, the temperature profile increases 
while the velocity profile decreases. It thickens the concentration boundary layer as well. 
This work may find its significant applications in high temperature and cooling processes, 
space technology, paints, medicines, conductive coatings, cosmetics and bio-sensors.  
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1. Introduction 

 
Convention Boundary layer flow is used extensively in engineering and industry. The subject of 

heat transmission in boundary layers has gained substantial attention in various studies for its 
extensive applications in industrial processes. Previously, low thermal conductivity cooling liquids 
including water, ethylene glycol, and oil were employed as pure fluids in many applications, but Choi 
and Eastman [8] introduced a new type of fluids termed nanofluids to overcome these restrictions in 
heat transfer enhancement in 1995. Nanofluids offer better thermophysical properties than base 
fluids like water. The properties and behaviour of nanofluids have been studied by various 
researchers. Buongiorno [6] established a nanofluid model in which thermophoresis and Brownian 
motion were considered to be two major slip mechanisms. Further, Kuznetsov and Nield [18] used 
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these two parameters to explore the convective boundary layer flow past a vertical plate. Khan and 
Pop [17] extend the work of Kuznetsov and Nield [18] and investigated the impact of nanoparticle 
fraction of nanofluids in stretching surfaces. Anwar et al., [19] conducted a study on non-linear 
stretching sheet and evaluated an impact of transmission of heat and mass in nanofluids. 

Numerous studies conducted over the last several decades have established the presence of 
multiple solutions for boundary layer flows associated with moving surfaces. Carragher and Crane [7] 
pioneered the analytical solution of boundary layer fluid flow across stretching sheet. Sakiadis [29] 
further investigated the effect on a moving plate. Bachok et al., [3] examined the boundary-layer flow 
over a moving flat plate. Later, Roşca and Pop [28] explored boundary layer flow on a moving surface 
by using nanofluid model developed by Buongiorno [6]. Mohamed et al., [23] studied Boundary layer 
flow on moving plate with viscous dissipation in nanofluid. Zulkifli et al., [35] revised and investigated 
the problem presented by Mohamed et al., [23] using Buongiorno's model. 

The study of fluid flow on moving surfaces was expanded to include other surfaces and also the 
influence of numerous parameters. Bhattacharyya et al., [5] studied the impact of partial slip and 
heat transfer on shrinking sheet. Noghrehabadi et al., [24] explored the impact of same parameters 
on stretching surface when nanoparticle fractions were present. A study on mixed convection and 
mass transmission effects over stretching sheet was conducted by Mishra and Singh [21]. Ramya et 
al., [26] further evaluated the influence of MHD viscous flow and heat transfer. Next, Raza [27] 
explored the role of thermal radiation and velocity slip in MHD Casson fluid. In addition to previous 
studies, Daniel et al., [9] further added the effect of viscous dissipation and chemical reaction in his 
study. Ashgar and Ying [2] studied hybrid nanofluid flow with rotating stretching/shrinking sheet 
under the influence of magnetic field and Joule heating.  

According to a literature assessment of the viscous dissipation effect, Gebhart [10] explored 
boundary-layer analysis of the impacts of viscous dissipation for external flow. Later, the impact of 
viscous dissipative heat on convective flow past a vertical plate were investigated in a study of 
Soundalgekar [30]. Vajravelu and Hadjinicolaou [32] examined the same effects with internal heat 
generation on stretching sheet. Partha et al., [25] further extended the study on mixed convection 
flow on exponentially stretching surface. Ishak et al., [12] investigated boundary layer flow through 
moving wall. Balla and Naikoti [4] studied chemical reaction and radiation across vertical plate. Reddy 
et al., [14] examined MHD convection flow in vertical plate with viscous dissipation. Khan et al., [16] 
investigated the magnetohydrodynamic (MHD) flow of a double stratified micropolar fluid across a 
vertical stretching/shrinking sheet in the presence of suction, chemical reaction, heat source effects. 
Jahan et al., [13] examined the simulations influence of exponential solar radiation and dissipative 
transport of steady mixed convective hybrid nanofluid. 

Finite Difference Method have dominated the Computational Fluid Dynamics due to its simplicity 
in formulations and computations Yang et al., [34]. Various researchers have contributed in reporting 
efficiency of FDM in solving second order differential equations. Blottner [20] solved the Levy-Lees 
form of the laminar boundary layer equations with several second-order accurate finite-difference 
schemes for incompressible flow. Ibrahim and Shanker [11] applied implicit finite difference 
technique to investigate unsteady laminar (MHDs) boundary layer flow with magnetic field and a 
thermal effect. Khader and Megahed [15] employed the finite difference approach to examine the 
impact of heat transmission and thermal radiation on stretching sheet. Therefore, FDM was 
employed as a numerical simulation method in this research. 

The purpose of this research is to further contribute to the existing studies conducted by 
Mohamed et al., [23] and Zulkifli et al., [35]. The influence of slip conditions, viscous dissipation and 
magnetic field on boundary layer flow on moving plate will be considered in this research. To the 
best of our knowledge, this is the first study to investigate the effect of slip and magnetic field on 
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boundary layer flow past a moving plate. As a result, we expect that the current work will make a 
significant contribution to future research. 
 
2. Mathematical Formulation 
 

The influence of transverse magnetic field, viscous dissipation and slip conditions on a steady two 
dimensional incompressible laminar boundary layer flow across a moving plate in nanofluid is 
investigated. At time t = 0 the plate velocity is considered to be 𝑢𝑤(𝑥) =  휀 𝑈∞ in an external free 
stream of uniform velocity 𝑈∞, where ε is a parameter describing the plate velocity [33]. It is 
considered that Flow occurs at y ≥ 0, in which y is the perpendicular to the moving plate. The 
components of velocity u and v are situated on x and y axis, correspondingly. 𝑇 is considered to 
represent the temperature within boundary layer, 𝑇𝑤 is temperature at wall and 𝑇∞ be ambient 
temperature. Volume fraction of nanoparticles is assumed to be C, 𝐶𝑤 is defined as volume fraction 
of nanoparticles at wall and 𝐶∞ be volume fraction of ambient nanoparticle. A traverse magnetic field 
𝐵0 is applied in the direction of x. Figure 1 demonstrates geometry of the problem. 
 

 
Fig. 1. Physical Model of problem 

 
Based on studies mentioned above and according to Khan and Pop [17], Bachok et al., [3], Roşca 

and Pop [28], Mohamed et al., [23], Zulkifli et al., [35], governing equations can be written as: 
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Subjected to the boundary conditions 
 

{
𝑣 = 𝑉0, 𝑢 = 휀𝑈∞ + 𝑁1

𝜕𝑢

𝜕𝑦
, 𝑇 = 𝑇∞ + 𝑁2

𝜕𝑇

𝜕𝑦
 , 𝐶 = 𝐶∞ + 𝑁3

𝜕𝐶

𝜕𝑦
,                  𝑎𝑡   𝑦 = 0

𝑢 → 𝑈∞, 𝑇 → 𝑇∞, 𝐶 → 𝐶∞,                                                                       𝑎𝑡     𝑦 →  ∞  
    (5) 

 
Where u and v denote the x- and y-direction velocity components, respectively, 𝜌 signifies the fluid 

density, 𝜇 indicates the dynamic velocity, 𝑣(=
𝑚

𝑟
) represents the kinematic viscosity, 𝑘 is considered 

as thermal conductivity and 𝐶𝑝 denotes specific heat capacity. Additionally, 𝐷𝑇  and 𝐷𝐵  are 

thermophoresis and Brownian diffusion coefficients, respectively. Moreover, 𝑁1, 𝑁2 𝑎𝑛𝑑 𝑁3 are 
velocity, temperature and concentration slip coefficient respectively. 

Eq. (1) to Eq. (4) subjected to boundary conditions (5) are defining similarity transformation as 
follow 
 

𝜂 = (
𝑈∞

2𝜈𝑥
)
1/2

𝑦, 𝜓 =  (2𝑈∞𝜈𝑥)
1/2 𝑓(𝜂)

𝑇 = 𝑇∞ + (𝑇𝑤 − 𝑇∞)𝜃(𝜂)

𝐶 = 𝐶∞ + (𝐶𝑤 − 𝐶∞)𝜙(𝜂)

𝜃(𝜂) =
𝑇−𝑇∞

𝑇𝑤−𝑇∞
, 𝜙(𝜂) =

 𝐶−𝐶∞

𝐶𝑤−𝐶∞

          (6) 

 
Where θ and ϕ denote dimensionless temperature and resealed nanoparticle volume fraction 

respectively. Stream function ψ is assumed as 𝑢 =
𝜕𝜓

𝜕𝑦
 and 𝑣 =  −

𝜕𝜓

𝜕𝑥
 , as a result of 
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1

2
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𝑓′(𝜂)           (8) 

 
By applying the similarity transformation to Eq. (2) through Eq. (5), the resulting equations are as 

follows: 
 
𝑓′′′ +  𝑓𝑓′′ −𝑀𝑓′ = 0            (9) 
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Corresponding boundary conditions 
 

{
𝑓(𝜂) = 𝑉0, 𝑓′(𝜂) = 휀 + 𝛿𝑓′′(𝜂), 𝜃(𝜂)  = 1 + 𝜆𝜃′(𝜂) , 𝜙(𝜂)  = 1 + 𝛾𝜙′(𝜂),    𝑎𝑡   𝜂 = 0

𝑓′(∞) → 1, 𝜃(∞) → 0, 𝜙(∞) → 0,                                                                                𝑎𝑡 𝜂 →  ∞
            (12) 

 

Note that 𝛿 = 𝑁1 (
𝑈∞

2𝜈𝑥
)

1

2
 is the velocity slip, λ = 𝑁2 (

𝑈∞

2𝜈𝑥
)

1

2
 thermal slip and 𝛾 = 𝑁3 (

𝑈∞

2𝜈𝑥
)

1

2
is the 

concentration slip parameter. The Physical quantities, 𝐶𝑓,𝑁𝑢𝑥 and 𝑆ℎ𝑥 are given by 

 

𝐶𝑓 =
𝜏𝑤

𝜌𝑢𝑒
2 , 𝑁𝑢𝑥 =

𝑥𝑞𝑤

𝑘(𝑇𝑤− 𝑇∞)
, 𝑆ℎ𝑥 =

𝑥𝑗𝑤

𝐷𝐵(𝐶𝑤−𝐶∞)
.                   (13) 

 
The shear stress, heat flux and mass flux on surface are denoted by 𝜏𝑤 , 𝑞𝑤 , 𝑗𝑤 respectively and 

also shown as 
 

𝜏𝑤 = 𝜇 (
𝜕𝑢

𝜕𝑦
)
𝑦=0

, 𝑞𝑤 = −𝑘 (
𝜕𝑇

𝜕𝑦
)
𝑦=0

, 𝑗𝑤 = −𝐷𝐵 (
𝜕𝐶

𝜕𝑦
)
𝑦=0

                  (14) 

 
where µ = ρ𝑣 is the dynamic viscosity.   

By applying the similarity variables in Eq. (6), following relation are obtained 
 

𝐶𝑓(2𝑅𝑒𝑥)
1/2 = 𝑓"(0), 𝑁𝑢𝑥 (

𝑅𝑒𝑥

2
)
−1/2

= −𝜃′ (0), 𝑆ℎ𝑥 (
𝑅𝑒𝑥

2
)
−1/2

= −∅′(0)               (15) 

 

Where R𝑒𝑥 =
𝑈∞𝑥

𝑣
 is local Reynolds number and (2𝑅𝑒𝑥)

1/2, 𝑁𝑢𝑥 (
𝑅𝑒𝑥

2
)
−1/2

𝑎𝑛𝑑 𝑆ℎ𝑥 (
𝑅𝑒𝑥

2
)
−1/2

 are 

defined by reduced 𝐶𝑓𝑟 , Nur and Shr and also given as 𝑓"(0),−𝜃′(0) 𝑎𝑛𝑑 − ∅′(0), respectively. 

 
3. Method of Solution  
 

To solve Eq. (9) to Eq. (11) along with the boundary conditions (12), we will transform the third 
order derivative into second order derivative by replacing 𝑓′ =  𝐹. 

Then the above system of equation will become 
 
𝑓′ =  𝐹                        (16) 
 
𝐹′′ + 𝑓𝐹′ −𝑀𝐹 = 0                       (17) 
 
𝜃′′ + 𝑃𝑟𝑓𝜃

′ + 𝑃𝑟𝑁𝑏𝜃
′𝜙′ + 𝑃𝑟𝑁𝑡𝜃

′2 + 𝑃𝑟𝐸𝑐𝐹
′2 = 0                   (18) 

 

𝜙′′ +
𝑁𝑡

𝑁𝑏
𝜃′′ + 𝐿𝑒𝑓𝜙′ = 0                      (19) 

 
Corresponding boundary conditions will be transformed to 
 

{
𝑓(𝜂) = 𝑉0, 𝐹(𝜂) = 휀 + 𝛿𝐹′(𝜂), 𝜃(𝜂)  = 𝜆𝜃′(𝜂) , 𝜙(𝜂)  = 𝛾𝜙′(𝜂),     𝑎𝑡   𝜂 = 0

𝐹(𝜂) → 1, 𝜃(𝜂) → 0, 𝜙(𝜂) → 0,                                                                         𝑎𝑡     𝜂 →  ∞
              (20) 
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System (16) to (19) is nonlinear one. To obtain solution of this system, it is firstly required to 
convert these equations into a system of linear differential equation. This is done by Newton 
linearization method. Eq. (16) is linear in variable 𝑓, therefore, it is not necessary to make it linear. 
We will make Eq. (16) linear in variable 𝐹, while taking all other variables constants. Same will be 
done for Eq. (18). Eq. (19), however, is linear in variable 𝜙. 

Linear Eq. (18) and Eq. (19) will be solved as linear second order differential equation iteratively 
[34]. Thus, the resulting system of equations is as follow 
 

{
 
 

 
 

𝑓′ = 𝐹

𝐹𝑛+1
′′ + (𝐴𝐹)𝑛 𝐹𝑛+1

′ + (𝐵𝐹)𝑛 𝐹𝑛+1 = (𝐷𝐹)𝑛
𝜃𝑛+1
′′ + (𝐴𝜃)𝑛 𝜃𝑛+1

′ + (𝐵𝜃)𝑛 𝜃𝑛+1 = (𝐷𝜃)𝑛

𝜙′′ +
𝑁𝑡

𝑁𝑏
𝜃′′ + 𝐿𝑒𝑓𝜙

′ = 0

                   (21) 

 
Along with the boundary conditions 
 

{
𝑓 = 𝑉0, 𝐹(𝜂) = 휀 + 𝛿𝐹′(𝜂), 𝜃(𝜂) = 𝜆 𝜃′(𝜂), 𝜙(𝜂) = 𝛾 𝜙′(𝜂),                  𝑎𝑡   𝜂 = 0
𝐹 → 0, 𝜃 → 0, 𝜙 → 0,                                                                                       𝑎𝑡     𝜂 →  ∞

              (22) 

 
Eq. (21) along with Eq. (22) will be solved by Finite Difference method (FDM). The first equation 

is straight forward, replacing derivative in first equation of (21) by their corresponding center finite 
difference approximation. 

 
𝑓𝑖+1−𝑓𝑖

2Δ𝜂
= 𝐹𝑖 (Order of accuracy of this difference formula is one) 

 
This implies that 
 
𝑓𝑖+1 = 𝑓𝑖 + 2Δ𝜂 𝐹𝑖                       (23) 
 
with 𝑓1 = 𝑉𝑤 (the boundary conditions). 

Now for the second equation, finite difference method is used for linear second order equation. 
Before that, we need to evaluate the coefficients (𝐴𝐹)𝑛, (𝐵𝐹)𝑛 and (𝐷𝐹)𝑛 at each node of the given 
domain but at previous iteration 𝑛 
 
(𝐴𝐹)𝑛 = (𝑓𝑖)𝑛                        (24) 
 

With 𝑖 = 2 𝑡𝑜 𝑁, the subscript 𝑛 represent the previous iteration and 𝑖 is for interior nodes only. 
We will require an initial guess to start the iterations process. 
 

(𝐵𝐹)𝑛 = −4(𝐹𝑖)𝑛 +𝑀

(𝐷𝐹)𝑛 = −𝑓𝐹′ +𝑀𝐹 − 4𝐹𝑛 𝐹𝑛 + 𝑓 𝐹𝑛
′ 

                    (25) 

 
Derivative in the above approximation is replaced by the second order center difference 

approximation, thus 𝐷𝑛 will become 
 

(𝐷𝐹)𝑛 = −(
𝑓𝑖(𝐹𝑖+1−𝐹𝑖−1)

2Δ𝜂
)
𝑛
+𝑀(𝐹𝑖)𝑛 − 4(𝐹𝑖) 𝑛 (𝐹𝑖)𝑛 + (

𝑓𝑖(𝐹𝑖+1−𝐹𝑖−1)

2Δ𝜂
)
𝑛

                (26) 
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After knowing (𝐴𝐹)𝑛, (𝐵𝐹)𝑛 and (𝐷𝐹)𝑛 at each node of the domain, we can now use the finite 
difference approximation for the second order linear differential equation. 
 
𝐹𝑛+1
′′ (𝜂) + (𝐴𝐹)𝑛 𝐹𝑛+1

′ (𝜂) + (𝐵𝐹)𝑛 𝐹(𝜂) =  (𝐷𝐹)𝑛  
 

(𝐴𝐹)𝑛, (𝐵𝐹)𝑛 and (𝐷𝐹)𝑛 in above equation are just constants now. We have to solve it as a linear 
second order differential equation. Writing above equation at a general node 𝑖 
 

( 𝐹𝑖)𝑛+1
′′ + (𝐴𝐹𝑖)𝑛 ( 𝐹𝑖)𝑛+1

′ + (𝐵𝐹𝑖)𝑛
 ( 𝐹𝑖)𝑛+1 = (𝐷𝐹𝑖)𝑛

  

 
Replacing the derivatives in the above equation by their second order center finite difference 

approximation, equation will become 
 
𝑎𝑖 (𝐹𝑖−1)𝑛+1 + 𝑏𝑖 (𝐹𝑖)𝑛+1 + 𝑐𝑖 (𝐹𝑖+1)𝑛+1 = 𝑟𝑖                   (27) 
 
With the corresponding boundary conditions 
 

{
𝐹0 = 𝑐 +

(𝐹1−𝐹0)

h

𝐹(𝜂 → ∞) = 𝐹𝑏
                       (28) 

 
In finite difference form, above boundary conditions are written as follow 
 

𝐹0 = 𝑐 +
(𝐹1−𝐹0)

h
  

 

(𝑐 +
1

ℎ
) 𝐹0 −

1

ℎ
𝐹1 = 1  

 

{
(𝑐 +

1

ℎ
) 𝐹0 −

1

ℎ
𝐹1 = 1

   
𝐹𝑁 = 𝐹𝑏

                      (29) 

 
For = 1,2,3, …𝑁 − 1 , Eq. (27) will be converted into a set of algebraic linear equations. Resulting 

system is further computed by using LU decomposition and Matlab software. All of the results were 
in excellent agreement. 
 
4. Results and Discussion 
 

In the current study, a numerical computation method has been carried using Finite difference 
method with slip conditions parameters (𝛿, λ, γ) and magnetic field parameter (M) applied on moving 
plate in a nanofluid showing viscous dissipation. Pr, ε, Nb , Nt,Ec, and Le are considered as fluid flow 
parameters. Based on the literature survey, Le is investigated in the range 1 to 20, while Nb ,Nt and 
Ec are considered in the range 0.1 to 0.5 [17,35]. Table 1 to Table 3 and Figure 2 to Figure 23 
demonstrate the numerical findings depicting the influence parameters on coefficient of local skin 

friction −Cfr (2Rex)
1/2, Local Nusselt number Nux (

Rex

2
)
−
1

2
and Sherwood number Shx (

Rex

2
)
−1/2

. 

 
 



 Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 95, Issue 2 (2022) 120-136 

127 
 

Table 1 

Comparing the Numerical values of Nux √Rex or (− θ′(0)/√2) (With regard to different values of Pr for 

ϵ = Nb = Nt = Ec = Le = 0 
Pr Bejan [1] Roşca and Pop [28] Mohamed et al., 

[23] 
Zulkifli et al., [35] Present Results 

0.7 0.292 0.29268 0.292680 0.292680 0.293330106 
0.8 0.307 0.30691 0.306917 0.306917 0.307487479 
1 0.332 0.33205 0.332057 0.332057 0.332621772 
5 0.585 0.57668 0.576689 0.576689 0.578169594 
10 0.730 0.72814 0.728141 0.728141 0.730411717 

 

To verify the correctness and validity of the obtained results, the values of − θ′(0)/√2) for ϵ =

Nb = Nt = Ec = Le = 0 with altered values of Pr (Prandtl Number) was calculated. The obtained 
values are compared to those reported by Bejan [1], Roşca and Pop [28], Mohamed et al., [23] and 
Zulkifli et al., [35], as indicated through Table 1. Obtained numerical values using the present 
numerical method exhibit an excellent agreement with the prior studies. 

The impacts of various fluid flow parameters on reduced skin friction coefficient, Nusselt number 
and Sherwood number are exhibited in Table 2. It is clearly noticed that 𝐶𝑓𝑟 is highlighting for 

improving value of M but shows a reverse behavior w.r.t. 𝛿 and 휀. Thus, analysis of data demonstrates 
that magnetic fields increase skin friction, but velocity slip (𝛿) and plate velocity parameter (ϵ) have 
the opposite impact. It’s because skin friction rises in the presence of a magnetic field due to the 
resistance provided by the Lorentz force. Moreover, when the velocity slip increases, the fluid's 
adhesive force to the surface reduces, resulting in a decrease in skin friction. Furthermore, it is 
recognized that Nur is reduced with steadily rising values M, δ, λ but the opposite behavior is 
observed with an increase in γ and ϵ. The study of tabular figures reveals that when M, 𝛿, λ and γ 
increase, the local Sherwood number falls, while it rises for larger values of. 

Table 3 reveals the variance of Nur, Shr for different values of Pr, Nb, Nt, Ec and Le when 
δ = λ = γ = 1  , M = 1.5, ϵ = 0.5 . Nur is demonstrated to be a reducing function of the Nb, Nt, Ec 
and Le, parameters, whereas Shr shows an increase for same parameters. However, reverse 
phenomena is observed for Pr. 
 

Table 2 
Numerical values of local skin friction coefficient, reduced Nusselt number and reduced Sherwood 
number for different parameters with Nb = Nt = Ec = 0.1, Le = 10, Pr = 7 
M δ λ 𝛾 ϵ C𝑓𝑟 𝑁𝑢𝑟 𝑆ℎ𝑟 

1 1.0 1.0 1.0 0.5 -0.0918 0.4852 0.5653 
1.5 1.0 1.0 1.0 0.5 -0.1652 0.4447 0.5455 
2 1.0 1.0 1.0 0.5 -0.2140 0.4109 0.5317 
1.5 2.0 1.0 1.0 0.5 -0.1065 0.4295 0.5375 
1.5 3.0 1.0 1.0 0.5 -0.0787 0.4216 0.5337 
1.5 4.0 1.0 1.0 0.5 -0.0625 0.4169 0.5315 
1.5 1.0 2.0 1.0 0.5 -0.1652 0.3089 0.5579 
1.5 1.0 3.0 1.0 0.5 -0.1652 0.2358 0.5652 
1.5 1.0 4.0 1.0 0.5 -0.1652 0.1894 0.5711 
1.5 1.0 1.0 2.0 0.5 -0.1652 0.4586 0.3388 
1.5 1.0 1.0 3.0 0.5 -0.1652 0.4586 0.2473 
1.5 1.0 1.0 4.0 0.5 -0.1652 0.4652 0.1934 
1.5 1.0 1.0 1.0 0.1 0.0555 0.3774 0.5160 
1.5 1.0 1.0 1.0 0.5 -0.1652 0.4447 0.5455 
1.5 1.0 1.0 1.0 1.0 -0.4463 0.4966 0.5835 
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Table 3 
Numerical values of reduced Nusselt number and reduced Sherwood number for different parameters with 
δ = λ = γ = 1  ,M = 1.5, ϵ = 0.5 
Pr Nb Nt Ec Le 𝑁𝑢r 𝑆ℎ𝑟 

3 0.1 0.1 0.1 10 0.4032 0.5590 
5 0.1 0.1 0.1 10 0.4286 0.5503 
7 0.1 0.1 0.1 10 0.4443 0.5458 
7 0.1 0.1 0.1 10 0.4447 0.5455 
7 0.3 0.1 0.1 10 0.3640 0.5883 
7 0.5 0.1 0.1 10 0.2803 0.5971 
7 0.1 0.1 0.1 10 0.4447 0.5455 
7 0.1 0.3 0.1 10 0.3566 0.5835 
7 0.1 0.5 0.1 10 0.2857 0.7219 
7 0.1 0.1 0.1 10 0.4447 0.5455 
7 0.1 0.1 0.2 10 0.4245 0.5549 
7 0.1 0.1 0.3 10 0.4035 0.5647 
7 0.1 0.1 0.1 8 0.4451 0.5121 
7 0.1 0.1 0.1 10 0.4451 0.5451 
7 0.1 0.1 0.1 12 0.4446 0.5722 

 
The impact of the magnetic field on velocity parameter is depicted in Figure 2. An increase in 

magnetic field combined with a slip condition causes the fluid velocity to reduce. This results as the 
Lorentz force is activated in the presence of a transverse magnetic field, which reduces fluid velocity. 
The Lorentz force increases as the magnetic field increases, causing a decrease in fluid velocity. 
 

 
Fig. 2. Variation of velocity f ′ (η) with η with 
several values of M 

 
Figure 3 illustrates that when the value of M rises, so does the concentration of nanoparticles. 

This effect is noticed because of the Lorentz force, that being a resistant force retards the fluid 
velocity, causing heat production. As a result, under the influence of strong magnetic field, thermal 
boundary layer thicknesses and nanoparticle concentration increase. 
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Fig. 3. Variation of temperature θ (η) with η with 
several values of M 

 
Figure 4 highlights that there is a negligible effect of increase in Lewis number on temperature. 

This is because as the Lewis number increases, so does the Brownian diffusion coefficient, and vice 
versa. In the present study, zero nanoparticle condition is applied, hence, Lewis number (Le), has no 
impact on the temperature profile. Figure 5 describes the impact of Le on dimensionless 
concentration. With larger Le values, nanoparticle volume fraction is shown to be significantly 
reduced. Raising the Lewis number increases the thickness of thermal boundary layer while 
decreasing the concentration, as illustrated in Figure 6. 
 

 

 

 
Fig. 4. Variation of concentration ϕ (η) with η 
with several values of M 

 Fig. 5. Variation of temperature θ (η) with η 
with several values of Le 
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Fig. 6. Variation of concentration ϕ (η) with η 
with several values of Le 

 
The influence of viscous dissipation parameter on the temperature profile as illustrated in Figure 

7. As reported in studies, an increase in Ec number indicates a favorable effect on boundary layer 
temperature, resulting in a temperature increase associated with the increase in Ec. Increases in 
viscous dissipation (Ec) also result in increase in thickness of the thermal boundary layer, as presented 
in Figure 8. 
 

 

 

 
Fig. 7. Variation of temperature θ (η) with η with 
several values of Ec 

 Fig. 8. Variation of concentration ϕ (η) with η 
with several values of Ec 

 
As demonstrated in Figure 9 and Figure 10, a rise in ɛ causes an increase in velocity profile while 

a drop in temperature profile. As value of the plate velocity parameter (ɛ > 0) rises, thickness of 
thermal boundary layer reduces, that is depicted in Figure 11. This is because a rise in ɛ leads to a rise 
in ratio between the plate and fluid velocity. This difference in velocities enables the fluid to flow 
through the region more quickly, reducing the thickness of thermal boundary layer. 
 



 Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 95, Issue 2 (2022) 120-136 

131 
 

 

 

 
Fig. 9. Variation of velocity f ′ (η) with η with 
several values of ε 

 Fig. 10. Variation of temperature θ (η) with η 
with several values of ε 

   

 
Fig. 11. Variation of concentration ϕ (η) with η 
with several values of ε 

 
Figure 12 showed the impact of Prandtl number on temperature profile. The Pr is the 

characteristic of fluids that indicates that a fluid having a low Pr value has more thermal diffusivity in 
principle. As a result of this phenomenon, increasing the Prandtl number results in decreased in 
temperature and thickness of thermal boundary layer, as indicated in Figure 13. 
 

 

 

 
Fig. 12. Variation of temperature θ (η) with η 
with several values of Pr 

 Fig. 13. Variation of concentration ϕ (η) with 
η with several values of Pr 
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Impacts of Nb on the dimensionless temperature and concentration profiles are demonstrated in 
Figure 14 and Figure 15. As the Nb is increased, the temperature profile rises as exhibited in Figure 
14, while the concentration profile falls as seen in Figure 15. It is supported by the phenomenon that 
a higher value of the Nb affects the thickening of thermal boundary layer to great extent. Volume 
fraction of nanoparticles reduces as Brownian motion increases. 
 

 

 

 
Fig. 14. Variation of temperature θ (η) with η 
with several values of Nb 

 Fig. 15. Variation of concentration ϕ (η) with η 
with several values of Nb 

 
Figure 16 depicts the thermal boundary layer thickness increases as the thermophoresis diffusion 

parameter (Nt) increases. It has been found that as thermophoresis rises, a large number of 
nanoparticles migrate from the hot zone to the cold region, the nanofluid temperature rises. 
Furthermore, as demonstrated in Figure 17, increasing the value of the Nt causes an increase in 
nanoparticle volume fraction. Thermophoretic force is generated by a thermal gradient that induces 
a flow away from the surface. As a result, the fluid becomes heated and moves away, thus increasing 
thickness of thermal boundary layer. 
 

 

 

 
Fig. 16. Variation of temperature θ (η) with η 
with several values of Nt 

 Fig. 17. Variation of concentration ϕ (η) with η 
with several values of Nt 

 
Figure 18 shows that with rising levels of δ, velocity profile is shown to diminish. The slip velocity 

increases as δ is increased. As slip velocity increases, velocity of moving plate surface differs from 
velocity of flow near the plate, causing fluid velocity to drop. As a result, increasing the slip velocity 
parameter causes increase in slip velocity but decrease in fluid velocity. 
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Fig. 18. Variation of velocity f ′ (η) with η with 
several values of δ 

 
Impact of velocity slip on temperature profile at boundary surface is depicted in Figure 19. Result 

shows that when slip parameter increases, so does the boundary surface temperature profile. It is 
because an increase in velocity slip induces diffusion of nanoparticles into the boundary layer, 
resulting in a more homogeneous concentration level of nanoparticles in the fluid, which raises the 
concentration boundary layer thickness, as illustrated in Figure 20. 
 

 

 

 
Fig. 19. Variation of temperature θ (η) with η 
with several values of δ 

 Fig. 20. Variation of concentration ϕ (η) with η 
with several values of δ 

 
Figure 21 and Figure 22 examine the implications of λ on temperature and nanoparticle volume 

fraction. Thermal slip results in a decrease in the temperature profile. It is important to note that the 
influence of γ on the concentration profile quite resembles to that of λ on the temperature profile, 
as depicted in Figure 21 and Figure 24. This is because slip reduces the rate of fluid flow, resulting in 
a reduction in net molecular movement. Temperature and mass fraction both fall as a result of the 
reduced molecular mobility. It is hypothesized that if thermal slip parameter can regulate 
temperature inside the flow, the concentration slip parameter may be able to influence the mass 
transport phenomenon as well. The temperature profile and the concentration slip parameter exhibit 
an inverse relationship within the boundary layer region, as illustrated in Figure 23. 

The purpose of present study was to explore combined impact of velocity, temperature, and 
concentration slip factors on boundary layer flow. It was determined that the thermal slip parameter 
has essentially identical effects to the concentration slip parameter. As a result, thermal and 
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concentration boundary layers can be controlled to desired values by modifying the thermal and 
concentration slip parameters. 
 

 

 

 
Fig. 21. Variation of temperature θ (η) with η 
with several values of λ 

 Fig. 22. Variation of concentration ϕ (η) with η 
with several values of λ 

   

 

 

 
Fig. 23. Variation of temperature θ (η) with η 
with several values of γ 

 Fig. 24. Variation of concentration ϕ (η) with η 
with several values of γ 

 
5. Conclusions 
 

The numerical study of the boundary layer flow of a nanofluid across a moving plate with the 
effects of velocity slip, temperature slip, concentration slip, magnetic field, and viscous dissipation. 
The impacts of fluid flow factors on velocity, temperature, and concentration profile are investigated. 
M, δ, λ, γ, Ec, Le, Nb, Nt, Pr and 휀 are studied on different profiles. The results are as follows 

 
i. The Lorentz force causes the velocity profile to decrease as the magnetic parameter M is 

increased, while temperature and concentration profiles increase. 
ii. With existence of viscous dissipation, temperature profile rises. Moreover, nanoparticle 

volume fraction was reduced. 
iii. When plate velocity parameter 휀 is increased, the velocity profile is enhanced while the 

temperature and concentration profiles are diminished. 
iv. For Rrising values of δ, temperature profile rises and velocity profile drops. It also 

increases thickness of concentration boundary layer. 
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v. Temperature reduces and concentration rises when thermal slip parameter is enhanced. 
vi. Temperatures increase and concentration reduces as concentration slip parameter is 

increased. 
vii. Temperature drops and concentration increases as the Browinian motion parameter Nb 

and thermophoresis parameter Nt are increased. 
viii. When Le increases, concentration profile increases. 

ix. Increasing Prandtl number, decreases the temperature and concentration profile.  
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