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ABSTRACT

To investigate the consequence of thermophoresis and Brownian diffusion on convective 
boundary layer micropolar fluid flow over a stretching wedge-shaped surface. The effects of 
non-dimensional parameters namely coupling constant parameter (0.01 ≤ B1 ≤ 0.05), magnet-
ic parameter (1.0 ≤ M ≤ 15.0), Grashof number (0.3 ≤ Gr ≤ 0.9), modified Grashof number 
(0.3 ≤ Gm ≤ 0.8), micropolar parameter (2.0 ≤ G2 ≤ 7.5), vortex viscosity constraint (0.02 ≤ 
G1 ≤ 0.2), Prandtl number (7.0 ≤ Pr ≤ 15.0), thermal radiation parameter (0.25 ≤ R ≤ 0.50), 
Brownian motion parameter (0.2 ≤ Nb ≤ 0.62), thermophoresis parameter (0.04 ≤ Nt ≤ 0.10), 
heat generation parameter (0.1 ≤ Q ≤ 0.5), Biot number (0.65 ≤ Bi ≤ 1.0), stretching param-
eter (0.2 ≤ A ≤ 0.5), Lewis number (3.0 ≤ Le ≤ 7.0), and chemical reaction parameter (0.2 ≤ 
K ≤ 0.7) on the steady MHD heat and mass transfer is investigated in the present study. The 
coupled non-linear partial differential equations are reduced into a set of non-linear ordinary 
differential equations employing similarity transformation. Furthermore, by using the Run-
ge-Kutta method followed by the shooting technique, the transformed equations are solved. 
The main goal of this study is to investigate the numerical analysis of nanofluid flow within 
the boundary layer region with the effects of the microrotation parameter and velocity ratio 
parameter. The novelty of this paper is to propose a numerical method for solving third-order 
ordinary differential equations that include both linear and nonlinear terms. To understand 
the physical significance of this work, numerical analyses and tabular displays of the skin fric-
tion coefficient, Nusselt number, and Sherwood number are shown. The new approach of the 
present study contributes significantly to the understanding of numerical solutions to nonlin-
ear differential equations in fluid mechanics and micropolar fluid flow. Micropolar fluids are 
becoming even more of a focus due to the desire for engineering applications in various fields 
of medical, mechanical engineering, and chemical processing.
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INTRODUCTION 

The micropolar fluid attracted a great deal of interest 
from the researcher due to its importance in various fluid 
fields. The micropolar fluid is the sub-class of micro flu-
ids that exhibits the effects and inertia of micro-rotation. 
Couple stress and body couples are supported by the micro-
polar fluids. The bar-like elements containing fluids can 
effectively symbolize the micropolar fluids. Micropolar 
fluid is a type of anisotropic fluid like liquid crystals com-
posed of dumbbell molecules. Animal blood is also this 
type of fluid. Eringen [1] has introduced a fluid model 
which demonstrates several microscopic effects that arise 
from the micro-motion as well as the local formation 
of fluid constituents. The fluids which are consisting of 
inflexible, indiscriminately oriented, or spherical species 
suspended in the viscous medium are symbolized by the 
micropolar fluid model and have ignored the particles’ 
deformation. “Micropolar fluids have been shown to accu-
rately simulate the flow characteristics of polymeric addi-
tives, geo-morphological sediments, colloidal suspensions, 
hematological suspensions, liquid crystals, lubricants, 
etc.”[2]. Various authors have investigated heat and mass 
transfer boundary layer flow considering micropolar fluid 
in different physical situations. Srinivasacharya et al. [3] 
studied the boundary layer free convective flow consider-
ing variable wall temperature as well as a concentration in 
stratified micropolar fluid on a vertical plate. It was noticed 
that when stratification is present, the sign of microrota-
tion changes within the boundary layer region from neg-
ative to positive values. Khalid et al. [4] have investigated 
natural convection heat and mass transfer boundary layer 
flow in a micropolar fluid. For this, they have considered 
the unsteady flow over an infinite oscillating vertical plate 
and found that the velocity of Newtonian fluid is larger than 
the velocity of the micropolar fluid. Many researchers have 
a great interest in the study of nanofluids because of their 
several applications in different fields like automotive, elec-
tronics, computing technology, communications, optical 
devices, material processing, lasers, medicine, and material 
amalgamation, etc., while heat dissipation is required. In 
1995, Choi and Eastman [5] first invented the nanofluids 
notion and they have observed high thermal conductivities 
demonstrated by nanofluids owing to the existence of solid 
particles which are nanometer (nm) sized. Some authors [6 
-12] have studied mixed convective heat and mass transfer 
considering different types of nanofluids with diverse con-
ditions as well as their various applications such as Jilte et 
al.[13] have tested heat sink cooling concert and focused on 
the geometry of four channels liquid-cooled heat sink con-
figured in an alternate flow passage concentric shape as well 
as found that the sink of nanofluid cooled heat compared 
with water rejected a higher heat rate, on the other hand, 
Jilte et al. [14] have presented two systems of organizing 
cooling component which is liquid circulated battery cool-
ing systems (LcBS) and liquid-filled battery cooling systems 

(LfBS) containing water-based nanofluid (Alumina 40nm 
diameter nanoparticles) and the results showed that the 
production and implementation of Li-ion batteries are eas-
ier in electric vehicles for the modular nature of both bat-
tery cooling system and LfBS uncomplicated in operation. 
While the turbulent effect is ignorable, the thermophore-
sis, as well as Brownian diffusion, play an important role 
in the fluid flow and Buongiorno [15] has recommended 
a model considering the consequence of thermophoresis 
and Brownian diffusion and found that an essential decline 
of viscosity for a heated fluid in the boundary layer which 
enhanced heat transfer. A few researchers [16-18] investi-
gated the convective boundary layer flow in diverse fields 
employing the Buongiorno model. 

Due to its use in a variety of sectors, including MHD 
power generators, plasma studies, nuclear reactor cooling, 
the petroleum industry, crystal development, and bound-
ary layer control in aerodynamics, magnetohydrodynamics 
(MHD) plays a significant role in the study of free convec-
tion flow. Pavlov [19] has investigated the MHD boundary 
layer flow over a stretching surface. In his study, he consid-
ered a uniform magnetic field and obtained exact similar-
ity solutions. The viscoelastic fluid flow past a stretching 
surface has been investigated considering a transverse mag-
netic field [20]. In this regard, he has obtained a set of the 
exact solution and found that a transverse magnetic field 
has a similar effect as the viscoelasticity on the fluid flow. 
On the other hand, Kasiviswanathan and Gandhi [21] have 
determined a set of the exact solution for the flow of micro-
polar fluid between infinite non-coaxial revolving disks 
in the presence of magnetic field effect and observed that 
the velocity profile is deformed as well as the magnitude 
of micro-rotation components vector is diminished for the 
enhance in Hartmann number. Chamkha et al. [22] have 
investigated the MHD dominated Cu-water nanofluid flow 
in a porous enclosure and found that for all values of heat 
generation parameter inside the porous cavity the entropy 
generation is decreasing for increasing the nanoparticles 
volume fraction and miniature volume fraction of nano-
fluid has a significant consequence on the thermal render-
ing. The Falkner-Skan equation (F-SE) plays a substantial 
role in the augmentation of fluid dynamics. “The Falkner–
Skan equation, a third-order ordinary differential equation 
over a semi-infinite domain was originally developed in 
1931 by Falkner and Skan [23] from a similarity analysis 
on the steady, two-dimensional, boundary-layer flow of an 
incompressible, viscous fluid over a wedge [24]”. Several 
researchers [25-28] have reviewed flow over a wedge. The 
flow with a triangular shape is called a wedge flow. In the 
procedure under consideration, it can be utilized to pull 
up one object while keeping another in a plane. The wedge 
transforms the lateral force into a crosswise splitting force. 
Later, several authors [29-31] investigated the analytical and 
numerical solutions of the flow past a wedge considering 
different flow properties. In high-temperature operating 
systems radiation has a great impact on the heat and mass 



J Ther Eng, Vol. 10, No. 2, pp. 330−349, March, 2024332

transfer of the fluid flows. Many processes are carried out 
at a high temperature in the fluid of engineering. In such 
circumstances, the investigation of radiative heat trans-
fer plays a vital role in the choice of suitable equipment. 
There aren’t many industries that produce gas turbines, 
radioactive and nuclear power plants, manmade satel-
lites, aircraft, weapons, wind turbines, and other things. 
Dogonchi et al. [32] have investigated the consequence of 
radiation and heat source on the heat transfer of nanofluid 
flow and found significant effects of nanofluid volume 
fraction and radiation parameter on the Nusselt number. 
Zheng et al. [33] have found a significant consequence of 
radiation parameters on the heat transfer of nanofluid flow 
in their investigation. Ahmed et al.[34] have investigated 
MHD mixed convection water-based micropolar nanoflu-
ids flow in trapezoidal areas numerically and found that 
average Nusselt number enhances for decreasing values 
of Richardson number as well as dimensionless viscosity, 
heat source location, Hartmann number have an essential 
consequence on the average Nusselt number. Bagh et al.[35] 
have studied the g-jitter effects on mixed convection for the 
two colloidal liquids flow which are the alone micropolar 
nanofluid such as copper/water and micropolar hybrid 
nanofluid such as alumina-copper/water and observed the 
distinguished increased performance of hybrid nanofluids 
in the upper space of inclined sheet g-jitter influenced flow. 
They also found that the variation of skin friction coeffi-
cient and heat flux gradient enhanced with larger values of 
inflection amplitude. Kasmani et al.[36] investigated the 
double-diffusive convective boundary layer nanofluid flow 
past a moving wedge with the effects of Soret and Dufour 
in the presence of suction and found that the temperature 
enhances with increasing effect of the Soret parameter as 
well as declines for the increasing effect of Dufour parame-
ter and the opposite trend arises in case of the mass transfer 
rate. Ashraf et al.[37] have studied the steady MHD con-
vective tangent hyperbolic nanofluid flows across an elastic 

surface with the impact of thermal radiation and thermal 
conductivity. And they observed that for the increasing 
effects of the Weissengberg number and power-law index, 
the velocity profile decreased but the temperature profile 
increased. Ahmed et al. [38] have identified the conse-
quences of thermal conductivity as well as dynamic viscosity 
on the boundary layer flow of nanofluid and characteris-
tics of heat transfer over a stretching permeable tube with 
a heat source/sink. The skin friction coefficient decreases, 
on the other hand, the local Nusselt number increases for 
the effects of the Reynolds number and suction/injection 
parameter. The new approach of the present study contrib-
utes significantly to the understanding of numerical solu-
tions to nonlinear differential equations in fluid mechanics 
and micropolar fluid flow. Micropolar fluids are becoming 
even more of a focus due to the desire for engineering appli-
cations in various fields of medical, mechanical engineer-
ing, and chemical processing. This study looks into how 
thermophoresis and Brownian diffusion affect convective 
heat and mass transfer boundary layer micropolar fluid 
flow over a stretching wedge-shaped surface in the presence 
of thermal radiation and chemical reaction.

MATHEMATICAL MODEL WITH FLOW 
CONFIGURATION

The two-dimensional steady convective boundary layer 
flow of viscous, incompressible, and electrically conducting 
fluid and heat transfer of micropolar fluid over a stretching 
wedge-shaped surface considering chemical reaction and 
radiation effects are demonstrated in this study. Coordinate 
system and configuration of flow as shown in Figure 1. The 
Cartesian coordinate x- and y-axes are determined along 
and normal to the surface of the wedge, respectively. Fluid 
velocities such as u and v act along x- and y- axes, corre-
spondingly. Uw(x) = axm, where a > 0, is the stretching 

Figure 1. Geometric configuration of wedge flow.
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wedge velocity and  U(x) = bxm is the free stream veloc-
ity outside the boundary layer of the micropolar fluid. In 
Figure 1, Ω = πβ is the wedge angle where β is the Hartree 
pressure gradient.

Under the above assumptions, the basic equations are 
considered as [39]: 

  
(1)

  
(2)

  
(3)

  

(4)

  
(5)

With boundary conditions according to [40]:

It is to be noted that, “ s is a constant such that 0 ≤ s ≤ 
1. At the wedge surface (i.e. at y = 0), N = 0, while s = 0. 
It represents the flow of concentrated particles in which the 
microelements closed to the wall surface are unable to rotate. 
This case is also known as a strong concentration of micro-
elements. The antisymmetric part of the stress tensor will 
vanish when s = 0.5 consequently concentration of microele-
ments becomes weak. Whereas, the case s = 1 is used for the 
modeling of turbulent boundary layer flows [41]”. 

Considering Rossel and approximation the radiative 
heat flux can be written as 

   
(6)

where  is the Stefan-Boltzmann constant as well as k* 

the mean absorption coefficient, and T 4 stand for the linear 
sum of the temperature. Applying Taylor series expansion 
T 4 can be expanded T∞ as:

  (7)

The temperature differences are considered very small, 
so ignoring the higher order terms involving (T − Too , Eq. 
(7) one can be written as:

  (8) 

Inserting Eq. (8) into Eq. (6) one can be obtained

   
(9)

Therefore Eq. (3) can be written in the form

 , 

(10)

To transfer the set of PDEs (Eqs. (2), (3), (5), and (10)) 
into a set of dimensionless ODEs introduce the following 
similarity transformations:

  

(11)

where Cw is the concentration at the stretching surface 
and Tw is convective fluid temperature. Using Eq. (11) in 
Eqs. (2), (3), (5), and (10), one can be determined the fol-
lowing ODEs: 

  (12)

  
(13)

  
(14)

  (15)
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with transformed boundary conditions
 

, , 
 

.

Where, , Hartree pres-

sure gradient, , Coupling constant parameter, 

, magnetic parameter, , Grashof 

number, , modified Grashof number 

, micropolar parameter, , 

vortex viscosity constraint, , Prandtl number, 

, thermal radiation parameter, , Brownian 

motion parameter, , Thermophoresis 

parameter, , Heat generation parameter, 

, Schmidt number, , 

Biot number, , stretching parameter, , 

and chemical reaction parameter, .

In the case of A > 0 and A < 0 the wedge moves in the 
same and opposite directions, respectively. On the other 
hand, the wedge will be static while A = 0 [42]. The skin 
friction coefficient, Nusselt number, Sherwood number, 
and couple stress coefficient are the physical quantities of 
engineering interest. One can be defined as:

,  and  indicate the shear stress, the transfer rate 
of heat, and mass per unit area of the surface, respectively. 
The three quantities are defined as 

   
(16)

With the aid of the above equation (Eq. (16)), one 
can determine the one-dimensional form of Cf, Nu and 
Sh, Cr which are proportional to  and 

 respectively.

Solution Procedure
It is impossible to find the exact solution of higher-or-

der nonlinear coupled ordinary differential equations 
(CODEs). Therefore the numerical solution of the CODEs 
Eqs. (12) - (15) with boundary conditions are obtained 

for the diverse values of concerned physical parame-
ters employing the Runge-Kutta fourth-order method by 
exploiting symbolic software MATLAB. In this regard Eqs. 
(12) - (15) along with boundary conditions are converted 
into a set of first-order ODEs and then are situated into the 
MATLAB numerical software code to find the solutions. 
Let us consider into account

  (16)

   (17)

 , 
(18)

 

 , 
(19)

 , (20) 

with boundary conditions 

  (21) 

The numerical results of velocity (f '), temperature (θ), 
and nanoparticle volume fraction (ϕ), angular velocity (h) 
profiles are calculated for diverse values of obtained phys-
ical parameters and presented graphically, as well as dis-
cussed physical viewpoint.

RESULTS AND DISCUSSION 

The Investigations are conducted on the impacts of the 
relevant physical parameters on the velocity, temperature, 
and concentration profiles. Equations (11) through (14) 
are dimensionless coupled nonlinear ordinary differen-
tial equations having boundary conditions (Eq.21) that are 
numerically solved using the fourth-order Runge-Kutta 
(RK) technique and the shooting approach. This results in 
the conversion of Eqs. (11) through (14) into nine first-order 
ordinary differential equations including boundary condi-
tions, described in Section 3. The typical values of the rele-
vant physical parameters (especially the Prandtl number and 
Grashof number are taken for the water and the cool sur-
faces, respectively) are taken into consideration for numer-
ical solutions as coupling constant parameter (0.01 ≤ B1 ≤ 
0.05), magnetic parameter (1.0 ≤ M ≤ 15.0), Grashof number 
(0.3 ≤ Gr ≤ 0.9), modified Grashof number (0.3 ≤ Gm ≤ 0.8), 
micropolar parameter (2.0 ≤ G2 ≤ 7.5) vortex viscosity con-
straint (0.02 ≤ G1 ≤ 0.2), Prandtl number (7.0 ≤ Pr ≤ 15.0), 
thermal radiation parameter (0.25 ≤ R ≤ 0.50), Brownian 
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motion parameter (0.2 ≤ Nb ≤ 0.62), thermophoresis param-
eter (0.04 ≤ Nt ≤ 0.10), heat generation parameter (0.1 ≤ Q ≤ 
0.5), Biot number (0.65 ≤ Bi ≤ 1.0), stretching parameter (0.2 
≤ A ≤ 0.5), Lewis number (3.0 ≤ Le ≤ 7.0), and chemical reac-
tion parameter (0.2 ≤ K ≤ 0.7). In this section, the impacts of 
the relevant parameters on velocity, temperature, concentra-
tion, and angular velocity are discussed in detail.

Effect of the Magnetic Parameter (M)
Figure 2 depicts the velocity (f '), temperature (θ), concen-

tration (ϕ), and angular velocity (h) profiles for the effect of 
the magnetic parameter (M). For higher values of the mag-
netic parameter, a substantial resistive force called the Lorentz 

force opposes the fluid motion, and as a result, the rate of heat 
transfer within the boundary layer increases. It indicates that 
one of the sources of fluid ruggedness and heat transport is 
symbolized by the magnetic field. Once higher values of M the 
velocity (concentration) profile enhance in the range 0 < η < 
2.5 (0 < η < 1) depict in Figures 2a and c, respectively, while the 
temperature (concentration) profile decreases in the range 0 ≤ 
η < 2 (1 ≤ η< 2) for enhancement of M elucidating Figures 2b 
and c, respectively. Figures 2a and b also show that, due to the 
influence of the magnetic parameter, the momentum bound-
ary layer is growing and the thermal boundary layer is shrink-
ing. On the other hand, weak Lorentz force (excited for the 
effect of magnetic field) guides to deprecation in temperature 

Figure 2. Influence of M on (a) f '(η), (b) θ(η), (c) ϕ(η), and (d) h(η) profiles, taking remaining parameters as  m = 0.1, Gr = 0.3, Gm 
= 0.3 , β = 0.1,  Le = 5,  R = 0.4,  Pr = 10,  Nt = 0.1, Nb = 0.2, Q = 0.5, K = 0.5, Bi = 1.0, A = 0.2, B1 = 0.01, G1 = 0.1, G2 = 2.0, s = 0.1.
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and development in velocity profile with prosperous values 
of the magnetic parameter. Figure 2d elucidates the angular 
velocity profile (h) for the increasing effect of M. It is seen from 
the figure that the h is decreasing for increasing values of M in 
the limit 0 ≤ η < 4 and then static. 

Effect of Lewis Number (Le)
Figure 3a exhibits the effect of Lewis number (Le) on 

the velocity profile (f ') and found that Le has an inconse-
quential increasing effect of f '. With increasing values of Le 
the temperature, the profile is increasing in the range 0 ≤ η 
< 1.8  and then static, which depicts in Figure 3b. Figure 3c 

reveals the concentration profile (ϕ)  for the effect of Le and 
it is observed that ϕ is decreasing near the wedge surface (0 
≤ η < 1), but a few distances from the wedge’s surface, it is 
rising in the range 0 ≤ η < 1.8  before becoming static due to 
the improvement of Le. The Lewis number (Le) is the ratio 
of thermal and mass diffusivities, so while the values of Le 
enhance, then the rate of thermal diffusion goes ahead to 
the rate of mass diffusion, and in the fullness of time, the 
concentration profile declines illustrates in Figure 3c. The 
effect of Le on the angular velocity profile predicts in Figure 
3d and it is seen from the figure that the angular velocity 

Figure 3. Influence of Le on (a) f '(η), (b) θ(η), (c) ϕ(η), and (d) h(η) profiles, taking remaining parameters as M = 1.0, m = 0.1, Gr 
= 0.3, Gm = 0.3, β = 0.1, R = 0.4, Pr = 10, Nt = 0.1, Nb = 0.2, Q = 0.5, K = 0.5, Bi = 1.0, A = 0.2, B1 = 0.01, G1 = 0.1, G2 = 2.0, s = 0.1.
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decreases in the range 1 ≤ η < 2.4 and then there is no effect 
of Le on the angular velocity profile.

Effect of Prandtl Number (Pr)
The impact of the Prandtl number (Pr) on the velocity, 

temperature, concentration, and angular velocity profiles is 
depicted in Figures 4a, b, 4c, and d, respectively. Figure 4a 
demonstrates that the Prandtl number has a slight rising 
effect on the velocity profile (f ') at a small distance from the 
wedge surface. On the other hand, as the Pr increases, the 
temperature profile rises close to the wedge surface in the 
range 0 ≤ η < 1.5, and there is no longer an effect, as seen 
in Figure 4b. This phenomenon physically ascribes as, due 

to the larger value of Pr increases the viscous forces of the 
micropolar fluid with large values of η, consequently the 
temperature profile increases in the vicinity of the wedge 
surface. The variation of the concentration profile detects in 
Figure 4c for the different values Pr and the result indicates 
that the concentration profile declines close to the wedge sur-
face (in the range 0 ≤ η < 0.9 ) while it is increasing far from 
the wedge surface (1 ≤ η < 2) and then static with enhance-
sof Pr. These phenomena explain as, for the raising values of 
the Prandtl number the nanoparticles accumulated into the 
wedge surface, as a result, the nanoparticle volume fraction 
profile decrease at the wedge surface and increase far from 
the wedge surface. The effect of Pr on the angular velocity 

Figure 4. Influence of Pr on (a) f '(η), (b) θ(η), (c) ϕ(η), and (d) h(η) profiles, taking remaining parameters as M = 1.0, m = 0.1, Gr 
= 0.3, Gm = 0.3, β = 0.1, Le = 5, R = 0.4, Nt = 0.1, Nb = 0.2, Q = 0.5, K = 0.5, Bi = 1.0, A = 0.2, B1 = 0.01, G1 = 0.1, G2 = 2.0, s = 0.1.
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profile predicts Figure 4d and the graphic illustrates how the 
angular velocity declines in the range 0 ≤ η < 2.2 and then has 
no further impact on the angular velocity profile. 

Effect of Brownian Motion Parameter (Nb)
Figure 5a reveals the effects of the Brownian motion 

parameter (Nb) on the velocity profile (f ') and it is seen that 
the velocity profile is found to decrease for increasing lev-
els of Nb and progressively increase over η. On the other 
hand, it is observed from Figure 5b that in the vicinity of 
the wedge surface, the temperature profile is decreasing for 
the effect of Nb. It is also observed that for small values of 
Nb the increasing rate of temperature is perceptible. The 

temperature profile of the fluid and the related thermal 
boundary layer decline because smaller nanoparticles main-
tain a correlation with higher amounts of Nb. For the effect 
of Nb, the concentration profile increases in the vicinity of 
the wedge surface, while it is decreasing far from the wedge 
surface which is observed in Figure 5c. The motion of the 
nanoparticles is raised by using higher values of Nb, which 
causes the concentration profile to grow close to the wedge 
surface while decreasing farther away. Figure 5d divulges 
the angular velocity profiles (h) for the increasing effect of 
Nb. It is seen that the h is increasing for increasing values 

Figure 5. Influence of Nb on (a) f '(η), (b) θ(η), (c) ϕ(η), and (d) h(η) profiles, taking remaining parameters as M = 1.0, m = 0.1, Gr 
= 0.3, Gm = 0.3, β = 0.1, Le = 5, R = 0.4, Pr = 10, Nt = 0.1, Q = 0.5, K = 0.5, Bi = 1.0, A = 0.2, B1 = 0.01, G1 = 0.1, G2 = 2.0, s = 0.1.
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of Nb in the limit 0 ≤ η < 2  and then there is no effect and 
finally, it will be static for η > 4.

Effect of Thermophoresis Parameter (Nt)
Figure 6 demonstrates the velocity, temperature, con-

centration, and angular velocity profiles for the effect of the 
thermophoresis parameter, Nt. As can be observed from 
Figure 6a, the velocity profile is slightly increased by the 
thermophoresis parameter. The flow steams warm up by 
thermophoresis, aggravating nanoparticle deprivation in 
the process. This emphasizes the fluid velocity and speeds 
up the motion of the nanoparticles. When it comes to the 
analysis of the temperature and concentration profiles for 

nanofluid flow, the thermophoresis parameter is essential. 
For the consequences of Nt the temperature and concen-
tration profiles are presented in Figures 6b and c, respec-
tively. For the increasing effect of Nt, the temperature 
profile increases in the vicinity of the surface of the wedge, 
and away from the wedge surface, the temperature profile 
becomes static as η → ∞ depicted in Figure 6b. This means 
that for the effect of the thermophoresis parameter the 
thermal boundary layer is thicker in the surrounding area 
of the wedge surface and away from the wedge surface the 
boundary layer thickness is consistent. Therefore, because 
of the collision between elevated thermal energy and low-
grade energy particles the heat transfer rate increases. From 

Figure 6. Influence of Nt on (a) f '(η), (b) θ(η), (c) ϕ(η), and (d) h(η) profiles, taking the remaining parameter as M = 1.0, m = 0.1, 
Gr = 0.3, Gm = 0.3, β = 0.1, Le = 5, R = 0.4, Pr = 10, Nb = 0.2, Q = 0.5, K = 0.5, Bi = 1.0, A = 0.2, B1 = 0.01, G1 = 0.1, G2 = 2.0, s = 0.1.
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Figure 6c it is found that in the case of the concentration 
profile, there is a point of intersection and the nanoparti-
cle volume fraction profile is decreasing before the point, 
the concentration profile increasing after the point for the 
increasing effect of Nt. Figure 6d elucidates the effect of the 
thermophoresis parameter, Nt on the angular velocity (h) 
and found that in the range 0 ≤ η < 2.5 the angular velocity 
decreases with an increase of Nt and there is no effect in the 
range η > 2.5, finally, it becomes static in the range η > 4.

Effect of Biot Number (Bi)
Figure 7a depicts the velocity profile due to the increas-

ing effect of Biot number (Bi) and observed that the veloc-
ity profile, as well as momentum boundary thickness, 

are increasing. The effect of Bi in the temperature and 
nanoparticle volume fraction profiles elucidates Figure 
7b and c, respectively. From Figure 7b it is seen that the 
temperature profile is increasing in the range 0 < η < 1.75 
with the enhancement of Bi, besides from Figure 7c it is 
observed that the concentration profile is decreasing in the 
interval 0 < η < 1 and then increasing in the range 1 ≤ η < 
1.9  for the increasing effect of Bi. In the range 0 < η < 1 , the 
concentration boundary layer thickness decline, while that 
of enhanced for the effect of Bi in the range 1 ≤ η < 1.9 . It 
is clear that as the Biot number rises, the buoyant force also 
rises, which causes the fluid’s thermal energy to rise more 
quickly. The increase in fluid density and temperature, as 

Figure 7. Influence of Bi on (a) f '(η), (b) θ(η), (c) ϕ(η), and (d) h(η) profiles, taking remaining parameters  as M = 1.0, m = 0.1, Gr 
= 0.3, Gm = 0.3, β = 0.1, Le = 5, R = 0.4, Pr = 10, Nt = 0.1, Nb = 0.2, Q = 0.5, K = 0.5, A = 0.2, B1 = 0.01, G1 = 0.1, G2 = 2.0, s = 0.1.
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well as the enhancement of the fluid’s flow by the buoyancy 
force, are necessary for the thermal energy’s extensibility. 
The Biot number is a measure of how the body’s internal 
conductive resistance compares to its surface-level convec-
tive resistance. Therefore, as the Biot number increases, the 
surface’s heat resistance decreases and its temperature rises 
as a result of enhanced convection. Figure 7d describes the 
angular velocity (h) for the increasing effect of Bi and found 
that the h is decreasing in the range 0 ≤ η < 2.2 , while in the 
range 2.2 ≤ η < 4.2 there is no effect of Bi on h, and then the 
angular velocity becomes static.

Effect of Chemical Reaction Parameter (K)
Figures 8a and b display the velocity and tempera-

ture profiles for the increasing effect of chemical reaction 
parameter (K) and found that in the vicinity of the surface, 
the velocity profile decreases in the range 0 < η < 2.7 and 
then becomes static in the limit η ≥ 2.7, and for the effect of 
K the temperature profile also decreases in the interval 0 < 
η < 1.7 and then becomes static. It is also observed that on 
the surface the temperature profile increases and then grad-
ually decreases with time. Consequently, the momentum, 
as well as thermal boundary layer thickness, is decreasing 

Figure 8. Influence of K on (a) f '(η), (b) θ(η), (c) ϕ(η), and (d) h(η) profiles, taking remaining parameters as M = 1.0, m 
= 0.1, Gr = 0.3, Gm = 0.3, β = 0.1, Le = 5, R = 0.4, Pr = 10, Nt = 0.1, Nb = 0.2, Q = 0.5, Bi = 1.0, A = 0.2, B1 = 0.01, G1 = 0.1, 
G2 = 2.0, s = 0.1.
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with enhances of K. The chemical reaction insertion in the 
flow scheme is a well-organized method to control the mass 
and heat transfer. Therefore, the chemical reaction guides 
the amendment of the flow characteristics. On the other 
hand, the application of chemical reactions is intercon-
nected with the fields of medicine, manufacturing, and so 
on. Therefore, the influence of chemical reaction (K) on the 
concentration profile is displayed in Figure 8c and found 
that the concentration profile is increasing (decreasing) in 
the interval 0 ≤ η < 0.9 (0.9 ≤ η < 1.9) with the enhance-
ment of K. Consequently, the concentration boundary layer 
thickness grows up and declines due to the enhancement 

of K the neighborhood of the wedge surface and far from 
the wedge surface, respectively. For the effect of chemical 
reaction (K) the angular velocity increases in the range 0 
≤ η < 2.5 and there is no effect of K on angular velocity in 
the range 2.5 ≤ η < 4 , finally, the angular velocity follow the 
static condition for any η (η ≥ 4) depicts in Figure 8d.

Effect of Radiation Parameter (R)
The effect of radiation parameter (R) on velocity, 

temperature, concentration, and angular velocity pro-
files reveal in Figures 9a, b, c, and d, respectively. It is 
observed from Figure 9a that R has an increasing effect 
on the velocity profile in the range 0 ≤ η < 2.2 and then 

Figure 9. Influence of R on (a) f '(η), (b) θ(η), (c) ϕ(η), and (d) h(η) profiles, taking remaining parameters taking as M = 1.0, m = 0.1, 
Gr = 0.3, Gm = 0.3, β = 0.1, Le = 5, Pr = 10, Nt = 0.1, Nb = 0.2, Q = 0.5, K = 0.5, Bi = 1.0, A = 0.2, B1 = 0.01, G1 = 0.1, G2 = 2.0, s = 0.1.
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becomes static. Figures 9b and c expound the tempera-
ture and concentration profiles, respectively for the vari-
ation of radiation parameters, R. From Figure 9b it is 
observed that the temperature profile is increasing for 
the effect of R in the range 0 ≤ η < 1.8, consequentl, the 
thermal boundary layer increases as well. The tempera-
ture profile and the thermal boundary layer rise because 
more energy enters the system due to the increased values 
of the radiation parameter. It is seen from Figure 9c that 
there exists a point of intersection and the concentration 
profile is decreasing before the point and after the point, 
the nanoparticle volume fraction profile is increasing 
for enhancement of R. Consequently, the concentration 

boundary layer is decreasing as well as increasing for the 
effect of R in the surrounding area and away from the 
wedge surface, respectively. In the vicinity of the wedge 
surface, the angular velocity profile decreases with the 
increasing effect of R depicted in Figure 9d.

Effect of Vortex Viscosity Constraint (G1)
Figure 10 demonstrates the velocity, temperature, con-

centration, and angular velocity profiles for G1 = 0.020, 
0.065, 0.070, and 0.100, taking the remaining parameters 
are constant. Figure 11a displays the effect of G1 on the 
velocity profile. Velocity profile as well as momentum 
boundary layer thickness increase in the range 0 ≤ η < 2.5  
and then follow the static condition for large values of η (η 

Figure 10. Influence of G1 on (a) f '(η), (b) θ(η), (c) ϕ(η), and (d) h(η) profiles, taking remaining parameters as M = 1.0, m = 0.1, 
Gr = 0.3, Gm = 0.3, β = 0.1, Le = 5, R = 0.4, Pr = 10, Nt = 0.1, Nb = 0.2, Q = 0.5, K = 0.5, Bi = 1.0, A = 0.2, B1 = 0.01, G2 = 2.0, s = 0.1.
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≥ 2.5). In the vicinity of the wedge surface, the tempera-
ture (concentration) profiles decrease which reveals Figure 
10b (Figure 10c). From Figure 10c, it is observed that being 
far away from the wedge surface G1 leads to increasing the 
concentration profile. Figure 10d exposes the effect of G1 
on the angular velocity profile and found that in the range 
0 ≤ η < 2.2 the angular velocity profile decreases, and at a 
certain range 2.2 ≤ η < 4.2 there is no effect of G1.

Effect of Micropolar Parameter (G2)
Figure 11a demonstrates the velocity profile G2 = 

2.0, 2.5, 4.5, and 7.5 taking the remaining parameters as 

constant. From Figure 11a it is seen that the velocity pro-
file decreases in the range 0 ≤ η < 2.2 , while it becomes 
static in the range η ≥ 2.2. Figure 11b displays the effect 
of G2 the temperature profile and found that tempera-
ture profile as well as thermal boundary layer thickness 
decrease in the vicinity of the wedge surface (0 ≤ η < 1.45)  
and then follows the static condition for large values of 
η (η ≥ 1.45). Near the wedge surface, the concentration 
profile increases in the range 0 ≤ η < 1 revealed in Figure 
11c. From Figure 11c, it is observed that being far away 
from the wedge surface G2 leads to decreasing the concen-
tration profile in the range 1 ≤ η < 2. Figure 11d exposes 

Figure 11. Influence of G2 on (a) f '(η), (b) θ(η), (c) ϕ(η), and (d) h(η) profiles, taking remaining parameters as M = 1.0, m = 0.1, 
Gr = 0.3, Gm = 0.3, β = 0.1, Le = 5, R = 0.4, Pr = 10, Nt = 0.1, Nb = 0.2, Q = 0.5, K = 0.5, Bi = 1.0, A = 0.2, B1 = 0.01, G1 = 0.1, s = 0.1.
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the effect of G2 on the angular velocity profile and found 
that in the range 0 ≤ η < 1.5 the angular velocity profile 
increases, and at a certain range 1.5 ≤ η < 5.0 the angular 
velocity decreases for the effect of G2.

Effect of Coupling Constant Parameter (B1) 
Figure 12a demonstrates the velocity profile B1 = 

0.1,0.2,0.4, and 0.5, taking the remaining parameters as 
constant. From Figure 12a it is observed that B1 has an 
insignificant decreasing effect on the velocity profile in the 
range 0 ≤ η < 2.5 , while it becomes static in the range η 
≥ 2.5. Figure 12b displays the temperature profile for B1 = 
0.1,0.2,0.4, and 0.5 and  and found that temperature profile 

as well as thermal boundary layer thickness decrease in 
the vicinity of wedge surface (0 ≤ η < 1.5) and then follow 
the static condition for large values of η (η ≥ 1.5). Near the 
wedge surface, the concentration profile increases in the 
range 0 ≤ η < 0.8 revealed in Figure 12c. From Figure 12c, 
it is observed that being far away from the wedge surface B1 
leads to decreasing the concentration profile in the range 
0.8 ≤ η < 1.7. Figure 12d exposes the effect of B1 on the 
angular velocity profile and found that in the range 0 ≤ η < 
1.8 the angular velocity profile increases, and in the range 
1.5 ≤ η < 5.0 there is no effect of B1.

Figure 12. Influence of B1 on (a) f '(η), (b) θ(η), (c) ϕ(η), and (d) h(η) profiles, taking remaining parameters as  M = 1.0,  m = 0.1,  
Gr = 0.3,  Gm = 0.3,  β = 0.1,  Le = 5,  R = 0.4,  Pr = 10, Nt = 0.1, Nb = 0.2, Q = 0.5, K = 0.5, Bi = 1.0, A = 0.2, G1 = 0.1, G2 = 2.0, s = 0.1.
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Correlation Analysis 
From Table 2 it is seen that β, Nb, K, and A are positively 

correlated with a velocity gradient but M, Le, and Nt are 
negatively correlated with a velocity gradient. Higher values 
of one variable tend to result in higher values of another 

variable whenever there is a positive correlation, but the 
opposite is true when there is a positive correlation. If the 
numerical values are 0.25 or above, the correlations between 
variables are statistically significant. So, from Table 2 it is 
also observed that the temperature gradient is positively 

Table 1. Skin friction coefficient (−f ''(0)), Nasselt number  (−θ'(0)), Sherwood number (−ϕ'(0)), and Couple stress coeffi-
cient (−h'(0)) for distinct values of M, β, Le, Nt, Nb, K, and A, taking remaining parameters as: m = 0.1, Gr = 0.3, Gm = 0.3, 
R = 0.4, Pr = 10, Q = 0.5, Bi = 1.0, B1 = 0.01, G1 = 0.1, G2 = 2.0, and s = 0.1.

M β Le Nt Nb K A − f ''(0) −θ'(0) −ϕ'(0) −h'(0)
1.0 0.1 5.0 0.1 0.2 0.5 0.2 -1.2784 -1.0919 0.5459 0.0061
5.0 0.1 5.0 0.1 0.2 0.5 0.2 -1.9507 -0.0123 0.0061 -0.0213
10.0 0.1 5.0 0.1 0.2 0.5 0.2 -2.6366 0.1687 -0.0843 -0.0508
15.0 0.1 5.0 0.1 0.2 0.5 0.2 -3.1834 0.2366 -0.1183 -0.0750
1.0 0.3 5.0 0.1 0.2 0.5 0.2 -1.3132 -0.8354 0.4177 0.0275
1.0 0.5 5.0 0.1 0.2 0.5 0.2 -1.3779 -0.7678 0.3839 0.0261
1.0 0.7 5.0 0.1 0.2 0.5 0.2 -1.4117 -0.5348 0.2674 0.0253
1.0 0.1 3.5 0.1 0.2 0.5 0.2 -1.0233 0.2937 -0.1469 0.0153
1.0 0.1 4.5 0.1 0.2 0.5 0.2 -1.2060 -0.6971 0.5459 0.0061
1.0 0.1 7.0 0.1 0.2 0.5 0.2 -1.4972 -2.2759 1.1379 -0.0017
1.0 0.1 5.0 0.04 0.2 0.5 0.2 -1.1064 -0.1393 0.0279 0.0123
1.0 0.1 5.0 0.05 0.2 0.5 0.2 -1.1201 -0.2164 0.0541 0.0118
1.0 0.1 5.0 0.07 0.2 0.5 0.2 -1.1732 -0.5104 0.1786 0.0099
1.0 0.1 5.0 0.1 0.25 0.5 0.2 -1.1663 -0.4855 0.1942 0.0101
1.0 0.1 5.0 0.1 0.45 0.5 0.2 -1.1491 -0.3821 0.0849 0.0107
1.0 0.1 5.0 0.1 0.62 0.5 0.2 -1.1443 -0.3513 0.0567 0.0110
1.0 0.1 5.0 0.1 0.2 0.2 0.2 -1.7712 -3.7799 1.8899 -0.0115
1.0 0.1 5.0 0.1 0.2 0.4 0.2 -1.4741 -2.1529 1.0765 -8.0455
1.0 0.1 5.0 0.1 0.2 0.7 0.2 -1.1657 -0.4875 0.2437 0.0101
1.0 0.1 5.0 0.1 0.2 0.5 0.3 -1.0428 -0.3889 0.1945 0.0081
1.0 0.1 5.0 0.1 0.2 0.5 0.4 -0.8546 0.0454 -0.0227 0.0084
1.0 0.1 5.0 0.1 0.2 0.5 0.5 -0.7121 0.2105 -0.1052 0.0070

Table 2. The correlation coefficient for the mentioned parameters of the skin friction f ''(0), the Nusselt number θ'(0), the 
Sherwood number ϕ'(0), and the couple stress coefficient h'(0) by taking 2nd order coefficient

  M β Le Nt Nb K A  f ''(0) θ'(0) ϕ'(0) h'(0)
M 1.00                    
β -0.13 1.00                  
Le 0.00 0.00 1.00                
Nt 0.14 0.14 0.00 1.00              
Nb -0.12 -0.12 0.00 0.13 1.00            
K 0.04 0.04 0.00 -0.04 0.04 1.00          
A -0.13 -0.13 0.00 0.14 -0.12 0.04 1.00        
f ''(0) -0.92 0.01 -0.13 -0.19 0.15 0.17 0.38 1.00      
θ'(0) 0.31 -0.01 -0.41 -0.16 0.09 0.68 0.27 0.03 1.00    
ϕ'(0) -0.29 0.02 0.38 0.19 -0.16 -0.67 -0.25 -0.04 -0.99 1.00  
h'(0) 0.06 0.08 0.00 -0.09 0.07 0.25 0.08 0.04 0.35 -0.35 1.00
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correlated with M, Nb, and K but negatively correlated with 
β, Le, Nt, and A respectively. The concentration is positively 
correlated with β, Le, and Nt but negatively correlated with 
M, Nb, K and A. Again, the couple stress coefficient is pos-
itively correlated with β, Le, M, Nb, K, and A but negatively 
correlated with Nt.

CONCLUSION 

Under consideration of the impact of the concerned 
physical parameters, a computational examination of the 
MHD boundary layer of micropolar fluid flow across a 
stretched wedge is carried out. The Buongiorno model is 
taken into account for this. The significant findings of this 
investigation are listed as : 
• The magnetic parameter act as a controlling parameter 

in this study because fluid velocity and the rate of tem-
perature enhance but the rate of mass transfer decreases 
within the boundary layer region consequence of the 
magnetic parameter. 

• The Brownian motion parameter acts as a source of 
cooling but the thermophoresis parameter acts as a 
heat source parameter because, within the boundary 
layer region, the temperature of the fluid decreases for 
the effect of the Brownian motion parameter on the 
other hand the reverse results arises for thermophoresis 
parameter. 

• The stretching or velocity ratio parameters act as a for-
mation of the boundary layer. While the surface velocity 
is less than the free stream velocity, the structure of the 
boundary layer will be inverted but the opposite shape is 
formed when the surface velocity is greater than the free 
stream velocity. In the study, one can find the reverse 
inverted shape boundary layer. 

NOMENCLATURE 

Latin alphabet 
Cp Specific heat at constant pressure [Jkg−1 K −1]
B0 Strength of transverse magnetic field [kg s−2 A−1]
u Velocity component of micropolar along x- direc-

tion [ms-1]
v Velocity component of micropolar along y- direc-

tion [ms-1]
Ω Wedge angle  
β The gradient of Hartree pressure [Nm-3]
σ* Stefan-Boltzmann constant [Wm-2K-4]
k* Mean absorption coefficient 
Uw The stretching velocity of the surface [ms-1]
U Free stream velocity of the fluid [ms-1]
f (η) Dimensionless stream function 
f '(η) Dimensionless velocity 
f ''(η) Dimensionless velocity gradient 
a Stretching rate constant 
b The free stream rate constant 
Q0 Heat generation 

K* Chemical reaction 
βT Volumetric coefficient of thermal expansion [K−1]
β*c Volumetric coefficient expansion of nanoparticle 

volume fraction 
g Acceleration due to gravity vector [ms-2]
T The dimensional temperature of the fluid [K]
Tw Convective fluid temperature [K]
T∞ Ambient nanofluid temperature [K]
C The dimensional nanoparticle volume fraction 

[kg m-3]
Cw Nanoparticle volume fraction at the stretching 

surface [kg m-3]
C∞ Free stream nanoparticle volume fraction [kg m-3]
DB Brownian diffusion coefficient [cm2 s -1]
DT Thermophoresis diffusion coefficient 
qr Radiative heat flux [Wm-2]
hf Coefficient of heat transfer 
k1 Coupling constant 
N micro-rotation or angular velocity [rads-1]
K Thermal conductivity [Wm-1K]
j Microinertia density 

Greek alphabet  
γ Spin gradient 
τ The ratio of nanoparticle effective heat capacity 

and base fluid heat capacity 
τw Shear stress [Nm-2]
σ Electrical conductivity [Sm-1]
ρ The density of the base fluid [kgm-3]
(ρCp)f Micropolar heat capacity 
α Thermal diffusivity of base fluid [m2s-1]
ν Kinematic viscosity of the base fluid [kg m-3]
J Stream function [m-2s-1]
θ(η) Dimensionless temperature 
θ'(η) Rate of temperature 
ϕ(η) The dimensionless nanoparticle volume frac-

tion 
ϕ'(η) Rate of nanoparticle volume fraction 

Dimensionless numbers/parameters  
M Magnetic parameter  
Gr Grashof number 
Gm Modified Grashof number 
Pr Prandtl number 
R Thermal radiation parameter 
Nb Brownian motion parameter 
Nt Thermophoresis parameter 
Q Heat generation parameter 
Sc Schmidt number 
Bi Biot number 
A Stretching parameter 
Le Lewis number 
K Chemical reaction parameter 
B1 Coupling constant parameter 
G1 Vortex viscosity constraint 
G2 Micropolar parameter 
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Qw Transfer rate of heat per unit area of the surface 
Qm Transfer rate of mass per unit area of the surface
Cf skin friction coefficient 
Nu Nusselt number 
Sh Sherwood number 

Abbreviations  
BL Boundary layer 
MHD Magnetohydrodynamic 
PDE’s Partial Differential Equations 
ODEs Ordinary Differential Equations 
CODEs Coupled Ordinary Differential Equations 
BCs Boundary conditions 
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