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MACHINE LEARNING IMPACT OF RADIATIVE BLOOD
FLOW OVER A WEDGE IN A TIME-DEPENDENT MHD

WILLIAMSON FLUID

P. PRIYADHARSHINIR1∗ AND V. KARPAGAM2

Abstract. The main objective of this research is to examine the radiation
effects of an unsteady MHD Williamson bio-fluid(Blood) over a wedge that
interacts with thermophoresis diffusion and Brownian motion. The necessary
prerequisites of partial differential equations (PDEs) ensure the development
of suitable mathematical frameworks for momentum, energy, and concentra-
tion. These appropriate nonlinear PDEs are frequently transmuted into ordi-
nary differential equations (ODEs) by implemented similarity transformation.
The results of these ODEs have a significant impact on the BVP4C approach
from the MATLAB package computational structures. The graphs and tab-
ular data provided the various values for pertinent parameters on the non-
dimensional velocity temperature, concentration profiles, and the numerical
values of skin friction, Nusselt number, and Sherwood number were found and
discussed in detail. A novel aspect of the research effort was the effective in-
corporation of multiple linear regression (MLR) employing machine learning
(ML), a statistical technique to forecast the physical quantities for present nu-
merical results with an accuracy of 95%. Finally, the response and predicted
variables were verified using linear regression. The potential benefit of these
outcomes is to develop novel therapeutic and diagnostic strategies for can-
cer treatment, as well as for a better understanding of medical problems and
designing more effective drug delivery systems. In particular, for significant
developments in computer technology and resources, the enormous computa-
tional cost of these simulations still keeps them from becoming a clinical tool.
An additional benefit is that the outcomes showed acceptable congruence with
the tangible findings of recent research and enlargements for future investiga-
tors.

1. Introduction and preliminaries

The current investigation explored the radiation effects of an unstable MHD
Williamson fluid blood flow over a wedge despite being affected by the ther-
mophoresis diffusion and Brownian motion. The impact of radiation on blood
flow has bio-medical implications for many different therapeutic modalities. Re-
cent studies support the effectiveness of heat therapy in reducing muscle spasms,
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myalgia (muscle pain), fibromyalgia, and irreversible muscle shortening (called
contracture in medicine). The majority of clinical studies, including those ex-
ecuted by et al. ([1]–[3]), examined that ultrasonic and infrared radiation af-
fects blood flow. In addition to the advantages of radiation heat transfer in blood
vessels already discussed, medical experts are especially concerned about the ra-
diation effect on blood when treating hyperthermia, which has a well-established
impact on oncology. Misra et al. [4] discovered theoretical estimates of blood
flow in arteries during the therapeutic procedure of electromagnetic hyperther-
mia utilized in cancer treatment to kill fast-growing cancer cells.

Mandal et al. [5] addressed an unstable study of the non-Newtonian blood
flow in tapered arteries under stenosis. Unsteady flow and mass mobility in fluid-
structure interaction-based stenotic artery simulations studied by Valencia et al.
[6]. The impact of the applied magnetic field on blood flow velocity resistance in
a fictitious stenotic artery because wall shear stress enhances to a considerable ex-
tent for steeper stenosis looked into Bali et al. [7]. The concentration of magnetic
nano-particles in biofluid (blood) under the influence of a high-gradient magnetic
field is represented numerically explored by Habibi et al. [8]. The flow of blood
via a tapering artery about stenosis impacted by heat transfer and chemical inter-
actions constructed for N S Akbar et al. [9]. Blood flow in a permeability-sloping
stretched visco-elastic dissipation, non-uniform heat source/sink, and chemical
reactions executed by S R R Reddy et al. [10].

The evaluations of heat transfer and flow past wedge-shaped entities sparked
a great deal of interest in both the engineering and chemical industries. Ground-
water pollution, packed bed reactors, geothermal energy, oil recovery, and aero-
dynamics are real-world utilizations for this fluid. This concept was initially
suggested by Falkner et al. [11]. Several differential techniques are applied to
solve the governing partial differential equations numerically. The literature on
physical processes has various references to the Falkner-Skan flow results. By
incorporating viscous dissipation as a variable in the energy equation, B L Kuo
et al. [12] established the convective flow of non-Newtonian Sisko liquid. The ef-
fects of thermal radiation on MHD-driven convection flow near a non-isothermal
wedge with a heat source or sink analyzed by Chamkha et al. [13]. K L Hsiao
et al. [14] reviewed MHD mixed convection for Visco-elastic fluid past a porous
wedge. The flow of a micro-polar fluid through a porous wedge containing ra-
diative surface boundaries that follow unstable hydro-magnetic forced convective
heat transmission inspected M S Alam et al. [15].

Williamson et al. [16] specified the experiment results of non-Newtonian pseudo-
plastic materials. In this model, the effective viscosity should continuously drop
as the shear rate increases. Implementation of pseudo-plastic boundary layers of
Williamson fluids employed in the industrial sector consists of higher molecular
weight polymer compounds, emulsion-coated polymer sheets used in extrusion,
and photographic films. S Sreenadh et al. [17] evaluated the impact of slip and
heat transfer on the peristaltic pumping of an investigation into Williamson fluid
in an inclined channel. C S Raju et al. [18] created the relationship between
the temperature of a heat source and the Casson and Williamson fluid flow on
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a stretched sheet of materials. The effects of thermophoresis and the Brown-
ian moment on the parabolic flow of magnetically-driven Casson and Williamson
fluids with cross-diffusion assessed by G Kumaran et al. [19]. O D Makinde
et al. [20] investigated the effects of thermal radiation and heat source/sink on
the boundary-layer flow of nanofluids through a nonlinear stretching sheet when
thermodynamic magnetism was applied.

C H Amanulla et al. [21] observed the effects of slip on the flow of an MHD
Williamson fluid via a vertical convective boundary employed numerical computa-
tion. Ahmed et al. [22] determined Magnetohydrodynamic Williamson nanofluid
flow past a rapidly rising barrier. The development of innovative computational
models for thermal conductivity and temperature-dependent viscosity-driven sta-
ble MHD convective flows of radiative Casson fluids across a horizontally extended
sheet in unstable geometry searched by Wakif et al. [23]. The numerical anal-
ysis of bio-convective nanofluid on a magnetohydrodynamic slip flow with step-
blowing achieved by Tuz et al. [24]. Basha et al. [25] constructed Blood nanofluid
flow for gyrotactic bacteria with three distinct geometries for numerical models.

The current research remarkable performance expectations provided for the
previously suggested successful outcomes by B L Kuo et al. [26], Ishaq et al.
[27], and Aamir Hamid et al. [28]. K Subbarayudu et al. [29] examined the
influence of blood flow in a wedge using the unsteady Williamson fluid as the
current investigation. From the literature review, the Williamson fluid model for
unsteady flows under radiation affects blood flow along a wedge. The preceding
experiment revealed that the Hartmann number raised for higher velocity, and
the Weissenberg number developed for lower velocity. The temperature profile
enhanced for the thermophoresis diffusion, Brownian motion, and radiation pa-
rameters all increased.

The four parts of this ongoing endeavor are the flow analysis, solution method-
ology, results and discussion, and conclusion. The present research study explored
the effects of thermophoresis and Brownian motion on blood flow radiating over
a wedge in a Williamson fluid. The MATLAB software BVP4C solver has been
utilized in the above experiment to establish a feasible numerical approach for
solving these equations under boundary conditions sufficient to the empirical
circumstance. The unique feature of the present study is the application of a
multiple linear regression analysis that was enhanced using a machine learning
technique to predict the accuracy of the outcomes and minimize the error. Fur-
ther analysis of this investigation implemented the linear regression technique to
validate the numerical and anticipated results. Finally, a conclusion of the nu-
merical and machine learning findings demonstrated excellent evidence of earlier
results. The present work focused on flow and heat transport in capillary blood,
with possible applications in clinical sciences, particularly thermal treatment for
cancer cells.

2. Flow Analysis

A two-dimensional unstable and viscous wedge-shaped MHD Williamson fluid
model with a consequence of Brownian motion and the thermophoresis effect.
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The streatching velocity is assumed to be uw(x, t) =
bxm

1−ct
. Here, b stands for the

stretching rate, and c represents a constant getting a dimension (time)−1. An
upward flow along the wedge axis described by a free stream velocity of ue(x, t) =
axm

1−ct
, where the positive constants are a, c, and m. The range of m is 0 ⩽ m ⩽ 1.

The wedge angle of the fluid must be Ω = βπ, where β = 2m
m+1

is related to
the temperature gradient. It should be absorbing capacity, releasing ability, and
the grey shade, but not distributing capability. A continuous magnetic field
is perpendicular to the wedge. The cross-sectional applied magnetic field, the
applied magnetic field, the external electric field, the charge polarization-related
electric field, and the magnetic Reynolds number are all tiny.

The wedge surface is affected by the external magnetic field, which is applied
regularly and has the formula B(t) = B0√

(1−ct)
. The stretching geometry serves as

the x-axis alignment in the Cartesian coordinate system utilized for this study,
with the y-axis often pointing outward from it. In our examination of heat trans-
port, the initial variables used were temperature and concentration at the wedge’s
surface. Tw(x, t) = T∞ + T0xuw

ν
√

(1−ct)
, and Cw(x, t) = C∞ + C0xuw

ν
√

(1−ct)
The beginning

values of T0 and C0 indicate the temperature and concentration. When y ap-
proached infinity, the free stream obtained the constant values T∞ and C∞. As-
suming electric fields are absent coming from the outside and a boundary layer.
The visual representation and geometric structure of the physical model under
investigation are demonstrated in Figure 1. Figure 2 depicted the flowchart of the
recommended technique in a streamlined format to highlight the relevant details.

y, v x, u

𝒖𝒆(x, t)

𝑢𝑤(x, t)
Ω = βπ

Figure 1. Proposed Geometrical diagram

The mathematical frameworks of governing equations on the continuity, mo-
mentum, energy, and concentration equations that were derived by et al. ([29],
[30], [31], [32]).

ux + vy = 0, (2.1)
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Figure 2. Flow Chart of Proposed Approach

ut + uux + vuy = uet + ueuex + νuyy
[
β∗ + (1− β∗)(1− Γuy)

−1
]
+

νΓuyuyy
[
(1− β∗)(1− Γuy)

−2
]
− σB2(t)

ρ
(u− ue),

(2.2)

It is significant to note that the governing partial differential Eq. (2.2) of Williamson
fluid flow reduced to the viscous fluid case when β∗ = 0 = Γ.

Tt + uTx + vTy = αTyy −
1

(ρc)f
qry + τ

[
DBCyTy +

DT

T∞
(Ty)

2

]
, (2.3)

The radiative heat flow qr is given after applying the Rosseland approximation
for visually thick fluid. Now introducing, qr = −4σ∗

3k∗
T 4
y ,

With the help of the Taylor series, the nonlinear component T 4 can be linearized
while retaining terms up to first order only by accounting for a little difference
between the fluid temperature inside the boundary layer and the atmospheric
fluid temperature. T 4 value represented as follows: T 4 ≊ 4T 3

∞T − 3T 4
∞,

After substituting T 4 value in qr the updated energy Eq. (2.3) is given by

Tt + uTx + vTy = αTyy +
16σ∗T 3

∞
3ρCPk∗1

Tyy + τ

[
DBCyTy +

DT

T∞
(Ty)

2

]
, (2.4)

Ct + uCx + vCy = DBCyy +
DT

T∞
Tyy. (2.5)

The boundary conditions are as follows:

u = uw, v = 0, T = Tw(x, t), C = Cw(x, t) at y = 0,

u→ ue, T → T∞, C → C∞ as y → ∞.
(2.6)
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Utilized the following non-dimensional quantities et al. [33] to build the flow
model without dimensions:

η = y

√
(m+ 1)ue

2νx
, ψ =

√
2νxue
(m+ 1)

f(η), θ(η) =
T − T∞
Tw − T∞

, ϕ(η) =
C − C∞

Cw − C∞
.

(2.7)
Thus, the continuity Eq. (2.1) is identically satisfied by the stream function
ψ(x, y, t). Then, we get the velocity components from u = ψy, v = −ψx, respec-
tively. We obtained the corresponding nonlinear ordinary differential conditions
by replacing the non-dimensional parameters described in Eqs. (2.2), (2.4), and
(2.5):[

β∗ + (1− β∗)
(
1−Wef

′′
(η)

)−2
]
f

′′′
(η) + f(η)f

′′
(η) + β

(
1− [f

′
(η)]2

)
−

A(2− β)
(
f

′
(η) +

η

2
f

′′
(η)− 1

)
−Ha2(2− β)

(
f

′
(η)− 1

)
= 0,

(2.8)

1

Pr

(
1 +

4

3
Rd

)
θ
′′
(η) +

(
f(η)θ

′
(η)− 2f

′
(η)θ(η)

)
− A

2
(2− β)

(
ηθ

′
(η) + 3θ(η)

)
+

Nbθ
′
(η)ϕ

′
(η) +Nt[θ

′
(η)]2 = 0,

(2.9)

1

Le

(
ϕ

′′
(η) +

Nt

Nb
θ
′′
(η)

)
− A

2
(2− β)

(
ηϕ

′
(η) + 3ϕ(η)

)
−

2f
′
(η)ϕ(η) + f(η)ϕ

′
(η) = 0.

(2.10)

The transformed boundary constraints are,

f(0) = 0, f
′
(0) = λ, θ(0) = 1, ϕ(0) = 1, at η = 0,

f
′
(∞) → 1, θ(∞) → 0, ϕ(∞) → 0, as η → ∞.

(2.11)

λ = b
a
is the wedge moving parameter. Stretching wedges have λ > 0, shrinking

wedges have λ < 0, and static wedges have λ = 0. Table 1 summarized the
values of the other dimensionless physical quantities.
τw represents shear stress along the stretched surface, qw is the tempera-

ture flow, and qm depicts mass flux in equation (2.12).

τw = µ0uy
[
β∗ + (1− β∗)(1− Γuy)

−1
]
y=0

, qw = −
[(
k +

16σT 3

3k∗

)
Ty

]
y=0

,

qm = −DB (Cy)y=0 .

(2.12)
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Table 1. Various Physical Parameters Values

S.No Name of the Physical Parameters Values of the Physical Parameters
1 Ratio of the viscosity β∗ = µ0

µ∞

2 The effective thermal diffusivity α = k
ρCP

3 Weissenberg number We =

√
Γ2(m+1)u3

e

2νx

4 Prandtl number Pr = µCP

k

5 Radiation parameter Rd =
4σ∗T 3

∞
kk∗

1

6 Unsteadiness parameter A = c
axm−1

7 The wedge angle parameter β = 2m
m+1

8 Hartmann number Ha2 =
ρB2

0

axm−1

9 Lewis number Le = ν
DB

10 Thermophoresis diffusion parameter Nt = τDT (Tw−T∞)
T∞ν

11 Brownian motion parameter Nb = τDB(Cw−C∞)
ν

12 Reynolds number Rex = xue

ν

13 Skin friction Cfx = τw
ρŪ2

w

14 Nusselt Number Nux
= xqw

k(Tw−T∞)

15 Sherwood Number Shx
= xqm

DB(Cw−C∞)

The dimensionless local skin friction, local Nusselt number, and local Sherwood
number are obtained with the help of Eq. (2.7) and Eq. (2.12).

Cfx

√
Rex =

1√
(2− β)

f
′′
(0)

[
β∗ + (1− β∗)

(
1−Wef

′′
(0)

)−1
]
,

Nux√
Rex

= −
(
1 +

4

3
Rd

)
θ
′
(0), and

Shx√
Rex

= −ϕ′
(0).

(2.13)

3. Solution Methodology

For this evaluation, two different problem-solving techniques were covered and
practiced. A numerical approach comes first, followed by a machine learning
technique. The MATLAB package BVP4C solver to carry out the numerical so-
lution technique. Higher-order achievable non-dimensional versions of ordinary
differential equations are the source of first-order ODEs. It is the primary ben-
efit of the MATLAB software BVP4C solver. The machine learning technique
employed in the multiple linear regression method was the second phase of this re-
search. Machine learning algorithms improve models by automatically producing
forecasts or decision-making processes. Single prediction and multiple response
variables showed a strong association, which led to the development of MLR, and
the coefficient in which the different flow conditions affected each of them were
all computed. In the end, the linear regression executed to determine the actual
and anticipated values of skin friction (Cfx), the Sherwood number (Shx), and
the Nusselt number (Nux).

3.1. Numerical Approach. The nonlinear ODEs are solved by the numerical
procedure executed in the MATLAB programming language built with BVP4C
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computation. These ODEs represented by the equations ((2.8) - (2.10)) and Eq.
(2.11) provided a set of boundary restrictions.

Gladwell et al. [34] created a MATLAB program to solve ordinary differential
equations. The BVP4C solver implementing MATLAB software to solve bound-
ary value problems for ordinary differential equations explored by L F Shampine
et al. [35]. Computational modeling of Williamson fluid cross-flow over a porous
shrinking/stretching surface involving a combination of hybrid nanofluid and ther-
mal radiation based on the finite difference approach, as per a novel technique of
this software identified by Umair Khan et al. [36]. This package for solving non-
linear ordinary differential equations along the curved moving surface produced
by the time-dependent micro-rotational blood flow by conducting gold particles
combined with the separate heat sources meticulously investigated by Y M Chu
et al. [37]. The main advantage of this software was higher-order achievable non-
dimensional versions of the original equations converted into first-order ODEs.

For introducing the new variables are

f = y1, f
′
= y2, f

′′
= y3, θ = y4, θ

′
= y5, ϕ = y6, ϕ

′
= y7. (3.1)

The variables listed above have changed in a dimensionless form of higher-order
ODEs. These ODEs transformed into first-order ODEs.

y
′

1 = y2, (3.2)

y
′

2 = y3, (3.3)

y
′

3 =
−y1y3 − β (1− y22) + A(2− β)

(
η
2
y3 + y2 − 1

)
+Ha2(2− β)(y2 − 1)[

β∗ + (1− β∗) (1−Wey3)
−2] , (3.4)

y
′

4 = y5, (3.5)

y
′

5 =
−y1y5 + 2y2y4 + (A

2
)(2− β) (ηy5 + 3y4)−Nby5y7 −Nty25(

1
Pr

) (
1 + 4

3
Rd

) , (3.6)

y
′

6 = y7, (3.7)

y
′

7 =
−( 1

Le
)(Nt

Nb
)y

′
5 + (A

2
)(2− β)(ηy7 + 3y6) + 2y2y6 − y1y7

( 1
Le
)

, (3.8)

Moreover, the boundary constraints are

ya1 = 0, ya2 = λ, ya4 = 1, ya6 = 1,

yb2 = 1, yb4 = 0, yb6 = 0.
(3.9)

The system of Eqs. ((3.2) - (3.8)) and the accompanying boundary condi-
tion Eq. (3.9) is solved by computationally adopting the BVP4C. The first-order
ODE system adapted the upper-third-order and second-order achievable non-
dimensional forms of ODEs to employ the BVP4C approach. The preceding
technique needed an initial estimation at the mesh point. This approach offered
the advantage of the outcomes in higher-order form. Several physical parameters
were affected by velocity, temperature, and concentration, as well as skin friction,
Nusselt number, and Sherwood number values are determined and displayed in
the form of tables and graphs.
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3.2. Machine Learning Approach.

3.2.1. Data Description. Machine learning is a branch of artificial intelligence
that evaluates data to support computers in learning new concepts and tasks
more effectively. It affected training data in a model by automating forecasting
or decision-making procedures. To extract useful information from a vast volume
of data for further applications or a deeper comprehension of the underlying flow
mechanism, machine Learning offers a multitude of analytical techniques. Firuz
Kamalov et al.([38] -[39]) explored the applications of machine learning. In addi-
tion, machine learning algorithms can automatically be active flow management
and optimization, which can also improve the flow of information. Palash Sharma
et al. [40] developed for artificial learning mathematical computing models. A
hybrid nanofluid flow on a significantly expanding surface with heat source-sink
effects employing regression suggested by C Sulochana et al. [41]. Many different
methods exist for regression and classification. After examining the prevalence
of ML models in that area, the multiple linear regression technique was used in
this work to anticipate the physical properties of fluid flow ([42] - [45]). In this
regard, the current paper examined three distinct data points obtained from the
numerical results for 19 observations from skin friction, 13 data from the Nusselt
number, and 11 from the Sherwood number.

3.2.2. Multiple Linear Regression Algorithm. The significant association between
one prediction variable and several response variables ultimately resulted in the
development of MLR. The data analysis multiple regression model has two pri-
mary benefits. The first skill is determining the relative influence of one or more
predictor variables on the criterion value. The capacity to spot errors or devia-
tions is the second benefit. In this investigation, multiple linear regression occurs
to predict the skin friction coefficient, Nusselt number, and Sherwood number by
employing several physical parameters.
Prediction formula for skin friction coefficient,
Cfx = 1.2428+0.026057∗β+0.4807∗λ− 0.78901∗We+0.28027∗β∗+0.26714∗
Ha+ 0.029986 ∗ A
Prediction formula for Nusselt number,
Nux = 4.2692 − 0.24647 ∗ β − 0.062507 ∗ Pr − 0.79125 ∗ Nb − 0.92853 ∗ Nt −
0.43981 ∗Rd− 0.050073 ∗ A
Prediction formula for Sherwood number,
Shx = 0.44806−0.51344∗β+0.37639∗Nb−0.88295∗Nt+0.68183∗Le+0.25916∗A

3.2.3. Simple Linear Regression Algorithm. A goal of the simple linear regression
model is the best-fitting straight line through the data points that minimizes the
sum of squared error, which is a statistical method that allows us to summa-
rize and study if there is a linear relationship between the independent (x) and
dependent (y) variables. A single independent variable was employed in this eval-
uation to predict a single dependent variable. The simple linear regression line
equation is
y = β0 + β1x+ e.
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Here, the independent variable is x, and the dependent variable is y, the intercept
of the regression line on the vertical axis constant term β0, and the slope of the
regression line regression coefficient β1, and the random error e.

In this section, we incorporated skin friction, Nusselt number, and Sherwood
number actual results together with predicted outcomes from multiple linear re-
gression to confirm the accuracy of the estimation process.

4. Results and Discussion

The current section explored the effects of various parameter settings on the
outcomes. Misra et al. [46], Valvano et al. [47], and Chato et al. [48] acquired the
subsequent data T = 310K,µ = 3.2 ∗ 10−3(Kg/m.s), Cp = 14.65(J/Kg.K), k =
2.2∗10−3(J/m.s.K) are the temperature values. The value of the Prandtl number
Pr = µCp

k
for human blood is 21. The set of nonlinear ODEs with boundary con-

ditions Eqs. ((2.8) - (2.11)) by implementing the BVP4C solver in the MATLAB
package. The associated parameters with the following values are listed as fol-
lows: β = 0.2,We = 0.5, Ha = 0.5, A = 1.0, P r = 21, Nt = 0.5, Nb = 0.5, Rd =
0.5, Le = 0.5, λ = 0.1.
The comparative statistics for different values of the β on skin friction coeffi-

cient by Kuo et al. [26], Ishaq et al. [27], Aamir Hamid et al. [28], and K Sub-
barayudu et al. [29] were presented in Table 2. The initial phase of the exploration
focused on the velocity distribution, the temperature description, and the con-
centration distribution, as well as changes in the skin friction, Nusselt number,
and the Sherwood number impacts of several physical parameters. Furthermore,
to establish that the novelty of this research is the machine learning component
of a multiple linear regression model for the physical quantities of skin friction,
Nusselt number, and Sherwood number, as well as to validate the numerical data
and expected values for implementing the linear regression model.

Table 2. Comparative statistics for various β values on Skin fric-
tion coefficient

√
RexCfx

β Kuo [26] Ishaq [27] Aamir Hamid [28] Subbarayudu K. [29] Present Result
0.0 0.469600 0.4696 0.469600 0.4696 0.4696
0.1 0.587080 0.5870 0.587035 0.5869 0.5870
0.3 0.774724 0.7748 0.774755 0.7747 0.7748
0.5 0.927905 0.9277 0.927680 0.8543 0.9277
0.9 1.232589 1.2326 1.232588 0.9392 1.1777

4.1. Impact of Velocity profile. The essential concepts of velocity distribution
affected the description of fluid flow for the several physical features depicted
in Figures (3 to 7). The viscosity ratio parameter affects the boundary layer,
the region near the wall where the fluid velocity changes rapidly, which repre-
sents the boundary layer in the upper zone being thicker than the lower region,
β∗(0.0, 0.2, 0.4, 0.6) raised, and the intensity of blood circulation developed as
shown in Figure 3.
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The increment of Hartmann number Ha(0.5, 1.0, 1.5, 2.0) enhanced the blood
flow frequency displayed in Figure 4 due to improved magnetic field and reduced
the flow resistance.

Figure 5 suggested that a positive Weissenberg number We(0.5, 1.0, 1.5, 2.0)
resulted in a less extensive momentum dispersion of blood circulation. From the
scientific perspective, a more substantial Weissenberg number means the fluid
will take longer to return to its original state after being distorted.

The velocity distribution increased for the advancement of the wedge angle pa-
rameter β(0.1, 0.2, 0.3, 0.4) offered in Figure 6. If caused by the growing distance
from the wedge tip, the outside velocity accelerates quickly as the wedge angle
parameter expands, and the fluid close to the wedge surface must accelerate more,
leading to a faster travel speed indicated by increases in blood flow.

The velocity profile strengthened for the improvement of unsteadiness param-
eter A(1.0, 1.1, 1.2, 1.3) demonstrated in Figure 7. Physically, it increases the slip
velocity at the wall, optimizes the fluid acceleration and the diffusion of nano-
particles, and there was an expansion in blood circulation rate.

0 2 4 6
2

0

0.2

0.4

0.6

0.8

1

f' (2
)      -* = 0.0, 0.2, 0.4, 0.6

   - - -       - = 0.0
                - = 0.5

Figure 3. Impact of β∗ on f ′(η) values

4.2. Impact of temperature profile. The impact of temperature variations on
fluid behavior and the possibilities for temperature adjustment method are exten-
sively explored in Figures (8 - 13). Figure 8 depicted the temperature distribution
extended the greater values of wedge angle parameters β(0.1, 0.2, 0.3, 0.4). From
a physical standpoint, a larger wedge angle means higher thermal conductivity,
then upgraded the thickness of the thermal boundary layer and the heat flux at
the surface, for the blood fluid temperature generates more heat.

The rapid temperature blood flow away from the wedge, representing the sci-
entific point of view, the particles in a fluid migrate quicker towards hot or
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cold regions for a maximum temperature gradient. Therefore, the improvement
of thermophoresis diffusion Nt(0.0, 0.1, 0.2, 0.3) boosted the temperature profile
demonstrated in Figure 9.

The larger values of the Brownian motionNb(0.3, 0.5, 0.7, 0.9) denoted the more
heat transportation captured in Figure 10. Scientifically, plasma molecules travel
quickly and collide with particles regularly. It occurs, resulting in several effects
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on blood flow, including increased blood pressure, heart rate, and oxygen delivery
to tissues.

Figure 11 displayed that the temperature profile improved as the positive ther-
mal radiation parameter Rd(0.5, 1.0, 1.5, 2.0). Because of the maximum temper-
ature of the blood fluid, the fluid near the surface has more heat by minimizing
heat loss from the blood to the blood vessel wall or the surrounding fluid.
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The enhancement of the Prandtl number leads to the greater temperature
gradient caused by the minimum temperature of blood circulation. Physically,
with a lower thermal diffusivity, the heat moves through the fluid more slowly
and does not absorb heat from the surroundings as quickly. It indicates the
development of Pr(1.0, 3.0, 5.0, 7.0) reduces the temperature profile presented in
Figure 12.

In terms of science, the increment of unsteadiness parameterA(1.0, 1.1, 1.2, 1.3),
the magnetic field parameter is heavier, thus, repeatedly disturbs fluid flow illus-
trated in Figure 13. It represents that a fluid close to the surface is affected by
the more potent temperature gradient, resulting in the average temperature of
blood circulation dropping.
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Figure 8. Impact of β on θ(η) values

4.3. Impact of Concentration profile. Figures (14-18) demonstrated that the
concentration profile entirely impacts the rate at which the fluid flows on the
mass transfer. Figure 14 provided the development of wedge angle parameters
β(0.1, 0.2, 0.3, 0.4) indicated that the blood flow disperses blood particles such
as red blood cells, white blood cells, platelets, and plasma proteins more. It
improved the concentration of blood along the wall and the gradients of blood
particles along the flow direction.

The enhancement of thermophoresis diffusion Nt(0.0, 0.1, 0.2, 0.3) caused an
improvement in the efficiency of the blood flow because the fluid particles move
away from the hot zone and accumulate in the cold region identified in Figure 15.

The Brownian motion parameters Nb(0.3, 0.5, 0.7, 0.9) strengthened when the
decrement of concentration distribution was mentioned in Figure 16. Due to the
concentration gradient and heat transfer rate decreased, the nano-particles in the
blood dispersed and became less crowded, representing a lower level of blood
circulation.
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The temperature gradient is superior to the concentration gradient, thermal
diffusivity exceeds the mass diffusivity, and the thermal boundary layer is thin for
the Lewis number Le(0.5, 1.0, 1.5, 2.0) becomes higher. As a result, the quantity
of blood flow dropped, as shown in Figure 17.

Figure 18 portrayed that the concentration boundary layer thickness reduced
as the unsteadiness parameter A(1.0, 1.1, 1.2, 1.3) elevated. Physically, the flow is
more unstable, and the particles diffuse faster from the surface to the free stream,
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Figure 12. Impact of Pr on θ(η) values

resulting in a lower concentration gradient and a thinner concentration boundary
layer. The mass transfer rate at the surface also weakened as the concentration
of blood particles in the fluid declined.

4.4. Impact of skin friction coefficient. Table 3 illustrated that the skin fric-
tion coefficient affected the several physical parameter values of β, λ,We, β∗, Ha,
and A. The wedge angle parameter β(0.2, 0.3, 0.4, 0.5) boosted for the skin friction
improved. A wide wedge reflects more flow and increases the pressure gradient
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Figure 14. Impact of β on ϕ(η) values

along the surface. Because the velocity gradient near the wall accelerates, and
there is a small amount of blood circulation.

The development of skin friction, the wedge moving parameter λ(0.1, 0.2, 0.3,
0.4) grew. A larger λ represents a stronger pressure gradient, which reduces the
fluid towards the surface. As a result, it reduced blood flow, demonstrating that
blood viscosity declined as the shear rate upgraded.
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The skin friction dropped for the higher Weissenberg number We(0.5, 0.6, 0.7,
0.8). This reduction for several non-Newtonian fluid types (the tangent hyperbolic
fluid and the Williamson fluid, in particular) increases with the Weissenberg
number for more elastic and capable of stretching or deforming quickly. According
to the physical standpoint, a fluid with a higher Weissenberg number should
deform more rapidly and have a thinner boundary layer close to the skin due to
less shear stress for improved blood circulation.
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Figure 18. Impact of A on ϕ(η) values

The viscosity ratio β∗(0.2, 0.3, 0.4, 0.5) raises for improved skin friction because
chains of several red blood cells become more resistant to shear stress and more
aligned with the flow direction. Therefore, the lower amount of blood flow.

Skin friction coefficient values increased for larger values of Hartmann number
Ha(0.5, 1.0, 1.5, 2.0) means the frequency of blood circulation decreased from the
scientific point, for a stronger magnetic field resists fluid motion and increases
surface drag force.
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The blood is an electrically conducting fluid to increased magnetic force for
the unsteadiness parameter A(1.0, 1.1, 1.2, 1.3) improves. This force resists fluid
motion, increasing skin friction and slowing the intensity of the blood flow.

Table 3. Various parameters of β, λ,We, β∗, Ha,A on skin fric-
tion coefficient Cfx

β λ We β∗ Ha A f
′′
(0)

0.2 0.1 0.5 0.2 0.5 1.0 1.1261
0.3 0.1 0.5 0.2 0.5 1.0 1.1264
0.4 0.1 0.5 0.2 0.5 1.0 1.1267
0.5 0.1 0.5 0.2 0.5 1.0 1.1280
0.2 0.1 0.5 0.2 0.5 1.0 1.1261
0.2 0.2 0.5 0.2 0.5 1.0 1.1754
0.2 0.3 0.5 0.2 0.5 1.0 1.2202
0.2 0.4 0.5 0.2 0.5 1.0 1.2615
0.2 0.1 0.5 0.2 0.5 1.0 1.1261
0.2 0.1 0.6 0.2 0.5 1.0 1.0367
0.2 0.1 0.7 0.2 0.5 1.0 0.9583
0.2 0.1 0.8 0.2 0.5 1.0 0.8898
0.2 0.1 0.5 0.2 0.5 1.0 1.1261
0.2 0.1 0.5 0.3 0.5 1.0 1.1520
0.2 0.1 0.5 0.4 0.5 1.0 1.1816
0.2 0.1 0.5 0.5 0.5 1.0 1.2015
0.2 0.1 0.5 0.2 0.5 1.0 1.1261
0.2 0.1 0.5 0.2 1.0 1.0 1.2587
0.2 0.1 0.5 0.2 1.5 1.0 1.3974
0.2 0.1 0.5 0.2 2.0 1.0 1.5146
0.2 0.1 0.5 0.2 0.5 1.0 1.1261
0.2 0.1 0.5 0.2 0.5 1.1 1.1041
0.2 0.1 0.5 0.2 0.5 1.2 1.1220
0.2 0.1 0.5 0.2 0.5 1.3 1.1404

4.5. Impact of Nusselt Number. The Nusselt number is a dimensionless quan-
tity that compares convective to conductive heat transfer over a boundary layer,
for this impact involves a wide range of physical characteristics such as β, Pr,
Nb, Nt, Rd, and A demonstrated in Table 4. A lower Nusselt number and a
higher wedge angular parameter β(0.2, 0.3, 0.4) depicted that increased the heat
loss and the drag force of the wedge, the reduction of convective heat transfer
from the fluid to the wedge surface represents the highest temperature of the
blood flow.

The enhancement of Prandtl number Pr(21, 22, 23) suggests that the thermal
boundary layer is more restricted than the velocity boundary layer, leading to de-
creases in the Nusselt number, more heart temperature of the blood flow because
greater heat transfer rate and a larger recirculating enhanced the fluid velocity
and dropped the viscous drag.

The blood flow temperature developed for the Nusselt number values mini-
mized when the improvement of Brownian Motion Nb(0.5, 1.0, 1.5). Physically,
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the zigzag motion of particles in the fluid reduces the effective thermal conduc-
tivity and increases the thermal boundary layer thickness.

The Nusselt number declined as the thermophoresis diffusion parameterNt(0.5,
1.0, 1.5) elevated this phenomenon due to the thermophoretic force causing the
nano-particles to move away from the hot region and accumulate near the cold
region, and improves the blood fluid temperature.

The radiation parameter and the Nusselt number have a negative correlation.
The value of Rd(0.5, 1.0, 1.5) increased when the Nusselt number reduced scientif-
ically the thermal radiation enhancing the temperature and the thermal boundary
layer thickness of the fluid. Maximum radiation parameters caused a more ex-
tensive thermal radiation effect and a much greater heat transfer rate for the
maximum temperature of blood circulation.

The enhancement of unsteadiness parameter A(1.0, 1.1, 1.2) depicted the Nus-
selt number improved because the unsteady flow increases the heat transfer co-
efficient and the temperature gradient at the wall. It demonstrated that the
convective heat transfer rate is greater when the improvement of the unsteadi-
ness parameter leads to a lower blood fluid temperature.

Table 4. Various parameters of β, Pr,Nb,Nt,Rd,A on Nusselt
Number Nux

β Pr Nb Nt Rd A -θ
′
(0)

0.2 21 0.5 0.5 0.5 1.0 1.8220
0.3 21 0.5 0.5 0.5 1.0 1.7712
0.4 21 0.5 0.5 0.5 1.0 1.7188
0.2 21 0.5 0.5 0.5 1.0 1.8220
0.2 22 0.5 0.5 0.5 1.0 1.7101
0.2 23 0.5 0.5 0.5 1.0 1.6547
0.2 21 0.5 0.5 0.5 1.0 1.8220
0.2 21 1.0 0.5 0.5 1.0 1.2883
0.2 21 1.5 0.5 0.5 1.0 1.0328
0.2 21 0.5 0.5 0.5 1.0 1.8220
0.2 21 0.5 1.0 0.5 1.0 1.4073
0.2 21 0.5 1.5 0.5 1.0 0.8017
0.2 21 0.5 0.5 0.5 1.0 1.8220
0.2 21 0.5 0.5 1.0 1.0 1.5015
0.2 21 0.5 0.5 1.5 1.0 1.3655
0.2 21 0.5 0.5 0.5 1.0 1.8220
0.2 21 0.5 0.5 0.5 1.1 1.7244
0.2 21 0.5 0.5 0.5 1.2 1.7913

4.6. Impact of Sherwood Number. Variations in Sherwood number have sev-
eral impacts on various physical parameters of β,Nb,Nt, Le, and A at different
levels, as displayed in Table 5. It is a dimensionless quantity that compares
convective mass transfer to mass diffusivity. The minimum Sherwood number
for larger values of Wedge angular parameter β(0.2, 0.3, 0.4). It means that the
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wedge angle increased the fluid velocity and the momentum boundary layer thick-
ness, which reduced the concentration gradient, and the mass transfer coefficient
at the wall indicated a higher intensity of blood circulation.

The convective mass transfer rate was raised when the blood flow concentration
gradient dropped to increase the mass transfer coefficient at the wall. Thus,
the Sherwood number developed when greater values of the Brownian motion
parameter Nb(0.5, 1.0, 1.5).

Sherwood number decreased for the development of thermophoresis diffusion
Nt(0.5, 0.7, 1.1) because the thermophoretic force causes the nano-particles to
migrate away from the hot wall and accumulate near the cold wall. A negative
link between the Sherwood number and thermophoresis diffusion leads to a re-
duced concentration gradient, in which the convective mass transfer rate is more
downward for the superior concentration of blood circulation.

The Lewis number Le(0.5, 1.0, 1.5) climbed as the Sherwood number value ex-
panded. Practically, the stronger Lewis number indicated that the fluid had a
greater thermal diffusivity than mass diffusivity, which means that the tempera-
ture gradient was more than the concentration gradient due to the lower quantity
of blood flow.

Sherwood number elevated for the unsteadiness parameterA(1.0, 1.1, 1.2) raised
because of the thickness of the concentration boundary layer, the area where the
variation of the fluid concentration quickly. The concentration gradient near the
surface increases, implying a thinner concentration boundary layer due to the
intensity of the blood circulation minimized.

Table 5. Various parameters of β,Nb,Nt, Le, A on Sherwood
Number Shx

β Nb Nt Le A -ϕ
′
(0)

0.2 0.5 0.5 0.5 1.0 0.6532
0.3 0.5 0.5 0.5 1.0 0.6264
0.4 0.5 0.5 0.5 1.0 0.5967
0.2 0.5 0.5 0.5 1.0 0.6532
0.2 1.0 0.5 0.5 1.0 0.9457
0.2 1.5 0.5 0.5 1.0 1.0359
0.2 0.5 0.5 0.5 1.0 0.6532
0.2 0.5 0.7 0.5 1.0 0.5018
0.2 0.5 1.1 0.5 1.0 0.1670
0.2 0.5 0.5 0.5 1.0 0.6532
0.2 0.5 0.5 1.0 1.0 1.0927
0.2 0.5 0.5 1.5 1.0 1.3442
0.2 0.5 0.5 0.5 1.0 0.6532
0.2 0.5 0.5 0.5 1.1 0.7039
0.2 0.5 0.5 0.5 1.2 0.7511

4.7. Machine Learning with MLR. Machine learning employed various lin-
ear regression techniques to obtain accurate anticipated values from existent data.
The potential of a machine learning system predicted accuracy for physical param-
eters such as skin friction, Nusselt number, and Sherwood number. Additionally,



34 P. PRIYADHARSHINIR, V. KARPAGAM

Furthermore, this novel technique is essential in minimizing error tolerance. Mul-
tiple linear regression has an extensive effect on many biological domains. The
current article had a significant impact on the biomedical area. In this aspect, it
analyses the blood flow and correctly identifies cancer cells.

Figure 19 highlighted the outcomes of a research study into the impact of skin
friction on the Hartmann and Weissenberg numbers. The Nusselt number ef-
fects of thermophoresis diffusion and Prandtl number are demonstrated in Figure
20. Figure 21 suggested the Sherwood number impact of the Lewis number and
Brownian motion.
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Figure 19. Skin friction coefficient effects with Hartmann number
and Weissenberg number

To compare model results to anticipated data by making predictions based
on unknown observations, an accurate approximation of fitted is executed. The
accuracy of data prediction confirmed all machine learning algorithms, and the
actual and predicted values are comparable. Figures (22 -24) displayed that skin
friction, Nusselt number, and Sherwood number impact the numerical and pre-
dicted values of a simple linear regression model.

Tables ( 6 - 8) investigated the assessment results for the skin friction, Nus-
selt number, and Sherwood number effects of response and predicted values of
multiple linear regression.

The standard errors of the physical quantities of skin friction, Nusselt number,
and Sherwood number were 0.00199, 0.020025, and 0.014774, respectively. Table
9 expressed the tolerance for the accuracy level of fitted multiple linear regression.
The values of standard error and root mean square error are small, and the values
ofR2 and adjustedR2 are approximately equal to 1, indicating the quality of fitted
multiple linear regression.
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Figure 21. Sherwood number effects with Lewis number and
Brownian motion

The linear regression evidence for existing and anticipated values of skin fric-
tion, Nusselt number, and Sherwood number demonstrated in Tables (10 - 12).



36 P. PRIYADHARSHINIR, V. KARPAGAM

0.5 1 1.5 2

Ha

1.2

1.4

1.6

T
ru

e 
C

fx

0.5 1 1.5 2

Ha

1.2

1.4

1.6

Pr
ed

ic
te

d 
C

fx
Figure 22. Skin friction impacts of true and predicted values

20 25

Pr

1.2

1.4

1.6

1.8

T
ru

e 
N

ux

20 25

Pr

1.5

1.6

1.7

1.8

Pr
ed

ic
te

d 
N

ux

Figure 23. Nusselt number impacts of true and predicted values

5. Conclusion

• The present work explores the radiative effects of an unstable MHD
Williamson blood fluid flow through a wedge affected by thermophoresis
diffusion and Brownian motion. It accomplishes this by employing numeri-
cal and machine-learning techniques to analyze the velocity, temperature,
and concentration distributions with various physical parameters. The
following are some noteworthy observations:
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Table 6. MLR Data for Skin friction coefficient

β λ We β∗ Ha A True Values Predicted Values
0.2 0.1 0.5 0.2 0.5 1.0 1.1261 1.1212
0.3 0.1 0.5 0.2 0.5 1.0 1.1264 1.1238
0.4 0.1 0.5 0.2 0.5 1.0 1.1267 1.1264
0.5 0.1 0.5 0.2 0.5 1.0 1.1280 1.1290
0.2 0.2 0.5 0.2 0.5 1.0 1.1754 1.1693
0.2 0.3 0.5 0.2 0.5 1.0 1.2202 1.2173
0.2 0.4 0.5 0.2 0.5 1.0 1.2615 1.2654
0.2 0.1 0.6 0.2 0.5 1.0 1.0367 1.0423
0.2 0.1 0.7 0.2 0.5 1.0 0.9583 0.9634
0.2 0.1 0.8 0.2 0.5 1.0 0.8898 0.8845
0.2 0.1 0.5 0.3 0.5 1.0 1.1520 1.1492
0.2 0.1 0.5 0.4 0.5 1.0 1.1816 1.1772
0.2 0.1 0.5 0.5 0.5 1.0 1.2015 1.2053
0.2 0.1 0.5 0.2 1.0 1.0 1.2587 1.2548
0.2 0.1 0.5 0.2 1.5 1.0 1.3974 1.3883
0.2 0.1 0.5 0.2 2.0 1.0 1.5146 1.5219
0.2 0.1 0.5 0.2 0.5 1.1 1.1041 1.1242
0.2 0.1 0.5 0.2 0.5 1.2 1.1220 1.1272
0.2 0.1 0.5 0.2 0.5 1.3 1.1404 1.1302

• Positive Hartmann number variation for improved the velocity of blood
flow by minimizing viscous drag and increasing fluid acceleration.

• The development of the Weissenberg number dropped the frequency of
blood circulation due to the fluid having greater flexibility and resistance.
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Table 7. MLR Data for Nusselt number

β Pr Nb Nt Rd A True Values Predicted Values
0.2 21 0.5 0.5 0.5 1.0 1.8220 1.7774
0.3 21 0.5 0.5 0.5 1.0 1.7712 1.7527
0.4 21 0.5 0.5 0.5 1.0 1.7188 1.7281
0.2 22 0.5 0.5 0.5 1.0 1.7101 1.7149
0.2 23 0.5 0.5 0.5 1.0 1.6547 1.6524
0.2 21 1.0 0.5 0.5 1.0 1.2883 1.3818
0.2 21 1.5 0.5 0.5 1.0 1.0328 0.9861
0.2 21 0.5 1.0 0.5 1.0 1.4073 1.3131
0.2 21 0.5 1.5 0.5 1.0 0.8017 0.8489
0.2 21 0.5 0.5 1.0 1.0 1.5015 1.5575
0.2 21 0.5 0.5 1.5 1.0 1.3655 1.3376
0.2 21 0.5 0.5 0.5 1.1 1.7244 1.7724
0.2 21 0.5 0.5 0.5 1.2 1.7913 1.7674

Table 8. MLR Data for Sherwood number

β Nb Nt Le A True Values Predicted Values
0.2 0.5 0.5 0.5 1.0 0.6532 0.6922
0.3 0.5 0.5 0.5 1.0 0.6264 0.6408
0.4 0.5 0.5 0.5 1.0 0.5967 0.5895
0.2 1.0 0.5 0.5 1.0 0.9457 0.8804
0.2 1.5 0.5 0.5 1.0 1.0359 1.0686
0.2 0.5 0.7 0.5 1.0 0.5018 0.5156
0.2 0.5 1.1 0.5 1.0 0.1670 0.1624
0.2 0.5 0.5 1.0 1.0 1.0927 1.0331
0.2 0.5 0.5 1.5 1.0 1.3442 1.3740
0.2 0.5 0.5 0.5 1.1 0.7039 0.7181
0.2 0.5 0.5 0.5 1.2 0.7511 0.7440

Table 9. MLR Statistics for Skin Friction Cfx , Nusselt Number
Nux , Sherwood Number Shx

MLR Statistics Cfx Nux
Shx

SE 0.001990 0.020025 0.014774
R-square 0.997 0.974 0.988

Observations 19 13 11
Adjusted R Square 0.996 0.948 0.977

RMSE 0.00869 0.07220 0.04900

Table 10. True and Predicted Values of Skin Friction Validation

Other Parameter Values Ha True Values of Cfx Predicted Values of Cfx

0.5 1.1261 1.1212
β = 0.2, λ = 0.1,We = 0.5, β∗ = 0.2, A=1.0, 1.0 1.2587 1.2548

Pr = 21, Nt = 0.5, Nb = 0.5, Rd = 0.5, Le = 0.5 1.5 1.3974 1.3883
2.0 1.5146 1.5219
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Table 11. True and Predicted Values of Nusselt Number Validation

Other Parameter Values Pr True Values of Nux
Predicted Values of Nux

21 1.8220 1.7774
β = 0.2, λ = 0.1,We = 0.5, β∗ = 0.5, 22 1.7101 1.7149

Ha = 0.5, A = 1.0, Nt = 0.5, Nb = 0.5, Rd = 0.5, Le = 0.5 23 1.6547 1.6524
24 1.3634 1.5899
25 1.3217 1.5273

Table 12. True and Predicted Values of Sherwood Number Validation

Other Parameter Values Le True Values of Shx Predicted Values of Shx

0.5 0.6532 0.6922
β = 0.2, λ = 0.1,We = 0.5, β∗ = 0.2, 1.0 1.0927 1.0331

Ha = 0.5, A = 1.0, P r = 21, Nt = 0.5, Nb = 0.5, Rd = 0.5 1.5 1.3442 1.3740

• Higher thermophoresis diffusion, Brownian motion, and radiation param-
eter values show that the temperature of the blood circulation maxi-
mized for boosting heat transfer and heat creation in the fluid.

• An increase in the Prandtl number might lower blood flow temperature
due to an increased heat transfer rate and a lessened thermal diffusivity,
leading to reduced heat accumulation and improving heat dissipation in
the fluid.

• The unsteadiness parameter and Lewis number values are enhanced when
the quantity of blood fluid lowers levels of the concentration gradient and
a thinner concentration boundary layer.

• The machine learning methodology using multiple regression approaches
produced outstanding results for predicting the behavior of MHD
Williamson blood fluid flow passing through a wedge for the presented
datasets. The most effective MLR is fitted in every situation of R2 values
close to 1 and provides 95% accuracy for showed and existent results.

• To validate the accuracy level of anticipated and numerical values for
implementing the appropriate simple linear regression model.

• The outcomes of this research endeavor will be helpful to the researchers in
evaluating the implications of velocity, temperature, and concentration on
the physical attributes of MHD Williamson fluid, and cancer therapy for
improved therapeutic regions are two potential benefits.

• Future studies could incorporate Williamson fluid, thermal energy radia-
tion, and blood flow to assess efficacy and improve forecasting abilities. It
could look into several methods for predicting the algorithm for K-mean
approaches to clustering and artificially created neural network structures
in the future.
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6. Nomenclature

We - Weissenberg number

(
We =

√
Γ2(m+1)u3

e

2νx

)
λ - Wedge moving parameter

(
λ = b

a

)
Ha - Hartmann Number

(
Ha2 =

ρB2
0

axm−1

)
A - Unsteadiness parameter

(
A = c

axm−1

)
Pr - Prandtl number

(
Pr = µCP

k

)
α - Effective thermal diffusivity

(
α = k

ρCP

)
β - Wedge angle parameter

(
β = 2m

m+1

)
Rex - Local Reynolds number

(
Rex = xue(x)

ν

)
Nt - Thermophoresis diffusion

(
Nt = τDT (Tw−T∞)

T∞ν

)
Nb - Brownian motion

(
Nb = τDB(Cw−C∞)

ν

)
β∗ - Ratio of viscosity

(
β∗ = µ0

µ∞

)
Rd - Radiation Parameter

(
Rd =

4σ∗T∞3

kk∗1

)
Le - Lewis number

(
Le = ν

DB

)
B - Magnetic field

(
kg
S2A

)
B0 - Magnetic field strength

(
A
m

)
σ - Electrical conductivity

(
S
m

)
ρ - Fluid density

(
kg
m3

)
C∞ - Ambient concentration

Cw - Concentration at the surface

(
Cw(x, t) = C∞ + C0xuw

ν
√

(1−ct)

)
C0 - Initial reference concentration

CP - Specific heat
(

J
kgK

)
γ - Shear rate

ν - Kinematic coefficient of viscosity
(

m2

S

)
ψ - Stream function(m2S)
M - Stretching Parameter

(
1
S

)
DB - Brownian diffusion coefficient

(
m2

S

)
DT - Thermophoresis diffusion coefficient

(
m2

S

)
µ0 - Zero shear viscosity

(
NS
m2

)
µ∞ - Infinite shear viscosity

(
NS
m2

)
f - Dimensionless stream function
θ - Dimensionless Temperature
ϕ - Dimensionless Concentration
σ∗ - Stefan Boltzmann constant

(
W

m2K4

)
k∗ - Rosseland mean absorption coefficient

(
1
m

)
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Γ - Material constants
qs - Wall mass flux

(
kg

m2S

)
qr - radiative heat flux

(
W
m2

)
qw - Wall heat flux

(
W
m2

)
Ω - Total Wedge angle
k - Thermal conductivity

(
W
mK

)
τw - Wall shear stress

(
N
m2

)
T - Temperature(K)
T0 - Initial reference temperature

Tw - Temperature at the surface

(
Tw(x, t) = T∞ + T0xuw

ν
√

(1−ct)

)
T∞ - Ambient temperature
u - Velocity component along x direction

(
m
S

)
v - Velocity component along y direction

(
m
S

)
uw - Stretching sheet velocity

(
uw(x, t) =

bxm

1−ct

)
ue - Free stream velocity

(
ue(x, t) =

axm

1−ct

)
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