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A B S T R A C T   

The distinction between homogeneous and heterogeneous chemical reactions is crucial because 
many chemically reactive systems, such as hydrometallurgical processes, cooling towers, bio-
logical systems, fog dispersion, catalysis, etc., involve both types of reactions. Thus, this study 
analyzes the heat transmission (HT) characteristics in an MHD stagnant flow of power-law fluid 
caused by a spinning disk that is stretched and saturated in a porous medium. The study considers 
homogeneous-heterogeneous (HH) reactions and nonlinear thermal radiation subject to no-slip 
and convection boundary conditions. The leading equations are switched into ordinary differ-
ential equations (ODEs) employing similarity variables. The study focuses on the dimensionless 
concentration, velocity, temperature, Nusselt number, and skin friction coefficient, which are 
discussed in detail in the results and discussion section. The study observes that for power-law 
fluids with an index value less than 1, the skin friction coefficient decays as the power-law 
index grows. It also notes that the dimensionless skin friction of power-law fluids decreases as 
the velocity ratio increases. The dimensionless concentration increases with Schmidt and modi-
fied Prandtl numbers for both power-law fluids over a stretching spinning porous disk. The HH 
reaction parameters decline the concentration of power-law fluids.  
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Nomenclature 

A,B Chemical species 
φA(η),
φB(η)

Reduced concentrations of chemical species A and B 

DA,DB Diffusion constants of A and B 
F(η),G(η),
H(η) Reduced radial, azimuthal and axial velocities 

ue,ve Free stream velocities 
B0 Magnetic field strength 
ρ Density(M/L3) 
T Temperature(K) 
k Thermal conductivity(W/m-k) 
c Constant rate 
h1 Heat transfer coefficient 
τrz, τθ∗z Radial and azimuthal directions shear stress 
a∞ Ambient concentration 
θ Dimensionless temperature 
ω Rotation parameter 
λ Velocity Ratio Parameter 
Kp Permeability Parameter 
Rd Radiation Parameter(W/m2) 
Prm Modified Prandtl Number 
K1 Homogeneous Reaction Parameter 
CGθ∗ Azimuthal direction skin friction 
qw Heat flux (W/m2) 
a,b Concentrations of chemical species A and B 
kC,kS Rate constants 
u,v,w Velocity components (L/T) 
r,θ∗, z Cylindrical coordinates (L) 
σ Electrical diffusivity 
μ Dynamic viscosity 
k∗

p Permeability of porosity 
cp Specific heat 
qr Heat flux(W/m2) 
Ω Angular velocity 
Tw Surface temperature 
T∞ Ambient temperature (K) 
η Similarity variable 
n Power-law index 
CFr Radial direction skin friction 
M Magnetic Parameter 
Pr Prandtl Number(− ) 
θw Surface Heating Parameter 
Sc Schmidt Number(− ) 
δ Diffusion Ratio Parameter(L2/T) 
K2 Heterogeneous Reaction Parameter 
Nur Local Nusselt number(− ) 
Rer Local Reynold’s number(− )  

1. Introduction 

Stagnant point flow refers to the flow of a fluid (liquid or gas) around a solid object where the fluid velocity is zero at a specific point 
on the surface of the object. This point is termed the stagnant point. The stagnant point is typically found on the leading edge of a solid 
object, where the fluid is forced to split into two streams as it flows around the object. As the fluid streams converge at the stagnation 
point, their velocities are reduced to zero, and the pressure in the fluid increases. The fluid then flows away from the stagnant point, 
around the object, and eventually rejoins downstream of the object. Stagnant point flow has important applications in fluid mechanics, 
particularly in the study of aerodynamics. The flow around airfoils, such as wings on an aircraft, is an example of stagnant point flow. 
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The behavior of the fluid at the stagnant point can have a significant impact on the aerodynamic forces acting on the object, including 
lift and drag. Engineers use knowledge of stagnant point flow to design more efficient and effective aerodynamic shapes for aircraft, 
rockets, and other objects that move through fluids. 

Several essential applied fluids, like molten plastic, polymers, food, slurries, and many others, have non-Newtonian flow char-
acteristics. Because of the escalating usage of these non-Newtonian polymers in many manufacturing and processing industries, sig-
nificant attempts have been made to better understand their friction and HT properties. The empirical Ostwald-de Waele model [1], 
often known as the power-law viscosity model, predicts that shear stress changes as a power function of strain rate in many 
non-Newtonian inelastic fluids found in chemical engineering processes and the biochemical industry. Studying diverse fluid me-
chanics and HT phenomena, however, requires taking into account extra factors since such fluids have more complex equations than 
Newtonian fluids that link shear stress to velocity fields. Mustafa et al. [2] investigated the nonlinear radiation HT problem for 
non-Newtonian fluid stagnant point flow using the power-law model. Usman et al. [3] studied the time-independent movement of the 
power-law nanofluid between stretching rotatable disks. The flow of a constant transverse magnetic field through a power-law fluid 
that conducts electricity was studied by Cortell [4]. 

The flow of fluids resulting from a disc rotation issue is crucial in industrial and engineering uses, including those involving 
computer storage devices, electrical devices, rotatable machinery, the petroleum sector, MHD rotators, medical apparatus, and many 
more. In the domains of aeronautical engineering and construction, rotating disc flow plays a key role in things like gas turbine rotors, 
heated power production frameworks, air cleaning devices, and pivoting machinery. In 1921, the scientist Von Karman [5] looked into 
the flowing fluid issue in a revolving disk and their numerical solution was presented by Cochran [6]. Stretching transformations, 
developed by Von Karman, are frequently used to change a set of PDEs into ODEs. Some other studies can be found in Refs. [7–10]. 

In a stagnant point flow, the fluid flows towards a solid surface and comes to a stop, resulting in a stagnant point. If the flow is 
rotating, the stagnant point can experience a swirling motion around the axis of rotation. This rotating flow in stagnant point flow is 
called a vortex. The vortex can be either clockwise or counterclockwise, depending on the direction of rotation. The direction of the 
vortex is determined by the Coriolis effect, which is a consequence of the rotation of the Earth. The vortex can have a significant effect 
on the flow around the stagnant point. It can create a region of low pressure at the center of the vortex, which can cause the fluid to flow 
away from the surface. This effect is known as the Magnus effect, and it is responsible for the curving motion of a spinning ball in flight. 
Millsaps and Pohlhausen [11] examine an accurate solution to the HT issue for the von Karman case of laminar viscous fluid flow upon 
a rotatable plate. Shamshuddin et al. [12] carried out a numerically handled movement of a micropolar nanofluid through a porous 
stretchable surface. Analysis of non-Newtonian visco-inelastic fluid flow concerning two discs was covered by Reshu Agarwal et al. 
[13]. A 3D magneto stagnant-point flow of tri-hybrid nanofluid was explored by Gupta and Rana [14] using an infinite gyrating disc 
that is radially stretched and has many slip influences. Vijay and Sharma [15] investigated the MHD rotational stagnant point flow of a 
temperature-dependent viscous Maxwell nanofluid concerning a radially extending rotatable disk. 

Homogeneous reactions are chemical reactions that occur between substances in the same phase, typically either all gases, all 
liquids, or all solids. In a homogeneous reaction, the products and reactants are in a similar phase. Heterogeneous reactions, on the 
other hand, are chemical reactions that occur between substances in different phases, typically between a solid and a gas, a solid and a 
liquid, or a liquid and a gas. Heterogeneous reactions often involve a solid catalyst, which can speed up the reaction by providing a 
surface for the reactant molecules to come into contact with each other. Homogeneous reactions, on the other hand, typically do not 
involve a catalyst, as the reactants are already in close proximity to each other in the same phase. The stagnant point Casson fluid flow 
concerning a stretchable sheet was deliberated by Khan et al. [16] using magnetohydrodynamic (MHD). Gholinia et al. [17] research 
focuses on the Eyring-Powell nanofluid flow feature caused by spinning disk with a variety of physical forces, including MHD, slip flow, 
and HH reactions. The stretched flow of viscoelastic fluid with curved sheet in two dimensions is scrutinized by Imtiaz et al. [18]. 
Sreedevi et al. [19] inspected the impact of HH reactions on the flow, mass, and HT analyses of a Tiwari-Das type Maxwell nanofluid 
upon a stretchable cylinder. In their study, Khan and Pop [20] investigated how steady viscoelastic fluids behave when subjected to HH 
reactions while being stretched on a sheet. They utilized the Chaudhary and Merkin model and observed that the viscoelastic 
parameter had a negative effect on surface concentration. In contrast, the power of homogeneous reactions had a positive effect, and 
heterogeneous reactions further intensified this effect. Bachok et al. [21] investigated how HH reactions affected the time-independent 
boundary layer flow (BLF) close to the stagnant point on a stretchable surface. They experienced that a boundary layer (BL) is shaped in 
a fluid with low kinematic viscosity when the stretchable velocity is lower than the free stream velocity. Conversely, an inverted BL is 
shaped when the stretchable velocity surpasses the free stream velocity. The impressions of HH reactions in nanofluid flow upon a 
stretchable sheet put in a permeable media soaked with a nanofluid were analyzed by Kameswaran and colleagues [22]. Their findings 
revealed that the Cu-water nanofluid exhibited greater levels of reduced skin friction and HT likened to other nanofluids. In their study, 
Shaw and co-authors [23] investigated how a HH reaction impacts the time-independent flow of micropolar fluid from a shrin-
king/stretching sheet. They discovered that the solute surface concentration decays with the strength of homogeneous reactions but 
increases with the permeability parameter, heterogeneous reactions, and shrinking/stretching parameters. Additionally, the surface 
velocity was observed to escalate with the micropolar parameter. The impact of HH reactions on an MHD viscous fluid close to the 
stagnant point passing a shrinking/stretching sheet with generalized slip condition and uniform suction was examined by Abbas and 
colleagues [24]. Their findings indicated that, for a shrinking sheet, two solutions occur within a particular span of parameters, while 
for a stretchable sheet, only one solution is present. 

Sheikh and Abbas [25] investigated the impact of HH reaction on the BLF of a Casson fluid close to a stagnant point upon a porous 
shrinking/stretchable sheet with a constant suction. They discovered that an escalation in the fluid velocity slip parameter causes a 
reduction in velocity magnitude and a rise in concentration within the BL region. Hayat and colleagues [26] studied the stagnant flow 
of a 3rd-grade fluid past a stretchable sheet with variable thickness and assumed the impressions of HH reactions. Their findings 
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indicated that the temperature and velocity fields escalate as the shape parameter increases. Additionally, boosting estimations of the 
homogeneous parameter result in a weakening in the concentration outline. Furthermore, the velocity outline is enhanced when the 
relation of free stream and stretchable velocities and wall thickness parameter is escalated. Jain and Gupta [27] investigated 
water-based CNTs’ nanofluid flow upon an inclined 3D nonlinear stretchable sheet with HH reactions in a porous medium. They found 
similar impacts of HH reaction parameters on the concentration profile field. Anuar and co-authors [28] investigated the 
time-independent 2D stagnant flow of nanofluids upon an exponentially shrinking/stretchable sheet with HH reactions. Their analysis 
revealed that dual solutions occur for an exponentially shrinkable sheet. Furthermore, they found that the 1st solutions are stable, 
while the 2nd solutions are unstable based on their results. A boundary-layer flow model for homogeneous-heterogeneous reactions is 
offered Merkin [29]. Some other related references are listed in Refs. [30–32]. 

From the above-mentioned literature, it is revealed that no investigation is done on HT in a Power-Law Stagnation Fluid Flow over a 
stretchable spinning porous disk along with HH reactions. The leading PDEs are transmuted to ODEs and then handled with the 
computational software MAPLE, and the results are shown in tabular and graphical form. Physically interesting quantities are also 
calculated for the purpose of engineering applications. 

2. Mathematical formulation 

A stagnant time-independent incompressible 3D flow of an MHD power-law fluid on a stretchable rotatable porous disk filled with 
HH chemical reactions is examined, as shown in Fig. 1. The components of the velocity u, v,w are selected along cylindrical coordinates 
system r,θ∗,z. The disc rotates alongside the z-axis with regard to both angular velocity and a constant. The disc stretches radially with 
a velocity of u = cr, where c is a constant. Axial flow prevents consideration of the variation in θ∗ direction. The constant magnetic field 
retains a power of B0 is functioned vertically in the z− direction. The pressure is viewed as constant over the whole BL. The free stream 
velocity ue = εr that is away from the BL is labeled as the potential flow. The disk is kept at and away from the surface with constant 
temperatures Tw and T∞. Also, the convective HT mechanism with nonlinearized thermal radiation is investigated. 

HH chemical reactions of species A and B are analyzed through flow analysis. The cubic autocatalysis homogeneous reaction can be 
formulated in the following manner [22,23]: 

2B+A → 3B, rate= ab2kc, (1) 

The following format represents the 1st-order isothermal reaction taking place on the catalyst surface. 

A → B, rate= aks, (2) 

The rate constants kc and ks are used in the expression where a and b represent the concentrations of chemical species A and B. Both 
reaction mechanisms are thought to be isothermal. Following these suppositions, the governing equations are as [24,25]: 

∂u
∂r

+
u
r
+

∂w
∂z

= 0 (3)  

u
∂u
∂r

−
v2

r
+w

∂u
∂z

= ue
due

dr
+

1
ρ

∂
∂z

(

μ ∂u
∂z

)

−

(
σB2

0

ρ +
μ

ρk∗p

)

(u − ue) (4)  

u
∂v
∂r

+
uv
r
+w

∂v
∂z

=
1
ρ

∂
∂z

(

μ ∂v
∂z

)

−

(
σB2

0

ρ +
μ

ρk∗p

)

v (5)  

u
∂T
∂r

+w
∂T
∂z

=
1

ρcp

{
∂
∂z

(

k
∂T
∂z

)

−
∂qr

∂z

}

(6)  

u
∂a
∂r

+w
∂a
∂z

=DA

(
∂2a
∂z2

)

− kcab2, (7)  

Fig. 1. The flow geometry.  
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u
∂b
∂r

+w
∂b
∂z

=DB

(
∂2b
∂z2

)

+ kcab2, (8) 

Subject to boundary conditions (BCs) 

u= cr, v=Ωr,w= 0, k
∂T
∂z

= − h1(Tw − T),DA
∂a
∂z

= ksa,DB
∂b
∂z

= − ksa at z= 0, (9)  

u= ue → εr, v= ve → 0,w= 0,T → T∞, a → a∞, b → 0, at z→∞ (10)  

Where u, v are the velocity components [3]. The similarity variables for the present problem can be chosen as follows: 

u= crF(η), v= crG(η),w= r
(n− 1)
(n+1)

(
c1− 2n

υ

)− 1
(n+1)

H(η),

θ(η)= T − T∞

Tw − T∞
,φA(η)=

a
a∞

,φB(η)=
b

a∞
, η= zr

(1− n)
(1+n)

(
c2− n

υ

) 1
(n+1)

(11) 

After introducing similarity variables, one gets the reduced governing equations as follows: 

H′

= − 2F −
1 − n
1 + n

ηF′ (12)  

F2 − G2 +

(
1 − n
1 + n

ηF +H
)

F′

= λ2 +

[

F′{
(G′

)
2
+ (F′

)
2}

(n− 1)
2

]′

−
(
M +Kp

)
(F − λ), (13)  

2FG+

(
1 − n
1 + n

ηF +H
)

G′

=

[

G′{
(G

′

)
2
+ (F′

)
2}

(n− 1)
2

]′

−
(
M +Kp

)
G, (14)  

(

H +
1 − n
1 + n

ηF
)

θ
′

=
1

Pr

[

θ
′{1 + Rd(1 + (θw − 1)θ)3}

{
(G

′

)
2
+ (F′

)
2}

(n− 1)
2
]′

, (15)  

φ′′
A −

ScPrm

Pr

(

H +
1 − n
1 + n

ηF
)

φ′

A −
ScPrm

Pr
K1φAφB

2 = 0, (16)  

δφ′′
B −

ScPrm

Pr

(

H +
1 − n
1 + n

ηF
)

φ′

B +
ScPrm

Pr
K1φAφB

2 = 0, (17)  

with transformed BCs 

G(0)=ω,F(0) = 1,H(0) = 0, θ(0) = 1,F(∞) = λ,G(∞) = 0, θ(∞) = 0 (18)  

φ′

A(0)=K2φA(0), δφ
′

B(0) = − K2φA(0)φA(∞) = 1,φB(∞) = 0. (19)  

where φA(η) and φB(η) signify the dimensionless concentrations of chemical species A and B. 

λ =
ε
c
,M =

B2
0σ

ρc
,Kp =

υ
k∗p
,Pr =

υ
α,Rd =

16σ∗T3
∞

3kk∗
, θw =

Tw

T∞
,ω =

Ω
c
, Sc =

υ
DA

,

Prm =

(
c3r2)n− 1

n+1υ 2
n+1

α , δ =
DB

DA
,K1 =

kca2
∞

c
,K2 =

ks

DA

(
c2− n

υ

) 1
n+1

r1− n
1+n

,
(20) 

The species A and B diffusion coefficients are similar in size. This assumption causes an additional deduction that the diffusion 
coefficients DB and DA are equivalent, represented by δ = 1. Therefore, according to Refs. [20,21], we have: 

φA +φB = 1 (21) 

This assumption reduces Eqns. 16 and 17 to 

φ′′
A −

Sc Prm

Pr

(

H +
1 − n
1 + n

ηF
)

φ′

A +
Sc Prm

Pr
K1φA(1 − φA)

2
= 0 (22)  

With boundary conditions 

φ′

A(0)=K2φA(0),φA(∞)→1 (23) 
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The physically interesting quantities are azimuthal and radial direction skin friction coefficients, and local Nusselt number can be 
delineated as: 

CGθ∗ =
τθ∗z

ρf (cr)2,CFr =
τrz

ρf (cr)2,Nur =
rqw

k(TW − T∞)
, (24)  

where 

τrz =

[

μ
{

1
r

(
∂w
∂θ∗

)

+

(
∂u
∂z

)}]

z=0
=

[

μ
(

∂u
∂z

)]

z=0
,

[

μ
(

∂v
∂z

)]

z=0
,

qw =

[

− k
∂T
∂z

+ (qr)w

]

z=0
= −

[
{

1 + Rd(1 + (θw − 1)θ)3}k
∂T
∂z

]

z=0
, (25)  

So, the dimensionless form can be written as 

Re
1

n+1
r CFr =

[
F′ 2

(0) + G
′ 2
(0)
]n− 1

2 F′

(0),

Re
1

n+1
r CGθ∗ =

[
F′ 2

(0) + G
′ 2
(0)
]n− 1

2 G′

(0),

Re−
1

n+1
r Nur = −

[
1 + Rd(1 + (θw − 1)θ(0))3]θ

′

(0),

(26)  

Where, Rer is the radial Reynolds number 

Rer =
r2c2− n

νf  

3. Numerical solution 

The Keller-box method (KBM), explained in Refs. [40–42], is used to numerically solve the ODEs subject to BCs for various 
pertinent parameters. The equations are transformed into a scheme of 1st-order equations and stated in finite difference shapes with 
central differences. The resulting nonlinear scheme is linearized, benefitting Newton’s method, and then put into matrix-vector form. 
The block-tridiagonal-elimination technique is employed to tackle the resulting linear system together with the BCs. The details of the 
numerical interpretation can be learned in Ref. [42]. The values of the step size Δη in η and the location of the edge of the BL η∞ are 
controlled for dissimilar parameter values to ensure accurateness. A range of values of Δη between 0.001 and 0.02 is taken, contingent 
on the parameters, to obtain mesh-independent numerical values accurateness to at least 4 decimal places. However, for a convergence 
criterion of 10− 6, a uniform grid of Δη = 0.01 is sufficient for precision to 4 decimal places in almost all circumstances. The boundary 
layer thickness (BLT) η∞ is chosen 5, where the infinity BC is asymptotically attained. 

Tables 1–5 are presented, in the limiting cases, to validate our numerical results with the existing data. It is noted that the outcomes 
are approximately similar to the previously published articles. 

Table 1 
Linkage of F′

(0), − G′

(0), − H(∞), − θ
′

(0) when Pr = 6.2 and M = 0 for Newtonian fluids.   

Ref. [35] Ref. [34] Ref. [33] Present Results 

F′

(0) 0.510233 0.5102 0.51023 0.5101 
− G′

(0) 0.615922 0.6159 0.61592 0.6160 
− H(∞) 0.884474 – 0.88447 0.8845 
− θ

′

(0) – 0.9337 0.93388 0.9338  

Table 2 
Linkage of F′

(0) for different non-Newtonian nanofluids when M= 0,Kp = 0,λ = 0.  

n Ref. [39] Ref. [38] Ref. [37] Ref. [36] Present Results 

2.5 0.5624 0.56236 – – 0.5622 
2.2 0.5532 0.55319 – – 0.5531 
2 0.5468 0.54676 0.5470 – 0.5467 
1.7 0.5366 0.53664 0.5370 – 0.5366 
1.5 0.5292 0.52919 0.5290 0.5290 0.52916 
1.3 0.5215 0.5215 0.5220 0.5210 0.5221 
1 0.5102 0.51021 0.5100 0.5100 0.5102 
0.8 0.5038 0.50381 0.5040 0.5040 0.5038 
0.5 0.5006 0.50058 0.5010 0.5010 0.5006  
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4. Results and discussion 

In this portion, the impacts of the relevant parameters upon the non-dimensional outlines are measured. The surface drag forces 
and HT rate are computed in Table 6. 

In general, the Sherwood number is not commonly discussed in the context of HH reactions because it is not as relevant to un-
derstanding the underlying kinetics and transport processes. However, in certain cases where mass transfer plays a noteworthy part in 

Table 3 
Linkage of − G′

(0) for various non-Newtonian nanofluids when M= 0,Kp = 0,λ = 0.  

n Ref. [39] Ref. [38] Ref. [37] Ref. [36] Present Results 

2.5 0.6096 0.60967 – – 0.6097 
2.2 0.6057 0.60566 – – 0.6056 
2 0.6033 0.60327 0.603 – 0.6032 
1.7 0.6009 0.60091 0.6 – 0.6088 
1.5 0.601 0.60099 0.601 0.601 0.6012 
1.3 0.6035 0.60346 0.603 0.603 0.6034 
1 0.6159 0.61591 0.616 0.616 0.6158 
0.8 0.6361 0.63608 0.636 0.636 0.6361 
0.5 0.713 0.71322 0.712 0.713 0.7128  

Table 4 
Linkage of − H(∞) for different non-Newtonian nanofluids when M= 0,Kp = 0,λ = 0.  

n Ref. [39] Ref. [38] Ref. [37] Ref. [36] Present Results 

2.5 0.5425 0.5420 – – 0.5424 
2.2 0.5655 0.5655 – – 0.5655 
2 0.5877 0.5876 0.586 – 0.5870 
1.7 0.6366 0.6366 0.633 – 0.6334 
1.5 0.6783 0.6783 0.676 0.678 0.6781 
1.3 0.7359 0.7359 0.735 0.735 0.7360 
1 0.8823 0.8823 0.883 – 0.8828 
0.8 1.0593 1.0593 1.089 1.052 1.0598  

Table 5 
Linkage of − θ

′

(0) for different non-Newtonian nanofluids when M= 0,Kp = 0,λ = 0.  

n Ref. [39] Ref. [38] Present Results 

2.5 0.3996 0.3998 0.3996 
2.2 0.3965 0.39655 0.3965 
2 0.3939 0.39392 0.3939 
1.7 0.3897 0.3897 0.3897 
1.5 0.3886 0.38859 0.3886 
1.3 0.3891 0.3891 0.3893 
1 0.3963 0.39632 0.3963 
0.8 0.4111 0.41108 0.4111 
0.5 0.4791 0.47917 0.41792  

Table 6 

Numerical estimations of radial skin friction Re

1
n + 1
r CFr, azimuthal skin friction Re

1
n + 1
r CGθ and Nusselt number Re

−
1

n + 1
r Nur for different power-law fluids with M = 1,

ω = 1,Pr = 1,θw = 1.5,Rd = 1.  

n 

Re

1
n + 1
r CFr Re

1
n + 1
r CGθ Re

−
1

n + 1
r Nur 

λ = 0 λ = 0.5 λ = 1 λ = 0 λ = 0.5 λ = 1 λ = 0 λ = 0.5 λ = 1 

2.5 0.7611 2.1978 1.8446 0.1721 2.2447 1.0675 0.2046 2.3811 2.4908 
2.2 0.8633 2.1368 1.9077 0.2317 2.1969 1.0790 0.1987 2.3389 2.5881 
2 0.9370 2.0915 1.9601 0.2822 2.1613 1.1223 0.1949 2.2971 2.6564 
1.7 1.0550 2.0146 2.0612 0.3779 2.1002 1.2169 0.1870 2.2364 2.8085 
1.5 1.1373 1.9556 2.1511 0.4578 2.0532 1.2685 0.1807 2.1890 2.9477 
1.3 1.2227 1.8900 2.2773 0.5530 1.9997 1.3816 0.1729 2.1348 3.1364 
1 1.3447 1.7702 2.5402 0.7279 1.9028 1.7068 0.1576 2.0369 3.5945 
0.8 1.4188 1.6723 2.9143 0.8660 1.8215 2.2633 0.1433 1.9551 4.1460 
0.5 1.4873 1.4754 4.5065 1.0912 1.6542 4.4094 0.4458 1.7872 6.2508  
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the reaction rate, the Sherwood number may be a useful parameter to consider. 
The impacts of velocity ratio and rotation parameters upon the dimensionless radial velocity of pseudoplastic and dilatant power- 

law fluids are presented in Fig. 2 (a, b), respectively. The power-law fluid flows upon a stretching spinning porous disk filled with HH 
reactions. It is apparent that the dimensionless radial velocity of pseudoplastic and dilatant power-law fluids escalates with an 
escalation in the velocity ratio and rotation parameter due to the changes in viscosity caused by the increased shear rates and 
deformation experienced by the fluid. 

In fact, pseudoplastic fluids are described by a reduction in viscosity with escalating shear rate, while dilatant fluids exhibit an 
escalating viscosity with a reducing shear rate. The power-law fluid model describes the viscosity of such fluids as a shear rate, flow 
behavior index (n), and consistency index (K), where n represents the degree of pseudoplasticity or dilatancy. As the rotation 
parameter increases, the fluid experiences more shear and deformation, resulting in an escalation in the shear rate and a corresponding 
increase in the dimensionless radial velocity. The rotation of the disk has a considerable impact upon the dimensionless radial velocity 
of the fluid, with higher rotation rates resulting in higher values of the dimensionless radial velocity. 

The understanding of these effects can provide valuable insights into the behavior of complex fluids in industrial applications and 
inform the design and optimization of chemical reactors and heat exchangers. 

The impacts of velocity ratio and rotation parameters on the non-dimensional azimuthal velocity of pseudoplastic and dilatant 
nanofluids are exhibited in Fig. 3 (a, b). For a pseudoplastic power-law fluid, the dimensionless azimuthal velocity decreases as the 
velocity ratio increases. Physically, as the stretching velocity at the disk surface increases, the shear stress on the fluid also increases, 
leading to a decrease in viscosity. This decrease in viscosity causes a diminution in the azimuthal velocity. On the other hand, the 
dimensionless azimuthal velocity of a pseudoplastic power-law fluid increases with increasing rotation parameters, such as the disk 
rotation and the fluid rotation. This is because of the reason that the rotation of the disk and fluid generates centrifugal forces that 
cause the fluid to progress outwards, resulting in an escalation in the azimuthal velocity. It is essential to notice that, for a dilatant 
power-law fluid, the dimensionless azimuthal velocity also decreases as the velocity ratio increases. However, an escalation in the 
stretchable velocity at the disk surface causes an escalation in the viscosity of the fluid, resulting in a reduction in the azimuthal 
velocity. Similar to the pseudoplastic fluid case, the dimensionless azimuthal velocity of a dilatant power-law fluid escalates with 
escalating rotation parameters. This is because of the reason that the rotation of the disk and fluid generates centrifugal forces that 
cause the fluid to progress outwards, resulting in an escalation in the azimuthal velocity. 

Fig. 4 (a, b) illustrate the impact of MHD and n on the dimensionless axial velocity of pseudoplastic and dilatant power-law fluids. 
For a pseudoplastic power-law fluid, the dimensionless axial velocity escalates with increasing magnetic field strength. This is for the 

Fig. 2. (a, b): Impacts of velocity ratio and rotation parameters on radial velocity.  

Fig. 3. (a, b): Impacts of velocity ratio and rotation parameters on azimuthal velocity.  
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reason that the MHD generates Lorentz forces that perform on the fluid, causing it to accelerate in the axial direction. The magnitude of 
the Lorentz forces depends on the power of the magnetic field, the fluid’s electrical conductivity, and the velocity. The impact of n upon 
the dimensionless axial velocity of a pseudoplastic fluid depends on the specific estimations of the n. In general, as the n rises, the 
fluid’s shear stress and viscosity also rise, which can lead to a decay in the axial velocity. For a dilatant power-law fluid, the axial 
velocity also reduces with a growing n. Physical justification of this reasonis that the higher power-law index corresponds to a fluid’s 
higher shear stress and viscosity, which reduces the axial velocity. 

The consequences of velocity ratio and rotation parameter upon the non-dimensional temperature of pseudoplastic and dilatant 
power-law fluids over a stretching spinning porous disk are presented in Fig. 5 (a, b). It is exposed that, for a pseudoplastic power-law 
fluid, the dimensionless temperature decreases with increasing velocity ratio and rotation parameter. Physical reason behind this 
behavior is that the higher velocity ratio and rotation parameter lead to increased shear rates and therefore increased heat generation 
due to viscous dissipation, resulting in a decrease in temperature. 

Fig. 4. (a, b): Impacts of magnetic field and power-law index on axial velocity.  

Fig. 5. (a, b): Impacts of velocity ratio and rotation parameters on temperature.  

Fig. 6. (a, b): Impacts of radiation and temperature ratio parameters on the temperature.  
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For a dilatant power-law fluid, the dimensionless temperature escalates with increasing velocity ratio and rotation parameter. 
Physical justification behind this result is the higher velocity ratio and rotation parameter lead to increased shear rates and therefore 
increased heat generation due to viscous dissipation, resulting in an increase in temperature. 

For a pseudoplastic power-law fluid, the dimensionless temperature reduces with increasing radiation and wall temperature ratio, 
as indicated in Fig. 6 (a). Physically, the higher radiation and wall temperature ratio leads to increased heat loss from the fluid, which 
reduces its temperature. Additionally, for pseudoplastic fluids, a higher wall temperature ratio can result in increased viscosity, which 
can further reduce the temperature due to increased viscous dissipation. 

For a dilatant power-law fluid, the dimensionless temperature grows with increasing radiation and wall temperature ratio, as 
displayed in Fig. 6 (b). This is because the higher radiation and wall temperature ratio leads to increased heat absorption by the fluid, 
which increases its temperature. Additionally, for dilatant fluids, a higher wall temperature ratio can result in increased viscosity, 
which can further increase the temperature due to increased viscous dissipation. 

Fig. 7 (a, b) disclose that the non-dimensional concentration increases with modified Prandtl Prm and Schmidt Sc numbers for both 
pseudoplastic and dilatant fluids over a stretching spinning porous disk. It is well known that the Prm signifies the relation of the 
momentum to the thermal diffusivities, while the Sc represents the relation of the momentum to the mass diffusivities. In general, 
higher estimations of Prm and Sc agreed to a higher momentum or mass transfer rate, respectively. For pseudoplastic power-law fluids 
and dilatant fluids, the diffusion process is enhanced owing to the non-Newtonian nature of the fluid. As the fluid flows over the porous 
disk, the concentration gradients at the fluid-porous interface drive the diffusion of species across the BL, leading to an escalation in the 
concentration in the bulk of the fluid. Higher values of Prm and Sc increases the momentum or mass transfer rate, respectively, which 
leads to a more efficient diffusion process and a faster increase in the concentration of the species in the bulk of the fluid. Hence, the 
dimensionless concentration of both pseudoplastic and dilatant fluids increases with increasing Prm and Sc. 

In a system with homogeneous and heterogeneous reactions involving power-law fluids, the dimensionless concentration of the 
species is influenced by the reaction parameters K1 and K2. Homogeneous reactions occur uniformly throughout the fluid, while 
heterogeneous reactions occur at the fluid-porous interface. The impacts of HH reaction parameters upon the dimensionless con-
centration are portrayed in Fig. 8 (a, b). It is demonstrated that the dimensionless concentration of the species decreases depending on 
the nature of the homogeneous reaction. An endothermic reaction will decay the temperature, which escalates the viscosity and re-
duces the mass transport coefficient, thereby decreasing the rate of diffusion and the concentration of the species. In general, the 
dimensionless concentration is influenced by the activation energy, the rate of the reaction, and the heat of the reaction. A higher 
activation energy will lessen the rate of reaction, which in turn will reduce the concentration of the species. The heat of the reaction can 
also affect the temperature and viscosity of the fluid, which can further impact the diffusion process and the concentration of the 
species. 

In a system with non-Newtonian power-law fluids flowing upon a spinning porous disk, the dimensionless radial and tangential skin 
friction is influenced by the velocity ratio, magnetic field, and power-law index n. This is explained in Fig. 9 (a, b) for both cases. The 
skin friction measures the shear stress used by the fluid on the surface of the disk and is expressed by the dimensionless shear stress. As 
the n rises, the shear-thinning case of the fluid becomes more prominent, leading to a decrease in the skin friction coefficient. For n = 1, 
the skin friction coefficient is constant. However, for n < 1, the skin friction coefficient decays as the n reduces. The dimensionless skin 
friction decays with a growing velocity ratio. This is because as the velocity ratio escalates, the radial velocity close to the disc’s surface 
disk increases, which reduces the thickness of the BL and hence the shear stress exerted upon the surface of the disk. As the magnetic 
parameter escalates, the skin friction coefficient increases. This is because the magnetic field persuades an electric current in the fluid, 
which in turn generates a Lorentz force that opposes the fluid flow. This results in an escalation in the shear stress at the wall, leading to 
a rise in the skin friction coefficient. Overall, the skin friction coefficient is affected by the n, velocity ratio, and magnetic parameter. 
These parameters can be optimized to minimize the skin friction coefficient, thereby reducing the energy required to transport the 
fluid. 

A Nusselt number is a non-dimensional number that relates the convective HT at a boundary to the conductive HT in the fluid. The 
Nusselt number is affected by several factors, including the Prandtl number, radiation parameter, and temperature ratio, as shown in 
Fig. 10 (a, b). The radiation parameter represents the significance of radiative HT comparative to convective HT. As the radiation 
parameter increases, radiative heat transfer becomes more significant and boosts the Nusselt number for both power-law fluids. In 
general, the effect of radiation is more pronounced for high-temperature systems or for systems with high-emissivity surfaces. The 
temperature ratio is delineated as the ratio of the surface temperature of the boundary to the free stream temperature. As the tem-
perature ratio increases, the HT from the surface to the fluid develops more efficiently, and the Nusselt number increases in both cases. 
For pseudoplastic, the power-law index is less than 1, which means that the apparent viscosity decays as the shear rate rises. This 
consequences in a decline in the thermal BL thickness and an escalation in the convective HT coefficient. For dilatant fluids, the Prandtl 
number is typically higher than for Newtonian fluids. This is because the effective thermal diffusivity is escalated owing to the 
declination in the thermal BL thickness caused by the shear thinning case of the fluid. Therefore, for pseudoplastic and dilatant fluids, 
the combination of the shear thinning behavior and the higher Prandtl number precedents an escalation in the convective HT coef-
ficient and hence an escalation in the Nusselt number. This escalation in convective HT can result in more efficient HT and can be 
useful in industrial processes where HT is critical. 

The Nusselt number represents the convective HT coefficient and is delineated as the relation of convective HT to conductive HT. In 
the instance of non-Newtonian power-law fluids, the Nusselt number can be influenced by the n, velocity ratio, and magnetic pa-
rameters in Fig. 11 (a, b). The parameter n measures the shear-thinning or shear-thickening performances of the fluid. As the parameter 
n decays, the apparent viscosity decreases, resulting in a reduction in the thermal BL thickness and an escalation in the convective HT 
coefficient. Therefore, as the parameter n decreases, the Nusselt number generally rises. The velocity ratio indicates the relation of the 

Z. He et al.                                                                                                                                                                                                              



Case Studies in Thermal Engineering 50 (2023) 103406

11

velocity of the rotating disk to the velocity of the free stream. As the velocity ratio increases, the fluid experiences higher levels of 
shear, which escalates the convective HT coefficient. Therefore, as the velocity ratio escalates, the Nusselt number generally grows. 
The magnetic parameters refer to the power of the magnetic field and the magnetic properties of the fluid. With a magnetic field, the 
flow behavior of the non-Newtonian fluid can be modified, which can affect the convective HT coefficient. Generally, the magnetic 
field can lead to an increase in the convective HT coefficient, particularly for fluids with higher magnetic susceptibility. Therefore, as 
the magnetic parameters increase, the Nusselt number generally escalates for pseudoplastic fluids. 

5. Conclusion 

Theoretical exploration of HT in a stagnant power-law fluid flow upon a stretchable spinning porous disk filled with HH reactions 
involves the examination of the HT mechanisms and fluid dynamics in this system. The theoretical model for this system considers a 
power-law fluid flowing upon a spinning porous disk, which is stretched in the radial direction. The porous disk is filled with a HH 

Fig. 7. (a, b): Impacts of modified Prandtl and Schmidt numbers upon the concentration.  

Fig. 8. (a, b): Impacts of HH reaction parameters on dimensionless concentration.  

Fig. 9. (a, b): Alteration of skin friction with the power-law index for diverse estimations of velocity ratio and magnetic parameters.  
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chemical reaction that generates or absorbs heat, depending on the reaction conditions. The study utilizes a theory developed by 
Chaudhary and Merkin, which is modified to address the present problem of a stretching sheet in a power-law fluid. The focus is on 
examining the impact of equal diffusivities for reactant and auto catalyst in the stagnant-point BL flow. The study starts by modeling 
the fluid flow using the continuity, momentum, and energy conservation equations, which are then handled numerically via assumed 
BCs. The momentum conservation equation is modified to account for the impacts of porosity and the stretching and spinning of the 
disk. The key discoveries are abridged as given:  

• The dimensionless radial velocity of both power-law fluids rises with a rise in the velocity ratio and rotation parameters. 
• The dimensionless azimuthal velocity of both power-law fluids rises with escalating rotation parameters but decays with the ve-

locity ratio.  
• For both power-law fluids, the dimensionless axial velocity grows with growing magnetic field power while decaying with an 

escalation in the power-law index.  
• The dimensionless temperature decreases for the pseudoplastic power-law fluid and escalates for the dilatant power-law fluid as the 

velocity ratio, rotation, radiation, and wall temperature ratio parameters increase.  
• The dimensionless concentration increases with Schmidt and modified Prandtl numbers for both power-law fluids over a stretching 

spinning porous disk.  
• The HH reaction parameters decline the concentration of power-law fluids.  
• The dimensionless skin friction of both power-law fluids decreases with increasing velocity ratio and magnetic parameters. 

However, it escalates with escalating power-law index.  
• The Prandtl number, velocity ratio, temperature ratio, and magnetic and radiation parameters enhance the HT rate. 

Future work 

This study analyzes the HT features in an MHD stagnant flow of power-law fluid caused by a spinning disk that is stretched and 
saturated in a porous medium; nonetheless influence of another viscoelastic fluid model along with effects of nonlinear thermal ra-
diation along with the gyrotactic microorganism well-thought-out in the near future. 

Fig. 10. (a, b): Alteration of Nusselt number with radiation parameter for diverse fluids and temperature ratio.  

Fig. 11. (a, b): Alteration of Nusselt number with power-law index n for diverse estimations of velocity ratio and magnetic parameters.  
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