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The impact of a chemical reaction 
on the heat and mass transfer 
mechanisms in a dissipative 
and radiative nanofluid flow 
over a nonlinear stretching sheet
W. Abbas 1*, Ahmed M. Megahed 2 & Eman Fares 3

This paper presents a numerical investigation of the flow of a non-Newtonian tangent hyperbolic 
nanofluid over a nonlinearly stretched surface, taking into account factors such as thermal radiation, 
prescribed surface temperature, and a chemical reaction mechanism. Furthermore, the analysis 
includes the consideration of both viscous dissipation and the influence of a magnetic field within a 
Darcy porous medium. A mathematical framework for addressing the issue, rooted in the principles 
of conserving momentum, energy, and mass. The MATHEMATICA tools were employed to apply the 
shooting technique in order to solve the modeled equations describing the temperature, velocity, 
and concentration fields of the proposed physical system. Graphs are used to illustrate how certain 
key parameters affect the profiles of concentration, velocity, and temperature. Data tables are 
utilized to display information pertaining to the local Nusselt number, local Sherwood number, and 
local skin friction coefficient. The present results have been confirmed through a comparison with 
previously published findings. This research holds significant importance as it focuses on the extensive 
utilization of tangent hyperbolic nanofluids in cooling electronic components that produce substantial 
heat during their operation. The observed pattern indicates that as the local Weisbsenberg number, 
magnetic number, local porous parameter, and power law index increase, there is a reduction in the 
boundary layer thickness. Conversely, in the instances of concentration and temperature distributions, 
an escalation in these parameters leads to an expansion of the boundary layer thickness.
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Over the past two decades, the study of non-Newtonian fluids has emerged as a highly consequential field 
of research. Consequently, there has been a substantial surge in interest surrounding the exploration of 
the thermophysical properties of these fluids. Given their extensive applications in various industrial and 
technological domains, a substantial body of literature has been dedicated to this subject, encompassing 
both analytical and numerical approaches to address this matter. Non-Newtonian fluids can be categorized 
into several models, including but not limited to the Williamson  model1, Casson  model2, Power-law  model3, 
viscoelastic  model4, Carreau  model5, Maxwell  type6, Casson and Williamson  model7, Powell-Eyring  model8, 
Cross  model9 and more. Among non-Newtonian fluid models, the tangent hyperbolic fluid  model10 stands out 
as a significant one. Within the field of chemical engineering, the tangent hyperbolic fluid model is an attractive 
substitute for the conventional Newtonian model. It has been demonstrated through laboratory experiments to 
accurately depict shear thinning behavior and effectively represents blood flow. Moreover, in various chemical 
engineering applications, this model offers distinct advantages over alternative non-Newtonian fluid models. 
Notably, substances like blood, ketchup, paint, nail polish, whipped cream, and similar materials exhibit tangent 
hyperbolic fluid characteristics in common practice. A wealth of fascinating research on the topic of tangent 
hyperbolic fluid can be accessed by referring to the citations  numbered11–13. These references contain a diverse 
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range of studies and investigations that delve into various aspects of tangent hyperbolic fluids, offering valuable 
insights and knowledge on this particular subject matter.

A nanofluid can be described as a mixture comprising a primary fluid, such as  water14, combined with 
particles that are nanometer in size. The prevailing notion in this context is that the inclusion of nanoparticles is 
expected to enhance the overall heat transfer efficiency of these nanofluids. Because of their extensive application 
across various industrial systems, nanofluids have become a widely researched subject. They find utility in a 
diverse range of engineering systems for temperature regulation and the enhancement of operational efficiency. 
In 1995,  Choi15 introduced the concept of nanofluids with the primary aim of enhancing heat transfer rates. 
Choi and  Eastman16 were pioneers in the field when they initially proposed the notion that the incorporation 
of nanoparticles, ranging in size from 1 to 100 nanometers, into conventional base fluids serves to augment the 
thermal conductivity of these base fluids. The latest research  findings17–30 have been consolidated to provide a 
comprehensive summary of the current state of knowledge on nanofluids.

While the preceding studies held significance and found application across various disciplines, their 
limitations were evident as they overlooked the influence of the viscous dissipation phenomenon coupled with 
variable thermal conductivity and chemical reactions within nanoparticles during the flow of nanofluid over a 
non-linear stretching sheet. Therefore, this research intends to investigate the behavior of a nanofluid model, 
specifically a tangent hyperbolic nanofluid, as it flows through a porous medium containing a nonlinearly 
stretching sheet. The study also considers the effects of thermal radiation, a magnetic field, and viscous dissipation 
in this context. The study also accounts for chemical reactions occurring among fluid particles and the varying 
thermal conductivity. As far as we are aware, no researcher has examined the model we are proposing up to this 
point. Hence, the incorporation of these phenomena in our research underscores the originality and novelty of 
our work. We utilize a similarity transformation to convert the governing partial differential equations, along with 
their corresponding dimensionless boundary conditions, into highly nonlinear ordinary differential equations. To 
numerically address the resulting nonlinear system of governing equations, we employ a shooting code for solving 
it. Charts and tables are utilized to analyze how various physical parameters influence the outcome. Finally, this 
type of nanofluid can find application in real life in manufacturing processes like metal cutting and forming, 
reducing thermal damage. Additionally, their heightened thermal conductivity makes them suitable for cooling 
systems in electronics and automotive applications, enhancing heat dissipation. Moreover, these nanofluids may 
be employed in solar thermal systems to improve the absorption and transfer of solar energy, thereby boosting 
the overall efficiency of solar collectors. We expect that this study will provide valuable insights and pave the way 
for further exploration of nonlinear stretching processes in an industrial and engineering context.

Mathematical modeling
In this model, we consider the steady flow of a nanofluid with a hyperbolic tangent profile, taking into 
consideration its variable conductivity as it passes over a nonlinearly stretched sheet. The stretched sheet is 
oriented horizontally, with its length along the x-axis and the y-axis positioned perpendicular to it. The fluid’s 
movement is a result of the stretching of the horizontal sheet. Additionally, we make the assumption that the flow 
is confined to the region where y is greater than zero. The physical model is presented in a systematic manner 
in Fig. 1.

A constant magnetic field B in the transverse direction is applied along the y-axis, and the sheet is stretched 
in the x-axis direction with a velocity represented as uw = ax

1
3 . Also, the constant magnetic field B is assumed 

to vary with x coordinate in the form B = B0x
−2
3  . Also, Tw ,T∞ and Cw represent the temperature at the wall, 

the ambient temperature, and the concentration at the wall’s surface, respectively. We analyze the heat and 
mass transfer aspects, taking into account the influence of a chemical reaction phenomenon characterized by a 
conversion rate K and the presence of thermal radiation with a radiative flux denoted as qr . The porous medium 
that encompasses the stretching sheet follows the fundamental principles of Darcy’s law, which govern fluid flow 
through porous materials. In the context presented here, the discussion takes into account thermophoresis effects 

Figure 1.  Geometry of nanofluid flow over a stretching sheet.
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and also investigates both viscous dissipation and the Brownian motion of nanoparticles that are suspended 
within the fluid. In their dimensional form, the governing equations, as described in  references31,32, are expressed 
as follows:

Here, u, v, cp,µ,DT ,DB,C, ρ,Ŵ, n and τ correspond to the longitudinal and perpendicular velocity components, 
specific heat, kinematic viscosity, thermophoresis diffusion coefficient, Brownian diffusivity, concentration of 
nanoparticles, fluid density, time constant, power law index and the ratio between the heat capacity of the nano-
material and that of the fluid. The applicable constraints or limits can be summarized as follows:

where vw represents the velocity of suction which can be assumed to vary with x coordinate in the form 
vw = v0x

−1
3  . The transformations that  follow33 are introduced with the aim of converting the represented equa-

tions into a dimensionless form:

In this context, the variable qr is streamlined and expressed as a function of temperature, which aligns with the 
prior research conducted by Alali and  Megahed25. In this context, it is important to note that the applicability of 
linear radiation, based on a linear correlation between temperature and radiation heat transfer, is generally suit-
able for moderate temperature ranges. Consequently, our assumptions are aligned with scenarios characterized 
by moderate temperature distributions. Furthermore, we embrace the presumption that the thermal conductiv-
ity, denoted as κ , for the Tangent hyperbolic nanofluid varies as a function of dimensionless temperature θ . This 
connection is elucidated by the subsequent  equations34:

where ε represents the parameter governing thermal conductivity. After implementing the transformations 
mentioned previously in Eqs. (7)–(8), the governing equations take on the ensuing structure:

In addition to the following given boundary conditions:

(1)
∂u

∂x
+

∂v

∂y
= 0,

(2)u
∂u

∂x
+ v

∂u

∂y
=

µ

ρ

[

(1− n)
∂2u

∂y2
+

√
2 nŴ

∂u

∂y

∂2u

∂y2

]

−
σB2

ρ
u−

µ

ρk
u,

(3)
u
∂T

∂x
+ v

∂T

∂y
= τ

[

DB
∂C

∂y

∂T

∂y
+

DT

T∞

(

∂T

∂y

)2
]

+
µ

ρcp

[

(1− n)

(

∂u

∂y

)2

+
nŴ
√
2

(

∂u

∂y

)3
]

+
1

ρcp

∂

∂y

(

κ(T)
∂T

∂y

)

−
1

ρcp

∂qr

∂y
,

(4)u
∂C

∂x
+ v

∂C

∂y
= DB

∂2C

∂y2
+

DT

T∞

∂2T

∂y2
− K(C − C∞).

(5)v = −vw , u = uw = ax
1
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It’s evident that the resulting governing parameters are clearly defined as follows:

where β is the local porous parameter, fw is the local suction factor, M is the local Hartmann number, Ŵe is the 
local Weisbsenberg number, Ec is the local Eckert number, δt is the thermophoresis parameter, R is the radiation 
parameter, δb is the Brownian motion parameter, Sc is the Schmidt number, γ is the chemical reaction parameter 
and Pr is the Prandtl Number. Furthermore, we can mathematically express certain distinct physical factors 
to provide an intriguing insight into mass transfer, flow characteristics, and heat transfer mechanisms. These 
quantities are denoted as the local Sherwood number Shx , the local skin-friction coefficient Cfx , and the local 
Nusselt number Nux . Their respective definitions are as follows:

where Rex = uwx
ν

 is the local Reynolds number.

Method of solution
Owing to the intricate nonlinearity inherent in Eq. (10) through (12), our present physical model does not possess 
an exact solution. Nevertheless, employing the shooting technique enabled us to convert these equations from 
boundary value problems to initial value problems. Subsequently, we successfully solved the system numerically 
by employing an appropriate initial guess. The difficulty encountered revolved around determining suitable 
initial values and conditions for the modified problem. In order to overcome this challenge, a transformation 
of the following is necessary:

In light of the preceding information, it is possible to deduce the following from the set of Eqs. (10)–(12):

when η → ∞

The iterative shooting method is utilized to seek appropriate estimates for ξ1, ξ2 , and ξ3 , ensuring the fulfillment 
of outer boundary conditions χ2(∞) , χ4(∞) , and χ6(∞) . This procedure can be reiterated until the target level 
of precision, specifically 10−6 , is attained.
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Confirmation of the code’s precision
In this study, we utilized the shooting technique in conjunction with the Runge-Kutta scheme to conduct our 
numerical computations. The shooting method presents numerous advantages, such as its adaptability in address-
ing boundary value problems related to ordinary differential equations. It is versatile across a broad spectrum of 
problems and is easy to implement. Notably, the method demonstrates numerical efficiency and doesn’t neces-
sitate a detailed formulation of the solution, enhancing its utility for intricate systems. To verify the effectiveness 
of the provided code, we obtained results for the skin friction coefficient Re

1
2
x Cfx at β = fw = 0 for various values 

of the power law index n while maintaining the other parameters at constant values, as illustrated in Table 1. The 
outcomes displayed in Table 1 indicate a strong concurrence between our findings and those acquired in the study 
conducted by Ahmed et al.33. This strong agreement serves to confirm both the precision and the reliability of 
our code and the numerical outcomes it produces. It is important to note that the originality and novelty of our 
proposed research, in comparison to the previous work by Ahmed et al.33, can be encapsulated by examining 
crucial phenomena such as viscous dissipation, variable thermal conductivity, and the chemical reaction process 
within a Darcy porous medium.

Discussion
This portion of the study delves into the numerical analysis of how governing parameters affect the flow behavior 
of a magnetized Hyperbolic tangent nanofluid over a non-linear stretching sheet. The equations in this model are 
controlled by various key parameters that have recently emerged in the field. These parameters include the local 
porous parameter denoted as β , the local suction factor represented as fw , the local Hartmann number indicated 
as M, the local Weisbsenberg number denoted as Ŵe , the local Eckert number labeled as Ec, the thermophoresis 
parameter referred to as δt , the radiation parameter designated as R, the Brownian motion parameter represented 
as δb , the Schmidt number termed as Sc, and the chemical reaction parameter known as γ . Figure 2 illustrates 
how the temperature θ(η) , concentration φ(η) , and velocity f ′(η) profiles change with respect to η as the local 
Weisbsenberg number Ŵe undergoes variations. The Weissenberg number Ŵe is a dimensionless quantity that 
quantifies the relationship between the relaxation time of a material and the time scale associated with fluid 
flow. As depicted in Fig. 2, as Ŵe increases, it becomes evident that a longer duration is required for the fluid to 
undergo its flow, leading to a reduction in velocity. Conversely, both temperature and concentration exhibit an 
opposite trend in response to the variations in Ŵe . The influence of Ŵe on the characteristics of the flow of the 
nanofluid can be attributed to the fundamental concept behind Ŵe . Physically, the local Weisbsenberg number 
fundamentally assesses the speed at which the fluid moves in relation to the material’s capacity to deform or 
respond to external forces.

Figure 3 presents a visualization of the traits associated with the porous parameter β and how it affects the 
flow properties of the nanofluid. A dimensionless quantity that deals with flows across porous medium is the 
porous parameter. It describes the porosity or permeability of a substance through which a fluid is flowing. This 
characteristic is crucial because it affects how easily and with what resistance fluid can pass through porous 
objects like geological formations, filters, and membranes. Hence, Fig. 3 effectively illustrates that as the porous 

Table 1.  Comparison table of Re
1
2
x Cfx with the previously findings of Ahmed et al.33 when M = Ŵe = 0.5 and 

β = fw = 0.

n Ahmed et al.33 Present work

0.1 0.932163 0.93216257890

0.2 1.016640 1.01663899187

0.3 1.096308 1.09630779902

Figure 2.  (a) f ′(η) for different Ŵe (b) φ(η) and θ(η) for different Ŵe.



6

Vol:.(1234567890)

Scientific Reports |         (2024) 14:7712  | https://doi.org/10.1038/s41598-024-57952-9

www.nature.com/scientificreports/

parameter experiences an increase, there is a noteworthy reduction in the velocity of the nanofluid. Additionally, 
it is evident that the resistance of the fluid to the pores within the porous medium substantially amplifies both 
the temperature and concentration of the fluid. Physically, the decline in nanofluid velocity due to the porous 
parameter is mainly linked to the heightened resistance faced by the fluid when moving through the porous 
medium. This increased resistance acts as an obstacle to the fluid’s flow, leading to a decrease in velocity.

Figure 4 provides a visual representation of how the Magnetic parameter M influences the characteristics 
of flow, heat, and mass within the nanofluid. It is evident that the fluid’s velocity experiences a reduction in the 
presence of a magnetic field. Furthermore, the same graph demonstrates that the presence of a magnetic force 
leads to an improvement in both the temperature θ(η) and concentration φ(η) distributions. In a physical sense, 
the Lorentz force exerted on the fluid increases with the rise in the magnetic parameter. Consequently, this causes 
a reduction in fluid velocity, ultimately slowing down the fluid’s movement. Moreover, the preceding research 
conducted by Yasmin and  colleagues35 provides support and confirmation for the influence of the magnetic field 
on the heat transfer dynamics within nanofluid flow.

Figure 5 provides a graphical depiction of how changes in the suction parameter impact the characteristics of 
concentration φ(η) , velocity f ′(η) , and temperature θ(η) profiles. This graph demonstrates that with an increase 
in the suction parameter fw , the concentration, temperature, and velocity profiles decline at elevated values. 
From a physical perspective, the reduction in nanofluid velocity with an increase in the suction parameter can 
be attributed to the presence of pores on the stretching sheet. These pores introduce resistance to the flow of 
fluid, leading to the observed decrease in velocity.

Figure 6 illustrates the changes in the graphs of temperature, concentration, and velocity concerning variations 
in the power law index n. This visual representation showcases how these parameters evolve as the power law 
index undergoes alterations. It is quite apparent that there is a clear correlation between the increase in the power 
law index factor and the corresponding elevation of the fluid’s temperature, concentration, and the thickness of 
the thermal boundary layer. Furthermore, based on the information presented in the same figure, it becomes quite 
evident that when the power law index is intensified, there is a noticeable reduction in the velocity distribution 
within the boundary layer region. Physically, the reduction in nanofluid velocity associated with the power 
law index is mainly due to the fluid’s response to shear forces. A higher power law index indicates heightened 
resistance to shear, resulting in a decline in fluid velocity.

Figure 3.  (a) f ′(η) for different β (b) φ(η) and θ(η) for different β.

Figure 4.  (a) f ′(η) for different M (b) φ(η) and θ(η) for different M.
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Figure  7a provides a visual representation of how the thermal radiation parameter R influences the 
temperature profile θ(η) . Essentially, the radiation parameter assists in assessing how significant thermal radiation 
is in a specific heat transfer situation, providing insight into whether it plays a prominent or inconsequential role. 
Consequently, with an increase in the radiation parameter, there is a notable upward trend in θ(η) , resulting in the 
expansion of the thermal boundary-layer thickness. Additionally, previous  studies36–41 provide confirmation of 
the influence of the thermal radiation parameter on the heat transfer mechanism. Figure 7b provides a depiction 
of how the temperature distribution, represented by θ(η) , is influenced by changes in the variable thermal 
conductivity factor ε . As the thermal conductivity factor rises, the temperature of the nanofluid rises. Physically, 

Figure 5.  (a) f ′(η) for different fw (b) φ(η) and θ(η) for different fw.

Figure 6.  (a) f ′(η) for different n (b) φ(η) and θ(η) for different n.

Figure 7.  (a) θ(η) for different R (b) θ(η) for different ε.
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this phenomenon happens as a result of a more effective heat transmission from the sheet to the nanofluid at 
higher levels of the thermal conductivity factor.

Figure 8 visually demonstrates how variations in the thermophoretic parameter δt influence both temperature 
θ(η) and concentration φ(η) . To begin, we introduce the concept of the thermophoretic parameter, a non-
dimensional value relevant to thermophoresis. Thermophoresis is a phenomenon occurring in fluid dynamics 
and heat transfer where particles or molecules dispersed within a fluid experience motion due to temperature 
variations within the fluid. An escalation in the thermophoretic parameter, denoted as δt , is depicted as leading 
to an increase in both temperature θ(η) and concentration φ(η) levels. Moreover, the rise in temperature and 
concentration resulting from alterations in the thermophoretic parameter leads to an increase in the thickness of 
the boundary layer. Furthermore, as the value of the thermophoretic parameter increases, there is a corresponding 
decline in the local Nusselt number, while the local Sherwood number exhibits an opposite trend.

Figure 9 portrays the concentration and temperature profiles for different values of Brownian motion 
parameter δb . This graph clearly illustrates a direct correlation between the Brownian motion parameter and the 
profiles of both temperature and concentration. Elevating the Brownian motion parameter leads to a decrease in 
nanofluid concentration. This occurs because Brownian motion causes the particles to move away from the fluid 
region as the boundary layer experiences warming. Physically, an elevation in the Brownian motion parameter 
leads to increased thermal conduction as a result of the enhanced mobility of nanoparticles, thereby causing a 
rise in the temperature field.

The temperature profile θ(η) is depicted graphically in Fig. 10a in relation to variations in the Eckert number 
Ec. The correlation between the Eckert number Ec and the temperature distribution is highlighted by this visual 
representation. The relationship between the Eckert number and temperature differences is inverse; as the 
Eckert number increases, temperature differences become weaker, resulting in more pronounced temperature 
profiles and a thicker thermal boundary layer. Figure 10b illustrates the attributes of the chemical reaction 
parameter γ and how it influences the distribution of concentration φ(η) . A decrease in the concentration of the 
nanofluid results from increasing the chemical reaction parameter. This effect results from a drop in nanofluid 
concentration brought on by an enhanced chemical reaction parameter.

Table 2 presents the influences of various significant factors on key physical parameters, including the skin 
friction coefficient CfxRe

1
2
x  , local Sherwood number Shx√

Rex
 , and local Nusselt number Nux√

Rex
 . This table offers a 

Figure 8.  (a) θ(η) for different δt (b) φ(η) for different δt.

Figure 9.  (a) θ(η) for different δb (b) φ(η) for different δb.
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summary of how these diverse factors affect these critical physical quantities. As the power law index and the 
Weissenberg number increase, there is a corresponding decrease in the local Nusselt number, skin friction coef-
ficient, and local Sherwood number. Also, the local Sherwood number, skin friction coefficient, and local Nusselt 
number all rise in response to a boost in the suction parameter. As the magnetic number is heightened, the skin 
friction coefficient experiences an increase. However, the local Sherwood number and the local Nusselt number 

Figure 10.  (a) θ(η) for different Ec (b) φ(η) for different γ.

Table 2.  Values of CfxRe
1
2
x  , Nux√

Rex
 and Shx√

Rex
 for various values of Ŵe ,β ,M,R, n, ε, δt , δb,Ec and δb with 

Sc = 2.0, γ = 0.2 and Pr = 3.0.

Ŵe β M fw n R ε δt δb Ec CfxRe
1

2

x
Nux
√

Rex

Shx
√

Rex

0.0 0.2 0.2 0.2 0.2 0.5 0.2 0.1 0.8 0.2 0.897563 0.197757 1.001520

1.0 0.2 0.2 0.2 0.2 0.5 0.2 0.1 0.8 0.2 0.852030 0.192528 0.989437

2.0 0.2 0.2 0.2 0.2 0.5 0.2 0.1 0.8 0.2 0.785905 0.183234 0.969761

0.5 0.0 0.2 0.2 0.2 0.5 0.2 0.1 0.8 0.2 0.779623 0.220553 1.012282

0.5 0.5 0.2 0.2 0.2 0.5 0.2 0.1 0.8 0.2 1.001912 0.162048 0.976054

0.5 1.0 0.2 0.2 0.2 0.5 0.2 0.1 0.8 0.2 1.178473 0.114776 0.950711

0.5 0.2 0.0 0.2 0.2 0.5 0.2 0.1 0.8 0.2 0.779623 0.220553 1.012282

0.5 0.2 0.5 0.2 0.2 0.5 0.2 0.1 0.8 0.2 1.001912 0.162048 0.976054

0.5 0.2 1.0 0.2 0.2 0.5 0.2 0.1 0.8 0.2 1.178473 0.114776 0.950711

0.5 0.2 0.2 0.0 0.2 0.5 0.2 0.1 0.8 0.2 0.805628 0.139805 0.830692

0.5 0.2 0.2 0.2 0.2 0.5 0.2 0.1 0.8 0.2 0.876164 0.195394 0.995976

0.5 0.2 0.2 0.5 0.2 0.5 0.2 0.1 0.8 0.2 0.991429 0.287496 1.267971

0.5 0.2 0.2 0.2 0.1 0.5 0.2 0.1 0.8 0.2 0.942036 0.199661 1.010632

0.5 0.2 0.2 0.2 0.3 0.5 0.2 0.1 0.8 0.2 0.822182 0.191896 0.983032

0.5 0.2 0.2 0.2 0.5 0.5 0.2 0.1 0.8 0.2 0.664586 0.175271 0.935341

0.5 0.2 0.2 0.2 0.3 0.0 0.2 0.1 0.8 0.2 0.822182 0.155684 0.989063

0.5 0.2 0.2 0.2 0.3 0.5 0.2 0.1 0.8 0.2 0.822182 0.191896 0.983032

0.5 0.2 0.2 0.2 0.3 1.0 0.2 0.1 0.8 0.2 0.822182 0.202175 0.980394

0.5 0.2 0.2 0.2 0.3 0.5 0.0 0.1 0.8 0.2 0.822182 0.189771 0.983851

0.5 0.2 0.2 0.2 0.3 0.5 0.5 0.1 0.8 0.2 0.822182 0.192263 0.982215

0.5 0.2 0.2 0.2 0.3 0.5 1.0 0.1 0.8 0.2 0.822182 0.198887 0.981486

0.5 0.2 0.2 0.2 0.3 0.5 0.2 0.0 0.8 0.2 0.822182 0.210753 0.982823

0.5 0.2 0.2 0.2 0.3 0.5 0.2 0.2 0.8 0.2 0.822182 0.174472 0.986165

0.5 0.2 0.2 0.2 0.3 0.5 0.2 0.5 0.8 0.2 0.822182 0.129694 1.009211

0.5 0.2 0.2 0.2 0.3 0.5 0.2 0.1 0.2 0.2 0.822182 0.460324 0.873602

0.5 0.2 0.2 0.2 0.3 0.5 0.2 0.1 0.5 0.2 0.822182 0.306576 0.964683

0.5 0.2 0.2 0.2 0.3 0.5 0.2 0.1 1.5 0.2 0.822182 0.037742 0.990519

0.5 0.2 0.2 0.2 0.3 0.5 0.2 0.1 0.8 0.0 0.822182 0.294832 0.971712

0.5 0.2 0.2 0.2 0.3 0.5 0.2 0.1 0.8 0.2 0.822182 0.191896 0.983032

0.5 0.2 0.2 0.2 0.3 0.5 0.2 0.1 0.8 0.5 0.822182 0.037095 1.000061
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decrease because of the Lorentz effect, which hinders fluid movement. As the value of the Brownian motion 
parameter rises, there is a concurrent decrease in the local Nusselt number, while the local Sherwood number 
experiences a simultaneous increase.

Concluding remarks
This research offers a quantitative examination of the flow of a non-Newtonian tangent hyperbolic nanofluid over 
a surface that undergoes nonlinear stretching, while the flow takes place through a porous medium characterized 
by Darcy’s law. This study takes into account several factors, including chemical reactions, variable thermal 
conductivity, the magnetic field, the dissipation of viscous energy, and the influence of thermal radiation. After 
using the shooting technique to obtain the solution for our model, the numerical outcomes are presented in both 
tabular and graphical forms to emphasize the specific details of flow and heat transfer. Below is a compilation 
of the model’s most crucial findings. 

1. The velocity profile is diminished by factors such as the porous parameter, magnetic number, suction param-
eter, power law index, and the Weisbsenberg number.

2. The skin friction coefficient exhibits a declining trend as the Weisbsenberg number and power law index rise, 
while it demonstrates an upward trend with increased values of the porous parameter, magnetic parameter, 
and suction parameter.

3. The nanofluid temperature experiences a decrease when the suction parameter and Prandtl number are 
increased, whereas it shows an increase as the Eckert number, Brownian motion parameter, radiation param-
eter, power law index, and magnetic number are increased.

4. Heat and mass transfer rates decline with an increase in the Weisbsenberg number, porous parameter, mag-
netic number, and power law index. Conversely, the suction parameter leads to the opposite effect, causing 
an increase in these rates.

5. The concentration distribution exhibits a decrease with an increase in both the Brownian motion parameter 
and suction parameter, whereas it shows an increase with higher values of the power law index and magnetic 
number.

Data availability
The datasets used and/or analyzed during the current study available from the corresponding author on 
reasonable request.

Received: 16 October 2023; Accepted: 23 March 2024

References
 1. Williamson, R. V. The flow of pseudoplastic materials. Ind. Eng. Chem. 21, 1108–1111 (1929).
 2. Megahed, A. M. Effect of slip velocity on Casson thin film flow and heat transfer due to an unsteady stretching sheet in the presence 

of variable heat flux and viscous dissipation. Appl. Math. Mech. 36, 1273–1284 (2015).
 3. Cortell, R. A note on magnetohydrodynamic flow of power-law fluid over a stretching sheet. Appl. Math. Comput. 168, 566–577 

(2005).
 4. Megahed, A. M. Slip flow and variable properties of viscoelastic fluid past a stretching surface embedded in a porous medium with 

heat generation. J. Central South Univ. 23, 991–999 (2016).
 5. Megahed, A. M. Carreau fluid flow due to nonlinearly stretching sheet with thermal radiation, heat flux, and variable conductivity. 

Appl. Math. Mech. 40, 1615–1624 (2019).
 6. Mahmoud, M. A. M. The effects of variable fluid properties on MHD Maxwell fluids over a stretching surface in the presence of 

heat heneration/absorption. Chem. Eng. Commun. 198, 131–146 (2011).
 7. Abbas, W. & Megahed, A. M. Numerical solution for chemical reaction and viscous dissipation phenomena on non-Newtonian 

MHD fluid flow and heat mass transfer due to a nonuniform stretching sheet with thermal radiation. Int. J. Mod. Phys. C 32, 
2150124 (2021).

 8. Abbas, W. & Megahed, A. M. Powell-Eyring fluid flow over a stratified sheet through porous medium with thermal radiation and 
viscous dissipation. AIMS Math. 6, 13464–13479 (2021).

 9. Megahed, A. M. & Abbas, W. Non-Newtonian Cross fluid flow through a porous medium with regard to the effect of chemical 
reaction and thermal stratification phenomenon. Case Stud. Therm. Eng. 29, 101715 (2022).

 10. Akbar, N. S., Nadeem, S., Haq, R. & Khan, Z. H. Numerical solutions of magnetohydrodynamic boundary layer flow tangent 
hyperbolic fluid towards a stretching sheet. Indian J. Phys. 87, 1121–1124 (2013).

 11. Kumar, Y. V. K. R., Vinod Kumar, P. & Bathul, S. Effect of slip on peristaltic pumping of a hyperbolic tangent fluid in an inclined 
asymmetric channel. Adv. Appl. Sci. Res. 5, 91–108 (2014).

 12. Akram, S. & Nadeem, S. Effects of partial slip on the peristaltic transport of a hyperbolic tangent fluid model in an asymmetric 
channel. Comput. Math. Math. Phys. 55, 899–18121 (2015).

 13. Malik, M. Y., Salahuddin, T., Arif, H. & Bilal, S. MHD flow of tangent hyperbolic fluid over a stretching cylinder: Using Keller box 
method. J. Magn. Magn. Mater. 395, 271–276 (2015).

 14. Wang, X.-Q. & Mujumdar, A. S. Heat transfer characteristics of nanofluids: A review. Int. J. Therm. Sci. 46, 1–19 (2007).
 15. Choi, S. Enhancing thermal conductivity of fluid with nanoparticles, developments and applications of non-Newtonian flow. ASME 

FED 231, 99–105 (1995).
 16. Choi, S. & Eastman, J. A. Enhancing Thermal Conductivity of Fluids with Nanoparticles (1995).
 17. Waqas, H., Imran, M., Khan, S. U., Shehzad, S. A. & Meraj, M. A. Slip flow of Maxwell viscoelasticity-based micropolar nano 

particles with porous medium: a numerical study. Appl. Math. Mech. 40, 1255–1268 (2019).
 18. Li, F. et al. Numerical study for nanofluid behavior inside a storage finned enclosure involving melting process. J. Mol. Liq. 297, 

111939 (2020).
 19. Mabood, F., Shateyi, S., Rashidi, M. M., Momoniat, E. & Freidoonimehr, N. MHD stagnation point flow heat and mass transfer of 

nanofluids in porous medium with radiation, viscous dissipation and chemical reaction. Adv. Powder Technol. 27, 742–749 (2016).



11

Vol.:(0123456789)

Scientific Reports |         (2024) 14:7712  | https://doi.org/10.1038/s41598-024-57952-9

www.nature.com/scientificreports/

 20. Barnoon, P. & Toghraie, D. Numerical investigation of laminar flow and heat transfer of non-Newtonian nanofluid within a porous 
medium. Powder Technol. 325, 78–91 (2018).

 21. Shaw, S., Motsa, S. S. & Sibanda, P. Magnetic field and viscous dissipation effect on bioconvection in a permeable sphere embedded 
in a porous medium with a nanofluid containing gyrotactic micro-organisms. Heat Transf. Asian Res. 47, 718–734 (2018).

 22. Saeedi, A. H., Akbari, M. & Toghraie, D. An experimental study on rheological behavior of a nanofluid containing oxide 
nanoparticle and proposing a new correlation. Phys. E Low Dimens. Syst. Nanostruct. 99, 285–93 (2018).

 23. Zuhra, S., Noor, K. S., Muhammad, A., Saeed, I. & Aurangzeb, K. Buoyancy effects on nanoliquids film flow through a porous 
medium with gyrotactic microorganisms and cubic autocatalysis chemical reaction Adv. Mech. Eng. 12, 1–17 (2020).

 24. Abbas, W., Eldabe, N. T., Abdelkhalek, R. A., Zidan, N. A. & Marzouk, S. Y. Peristaltic flow with heat transfer for nano-coupled 
stress fluid through non-Darcy porous medium in the presence of magnetic field. Coatings 11, 910 (2021).

 25. Alali, Elham & Megahed, A. M. MHD dissipative Casson nanofluid liquid film flow due to an unsteady stretching sheet with 
radiation influence and slip velocity phenomenon. Nanotechnol. Rev. 11, 463–472 (2022).

 26. Yousef, N. S., Megahed, A. M., Ghoneim, N. I., Elsafi, M. & Fares, E. Chemical reaction impact on MHD dissipative Casson-
Williamson nanofluid flow over a slippery stretching sheet through porous medium. Alex. Eng. J. 61, 10161–10170 (2022).

 27. Waqas, H. et al. Numerical investigation of nanofluid flow with gold and silver nanoparticles injected inside a stenotic artery. 
Mater. Des. 223, 111130 (2022).

 28. Waqas, H. et al. Comparative analysis of hybrid nanofluids with Cattaneo-Christov heat flux model: A thermal case study. Case 
Stud. Therm. Eng. 36, 102212 (2022).

 29. Rashdi, Al., Salim, A. S., Ghoneim, Nourhan I., Amer, A. M. & Megahed, Ahmed M. Investigation of magnetohydrodynamic slip 
flow for Maxwell nanofluid over a vertical surface with Cattaneo-Christov heat flux in a saturated porous medium. Res. Eng. 19, 
101293 (2023).

 30. Abbas, W., Ibrahim, M. A., Mokhtar, O., Megahed, A. M. & Said, A. A. Numerical analysis of MHD nanofluid flow characteristics 
with heat and mass transfer over a vertical cone subjected to thermal radiations and chemical reaction. J. Nonlinear Math. Phys. 
30, 1540–1566 (2023).

 31. Khan, W. A. & Pop, I. Boundary-layer flow of a nanofluid past a stretching sheet. Int. J. Heat Mass Transf. 53, 2477–2483 (2010).
 32. Akbar, N. S., Nadeem, S., Haq, R. & Khan, Z. H. Numerical solutions of magnetohydrodynamic boundary layer flow tangent 

hyperbolic fluid towards a stretching sheet. Indian J. Phys. 87, 1121–1124 (2013).
 33. Ahmed, I. et al. Numerical investigation of MHD flow of hyperbolic tangent nanofluid over a non-linear stretching sheet. Heliyon 

9, e17658 (2023).
 34. Megahed, A. M. Improvement of heat transfer mechanism through a Maxwell fluid flow over a stretching sheet embedded in a 

porous medium and convectively heated. Math. Comput. Simul. 187, 97–109 (2021).
 35. Yasmin, S. et al. Computational analysis of MHD MgO? Water nanofluid flow inside hexagonal enclosure fitted with fins. Case 

Stud. Therm. Eng. 43, 102788 (2023).
 36. Muhammad, T., Waqas, H., Khan, S. A., Ellahi, R. & Sait, S. M. Significance of nonlinear thermal radiation in 3D Eyring-Powell 

nanofluid flow with Arrhenius activation energy. J. Therm. Anal. Calorim. 143, 929–944 (2021).
 37. Waqas, H. et al. Falkner-Skan time-dependent bioconvrction flow of cross nanofluid with nonlinear thermal radiation, activation 

energy and melting process. Int. Commun. Heat Mass Transf. 120, 105028 (2021).
 38. Song, Y. Q. et al. Applications of modified Darcy law and nonlinear thermal radiation in bioconvection flow of micropolar nanofluid 

over an off centered rotating disk. Alex. Eng. J. 60, 4607–4618 (2021).
 39. Waqas, H. et al. Heat transport of nanofluid flow through a porous channel with thermal radiation effects. Int. Commun. Heat 

Mass Transf. 138, 106376 (2022).
 40. Waqas, H. et al. Heat transfer analysis of hybrid nanofluid flow with thermal radiation through a stretching sheet: A comparative 

study. Int. Commun. Heat Mass Transf. 138, 106303 (2022).
 41. Waqas, H., Fida, M., Liu, D., Manzoor, U. & Muhammad, T. Numerical simulation of entropy generation for nanofluid with the 

consequences of thermal radiation and Cattaneo-Christov heat flux model. Int. Commun. Heat Mass Transf. 137, 106293 (2022).

Acknowledgements
We wish to express our sincere gratitude to the anonymous reviewers for investing their time and diligence in 
conducting a thorough review of our paper. Their valuable comments and constructive feedback they provided 
have unquestionably been instrumental in elevating the quality of our work.

Author contributions
All authors are equally contributed to this research work.

Funding
Open access funding provided by The Science, Technology & Innovation Funding Authority (STDF) in 
cooperation with The Egyptian Knowledge Bank (EKB).

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to W.A.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

www.nature.com/reprints


12

Vol:.(1234567890)

Scientific Reports |         (2024) 14:7712  | https://doi.org/10.1038/s41598-024-57952-9

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

http://creativecommons.org/licenses/by/4.0/

	The impact of a chemical reaction on the heat and mass transfer mechanisms in a dissipative and radiative nanofluid flow over a nonlinear stretching sheet
	Mathematical modeling
	Method of solution
	Confirmation of the code’s precision
	Discussion
	Concluding remarks
	References
	Acknowledgements


