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Fluid flow through porous spaces with variable porosity has wide-range applications, notably in biomedical and
thermal engineering, where it plays a vital role in comprehending blood flow dynamics within cardiovascular systems,
heat transfer and thermal management systems improve efficiency using porous materials with variable porosity. Keeping
these important applications in view, in current study blood-based hybrid nanofluid flow has considered on a convectively
heated sheet. The sheet exhibits the properties of a porous medium with variable porosity and extends in both the x
and y directions. Blood has used as base fluid in which the nanoparticles of Cu and CuO have been mixed. Thermal
radiation, space-dependent, and thermal-dependent heat sources have been incorporated into the energy equation, while
magnetic effects have been integrated into the momentum equations. Dimensionless variables have employed to transform
the modeled equations into dimensionless form and facilitating their solution using bvp4c approach. It has concluded in this
study that, both the primary and secondary velocities augmented with upsurge in variable porous factor and declined with
escalation in stretching ratio, Casson, magnetic, and slip factors along x- and y-axes. Thermal distribution has grown up
with upsurge in Casson factor, magnetic factor, thermal Biot number, and thermal/space-dependent heat sources while has
retarded with growth in variable porous and stretching ratio factors. The findings of this investigation have been compared
with the existing literature, revealing a strong agreement among present and established results that ensured the validation
of the model and method used in this work.

Keywords: hybrid nanofluid, Casson fluid, magnetohydrodynamics, variable porous space, space/thermal-
dependent heat sources, velocity slip and thermal convective conditions
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1. Introduction
Nanofluid flow describes to the movement of a fluid

containing nanoparticles, typically with dimensions in the
nanometer range, dispersed within a base fluid. Nanofluids are
engineered colloidal suspensions where nanoparticles are uni-
formly dispersed in a base fluid, like water and oil, etc. These
nanoparticles can be metallic, oxide, carbon-based, or other
materials, and they exhibit unique thermal, electrical, and me-
chanical properties compared to the base fluid alone as worked
out by Mahian et al.[1] Nanofluid flow has gained attention due
to its potential applications in various fields, including heat
transfer enhancement, cooling systems, biomedical engineer-
ing, and energy production.[2,3] Researchers study nanofluid
flow to understand its behavior, optimize its thermal prop-
erties, and explore its applications in different industries.[4]

Bhatti et al.[5] inspected Williamson nanofluid flow through
permeable circulating pates. Over time, it has been ob-

served that suspensions containing two types of nanopar-
ticles within a pure fluid exhibit improved thermal flow
characteristics.[6] Over the years, researchers have observed a
significant improvement in thermal flow characteristics within
suspensions containing two types of nanoparticles dispersed
in a pure fluid. This observation, underscores the grow-
ing recognition of the enhanced thermal properties achiev-
able through the strategic combination of nanoparticles in col-
loidal suspensions.[7,8] This finding suggests promising av-
enues for advancing heat transfer efficiency in various appli-
cations, like thermal management systems, heat exchangers,
and cooling technologies.[9] Moreover, this observation high-
lights the importance of ongoing research efforts in nanofluid
dynamics and the potential for further advancements in the
field. As nanotechnology continues to evolve, the understand-
ing of complex fluid dynamics in nanoparticle suspensions
will undoubtedly contribute to the development of more ef-
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ficient and sustainable thermal management solutions across
diverse industries. A ternary hybrid nanofluid consists of a
base fluid, typically water or oil, combined with three distinct
types of nanoparticles, each with unique thermal properties.
These nanoparticles, often metallic, oxide, or carbon-based,
are dispersed homogeneously within the base fluid to form a
stable colloidal suspension.[10] The combination of multiple
nanoparticles offers synergistic effects, enhancing the thermal
conductivity, heat capacity, and convective heat transfer char-
acteristics of the nanofluid compared to conventional single-
component nanofluids.[11] The presence of different types of
nanoparticles in pure fluids provides a broader range of ap-
plications in heat transfer enhancement.[12] Through careful
selection and optimization of nanoparticle types and concen-
trations, ternary hybrid nanofluids have shown remarkable po-
tential for improving heat transfer efficiency in various engi-
neering applications, including thermal management systems,
heat exchangers, and cooling technologies.[13,14] Additionally,
the unique thermal properties of ternary hybrid nanofluids of-
fer opportunities for advancements in energy conversion sys-
tems, thermal insulation materials, and biomedical applica-
tions, contributing to the development of more efficient and
sustainable heat transfer solutions across diverse industries.[15]

Casson fluid, a non-Newtonian fluid characterized by a
yield stress, exhibits unique rheological properties that signif-
icantly impact heat transfer phenomena. Unlike Newtonian
fluids, Casson fluids require a minimum stress, known as the
yield stress, to initiate flow, making their behavior more com-
plex and nonlinear.[16] This yield stress behavior leads to a
nonlinear relationship between shear stress and shear rate, par-
ticularly at low shear rates, resulting in a higher apparent vis-
cosity compared to Newtonian fluids. In terms of heat transfer,
these rheological characteristics have profound effects on heat
transfer phenomenon.[17,18] In forced convection scenarios,
such as flow through pipes or over surfaces, the viscosity vari-
ation of Casson fluids with shear rate alters the velocity profile
and heat transfer coefficient, potentially hindering heat trans-
fer efficiency, especially at low shear rates where viscosity is
higher.[19] Moreover, the yield stress behavior influences heat
conduction, as Casson fluids can exhibit solid-like behavior at
low shear rates or in stagnant regions, limiting heat transfer
through conduction compared to more fluid-like behavior.[20]

Additionally, in processes involving mixing or stirring, the
yield stress can cause non-uniform shear rates, leading to lo-
calized variations in temperature distribution within the fluid,
further impacting heat transfer rates. These complex rheologi-
cal properties of Casson fluids is essential for optimizing heat
transfer processes in various engineering and scientific appli-
cations, guiding the design of more efficient heat exchangers,

reactors, and thermal management systems. Khan et al.[21] in-
spected gyrating MHD Casson fluid flow on gyrating cylinder
using Joule heating and dissipative effects and have noticed
that with growth in Casson factor the fluid flow has declined
while thermal transference has augmented. Rasheed et al.[22]

studied time-dependent Casson fluid flow on a vertical sheet
with Hall current and chemical reactivity effects.

Magnetohydrodynamics (MHD) is a multidisciplinary
field that studies the behavior of electrically conducting flu-
ids, like plasmas and liquid metals, etc. using magnetic fields.
In the context of heat transfer, MHD plays a crucial role
in various engineering applications, particularly in systems
where fluid flow and heat transfer are intimately coupled,
like nuclear reactors, MHD generators, and space propulsion
systems.[23,24] The interaction between the magnetic field and
the fluid induces Lorentz forces, which can significantly al-
ter the flow patterns, heat transfer rates, and overall system
performance. In forced convection heat transfer, the Lorentz
forces can modify the velocity distribution, leading to changes
in boundary layer thickness, flow separation, and turbulence
levels, consequently affecting the heat transfer coefficient.[25]

Additionally, MHD can influence natural convection pro-
cesses, where buoyancy-driven flows interact with magnetic
fields, resulting in complex flow patterns and enhanced or sup-
pressed heat transfer rates depending on the orientation and
strength of the magnetic field.[26] Singh et al.[27] discussed
MHD convective fluid flow on a vertical sheet and have no-
ticed that flow has vanished for minute quantity of magnetic
field. Furthermore, MHD effects can impact thermal manage-
ment systems, like in liquid metal cooling of advanced nuclear
reactors or in the design of MHD pumps for high-temperature
applications, where optimizing heat transfer while consider-
ing MHD-induced phenomena is essential for system relia-
bility and efficiency.[28] Overall, understanding the interplay
between MHD and heat transfer is crucial for advancing tech-
nologies in energy production, space exploration, and various
industrial processes, driving innovations in thermal engineer-
ing and fluid dynamics.

Variable porous space describes a medium where the
porosity, or void fraction, varies spatially within the material.
This variation in porosity can have significant impacts on heat
transfer processes. In regions of higher porosity, fluid flow
tends to be more pronounced due to reduced resistance, lead-
ing to enhanced convective heat transfer rates.[29] Conversely,
regions with lower porosity experience decreased fluid flow
and reduced convective heat transfer. This spatial variation in
convective heat transfer rates results in non-uniform heat dis-
tribution within the porous medium. Additionally, the vary-
ing porosity affects the effective thermal conductivity of the
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medium, with higher porosity regions exhibiting lower ther-
mal conductivity due to the increased presence of fluid.[30]

This spatial variation in thermal conductivity further con-
tributes to non-uniform heat transfer. Furthermore, changes
in porosity over time introduce transient effects, altering flow
patterns and thermal properties, which in turn influence tran-
sient heat transfer behavior within the medium.[31] These im-
pacts are crucial for optimizing the design and performance
of systems utilizing variable porous space, such as geothermal
energy extraction, underground heat storage, and thermal man-
agement of electronic devices, enabling more efficient heat
transfer and utilization in various engineering applications.[32]

Wahid et al.[33] inspected time-dependent three-dimensional
(3D) radiative flow of fluid in a permeable contracting sheet
with impacts of nanoparticles. From the literature review, it is
evident that most studies have focused primarily on surfaces
with uniform permeability.

A heat source is a physical entity or mechanism that
generates heat energy, typically through processes such as
combustion, electrical resistance, nuclear reactions, or chem-
ical reactions. Heat sources play a fundamental role in vari-
ous engineering and scientific applications, including heating
systems, industrial processes, power generation, and thermal
management. Fluid flow with a heat source involves the move-
ment of a fluid while heat is being added or removed within
a system, impacting heat transfer in various ways.[34,35] The
presence of fluid flow enhances convective heat transfer by
carrying heat away from the source more efficiently compared
to stagnant conditions.[36] Flow patterns induced by the move-
ment of the fluid can also lead to turbulence, which further
enhances heat transfer by increasing fluid mixing. However,
turbulence can also introduce additional frictional losses and
affect system efficiency. Furthermore, the presence of a heat
source alters the boundary layer near heated surfaces, influenc-
ing convective heat transfer rates.[37] The thickness and char-
acteristics of this boundary layer depend on factors such as
flow velocity, fluid properties, and surface roughness, further
impacting heat transfer behavior. Sharma et al.[38] inspected
thermal and exponentially space-dependent heat source for
EMHD fluid flow on a stretching vertical surface. Zaydan
et al.[39] studied fluid flow on a Riga plate with the impacts
of space-dependent thermal source. Varun Kumar et al.[40]

inspected heat transference exploration for fluid flow on a
moveable surface with influence of thermal-based exponen-
tially heat source.

From the cited literature it has observed that many inves-
tigations have been conducted to discuss thermal transporta-
tion using various flow conditions including heat source, ther-
mal radiations, thermal slip conditions, uniform porous space,
and MHD effects, etc. But no investigation has yet been con-

ducted to examine thermal enhancement with combined ef-
fects of space-dependent heat source and thermal-dependent
heat source on a variable porous space, which creates a gap
in existing literature that highlights an area which has not yet
been thoroughly investigated. To fill this gap, in current study
blood-based hybrid nanofluid flow has considered on a con-
vectively heated sheet. The sheet exhibits the properties of a
variable porous medium and extends in both the x and y di-
rections. Thermal radiation, space-dependent, and thermal-
dependent heat sources have been incorporated into the energy
equation, while magnetic effects have been integrated into the
momentum equations. Blood has used as base fluid in which
the nanoparticles of Cu and CuO have been mixed. Dimen-
sionless variables have employed to transform the modeled
equations facilitating their solution using bvp4c approach. In
Section 1, the introduction is provided, followed by the prob-
lem formulation and methodology in Section 2. The method-
ology is discussed in Section 3. Section 4 presents the results
of the study, and Section 5 concludes with the main findings.

2. Problem formulation
Let us examine the 3D flow of a Casson hybrid nanofluid

over a surface extending in two directions. The motion in the
fluid is induced by the stretching behavior of the sheet such
that it stretches with a velocity uw = cx in x direction while
along y-axis its flow is given by vw = bx, where b, c > 0. The
velocity slip constraints are executed in x and y directions.
While B0 is the strength of the magnetic field in z direction
parallel to directions of fluid flow. Additionally, we assume
that the sheet surface is heated by a hot working fluid with
a heat transfer coefficient hf. Furthermore, the fluid, surface,
and free stream temperatures are illustrated by Tf, Tw, and T∞,
such that Tf > Tw > T∞ as depicted in Fig. 1.

Serface conditions

u
w

x

y

v
w

z
Free-stream conditions

u → 0, v → 0, T → T∞

B
0

v/v
w
 + B*

∂v
—, w = 0, –k

Thnf
= h

f
(T

f 
– T)

∂z
u/u

w
 + A*

∂u
—, 
∂z

Fig. 1. Graphical view of flow pattern.

Considering these assumptions, we can express the fun-
damental equations of flow as follows:[41–43]
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∂u
∂x

+
∂v
∂y

+
∂w
∂ z

= 0, (1)

u
∂u
∂x

+ v
∂u
∂y

+w
∂u
∂ z

=
µhnf

ρhnf

(
1+

1
β

)
∂ 2u
∂ z2 −

(
σhnfB2

0
ρhnf

+
µhnf

ρhnfK (z)

)
u, (2)

u
∂v
∂x

+ v
∂v
∂y

+w
∂v
∂ z

=
µhnf

ρhnf

(
1+

1
β

)
∂ 2v
∂ z2 −

(
σhnfB2

0
ρhnf

+
µhnf

ρhnfK (z)

)
v, (3)

u
∂T
∂x

+ v
∂T
∂y

+w
∂T
∂ z

=
khnf

(ρCp)hnf

∂ 2T
∂ z2 +

16σ∗T 3
∞

3k∗ (ρCp)hnf

∂ 2T
∂ z2 +

q1

(ρcp)hnf
(T −T∞)+

q2

(ρcp)hnf
(Tf−T∞)exp(−aη) . (4)

The constraints at boundaries are

u = uw +A∗
∂u
∂ z

, v = vw +B∗
∂v
∂ z

, w = 0, − khnf = hf (Tf−T ) at z = 0, u→ 0, v→ 0, T → T∞ as z→ ∞. (5)

The similarity variables are defined as[41]

η = z
√

c
υf
, u = cx f ′ (η) , v = cyg′ (η) , T = T∞ +(Tf−T∞)θ (η) , w =−

√
cυf ( f (η)+g(η)) . (6)

Moreover, in the above equations,

K(z) =
m2ε(z)3

(1− ε(z))2 , ε(z) = ε0

(
1+ ε1 exp

(xε2

m

))
. (7)

In Eq. (7), ε1 and ε2 are the empirical constants subject to porous particle diameter, ε0 represents the ambient porosity, and m
is the particle diameter as mentioned in Ref. [44]. Furthermore, the empirical constants and the diameter of porous particles are
maintained at a constant level within the range (0 < m,ε0,ε1,ε2 < 1) that is favorable for the flow field as shown in Ref. [44].

Incorporating Eq. (6) in Eqs. (1)–(4) we have(
1+

1
β

)
f ′′′ (η)−Q1Q2

{
f ′2 (η)− ( f (η)+g(η)) f ′′ (η)

}
−

(
Q1Q3M− 1

Da

[
1− ε0

(
1+ ε1 exp

(
−ε2η/

√
Da
))]2[

ε3
0
(
1+ ε1 exp

(
−ε2η/

√
Da
))]3

)
f ′ (η) = 0, (8)

(
1+

1
β

)
g′′′ (η)−Q1Q2

{
g′2 (η)− ( f (η)+g(η))g′′ (η)

}
−

(
Q1Q3M− 1

Da

[
1− ε0

(
1+ ε1 exp

(
−ε2η/

√
Da
))]2[

ε3
0
(
1+ ε1 exp

(
−ε2η/

√
Da
))]3

)
g′ (η) = 0, (9)

(Q4 +Rd)θ
′′ (η)+Q5Pr ( f (η)+g(η))θ

′ (η)+Pr QT θ (η)+Pr QS exp(−aη) = 0. (10)

With subjected conditions at boundaries

f ′ (η = 0) = 1+α f ′′ (η = 0) , g′ (η = 0) = β1 + γg′′ (η = 0) , f (η = 0) = 0, g(η = 0) = 0,

−kThnfθ
′ (η = 0) = Bi(θ (η = 0)−1) , f ′ (η → ∞)→ 0, g′ (η → ∞)→ 0, θ (η → ∞)→ 0. (11)

The dimensionless emerging factors are defined as follows with its physical description in nomenclature table:
Q1 =

µf

µhnf
, Q2 =

ρhnf

ρf
, Q3 =

σhnf

σf
, Q4 =

khnf

kf
, Q5 =

(ρCp)hnf
(ρCp)f

, Pr =
(µfCp)f

kf
, Rd =

16σ∗T 3
∞

3k∗kf
, β1 =

b
c
,

QT =
q1

c(ρCp)f
, QS =

q2

c(ρCp)f
, Bi =

hf

kf

√
υf

c
, α = A∗

√
c
υf
, Da =

vf

αm2 , M =
σfB2

0
cρf

, γ = B∗
√

c
υf
.

 (12)

2.1. Interested quantities

The skin frictions along x, y directions and local Nusselt number are defined as follows:

Cfx =
τwx

ρu2
w/2

, Cfy =
τwy

ρu2
w/2

, Nux =
xqw

kf (Tf−T∞)
, (13)

where τwx and τwy are the shear stresses along x and y directions, respectively, and qw is the heat flux, mathematically these
quantities are illustrated as

τwx = µhnf
∂u
∂ z

∣∣∣∣
z=0

, τwy = µhnf
∂v
∂ z

∣∣∣∣
z=0

, qw =−
(

khnf +
16T 3

∞σ∗

3k∗

)
∂T
∂ z

∣∣∣∣
z=0

. (14)

Using similarity variables, equation (12) is reduced as

CfxRe1/2
x =

1
Q1

f ′′ (0) , CfyRe1/2
y =

1
Q1

g′′ (0) , NuxRe−1/2
x =−Q4 (1+Rd)θ

′ (0) . (15)
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2.2. Thermophysical properties of Cu–CuO/blood

In this study, a hybrid nanofluid is examined which characterized as a diluted colloidal blend of Cu–CuO nanoparticles
suspended in blood, which serves as the working fluid. The thermophysical properties of both the nanoparticles and the active
working fluid (blood) are described in Table 1. Moreover, in this work Cu/blood is unary nanofluid and Cu–CuO/blood is hybrid
nanofluid. The correlations depicting the thermophysical and rheological characteristics of nanofluids are expressed as follows:

µhnf

µf
=

1

(1−ϕ1)
2.5 (1−ϕ2)

2.5 ,
ρhnf

ρf
= (1−ϕ1)

{
1−ϕ1 +ϕ1

(
ρs1

ρf

)}
+ϕ2

(
ρs2

ρf

)
, (16)

σhnf

σf
= 1+

3
(

σ1ϕ1 +σ2ϕ2

σf
− (ϕ2 +ϕ1)

)
2+
(

σ1ϕ1 +σ2ϕ2

(ϕ2 +ϕ1)σf

)
−
(

σ1ϕ1 +σ2ϕ2

σf
− (ϕ2 +ϕ1)

) , (17)

(ρcp)hnf
(ρcp)f

= (1−ϕ2)

{
1−ϕ1 +ϕ1

(
(ρcp)s1
(ρcp)f

)}
+ϕ2

(
(ρcp)s2
(ρcp)f

)
, (18)

khnf

kf
=

2knf + ks2−2(knf− ks2)ϕ2

2knf + ks2 +2(knf− ks2)ϕ2
,

knf

kf
=

2kf + ks1−2(kf− ks1)ϕ1

2kf + ks1f +(kf− ks1)ϕ1
. (19)

Table 1. Numerical features of blood Cu and CuO nanoparticles.

Property Blood Cu CuO

ρ (kg ·m−3) 1063 8933 6500
Cp (J ·kg−1 ·K−1) 3594 385 540
k (W ·m−1 ·K−1) 0.492 400 18

σ (S ·m−1) 0.8 5.96×107 2.7×10−8

3. Solution method
To solve Eqs. (8)–(10) using Eq. (11) we shall use bvp4c approach. It is a numerical method commonly used to solve ODEs.

This method employs a fourth-order collocation technique to discretize the differential equation and then solves the resulting
system of algebraic equations using iterative numerical methods. This method is particularly useful for nonlinear boundary value
problems, including those arising in various fields such as physics, engineering, and mathematical modeling, offering a robust
and efficient approach to obtaining numerical solutions for complex systems. For current problem this method is described as
follows:

f = τ (1) , f ′ = τ (2) , f ′′ = τ (3) , f ′′′ = τ
′ (3) ,

g = τ (4) , g′ = τ (5) , g′′ = τ (6) , g′′′ = τ
′ (6) , θ = τ (7) , θ

′ = τ (8) , θ
′′ = τ

′ (8) , (20)

τ
′ (3) =−

−Q1Q2

{
(τ (2))2− (τ (1)+ τ (4))τ (3)

}
−

Q1Q3M− 1
Da

[
1− ε0

(
1+ ε1 exp

(
−ε2η√

Da

))]2

[
ε3

0

(
1+ ε1 exp

(
−ε2η√

Da

))]3

τ (2)


(1+1/β )

, (21)

τ
′ (6) =−

−Q1Q2

{
(τ (5))2− (τ (1)+ τ (4))τ (6)

}
−

Q1Q3M− 1
Da

[
1− ε0

(
1+ ε1 exp

(
−ε2η√

Da

))]2

[
ε3

0

(
1+ ε1 exp

(
−ε2η√

Da

))]3

τ (5)


(1+1/β )

, (22)

τ
′ (8) =

{
Q5Pr (τ (1)+ τ (4))τ (8)+Pr QT τ (7)+Pr QS exp(−aη)

(Q4 +Rd)

}
. (23)

With subjected conditions at boundaries:

τa (1)−0, τa (2)−1−ατa (3) , τb (2)−0, τa (4)−0,

τa (5)−β1− γτa (6) , khnfτa (8)+Bi(τa (7)−1) , τb (5)−0, τb (7)−0. (24)

014101-5



Chin. Phys. B 34, 014101 (2025)

3.1. Validation

In order to verify the accuracy of current analysis, we have cross-referenced our findings with the existing data documented
in Refs. [45–48]. This comparative examination ensures the reliability and validity of our results by confirming their consistency
with previously established information. This validation is ensured in Table 2 with published literature for different values of Pr
by ignoring all other factor, i.e., by taking Rd = 0, β1, QT = 0, QS = 0, Bi = 0, α = 0, Da = 0, M = 0, γ = 0. Moreover, taking
Bi = 0 suggests that the convective condition is to be eliminated and hence (Bi) is to be vanished.

Table 2. Validation of the present results with published literature for different values of Pr when all other embed-
ding factors are ignored.

Pr Khan and Pop[45] Gorla and Sidawi[46] Kouz & Owhaib[47] Dawar et al.[48] Present results

0.07 0.0663 0.0654 0.06562 0.01566480561 0.0656225831
0.2 0.1691 0.1691 0.16909 0.16908861990 0.1690886181
0.7 0.4539 0.5349 0.45392 0.45391742750 0.4539168161
2.0 0.9113 0.9114 0.91136 0.91136139280 0.9113613923
7.0 1.8954 1.8905 1.89542 1.89542020000 1.8954201990

4. Discussion of results
In this study blood-based hybrid nanofluid flow has con-

sidered on a convectively heated sheet. The sheet exhibits the
properties of a variable porous medium and extends in both the
x and y directions. Blood has used as base fluid in which the
nanoparticles of Cu and CuO have been mixed. Thermal ra-
diation, space-dependent, and thermal-dependent heat sources
have been incorporated into the energy equation, while mag-
netic effects have been integrated into the momentum equa-
tions. Dimensionless variables have employed to transform
the modeled equations facilitating their solution using bvp4c
approach. The impacts of different emerging factors will be
discussed in the following paragraphs.

4.1. Variations in flow profiles f ′(η) and g′(η) and thermal
profiles θ (η) versus Da

The impacts of variable porous space factor Da on ve-
locity distributions f ′ (η) and g′ (η) and thermal distribu-
tion θ (η) are depicted in Figs. 2(a)–2(c) by taking Da =

1.0,2.0,5.0,10.0 while Pr = 21, Rd = 1.0, QT = 1.5, QS =

1.5, Bi = 1.0, α = 1.3, β1 = 1.0, M = 2.5, γ = 1.3. Fig-
ures 2(a) and 2(b) portray that an increase in Da with Da =

1.0,2.0,5.0,10.0 results in a notable enhancement of both pri-
mary and secondary velocity distributions f ′ (η) and g′ (η),
particularly pronounced in Cu-blood nanofluid compared to
Cu–CuO/blood hybrid nanofluid. Actually, on variable per-
meable bi-directional elongating surface, there is a greater en-
hancement in fluid flow characteristics when blood is mixed
with copper nanoparticles. Physically, this can be explained
as, to the unique properties of blood, such as its viscosity and
red blood cell structure, which interacts differently with the
variable porous medium compared to the hybrid nanofluid.
Additionally, the presence of copper nanoparticles in blood

leads to more effective fluid–particle interactions, resulting in

a more significant augmentation of the velocity distributions

within the variable porous medium as depicted in Figs. 2(a)

and 2(b). This also suggests that within biological tissues

as well as medical devices containing porous structures, the

presence of blood combined with copper nanoparticles signif-

icantly alters fluid dynamics, leading to more efficient fluid

flow. This finding holds crucial implications in medical sci-

ences, especially in applications like drug delivery systems,

where optimizing fluid flow within variable porous matrices is

essential for ensuring effective transport of therapeutic agents

to targeted tissues or organs. Figure 2(c) demonstrates that the

escalation in Da with Da = 1.0,2.0,5.0,10.0 leads to a no-

table reduction in θ (η). The observed decline in θ (η) with

growth in Da influencing thermal distribution signifies a com-

plex interaction between fluid flow characteristics and mate-

rial properties. In the context of a bi-directional stretching

sheet, the escalation in Da suggests a decrease in the effec-

tive variable porosity available for fluid passage on the sur-

face o elongating sheet, thus limiting convective heat trans-

fer. The more pronounced reduction observed with Cu-blood

nanofluid compared to Cu–CuO/blood hybrid nanofluid im-

plies that the addition of blood particles alters the fluid dynam-

ics in a manner that impedes heat transfer more significantly.

This could be endorsed to the unique rheological properties

of blood nanoparticles, which may lead to increased viscosity

and altered flow patterns, hindering the convective transport of

heat along the stretching sheet. In the context of medical appli-

cations, such as in biomedical engineering or thermoregulation

in biological systems, this finding implies that the presence of

blood combined with copper nanoparticles in porous matrices

significantly modifies thermal conduction and dissipation.
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Fig. 2. Variations in f ′(η) and g′(η) and thermal profiles θ(η) versus Da.

4.2. Variations in flow profiles f ′(η) and g′(η) and thermal
profiles θ(η) versus β1

The impacts of stretching ratio factor β1 on velocity dis-
tributions f ′(η) and g′(η) and thermal distribution θ(η) have
depicted in Figs. 3(a)–3(c) by taking β1 = 0.1,0.2,0.3,0.4
while Pr = 21, Rd = 1.0, QT = 1.5, QS = 1.5, Bi = 1.0,
α = 1.3, Da = 1.0, M = 2.5, γ = 1.3. From Fig. 3(a) it has
observed that the profiles of f ′(η) are declining with escala-
tion in β1. The observed increase in stretching factor leads
to a complex alteration in fluid flow dynamics, particularly in
the distribution of primary and secondary velocities. As the
stretching factor grows, it exerts a restraining effect on pri-
mary velocity distribution, likely due to enhanced drag forces
experienced by the fluid. This results in a decrease in the flow
velocity along the stretching direction. Conversely, the sec-
ondary velocity distribution experiences an upsurge, indicat-
ing an increase in transverse flow components perpendicular to
the stretching direction. These changes are notably more pro-
nounced in Cu-blood nanofluid compared to Cu–CuO/blood

hybrid nanofluid, suggesting that the introduction of blood

particles modifies the fluid’s rheological properties as por-

trayed in Figs. 3(a) and 3(b). Figure 3(c) examines that growth

β1 decelerate the thermal flow distribution when fluid flows on

an elongating variable surface in x and y directions. The ob-

served decline in thermal distribution with increasing stretch-

ing factor indicates a complex relationship between fluid flow

dynamics and heat transfer mechanisms on a bi-directional

stretching sheet. As β1 grows, it exerts a restraining influence

on the fluid flow, potentially reducing the convective transport

of heat across the sheet. This reduction in thermal distribu-

tion is more pronounced in the case of Cu-blood nanofluid

in comparison of Cu–CuO/blood hybrid nanofluid, suggesting

that the presence of blood particles alters the fluid’s convective

heat transfer properties. This phenomenon is associated with

changes in the fluid’s viscosity and thermal boundary layer

characteristics induced by the blood nanoparticles, leading to

a more significant impediment to heat transfer.
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Fig. 3. Variations in f ′(η) and g′(η) and thermal profiles θ(η) versus β1.

4.3. Variations in flow profiles f ′(η) and g′(η) and thermal
profiles θ(η) versus β

The impacts of Casson factor β on velocity distribu-

tions f ′(η) and g′(η) and thermal distribution θ(η) have de-

picted in Figs. 4(a)–4(c) by taking β = 1.0,2.0,3.0,4.0 while

Pr = 21, Rd = 1.0, QT = 1.5, QS = 1.5, Bi = 1.0, β1 = 1.0,

α = 1.3, Da = 1.0, M = 2.5, γ = 1.3. The increase in the Cas-

son factor, that characterizes the non-Newtonian behavior of

fluids, results in a retardation of both primary and secondary

velocity distributions f ′(η) and g′(η) as depicted in Figs. 4(a)

and 4(b). This phenomenon is particularly pronounced Cu–

CuO/blood hybrid nanofluid. Physically, this can be explained

as, the Casson factor increases, the fluid’s resistance to flow

also increases due to enhanced internal friction and cohesion

between the nanoparticles and the base fluid. Consequently,

the fluid particles require more energy to overcome this in-
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creased resistance, leading to a reduction in the fluid’s veloc-

ity and a delay in the establishment of the primary and sec-

ondary velocity profiles. In the case of Cu–CuO/blood hybrid

nanofluid, the presence of nanoparticles further amplifies these

effects due to their higher density and larger surface area, ex-

acerbating the retardation of velocity distributions compared

to traditional fluids as depicted in Figs. 4(a) and 4(b). In con-

trast, with upsurge in β by taking β = 1.0,2.0,3.0,4.0, while

Pr = 21, Rd = 1.0, QT = 1.5, QS = 1.5, Bi = 1.0, β1 = 1.0,

α = 1.3, Da = 1.0, M = 2.5, γ = 1.3, there is an escalation

in thermal panels θ(η) as described in Fig. 4(c). Actually, an

increase in β results in heightened fluid viscosity and internal

cohesion due to stronger interactions between the nanoparti-

cles and the base fluid. Consequently, the fluid’s ability to

carry and disperse heat improves, leading to an augmenta-

tion in θ(η). In case of Cu–CuO/blood hybrid nanofluid,

the presence of nanoparticles amplifies this effect due to their

higher density and larger surface area, facilitating more effi-

cient heat transfer compared to Cu–blood nanofluid. There-

fore, the growth in β induces a more significant enhance-

ment in thermal distribution, particularly pronounced in Cu–

CuO/blood hybrid nanofluid systems with increased nanopar-

ticle concentrations and altered material characteristics.

0 2 4 6 8 10
η

0 2 4 6 8 10
η

0 2 4 6 8 10
η

0

0.2

0.4

0.6

0.8

f 
' 
(η

) 

0

0.1

0.2

0.3

g
' 
(η

) 

0.4

0

0.1

0.2

0.3

θ
 (

η
) 

0.4
Cu–CuO/blood, β = 0.1
Cu–CuO/blood, β = 0.2
Cu–CuO/blood, β = 0.3
Cu–CuO/blood, β = 0.4
Cu-blood, β = 0.1
Cu-blood, β = 0.2

Cu-blood, β = 0.3
Cu-blood, β = 0.4

Cu–CuO/blood, β = 0.1
Cu–CuO/blood, β = 0.2
Cu–CuO/blood, β = 0.3
Cu–CuO/blood, β = 0.4
Cu-blood, β = 0.1
Cu-blood, β = 0.2

Cu-blood, β = 0.3
Cu-blood, β = 0.4

Cu–CuO/blood, β = 0.1
Cu–CuO/blood, β = 0.2
Cu–CuO/blood, β = 0.3
Cu–CuO/blood, β = 0.4
Cu-blood, β = 0.1
Cu-blood, β = 0.2

Cu-blood, β = 0.3
Cu-blood, β = 0.4

1.0 1.2 1.4

0.025

0.030

0.035

0.040

(a) (b) (c)

Fig. 4. Variations in f ′(η) and g′(η) and thermal profiles θ(η) versus β .

4.4. Variations in flow profiles f ′(η) and g′(η) and thermal profiles θ(η) versus M

The impacts of magnetic factor M on velocity distributions f ′(η) and g′(η) and thermal distribution θ(η) have portrayed
in Figs. 5(a)–5(c) by taking M = 1.0,2.0,3.0,4.0 while Pr = 21, Rd = 1.0, QT = 1.5, QS = 1.5, Bi = 1.0, β1 = 1.0, α = 1.3,
Da = 1.0, β = 1.0, γ = 1.3. The increase in M, that offers resistance to fluid motion on the sheet’s surface, results in a retardation
of both primary and secondary velocity distributions f ′(η) and g′(η) as shown in Figs. 5(a) and 5(b).
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Fig. 5. Variations in f ′(η) and g′(η) and thermal profiles θ(η) versus M.

Physically, when M augments on the surface of sheet, the
magnetic field strength intensifies, inducing stronger Lorentz
forces within the fluid. These forces act to dampen fluid mo-
tion, thereby reducing the velocity distributions f ′(η) and
g′(η). In the case of hybrid nanofluids containing Cu–
CuO/blood, the presence of magnetic nanoparticles exacer-
bates this effect due to their higher susceptibility to mag-
netic fields, resulting in a more pronounced reduction in ve-
locity distributions compared to Cu-blood nanofluid. There-

fore, the growth in magnetic factor induces a more significant
decrease in both primary and secondary velocity distributions,
particularly evident in hybrid nanofluid systems with increased
nanoparticle concentrations and altered material properties as
depicted in Figs. 5(a) and 5(b). In contrast, with upsurge in
M by taking M = 1.0,2.0,3.0,4.0 while Pr = 21, Rd = 1.0,
QT = 1.5, QS = 1.5, Bi = 1.0, β1 = 1.0, α = 1.3, Da = 1.0,
β = 2.5, γ = 1.3, there is an escalation in thermal panels θ(η)

as described in Fig. 5(c). This can be interpreted physically
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as M grows; the applied magnetic field strengthens, leading
to enhanced MHD effects within the fluid on the porous sur-
face with variable features on bi-directional sheet. These ef-
fects result in increased fluid motion and mixing, which in turn
improves heat transfer throughout the system. In the case of
Cu–CuO/blood hybrid nanofluids, the presence of magnetic
nanoparticles further amplifies this phenomenon due to their
higher susceptibility to magnetic fields, resulting in a more
significant enhancement of thermal distribution compared to
pure copper nanofluids. Thus, the growth in M induces a more
pronounced augmentation in θ(η), particularly evident in case
of hybrid nanofluid as depicted in Fig. 5(c).

4.5. Variations in flow profiles f ′(η) versus α

Figure 6 depicts the impact of slip factor α along x direc-
tion in primary velocity distribution f ′(η) by taking by taking
α = 0.1,0.3,0.5,0.7 while Da = 1.0, β = 2.5, γ = 1.3, M = 1,
Pr = 21, Rd = 1.0, QT = 1.5, QS = 1.5, Bi = 1.0, β1 = 1.0. It
is evident in this figure that with growth α there is reduction
in f ′(η) which is more significant in case of Cu–CuO/blood
hybrid nanofluid in comparison of Cu-blood nanofluid.
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Fig. 6. Variations in f ′(η) versus α .

Physically, as α increases, the slip velocity between the
fluid and the surface along the x-axis becomes more signifi-
cant, effectively decreasing the fluid velocity near the bound-
ary. In the case of Cu–CuO/blood hybrid nanofluid, the pres-
ence of nanoparticles exacerbates this effect due to increased
interactions with the sheet’s surface and altered fluid-solid in-
terface characteristics. Consequently, the reduction in f ′(η) is
more pronounced in hybrid nanofluids compared to pure cop-
per nanofluids. Therefore, the growth in α along the x-axis
induces a more significant decrease in f ′(η), particularly evi-
dent in Cu–CuO/blood hybrid nanofluid.

4.6. Variations in flow profiles g′(η) versus γ

Figure 7 depicts the impact of slip factor γ along y di-
rection in primary velocity distribution g′(η) by taking γ =

0.1,0.3,0.5,0.7 while Da = 1.0, β = 2.5, α = 1.3, Bi = 1.0,
β1 = 1.0. M = 1, Pr = 21, Rd = 1.0, QT = 1.5, QS = 1.5.
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Fig. 7. Variations in g′(η) versus γ .

It is evident in this figure that with growth γ there
is reduction in f ′(η) which is more significant in case of
Cu–CuO/blood hybrid nanofluid in comparison of Cu-blood
nanofluid. This phenomenon can be interpreted physically
as the slip factor describes the relative motion between the
fluid and the surface of bi-directional geometry, affecting
the momentum transfer within the fluid. As γ expands, the
momentum transfer becomes more efficient, diminishing the
formation and intensity of secondary flows. In the case of
Cu–CuO/blood hybrid nanofluid, the presence of blood con-
stituents alters the fluid dynamics, enhancing the slip effect
further due to potential changes in viscosity and surface prop-
erties. This intensified slip effect consequently suppresses
secondary velocity distribution to a greater extent in hybrid
nanofluids compared to their pure copper counterparts, high-
lighting the complex interaction between fluid properties and
slip phenomena in nanofluid dynamics.

4.7. Variations in thermal profiles θ(η) versus QS, QT , and
Bi

Figures 8(a)–8(c) depict the impact of space-dependent
heat source QS, thermal-dependent heat source and thermal
Biot number on thermal distribution θ(η). The impacts of QS

on θ(η) is depicted in Fig. 8(a) with QS = 0.1,0.3,0.5,0.7
while Da = 1.0, β = 2.5, α = 1.3, Bi = 1.0, β1 = 1.0, M = 1,
Pr = 21, Rd = 1.0, QT = 1.5, γ = 1.3. It has noticed in this
graphical view that θ(η) is escalating with upsurge in QS.
This phenomenon can be understood physically as a growth
in QS contributes additional heat to the fluid flowing on the
surface of variable porous media, thereby increasing the over-
all thermal energy within the system. In the case of hybrid
nanofluids containing blood constituents, the presence of ad-
ditional heat enhances the thermal conductivity and convec-
tive heat transfer properties of the fluid, facilitating more effi-
cient heat dissipation and distribution on the stretching sheet’s
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surface. Consequently, the escalation in θ(η) becomes more
pronounced for Cu–CuO/blood hybrid nanofluid in compar-
ison of Cu-blood nanofluid due to the combined effects of
enhanced thermal properties and the influence of blood con-
stituents. Figure 8(b) depicts the impact of thermal-dependent
heat source QT , on θ(η) taking QT = 0.1,0.3,0.5,0.7 while
Pr = 21, Rd = 1.0, QS = 1.5, γ = 1.3, Bi = 1.0, β1 = 1.0,
β = 2.5, α = 1.3, M = 1, Da = 1.0. It has noticed in this
graphical view that θ(η) is escalating with upsurge in QT

with a more pronounced effect observed for Cu–CuO/blood
hybrid nanofluid in comparison of Cu-blood nanofluid for fluid

flow over a bi-directional stretching sheet. This phenomenon

can be interpreted as the combined result of enhanced ther-

mal conductivity and convective heat transfer properties of the

nanofluid mixture, particularly evident in the presence of cop-

per oxide nanoparticles. The inclusion of blood as a dispersing

medium further influences the heat transfer characteristics due

to its unique rheological properties, potentially leading to in-

creased convective heat transfer rates. Hence growth in QT

results escalation in thermal profiles θ(η) for fluid flows on

bidirectional elongating sheet.
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Fig. 8. Variations in θ(η) versus QS, QT , and Bi.

Figure 8(c) portrays the impact of thermal Biot num-
ber Bi, on θ(η) taking Bi = 0.1,0.3,0.5,0.7 while Pr = 21,
Rd = 1.0, QS = 1.5, γ = 1.3, QT = 1.5, β1 = 1.0, Da = 1.0,
β = 2.5, α = 1.3, M = 1. It has noticed in this figure that θ(η)

is escalating with upsurge in Bi with a more significant effect
noticed in case of Cu–CuO/blood hybrid nanofluid in compari-
son of Cu-blood nanofluid for fluid flow over a variable porous
stretching sheet. Physically, growth in Bi indicates a strength-
ening of the thermal resistance at the fluid-stretching sheet in-
terface, suggesting that heat transfer from the sheet’s surface
to the surrounding fluid is less efficient relative to internal ther-
mal conduction within the fluid. Consequently, as Bi grows the
width of thermal layer at boundary impeding the dissipation of
heat into the fluid and resulting in a more significant buildup of
thermal energy near the stretching surface. This phenomenon
intensifies the temperature gradient across the boundary layer
and amplifies the thermal distribution along the bi-directional
stretching sheet, influencing heat transfer characteristics and
overall thermal behavior within the fluid flow system.

4.8. Discussion of tables

The thermophysical properties of both the nanoparticles
and the active working fluid (blood) are described in Table 1.
Table 2 depicts the variations in C f xRe1/2

x for different values
of magnetic factor M, Casson factor β , stretching ratio fac-
tor β1, variable porous space factor Da and slip factors α and

γ respectively along x- and y-axes. It has observed from this
table the skin friction C f xRe1/2

x augments with upsurge in M,
β , and β with more retardation in case of Cu-nanoparticles in
comparison of Cu + CuO-nanoparticles. The magnetic field
induces resistance in the motion of nanoparticles, impeding
fluid flow and resulting in higher C f xRe1/2

x along x-axis. In-
creased Casson factor signifies greater fluid viscosity, which
leads to enhanced resistance to flow and elevated C f xRe1/2

x .
Additionally, higher stretching ratio factors indicate greater
stretching and deformation of the fluid, which intensifies fluid
drag and further elevate skin friction. Copper nanoparticles,
due to their higher conductivity, experiences more significant
magnetic interactions, leading to greater disturbances in fluid
flow and consequently higher skin friction compared to cop-
per oxide nanoparticles. It has also noticed in Table 2 that
C f xRe1/2

x decelerates with upsurge in Da, α , and γ . Actu-
ally, the variable porous factor introduces additional pathways
for fluid flow through the porous medium, allowing for more
efficient dissipation of momentum and reducing skin friction
C f xRe1/2

x . Slip factors along the x- and y-axes facilitate easier
movement of the fluid adjacent to the stretching sheet, decreas-
ing the resistance to flow and further diminishing skin friction
C f xRe1/2

x . Copper nanoparticles, being more conductive, ex-
hibits stronger interactions with the slip conditions and porous
medium, leading to more substantial alterations in fluid dy-
namics compared to copper oxide nanoparticles.
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Table 2. Behavior of skin friction C f xRe1/2
x along x-axis for variation

in different factors regarding Cu-blood nanofluid and Cu–CuO/blood
hybrid nanofluid.

M β β1 Da α γ
C f xRe1/2

x

Cu-blood Cu–CuO/blood

0.1 –0.2932449301 –0.2665723196
0.3 –0.3060900489 –0.2780165263
0.5 –0.3182654604 –0.2888721300
0.7 –0.3298355735 –0.2991948452

0.1 –0.2932449301 –0.2665723196
0.3 –0.4087104920 –0.3712834604
0.5 –0.4617364451 –0.4192939471
0.7 –0.4939846251 –0.4484689722

0.1 –0.2833386664 –0.2574580474
0.3 –0.2884304898 –0.2621459218
0.5 –0.2932449301 –0.2665723196
0.7 –0.2978274328 –0.2707809785

1.0 –0.2932449301 –0.2665723196
2.0 –0.2826055463 –0.2572273107
3.0 –0.2777512934 –0.2529737141
4.0 –0.2749996449 –0.2505655107

1.0 –0.2453577930 –0.2225833649
2.0 –0.1869226074 –0.1691680090
3.0 –0.1519928654 –0.1373678436
4.0 –0.1285057133 –0.1160365999

1.0 –0.2917364320 –0.2651744193
2.0 –0.2896686404 –0.2632639692
3.0 –0.2882941187 –0.2619971304
4.0 –0.2873031060 –0.2610850520

Table 3. Behavior of skin friction C f yRe1/2
y along y-axis for variation

in different factors regarding Cu-blood nanofluid and Cu–CuO/blood
hybrid nanofluid.

M β β1 Da α γ
C f yRe1/2

y

Cu-blood Cu–CuO/blood

0.1 –0.1345916718 –0.1222218800
0.3 –0.1418778957 –0.1287294968
0.5 –0.1487180229 –0.1348428375
0.7 –0.1551637234 –0.1406070422

0.1 –0.1345916718 –0.1222218800
0.3 –0.1882876897 –0.1709097026
0.5 –0.2132204092 –0.1934865164
0.7 –0.2284703780 –0.2072862642

0.1 –0.0233741848 –0.0211704494
0.3 –0.0757568561 –0.0687233938
0.5 –0.1345916718 –0.1222218800
0.7 –0.1989409525 –0.1807844698

1.0 –0.1345916718 –0.1222218800
2.0 –0.1282342702 –0.1166193799
3.0 –0.1252757133 –0.1140185347
4.0 –0.1235807904 –0.1125305438

1.0 –0.1328640929 –0.1206174788
2.0 –0.1305632574 –0.1184876632
3.0 –0.1290590721 –0.1170987260
4.0 –0.1279793006 –0.1161030158

1.0 –0.1151888383 –0.1044288031
2.0 –0.0900272053 –0.0814513376
3.0 –0.0742216218 –0.0670696501
4.0 –0.0632830273 –0.0571385404

An analogous behavior has noticed in Table 3 regarding
the skin friction C f yRe1/2

y along y-axis for different values of
magnetic factor M, Casson factor β , stretching ratio factor β1,
variable porous space factor Da, and slip factors α and γ re-
spectively along x- and y-axes.

Table 4 depicts the variations in Nusselt number
NuxRe−1/2

x for different values of space and thermal-
dependent heat source factors QS and QT , magnetic factor
M, variable porous space factor Da, and thermal Biot num-
ber Bi with an augmenting behavior NuxRe−1/2

x for growth in
all the stated factors. Greater space and thermal-dependent
heat source factors indicate increased heat generation within
the fluid, promoting convective heat transfer and enhancing
NuxRe−1/2

x . The magnetic field influences the alignment and
motion of nanoparticles, augmenting convective heat trans-
fer and further elevating NuxRe−1/2

x . Variable porous space
allows for additional convective pathways, facilitating heat
transfer and boosting NuxRe−1/2

x . Moreover, higher thermal
Biot numbers imply more significant thermal gradients at the
nanoparticle-fluid interface, leading to enhanced heat transfer
and an increased NuxRe−1/2

x . Cu + CuO-nanoparticles, being
more conductive, and exhibits stronger interactions with these
factors, resulting in more pronounced enhancements in con-
vective heat transfer and higher Nusselt numbers compared to
copper nanoparticles.

Table 4. Behavior of Nusselt number NuxRe−1/2
x for variation in dif-

ferent factors regarding Cu-blood nanofluid and Cu–CuO/blood hybrid
nanofluid.

QT QS M Da Bi
NuxRe−1/2

x

Cu-blood Cu–CuO/blood

0.1 0.6176937774 0.6440623822

0.2 0.6433695580 0.6710388193

0.3 0.6633865867 0.6924561918

0.4 0.6794270559 0.7098725476

0.1 0.3148152800 0.3237902779

0.2 0.4044090712 0.4188795410

0.3 0.4940030035 0.5139688582

0.4 0.5835969384 0.6090578796

0.1 0.5754739919 0.6006238032

0.3 0.5781833502 0.6034312029

0.5 0.5808906699 0.6062421671

0.7 0.5835969384 0.6090578796

1.0 0.5835969384 0.6090578796

2.0 0.5882946098 0.6140036334

3.0 0.5903656926 0.6161930288

4.0 0.5915191048 0.6174148850

0.1 0.1416197417 0.1507054958

0.2 0.2688989024 0.2845373215

0.3 0.3839085930 0.4041799231

0.4 0.4883428255 0.5117760628
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5. Conclusions

In current study blood based-hybrid nanofluid flow has

considered on a convectively heated sheet. The sheet exhibits

the properties of a variable porous medium and extends in

both the x and y directions. Blood has used as base fluid in

which the nanoparticles of Cu and CuO have been mixed.

Thermal radiation, space-dependent, and thermal-dependent

heat sources have been incorporated into the energy equa-

tion, while magnetic effects have been integrated into the mo-

mentum equations. Dimensionless variables have employed

to transform the modeled equations facilitating their solution

using bvp4c approach. The impacts of different factors have

been evaluated on different flow distributions. After detail in-

sight of the work it has concluded the following points.

(i) The findings of this investigation have been com-

pared with the existing literature, revealing a strong agreement

among present and established results that ensured the valida-

tion of the model and method used in this work.

(ii) Growth in variable porous factor has augmented

the primary and secondary velocities and declined the ther-

mal distribution with significant impacts in case of Cu-blood

nanofluid.

(iii) Escalation in stretching ratio factor has declined the

primary velocity and thermal distribution while augmented the

secondary velocity distribution with significant impacts in case

of Cu-blood nanofluid.

(iv) Upsurge in Casson factor has retarded the primary

and secondary velocities and augmented the thermal distribu-

tion with substantial impacts in case of Cu–CuO/blood hybrid

nanofluid.

(v) Escalation in magnetic factor has retarded the primary

and secondary velocities while magnified the thermal distribu-

tion with significant impacts in case of Cu–CuO/blood hybrid

nanofluid.

(vi) Both the primary and secondary velocities have re-

tarded with growth in slip factors along x- and y-axes.

(vii) Thermal distribution has escalated with growth in

thermal and space-dependent factors as well as with augmen-

tation in thermal Biot number.

(viii) The skin frictions C f xRe1/2
x and C f yRe1/2

y have es-

calated for upsurge in M, β , and β1 with more retardation

in case of Cu-nanoparticles in comparison of Cu + CuO-

nanoparticles. Moreover, growth in in Da, α , and γ has de-

clined both of the skin frictions C f xRe1/2
x and C f yRe1/2

y .

(ix) Nusselt number NuxRe−1/2
x has augmented with

growth space and thermal-dependent heat source factors QS

and QT , magnetic factor M, variable porous space factor Da,

and thermal Biot number Bi with more significant impacts in
case of Cu-CuO/blood hybrid nanofluid.

(x) The embedded factors exert a more significant ef-
fects on the temperature of the hybrid nanofluid flow (Cu–
CuO/blood) compared to the (Cu-blood) nanofluid.
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