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This study examines MWCNTs-PG nanofluid with a uniform dispersion of MWCNTs in PG.
It is assumed that both MWCNTs and PG exist thermally in equilibrium and no slip occurs
between them. MWCNTs were suspended in PG uniformly and played a significant role.
Firstly, the problem is formulated by utilizing empirical correlations, thermophysical
attributes, and similarity equations. Then the model is treated numerically along with
the coupling of a shooting algorithm. The results against the pertinent flow quantities were
plotted and provide a basis for a comprehensive discussion, investigating whether
MWCNTs-PG has high thermal storage characteristics under the effects of thermal
radiation and combined convection effects. Due to their high energy storage capability,
these fluids are reliable for industrial applications.

Keywords: MWCNTs-PG, thermal radiations, combined convection, thermal storage, nanofluid empirical
correlations

INTRODUCTION

Thermal storage is a long-standing issue for industrialists and engineers. Researchers have posited
that the energy efficiency of regular liquids could be improved by dispersing nano additives of various
metals or their oxides in host liquids. The common base fluids (Propylene glycol (PG) 0.147W/mk,
ethylene glycol (EG) 0.258W/mK, water, engine oil 0.145W/mK, and kerosene oil 0.145 W/mk etc.)
have limited industrial applications due to their low thermal performance. The low thermal
conductivity of the aforementioned fluids means they have inadequate capacity for energy
storage. They could be made more effective and applicable by dispersing nanoparticles, which
upsurges the energy storage of the resultant fluid. Thus, a new sort of heat transport fluid was
developed which is a colloidal suspension of the metallic nano-sized particles and the regular liquid.
Due to the high thermal conductivity of the metallic particles, the internal energy of the colloidal
mixture rises, which significantly alters the thermal storage ability of the mixture. These fluids are
termed Nanofluids due to the addition of nano additives of the metals.

The development of nanofluids has been a popular research subject among engineers and
industrialists, with potential applications in every aspect of daily life. The core applications of these
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fluids can be found in the manufacturing of kitchen appliances,
the medical sciences, the detection of cancer cells in the human
body, manufacturing air craft parts, detergents, paint industries,
computer chips, civil engineering, automobile and mechanical
engineering, wire coating, air buses, aerodynamics, and ceramics
etc. As the modern world depends on nanotechnology, which is
incredible except for nanofluids. The study of nanofluids
dynamics has become a hub for researchers and engineers
from all over the world, resulting in innovative research on
nanofluids under various physical circumstances. Therefore,
fluid dynamists have examined the behavior of energy storage
in nanofluids under certain physical scenarios.

The investigation of heat and mass transport mechanism in
Williamson nanoliquid over a stretchable surface was examined

by Khan et al. (2018). They imposed slanted Lorentz forces with
strength B0 in the cartesian frame and treated the resultant model
by adopting a numerical technique and discussed the results
deeply against the physical constraints. Another significant
investigation examined the energy efficiency in the nanofluid
by taking the effects of convective surface and fluid internal heat
or sink (Gireesha et al., 2018). From the obtained results they
concluded that nonlinear thermal radiation is a potential physical
source for thermal enhancement in the nanofluids. The
nanoliquid heated through nonlinear thermal radiations boosts
the internal energy of the liquid particles and hence the energy
storage ability of the nanoliquid goes up.

In 2016, Uddin et al. (2016) prolonged the analysis of
nanofluid by taking microorganisms into account. With
innovative results, they considered the influence of buoyancy
forces and Stefan blowing in the nanoliquid. Lately, Punith
Gowda et al. (2021) performed a computational investigation
for the nanofluid by inducing KKL thermal conductance
correlation to intensify the energy storage of nanofluids. The
results reveal that thermal transport enhances due to stronger
porosity effects while the velocity gradient declines against it.
Recently, Waini et al. (2020) conducted an investigation of
thermal transport in hybrid nanofluid past a stretching surface
and provide a comprehensive discussion regarding the dynamics
of nanofluids. The study of thermodynamics second law for
nanoliquid flow through a curved geometry is reported by
Hayat et al. (2020a) in the existence of partial slip. From the
results, they observed that thermal radiations and Biot effects
directly affect the temperature of nanoliquid while Bejan number
drops for higher slip effects.

The characteristics of the stagnation point flow by inducing
the CC heat flux model in the constitutive relation for Oldroyd

FIGURE 1 | The Flow configuration of MWCNTs-PG nanoliquid.

FIGURE 2 | F ′(η) against δ (A) λ>0 and (B) λ<0 and (C) λ � 0.
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B-nanoliquid, as performed by Hayat et al. (2020b). The
reduction in the fluid motion is noticed against retardation
and relaxation time parameters. Another investigation
examined the characteristics of the nanofluid prepared by
ferromagnetic particles (Yasmeen et al., 2016). The influences
of homogeneous and heterogeneous reactions and magnetic
dipole effects are ingrained in the model, to examine effects
on the temperature. Heat transport investigations of nanofluid
have considered various physical parameters, as reported in
several studies (Shaiq and Maraj, 2019; Benos et al., 2019; Das
et al., 2015). Applied magnetic field and velocity slip effects on
the dynamics of fluid flow organized over a vertically oriented
surface were examined by Mukhopadhyay and Chandra Mandal
(2015) in 2015. Another significant study on the presence of
combined convective effects over a slippery surface was reported
by Bhattacharyya et al. (2013). Furthermore, important studies
regarding the numerical treatment of concentrated thermal
system, solvothermal preparation of high performance,
cascade nanofluid based on PV/T system, and condensation
triggered synthesis of dual channels have also been reported

(Yazdanifard et al., 2020; Bej et al., 2021; Hassani et al., 2016; Bej
et al., 2022). The contribution of Fourier heat flux to the thermal
enhancement for carbon nanotubes based on the nanofluid
inside the cavity was reported by Reddy and Sreedevi (2021).
Insights into entropy generation and heat transfer under the
varying effects of the magnetic field were determined by another
important study (Reddy et al., 2022).

This study explores the:

• Energy storage efficiency in MWCNTs-PG over an inclined
surface.

• Role of thermal radiations in the heat transfer mechanism.
• Combined convection effects and their contribution to the
velocity and thermal performance of MWCNTs-PG.

• The velocity and thermal slip effects on fluid movement and
heat transfer over an inclined surface.

A careful literature review revealed that the energy storage
efficiency in the nanofluid, namely MWCNTs-PG, has not
conducted in real world applications to date. Therefore, the
analysis examines this nanoliquid under the novel effects of
thermal radiations and the combined convection effects on the
dissipative nanoliquid. A set of similarity equations will be
utilized for dimensionless mathematical modeling and then an
efficient numerical algorithm based on the shooting technique
will be adopted for computation of the results for motion and the
thermal behavior of the nanoliquid. Moreover, the trends of the
shear stresses and local thermal performance rate in MWCNTs-
PG are discussed in detail.

DEVELOPMENT OF MWCNTS-PG MODEL

Problem Statement and Geometry
The flow configuration of MWCNTs-PG is considered over an
inclined surface positioned in cartesian coordinates. The surface
is inclined at an acute angle through the vertical axis oriented in
an anticlockwise direction. To examine an innovative behavior of
the nanofluid, influences of combined convection plugged in the
governing model. Moreover, the flow is radiative, and viscous
dissipation effects are contemplated. The fluid temperature is

TABLE 1 | Thermophysical attributes of the nanofluid (Ahmed et al., 2020), (Ahmed et al., 2017).

S. No Thermophysical attributes Mathematical correlation

1 Dynamic viscosity μ
︷︸︸︷
nf

� μ
︷︸︸︷

f
(1−ϕ)−2.5

2 Effective density
ρ
︷︸︸︷
nf

� ρ
︷︸︸︷
PG

{(1−ϕ)+
ϕ ρ
︷︸︸︷

MWCNTs

ρ
︷︸︸︷
PG

}

3 Effective thermal conductance

k
︷︸︸︷
nf

� k
︷︸︸︷
PG

{

(1−ϕ)+

2ϕ k
︷︸︸︷

MWCNTs

k
︷︸︸︷

MWCNTs
− k
︷︸︸︷
PG

ln( k
︷︸︸︷

MWCNTs
+ k
︷︸︸︷
PG

)

2 k
︷︸︸︷
PG

(1−ϕ)+

2ϕ k
︷︸︸︷
PG

k
︷︸︸︷

MWCNTs
− k
︷︸︸︷
PG

ln( k
︷︸︸︷

MWCNTs
+ k
︷︸︸︷
PG

)

2 k
︷︸︸︷
PG

}

4 Heat capacity ( ρcp
︷�︸︸�︷)nf � ( ρcp

︷�︸︸�︷)PG{(1 − ϕ) + ϕ( ρcp
︷�︸︸�︷

)MWCNTs

( ρcp
︷�︸︸�︷

)PG
}

TABLE 2 | Thermophysical values of MWCNTs and PG.

Characteristics H2O PG MWCNTs SWCNTs

ρ
︷︸︸︷(Kgm−3) 997.1 938.5 1600 2600

μ
︷︸︸︷(Pas) 0.85 × 10−3 — — —

C︷︸︸︷p (JKg ^(−1) K ^(−1)) 4179 4,338 796 425

k
︷︸︸︷(Wm−1K−1) 0.613 0.684 3,000 6,600

β
︷︸︸︷(K−1) 2.1 × 10−4 — 42 × 10−6 —

σ
︷︸︸︷(Sm−1) 0.05 — 4.8 × 10−7 —

Pr 7.2 1.458 — —

TABLE 3 | The governing flow quantities.

Parameter Name Mathematical form

λ Mixed convection parameter gβpT︷︸︸︷0
U∞

Ec Eckert number U2
∞

(cp)PG(T︷︸︸︷w −T︷︸︸︷∞ )
Pr Prandtl number μPG(cp)PG

kPG
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FIGURE 3 | F ′(η) against ϕ (A) λ>0 and (B) λ<0 and (C) λ � 0.

FIGURE 4 | β(η) against Ec (A) λ>0 and (B) λ � 0.

FIGURE 5 | β(η) against βp (A) λ>0 and (B) λ � 0.
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FIGURE 6 | β(η) against δ (A) λ> 0 and (B) λ � 0.

FIGURE 7 | β(η) against Rd (A) λ>0 and (B) λ � 0.

FIGURE 8 | The shear stresses against (A) δ and (B) λ.

FIGURE 9 | The local thermal performance rate against (A) Ec and (B) βp.
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maintained at Tw at the surface and T∞ far from the surface. The
nanofluid flows in the region y> 0. It is assumed that MWCNTs
will be dispersed in PG uniformly, that they are thermally
compatible, and thatno slip occurs between them.
Furthermore, the velocity and thermal slips are imposed over
the surface. The flowing scenario of MWCNTs-PG is depicted in
Figure 1.

Empirical Correlations and Thermophysical
Attributes for MWCNTs-PG
To boost the energy storage of MWCNTs-PG, the following
thermophysical attributes are ingrained in the constitutive
model. These correlations are given in Table 1:

In Table 1, subscript nf stands for nanofluid and ϕ is the
volumetric fraction of MWCNTs. The thermophysical values of
the host liquid PG and MWCNTs are elaborated in Table 2
(Shaiq and Maraj, 2019; Benos et al., 2019):

Constitutive Flow Model for MWCNTs-PG
Under the assumptions mentioned in the problem statement,
the following relations constitute the flow of MWCNTs-PG over
an inclined surface by incorporating the influences of combined
convection, viscous dissipation, and thermal radiations (Das
et al., 2015):

zu
∨

zx
+ zv

∨

zy
� 0, (1)

ρ
︷︸︸︷

nf
⎛⎝u

∨ zu
∨

zx
+ v

∨ zu
∨

zy
⎞⎠ − μ
︷︸︸︷
nf

z2 u
∨

zy2
−ĝ( ρ︷︸︸︷ β︷︸︸︷p)

nf

( T
︷︸︸︷ − T

︷︸︸︷
∞)cosγ � 0 (2)

⎛⎜⎜⎝ ρ̂Cp

︷�︸︸�︷⎞⎟⎟⎠
nf

⎛⎜⎝u
∨ zT

∨

zx
+ v

∨ zT
∨

zy
+ w

∨ zT
∨

zz
⎞⎟⎠ − k
︷︸︸︷
nf

z2 T
∨

zy2
− μ
︷︸︸︷
nf

⎛⎝zu
∨

zy
⎞⎠2

+16σ
pT̂

3

∞

3Kp

z2u
∨

zy2
� 0 (3)

The flow over the surface obeys the following conditions at the
surface and far from it:

u
∨ � zu

∨

zy
L, v

∨ � −u∨w, T
︷︸︸︷ � T

︷︸︸︷
w + zT

∨

zy
K at y � 0

u
∨ → U∞, T

︷︸︸︷
→ T

︷︸︸︷
∞ at y → ∞

In the above conditions, T︷︸︸︷w � T︷︸︸︷∞ + T︷︸︸︷0 x−1 is the changeable
temperature at the surface, the free stream is maintained at T︷︸︸︷∞
and T︷︸︸︷∞ <T︷︸︸︷w , the fluid moves uniformly at the free stream
with velocityU∞, the velocity and thermal slip factors are denoted
by L and K, respectively and the no-slip condition of MWCNTs-
PG is recovered by setting L � 0 � K.

The supporting similarity equations for the problem are given
by the following mathematical relations:

β(η) � T
︷︸︸︷ − T︷︸︸︷∞

T︷︸︸︷w − T︷︸︸︷∞

, η �
����
U∞

x]f

√
y and Ψ

︷︸︸︷ � ������
]fxU∞

√
F(η)

The velocity components u
∨
and v

∨
can be achieved through the

rule u
∨ � z Ψ

︷︸︸︷
zy and v

∨ � −z Ψ
︷︸︸︷
zx

Finally, after plugging the defined rules in the constitutive
MWCNTs-PG model, the following self-similar version is
achieved:

1(1 − ϕ)2.5(π{(1 − ϕ) + ϕ ρ
︷︸︸︷

MWCNTs

ρ
︷︸︸︷

PG

})F‴
+ 1{(1 − ϕ) + ϕ ρ

︷︸︸︷
MWCNTs

ρ
︷︸︸︷

PG

} λβCos γ + 0.5FF″ � 0, (4)

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

1 + Rd⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
(1 − ϕ) +

2ϕ k
︷︸︸︷

MWCNTs

k
︷︸︸︷

MWCNTs
− k
︷︸︸︷
PG

ln( k
︷︸︸︷

MWCNTs
+ k
︷︸︸︷
PG
)

2 k
︷︸︸︷
PG

(1 − ϕ) +
2ϕ k
︷︸︸︷
PG

k
︷︸︸︷

MWCNTs
− k
︷︸︸︷
PG

ln( k
︷︸︸︷

MWCNTs
+ k
︷︸︸︷
PG
)

2 k
︷︸︸︷
PG

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

β″+

( 1(1 − ϕ)2.5 PrEcF″2 + 0.5

⎧⎪⎪⎨⎪⎪⎩(1 − ϕ) + ϕ( ρcp
︷�︸︸�︷)

MWCNTs( ρcp
︷�︸︸�︷)

PG

⎫⎪⎪⎬⎪⎪⎭PrFβ′⎞⎟⎟⎟⎟⎟⎟⎟⎟⎠
⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
(1 − ϕ) +

2ϕ k
︷︸︸︷

MWCNTs

k
︷︸︸︷

MWCNTs
− k
︷︸︸︷
PG

ln( k
︷︸︸︷

MWCNTs
+ k
︷︸︸︷
PG
)

2 k
︷︸︸︷
PG

(1 − ϕ) +
2ϕ k
︷︸︸︷
PG

k
︷︸︸︷

MWCNTs
− k
︷︸︸︷
PG

ln( k
︷︸︸︷

MWCNTs
+ k
︷︸︸︷
PG
)

2 k
︷︸︸︷
PG

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

� 0

(5)
The new version of the flow conditions is achieved as:

F(η�0) � S, F′(η�0) � F″(η�0)δ, β(η�0) � 1 + βpβ′(η�0)
F′(η∞) � 1, β(η∞) � 0

The governing flow parameters are defined by the following
relations in Table 3:

MATHEMATICAL ANALYSIS OF
MWCNTS-PG MODEL

Theflow situations in various engineering systems and fluidmechanics
are governed by a coupled nonlinear nature mathematical model. It is
imperative to explore the solution of thismodel because the onlyway to
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analyze the dynamics of the model against the involved
parameters is the solution of that model. Therefore, we need
to obtain the model solution either in closed form, series form,
or numerically. Such models cannot be tackled in the form of
closed solutions due to high nonlinearity. However, numerical
schemes are reliable and efficient for such models. Thus, a
numerical scheme along with the coupling of shooting
techniques (Ahmed et al., 2019; Khan et al., 2021)
implemented. Primarily, this technique is based on the
reduction of a higher-order nonlinear model into a system of
first-order via some sort of transformation. For the particular
model, the following transformations are plugged into the
higher-order nonlinear model:

F(η) � A︷︸︸︷p1, F′(η) � A︷︸︸︷p2, F″(η) � A
∨ p

3

︷︸︸︷
, F‴(η) � A︷︸︸︷p′3 ,

β(η) � B︷︸︸︷p4, β′(η) � B︷︸︸︷p5, β″(η) � B︷︸︸︷p′5 (6)

In accordance with these transformations, the higher-order
model is transformed in the version:
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The convergence of the technique is subject to the adjustment
of η∞ and then the results for the dynamics ofMWCNTs-PGwere
plotted by altering the governing parameters using
MATHEMATICA 10.0.

GRAPHICAL RESULTS WITH DISCUSSION

MWCNTs-PG Motion Against δ and ϕ
This subsection presents the motion of MWCNTs-PG by
increasing the strength of the velocity parameter and fraction
factor of MWCNTs. The results plotted for buoyancy added
(λ> 0), buoyancy opposed (λ< 0), and in the absence of
combined convection, respectively.

Figure 2 captures the behavior of fluid motion against rising
velocity slip parameter δ. The fluid motion is in direct proportion
with the strength of the slip parameter. Near the inclined surface, the
velocity abruptly rises, and then with time it reduces and then finally
approaches the free stream velocity. Physically, at the surface vicinity,
the slip effects are dominant and maximum variations in the velocity
are examined. The force of friction between the fluid layer adjacent to

TABLE 4 | Summary of the dynamics of MWCNTs-PG against the pertinent flow parameters.

Parameters Velocity Temperature Local Energy storage Shear stresses

S > 0 S < 0 S > 0 S < 0 S > 0 S < 0 S > 0 S < 0

δ Increases Increases Decreases Decreases — — Decreases Decreases
ϕ Decreases Decreases — — — — — —

Ec — — Increases Increases Decreases Decreases — —

βp — — Decreases Decreases Decreases Decreases — —

Rd — — Increases Increases — — — —

λ — — — — — — Increases Increases

FIGURE 10 | The local thermal performance rate against Ec and Rd.
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the surface and the surface of the sheet is reduced due to the slip
effects. As a result, the fluid particles move freely and abruptly over
the surface. For buoyancy opposed flow, these variations are quite
rapid and buoyancy assists flow scenarios. Themomentumboundary
layer region increases for buoyancy assisted flow of MWCNTs-PG.

The influences of suction and injection are also captured for
MWCNTs-PG. Based on the results, the injection of
MWCNTs-PG from the surface favors the movement of the
fluid over the surface. Physically, injecting fluid exerted extra
force on the fluid particles, which ultimately boosts the
momentum of the particles. Due to increasing momentum,
the fluid motion rises whereas, in the case of suction, the
motion is slow because the fluid particles are stuck at the
surface, which slightly decreases the fluid momentum.
Therefore, the fluid moves more slowly than when injected.

Figure 3 examines the fluid motion by strengthening the
fraction factor of MWCNTs. By increasing the strength of the
fraction factor within the feasible domain, fluid motion is resisted.
Physically, the mixture becomes denser due to the high
volumetric fraction and intermolecular forces between the
fluid particles becoming dominant. As a result, the fluid
motion drops. The maximum drop in the motion is observed
for buoyancy opposing flow and minimal decreasing variations
are noted for buoyancy-assisted flow. These results are
demonstrated in Figures 3A–C, respectively.

MWCNTs-PG Thermal Distribution Against
Ec and βp

The viscous dissipation and thermal slip parameters significantly
alter the fluid thermal behavior over the desired domain. Therefore,
Figures 4, 5 are decorated to analyze the temperature trends of
MWCNTs-PG against Ec and βp. The temperature of MWCNTs-
PG enhances for more dissipative fluid. The fluid temperature
prominently rises near the surface for both suction and injection
of the fluid. Physically, the internal energy of the fluid particles
enhances due tomore dissipation effects and it leads to an increment
in the thermal field. The temperature far from the surface obeys the
ambient temperature condition and finally vanishes by showing its
asymptotic behavior.

For injection of the fluid, the temperature rises more rapidly than
suction. Physically, injecting fluid transfers energy to the fluid
particles and the internal energy of MWCNTs-PG boosts. This
leads to an increment in the thermal profile β(η). The temperature
trends against the thermal slip parameter are demonstrated in
Figure 5. It is noteworthy that, in the presence of combined
convection effects, the temperature drops near the surface by
strengthening the thermal slip parameter.

MWCNTs-PG Thermal Distribution Against
δ and Rd
The temperature alterations due to the velocity and thermal
radiation parameters are elaborated in Figures 6, 7,
respectively. From the analysis of Figure 6, the resistive
behavior of δ on the temperature field is observed. The
temperature rapidly drops for the suction case. Physically, the

fluid particles stick to the surface due to the suction of the fluid
and intermolecular forces between them becoming more
dominant. This drops the momentum of the fluid and
ultimately collisions between the particles become slow, which
leads to a decrement in temperature β(η). These effects are
pictured in Figures 6A,B for buoyancy assisted and without
convection, respectively.

Figure 7 elaborates on the influence of thermal radiations on
the temperature performance of MWCNTs-PG. The imposed
thermal radiations favor the temperature of the nanofluid.
Physically, the internal energy of MWCNTs-PG rises due to
thermal radiations, and in turn the temperature rises. For suction
of the fluid, the rise in the temperature is slower than the injecting
fluid. The injecting fluid provides extra energy to the fluid
particles due to the existence of thermal radiations, which
significantly increase the temperature.

Shear Stresses and Local Energy Storage
Ability
The trends in surface shear stress due to altering the velocity slip
and combined convection parameter are elaborated in Figure 8.
The shear stresses at the surface decline quickly against δ.
However, for injection cases, rapid decrement in the shear
stresses was investigated. The reason for this decrease is that
fluid particles left the surface due to the injecting fluid as a result
transformation of the surface stresses drops. On the other hand,
combined convection favors the transformation of the shear
stresses at the surface. This behavior is outlined in Figures
8A, B, respectively.

The local thermal performance of MWCNTs-PG against
Ec, βp and thermal radiation over Ec are demonstrated in
Figures 9, 10, respectively. On inspection of the results, the
local thermal performance rate in the particular nanoliquid
drops Ec and βp. By enhancing the strength of these
parameters, the decrement becomes slowed down. Similar
trends in the local heat transport mechanism are highlighted
in Figure 10.

Table 4 provides a summary of the results against the varying
flow quantities. It covers all the questions of the conducted research.

CONCLUDING REMARKS

This study undertook a numerical investigation of thermal storage
in MWCNTs-PG over an inclined geometry. The influences of
combined convection, thermal radiation, velocity, and thermal slip
on the dynamics of the nanoliquid were demonstrated against the
governing parameters. We inspected buoyancy assisted and
buoyancy opposed. In the absence of combined convection, the
nanofluid motion enhances both suction and injection of the fluid.
However, the fraction factor of MWCNTs resists the nanoliquid
motion. the stronger dissipation and thermal radiations effects
improve the energy storage capacity of MWCNTs-PG. Decreasing
trends were investigated against the velocity and thermal slip
parameters. It can be concluded that the nanoliquid has high
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energy storage abilities and it would be beneficial for industrial and
engineering applications.
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