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ABSTRACT
Aspiration of this research is to study the impacts of nanomateri-
als on magnetohydrodynamics (MHD) Darcy-Forchheimer nanofluid
flow over a stretched surface with the influences of heat genera-
tion/absorption, thermal radiations and second order velocity slip
condition. Carbonnanotubes (SWCNTs andMWCNTs) are considered
as nanomaterials. To simulate themomentumand energy equations,
boundary layer approximations and Khanfer model are adapted.
The governing system is transformed into nondimensional coupled
nonlinear partial differential equations (PDEs) through nonsimilar
modeling. Transformed equations are analytically approximated by
employing the local nonsimilarity (LNS) technique up to the sec-
ond truncation level in association with the numerical algorithm
bvp4c (MATLAB built-in solver). Behavior of relevant flow param-
eters against the velocity and temperature profiles are graphically
depicted. Furthermore, the surface drag force and heat transfer rate
are reviewed in tabular form. It is noted from the obtained results
that the thermal field augmented with increasing magnetic param-
eter in the flow regime. An enhancement in both slip parameters
leads to decline in velocity field and associated boundary layer thick-
ness for both SWCNT and MWCNT nanoparticles. Magnitude of the
skin friction coefficient increases for higher estimations of Hartmann
number. This research is of great help for researchworks on industrial
nanofluids applications..
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Introduction

Nanofluids have played a crucial role in the development of cooling electronic devices
through heat transfer enhancement in many industrial and engineering systems. Nanoflu-
ids are developed by introducing nanosized metallic, nonmetallic, or nanofiber particles
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into base fluids to increase their thermal properties. Choi and Eastman [1] established the
notion of distributing nanosized solid particles into base fluids. Later, Eastman et al. [2]
reported that the nanofluids containing 0.3 vol% of Copper (Cu) nanoparticles increase
the ethylene glycol (EG) thermal conductivity up to 40%. Ding et al. [3] found that 1% and
0.1% concentrations of nanoparticles in CNT/water nanofluids increase heat conductivity
by 11.3% and 18%, respectively. Ahmad and Pop [4] investigated the flow of nanofluid
across a flat surface placed in a porousmediumby employingmixed convection and steady
boundary layer (BL) flow concepts. Xu et al. [5] established that the use of appropriate
nanofluids can considerably improve heat transfer characteristics. Some recent studies
about the significance of nanofluid flow may be found in [6–10]. Munir et al. [11] sim-
ulated numerically the entropy generation minimization for non-Newtonian stagnation
point nanofluid flow across a fixed horizontal surface with the assumptions of magne-
tohydrodynamic (MHD), incompressible and viscous dissipation impacts. Khan et al. [12]
scrutinized the thermophoresis and Brownian diffusion behaviors of the hydromagnetic
flow of nanofluid across a stretchable surface.

Several experiments have led to the conclusion that different nanoparticles have dif-
ferent capacities of heat conductivity. The size and shape of the nanoparticles are also
important in this regard. Carbon nanotubes (CNTs) are nanosized cylindrical structures
madeof carbonatoms. CNTs canbe single-walled (SWCNT)with adiameter of less than1nm
ormulti-walled (MWCNT)which is a combinationof CNTs and its diameter could reachup to
100nm. Their unidimensional structure improves theirmechanical and electrical properties.
CNTs possess exciting and unique electrical, thermal, and mechanical properties. Experi-
ments show thatwhen carbonnanotubes (CNT) are used insteadof other nanoparticles, the
thermal conductivity of the nanofluid rises by around six times. For instance, CNTs strength
is approximately 400 times compared to steel, but they are very light weight. These prop-
erties make CNTs an ideal candidate for electronics, material science, energymanagement,
chemical processing, and many other fields. CNTs are a true depiction of nanotechnology
because their diameter is just a nanometer, but these are molecules and hence they are
configured in many useful ways. Many studies have shown that the inclusion of CNTs will
greatly improve the heat transfer coefficient (HTC) [13–20].

Magnetic fluids are used in a variety of engineering and biomedical processes, includ-
ingparticle and contamination removal fromdrinking/wastewater streams, solar collectors,
radioactive chemical removal, magnetically controlled thermosyphons, MRI, power electric
transformers, low-friction seals, drug delivery in cancer treatment, aerospace, hazardous
waste recovery, electronic packaging, heat transfer, and dynamic sealing. Following these
facts, numerous experimental and numerical studies have been performed to evaluate the
flow and heat transfer characteristics of magnetic nanofluids with the consideration of dif-
ferent aspects [21–26]. Ahmad et al. [27] examined the flow of magnetohydrodynamics
(MHD) nanofluid with the consideration of viscous dissipation through a porous medium
across a stretching surface. Khan et al. [28] studied the impacts of nanoparticles on two-
dimensional, MHD nanofluid flow across a stretching permeable surface in the presence of
Joule heating, viscous dissipation, and slip condition.

Numerous problems in BL flows and heat transport through different stretching geome-
tries are nonsimilar. Nonsimilarity of boundary layers (BLs) can be generated by several
factors, including changes in wall temperature, changes in free-stream velocity, surface
mass transfer, suction or injection impacts at the wall, buoyancy force effects, inclination



WAVES IN RANDOM AND COMPLEX MEDIA 3

angle impacts, and so on. Several numerical and theoretical methods for dealing with non-
similar BLs have been developed, the most well-known of which is the LNS approach. This
technique had been intended by Sparrow et al. [29] and lately, this is used by a number of
researchers to handle various nonsimilar problems [30–34].

Current study presents the consequences of thermal radiation and heat genera-
tion/absorption on MHD Darcy–Forchheimer nanofluid flow across a stretching surface.
Velocity slip condition is also imposed on the stretched boundary. The governing non-
dimensional system is derived in terms of the analytical LNS system. It is thus anticipated
that the LNS techniquewill yieldmore accurate findings for the velocity and thermal profiles
than the local similarity model. Numerical solutions are attained by using bvp4c (MATLAB
solver). The analysis is carried out via graphical demonstration of the results for various
emerging parameters’ impacts on the dimensionless velocity and temperature profiles of
nanofluids. The drag coefficient and Nusselt number are also calculated and studied. This
research may be helpful for researchers that work on industrial nanofluid applications,
particularly in geophysical and geothermal systems, heat exchangers, solar water heaters,
biomedicine, and many others

Mathematical formulation

Here, mathematical modeling is presented for the incompressible, steady, MHD flow of
nanofluid towards a stretched surface. The flow is triggered by the stretching of the sur-
face in the Darcy–Forchheimer medium. Water is assumed as a base fluid while SWCNTs
and MWCNTs are adopted as nanoparticles. Heat generation/absorption and thermal radi-
ation effects are also considered while modeling energy expression. The magnetic field is
parallel in y−axis of strength B0 (see Figure 1). Khanafer et al. [35] model is considered to
discuss the thermal transport features of the nanofluid flow. Let us assume that u = cx +
λ1

∂u
∂y + λ2

∂2u
∂y2

emphasizes the stretchingvelocity in the x-directionwith secondorder veloc-
ity slipwhere (c > 0). Also, Tw and T∞ signifies thewall andambient specified temperatures,
respectively.

Governing equations after BL assumptions are [36,37]:

∂u

∂x
+ ∂v

∂y
= 0, (1)

u
∂u

∂x
+ v

∂u

∂y
= μnf

ρnf

∂2u

∂y2
+ μnf

ρnf

1
kp

u − Fu2 − σnf

ρnf
B0

2u, (2)

u
∂T

∂x
+ v

∂T

∂y
= μnf

(ρcp)nf

(
∂u

∂y

)2

+ μnf

kp(ρcp)nf
u2 + 1

(ρcp)nf

(
knf + 16σ ∗T3∞

3k∗

)
∂2T

∂y2

+ Q0

(ρcp)nf
(T − T∞) + σnf

(ρcp)nf
B0

2u2, (3)

Associated boundary conditions are:

u = Uw(x) = cx + λ1
∂u

∂y
+ λ2

∂2u

∂y2
, v = 0, T = Tw , at (y = 0), u = 0, T = T∞ as (y → ∞).

(4)
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Figure 1. Flow configuration for current model.

Here, u and v indicates the velocity components in x - and y - directions. Whereas T is
the nanofluid temperature and μnf , ρnf , knf , σnf and (ρcp)nf respectively signifies the
viscosity, density, effective thermal conductivity, electric conductivity, and heat capac-
itance of the nanofluid is presented in Table 1. B0 is the magnetic field strength,
kp shows the porous medium permeability, F = Cb

x
√

kp
is the porous medium inertia

coefficient, (k∗(m−1)) and (σ ∗ = 5.67 × 10−9(W/m2k2)) represents Rosseland absorp-

tion coefficient and Stephan–Boltzmann constant, λ1 = 2
3

(
3−αl3

α
− 3

2
1−l2
kn

)
λ, and λ2 =

− 1
4

(
l4 + 2

kn
2 (1 − l2)

)
λ2 denotes the first and second order slip coefficients respectively,

where l = min
[
1
kn
, 1
]
, λ is molecularmean free path, 0 ≤ α ≤ 1 is amomentum accommo-

dation coefficient and kn is the Knudsen number is defined as a ratio of mean free path to
the characteristic length for flow.

Introducing the transformations as [34,36]:

η =
√

c

υf
y, ξ = x

l
, θ(ξ , η) = T − T∞

Tw − T∞
, u = cx

∂f

∂η
, v = −√

cυf

(
f + ξ

∂f

∂ξ

)
, (5)

Table 1. The model for thermophysical properties [16].

Property Nanomaterials

Viscosity μnf = μbf
(1−φ)2,5

Density ρnf = (1 − φ)ρbf + φρCNT

Heat capacitance (ρCp)nf = (1 − φ)(ρCp)bf + φ(ρCp)CNT

Electric conductivity σnf =
{
1 + 3

(
σCNT
σbf

−1
)
φ(

σCNT
σbf

+2
)
−
(

σCNT
σbf

−1
)
φ

}
σbf

Thermal conductivity knf
kbf

= 1−φ+2φ(kCNT/(kCNT − kbf ))ln(
(kCNT + kbf )/2kbf )

1−φ+2φ(
kbf/(kCNT − kbf ))ln(

(kCNT + kbf )/2kbf )



WAVES IN RANDOM AND COMPLEX MEDIA 5

Using Equation (5) in Equation (1) is automatically satisfied while the rest of system is
revised as:

∂3f

∂η3
= K1K2

[(
∂f

∂η

)2

+ Fr

(
∂f

∂η

)2

− f
∂2f

∂η2
+ ξ

(
∂f

∂η

∂2f

∂ξ∂η
− ∂2f

∂η2

∂f

∂ξ

)]

+ (β1 + K1K3M)
∂f

∂η
, (6)

(
K5 + Nr

K4Pr

)
∂2θ

∂η2
+ ξ2Ec

K1K4

(
β1

(
∂f

∂η

)2

+
(

∂2f

∂η2

)2

+ K1K3M
(

∂f

∂η

)2
)

+ γ

K4
θ + f

(
∂θ

∂η

)

= ξ

(
∂f

∂η

∂θ

∂ξ
− ∂θ

∂η

∂f

∂ξ

)
, (7)

Boundary conditions:

∂f

∂η
(ξ , 0) − L1

∂2f

∂η2
(ξ , 0) − L2

∂3f

∂η3
(ξ , 0) = 1, f (ξ , 0) + ξ

∂f

∂ξ
(ξ , 0) = 0,

θ(ξ , 0) = 1,
∂f

∂η
(ξ ,∞) = 0, θ(ξ ,∞) = 0. (8)

In the above equations, M,β1, Nr, Fr , Ec, Pr, γ , L1 and L2 represents the Hartmann number,
porosity parameter, radiation parameter, Forchheimer number, Eckert number, Prandtl
number, heat generation absorption parameter, first order, and second order slip parame-
ters which are described below.

M = σf B0
2

ρf c
,β1 = υf

kpc
, Fr = Cb√

kp
,Nr = 16σ ∗T3∞

3k∗kf
, Ec = c2l2

cp(Tw − T∞)
, γ = Q0

c(ρcp)f
,

Pr = υ(ρcp)f
kf

, L1 = λ1

√
c

υ
, L2 = λ2

c

υ
. (9)

Here, ϕ is the volume fraction of nanoparticles, ρf is the base fluid density, μf is the fluid
viscosity, and kf signifies the thermal conductivity of the base fluid. Also K1, K2, K3, K4 and
K5 are defined as,

K1 = (1 − φ)2.5, K2 = (1 − φ) + φ
ρnf

ρf
, K3 = σnf

σf
, K4 = (1 − φ) + φ

(ρcp)nf
(ρcp)f

, K5 = knf
kbf

.

First truncation system

To get the first truncation level, the terms escorted by ξ
∂(,)
∂ξ

are considered very small. This
is principally true when ξ � 1 . Therefore, transformed system Equations (6–8) becomes:

f ′′′ = K1K2[f ′2 + Frf
′2 − ff ′′] + (β1 + K1K3M)f ′, (10)(

K5 + Nr

K4Pr

)
θ ′′ + ξ2Ec

K1K4
(β1f

′2 + f ′′2 + K1K3Mf ′2) + γ

K4
θ + fθ ′ = 0, (11)

Associated boundary conditions:

f ′(ξ , 0) − L1f
′′(ξ , 0) − L2f

′′′(ξ , 0) = 1, f (ξ , 0) = 0, θ(ξ , 0) = 1, f ′(ξ ,∞) = 0, θ(ξ ,∞) = 0.
(12)
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Second truncation system

For the second level of truncation, we considered the following:

∂f

∂ξ
= g,

∂θ

∂ξ
= h and

∂g

∂ξ
= ∂h

∂ξ
= 0 (13)

Therefore, the system of the second iteration level is:

g′′′ = K1K2[2g′f ′ + 2Frg′f ′ − fg′′ − gf ′′] + (β1 + K1K3M)g′ + f ′g′ − f ′′g + ξ(g′2 − g′′g),

(14)(
K5 + Nr

K4Pr

)
h′′ + 2ξEc

K1K4
(2β1(f

′2 + ξg′f ′) + f ′′(f ′′ + ξg′′) + K1K3Mf ′(f ′ + ξ f ′g′))

+ γ

K4
h + fh′ + gθ ′ + f ′h − θ ′g′ + ξ(g′h − h′g′) = 0, (15)

The transformed boundary conditions for the second level of iteration:

g′(ξ , 0) − L1g
′′(ξ , 0) − L2g

′′′(ξ , 0) = 0, g(ξ , 0) = 0, h(ξ , 0) = 0, g′(ξ ,∞) = 0, h(ξ ,∞) = 0.
(16)

Two major physical quantities across the surface, skin friction drag coefficient Cfx , and
local Nusselt number Nux , are expressed as [37].

Cfx = τw|y=0

ρf (Uw)2
,Nux = xqw|y=0

kf (Tw − T∞)
(17)

Where τw and qw are defined as

τw = μnf
∂u

∂y
, qw = −knf

∂T

∂y
− 16σ ∗T3∞

3k∗
∂T

∂y
. (18)

Finally, we get the following dimensionless form

(Re)
0.5Cfx = 1

B1
f ′′(0), (Re)−0.5Nux = −(B5 + Nr)θ ′(0) (19)

Solutionmethodology

The partial differential system (6)-(7) subjected to (8) exhibits non-linearity, and it looks
difficult to determine the exact solution of the examined problem. Hence, to achieve an
efficient solution of the considered problem we used the analytical LNS method up to the
second truncation level (Equations (10–16)) in associationwith numerical algorithmbvp4c.
We accomplish the process with the following assumptions:

f = A1, f ′ = A2, f ′′′ = A3, θ = A4, θ ′ = A5, g = A6, g′ = A7, g′′ = A8, h = A9, h′ = A10.
(20)

Thismethod has gained popularity whilemaintaining efficiency levels comparable to other
numerical methods. bvp4c is a MATLAB package that employs 3-stage Labatto III code and
is basedon finite differences. bvp4c comprises amodule of residual error that approximates
numerical simulation error. The graphical simulations and tabular data presented in this
study agreed with the bvp4c tolerance criteria (10−5).
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Table 2. Thermo-physical values of SWCNTs, MWCNTs and water [16,17].

Materials β × 10−5 cp(J/kgK) ρ(kg/m3) k(W/mK) σ(�m)−1 Pr

SWCNTs 27 425 2600 6600 106–107 –
MWCNTs 44 796 1600 3000 1.9× 10−4 –
Pure water 21 4179 997.1 0.613 0.05 6.2

Convection analysis

Numerical solutions for Darcy–Forchheimer nanofluid (CNTs+Water) flow, with second
order velocity slip condition across a stretching surface with the considerations of heat
generation/absorption, magnetic field, and thermal radiation is reported. In 1856, a French
engineer named Henry Darcy proposed the flow model of liquids, gases, or their mixtures
over a porous sand bed medium. It connects the fluid’s velocity and the pressure drop
during flow. It can be expressed mathematically as follows [38].

− dp

dx
= 1

k
(μ.νf ) (21)

where νf denotes the filtration velocity. This lawonly holds for the fluids having lower veloc-
ity with low porosity. If the velocities are higher, a discrepancy between the experimental
data and the derived results arises. Darcy’s law can only be appropriate when the range of
Reynold’s number is 1 ≤ Re ≤ 10. Forchheimer proposes the kinetic energy term to address
this flaw in Darcy’s law by relating it to inertial impacts as [38]:

− dp

dx
= 1

k
(μ.νf ) + F.(ρνf

2) (22)

where F is recognized as the non-Darcy coefficient or Forchheimer coefficient. Fluids with
high flow rates in porous media play an important role in engineering and different indus-
trial sectors such as petroleum technology, agriculture, hydrology,mining andmineral pro-
cessing, catalytic reactors, geophysics, and many more. This section of the article identifies
the key effects of several influential parameters on the nanofluid velocity and temperature
profiles via graphical representation. The deviation in the skin friction coefficient and local
Nusselt number for diverse estimations of emerging parameters is contemplated through
tables. Prandtl number (Pr) is kept fixed at 6.2, and the nanoparticles volume fraction (φ) is
examined in the 0 ≤ φ ≤ 0.2 range. Table 1 indicates the thermophysical relations of base
fluid with nanofluid while Table 2 describes the thermophysical values of water and both
CNTs. Table 3 shows the numerical comparison of the present study with the findings of
Abbas et al. [36], Anderson et al. [39], and Shiaq et al. [40] for validation. We noted that
as a special case, the current results are perceived to be in excellent agreement with the
available published literature.

Table 4 reveals the range of generated parameters in which the graphical results of
velocity and temperature profiles of nanofluids show stable behavior. Table 5 reports the
variation of skin friction coefficient for several emerging parameters. Table 5 reveals the
variation in magnitude of the skin friction coefficient against the various dimensionless
parameters namely Hartmann number, nanoparticle volume fraction, porosity parame-
ter, Forchheimer number, and first order and second order slip parameters. It has been
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Table 3. Comparative study of skin friction coefficient for varying Hartmann number with Anderson
et al. [39], Shiaq et al. [40] andAbbas et al. [36]whenφ = ξ = β1 = Fr = Nr = Ec = γ = L1 = L2 = 0.

M Anderson et al. [39] Shiaq et al. [40] Abbas et al. [36] Present results

0.0 1.000 1.000 1.100 1.0004830755
0.5 1.225 1.2247 1.2256 1.2247760862
1.0 1.414 1.4142 1.4249 1.4142160363
1.5 1.581 1.5811 1.5910 1.5811391749
2.0 1.732 1.7321 1.7376 1.7320484235

Table 4. Range of various generated parameters for stable solution.

M β1 Fr Ec Nr γ L1 L2

0–500 0.1 0.5 1.0 1.25 0.35 0.75 0.1
1.0 0–2 0.1 0.25 0.5 0.1 0.1 0.1
1.5 1.0 0–20 0.5 1.0 0.5 0.75 0.1
1.0 0.1 0.5 0–4 0.5 0.1 0.1 0.1
1.0 0.1 0.5 0.5 0–10 0.1 0.1 0.1
1.0 0.1 0.1 0.25 0.25 0-0.5 0.1 0.1
1.0 0.1 1.0 0.75 1.0 0.35 0–500 0.01
1.0 0.1 1.0 0.75 1.0 0.35 0.75 −200-0.2

observed that increasing the Hartmann number enhances skin friction owing to enhanced
Lorentz force. The dispersion of nanoparticles in the base fluid increases the skin friction
coefficient. Skin friction rises as the Forchheimer number increases, therefore fluid velocity
reduces. Rising effects of porosity boost the drag coefficient. For greater estimations of first
order slip parameter drag force reduces, whereas skin friction rises for larger assessments
of second order slip parameter. Variation in Nusselt number for both cases against some
values of dimensionless parameters is shown in Table 6.

The radiationparameter significantly increases theheat flux rate. ThedimensionlessNus-
selt number escalates for the higher values of solid volume friction; however, a reverse
relation is seen for the porosity parameter. Nusselt number diminutions for greater values
of Hartmann parameter, and Eckert number. The heat transfer rate is dropped because of
the augmented heat generation absorption parameter.

From Figure 2(a), it is stated that the velocity behavior of both SWCNT/MWCNT–water
nanofluids drop down for increasing values of nanoparticles volume fraction coefficient
(φ). By raising φ, the fluid’s viscosity enhances and so resists the flow under the impact
of shear stress. As a result, fluid velocity diminishes. Moreover, in Figure 2(b), the tem-
perature profile of CNT–water-based nanofluid increases as particle concentration rises.
Thermal conductivity of nanofluid increases by escalating the value of φ. Figure 3 indicates
the impacts of magnetic parameter (M) on the nanofluid velocity and the temperature pro-
files. A declining trend is noted for velocity as M increases. For an elevated value of M, a
strong Lorentz force significantly reduces the fluid velocity. As the magnetic field parame-
ter gets greater, so does the temperature profile. When the flow rate of the fluid declines,
the energy is released as heat, causing the thermal boundary layer to thicken. Figure
4 displays the impact of porosity on the nanofluid velocity and temperature fields. The
velocity profile decays as the porosity parameter (β1) values increase. Porosity physically
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Table 5. Skin friction coefficient (Re)0.5Cfx against various parameters.

(Re)0.5Cfx

M φ Fr β1 L1 L2 SWCNT+Water MWCNT+Water

2.0 0.1 0.5 1.0 0.75 0.01 −1.0250669046 −0.9707256160
4.0 −1.1267930691 −1.0575323240
6.0 −1.1954503691 −1.1197969787
8.0 −1.2468232723 −1.1679564617
1.0 0.00 1.0 1.0 0.75 0.01 −0.7540121211 −0.7540121211

0.05 −0.9770108440 −0.9441341706
0.10 −1.1223187290 −1.0691076708
0.15 −1.2987561070 −1.2218693190

0.5 0.1 0.0 0.5 0.75 0.01 −0.7761338630 −0.7322722063
0.5 −0.8036864589 −0.7631086975
1.0 −0.8276091064 −0.7895616895
1.5 −0.8487350857 −0.8127062849

0.5 0.1 1.0 0.0 0.75 0.01 −0.8065301368 −0.7661580859
0.2 −0.8346799901 −0.7988250881
0.4 −0.8601479450 −0.8280243048
0.6 −0.8833494775 −0.8543380266

1.0 0.1 1.0 1.0 0.2 0.1 −2.4574137007 −2.2045949607
0.4 −1.6707440841 −1.5508909478
0.6 −1.2911098223 −1.2169093759
0.8 −1.0597733384 −1.0081037307

0.5 0.1 1.0 0.1 0.1 0.1 −0.8153904956 −0.7783664825
0.2 −0.9294137673 −0.8809849787
0.3 −1.0840414054 −1.0172573022
0.4 −1.3092199354 −1.2094517264

triggers resistance to fluid motion, resulting in a decrease in fluid velocity. A rise in poros-
ity parameter values improves the temperature profile. Porousness, in general, enhances
fluid flow resistance, resulting in thicker thermal boundary layers and higher temperature
profiles.

Figure 5 illustrates the impacts of first and second order velocity slip parameters (L1 and
L2) on the dimensionless velocity profile. Here fluid’s velocity is reduced, for greater esti-
mation of both L1 and L2. It is because stretching is partially shifted to the fluid, and thus
velocity decays. Figure 6(a) depicts the influence of the Forchheimer parameter (Fr), on
the velocity profile. Higher values of Fr diminishes the velocity profile because the iner-
tia coefficient is directly related to the drag coefficient. Therefore, the drag coefficient rises
as Fr rises. As a result, the fluid’s resistance force raises, and therefore its velocity falls. An
analysis of Eckert number (Ec) against the temperature profile ((η)) is interpreted in Figure
6(b). It is seen that as Ec increases, so does (η) for both SWCNT and MWCNT. When the Ec
increases, the drag forces between the fluid materials increase. As a result, more heat is
generated, which increases the temperature profile. An impact of radiation parameter (Nr),
on the temperature distribution is shown in Figure 7(a). A strong elevation is noticed in the
temperature profile with an upsurge inNr values. This is due to the fact that during the radi-
ation cycle, a certain quantity of heat energy is emitted. Figure 7(b) depicts the effect of heat
generating parameters (γ ) on (η) for both nanofluids (SWCNT-Water and MWCNT-Water).
As the value of γ increases, the temperature graph improves in both cases. Physically, the
thermal source provides additional heat to the boundary-layer which upsurges the thermal
boundary layer thickness.
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Table 6. Nusselt number (Re)−0.5Nux against various parameters.

(Re)−0.5Nux

M φ β1 Nr Ec γ SWCNT+Water MWCNT+Water

2.0 0.1 0.1 1.0 0.1 0.1 0.2896601649 0.4028156019
4.0 0.1343601023 0.2238850862
6.0 0.0604411900 0.1259074893
8.0 0.0182373975 0.0653909951
1.0 0.00 0.1 1.0 0.25 0.1 −0.1725544457 −0.1725544457

0.10 −0.0942884948 0.2365010535
0.15 −0.0464462590 0.3081763176
0.20 0.0056463818 0.3506145593

0.5 0.1 0.2 0.5 0.25 0.1 0.9084367532 0.9668809009
0.4 0.8632846044 0.9178165933
0.6 0.8212548161 0.8724206546
0.8 0.7818261957 0.8299323141

0.5 0.1 0.1 0.5 0.4 0.1 0.6885087389 0.7476779157
1.0 0.8500723080 0.9157512047
1.5 0.9963842392 1.0657027944
2.0 1.1336190296 1.2048680307

0.5 0.1 0.1 0.5 0.1 0.1 0.9935661515 1.0522531957
0.5 0.8305697215 0.8943248575
1.0 0.6268241839 0.6968161734
1.5 0.4230786464 0.4993511610

0.5 0.1 0.1 0.3 0.25 0.10 0.5951976205 0.6485017973
0.15 0.4717242926 0.5281541927
0.20 0.3239789286 0.3859191665
0.25 0.1380195664 0.2102141231

Figure 2. Consequencesof volume fraction coefficienton the (a) velocityprofile, (b) temperatureprofile.

Concluding remarks

This study comprises the numerical discussion of BL flow of MHD, Darcy–Forchheimer
nanofluid (CNTs+Water) across the stretching surface with thermal radiation, heat genera-
tion/absorption, and second order velocity slip condition. The graphical representation of
the results shows the influence of various emerging parameters of the flow model on the
momentumandenergyprofiles. AMATLAB functionbvp4c is invoked to attain the requisite
solutions of the transformed system. Salient consequences are summarized below.
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Figure 3. Consequences of Hartmann number on the (a) velocity profile, (b) temperature profile.

Figure 4. Consequences of porosity parameter on the (a) velocity profile, (b) temperature profile.

Figure 5. Consequences of (a) first order slip parameter and (b) second order slip parameter on the
velocity profile.
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Figure 6. Consequences of (a) Forchheimer number on the velocity profile and (b) Eckert number on
the temperature profile.

Figure 7. Consequences of (a) radiation parameter and (b) heat generation / absorption parameter on
the temperature profile.

• The increased Forchheimer number triggers a decline in velocity.
• The velocity profile decreases as the porosity, first and second order velocity slip

parameters increase.
• The radiation parameter significantly increases the temperature field.
• Nusselt number declines for greater estimations of Hartmann parameter, porosity

parameter, and Eckert number, while it increases for rising values of dimensionless
radiation and solid volume fraction parameters

• The magnitude of the drag coefficient increases with the rising values of the Hart-
mann parameter, nanoparticles volume fraction, and Forchheimer number.
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