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ARTICLE INFO ABSTRACT

Keywords: An action of CNTs flow access an unstable motion of a Newtonian fluid past a stagnation point on a stretched
Darcy model sheet using a penetrable medium is investigated in this paper. Once the fluid commences circulating with the
CNT

flow of time, it flows. Flow is influenced by heat exchange with the surroundings. The implicitly limited
Stagnation point component method is employed to track an unstable system of non-dimensional PDE with an associated
Heat transfer boundary layer. Approaches, along with the relevant barrier circumstances, are acquired analytically. An in-
Biot number fluence of mass transpiration, volume fraction, and thermal radiation is investigated on Newtonian fluid flow
using the penetrable medium. Heat transmission in a liquid with electrical conductivity, including heat source
/sink across a continually stretched /shrinking surface with a Biot number. The importance of the present
exertion is the stream of carbon nanotubes owing to Darcy porous media using linear heat radiation and an
analytical approach. The nanoparticles provide important properties in enhancing the heat exchange procedure
as well as thoroughly achieved applications in industry. It is discovered that the basic resemblance models accept
two-phase for both extending /contracting sheets. In presence of calculation upon momentum with temperature
jump conditions is accessible plots aimed at varying predictions of certain physical properties. Analyzing the
properties of Darcy porous media of heat transport in the presence of radiation from a flat surface, the problem is
solved analytically using incomplete gamma functions. Depending on the kind of boundary heating, the
analytical equation for temperature is obtained in terms of power series.

Radiation

characteristics that are electronically directed can be employed as
conditioning liquids. The quantity of stretching is essential, as faster
lengthening results in crystallization. Sakiadis [1] examined the motion
of the barrier layer due to a persistent, thick layer affecting it with a
steady velocity. Crane [2] interest was extended to a stretched surface,
as well as a particular exact-form solution. Following that, a few re-
searchers [3-6] generalized the flow problem being prolonged in several
dimensions, leading to a number of references. Adding nanoscale ma-
terials to refrigerants is one technique to improve their thermal per-
formance. Besides, the nanoparticles are known as a combination of
nanoscale fragments that have disseminated more heat as a result of
their superior thermal efficiency, consequently improving component
heat transfer rates. The cooling of hot surfaces in various forms is among
the nanofluid applications. The cooling effects of nanofluid on a heated
plate were compared to the effects of a base fluid [7-10].

Nanofluids across a stretching sheet with cross-diffusion impacts on
hydromagnetic fields were investigated by Reddy and Chamkha [11].

1. Introduction

In the latest days, the flow has become increasingly crucial. Simply a
few applications are petroleum transport, treatment of wastewater,
ignition, and nuclear plant pipes. Moreover, because raw oil is extracted
via reservoir pore spaces, the flow pattern across porous materials has
become an essential factor. Such examinations reveal their applications
due to a broad range of scientific as well as configuration systems,
especially in the emulsification polymer expulsion, the boundary layer
outwards to substance behavior conveyors, the aerodynamic expulsion
of glass puffing, paper production, and plastic sheets, as well as the
boundary layer beside a liquid layer in the decomposition method.

Two criteria would essentially influence the appropriate liquid me-
chanical characteristics as a result of such a mechanism: the refriger-
ating liquid developed. Since flow and heat transmission can be
regulated independently, liquids exhibiting non-Newtonian
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Nomenclature

Symbols Descriptions (S. I. units)

Bi Biot number (—)

Da’! Darcy number (—)

d stretching/shrinking constant )
f(n) transverse velocity (—)

£t axial velocity (-)

F(n) f(n) + ntransverse velocity (—)
G(t,x) integration constant (—)

K permeability (—)

kK coefficient of mean absorption m2)
Nr radiation parameter (—)

p pressure (Nm™?)

Pr Prandtl number (—)

qr heat flux (Wm—2)

T temperature (K)

t time (s)

Uy, velocity at wall ms™

Uy unsteady free stream velocity (ms™)
(w,v) velocity components of x and y axis (ms ™)
Vi velocity of wall transpiration ms™
Ve mass transpiration (—)

Greek symbols

a solution domain (—)

p parameter of unsteadiness (—)

y stretching/shrinking sheet (—)
dynamic viscosity (Kgm ! s~1)

v kinematic viscosity m%s

o(n) temperature profile (—)

K thermal conductivity m3sh

" Stefan-Boltzmann constant (Wm 2 K~ %)

p density (Kgm’3)

e1toeqs  nanofluid parameters (—)

r incomplete gamma function (—)

Subscripts

f base fluid (-)

nf nanofluid (-)

Abbreviations

BCs boundary conditions (—)

BBL backward boundary layer (—)

CNTs carbon nanotubes (—)

FBL forward boundary layer flow (—)

MWCNTs multiwall CNTs (—)

ODE ordinary differential equation (-)

PDE partial differential equation (—)

SWCNTs single wall CNTs (—)

Natural convection past a nonisothermal, vertically porous medium
saturated with nanofluid is investigated by Gorla and Chamkha [12].
lijima [13] discovered carbon nanotubes, a material composed of carbon
nanotube atoms and oxy carbons. The applications of single-walled
nanotubes and multi-walled nanotubes in industry and medicine are
gaining popularity due to their direct effects on increasing the thermal
conductivity of base fluids. Since heat transfer fluids used in power
generation, microelectronics cooling, chemical processing, refrigera-
tion, air conditioning, transportation, and an assortment of other ap-
plications have low thermal conductivity, it is essential to increase their
effective thermal conductivity to improve heat transfer rate [14,15]. In
an experimental study on the convective heat transfer properties of CNT

SWCNT ==
MWCNT

wall mass transfer velocity v,

wall moving velocity u,
porous media

Fig. 1. Schematic representation of flow problem.

nanofluids, dependent on a secondary refrigerant in a tubular heat
exchanger, Kumaresan et al. [16] With CNTs, Liu and Liang [17] created
another type of watery drag-reducing fluid. This has the dual impact of
reducing drag and improving heat transfer.

The results of many physical and analytical types of research on the
heat transmission of nanofluid are discussed. Nanofluids are discussed as
a method for improving the thermodynamic capacity of solar detectors.
The MWCNT nanofluid with the mass fraction is explored physically in a
flat plate solar extractor connected to a hemispherical cavity trans-
mitter. Ahmadi et al. [18-20]. Because of these possibilities, the impact
of mass transfer and energy properties concerning the air stream and
water surface is examined by Gu et al. [21]. The thermal conductivity
and dynamic viscosity of a hybrid nanofluid were calculated by Esfe et
al. [22].

Mahabaleshwar et al. [23-25] extended the sheet through heat
transfer within sight of radiation and heat source/sink effects over the
stretching sheet and subsequently. Further, Mahabaleshwar et al.
[26,27] published an article on the MHD flow with carbon nanotubes
and the effect of mass transpiration and radiation on it. Effective vis-
cosity is the dynamic viscosity that is associated with the Brinkman
term. The magnitude of the viscosity ratio has been studied in the past
with differing results. M Mastroberardino et al. [28] The Darcy-
Brinkman condition's validity has additionally been explored, espe-
cially when it derives liquid in relation to the boundary layer examined
by Nield [29]. Slip flow of Jeffrey nanofluid with activation energy and
entropy generation applications examined by Jile et al. [35]. Some re-
searchers studied about the Modeling MHD stagnation point flow of
thixotropic fluid with non-uniform heat absorption/generation and New
modeling and analytical solution of fourth grade (non-Newtonian) fluid
by a stretchable magnetized Riga devic, the effect of magnetic field on
rotating stretched disk flow with heat transfer. Here stuied about the
study of Newtonian heating in flow of hybrid nanofluid (SWCNTs +
CuO + Ethylene glycol) past a curved surface with viscous dissipation
and Mixed convective slip flow of hybrid nanofluid (MWCNTs + Cu +
Water), nanofluid (MWCNTs + Water) and base fluid (Water): a
comparative investigation [36-42].
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Nanofluid models

Nanofluid proprieties

Relative expression
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Table 2

Properties of each phase. Mahabaleshwar et al. [44], Sneha et al. [45].
Properties SWCNT MWCNT H,0
p(kgm=3) 425 796 997
Cp (_]kg’l K1 ) 2600 1600 4179
k(Wm K 1) 6.600 3.000 0.613
u( x 1075Pas) - -

The novelty of this analysis is to explore the properties of carbon
nanotubes due to a Darcy permeable medium using non-uniform ther-
mal radiation using a hypothesized convergence analytical approach.
Because of the query's nonlinear and unstructured nature, a successful
resolution is unique. As a result, the proposed method is given an
analytical description. Nonlinear ODEs are created from the controlling
PDEs. As a result, the current examination will delve deeper into the
computable correlations between wall impacts and the Darcy porous
media. This equation is solved analytically and then expressed as an
energy equation in the form of an incomplete gamma function. We
defined several parameters here, including the Biot number, Darcy
porous medium, radiation parameter, and mass transpiration. These
results can be examined by using dual solutions for the upper and lower
branches. A collection of comparable coefficients among the elements of
motion, just definite extents, is considered for appraising the association
among flow as well as temperature. The details are defined by expanding
tables and graphs.

2. Physical formulation and solutions

The consequence of a permeable stretching/shrinking surface on the
unstable flow as well as heat transport of CNTs with radiation is
considered. By using a CNT with porous media, the 2-dimensional
components (x, y) are delineated in Fig. 1. In this velocity boundary
layer, we add SWCNT and MWCNT to improve the thermophysical
properties of the nanofluid. (See Tables 1 and 2.)

The governing equation in vector form is given by

V.qg=0 (A)
— — My
ﬂnf(7,+(q»v)7> = —Vp+u,V7q foqy (B)
) (G + (@) = by (v21) - 2 C
(PCr)oy | 4+ (V)T ) = ki ( )70y' (@]

The succeeding formula is employed to compute the unsteady flow
stream velocity quite far distant from the surface.
dx

U, = — S 1
1—at M

here constant denotes, d > Ostretching surface, d < 0 shrinking surface,
a is the constant. Consider wall velocities of motion areU,with V,,
respectively, and hence, the average absorption velocity is considered.
Following is the computation of the external free stream velocity at the
barrier.

Adx

U, = )
1—at

(2)

where Arepresents the constant, 4 > 0 sustaining flow, if 1 < 0, be in
conflict with the flow, 1 = 0, Falkner-Skan flows are converted, where
A= - ll]]—:’o, Viw(x,t) is the y-direction transpiration velocity.

The transformed governing equation of Eq. (A) to (C) interms of
fundamental equations of continuity, momentum, and temperature is as
follows Fang et al. [46].

ou Oov
a-l-a*y =0, ®3)

ou  ou  Ou oP O u Fu\
(GG gs) = e (G 5e) e @

@+ @+ » —a—P+ é+@ (5)
P\ T ox " Vay) T oy M \ae a2 )

of oT oT FT T\ 0g,

v (5o a) ~h (5 5) o ©

Where the imposed B-Cs are as follows:

Ad.
u(x7 0, t) = 1 7xat7 V(X,O,t) = Vw‘(x-, t)7 —KiT, = h(Tw - TOO) aty =0,
u(x,00,1) = 1 ixat’ T—Ts asy—oo.
7

The flow is divided into two kinds: FBL and BBL depending on the
selection of the porous stretching/shrinking velocity component d. FBL
refers to the increase in flow caused by sheets released through the slit
and travelling towards positive infinity, while BBL refers to persistent
stretching from positive infinity and approaching the slit. The boundary
layers of this category exhibit various physical characteristics that have
important implications for manufacturing and technical activities.

Afterward, we introduced the non-dimensional variables. (See [47])

(T - TW)

Wy, 1) =\ [T ), 00) = ey =

Df(] — at)'
(8a)

Non-dimensional variables are employed to obtain velocity compo-
nents as below.
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vy
Rl AU

dx
u= ﬁffn(ﬂ), v= (8b)

So as consequence, the rate at which wall transpiration is v,,(x, 0,t) =

12df(0).
Using the Rosseland approximation [30], radiative heat flux is
described as

46" oT*

qr = _T 7}]7 (9)
In which ¢” is known as Stefan-Boltzman constant as well as k"is the
coeeficient of mean absorption. The hypothesis is that temperature
modification is conveyed as a linear purpose in the fourth power of
temperature. The existing Taylor's series extension of the duration Teo
with the value T4 as follows. Assumedly, the temperature variations
inside the flow are negligibly small, allowing T*to be represented as a

linear function of temperature:

T =T 44T (T —TW) +6T2(T — T + oo (10)

After negleting the higher order terms of the Eq. (10), we have
T* = 3T +472T an

Through expending Egs. (9), (10) and (11), Eq. (3) moderates to

T. 4T K (Ko 166" T2, T
ul+vT, = = - .
’ (pCr)y \Ky ~ 3KKy "

2.1. Pressure gradient solution

12)

The benefits observe %P differential pressure gradient, is the result of ¢
with y, is estimated with based on the velocity components as well as Eq.
(4), and is governed via x. notably, % = F(t,y) and P = [F(t,y)dy+

G(t,x), where G(t,x) stands for the integrating factor. & = %, it
would be apart from y with retains equally in the flow field as well as the
barrier layer, could be deduced. Determine the x- velocity of the flow

field using u = U, with %.
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1 0P ed’x Dois integration constant.
777:(1715) 2 2 (13)
p Ox (1 —ar) 1 £ d*x? ov v ov
. . o —(Po—P):—(1*ﬁ)—2+62/—dy+8z——811/f—7 a4
The property of velocity acceleration and deceleration is represented Pr 2 (1 —ar) ot 2 dy

through g, here g = § is the unsteadiness factor. although g > 0, accel-
erating surface velocities, < 0, wall decelerating, = 0 steady state,
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2.2. Momentum and energy equation solution . , 5 ,
d d d df 1 d
) el—{+e2 —{—(—f) +1—ﬁ(—f+—n—f;—1) —elDa"(H-
Eq. (3) is satisfied identically by using Eq. (8a), and Eq. (5)—(6) which dn dn dn dn 2 dn
takes the form of an ODEs -0,
d*0 d
(€4 +NR)7+83P"( */%’7) & =0.

dn?

a

dn

)

(15)

(16
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An imposed barrier constraints are

(%) (0) = 2.£(0) = Ve, (%”) () = -1,

an
do .
—](0) = —Bi(1 — 6(0)),  6(c0)—0.
dn
Where, the various physical parameters are as follows;
C ,
€1 :ﬂl,fz :@,53 = ([ P)n/784 :@7
Hy Py (0Cp); ke
isPr= Z—; Prandtl number, Da™! = %ﬁd, Darcy number, Ni = 163‘;:%3,

Thermal radiation, 1= —%7 A > Ostretching sheet 1 < Ois shrinking
sheet parameters.

When Da~! = Ny = 0, the consequences are transformed into Fang
etal. [31].Da~! = 0,the data is then transformed into Xenos et al. [32].
The current findings are transformed into Mahabaleshwar et al. [33],
who established the non-existence of a method for # = 2, and may be
generalized either to positive. As a result, the method takes into ac-
count the precise parameter off;. For a decelerating liquid flow with g =
2, the analytical solution for conservation eq. (15) is obtained. The ODEs
that result are as described wunder the prescribed con-
straints% (0) =f(0) =0, %(oo) =1, transformed into Hiemenz [34]

outcomes in the 1st feature &; % + &2 [f%{ — % + 1] = Oin the eq. (15).
For this condition, /i((% + %r]% + 1) is an unsteady influence, and the

resistance to the flow over a porous medium ise; Da~* (1 + Z—{;), respec-

tively. The momentum equation can be computed using, a further
resemblance criterion F(i7) = f(n) + n being incorporated into the sys-
tem, moreover succeeding in regulating equations is,

&BF d*F dF  (dF\? dF
- F—+4——(— —eDa'=—=0. 18
81d’13 +‘92< d’72 + dn (dr]) ) &1 Da dn (18)

Although, the aforementioned regulating BCs are modified to

dF
F(0) =V, (d—”)(O):iJrl, atn =0,

(-

The mandatory restriction in Eq. (19) advised that F = p + qlexp( —
an) | being recommended, along abeing a constant estimated through
Eq. (19). Depending on the prescribed analytical pattern for Eq. [18], it
is thought that the required solution should revolve around the pattern
together with associated BCs (19) and the aforesaid choice of %, since

19

as f—o0.

this approach F = p + g[exp( — an) | putting in BCs, Lets find a solution

(A+1)

p+q=V, q=—"~aswell as

FOn) = Ve + 252 1 - exp(—an)), (20)

On applying prescribed solution Eq. (20) to Eq. (18) in order to get
the exponent a worth as,

e’ —epa+4e, —eDat =0, (21)

eVe+ \/(ezvc)z +4e (&2 + &1Da”" — 3¢)
a= 5 . (21a)
1

The fundamental problem is presupposed by
A+1
fO) = —n+Vet——[l—exp(—an)] (22)

2.3. Energy equation

Now recommend a new component ¢ which obeys the correlation
coefficients to identify the precise solution of temperature Eq. (12).

E=(1+2) %e"”ﬁ 23)

Putting F(n) as well as Eq. (23) in Eq. (12) proceeds the following

70 4e, + & Da”! 20
(84 +NV)§T§2+ ((84 +NR) 783P}’(1 +2(1721> +€3§) 075 = 0,

(24)
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(1+/1)%9,, ((1“)%) =Bi(1 —9((1 +/1)§2r) ),a(o)eo. (25)

the pivotal point of the transformation (23) be ¢ = 0. Due to this, Fro-
benius technique is employed to analyse the power solutions of Eq. (24)

©

0@ =Y a&.

respect to ¢ with using the aforementioned

r=0

(26)

Afterwards derivatives of the first as well as 2nd order Eq. (26) with

0

g—f’ aswellas ‘;:—2 terms, Eq.(24) specified as

in combination
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é(es +N,) Z(”+r)(n+r— 1) a, &2 1

r=0

((64 +N,) - E3Pr<1 + %)

+ 535) Y (n+r)a,et =0
r=0
27)

When the recurrence relation is used in connection with the ensuing
k- .
values of n = 0,n =1 — ! respectively

esn+r—1)

(n+nr)[ca(n+r—1)+c] (28)

a, = — a, 1.

Bir<1 -&, o) - BiF(l — B (A Destze )
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. ki . ki Pr -
Btf(l 7k—2,0> 7311‘(1 7k—2,7(l+ 1)63¥> } .

With inserting, the conjecture in terms of is establishedC; as well as
C, quantities to Eq. (29) incomplete gamma function described as

0(n) = 5 :
{a( — (A Dest) Fexp((+ Destz) + Bir(1-1,0) = Bir (1=, —G+ Destt ) |

here

4ey + &Da”!
a? ’

ky = (84 +Nr),With k= (84 +Nr) 7E3Pi”<1 +

In order to solve Eq. (27), employing this recurrence relation as well
as the components of n, is modified as below.

k *(1*%) k k
6(£)=C,Co+C,Cy (1 —k—;) (—&5) {1"(1 —k—;,o) —F(l —k—; —563):| .
(29)

Finding the values of C; and C,we get

C[ :O7
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Fig. 8. An impact of¢(y) upon 7 for different values of Da™'with (a) UBS (b) LBS.

ETery]

(30)

3. Results and discussion

The current analytical issue takes into account an unstable laminar
flow of Darcy porous media along CNTs, the presence of mass transpi-
ration as well as thermal radiation. While translating PDEs to ODEs via
similarity transformations, the analytical findings can be derived and
stated as an incomplete gamma function. An exact consequences being
momentum, as well as energy patterns graphs are depicted, since they
show impacts of converse Darcy numberDa !, thermal radiationNg,
stretching/shrinking constraint, and different components. Moreover,
most of the contemporary illustrations portray a correlation of mo-
mentum of single as well as multivalued CNTs amdist strong volume
fraction ¢ = 0.1 and ¢ = 0.0 here dotted lines represent lower branch
solution, with solid lines express upper branch solution.

Fig. 2a-c shows an impactof the V,on the fluid flow on the stretching/
shrinking surface. The solution domain is depicted in these images as a

T T T T T

N
‘ LBS __ #=01Water-swent

¢=00

(b)
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Fig. 9. Impact ofg(n) on n for altered values of Biwith UBS.

plot of sin expressions of Aby maintaining V. while changing the other.
There is a dual nature behavior here, with 5 > 0 for the UBS signified by
a solid and 6 < Ofor LBS signified by a dotted line, respectively. The
formation of the solution is investigated with inverse Darcy number in
the current results, and the occurrence of inverse Darcy number has a
considerable effect on the dual solution. The present result, when
V.increases, causes to rise while Adecreases. The nanofluids are effi-
ciency in the laminar domain at high shear rate as the boundary layer
rises. The performance of nanofluids is affected by both the drop in
particle volume fraction and the increase in the flow pattern.

Fig. 3a-c depicts the influence of on A for several values ofDa"!. In
this case, rises as Da ! rises and Adeclines. Solid lines signify upper
branch solution, with dashed lines signify lower branch solution. Here,
black solid lines denote the ¢y = 0.0 as well as Red solid lines suggest ¢ =
0.1, for instance of no permeability, suction, as well as injection cases,
respectively.

UBS: W, =3.Dal=11=2 #=01
T T
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Figs. 4 and 5 show the consequence of mass transpiration V,,
Da 'upon f,(n)againsty, correspondingly, in order to stretched sce-
narios. An increase in mass transpirationV,givresults in a proportional
enhances in f; (17) as displayed in the Fig. 4a-c. it's illustrious that when
the value of f, () rises, the width of the barrier layer enhances in addi-
tion. Also at simultaneously ¢ = 0.1 generates a slightly greater
f(n) pattern apart from those of ¢ = 0.0, as the inverse Darcy number
increases, the solid volume fraction ¢ = 0.0 increases more than that
of¢) = 0.1. Fig. 5. It can be seen that when the inverse Darcy number
does upwards shift the f, (1) profile slope, there is hidde difference be-
tween both ¢ = 0.0 as well as ¢ = 0.1. While Darcy number rises,
viscous effects will be less important, and so velocity defects in the fluid
flow will propagate less as expected. In reality, while stretching a sheet,
the force and influence of the boundary condition is more important
than the fluid's. An increase in the size of the mass transpiration
parameter leads in a comparable decreases in the axial velocity profiles
in both porous stretching and shrinking instances. The boundary layer
thins as a result of mass transpiration in the stretching/shrinking sheet.
As a result, a full examination of all of their effects will be exhaustive,
requiring a massive amount of computing to be evaluated analytically
for various parameter combinations. As a consequence, given the
following parameters is stretching/shrinking parameter, mass transpi-
ration, and porous parameter. Because of their physical features, the
nanoparticles disrupted fluid.

Figs. 6,7,8, and 9 show the impact of thermal radiation parameters
Ng, mass transpiration V,, Darcy number Da 'on the temperature dis-
tribution in Biot number cases when it is possible to use mass suction to
stretch and contract limits. Due to the value of N, enhanced 6(y) is
reduced in the upper and lower solution branches, the curves () vs. i of
¢ = 0.0 remain higher than those of¢p = 0.1. Consequently, thermal
radiation improves the nanofluid thermal diffusivity, i.e., for emergent
values of radiation parameterNg, heat will be supplemented to the
regime and temperatures improved accordingly. As mentioned for heat
transfer of flows over a stretching sheet, fluid temperature higher than
both the wall temperature and the ambient temperature near the wall is

UBS:Tp= 3, Daf=1,1=2, #=01
T 1} T

T T

(a)

10

(b)

Fig. 10. Plot showing of the stream function contour with (a) V. > 0 (b)V. < 0.
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Fig. 12. Axial and transverse velocity components for both branches (a) UBS (b) LBS.

physically achievable. Here we discuss of forced flow over a stretching
sheet, we now look at heat transport in the presence of radiation. The
effect of heat conductivity is amplified by the radiation. Radiation has
the effect of dampening or enhancing heat transmission in a linear
manner.As a result, thermal radiation enhances the thermal diffusivity
of nanofluid, Ie., for rising quantities of radiation constraintNg, heat

will be improved in the system and temperatures will developed
consequently. Fig. 7 depicts the temperature distribution 6(») versus the
similarity variable # for various values of the mass transpiration V, with
the stretching/shrinking surface. It is observed that the temperature (1)
and boundary layer density rise in SWCNTs and MWCNTs. In the
instance of mass transpiration V. value rises as the temperature profile
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reduces. Fig. 8 depicts the temperature distribution 6(n) versus the
similarity variable # for various values of the Da~!with the stretching/
shrinking surface.Fig. 9 depicts the temperature distribution (1) versus
the similarity variable # for various values of the Biwith the stretching/
shrinking surface. As a result, Biot number enhances the thermal diffu-
sivity of nanofluid for rising quantities ofBi. The nanofluids are effi-
ciency in the Bi as the temperature rises. The performance of nanofluids
is affected by both the drop in particle volume fraction and the increase
in temperature in the flow pattern.

Figs. 10a-b demonstrate the streamlined flow behavior for the two
scenarios, suction as well as injection, correspondingly. We can plainly
see the difference between streamline flows in both circumstances. The
application of mass transpiration creates significant free flow, which
causes the velocity boundary to flatten. Both situations of suction as well
as injection.

Figs. 11a-b as well as Figs. 12a-b show the influence of axial and
transverse velocities for litigation concerning injection as well as suc-
tion, respectively. It depicted an impact of Da'andV,, respectively. As
the velocity approaches zero in both situations, it is clear that wall
stretching has no effect upon solution domain. For the lower branch
solution, however, fluid passes along the axis and then constructively
gradually decreases. Owing to reverse boundary layer processes, the
transverse velocities for all divisions cease to zero at specific flow times,
and it might be significant at other places for combined UBS and LBS.

4. Conclusions

The new classical results are illustrated by unsteady rear stagnation
point flow of CNTs through porous media via stretching/shrinking
boundary in the incidence of Darcy number, V., with Ng. The controlling
PDEs are turned into ODEs consuming similarity variables, which are
then explained analytically and expressed as an incomplete gamma
function. Graphical visualisations can be used to determine the latest
findings.

e The selection of moderating variables yields closed form accurate
analytical answers for combined velocity and temperature.

e Various flows and heat transfer issues under mass transpiration and
Darcy number may have two solution branches. Studies illustrate
how the regulating variables have a serious impact on motion as well
as heat exchange properties.

e When Da~! = Ni = 0 and B;— o, the consequences are transformed
into Fang et al. [32].

e Da! = 0 and B;—co, The data is then transformed into Mahaba-
leshwar et al. [33]
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