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ABSTRACT

The intension of the analysis is to scrutinize the two- dimensional darcy-forchheimer impermeable boundary
layer hyperbolic tangent fluid flow beyond the bounds of a non-linear stretching sheet. Suitable similar
variables are exercised to transmute the governing partial differential equations in to regular differential
equations. Cattaneo Chrystov effect is introduced in this analysis. The outcomes of sundry variables on

momentum, 0.9 are discussed.
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1. INTRODUCTION

Activation of motion procedure in porous space is
complex due to the fluid and column wall and
packing particles. Darcy’s law is utilized to deliberate
in tiny momentum suituations. It is analysed that
Darcy’s law mature insufficient for high velocity.
Forchheimer [1] deliberates Darcy-Forchheimer
constitution by including duel term of momentum in
heat equation. Muskat [2] analised the Forchheimer
factor.SureshKumar Raju et al. [3] ponders the
impact of Darcy-Forchheimer flow and heat
activation accreation of a viscoelastic fluid beyond a
needle. Iftikhar Uddin et al. [4] illustrates the Darcy-
Forchheimer behavior flow of Sisko fluid with
nonlinear radiation.

M.U. Ahammad et al. [5] represents the wall
stress and mass movement are exposed using graphs.
Majeed et al. [6] illustrated 3 features. Initially, to
articulate and inspect 2-D constitution for various
fluids. Secondly to scrutinize the chemical reaction
and another one, the duel order velocity slip
condition are taken in to account. Srilakshmi et al. [7]
elaborates the behaviour of Darcy-Forchheimer flow
beyond the bounds of a  stretching
surface.Nanofluids accommodateminute nano sized
particles. This outcome is prefer by Choi and
Eastman [8] in 1995. Habib-olah Sayehvand and
Amir Basiri pasra [9] have characterised the nano
particles Impactforth electrical fluid by permeable
medium. Rudraswamy and Gireesha [10] revealed
their performance on the heat transport of nano-
consistancy in the extanting of chemical -effect.
Rashidi et al. [11] have exposed the entropy fluid
approach and take up to replicate the circumstance
percularity condensation consists in stable solar. This
fluid style is make use to deliberates the potential of
nanoliquidbase fluid and to develope effective
fertinity of a stable solar. The distinctive role of
thermal radiation and the bio exert influence of heat
process melting are bestowed in the flow of carbon
nanotubes illustrated by Hayat et al. [12].Heat and
mass flow of thermophoretic motion has potential
utilizationsof  nuclear  reactor  safety and
microelectronics fabricant. The thermophoresis is
reincarnation of sustained nanoparticles in a non-
isothermal gas illustrates diminish a heat gradient
and momentum is known as thermopheretic
momentum.This  abnormal  consideration is
illustrated by Das et al.[13]. Ahmed et al.[14]
illustrated the hyperbolic tangent nanofluid flow in
hydro magnetic over a non-linear stretching sheet.
Metib Alghamdi et al.[15] a special type of fluid
(Eyring-Powell fluid) flows over a stretched cylinder,
heated in two layers using a smart computing

method to analyze the process. Noreen Sher Akbar et
al.[ 16] how tiny particles (nanoparticles) spread in
blood through a type of fluid flow in capillaries with
a wavy membrane, influenced by electrical forces.
Noreen Sher Akbar et al.[17] a process where a shear-
thinning nanofluid (fluid with particles) is heated
and created in a small, flexible channel with low fluid
flow speed, using gold (Au) nanoparticles. Noreen
Sher Akbar et al.[18] a study on improving heat
storage and heat transfer using a hybrid Jeffrey
nanofluid (a special fluid with nanoparticles) flowing
through ducts with wave-like motion, while also
looking at how energy is lost (entropy generation) in
the process. Khalid Y. Ghailan et al. [19] studying
how new nanoparticles interact with blood as they
move through a porous channel, while considering
the effects of energy and heat transfer during this
process. Using a machine learning technique, Anum
Shafiq et al. [20] demonstrated the significance of the
bioconvective flow of an MHD thixotropic nanofluid
via a vertical surface. Heat transfer enhancement in
free convection flow of CNTs Maxwell nanofluids
with four distinct kinds of molecular liquids was
reported by Sidra Aman et al. [21].

Shafiq et al.[22] described , A dual stratification
investigation on the stagnation point A statistical
method for Walters' B nanofluid flow via a radiative
Riga plate. MHD natural convection flow enclosure
in a corrugated cavity filled with a porous media was
demonstrated by Rizwan Ul Haq et al. [23].
Modelling Convective Transport in AlI203-EO
Mono-Nanofluid Around a Riga Wedge in Porous
Media: A Hybrid Approach of Buongiorno's Law and
Darcy-Forchheimer Theory Using Artificial Neural
Networks was presented by Anum Shafiq et al. [24].
Darcy-Forchheimer magnetohydrodynamic
Williamson nanofluid flow approaching a nonlinear
radiative stretching surface was modelled by Shafiq
et al. [25] using an artificial neural network.

2. MATHEMATICAL FORMULATION

The 2D impermeableover a non-linear extended
plate, fluid flow in a boundary layer is presumptive.
The fluid is hyperbolic at the tangent and
forchheimer activation are also decided. We have
presummated that the plate is extending quickly the
velocity u=u_w=Bx"*(1/3)beyond the boundsthe x-
way, and the y-direction is perpendicular to the
horizontal axis. A transverse magnetic field
demonstrates the initiation of the flow.
BM=B_0/x™1/3)  vertically. Furthermore, the
symbols C,T,T_w,C_w,T_o0,C_co mean, respectively,
the concentration sketch, temperature sketch, wall
temperature, wall concentration, ambient
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temperature, and ambient concentration. The physical model of problem is illustrated in Fig.1.
A .
Boundary layer of concentration
Toundary layer of velocity
Boundary layer of temperature
_
Stretching Surface
t t —
Figure.1: Schematic diagramme.
The following equations govern:
ou 0dv
=T 7 = 0(1)
ou 0% g0q — )y 2 u\o'u 9. Cp.o _ _
v =91 —n) 55+ V2om r(ay) - Tu— 2wl + g (T~ T.) + gBe(C = C) ()
or LT _ kT 1 0q acar | Dr o7y
uax tv ay - pPp 6y2-pCp ay + T{DB dy dy + Too (ay) } + (3)
ac ac _ . 9% Dr) 8°T _
uGe V5 =Da gt (72) 5 ~ K€ = o) ®

u,v,9,0,Byc,p,Dg a, Ty, stands for density, specific heat, Brownian diffusivity, physical and electrical
conductivity, magnetic field, kinematic viscosity, and ambient temperature.

The boundary conditions are

uU=1u, = Bxg,v =0,T=T,C=Cyaty=0, (5
u—->0T—->0C—>0asy—> >
To illuminate the governing constitutions are (2)-(4).
The similaritytransformations are

1, VOB '
u=Bxaf'(n),v=—"5Cf(m —nf'0) ©)

3x
2

(A=) + nWef")f" — Lo~ Krf’' = Frf™ + 1,0 + 1, = 0 @)
" 2 r Nc 1 Nc 2 _
6 +§PTf9 +;¢9 +E9 =0 (8)
¢" +2ScfOP’ +——0" — Krp = 0 ©9)
After manipulating Eq (6) in Eq (5) the boundary circumferences reduced to Eq (10)
f(0)=0,f(0)=1,f'(0) >0 (10)

6(0) =1,8(0) =0,¢(0) =1,¢(0) =0
3
We = - % is utilized for weissenberg coefficient, Pr = gdeliberates prandtl number,

Nb = DpBToo(Cw—Coo)
Dr(Tw—Too)

E(Cy — Cy) is heat capacity, 1; = gB;To/ad and A, = gB:Cy/ad are temperature and

9 . < . .

Sc = D—represents Schmidt number, Le = s the Lewis number,
B B
PpcC
Pc
. . .. Cou . . . .

concentration ratio coefficients, Fr = % is darcy forchheimer,Kr = 9Kc(C — C,,)/u?is concentration parameter
_ gM(T-Te)?

’ ﬁT -

aB 4 aB

represents diffusivity

parameter , Nc =

,8(: — gAZ (C—Coo)

7
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The Skin friction constitution (Cf), Nusselt number (Nu,) and Shear wood number (Sh,) are defined in
equations ( 11), (12),(13) given below

Cr = (1)

Nu, = -2 (12)

T (Tw-Tw)

_ Xqs
Shx = e 1)
— (1= ™2
Where t,, = (1 —n) 3y + ") (6y) e (14)
aT
qn = — a)y=0 (15)
ac
qs = _(E)y=0 (16)

Dimensionless forms of C;,Nu, and Sh, are given in equation (11),(12),(13)

Re,C; = ((1 —n) +we f”(O)) £1(0), M = _g(0), 3 = —g'(0)

Rex Rey
3. NUMERICAL METHOD
This part presents the solution of the boundary conditions for ordinary differential equations (7)- (10) utilising

the R-K shooting method. In order to accomplish this, first nonlinear differential constitutions must be solved
into initial order linear equations. The following words refer to the components necessary for this law.

(A-n)+nwef ) f = f* —krf + 40+ 1,0+ 4,¢=0

6 +3Pr fo +&¢'9' + N,
3 L, LeNb

0 +6,(ff'0'+£6")=0

. 2 o1 .
+—ScfOp +—0 —krp=0
¢ 3 P Nb ¢

f(0)=0, f'(0) =1, f'(c0)——>0
0(0) =1,0(x0) =0, #(0) =1, ¢(x0) =0

f=fQ)
f'=f(2)
f'=f(3)
0=1(4)
0 = f(5)
¢=1(6)
¢ =1(7)

(L—n)+nwef ) f" :%+ kef +Fri¥ — 46— A,¢

2

! {f—+krf'+Frf'2—ﬂle—ﬂz¢

- (1-n)+nwef | 3

fQ)[ ,
f z{(l—n)fnwef(s)}[[ (3)] +kif Q)+ Fr(f(2)) ﬂlf(4)ﬂzf(6>}

. 2 Nc Nc
O =—Prf@)f(nN—-——~F(7Nf(B)-
3 @ f(r) o (1) 1(5) T oNG
3 2

1
¢ = -3 Scf () f(4) f(7) —N—b(t) fkrf (6)

(fE) +5,(f@f@)FE)+fDw)
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f.(1)=0, f,(2) =1 f,(4)——1, f,(6)—1 f,(2)——0, f,(4)—>0, f,(6) ——0

4. RESULTS AND DISCUSSION

In this partition we deliberates the effecting of the
participating constitutions on the f*',0,¢psketches as
well as distributions of distinct relevant constitutions
local Skinfriction , local Nusselt coefficient, Local
Shearwood coefficient which are examined at the
opening of graphs and tables.

Fig.2 illustrates the fluctuations in velocity
portrait for different progressive valiues of ‘n’
deliberates the thickening performance of the fluid.
In consideration of “n" is directly correlated with the
fluid resistance rate in the fluids under discussion.
There is a clear correlation between "n" and the fluid

resistance rate. When taking the fluids into
consideration. When a result, fluid resistance
increases when 'n' improves and N () is

lowered.Fig.3 deliberates the velocity portrait for
various incremental values of inertial coefficient. We
analysed with enhancing values of inertia coefficient
(Fr). We also observed in Fig.3 illustrates diminishes
the boundary layer. It can be utilized as a balancing
mechanism. To delay the transition from the laminar
boundary layer motion to turbulent motion. Fig.4
illustrates the diminishing trend. We carefully
consider the fluid flow time scale to relaxation time
ratio. Fig.5 reveals the temperature ratio coefficient.
The outcomes of temperature ratio coefficient is
enhanced then viscosity of fluids will be decreased.
Fig.5 deliberates the enhancing trend. Concentration
ratio coefficient effect is observed in Fig.6. Fig.6
illustrates the viscosity of fluids diminishing trend,
when enhancing the concentration ratio coefficient.

As Prandtl number Pr uplifted, the diminishes as
illustrated in Fig.7. As the parandtl number Pr
enhances, the thermal diffusivity becomes weaker as
the kinematic viscosity boosting,the outcomes are
higher fluid flow resistance. The exordinary
Diffusion ratio effect Nb on is shown in Fig.8. So, by
enhancing Nb, diminishes and the thickness of the
thermal boundary layer shows the downward trend.
The significance of heat capacity ratio Nc on is
deliberates in Fig.9. Physically, in Nc on is
illustrated in Fig9. Physically, in Nc , particles
expand other particles with a force that causes them
to trancemigrate from a warmer to a colder region.
Consequently, boosting the Nc result requires
exerting extraordinary force on the other particles.
Causing wider fluid to transmigrate. Fig.10
illustrates the Sc on concentration portrait. The
impact of is diminished by enhancing the Sc. Sc is
the ratio of wvelocity diffusivity to Brownian
diffusivity, enhancing Sc induces a diminished in
Brownian diffusivity, performing in a dull
concentration portrait. The performance of Nb is
illustrated in Fig.1l. The decreasing trend is
observed in Fig.1l portrait. The Nb values are
enhancing the diminishing mode is observed in
Fig.11. Fig.12 deliberates the Kr performance on
concentration portrait. The outcome performance of
Kr portrait deliberates the diminishing trend. Fig. 13
reveals the Skin friction coefficient on Pr. Pr values
are increasing the enhancing trend is observed on
Skin friction coefficient. Table 1 illustrates the
comparision values of Skin friction coefficient at
n=1,Fr=0,A_1=0,A_2=0,Kr=0

Table 1: Comparison values of ~ f (O) for We.

We Comparision table of Ahmed | Present
et al.[] (n=1, M=0)
0.0 0.3191 0.3201
0.2 0.3182 0.3190
0.4 0.3172 0.3189

Table 2: Represents the various parameters effects on —f"'(0), —6'(0) and —.

n | We | Kr | Fr 1 2 | Pr | Nc

Le

Nb | Sc |—f"(0) ] —6'(0)

0.1

0.9321 | 0.2097 | 0.6277
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0.2 1.0166 | 0.2005 | 0.6101
0.3 1.0963 | 0.1897 | 0.6010
0.1 0.9987 |0.2210 | 0.5320
0.2 0.9877 |0.2190 | 0.5310
0.3 0.9666 |0.2010 | 0.5290
0.1 1.1098 | 0.4567 | 0.7896

0.2 1.0098 | 0.4365 | 0.7689

0.3 0.9987 |0.4273 | 0.7688

0.1 0.8998 |0.2343 | 0.8768

0.2 0.8769 |0.2234 | 0.8766

0.3 0.8667 |0.2132 | 0.8567

0.1 0.9089 |0.3452 | 0.6578

0.2 0.9123 | 0.3899 | 0.6456

0.3 0.9125 | 0.3900 | 0.6234

0.1 1.0687 | 0.5478 | 0.2345

0.2 1.0878 | 0.5520 | 0.2431

0.3 1.0989 | 0.5674 | 0.2478

1 0.9710 |0.5320 | 0.2341

2 0.9654 | 0.5230 | 0.2230

3 0.9643 | 0.5210 | 0.2019

0.5 0.8976 |0.3421 | 0.2001

0.6 0.7889 |0.3342 | 0.1990

0.7 0.7234 |0.3120 | 0.1890

0.1 0.3245 | 0.3456 | 0.3564

0.2 0.3123 | 0.3342 | 0.3455

0.3 0.2980 |0.3212 | 0.3421
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0.1 0.7865 | 0.3321 | 0.2234
0.2 0.7765 |0.3421 | 0.2134
0.3 0.7689 | 0.3456 | 0.2098

0.1 | 0.8985 |0.4325 |0.3908

0.2 | 0.8876 | 0.4216 | 0.2998

0.3 [0.8654 |0.4132 | 0.2991

4. CONCLUSION

R

% The hyperbolic tangent flow of Darcy-Forchheimer across a non-linear expanding sheet is quantitatively

examined in this work. The posteriors contain a list of this study's primary features.

The velocity portraits of n, Fr, We diminished, ,, , portraits are enhanced.
The temperature portraits of Pr, Nb are diminished, Nc portrait is increased.
The concentration portraits of Sc, Nb, Kr are diminished.
The valuesof n, ,, , are enhanced then —f"'(0) is enhanced.
The values of We, Kr, Pr,Nc, Le, Nb, Sc are enhanced the —f"'(0) is decreased.
The values of Nb, ;, , are enhanced then —6'(0) is increased.
The values of n, We, Kr, Pr,Nc, Le, Sc are enhanced the —0'(0) is decreased.
The values of , is enhanced then — is enhanced.
The values of n,We, Kr, Pr,Nc, Nb, Le, Sc are enhanced then — is diminished.

1

b

0.9 4
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4 4.5 5

Fig.2 prominence of n on f (77)
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