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Abstract: This study presents a detailed analysis of the Falkner-Skan equation under uncertainty by
employing neutrosophic numbers to represent the uncertainty in no slip conditions and the
parameter 1. By applying appropriate similarity transformation, partial differential equation (PDE)
are converted into ordinary differential equation (ODE). Both the Shooting Method and the
Homotopy Perturbation Method (HPM) are utilized to solve ODE’s. These ODE’s are then
transmuted into neutrosophic differential equation (NDE) by employing (A, B,T)_  approach. The
parameter A and no slip conditions are taken as triangular and trapezoidal neutrosophic numbers.
The results are presented graphically to illustrate the comparative effectiveness of these methods.
The analysis reveals that use of trapezoidal neutrosophic numbers and triangular neutrosophic
numbers in Falkner-Skan equation gives strong neutrosophic solution. A 3D error analysis is
conducted to compare the performance of triangular and trapezoidal neutrosophic numbers,
highlighting their relative accuracy in solving the Falkner-Skan equation under varying degrees of

uncertainty.

Keywords: Falkner-Skan Equation; Neutrosophic set; Triangular Neutrosophic Number;
Trapezoidal Neutrosophic Number; Homotopy Perturbation Method.

1. Introduction

Classical set theory is widely applied in various real-world contexts to organize, categorize, and
analyze information. A classical set incorporates elements that satisfy factual membership properties.
Fuzzy set theory is an extension of classical set theory popularized by Zadeh [1] in 1965 that deals
with uncertainty and imprecision. It is highly effective in controlling ambiguities emerging from an
element’s vagueness in a set, although it is incapable to simulate all forms of uncertainty encountered
in various real-world physical problems with incomplete information. The abstraction of fuzzy set is
recognized as Intuitionistic fuzzy sets invented in 1986 by Atanassov [2-5]. Each element in
Intuitionistic fuzzy set has membership and non-membership values where their sum is greater than
or equal to one. Later, in 1998, Smarandache [6-8] introduced Neutrosophic set theory, further

generalizing classical, fuzzy, and intuitionistic fuzzy set theories. It is designed to handle various types
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of uncertainties, including incomplete, indeterminate, and inconsistent information in real world.
They are characterized by three membership functions: truth, falsity, and indeterminacy, each of

which can take values in the range 107,17 [.

Differentiation is crucial in science and engineering for modeling and solving various problems
involving rates of change. Many real-world problems come with uncertain or imprecise parameters,
which traditional differential equations struggle to handle. Fuzzy differential equations (FDE) handle
uncertainty by representing variables with fuzzy sets. Bede et al. [9] investigated first order linear
FDE’s under various interpretations and demonstrated that the behavior of the solutions varies
depending on the interpretation used. Vasavi et al. [10] applied fuzzy logic to Newton's law of cooling
using different interpretations of fuzzy differential equations. They utilize a specific mathematical
method (variation of constants) to find solutions that can better reflect the actual behavior of systems
under uncertainty. Further, to improve upon fuzzy differential equations, intuitionistic fuzzy
differential equations were developed. Ettoussi et al. [11] explored how intuitionistic fuzzy differential
equations can be solved uniquely and exist using method of successive approximation and discusses
the continuity of these solutions in the context of fuzzy set theory. In engineering, science, economics,
and other fields, many systems are influenced by factors that cannot be precisely measured or
predicted. Neutrosophic differential equations allow for a more accurate and realistic modeling of
these systems by capturing all facets of uncertainty. Moi et al. [12] has examined second order
boundary value problem through neutrosophic differential equation. Many problems involving
multicriteria decision making problems [13], medical diagnostics [14], pattern recognition [15] and

mine safety [16] have all been solved extensively with neutrosophic differential equation.

A Naumper 1s an extension of classical numbers and fuzzy numbers designed to handle uncertainty,
indeterminacy, and vagueness more comprehensively. Parikh et al. [17] investigated logistic growth
model that incorporates neutrosophic logic to better predict population dynamics, particularly when
dealing with uncertainties and potential deviations. Bhaumik et al. [18] introduces a new ranking
approach for handling uncertainty in game theory using single-valued triangular neutrosophic
numbers by applying bi-matrix games. He demonstrated how neutrosophic logic can enhance
decision-making processes in uncertain environments. Shanmugapriya et al. [19] explores a
neutrosophic method to solve a system of first-order differential equations using Trapezoidal
Neutrosophic Numbers. They incorporated (A, B, I:)wt, the approach accounts for varying levels of

truth, indeterminacy, and falsity.

An important tool for understanding fluid flow dynamics under pressure gradients is the Falkner-
Skan equation, which forms the basis of boundary layer theory. Its relevance and adaptability in the
field of fluid dynamics are demonstrated by its applications in engineering design, theoretical

analysis, numerical validation, and larger flow issues. Han [20] applied finite difference method for
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finding numerical solution of Falkner-Skan wedge flow equation. Parand et al. [21] studied
magnetohydrodynamics (MHD) Falkner-Skan wedge flow equation by leveraging the orthogonal Sinc
functions to approximate solutions on semi-infinite domains with high accuracy. Elnady et al. [22]
examined the solution of the Falkner-Skan equation by addressing the challenge of its semi-infinite
domain. He tackled this by truncating the domain to a finite interval and then used a Chebyshev series
to approximate the solution. Bararnia et al. [23] applied Homotopy Analysis Method (HAM) to solve
the momentum and energy equation of Falkner-Skan wedge flow equation in incompressible fluid by
using trial and error and Padé approximation. Shanmugapriya et al. [24, 25] and Gopi Krishna et al.

[26] have studied fluid flow in wedge using various techniques.

Zulqarnain et al [27] employed a triangular fuzzy number to capture uncertainties and uses numerical
methods to investigate how various parameters affect flow and heat transfer. He studied tri-hybrid
nanofluid model incorporating Al,03, Cu, Ti0, in engine oil over a Riga wedge. Siddique et al [28]
investigated the thermal properties of a second-grade hybrid nanofluid (41,05 + Cu/EOQ) over a Riga
wedge, considering factors like heat source, stagnation point, and nonlinear thermal radiation in fuzzy
environment. Shanmugapriya et al [29] explores the effects of endothermic/exothermic chemical
reactions, thermal radiation, thermophoresis, and Brownian diffusion on the flow and heat transfer of

a Casson hybrid nanofluid over a moving wedge under fuzzy environment.

1.1 Research gap

In the literature survey mentioned above, researchers have developed various methods to solve the
Falkner-Skan equation, including similarity transformations, series solutions, and numerical methods
like the finite difference method. However, but no research has addressed solutions using triangular
and trapezoidal neutrosophic numbers. This research seeks to address this gap by examining
neutrosophic solutions to the Falkner-Skan Boundary Layer Wedge flow equation through the
application of both the shooting method and the Homotopy Perturbation Method (HPM).

1.2 Objective
The aim of this study is to investigate Falkner-Skan equation using TriNyymper and TrapNyymper-
The ODE’s are transformed into NDE’s with the help of
(AB l:)cut. The Nyymper are applied in no slip conditions and wedge angle parameter. The shooting

method via MATLAB and HPM via MAPLE were utilized to handle NDE’s. The outcomes are
validated through available literature, 2D and 3D plots.

1.3 Novelty

The novelty of the present study is
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i.  The behavior of Falkner-Skan wedge flow equation in neutrosophic environment has not
been addressed previously.

ii. ~ The wedge angle parameter 1 within the Falkner-Skan equation and no slip conditions are
taken as TTiNyymper and TrapNyymper through (A, B, f)cut approach covering a range of
possible behavior.

iii. A comparative analysis of mean values and error profiles for TTiNmper and TrapNopymper

are determined which highlights the performance in controlling uncertainty.

1.4 Applications

The use of trapezoidal and triangular neutrosophic numbers into the Falkner-Skan equation
provides noteworthy benefits across several engineering domains through efficient uncertainty

management:

i.  Aerodynamics: By incorporating neutrosophic numbers into the design process, designers
of automobiles and aircraft may better account for uncertainties in pressure gradients and
flow conditions, resulting in more resilient and efficient designs that minimize drag and
improve performance in ever changing situations.

ii.  Industrial Heat Transfer: The use of neutrosophic numbers in heat exchangers and cooling
systems makes designs more dependable and maintains efficiency in the face of temperature

and flow rate variations, which is essential for energy-intensive businesses.

The above application shows how the Falkner-Skan equation’s use of neutrosophic numbers
improves fluid dynamics designs’ performance and dependability by taking into account the

inherent uncertainties of real-world scenarios.

The basic concepts of Ny, (K,ﬁ,f)mt of a Nyet, Nyumbers TTiNpumper (A, B, f)cutof TriN,mbers
Trap]\fnumber,(ﬁ,ﬁ,f)cutof TrapNyumper, and the strongsoueion of NDE are introduced in §2.The
mathematical formulation of Falkner-Skan equation is derived in §3. In §4, the equation is
transmuted into neutrosophic equation and application of shooting method and HPM for
neutrosophic governing equation. Finally, § 5 contains profile graphs, tables, neutrosophic analysis

and comparative analysis of shooting method and HPM. The conclusion is given in § 6.

Abbreviation Description

Niet Neutrosophic Set

Noumber Neutrosophic Number

(ABT)_, (A B,T) cut

TriNgumper Triangular Neutrosophic Number

(A,BT) eue O @ TTiNoumper (A, B,T) cut of Triangular Neutrosophic Number
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TrapNopymper Trapezoidal Neutrosophic Number

(A,BT) e Of TTAP Noyuimper (A, B,T) cut of Trapezoidal Neutrosophic Number
Strongserution Strong Solution

weaksoiution Weak Solution

trutheynction Truth function

indeterministicCeynction Indeterministic function

falsitypynction Falsity function

TrilN velocity Triangular Neutrosophic Velocity

TrapdV velocity Trapezoidal Neutrosophic Velocity

2. Preliminaries
In this § 2, we recall a few preliminary concepts of neutrosophic set theory and some notations for

better understanding.

Definition 2.1.
The universal set is typically denoted by X and is defined as the set of all objects or elements relevant

to a discussion or problem.

Definition 2.2.[30]

Let X be a universe set. A Ny, (]\75) on X is defined as N = {(T]\’TS (%), I3 (%), Frr(x)): x € X}, where
T (), I (x), Fr, (x): X - ~]0,1[* represents the degree of certainty, degree of hesitation and degree
of falseness respectively of the element x € X such that ~0 < T5: (%), +I5: (%) + Fx: (x) < 3+,

Definition 2.3.[31]

The (4,8, f)cut of N, is defined as M(Z\ﬁf) {(TN (), I3 (), F(x)): 2 € X, Ty (%) 2 A, Ty (%) <

B',TJVS(x) < T}, whereA B €[01], suchthat 0 <A+B+T <3.

Definition 2.4.[31]
A N, defined on the set of real numbers R is a Npymper if it satisfies the following properties:
i.  N,isnormalif 3 x, € R: T (x0) = 1. (JNS(xO) = Frz (%) = 0).
ii. Ny is convex for the truthgynction Ti (). ()T (621 + (1 — ¢)x5) = min (Tiy: (), Ty (x) ),
for all x;,x, € Rand ¢ € [0,1].
iii. Ny is concave set for the indeterministicsynction I3, () and falsityeyncrion F a7, (%)-
(ie) I3 (sx1 + (1 — ¢)x;) = max (.‘7]\75(961),17]\75(962) ) and (ie)Fx: (sx; + (1 — ¢)x;) = max
(?]vs(xl),}”ﬁs (x3) ), for all x;,x, € Rand ¢ € [0,1].
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Definition 2.5.[31]
A TriNpumper is a subset of N, in R with

trutheynction, indeterministiceynction , falSitysyncrion 1S defined as

x—aq .
~ <zx<
(az—al) W ifa,<x<a,
[ kva ifx=a
Te)={ “% fr=a
az—x i
<x<
(a,3—a,2) if az<x<as
0 otherwise
(( az—x) ~ . <y <
p— Ox; ifa,<x<a,
wE =
—as )
<x<
((Lg—dz) lf az Sx= a3
1 otherwise
a,—x s
= <x<
(az—al) R, ifa,<x<a,
& ifx=a,
Fr@) =9 iy
—as .
—_— ifa, <x<a
k(tl:,‘—llz) f 2 3
1 otherwise

where 70 < T (%) + T (%) + Fr(x) < 3%, x € N,

Definition 2.6.[31]

The (A,B, f)cut of a TrilNyymper = (a1, a2, a3); Wy, 87, €57;) is defined as follows:

~N~;(§,§_f) = [T]vs1 (K),Tﬁsz (K), .7]\751 (E),jﬁsz (E), TJVSI (f‘),?ﬁsz (f)], where
Tﬁ;(K) = [al + K(a,z - al)]wﬁs, Tﬁsz(g) = [CL3 - K((h - az)]wﬁs
T2 () = [a, — B(a, — a)]6x, I52(A) = [a, + B(as — a,)|65;
Fia(B) = [a, — F(a, — a))|ex, Fiz(B) = [a, + [(a; — ay)]ex;

following

(2.1)

(2.2)

Here0<A<1,0<B<10<[<1and 0<A+B+T <3%*andisdisplayed in Figure 1.

O, T

(4,B,1),,

S:'-‘J"g \ :_F?
NE

ay ay a3
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Figure 1. Membership function of TriNpymper
Definition 2.7.[32]
A TrapNpumper a subset of N, in R with the following
trutheynction, indeterministiceynction , falSitYsyncrion 1S defined as
x—aq . .
(az_%)w A ifa, <x<a,
T~(x)—<w]75 ifa, <x<as
W =
as—x .
(44—43) ifa;<x<a,
0 otherwise
( (:22_:1) 8 ifa, <x<a,
S i <x<
I (x) =<7 far <x<a (2.3)
S as—x §
(44—43) ifa;<x<a,
1 otherwise
(:Z‘a )en; ifa, <x<a,
2741
Fo (i) = A ifa,<x<a;
]V:S - - .
(:‘_@) ifa;<x<a,
k1 otherwise
where 70 < T (%) + I (x) + F(x) < 3%, x € N;.
Definition 2.8.[32]
The (A, B, f)cut of a Trap Nyumper = (@1, @, a3, a4); W, S5, €57;) is defined as follows:
‘N;(Z\,ﬁ,f) = [TJTSI (A),TJTSZ (A); 7@ (E)’j@ (g), TJTSl (f)"{FJTsz (f)], where

?’m(ﬁ) = a, - T(a, — a))]ex;, T@(K) = [as + T(ay — a3)|ex;

Here 0 <A<1,0<B<10<T<1land 0<A+B+T <3*andisdisplayed in Figure 2.
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Figure 2. Membership function of TrapN,ymper

Definition 2.9.[32] Let the solution of the neutrosophic differential equation be y(x) and its

(A,B,T)  be[y(xABT)| = [(y1 (x,A),y,(x, &), y1(x,B), v (x,B),y{ (x,T), vy (%, f))] The solution

1S a Strongsolution

i 2l 02208 6y R e (0,11 (x, 1) < (1),
i, 2B 0, D2EB) 5 0 v B e [0,1],y1(x,0) < y3(x,0). (2.5)
i, D 0 @260 5 o v e [0,1], 1/ (x, 0) < 3 (x, 0).

Otherwise the solution is weekg,tion-

3. Falkner-Skan Equation

The Falkner-Skan equation is a third-order nonlinear ordinary differential equation (ODE) that arises
in the study of boundary layer flows over a wedge. Named after V.M. Falkner and S.W. Skan, this
equation generalizes the Blasius equation for boundary layer flows over a flat plate to include the
effects of a pressure gradient. The governing equation is derived from the boundary layer equations,
which are simplifications of the Navier-Stokes equations for high Reynolds number flows where
viscous effects are confined to thin regions near solid boundaries. The solution to the Falkner-Skan
equation is significant in fluid dynamics as it describes the behavior of the laminar boundary layer
over an infinite wedge. The wedge has a vertex angle of Arr, where 0 < 1 < 2.The parameter A controls
the shape and flow characteristics of the boundary layer. The range 0 < 1 < 2 indicates different flow
regimes: 1) 1 =0 represents the boundary layer over a flat plate (Blasius solution). 2) 0 <A< 1

describes accelerating flows, where the flow speed increases as it moves along the surface. 3) 1 = 1:
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Represents a stagnation point flow, where the fluid approaches the surface perpendicularly. 4) 1 <

1 < 2: Describes decelerating flows, where the flow speed decreases along the surface.

For a steady, incompressible, two-dimensional boundary layer flow over a wedge, the boundary

layer equations in Cartesian coordinates (x,¢) are: [33]

Ju g (3.1)

ox 0y '
ou ov du 0%u

Ut e = U + T (3.2)

0x oy dx oy?
with boundary conditions

uw=0,v=0aty =0and u(x,y) = U(x) as ¢ — . (3.3)

Here uand v are the velocity components in the x and ¢ directions, respectively. U is the external

velocity at the edge of the boundary layer. @ is the kinematic viscosity of the fluid.
3.1 Similarity Transformation

To simplify these equations, we introduce a similarity variable { and a stream function y defined as:
[34]

o etm+1) 2wy 1°°
z—yJTx ) =[] (34)

where f({) is the dimensionless stream function. The velocity components can be expressed in terms

of f({) as:

_ox _ =0y [-wpex™ M (m + 1) 03 .o (m—=1)

U=5y = @ =— —[ > f (()m+f(() (3.5)
Substituting these into the boundary layer equations and simplifying, we obtain the Falkner-Skan
equation:

fHff A= (=0 (3.6)
where 1 is the Falkner-Skan parameter related to the pressure gradient and is defines as: 1 = %
Here, m is related to the external velocity U(x) as U(x) < x™.
The boundary conditions for the Falkner-Skan equation are:
fD=0F(D=0 st 0) a7
-1 as¢ — o '

These conditions correspond to the no-slip condition at the wall and the matching of the velocity to

the external flow far from the wall.
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The Falkner-Skan equation is used to analyze the effects of pressure gradients on boundary layer
flows. Positive 4 (or m > 0) corresponds to a favorable pressure gradient (accelerating flow), while

negative A (or m < 0) corresponds to an adverse pressure gradient (decelerating flow).

4. Methodology

4.1 Application of numerical technique

We can use the shooting method to solve boundary value problem (BVP) by converting them into
initial value problem (IVP). By transforming the third-order ODE into a first-order ODE and solved
using MATLAB’s numerical solvers. The shooting method involves guessing the initial conditions
for the IVP at { = 0, integrating the first-order ODE, and adjusting the guessed initial conditions to
satisfy the boundary conditions at the other endpoint (as { — o). The tolerance level in the case of
the present problem is 107°. It is highly sensitive to initial guesses for the unknown initial conditions,
and poor choices can be to diverges or incorrect solutions. This method may not always converge
particularly for highly nonlinear coupled equations. These challenges make this method to less
reliable in certain situation.

Let f =iy, f' =i, f" = i5.

Then the system of equations becomes

i i
ir| = I3 (4.1)
i5]  |-iaiz — A1 - (1))

along with boundary conditions

1) =i({) =0, as{ = 0andi,({) =1las{ - (4.2)

4.1.1 Formulation of Falkner-Skan Equation in Neutrosophic Environment

In the neutrosophic context, the function f({) and its derivatives will have three components each:

A (truth), B (indeterminacy), and T (falsity). Denote these as:

f@ = ((&R).£(5.B).F(¢.T)) (43)

This means that for the function f({) its derivatives, and the constants, we will consider three
corresponding components. The neutrosophic form of the Falkner-Skan equation can then be written

as a set of three coupled differential equations:
@R+ R @R + 2 1= (£(B) | =0)

6B+ FEB) (B + 1= (£(B) | =0 (44)
) + £ B)F (S T) + A [1 £(2.1)) ]

with the transformed boundary condition
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f(&B) =0, f'(¢A)=0as¢~ 0, f'(¢,A) » las{ — o

f(¢B)=0,f(¢B)=0as¢{—-> 0, f({,B)>1las{> o (4.5)
f&1) =0, f(¢)=0as¢~ 0, f(¢T) > 1as¢— oo

where the neutrosophic velocity profile f '(Z , 7“) = [f_’ (( , K), F(Z , K)] ,0 <A < 1.Theterm f’ (( , K) and
F(( , &) represents the lower and upper bounds of the neutrosophic velocity, respectively for A (truth).
Similarly, ~ £'(¢,B) = [f(¢,B),f'(¢.B)], £/(¢.T) = [£(¢,T),f (¢, T)]0<B<1,0<F<1 for B
(indeterminacy) and T (falsity), respectively and=0 < A+ B + [ < 3™.

4.2 Application of semi-analytic technique

The basic concept of the HPM to a non-linear differential equation is

R(O)-s(A)=0, Aeq (4.6)

The corresponding boundary conditions are

Z(C,a—c>=0,7\er 4.7)
on

where R is a general non-linear differential operator, B is a boundary operator, S(K) a known

analytical function and A the boundary of domain Q.

The operator R can be divided into two namely L and N, where L is the linear operator, while N is a

non-linear operator of Eq. (4.6) which can be written as:

L(CO)+N(C)—s(A)=0,A€ Q (4.8)
Define a homotopy as follows:
HF,8 = A =DILOT+ N =0, (4.9)

where ¢ = [0,1] is an embedding parameter.

Its accuracy depends on the initial approximation, and poor choices may lead to inaccurate solutions.
This method may also produce dual solutions, depending on how the homotopy id constructed,
creating ambiguity in selecting the correct one. Moreover, it doesn’t guarantee convergence highly
nonlinear coupled equations.

For Falkner-Skan equation, L(f) =f"" and N(f) =f""+ ff' + A[1— (f')?]. Now construct the

homotopy as:
A= +E[f + £+ 1= ()] =0 (4.10)

Assume a solution in the form of a power series in ¢:

n

F=fotEfit&ft= Y f (4.11)

j=1

Substituting Eq. (4.11) into Eq. (4.10), we get the co-efficient of different powers of ¢:

§%fe" =0 (4.12)
fo(0) = £3(0) =0, f5(0) =1
ELf = —fofd = AL (f3)?] (4.13)
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f1(0) = f{(0) =0,f{(0) =0

§3:f" = —fofl' — fo'fu + 22fs fi (4.14)

f2(0) = f7(0) =0, f;(0) =0

Solving (4.12), (4.13) and (4.14), we have
z?

fo(o = ﬁ

k 1
() = —@(5 —553

[((1 - Dk + (k/10)> o <(21/3) - P) 66]

1764 120

(4.15)

fz(()z 7

4.2.1 Formulation of Falkner-Skan Equation in Neutrosophic Environment

We introduce a neutrosophic approach to solve uncertainty parameter 1 and boundary condition,
using TriNyymper and TrapNpymper- Our methodology involves applying (K, B, f‘)cutto represent
various degrees of truth, indeterminacy, and falsity. We developed a solution procedure that

integrates these neutrosophic numbers into HPM.
A= "¢+ [f"'(z, B+ GBI CR+ 1= (FG K))Z]] =0

a-0r @B +¢ | @B + /BB + P [1- (@) ]| o (416)

(1= Of"(5,F) +¢ [f'"(c. 0+ @O @R+ I [1- (£ f))z]] =0

with the transformed boundary condition

f(&B) =0, f'(¢A)=0as¢~ 0, f'(¢A) » las{ -

f((B)=0, f(¢,B)=0as¢{> 0, f({B)>1las{—> o (4.17)
f@T) =0, f(¢T)=0as¢~ 0, f'(§,F) » las{— o

where the neutrosophic velocity profile f ’(Z , K) = [f_’ (( , K), F(Z , K)] ,0 <A < 1.Theterm f’ (Z , K) and
F({ , &) represents the lower and upper bounds of the neutrosophic velocity, respectively for A (truth).
Similarly,  f'(¢,B) = [f'(¢,B),f(¢,B)], £'(¢.T) = [f'(¢,T),f(¢,T)0<B<1,0<T<1 for B
(indeterminacy) and T (falsity), respectively and=0 < A+ B + [ < 3™.

The TTiNpumper and TTiNy,mper are transformed using (A, B, f‘)cut technique shown in Table 1 and
2.

Crisp N number Alpha cut Beta cut Gamma cut
value approach approach approach

TTiN yumper | [0.01-04] | [0.2,0.4,0.6;0.7,0.3,0.5] [(0.2+0.2A)0.7, | [(0.4-02B)0.3, | [(0.4-0.2F0.5,

(0.6 -0.28)0.7] | (0.4+0.28)0.3] | (0.4+0.250.5]
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TrapN number

[0.01-0.4]

[0.2,0.4,0.6,0.8;0.7,0.3,0.5]

[(0.2+0.2A)0.7,
(0.8 —0.2A4)0.7]

[(0.4-0.2B)0.3,
(0.6 +0.2B)0.3]

[(0.4-0.2F)0.5,
(0.6 +0.21)0.5]

Table 1. Parametric form of TriNyymper and TTapNpymper for wedge angle parameter A

Table 2. Parametric form of TTiN,,mper and TrapNpymper for no slip conditions

No slip Crisp N number Alpha cut Beta cut Gamma cut
Conditions value approach approach approach

TriN umber (O =0, [0.01-0.4] [0.1,0.3,0.5; [(0.1+0.2A)0.6, [(0.3-0.2B)0.4, [(0.3-0.21)0.2,
0.6,0.4,0.2] (0.5 - 0.2A)0.6] (0.3 +0.2B)0.4] (0.3 +0.21)0.2]

(=0 | [0.01-0.4] [0.2,0.4,0.6; [(0.2+0.2A)0.7, [(0.4-0.2B)0.3, [(0.4-0.21)0.5,
0.7,0.3,0.5] (0.6 — 0.24)0.7] (0.4 +0.2B)0.3] (0.4 +0.21)0.5]

TrapN umber f(O)=0 [0.01-0.4] | [0.1,0.3,0.5,0.7; [(0.1+0.2A)0.6, [(0.3-0.2B)0.4, [(0.3-0.21)0.2,
0.6,0.4,0.2] (0.7 — 0.2A)0.6] (0.5+0.2B)0.4] (0.5+0.21)0.2]

(=0 | [0.01-0.4] | [0.2,0.4,0.6,0.8; [(0.2+0.2A)0.7, [(0.4-0.2B)0.3, [(0.4-0.21)0.5,
0.7,0.3,0.5] (0.8 —0.24)0.7] (0.6 +0.2B)0.3] (0.6 +0.21)0.5]

4.3 Validation

To check the accuracy of the numerical and semi-analytic scheme, the results of f"'(0) of Falkner-

Skan equation was compared with Zhang et al. [35] and Salama [36].

Table 3. Comparison of f”'(0) for various values of 1

A Zhang et al. Salama Present Present
[35] [36] (Shooting method) (HPM)

-0.15 0.216362 0.216362 0.216362 0.288217

-0.1 0.319270 0.319270 0.319269 0.359690

0 0.469600 0.469600 0.469599 0.493155

0.5 0.927680 0.927680 0.927680 0.970833

1 1.232587 1.232588 1.232587 1.132440

5. Result and discussion

In this section, we concentrated on the neutrosophic analysis of Falkner-Skan equation. The

uncertainty of wedge angle parameter 1and no slip conditions are considered as TriNy,mper and

TrapNyymper- The governing equation is transformed as a NDE’s, are numerically solved using the

shooting method and HPM. The solution process involves application of the (A, B, f‘)cut techniques.

5.1 Profile graph of Falkner-Skan Equation via Shooting Method

Figure 3 illustrates that the velocity distribution within the boundary layer increases as 1 is

augmented. The observed trends show that controlling the wedge angle parameter 1 is an effective
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strategy to modulate boundary layer characteristics, particularly in applications requiring specific

flow acceleration.

—_— 015
A=0
A=0.15
A=0.5 |7
S
-
5 6 7

Figure 3. Behavior of f'({) against 4
5.1.1  Neutrosophic Analysis using shooting method

Case 1: No slip condition as N mper
The no slip conditions are taken as TTiN,ymper and TTapNyymper- From Figure 4 and 5, we see that
£'(¢,A) is increasing and f'(, A) is decreasing for all A € [0,1], f'({,A) < f'(¢,A) in both T7iNpyumper

and TrapNy,y mper-

-0.5
A — cut

_Il.5 0.1
A — cut

A : -
£(0) 0.2 =il
0.1 ¢ [}

Figure 4. TriV velocity for f(0) at { =3 Figure 5. TrapV velocity for f(0) at{ = 3
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From Figure 6 and 7, we see that f’ (( , E) is decreasing and F(Z , E) is increasing for all Be[01],
£(¢,B) <f'(¢,B) in both TriNmper and TrapNpyumper which implies that neutrosophic solution

exist.

| ¢ B 0.11
e '(.B)
™

g O

o9

.08

—0.06 0.07
0.04 .06
L o \ 0.08

06 _—
0.08 “\4\ o P 1 0.04

’ — 05

fo)y 02 \“\(I'}/ B — cut 0.03
Figure 6. TriV velocity for f(0) at { = 3 Figure 7. TrapV velocity for f(0) at { = 3

From Figure 8 and 9, it shows that f'({,T) is decreasing and F({ ,T) is increasing for all T € [0,1],
f'(¢,T) < F(( ,T') inboth TTiN;ymper and TrapNyymper- Hence by Definition 2.9, the solution of (3.6),

f'(¢, A,B,T) is a strong neutrosophic solution.

(D)

0.05

004

0.03

0.02

Figure 8. TrilV velocity for f(0) at { = 3 Figure 9. TrapV velocity for f(0) at { = 3

From Figure 10 and 11, we see that f’ ({ ) K) is increasing and F(( s FA) is decreasing for all Ae [0,1],
f ({ , K) < F(( , K) in both TriN,,mper and TrapNpymper-
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0.5
A — cut

Figure 10. TrilV velocity for f'(0) at { = 3 Figure 11. TrapV" velocity for f'(0) at { = 3
From Figure 12 and 13, we see that f’ (( , §) is decreasing and F(( , §) is increasing for all Be[01],

£(¢,B) <f'(¢,B) in both TriNmper and TrapNpymper which implies that neutrosophic solution

exist.

0.15

0.15
[INE.]
016
ol .
g
- i
0.05 =
0.6 A e,
T 0.08
fr(u)‘\//‘ﬂ N
02 o B — cut e
Figure 12. TrilV velocity for f'(0) at { = 3 Figure 13. TrapNV velocity for f'(0) at { = 3

From Figure 14 and 15, it shows that f'(¢{,T) is decreasing and F(( ,[) is increasing for all T € [0,1],
f’ ((' , f) < F(( , f) in both TriNpymper and TrapNpymper- Hence by Definition 2.9, the solution of (3.6),

f'(¢, A4, B,T) is a strong neutrosophic solution.
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Figure 14. TriV" velocity for f'(0) at { = 3 Figure 15. Trap]V' velocity for f'(0) at { = 3

Case 2: Wedge angle parameter 4 as N ,umper

Figure 16 and 17 depicts the neutrosophic velocity profiles f'({,4) corresponding to the truth
component of the N, mper- The wedge angle parameter 1 is taken as TriN,ymper [0.2, 0.4, 0.6;0.7, 0.3,
0.5] and TrapMNyumper [0.2, 0.4, 0.6, 0.8;0.7, 0.3, 0.5] in the Falkner-Skan equation at fixed { = 3. The
velocity profiles are plotted along the x-axis represents the various cuts 4, B, T, the y-axis corresponds
to the uncertainty parameter ¢, and the z-axis represents f'({, 4). The figures shows that f’ ({ , K) is
strictly increasing and f'({,A) is strictly decreasing for all A € [0,1], f'(¢,A) < f'(¢,A) in both

TriNyumper and TrapNyymper-

¢ (¢ A o
o ((.4) 0.3 e ¢ m,.‘}: o6
® '((4)
- 0.28 Sy -

0.3

0.26 0.5
0.25 0.24 0.5 e N e
S 02 r S04 i i) 0.4
= 0.2 w P
0.15 0.35
1 0.18
0.2 0.3
0.1 0.16
0.25
0.6 ik 0.8 2
vy 0.12 / b
S 0.5 .5
X A i -y 01 0.15
0.2 ¢ A=G 02

Figure 16. TrilV velocity for Figure 17. TrapV velocity for
trutheynction at ¢ = 3 trutheynction at ¢ = 3
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From Figure 18 and 19 illustrates that the neutrosophic velocity profile focusing on the
indeterminacy. We see that f'({,B) is strictly decreasing and f'(¢, B) is strictly increasing for all B €
[0,1], (¢, B) < (¢, B) in both TriNumper and TrapNpyumper-

¢ 1GB) 0.18
e 7(¢.B)

0.05

:{_/' 0.08
08
0.6 A\\\ . ! 0.06
A4 N — 05
0_2\(;/ B — cut
Figure 18. TriN' velocity for Figure 19. TrapN velocity for
indeterministiceynction at { = 3 indeterministiceynction at { = 3

From Figure 20 and 21 displays f'(¢,T) associated with the falsity. It shows that f'({,T) is strictly
decreasing and f’(¢, ) is strictly increasing for all T € [0,1], f'({,T) < (¢, T) in both TriN;mper and
TTapNyumper- Hence by Definition 2.9, the solution of (3.6), f'({,4,B,T) is a strong neutrosophic

solution.

0.25

01
0.08

Figure 20. Tri)V" velocity for Figure 21. TrapV" velocity for
falSityfunction at¢ =3 falSityfunction at¢ =3
5.2 Profile graph of Falkner-Skan Equation via HPM

The velocity profile of 1 is displayed in Figure 22. The velocity profiles steepen near the wall,

indicating that the flow accelerates more rapidly with higher 1 values. This behavior is attributed to
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the enhanced favorable pressure gradient associated with larger 1 values, which effectively

accelerates the fluid particles adjacent to the surface.

1.2 T T T . .
— A=-0.15
N
1 —— =015 |- A
— =05
0.8 1
Zo6t .
=
0.4 al
0.2 al
l] i i i i i
0 0.5 1 1.5 2 25 3

Figure 22. Behavior of f'({) against A

5.2.1  Neutrosophic Analysis using HPM

Case 1: No slip condition as M,,mper
The no slip conditions are taken as T7iN,,mper and TrapNpymper- From Figure 23 and 24, we see that
£'(¢,A) is increasing and f'({, A) is decreasing for all A € [0,1], f'({,A) < f'(¢,A) in both T7iNyyumper

and TrapNy,y mper-
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0.55

0.45

["(0)

015
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Figure 23. TriV" velocity for f(0) at ¢ =3 Figure 24. Trap velocity for f(0) at { =3
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From Figure 25 and 26, we see that f’ (( , §) is decreasing and F(( , §) is increasing for all Be[01],
f' (( , ﬁ) < F(( , ﬁ) in both TriNumper and TrapNyymper Which implies that neutrosophic solution

exist.
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0.1 ¢ 0 '
Figure 25. TrilV velocity for f(0) at { = 3 Figure 26. Trap velocity for f(0) at { =3

From Figure 27 and 28, it shows that f'({,T) is decreasing and f’({, T') is increasing for all T € [0,1],
f' ((' , f) < F(( , f) in both TriNpymper and TrapNpymper- Hence by Definition 2.9, the solution of (3.6),

f'(¢, A, B,T) is a strong neutrosophic solution.
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Figure 27. TrilV" velocity for f(0) at { = 3 Figure 28. TrapV" velocity for f(0) at { =

From Figure 29 and 30, we see that f'({,A) is increasing and F(( ,A) is decreasing for all A € [0,1],
f'(¢,A) < F(( ,A) inboth TriN;mper and TrapNpymper-
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Figure 29. TrilV velocity for f'(0) at { = 3 Figure 30. TrapV" velocity for f'(0) at { = 3

From Figure 31 and 32, we see that f’ (( , §) is decreasing and F(( , §) is increasing for all Be[01],
£(¢,B) <f'(¢,B) in both TriNmper and TrapNpymper which implies that neutrosophic solution

exist.
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Figure 31. TrilV velocity for f'(0) at{ = 3 Figure 32. TrapV velocity for f(0) at { =3

From Figure 33 and 34, it shows that f'(¢,T) is decreasing and F(( ,[) is increasing for all T € [0,1],
f’ ((' , f) < F(( , f) in both TriNpymper and TrapNpymper- Hence by Definition 2.9, the solution of (3.6),

f'(¢, A, B,T) is a strong neutrosophic solution.
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Figure 33. TriV" velocity for f(0) at { = 3 Figure 34. TrapV velocity for f(0) at{ = 3

Case 2: Wedge angle parameter 4 as N ,mber

Figure 35 and 36 demonstrates f'({, A) derived from the truth aspect of the N, mper- The analysis
reveals that both TriN,mper and TrapNpymper, ' (( , K) is strictly increasing and F({ , K) is strictly
decreasing for all A€ [0,1], f_’((, K) < F({, K).
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Figure 35. f'(¢, A) at { = 3 using TriNyumper Figure 36. f'(¢,A) at { = 3 using TrapNpumper

From Figure 37 and 38 showcases the neutrosophic velocity profile corresponding to the
indeterminacy aspect. In both Tri N, mper and TrapNyymper We see that £’ (C , §) is strictly decreasing
and f’(¢, B) is strictly increasing for all B € [0,1], f'(¢, B) < f'(¢, B).
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Figure 37. f'({,B) at { = 3 using TriNyumper
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Figure 38. f'(¢,B) at { = 3 using TrapNyumper

From Figure 39 and 40 presents the neutrosophic velocity profile related to the falsity aspect. Similar

to the observations made for indeterminacy, the Tri N, mper and TrapNyymper reveals that £’ ({ , f‘) is
strictly decreasing and f'(¢,T) is strictly increasing for all T € [0,1], f'(¢, ) < f'({,T). Hence by
Definition 2.9, the solution of (3.6), f'({, 4, B, ) is a strong neutrosophic solution.
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Figure 39. f'(¢,T) at { = 3 using TriNyumper

5.3 Comparison of Shooting method and HPM
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Figure 40. f'({,T) at ¢ = 3 using TrapNyumper

We computed the absolute error between the values obtained from the Shooting method and the

HPM for the TriN,ymper and TrapNpymper- The absolute errors were computed separately for each

(AB, f)cut. These errors were then visualized in a 3D plot, with the x-axis represents the cuts 4, B, [,

the y-axis corresponds to the uncertainty parameter 4, and the z-axis represents the absolute error.

The analysis demonstrates that the choice between TriNpymperand TrapNpymper impacts the
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resulting velocity profiles significantly. Based on the results, TriN,ymper and TrapNyymper exhibits

lower errors at higher cuts.
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The results, as shown in Table 4, indicate that the TrapN,ymper €xhibits higher truth mean values for
both shooting method and HPM. However, the TriN, mperconsistently shows lower mean
indeterminacy and falsity values. TTiN,,mper gives a better performance in minimizing uncertainty
and falsity. The Shooting Method slightly outperforms HPM in achieving a higher truth value for
both types of Npymper- The Shooting Method shows slightly lower indeterminacy for both types,
indicates better performance in minimizing uncertainty. The Shooting Method again results in

slightly lower falsity values, it is more effective in minimizing errors.

Table 4. Comparison of Mean Values of Neutrosophic Velocity

Shooting Method HPM
_ TriN number TrapN number TriN number TrapJV‘ number
Ayt 0.203434 0.368977 0.205443 0.365649
Beut 0.087186 0.110693 0.088047 0.109695
T | 0.14531 0.184488 0.146745 0.182824

6. Conclusion

This study focused on neutrosophic analysis of Falkner-Skan boundary layer equation over wedge.
The impact of wedge angle parameter 4 on velocity profile has been studied by employing shooting
method and HPM, the NDEs are solved numerically. The wedge parameter A and no slip conditions
are considered as TTiNpymper and TrapNyymper with the help of (K, B, f)cut which control uncertainty.
The key outcomes of this study are as follows:

> The velocity profile curve f’({) upsurge for 1 in both shooting method and HPM.
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» The Shooting Method is considered superior for solving the Falkner-Skan equation under

uncertainty with 1.

> Mean values of TrilNyymper and TTilNyymper are compared, which show triangular
membership function performs better than trapezoidal membership function in reducing
uncertainty.

» For both TriNyymper and TTiNpymper, the error was found to vary significantly across
different cuts.

» The neutrosophic concept has been applied to Falkner-Skan equation whose solution follows
the conditions of strong neutrosophic solution in both methods.
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