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Abstract

This study examines the dynamics of fluid flow and heat transfer under
impulsive and accelerated motion conditions in non-steady free convective
flow systems. It aims to derive and analyze velocity and temperature profiles
under the influence of key physical parameters, including the suction/injection
parameter, Grashof number, and Prandtl number. A hybrid analytical—
numerical method was employed, integrating ILaplace transform-based
analytical procedures with numerical evaluation techniques. Two cases of non-
steady free convective flow, namely impulsive motion and accelerated motion,
were considered. Talbot’s method for the inverse Laplace transform was
applied in the accelerated motion case to further evaluate the temperature and
velocity profiles. The findings show that the suction/injection parameter,
Grashof number, and Prandtl number substantially influence both the velocity
field and thermal field, thereby shaping the behavior of fluid flow and heat
transfer under non-steady convective conditions. This study concludes that the
hybrid analytical-numerical approach provides an effective framework for
examining transient convective flow problems involving impulsive and
accelerated motions. The findings contribute to the literature on fluid
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mechanics and heat transfer by offering analytical and computational insights

relevant to engineering and thermal science applications.

Keywords: Fluid Flow; Free Convective Flow; Heat Transfer; Laplace
Transform; Talbot’s Method

Introduction

The study of fluid flow and heat transfer is crucial in many engineering and
scientific applications, including energy systems, environmental modelling, and industrial
processes. Understanding such fluid behaviour of these systems is essential for optimizing
performance and ensuring stability. Hydromagnetic (magnetohydrodynamic) free flows
have attracted sustained attention due to wide-ranging applications in those fields
mentioned, particularly, cooling of nuclear reactions, mhd power generation, geothermal
reservoirs, polymer processing, and microfluidic devices. The interaction between
electromagnetic effects and thermal buoyancy forces significantly alters transport
phenomena, particularly in boundary-layer flows subjected to external forces such as

suction and injection.

Recent studies place emphasis on transient and non-stready flow regimes, where
impulsive and accelerated motions better represent real industrial processes compared to
steady-state assumptions. Despite the availability of classical boundary layer theories (e.g.
Schlichting-type formulations), modern applications demand more refined models
incorporating time-dependent behaviour, electromagnetic interactions and coupled thermal

fields.

Traditional analytical methods have been effective in solving linear models;
however, real-world systems often exhibit nonlinearities that require advanced techniques.
A number of studies have analysed MHD free convection flows with suction/injection
effects; however, most existing works exhibit at least some limitations such as sole reliance
on numerical or analytic approaches which in turn limiting interpretability or generality; or
focus on steady or quasiy-steady flows and this usually results in neglecting impulsive and
accelerated boundary conditions; and or due to limit exploration of inverse Laplace
transform technique that efficiently compute the inversion scheme. Furthermore, existence

of few applications of valid analytical-numerical hybrid methods to have sufficient
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comparative analysis of sensitive parameters such as Grashof, Prandtl, suction/injection are
limited.

This article focuses on analyzing MHD fluid flow problem and heat transfer
equations. Although Laplace transform techniques are powerful for such problems, their
practical implementation is often constrained by difficulty of inversion. We utilize Laplace
transform techniques alongside analytical methods to solve these equations and provide a
comprehensive comparison of results. The research considers the effects of key parameters

such as the suction/injection parameter, Prandtl number, and Grashof number.

It is apparent that there is need for hybrid approach, numerical-analytical
techniques that are capable of handling non-steady MHD free convection flows under the
impulsive and accelerated motions; incorporating suction/injection boundary effects; and
efficiently computing solutions via numerically stable but robust inverse Laplace technique.
In the context of transiet heat transfer, Laplace transform technique remain relevant, as
highlighted in several studies, however, faced major challenge lying in the inversion of
Laplace-domain solution. Classical approaches are opten computationally unstable or

expensive.

Our study addresses these shortcomings by developing and analysing a coupled
velocity-temperature system using Laplace transform techniques complemented by Talbot’s
inversion method, thereby providing both analytical insght and computational robustness.
The numerical inversion technique we are implementing was first studied in Abate and
Valko (2004) and Weideman (2006). Despite their integration into MHD free convection
studies remains limited. Furthermore, suction and injection effects, i.e. the critical in
boundary control, have been deeply studied in Gorla and Sidawi (2020), but modern
studies rarely combine these effects, the time-dependent impulsive and accelerated

boundary conditions.

The dynamics of fluid flow have been widely studied over the years. Classical works
by Schlichting (1979) provide a foundation for understanding boundary layer theory.
Recent studies have expanded into nonlinear systems, as seen in the work by White (20006),
which discusses viscous fluid flow. More recent advances in MHD free convection flows
have focused on improving the modelling of coupled thermal-fluid systems under realistic

physical considitions.
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Studies as reported in articles mostly of International Journal of Heat and Mass
transfer and Physics of Fluids and the likes show significant process in the analysis of
MHD boundary-layer flows with thermal radiation and viscous dissipation. To mention
few, Alkanhal et al. (2019), Abbas et al. (2019) and Ahmed et al. (2019) extensively
investigated the MHD nonfluid flows under various physics conditions, demonstrating the
importance of magnetic parameters on velocity suppression and heat transfer
enhancement. Similarly, T. Hayat et. al. (2019) contributed significantly to nonlinear MHD
flows analysis with suction/blowing effects, often employing homotopy analysis
perturbation techniques. While these studies provide valuable analytical approximations,
they prefequently focus on steady or weakly unsteady flows, limiting applicability to rapidly

changing systems.

More recent works by Dharmaiah et. al. (2018); Khan et. al. (2020); Waqas et. al.
(2021) have incorporated porous media, chemical reactions, and nanofluids, but often rely
heavily on numerical solvers such as finite difference or shooting schemes, with limited
validation. Effects of MHD fluid flow parameters are studied in higher dimension and
other geometric shapes are studied in Aziz et al. (2021) and Nadeem et al. (2023).
Additional studies related to the geometry of the MHD fluid flow at nano levels are found

in the following Dogonchi et al. (2019), Ibrahim and Makinde (2015), Tlili et al. (2021).

The Prandtl number and its influence on heat transfer have been explored by Kays
and Crawford (1993). Meanwhile, the role of the Grashof number in buoyancy-driven
flows is detailed in the studies by Gebhart (1962) and Ostrach (1988). Effect of Grashof
number and other related fulid parameter for flow in building environment is studied in

Auwal et. al. (20106).

Analytical methods like oscillatory forms and Laplace transform in fluid mechanics
have gained attention in recent years, for instance see the work of Jah et. al. (2018) and that
of Padmavathi (2023) and Ndolene (2022). The application of these techniques for solving
transient heat transfer problems is discussed by "Ozisik (1993). Nonlinear models involving
suction and injection effects have been examined by Gorla and Sidawi (1994), highlighting

the complexity introduced by these parameters.

Studies on the interaction between velocity and temperature profiles are presented

in the work of Bejan (2013). Other significant contributions include analytical and
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numerical solutions for nonlinear equations by Amanifard et al. (2007) and Shanker et al.

(2007).

In a nutshell, the work aims to develop a robust hybrid technique for analysing
hydromagnetic free convection flow with suction/injecton under impulsive and
accelerated motion conditions. This is intended to be achieved via: the formulation of
governing equations for transient MHD free convection flow with suction/injection
effects; obtain analytical solutions for velocity and temperature profiles via ILaplace
transform tecniques; implement Talbot’s method for efficient numerical inversion; analyse
the effects of the key fluid related parameters on the flow behaviour; compare and draw

physical implications of the impulsive and accelerated motion cases.

Mathematical Formulation. We are particularly interested in the equations of the form:

ol 0%t o = OB} . 10p
Ezva—w+v08—y+gﬁ(T—Tw)—To(u—uoyum)—;a—y (1.7)
oT _ x [o°T , 0P or
F pep Loy? 637] % 9y (7.2)
oD - -~

where @, T, p are, respectively, the velocity, temperature and pressure profiles of the
fluid flow. The system presents an unsteady two dimensional flow problem for an
incompressible fluid through an infinite non-conductive porous medium (vertical). The
system is assumed to have a uniform magnetic field B, being applied in the perpendicular
direction ( ¥-axis) on the plate while X-axis being the vertical direction. We further assume
negligible induced magnetic field and therefore, consequent to the very small Reynolds
number. We also assume that the initial velocity of the fluid is zero (as it is at rest) with a

temperature T,,.

Along the X- direction, the porous plate undergoes an accelerated motion with
velocity — u,t™y where © is the associated temporal variable, u,is reference

velocity/acceleration constant and

0, fixed magnetic B, relative to the fluid

Y=Y f () = {f(t)’ (1.4)

fixed magnetic By relative to the moving porous plate.
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o .
(flow direction)

it = —ugt™ z

(8) «— 1y = Y
(suction/injection)
gﬂ 7 g

(gravity force)
6‘]:/(3‘-1} =q/k

y=0 y — o0

F1GURE 1. The schematic diagram of the convective flow problem.

for an arbitrary well-defined function f(t) for all t. In the scenario where heat is

supplied to the plate at constant rate, we take the convective and pressure gradients
op . . . o
p / gy terms in the momentum equation non negligible. The pressure gradient is assumed

to be linear in both flow-variables p and T as —k,p — k,T. The coefficients k; represents

the pressure growth rate coefficient due to fluid resistance while k, is a thermal coupling
coefficient effect in a porous media. These coefficients can be defined as in Jah et. al.

(2018):

1 1

q ym m+1 ug m+1

—_— - == 1.
i) () )

We impose boundary layer approximations on the flow-variable so that the system
depends only on the (£, ¥) variables. The explicit solutions of the equation depend on the
choice of m with corresponds to impulsive motion when m = 0 and accelerated motion

whenm = 1.

Substituting the equation (1.3) into the (1.2) and (1.1), the system narrows down to

a set of two equations:

on afa+ o (F-7) aBg(~ -
af _vayg van gﬁ © ) u Uy Y
7 _ _
3 (kD + k(T = T..)], (7.6)
o X [T p— kT =T) |+, 2L (1.7)
9t pcylay? P T =) | TV '
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Now, the set of equations (1.6) and (1.7) are provided with the following set of

conditions
t<o: =0, T=T,, §=>0 (1.8)
il = —u,t™y, a'T‘/~_Q/ , aty =
>0 {__ 9y~ Tk | (1.9)

To derive the dimensionless form of the equation we introduce dimensionless

quantities, U, T, p such that, as similarly found in Jah et. al (2018):

1
= (Vu0_2)2m+1 t, y= (Vm+7u0_7)2m+1 Y,
S v 1 1.10
T=T,+ q—T, i = (uyy™)zm+iu. (7.10)
ku,

Note that, in this case, the characteristic length u0 and characteristic velocity are

normalized, thus

gpbq
GT~ T

These transformations (1.10) modify the conditions (1.8) to the following:

t<0: u=0o, T =0, y =0, (1.11)
— oT — —
i u=-—1, /ay_7’ aty =0
t>0: 3 (1.12)
U/ay—>0‘ T =0, asy — o

The nderlying equations are to be analysed subject to these conditions.

Methods

The methodology involves solving the nonlinear equations for velocity and
temperature using Laplace transform and analytical methods. The governing equations,
derived from conservation laws, are normalized to dimensionless forms for ease of analysis.
The impulsive motion case is considered, and boundary conditions are applied to solve the
equations. Laplace transform techniques are used to convert the time-dependent partial

differential equations into ordinary differential equations. The inverse Laplace transform is
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then applied to obtain the time-domain solutions. Analytical solutions are derived for

comparison, and MATLAB is employed for numerical implementation and plotting.
Analysis: Impulsive & Accelrated Motions

In both cases of Impulsive and accelerated motions using (1.10), the set of

equations are:

1

u; \m+'aT
yl-m ot
7 7

B u; WaZqu u? m6u+ qv[ +k2]
—V\prm ay2 T\ dy  ku, 9k p

oB; 1
= = Q™ =yt

1 1
+ ;k 1(pov™)7m+7 p; (4.7)
1
q( v’™ \zm+ 9T
k <u£m_7> at
1
k |q 7\t 9°T i k,qv
= - —k m — T
1
q [ v™\zn+1 OT
+vo—\| == -—. 4.2
i) 2
These equations (4.1)-(4.2) are then reduce to
ou d°’u  du .
E=6—W+S@+(Gr+az)T—ﬂ(u_Vt ) + ap; (4.3)
oT 1 [0°T Tl N Vo aT 44
—=—|z=-pr- —. .
dat Pr 6)12 (uovm)ﬁ ay
where the following fluid related constants are introduced:
] 5 1
+m m
SZ%' p= (pOVm)m' G, z%-(#)z +7' P, :%'
0 0
) 1 . ; (4.5
_ B 2y _ g (2 kog (224N
== (vuy=)zm+i, a; = pk7 (uf,) ) 2% ok (ugm+4)
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In the impulsive case, when m = 0, the normalized equation reads

ou 0°u ou

E = a—yz +s ay + (Gr + aZ)T - y(u - Y) + ap; (46)
or _ 1 [0°T 7. 2T 47
5t = 7 |3y p Say' (4.7)

In the accelerated case, where m = 7, the equations reads

ou d’u  Ou
Eza_yfl_s@-l_ (G, + a))T — u(u — yt) + a,p; (4.8)
aTr 1 0°T rls oT L9
at P layz P 505y (#9)
for a scaled parameter S) = —
(uov)’
Analytic Approach

In this section, we consider analytical solutions of the systems via the use of

oscillatory approach and Laplace transform for comparison purpose.

Impulsive case: Oscillatory Form. Here, we consider the set of equations (4.6)

and (4.7). Apply the oscillatory form:
u=u,e, T=T,»e™, P=2",  y@®O=re*; (61
Substituting into the momentum and energy equations and simplify, one gets
u, + suy — (iw + wuy = —=[(G, + a,)Ty + a,A + uy,); (5.2)
T, + sP.T,— (1 + iwP)T, = A. (5.3)

Solving for Ty() yields the solution for u, as the equation (5.2) depends on both

U, and T). Since the homogeneous form of the equation (5.3) has solution:

—SP. +/s’P? + 4(1 + iwP,
To(h)(y) =(C_e’"-+ (e, Ty = Pty r2 ( r). (5.4)

Now, taking ¢_ = e”"~ and ¢, = e”"*, we construct the particular solution of

the equation (5.3) via the variation of parameter formula:

Do [ e [ AP
To (y) - ¢+.fW((I)_,(I)+)dy ¢_JW(¢_'¢+)dy
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where the Wronskian W ((I)_ (|)+) is defined as:

b b,
o b,

eyr— eyr+

=(r.—1)eT-*m) £ g, T #1,.

w(e_o,)=

r_e’- r.e’+

Substituting this into the variation of parameter formula, we get

T® (y) = A [eyr+ f e V+dy — eV~ f e V- dy] = L
0 Wy —12) LT

A

=~ GTR (5.5)

where .7~ = (7 + iwP,). Hence, the general solution for (5.3) is

A

(h) » T_ T
T,(y) =T, T =C_e’ +Cper — —
@) =T, @)+ T,” () e’ + Ce G+ wp)

(5.6)
To fully solve for T,(y) we use boundary conditions for T,(y):
T,=0, aty =0, Ty(y)=1, aty =0, and lim T,(y) = 0.

y—)

By the last and first conditions (respectively), one gets

whose solution yields

Ary Ar

C-=- (7+iwB)(r-—1)’ Cr = (7+iwP)(r- —1)

This yields,

1) = [ e o] -
(7 +iwP,) (r.—mn) (r-—1)

Thus, temperature profile T'(t,y) is

T+ yro 4= eyr+] elwt, (5.8)

A
T(t,y) = U +ioP) [_7 AT (- —1)

Using the Ty(y) in (5.7) above, we solve (4.1) for u,(y) via the variation of

parameter with ¢,(y) = e and ¢,(y) = e™ where
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_Si\/m’ W(p, ¢,) = (r, — r,)e(r1+rg)y, rET,

2

T12=
wE get

eV (=[(Gr + a)Ty + a;A + uy,l)
— 7y Ty 5y
uo()/) D,e™” + D,e™ + e™2 J (TZ _ 7,.7)3(7’7+r2)y dy
_ oty e (=[(Gy + a,)T) + a;A + py,l)
(r2 — r7)e(r7+r2)3’

dy

This equation is further written as

(a4 + pyy) e_rzyl

2

erZy
uy(y) = D,e"” + D™ — — [(Gr +ay) f e " Ty(y)dy —
(r;—1)

(a;A + pyy) o

Ty

e 1y 1y
+ml(6r +az)f€ Y T,(y)dy — ! l (5.9)

This remains to simplify [ e~ Ty(y)dy and [ e~ T,(y)dy respectively, given
that Ty(y) is as defined in equation (5.7).

Ae Y 1 1 ( e’’-r, ey )
< |

[ nn =il -

Ae Y 1 1 ( e’ r, e’+r )]

fe‘rfy Ty(y)dy = (I +iwP)lr, o—r)\Gi—1) @ —1)

We therefore write, the solution as

uy(y) = D;e™ + D,e™
AG, + a)) 1 1 e’’-r, eYT+r
(r; — )7 + iwF,) [77 CE=ES) ((r_ 1) (ry— n))]
@« L+ 00 0)
GIEED P

AG, + a)) [7 1 ( e’’-r, eV )]
(r,—r)(U+iwP)lr, (-1 )\(—1) (ry—1)
n (a4 + pyy)
(ro—r)r,
Simplifying further, while taking into account that 1,7, = —(u + iw) and (1, —

7)° = s+ 4(u+iw) , we have

Volume 4, Issue 2, 2026 405
- — " |



Umar Muhammad Dauda & Mohammed Umar Mohammed

uy(y) = Dje™ + D,e™
MG, + ay) r,—1
(r,—r)(1+iwk)| 11,

(r; — 1) ( r.e’’- eXrr ) (a;A + uyo)
o =)\ =10 =1) (e —1) (s — 1) (1 —iw)
Now, by using the conditions that
u)(y) = —7aty = 0and lim u'(y) = 0.
y—0
By virtue of the first and second conditions, we get
D7+D2: _7+A7,
T7D7 + T'2D2 = A2.
where the terms A;and A, are defined by
A = AG, + a)) r,— 1y
T =)+ iwR) | T
+ (r;— 1) ( Ty _ T )l + (a/A + uyo)
(= )\ =)= = 1) (ry — 1)y — 1) (1 +iw)
A= AG, + ay) (r, —rpr.r ( 1 1 )
g (r—r)(+iwP) (m—1) \(o—-1)0e—1) (O —1)0y—1)/)

With these, the values of the coefficients D; and D, are:

(4 + Ny + A, D (4, —Nr, - A,

1= 2=
r =1 ’ r =

Thus, the temperature profile reads:

(A, + D+ Aze (A, —Dr; — A2€rzy

uy(y) = - =1, "+ —
A(G, + a5) r,— 1,
(r,—r)(7 +iwP) | 77,
(r;—17) r.e’’- r_eX™ (a1 + pyy)
T (or s I ot T rz))l T )
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Accelerated Motion Case. Here, we consider the set of equations (4.8) and (4.9). We intend
to apply Laplace transform method to solve the equation as follows. Let the Laplace

transform of a function f(t) be defined as:

LY = f(©) = j F(be-"tdt.
0

for a Laplace parameter z € C.

In this setting, we take the pressure p(t,y) to follow the law p = p, + aT fora
reference pressure py and @ = pR with p being the fluid density and gas constant R,
where P(z,y) = p"/ 2z +aT stands for the Laplace transform of p(t,y) and T =
T(z,y) is Laplace trasform of T(t, y).

Upon applying the Laplace transform to both equations and utilizing the linearity
property the velocity equation in Laplace domain transform to

d’U  dU - uy
zZU(y,z) —u(,0) == +s——+ (G, + a)T(z,y) —uU(z,y) + 5+ a,P(z,y)
dy dy z
Using the initial condition u(y,0) = 0
2

d-u du N uy
zU(y,z) = a7 + s@ + (G + a,)T(z,y) —ul(z,y) + 27 a,Ps(z,y)

This is equivalently written as

" 1 A~ a
U +sU —(z+u)U=—(Gr+a2+a7a)T—l;—]2/— 7Zp0 (5.17)
The transformed temperature equation is:
. 1 [d°T . aT(z,y)
zT(z,y) = T(0,y) = P |2y~ P(z,y) —T(z,y)|+ gy

with T(z,y) being the Laplace transform of T(t,y). Using the T(0,y) = 0, this

equation is further simplified t, after suppressing the arguments,

Po

T"+s,PT —[(a+ 1)+ zP]T

This equation has a solution of the form:

Do
zla + 1+ zP.]

T(z,y) = E;e™ + E,e™ — (5.12)
y
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—syP. £ \[s2P? + 4[a + 1 + B.Z]
2 )

Where T3‘4 =

for E;,E,to be determined. Using the boundary conditions in the Laplace domain:

A~

U(z0) = 1 aT | _ 1
Zr - Z’ dy y:O - Z’
aT .
E ly—o — 0, T(z,y — 0) — 0.
One gets:
£ = 1 sp,+z(a+1+PB)r, 1 sp,t+z(a+ 1+ B)r;
" sz z(a+1+2zP)(r5—1) ‘T sz z(a+ 1+ 2zP)(r;—71,)
and the complete solution reads
T(zy) = _i. spo +z(a+ 14+ P)ry .y i spo +z(a+ 1+ P)r; T
sz z(a+ 1+ zB.)(r; —1,) sz z(a+ 1+ zB.)(r; —1,)

_ Po
zla + 71+ zP.]

(5.13)

The inverse Laplace transform of this equation yields:

o]

T(t,y) =f T(z,y)e?tdy (5.14)
0

to be computed numerically. With the expression for the T obtained, the velocity

equation (5.11) has solution, in the Laplace domain,
U(z,y) = Fie™ + F,e™

G(Z, y, S) d _ e-r)_y J ergy G(Z,y, S) dy = F7€7'5y

+ eréy j er5y— _—
W(e™Y,e"s) W(e™Y,e"s)

+ F,e™”
rse (rs=19)y _ rge—(rs—ra)y

 22rry(rs — 1) (a + 1+ zP)

[_(aipoz + uyo)riPrz

Gy +a,a+ay)z
s(r; — 1)

— (r/P.z7 + (a+1)ryz + spy)e™ — spy(r; — 1,))

((rsryPoz? + (a + Drsz + spy)e™

— (a/pyz + uy,)(a + 7)1, (.15)
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where,

—s —/s?+4(z+p) —s+./s?+4(z+p)
rj' = ) r6 = )
2 2
F;,F, are constants to be determined using the boundary conditions while
W(e™,e™) = (r; —1,)e™*Y and G(z,y,s) is the right-hand-side of the equation
(5.11). Then, in the physical space, the u(t,y) is the inverse Laplace transform of U(z,y),

where z is the Laplace transform variable:

u(t,y) = fooo e?'U(z,y)dz.

The inverse Laplace transform of U(z,y) and T (zy) is computed numerically using
MATLAB. We specifically apply Talbot Contour Method (TCM) for the evaluation of the
integral inverse transform. Talbot’s method provides an efficient way to approximate the
inverse Laplace transform by contour integration. This document presents an
implementation of Talbot’s method for solving a physical system modeled by partial

differential equations.

Given a Laplace-transformed function f (s), the inverse Laplace transform is given by:
7 o+io
fO=5 | et
21l ) 5 _ioo
where 0 is a finite real number. Talbot’s method approximates this integral using a
contour transformation:

1 1
2= @ @ ek

The numerical integration is performed using the trapezoidal rule and to ensure

numerical stability, we impose the following conditions that
* The Prandtl number P. = 0.2 to avoid small denominators.
* The suction parameter S = (.2 to prevent singular roots.
* The time domain t¢ > 0.7 to avoid singularities at t = 0.
* The Talbot contour avoids 8 = 0and 8 = /2 to prevent division by zero.

* If solutions for F; and F, are undefined, the system parameters need adjustment.
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Results
The velocity and temperature profiles were computed for various values of the
suction/injection parameter §, Prandtl number P,., and Grashof number G,..

Impulsive case. In this case, the results show that:

* An increase in S leads to a a more stable velocity boundary layer and higher

temperature gradients near the surface.

* Higher P, results in a reduced thermal boundary layer thickness, indicating better

heat transfer rates.

* An increase in G, enhances buoyancy-driven flow, leading to steeper velocity

profiles.

Figures 2 and 3 illustrate the effects of these parameters on the profiles.

74

Velocity Profile () vs s (sunction finjection) Velocity Profile u{t*, y) vs s (sunction/injection)
T T T

T T T T T T

—s=41
s=02

180 5=05
s=075

Err

F1GURE 2. velocity profiles for different values of s at t = 0 and ¢ = 0.25 respectively
for fixed values of G,., P,.
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Temperature Profile T(y. ) ve s (sunction finjection) Temperature Profile T{y, 1) vs & (sunctionfimjection)
T T T T ——=0 L] T T T T
15 —=2 —=01
¢=15 1ar ——s=02
10F —_— g0
1wk —s=0m| {

F1cure 3. Temperature profiles for different values of s at t = 0 and ¢ = 0.25 respec-
tively for fixed values of G.., P,.

Now, we observe the effect of Prandtl number P,.

Velocity Profile u(t",y) vs Py (Prandt] mumber) Velocity Profile u(t", y) vs Py (Prandt] number)
NF T T T T T T T T T T T
—Pr=03 —Pr=03
ok —m=05| (| wr ——Pr=05 |]]
1 ——Pr=0§ ——=Pr=0§
=—Pr=071 —PFr=0N

FIGURE 4. Velocity profiles for different values of P, at t =0 and t = 0.25 respectively
for fixed values of s, G,..
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Temperature Profile T(f*, y) v F, (Prandtl manber)

—pr=03

——Pr=05
Pr=08
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FIGURE 5.Temperature profiles for different values of P, at t = 0 and ¢ = 0.25 respectively
for fixed values of s,G,..

Now, the effect of Grashof number Gr on the velocity and temperature profiles.
It is observed for negative values of s, indicating injection, there is rapid change in the
temperature profile which led to significant variation. This indicate that when
incompressible fluid is injected into the system, this could lead to the significant rise in the

temperature of the system.

Velocity Profile uff, y) vs G, (Grashof munber) . o 10f number)
&0 T T T T T T T T T T T T
— =05 8 ——Gr=05
L — =07 I —r=07 |

2 Gr=1 n Gr=1
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al
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] —_— 4
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FIGURE 6. Velocity profiles for different values of G, at t = 0 and t = 0.25 respectively
for fixed values of s, P,.
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Temperature Profile T{t", y) vs G, (Grashof mumber)

Temperature Profile T(t*, y) vs G, (Grashof number)
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FIGURE 7. Temperature profiles for different values of G, at t = 0 and ¢t = 0.25 respec-

tively for fixed values of s, P,.
Accelerated case. Firstly, we study the effect of suction parameter, just as shown
in the figure 8. One observes significant variation in both temperature and velocity profiles.

Next, with the same fixed parameters, we vary the Grashof number Gr.

w10 Temperature Profile T Velocity Profile
10 T T T T T T T T T 16 T T T T T T T T T
—s5=025
9r "r =05
=1
BF 2r
T 0r
6 8
~ §F = 6
4r 4F
ar 2 }
2r 0
l ‘ N
ok . 4 i | L 1 i L . . L
0 05 1 15 2 0 05 1 15 2 3 035 4 45 5
¥

F1GUuRE 8. Temperature and Velocity profiles for s at + = 1 and for fixed values of
Gr=05P. =020, =02,00 =05,a=1,7% =1,0 = 0.5 = p,po = 1,59 = 1 with
varying suction parameter s = (.25, 0.5, 1.
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«10* Temperature Profile <100 Velocity Profile
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FIGURE 9. Temperature and Velocity profiles for G,. at t = 1 and for fixed values of

s =025PFP. =020y =0.75,a, =1,a=1,v =1,p0 = 0.5 = pt,py = 1,55 = 1 with
varying Grashof number s = 0.5,0.75, 1.

Using the same fixed parameters, we vary the Prandtl number P,.. The figures in 10

show we lost track of the effects of the Prandtl numbers 0.2 and 0.5. This could be due to

the numerical errors that if analytical method is employed can be avoided. Similar

observation and conclusions can be made on Figure 9.

w10 Temperature Profile 1 Velocity Profile
05 T T T T T T T T 16 T T T T T T T T T
——FPr=02
"r ——pr=05 |]
0 Pr=071
12r 1
—Pr=02
450 ——pr=05 b or |
Pr=071 al |
|
B oda \ o BF A
|
\ A I_
A5F
2f 1
1
2 o —. I
~ |
2F N
25 . . L . . . . . 4 . . ) . . ) . .
1 05 1 15 2 25 kl i3 4 45 o 05 1 15 2 25 3 kL] 4 45 E

F1GURE 10. Temperature and Velocity profiles for P, at ¢t = 1 and for fixed values of
Gr=05,8=025,01 =02,as =05, a0 =1,9=1,p0 = 0.5 = pt,pp = 1,50 = 1 with
varying Prandt]l number P, = 0.2,0.5,0.71.

Discussion

The results reveal that increase in the Grashof number G, enhances buoyancy

forces, leading to a significant increase in velocity profiles, consistent with finding as found

)
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in Alkanhal et. al. (2018). However, compared to previous studies, particularly of Jah et al.
(2018), the present work shows more pronounced transient response under impulsive

motion, highlighting the importance of time-dependent modelling.

The Prandtl number P, is observed to inversely affect thermal boundary layer
thickness. This aligns with the classical heat transfer theory but also demonstrates sharper
gradients under accelerated motion conditions, which are often overlooked in steady-state

analyses. This is evident from the Figures Fig. 6 and Fig. 7.

The inclusion of suction/injection reveals stabilizing and destabilizing effects
depending on parameter magnitude. Unlike earlier works of Gorla and Sidawi (2020), this
study shows that suction significantly reduces thermal boundary thickness in transient

regimes. This is based on the results shown in Figure 2 and 3.

Finally, the key advancement obtained lies in the application of Talbot’s Method,
which provides an improved stability compared to the traditional inversion methods, faster
convergence in evaluating temperature and velocity fields, reduced computational error.
Our contributions extends MHD free convection theory to fully transient regimes and
validates the Talbot inversion as a reliable computational tool in fluid mechanics. This
shows practical applicability to cooling systems, boundary-layer control, and energy sytems.
The MATLAB implementation ensures the reproducibility for parameter validation against

results.

Conclusion

This study provides a detailed analysis of incompressible fluid flow and heat
transfer using Laplace transform and analytical techniques. The effects of suction/injection
parameter, Prandtl number, and Grashof number on velocity and temperature profiles
were systematically examined. The Talbot’s method appeared to provide a reliable way to
compute inverse Laplace transforms numerically as analytical approach is not easily
available. The method implementation ensures numerical stability by modifying the
contour integration and parameter selection. MATLAB codes is generated and tested with
various values of P, G,, and S to guarantee robustness. The results demonstrate that
Laplace transform methods are effective in solving similar fluid flow systems and offer

insights into parameter-dependent behaviours.
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Future work could extend this analysis to higher, say 3, dimensional flows or

incorporate more complex boundary conditions to simulate real-world scenarios.
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