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Abstract: The present study discusses the Cattaneo-Christov mass and heat fluxes in the stagnation point flow of Maxwell
nanoliquid. The stream is created due to the extending of a cylinder. Solutal and thermal convective conditions are imposed.
Heat and mass transportation characteristics are discussed by employing the Cattaneo-Christov fluxes theory. Brownian
motion, chemical reaction, and thermophoresis features are discussed. Energy relation comprises radiation and heat
generation. Governing nonlinear partial differential systems are altered into non-dimensional ordinary systems (ODEs) by
suitable transformation. The homotopic analysis technique (HAM) is employed to develop convergent solutions. Graphical
results illustrating the influence of various emerging parameters on concentration, liquid flow and thermal field. Here, it is
concluded that for higher material parameters, velocity decays. Higher estimation of thermal and solutal Biot numbers
increases both concentration and thermal field. An intensification in temperature is detected for thermal conductivity and
heat generation parameters.
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1: INTRODUCTION
There is a growing attention in studying the motion of non-Newtonian fluids in boundary layers because of their many
practical uses in manufacturing and industrial procedures. Some examples of these uses include drilling muds, polymer
plastics, optical fibres, hot-rolling paper manufacture, metal spinning, and chilling metal plates in cooling baths.
Researchers have previously put out a variety of non-Newtonian models, as no one model can account for all the
characteristics of non-Newtonian resources. Three main categories may be used to group these models: differential,
rate, and integral-type fluids. The liquid model being discussed is a specific form of rate-type fluid called a Maxwell
fluid. This model, based on fluid dynamics, predicts the effects of relaxation time. The behavior of differential-type
fluids does not allow for accurate prediction of such effects. The properties of a Maxwell fluid exhibit a viscous flow
over extended periods of time while simultaneously displaying additional elastic resistance to sudden deformations.
The phenomenon seen is stress relaxation, which is the gradual decrease in tension over time under persistent pressure.
It lacks creep, indicating that the deformation does not progressively grow over time under steady pressure. The
Maxwell liquid model is a basic representation of viscoelasticity that may effectively depict key characteristics of real
fluids, including stress reduction and elastic confrontation. Megahed [1] examined the heat transfer enhancement
process through a Maxwell liquid motion across an extending sheet. Olabode et al. [2] explored the effect of quadratic
convection on the Maxwell liquid motion via a permeable media utilizing the collocation technique. Kumar et al. [3]
considered behavior of CNTs based magnetic dipole movement in flow of Maxwell flow towards a moving surface.
With the thermal flux, Khan et al. [4] elucidated the Maxwell fluid motion across an inclined plate using the natural
convection computation. The significance of heat generation on the Maxell liquid stream via a sensor sheet was
delineated by Salahuddin et al. [5].
The thermal boundary layer refers to a narrow region around an object that characterizes the interactions between fluid
flow and thermal processes. The heat of the fluid rises inside the temperature boundary layer as it flows around a
heated object, leading to an upsurge in heat transport and a subsequent enhancement of transport spectacles by
reducing the viscosity of the fluid. Thermal radiation is crucial in several manufacturing processes that function at
high temperatures, such as gas turbines, nuclear reactors, and other propulsion systems. Furthermore, thermal radiation
is a crucial factor in the heat transportation properties of fluids that absorb and release heat, especially in situations
when heat transfer via convection is minimal, such as in free convection difficulties. Currently, the control of the
temperature in the human bloodstream using thermal radiation is crucial in numerous medical therapies for conditions
such as muscular spasms, myalgia, persistent widespread pain, and irreversible muscle shortening. Furthermore, it has
comparable significance in several biomedical engineering applications and various thermal therapeutic techniques.
Kumar et al. [6] studied the significance of radiation on the temperature dispersal of the concave fin under periodic
boundary circumstances. Kumar et al. [7] analyzed the heat transfer features of the nanofluid flow via a vertical surface
with radiation. The study showed by Yu et al. [8] absorbed on examining the optimal effects of fluid convection
influenced by carbon nanotubes and thermal radiation. The flow of Carreau fluid via a stretching sheet under the
influence of thermal radiation was elaborated by Lim et al. [9]. Albalawi et al. [10] probed the effect of thermal
radiation on the motion of nanofluid via a coaxial cylinder under nanoparticle aggregation.
Heat transport is a common phenomenon in nature due to thermal differences between things or inside the same body.
Fourier formulated an established rule of heat conduction that provides a means to inspect the analysis of heat
transport. Cattaneo improved Fourier's law of heat conduction by including the concept of relaxation time to address
inconsistencies in heat conduction. In light of this, Christov developed a time-derivative heat flux model known as the
Cattaneo-Christov (C-C) model, which is highly helpful for the study of convective heat transfer. Using this
perspective, many scholars have used the C-C heat flux model to demonstrate magnetohydrodynamic flow as well as
heat transfer and have also concluded that the heat transport rate can be increased by enhancing the thermal relaxation
time. Using the C-C model, Gowda et al. [11] assessed the stream of non-Newtonian liquid via a flat surface under
the radiation impact. Gowda et al. [12] examined the effect of the C-C heat flux model on the Sutterby nanofluid
stream across a stretchy disk. Jawad and Nisar [13] assessed the flow of Maxwell fluid past a porous surface near the
magnetohydrodynamic stagnation point in the presence of C-C heat flux model. Hussain and Mao [14] used the C-C
heat flux model to study the Prandtl-Eyring fluid flow over a variable stretching sheet. Li et al. [15] investigated
Darcy-Forchheimer based bio-convective periodically accelerated flow of non-Newtonian materials subject to CC
model and Prandtl effective approach.
The heat transportation reflections observed in large environments vary from the outcomes gained in the performance
of a heat source/sink (H-SS). Therefore, the H-SS is located within small inclusions to achieve efficient control
processes on the heat transport properties of different contemporary electric products. This particular type of H-SS is
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often used to regulate temperature in some fundamental components of electrical structures. The majority of the
existing work on heat transport research primarily focuses on the impact of temperature-dependent H-SS. This is
because the temperature-dependent H-SS is often used to regulate the mass and heat transfer properties of the liquid.
Ahmed et al. [16] showed a thermal analysis of Maxwell nanofluid within the significance of H-SS. Xia et al. [17]
highlighted physical significance of Eyring-Powell nanomaterial liquid flow with microorganisms and activation
energy effects. Thumma et al. [18] explored the flow of nanofluid in the presence of a stretchable surface under the
H-SS. Alharbi et al. [19] inspected the movement of nanoliquid on a flexible surface, emphasizing the importance of
H-SS. Kumar et al. [20] explored the interaction between a dusty nanofluid stream past a gyrating disk in the presence
of H-SS.

Due to its extensive industrial use, chemical reactions play a noteworthy role in heat and mass transfer research in
scientific and engineering technology fields. Due to its vital role in the development of chemical processing
equipment, the synthesis of polymers, cooling towers, pollution, the formation and dispersion of fog, temperature, and
fiber insulation, among other things, it is determined to be necessary. Raw materials undergo chemical reactions in
industrial chemical processes to convert basic raw resources into good products, such as oxidization and synthesis of
components, food processing, moisture distribution in cultivated fields, crop damage due to cold, etc. Chemical
variations of this kind are carried out inside a reactor. Kumar et al. [21] used a neural network scheme to elucidate the
influence of chemical responses on liquid motion via a stretchy cylinder. Kodi and Mopuri [22] examined the flow of
Casson liquid across an inclined permeable surface with the impact of a chemical reaction. Utilizing the numerical
simulation, Karthik et al. [23] assessed the chemical reaction impact on the mass and heat transport study of the
nanoliquid stream across an inclined cylinder. Saeed et al. [24] inspected the consequence of the chemical reaction of
liquid flowing past a stretchable surface. Madhu et al. [25] assessed the consequence of chemical reaction on the liquid
steam past a cylinder utilizing the collocation method.

In many engineering applications, the heat transfer analysis is improved by adding values resulting from the
incorporation of thermal conductivity changes in heat transmission features. Examples of mixed conduction and
radiation difficulties where temperature fluctuations and, therefore, thermal conductivity variations are noticeable
include heat transfer in furnaces, fibrous and foam insulations, volumetric solar receivers, porous burners, and boilers.
Srilatha et al. [26] probed the motion of nanofluid via a gyrating disk subjected to variable temperature conductivity.
Fatima et al. [27] inspected the influence of nth-order chemical reaction on the three-dimensional viscoelastic
nanofluids exposed to variable thermal conductivity. Mandal and Pal [28] analyzed the influence of thermal radiant
energy on water hybrid nanoliquid flow past a permeable Riga surface. Additionally, the impact of variable
temperature conductivity and variable viscosity were considered. The impact of activation energy, viscous dissipation,
and variable thermal conductivity on the Eyring-Powell fluid flow via a porous medium was examined by Awais et
al. [29]. Kodi et al. [30] studied the Maxwell nanofluid stream via a permeable medium past a perpendicular cone with
heat conductivity and diffusion. Haq et al. [35] scrutinized thermal radiative heat flux impact in flow of viscous hybrid
nanofluid by a porous moving cylinder. Kuang et al. [36] modeled and deliberated applications of thermodynamic
extremal principle to diffusion controlled phase transformations. Devi and Prakash [37] and Khan et al. [38] recently
explored characteristics of temperature dependent viscosity in stretchable flow of viscous and non-Newtonian fluid
respectively. High performance MWC nano-polyvinylpyrrolidone/silicon based shear thickening material and
experimental outcomes is explored by Sun et al. [39]. Mukhopadhyay and Layek [40] and Alhejaili et al. [41] discussed
variable thermal conductivity effects in convective flow of viscous material flow towards a moving stretchable surface.
Wang et al. [42] deliberated high speed photography and PIV (particle image velocimetry) methods to conduct
experimental research into the fluid flow pattern and vortex field of cavitation in Venturi tubes. Miao and Massoudi
[43] displayed the same behavior in flow of slag-type fluid with heat transport phenomenon. Fu et al. [44] displayed
heat transport performance in aero-engine cooling using Wilson plot method of three analogous serpentine tube.
Sulochana et al. [45] scrutinized influence of MWCNTs on hybrid bio-diesel blends for combustion in CI engines.
Hou et al. [46] emphasized time dependent conjugate heat transport of heat wall for detonation combustor. Zhang et
al. [47] worked on plug nozzle and Laval nozzle on the flow in the presence of non-premixed detonation combustor
and the results of this research is published in Physics of Fluids.

The prime objective here is to analyze the radiating stagnation point stream of Maxwell nanomaterial by the stretched
cylinder. Thermal and solutal convective conditions are discussed. The C-C heat flux model is used to discuss the
mass and heat transport rate. Thermophoresis, chemical reaction, and random motion characteristics are deliberated.
Additionally, heat generation and radiation are considered in energy expression. Nonlinear, non-dimensional ordinary
systems are obtained through the implementation of adequate transformations. To construct convergent solutions, we
implemented Homotopic analysis method [31-34]. Variations of temperature, liquid flow, and concentration against
secondary variables are scrutinized via graphs.
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2: MODELING
Consider steady flow of an incompressible stagnation point flow of Maxwell nanoliquid. The cylinder is stretched,

having stretching velocity (u =u,= %) . The impact of Brownian diffusion, chemical reaction and thermophoresis

features are considered. The C-C fluxes model is employed to discuss mass and heat transport rates. Effects of thermal
radiation and heat generation are considered. The flow model schematic diagram is given in Fig. 1.
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Fig. 1: Flow diagram.

w

(Z.-

The associated expressions under these assumptions are provided as follows.

0 0
—(ru)+— () =0, (M)
Oox or
ou Ou , 0%u ou  , 0% ou, 1ou ©&u
u—+v—-+A4|u —2+2uv +V — |=u, TVt | )
ox r ox oxor or ox ror or
2 2’1 ou oT ov oT T ou oT
o o u &T+M§§+U§E+2MVW+V§§
ME+V5+2? )
s
or or or y (3)

= M) (1+‘“*Ti)(ial+§i—f)+r(Db%—f%—er%(aT)z)Jf(A(T—T)

3k ke )\ or o re,), 2

IJERTV13IS090016
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)


www.ijert.org
www.ijert.org

International Journal of Engineering Research & Technology (IJERT)

| SSN: 2278-0181
Vol. 13 Issue 9, September 2024

Published by :
http://lwww.ijert.org

u26C+u0u BC+u0v6C+2uv
ul+ve+ o oo
QLRI EE : @
=D, (L& 4 25)+ (1L +2E) -~k (C-C,)
with
u=u,(x)=5<, v=0, k(T)L=~h,(T,-T), D,<=-h,(C,-C)atr=R S
u=u,(x)=%, T—>T,C—>C, asr—>wx ' ©)
Let the transformations
u=<["(n), v=—2yF1(n). 0(&n)=1=
c-C, c r*—R? ’ (6)
¢(§’77) Cc,—C, ’77 vf( 2R )

(1+2cm7)f’”+2cof”—f’2+ﬁ”’+al(—f2f’”— f2f"+2jj‘f”]+A2=O, (7)

(4]
(1+2wn)
(1+ €0+ Rd)((1+20n) 0" +200' )+ & (1+20n) 0" +Pr f0'+Pr 00 —Pra, (176" + f{'0)

, (8)
+Pr(1+20n)(Nt0” + NbO'¢' ) =0

(1+20n)¢" + 204 + Scf ¢’ — Sca, (4" + ¢
+2((1+207) 0" +200') - Scyp =0 } ©)
with
(0)=1, £(0)=0, (1+€6(0))¢'(0)=-y(1-6(0))
#(0)=—7,(1-9(0)). /() =4, O(x)=0. g(x0)= } (10)

With the variable thermal conductivity

T-T
k(T)=k, |1 o 1
(7) f(%(TW_TwD (11)

Here the dimensionless variables are 60(2 V—fl) S PI‘(= V—f) , (27) 5 Rd(: M) R }/(2 ﬂ) R

Q(:ﬁj ’ at(:/lt%) ) ac(:/lc%) , Sc(:;—i) , NZ‘(: TDr‘(:wT;Tw)) ’ Nb(: rD,,(ij,_cm)) ’

A(=E ) (=) e (=)

IJERTV131S090016

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)


www.ijert.org
www.ijert.org

International Journal of Engineering Research & Technology (IJERT)

Published by :
http://lwww.ijert.org

| SSN: 2278-0181

Vol. 13 Issue 9, September 2024

3: PHYSICAL QUANTITIES
3.1: Nusselt number
We can express that

xXq
Ny =——»——|
- kf(Tw_Too)

in which heat flux g, is

166°T° \( 0T
= | k(T + —— = || 22
T [()+ 3k j(@r]

Dimensionless version is

Nu,Re."* =—(1+€6(0)+Rd)0'(0).
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3.2: Sherwood number
It is expressed as
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Finally, we get
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4: SOLUTION METHODOLOGY
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Here, we used the Homotopy analysis method (HAM) to get the convergent series solutions for nonlinear, non-
dimensional ordinary expressions [31-34]. This approach needs early guesses and linear operators well-defined below.
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Here b, (i =0, 1, 2,...,6) indicate the arbitrary quantities.

IJERTV13IS090016
(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)

(18)

(19)

(20)


www.ijert.org
www.ijert.org

International Journal of Engineering Research & Technology (IJERT)

| SSN: 2278-0181
Vol. 13 Issue 9, September 2024

Published by :
http://lwww.ijert.org

5: SOLUTIONS CONVERGENCE
In homotopic technique the key parameters responsible for solutions convergence are ( /i s h 0> fi p ). For acceptable

regions of these variables 7 — curves have been sketched in Fig. 2. The range for meaningful standards are

~1.5<7h, <04, ~1.7<h, <02 and ~1.6<7, <03,
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Fig. 2: combine 4 -curves.

6: RESULTS AND DISCUSSION
It is discussed how different metrics on physical measurements may be physically clarified.

6.1: VELOCITY
Fig. 3 is sketched to show the examine the variation of curvature variable ( @) against velocity ( f '(77) ). Clearly

velocity increase for higher value of curvature variable. Variation of ( 4 ) on velocity is revealed in Fig. 4. For higher
estimation of stretching ratio variable fluid flow enhances. However, boundary layer thickness has contradictory
features for A>1 and A<1.For A =1 there is no boundary layer formation. Fig. 5 disclosed the characteristics

of Maxwell fluid parameter ( &, ) on velocity field. Here fluid flow declined against fluid parameter.
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Fig.5: f'(n) vs a,.

6.2: Temperature
The effect of ¥, on 0 (77) is sketched in Fig. 6. Thermal field has increasing behavior for higher values of thermal

Biot number. Figs. (7 and 8) show the behavior of variable thermal conductivity ( € ) and thermal relaxation time ( &,
) parameters on the thermal field. The increment is observed in thermal distribution for higher estimation of (€ ) and
(@, ). The influence of thermophoresis and random motion variables on temperature is depicted in Figs. (9 and 10).
Fig. 9 exhibits that for higher values of thermophoresis variable ( /Nf) temperature enhances. Fig. 10 shows that a
larger random motion variable ( Vb ) enhances the collision between nanoparticles and, as a result, thermal

distribution upsurges. Fig 9 shows the impact of Nt on 6 (77 ) for two different flow cases. The rise in values of

Nt improves the 6 (77) for both flow cases. As a result of thermophoresis, which moves nanoparticles from hot to

cold areas, the thermal profile rises with the thermophoresis parameter values. By improving heat transport within the
fluid, this movement helps to more evenly distribute thermal energy. There is an elevated thermal profile throughout
the fluid as a result of nanoparticles' ability to transfer heat from hotter regions to cooler ones. Fig 10 displays the

impact of Nb on 9(7] ) for two different flow cases. The escalation in values of Nb advances the (9(77) for

both flow cases. Since increased Brownian motion causes more intense and frequent collisions between nanoparticles.
More heat transport and energy exchange within the fluid are made possible by these encounters. Consequently, the
fluid's total temperature rises due to the higher thermal conductivity brought on by greater Brownian motion, raising
the thermal profile. Fig. 11 demonstrates the effect of the heat generation variable ( ) on temperature. Larger (Q)

produced more heat in the system which give rise to the temperature of the fluid.
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6.3: Concentration

The effect of &, on concentration is explored in Fig. 12. Higher &, improves the fluid ¢(77) Fig. 13 displays

the outcome of concentration for the solutal Biot number (7, ). It is witnessing that concentration increases for higher

solutal Biot numbers. Fig. 14 represents the impact of the » on concentration. A decrement in concentration is

observed for larger (  ).Fig 15 displays the influence of Nf on @ (77) . Here, the rise in values of Nf increases the

@ (77) . Because of the migration of nanoparticles from high-temperature areas to low-temperature regions brought

on by thermophoresis. This movement increases the local concentration of nanoparticles by concentrating them in
colder areas. A greater concentration profile is produced throughout the fluid as a consequence of the concentration
gradient being steeper. As a result, thermophoresis improves nanoparticle localization and increases concentration in

regions that are affected by temperature gradients. The Influence of Nb on ¢ (77) is displayed in Fig 16. Here, the

rise in values of Nb decreases the ¢(77) . Because higher Brownian motion causes more random movement of

particles within the fluid. Because of this improved mobility, nanoparticles are distributed more evenly throughout the
fluid, which lowers local concentrations close to the surface or source. Particle distribution becomes more uniform as
a consequence, which lowers the concentration gradient and the fluid's overall concentration profile.
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7: CLOSING REMARKS

The consequence of heat source and chemical reactions on the stream of Maxwell liquid via a stretching cylinder with
variable thermal conductivity and radiation is analyzed in the current study. It is expected that the flow is produced
by the stretchy effect of the cylinder. The C-C heat flux model is applied to study the heat and mass transport attributes
of the fluid flow. The governing equations of the study are transformed into ODEs employing similarity variables.
Additionally, the resultant ODEs are solved utilizing the HAM scheme. The graphical depiction shows the impact of
several constraints on the various profiles. The key observations from the above analysis are,

e Higher material variable corresponds to declines in liquid flow.

e An upsurge in curvature variable results in velocity enhancement.

An intensification in thermal distribution for thermal conductivity variable.

Temperature augmentation for higher thermal relaxation variables is noticed.

Higher heat generation variable boosts thermal distribution.

Higher thermal and solutal Biot numbers lead to a rise in concentration and thermal distribution.

Reduction in concentration occurs for higher random motion and reaction variables.

Higher solutal relaxation variable augments concentration, and a similar impact was noticed for the thermophoresis
variable.

e An increment in thermal distribution for higher Brownian motion and thermophoresis parameters is witnessed.
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