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Abstract: This study is focused to elaborate on the effect
of heat source/sink on the flow of non-Newtonian Burger
nanofluid toward the stretching sheet and cylinder. The
current flow analysis is designed in the form of higher
order nonlinear partial differential equations along with
convective heat and zero mass flux conditions. Suitable
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similarity transformations are used for the conversion of
higher order nonlinear partial differential equations into
the nonlinear ordinary differential equations. For the
computation of graphical and tabular results, the most
powerful analytical technique, known as the homotopy
analysis method, is applied to the resulting higher order
nonlinear ordinary differential equations. The consequence
of distinct flow parameters on the Burger nanofluid velocity,
temperature, and concentration profiles are determined
and debated in a graphical form. The key outcomes of
this study are that the Burger nanofluid parameter and
Deborah number have reduced the velocity of the Burger
nanofluid for both the stretching sheet and cylinder. Also, it
is attained that the Burger nanofluid temperature is elevated
with the intensifying of thermal Biot number for both
stretching sheet and cylinder. The Burger nanofluid con-
centration becomes higher with the escalating values of
Brownian motion parameter and Lewis number for both
stretching sheet and cylinder. The Nusselt number of the
Burger nanofluid upsurges due to the increment of thermal
Biot number for both stretching sheet and cylinder. Also,
the different industrial and engineering applications of this
study were obtained. The presented model can be used for a
variety of industrial and engineering applications such as
biotechnology, electrical engineering, cooling of devices,
nuclear reactors, mechanical engineering, pharmaceutical
science, bioscience, medicine, cancer treatment, industrial-
grid engines, automobiles, and many others.

Keywords: Burger nanofluid, heat transfer, stretching
cylinder, homotopy analysis method

Nomenclature

(r,0,z) cylindrical polar coordinate
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l specific length

T fluid temperature

C fluid concentration

Ty surface temperature

T ambient temperature

Ceo ambient temperature

A relaxation time parameter

A burger fluid material parameter
A retardation time parameter

o thermal diffusion coefficient

k thermal conductivity

Dy Brownian diffusivity

% kinematics viscosity

Qo heat source/sink parameter

p fluid density

Cp specific heat at a constant pressure
Dy thermophoresis coefficient

hg heat convection coefficient

Dimensionless symbols

y fluid curvature parameter
B, and B;  Deborah numbers

Pr Prandtl number

B, Burger fluid parameter

6 dimensionless heat source/sink parameter
Le Lewis number

Nt thermophoresis parameter
Nb Brownian motion parameter
Re Reynolds number

Nu, Nusselt number

Sh, local Sherwood number

Bi thermal Biot number

1 Introduction

The non-Newtonian fluid research has become increas-
ingly popular as a result of its importance and wide range
of applications in industries and engineering systems like
geophysical development, petrochemical advances, process
design system, cooling and heating process, biomedical
engineering, chemical engineering, metal processing, food-
stuff, and oil reservoir engineering. Because of its wide-
spread applications in engineering and industry, researchers
and scientists emphasized their research on the non-
Newtonian nanofluid problem. Khan et al. [1] addressed
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the significance of Dufour and Soret parameters on the
flow of non-Newtonian micropolar liquid toward the expo-
nential nonlinear stretching cylinder in which they found
that Reynolds number diminished the thickness of the
micropolar liquid. Bilal et al. [2] explained the perfor-
mance of activation energy on the flow of non-Newtonian
Casson nanoliquid under the rotating thin needle. They
inspected that the nanoliquid concentration is enhanced
with the increment of activation energy. Ramzan et al.
[3] designed the model of non-Newtonian nanoliquid in
the existence of entropy and dipole effects on the thin
needle. Their conclusions showed that the ferromagnetic
parameter enhanced the nanofluid velocity. Alhadihrami
et al. [4] considered the study of non-Newtonian Casson
liquid through the occurrence of heat transfer and porosity
effect in a porous medium. They attained that the transfer
of heat is improved when the porosity parameter is higher.
Mallawi et al. [5] designated the modeling of non-New-
tonian liquid above the Riga plate with the influence of
Cattaneo-Christov heat flux. They studied that the thick-
ness of thermal boundary layer of viscoelastic liquid is
higher than the second-grade fluid. Dawar et al. [6] exam-
ined the impacts of non-isosolutal and non-isothermal
conditions over the flow of Williamson nanofluid above
the wedge or cone. For the explanation of their problem,
they employed the homotopy analysis method (HAM) on
the higher order nonlinear ordinary differential equations
(ODEs). Reddy et al. [7] explored the consequence of che-
mical reaction on the three-dimensional magnetohydrody-
namic (MHD) flow of non-Newtonian Maxwell nanoliquid
through the stretched surface and examined that the
radiation parameter weakened the nanoliquid tempera-
ture. Qaiser et al. [8] presented the significance of mass
transfer and thermal radiation on the non-Newtonian
mixed convection flow of Walter-B nanoliquid under the
stretchable sheet. Their fallouts show that the Brownian
motion parameter improved Sherwood number.
Nanofluids are fluids that contain suspended nano-
particles that are less than a hundred nanometers in size
and are used to improve thermal conductivity. The study
of nanofluid has attracted the attention of researchers
and scientists due to its vast variety of applications in
the technical and industrial fields. The industrial and engi-
neering applications of the nanofluid are heat exchangers,
vehicle cooling, electronic device cooling, nuclear reac-
tors, transformer cooling, vehicle thermal management,
etc. The nanofluid is also used in medical treatments
such as wound treatment, resonance imaging, and can-
cerous and noncancerous tumor treatment. That is why
researchers and scientists used nanofluid in their
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experiments. Hiba et al. [9] computed the mathematical
modeling of MHD flow of hybrid nanofluid with Ag—MgO
as the nanoparticle and water as the base fluid and
adopted the Galerkin finite element method for the numer-
ical solution of their problem. Ouni et al. [10] presented the
influence of thermal radiation on the flow of hybrid nano-
fluid toward the parabolic solar collector in the presence of
solar radiation. They examined that hybrid nanofluid tem-
perature is higher for thermal radiation parameters. Khan
et al. [11] demonstrated the MHD flow of three-dimensional
cross nanofluid by applying Soret and Dufour numbers in
which they found that Soret number raised the rate of heat
transport. Bejawada et al. [12] explained the problem of
MHD flow of nanofluid with the occurrence of viscous dis-
sipation and chemical reaction toward the inclined plate.
In this work, it was noted that the concentration of the
nanofluid was declined for Schmidt number. Jamshed et
al. [13] inspected the consequence of the Joule heating
effect on the MHD flow of tangent hyperbolic hybrid nano-
fluid under the stretching plate. Their problem is simu-
lated numerically with the application of the Keller box
scheme. Redouane et al. [14] scrutinized the MHD flow of
hybrid nanofluid over the rotating cylinder through the
existence of entropic generation. From this examination,
it was observed that the entropy generation of the hybrid
nanofluid increased with the rising of porosity parameters.
Wagqas et al. [15] evaluated the consequence of nonlinear
thermal radiation over the flow of nanofluid in a perme-
able cylinder. From this study, they determined that the
higher estimation of Reynolds number weakened the veloc-
ity of the nanoliquid. Hayat et al. [16] scrutinized the con-
vective flow of Jeffrey nanoliquid through the stretchable
cylinder along with heat transport behavior. They examined
that Schmidt number diminished the nanofluid concentra-
tion. Siddiqui et al. [17] evaluated the problem of boundary
layer MHD flow of two-dimensional Maxwell nanoliquid
with the incidence of viscous dissipation through the
melting surface. From this observation, they noted that
the porosity of the nanofluid improved the entropy.
Awan et al. [18] computed the mathematical solution of
the micropolar nanofluid model with the assistance of the
Runge-Kutta method through the presence of Hall current
and MHD between the two parallel plates and also dis-
cussed some important physical properties of nanofluid.
Ramesh et al. [19] reported the consequence of slip and
suction/injection effects on the flow of Casson-micropolar
nanoliquid under the two-rotating disks in which the
reduction in the rate of heat and mass transportation is
perceived for the Brownian motion parameter. Lv et al.
[20] checked the behavior of entropy and Cattaneo—Christov
heat flux over the spinning disk in the flow of bioconvec-
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tion Reiner—Rivlin nanofluid and their concluding remarks
showed that a greater estimation of Lewis and Peclet num-
bers decrease the motile gyrotactic microorganism profile of
the nanoliquid. Wagqas et al. [21] detected the movement of
heat source/sink on the three-dimensional bioconvection
flow of Carreau nanoliquid over the stretchable surface.
From this study, they explained that the temperature of
the nanofluid is raised for heat source/sink and Biot para-
meters. Kumar et al. [22] stated the role of Darcy-Forch-
heimer and heat transport on the flow of stagnation region
nanofluid over the flat sheet. Form this study, they noticed
the relationship between heat transfer and the Dacry-
Forchheimer parameter. Other studies related to the nano-
fluid flow problem can be found in the references [23-25].

From the last few decades, scientists and researchers
have shown a keen interest in studying the MHD flow
problems due to its vast array of applications in the arena
of engineering and industries. The MHD is a branch of
physical science that studies magnetic and electrical fluid
behavior such as plasma, liquid metals, electrolytes, and
saltwater. In engineering and industry, the MHD has a
broad array of applications, especially in the field of bio-
medical science such as blood flows, tissue temperature,
MHD power plants, cell separation, MHD generators, and
treatment of tumors. Shah et al. [26] examined the MHD
flow of nanofluid along with energy flux due to concen-
tration gradient, mass flux, and temperature gradient
toward the horizontal surface and employed the finite
difference code (Matlab Function) (bvp4c) technique for
the evaluation of the numerical solution of their problem.
Wakif et al. [27] presented the MHD mixed convective
flow of radiative Walter-B fluid through the inclusion
of Fourier’s and Fick’s laws under the linear stretching
surface. From this analysis, it is noticed that the amplifi-
cation in the magnetic field parameter led to the amplifi-
cation of nanofluid velocity. Shafiq et al. [28] reported
the MHD flow of Casson Water/Glycerin nanofluid in
the presence of Darcy-Forchheimer over the rotating disk
and detected that the skin friction coefficient is enhanced
with the increment of the Darcy—Forchheimer parameter.
Wakif et al. [29] scrutinized the combined effects of Joule
heating and wall suction on the MHD flow of viscous by
electrically conducting fluid over the Riga plate. They
obtained that the rate of heat transport is augmented
with the augmentation of wall suction of the fluid. Wakif
et al. [30] inspected the presence of thermal conductivity
and temperature-dependent viscosity on the MHD flow of
Casson fluid toward the horizontal stretching sheet under
the convective conditions. In this inquiry, it is notable that
the fluid Casson parameter decayed the surface drag force.
Wakif [31] used the spectral local linearization method for
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the numerical investigation of MHD flow of Walter-B fluid
along with the gyrotactic microorganism behavior and
attained that the Lorentz force weakened the Nusselt
number of the fluid. Khashi’ie et al. [32] observed the Joule
heating effect on the MHD boundary layer flow of hybrid
nanoliquid above the moving plate. From their numerical
result, it was noted that the magnetic and suction para-
meters augmented the heat rate transport. Krishna et al.
[33] explored the mathematical modeling of MHD flow
of Ag-Tio/H,O Casson hybrid nanoliquid in a porous
medium along with the exponential vertical sheet in which
Ag-Tio are the nanoparticles and water was taken as a
base liquid. Haider et al. [34] inspected the significance
of thermal radiation and activation energy on the unsteady
MHD flow of nanoliquid past a stretchable surface. From
tthis inquiry, they distinguished that the nanoparticle
volume fraction of the nanofluid upsurges with the rise
of activation energy. Ahmed et al. [35] explained the com-
putation assessment of thermal conductivity on the MHD
flow of Williamson nanoliquid along with the heat transport
effect over the exponentially curved surface. They employed
the bvp4c technique for the numerical description of the
problem. In another study of MHD, Tassaddiq [36] con-
ducted the study of MHD flow of hybrid micropolar nano-
liquid with the occurrence of Cattaneo-Christov heat flux
and found that the thermal profile of the hybrid nanofluid
is raised against micropolar parameter. Qayyum et al. [37]
addressed the Newtonian heat and mass conditions on
the modeling of MHD flow of Walter-B nanoliquid along
the stretched sheet. From this study, they found that the
relation between local Nusselt and Sherwood numbers is
reverse for thermophoresis parameter. Ghasemi and Hatami
[38] scrutinized the presence of solar radiation over the
MHD stagnation point flow of nanoliquid under the stretch-
able surface. From this scrutiny, they observed that the
temperature of the nanofluid is higher for the solar radiation
parameters. Ramzan et al. [39] reviewed the MHD flow of
nanoliquid through the occurrence of homogeneous and
heterogeneous reaction effects under the rotating disk.
From this study, it was noted that the dimensionless con-
stant of the rotating disk boosted the homogeneous/hetero-
geneous reactions profile of the nanofluid.

Heat and mass transport phenomena have recently
found an extensive variety of applications in engineering
and industry such as industrial equipment, rotating machinery,
aerospace, power generation, chemical, and material pro-
cesses, automotive, food processing, plastics, petrochemical,
poultry further processing, rubbers aircraft engine cooling,
and environmental control system. Because of the aforemen-
tioned applications, scientists and researchers have focused
their research on heat and mass transport phenomena.
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Awais et al. [40] elaborated on the result of gyrotactic
microorganisms over the MHD flow of bio nanofluid
having the heat and mass transport features. From their
outcomes, they detected that the bioconvection Rayleigh
number and convection parameter elevated the rate of heat
and mass transport. Srinivasulu and Goud [41] described the
combined influence of heat and mass transport over the flow
of Williamson nanoliquid due to the stretched sheet. They
found the aspect of different flow parameters on the nano-
fluid velocity, temperature, and concentration. Zeeshan et al.
[42] elaborated the study of MHD flow of nanoliquid over the
vertical wavy sheet with the existence of heat and mass
transfer and applied the Keller-box scheme for the numerical
evolution of their problem. Punith Gowda et al. [43] expli-
cated the heat and mass transport behavior on the Marangoni
driven boundary layer flow of non-Newtonian nanoliquid
with chemical reaction along the rectangular surface. In their
study, they noticed that the porosity parameter decayed the
nanofluid Nusselt number. Shi et al. [44] considered the
exponential stretching surface for the explanation of three-
dimensional MHD flow of radiative Maxwell nanoliquid
along with the occurrence of heat and mass transfer
effects. In this study, they discussed that the nanofluid
velocity reduces as the rotation parameter upsurges. Zhao
et al. [45] talked about the stagnation point flow of a tangent
hyperbolic nanoliquid with the assumption of heat and
mass transmission and entropy behavior. From this study,
they deliberated that the enhancing estimation of the Brow-
nian motion parameter boosted the entropy of the nano-
fluid. Arif et al. [46] conducted the occurrence of heat and
mass transport on the modeling of Casson liquid along with
ramped wall temperature in which MoS,~GO are the nano-
particles and engine oil is taken as a base liquid. Rasool
et al. [47] reported the flow analysis of convective MHD
nanofluid with the perception of heat and mass transfer
in a stretchable surface. Their study explained that the con-
centration of the nanofluid is the growing function of the
porosity parameter.

As a result of the above-mentioned literature, it was
perceived that no consideration was given to studying the
influence of heat source/sink effect on the flow of Burger
nanofluid earlier. To fill this gap, the Burger nanofluid
along with convective boundary conditions in the pre-
sence of Brownian and thermophoresis diffusion was
taken into the interpretation. In the current analysis,
the physical situation was being modeled in the form of
stretching cylinder (see Figure 1). From Figure 1, the pre-
sent physical situation explained that when curvature
parameter (y = 0) then physically, the current flow pro-
blem is for stretching sheet, but when (y > 0) then the
current flow problem is for stretching cylinder. The role of
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zero mass flux conditions in the Burger nanofluid pro-
blem is that there are no mass flux nanoparticles which
mean that the nanoparticles’ mass flux is assumed to be
zero on the surface, and that is why the current model is
taken with zero mass flux condition (see Wakif et al.
[48]). This work is very useful in different areas of engi-
neering and industrial fields such as nuclear reactors,
cooling of devices, plastics manufacturing, paper pro-
duction, food processing, glass blowing, and synthetics
fibers. The resultant higher orders nonlinear ODEs were
resolved by the exploitation of HAM. The consequence of
various flow parameters on the velocity, temperature,
and concentration of Burger nanofluid was investigated
in the graphical form. Also, the Nusselt number of Burger
nanofluid was presented in a tabular form and discussed
in detail.

2 Problem formulation

Consider the steady and incompressible flow of Burger
nanofluid problem over a stretching cylinder with heat
source/sink effect. r, 6, and z are the cylindrical coordi-
nates in which u is the velocity component along ther-axis
and w is the velocity component along the z-axis. The
stretching velocity of the cylinder is w(z) = Uf‘z in which
z is used as the reference velocity, while [ is the specific
length. T, T,,, and T, are the temperature, temperature
at the surface, and ambient temperature, respectively. C
and C,, are the concentration and ambient concentration,
respectively. In addition, the effect of convective heat and
zero mass flux conditions were taken. The geometrical
representation of the flow problem is displayed in Figure 1.

w0, T->T7T.C->C,

— &

{

]

Uz 8 : 5C D
_v:_kc_f=h(|1'(_]'|= 59C . Oy
1 ar I\ & T,

or S

Figure 1: Geometry of the flow problem.
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In view of the above assumptions, the leading equations of
the current analysis are deliberated as [49-51]:

au+u+—=0, (1)
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with boundary conditions:

Uyz a_T
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6(; or Too or
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where u and w are the velocity components, A, is the
relaxation time, A, is the material parameter of the Burger
fluid, A; is the retardation time, T is the temperature of
the nanofluid, a; = LC is the thermal diffusion coefficient
in which k is the thermal conductivity and pC, is the
heat capacitance, Dy is the diffusion coefficient, v is the
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kinematics viscosity, Q, the dimensional heat source/sink,
the liquid density is p, C, is the specific heat, Dr is the
thermophoresis coefficient, and hf is the coefficient of
heat convection.

The similarity transformations in the dimensionless
form are [50,51]:

U°”f<£> °Zf’(€),
C-Cy
9(-{)—T _T s $) = —— o (6)
_ (U (r’-R
§= vl( 2R )

With the implementation of the above similarity variables
defined in equation (6), the equation of continuity is satis-
fied and the dimensionless form of equations (2)-(4) are

A+ 207" + (1 + 28Ry 2" - f2f"]
= U+ 29)ap f" = 4y’Bof"f" — (A + 2¢78)?
x B,I3f2(f")? + 2 (fYf" - ff"]

(7
— 4yB3(1 + 208 F" + (1 + 20)yBLI3F2f'f" + f3f"]
+ (1 + 2812y + ff" — (f')’]
+ 1+ 20E)°B5[(f")* - ff'""] = 0
1+ 296)0" + 2y0' + Prf6’ + Pr60
+ PrNbg'6'(1 + 2y¢) + PrNt(6')*(1 + 2y€) = 0

(8)

1+ 2¢8)p" + 2y’ + LePrfep’ + (1 + 2y€)( )9”

9)
+ Zy( )0’ =

The boundary conditions in the dimensionless form
are

f(0) = 0,£(0) = 1, f'(c0) = 0

0'(0) = Bi(8(0) - 1), 8(co) = 0
Nbg'(0) + Nt§'(0) = 0, ¢(c0) = 0

(10)

In the above equations, y(=% \/g ) is the curvature para-
0
meter of the fluid, Bl{z/ll%} and B3{=/13%} are Deborah

2
numbers, ﬁz(zilz(%) ) is the Burger fluid parameter,

_ 1 ; i &
6(—Uo(p Cp)) is the heat source/sink parameter, Le(— DB)

is the Lewis number of the nanofluid, Pr(:al) is the
1

W) is the thermophoresis

8]

Prandtl number, Nt(:
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TDBC

parameter, Nb( 05 ) is the Brownian motion para-

meter, and B( by f \/; ) is the thermal Biot number.
0

The physical quantities including Nusselt number
and local Sherwood number are defined as

u, = Zqim’ h, = Zjiw (1)
k(Tw - Too) DB(CW - Coo)
The heat g, and mass flux j,, is defined as
oT aoC
= —k| =-D . 12
&) olS), o

By applying the similarity transformations, the Sherwood
number becomes zero and the Nusselt number reduces as

Nu,Res = -6/(0), (13)

w(z)z

where Re = is the local Reynolds number.

3 The solution to the problem

The HAM provides several advantages over other methods.

Therefore, the present scheme is very useful for the ana-

lytical solution of the higher order nonlinear ODEs along

with boundary conditions. The HAM method was used
to solve the problem because it offers the following
benefits:

1) Without linearization and discretization of nonlinear
differential equations, the proposed technique is simu-
lated for an accurate solution.

2) It is a more generalized method that works for both
weakly and strongly nonlinear problems and is inde-
pendent of small or large parameters.

3) The region and the rate of convergence of series solu-
tions are controllable and adjustable with the help
of HAM.

4) The HAM is free from rounding of errors and essay for
computation.

That is why the HAM is preferable over other techni-
ques due to the above-mentioned advantages. The linear
operator and initial guesses are defined as

ﬁ)(n) =1- e_f,
Bo() = et
M= B¢ , (14)
Nt Bi
= —&
P =~y T B C
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Lf =f"—f,
Leg=0"-06, ¢, (15)
L¢ — ¢lr _ ¢,
such that
Li[C + Gexp(=&) + Gexp(¢)] = 0,
Lo[C4exp(=§) + Csexp(§)] = 0, , (16)

Ly[Cs exp(-&) + Crexp(&)] = 0.

where Ci(i = 1-7) are the arbitrary constants.

4 Convergence analysis of the
homotopy solution

HAM is used to handle the series solutions of the simu-
lated system of nonlinear differential equations. The aux-
iliary parameter # is used to manipulate and control the
convergence areas of f”(0), 6'(0), and ¢'(0). Figures 2-4
are drawn to check the convergence region of f”(0),
0'(0), and ¢'(0). Finally, the convergence region of f”(0),
0'(0), and ¢'(0) are -1.0 < iy < 1.0, -0.8 < 7y < 0.8, and
-0.75 < hg < 0.75, respectively.

5 Validation

A comparison between the present results and the pre-
viously published results is demonstrated in Table 1. For
the validation of the current problem from Table 1, it was
noted that the current findings were in good consistency
with previously published findings.

-
=

\ °(0) !
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Figure 3: h-Curve for 6°(0).

Table 1: Analysis of the present results with previously published
results

Pr Nuz
JRer
Ref. [52] Ref. [53] Ref. [54] Ref.[55] Present
results
0.07 0.0665 0.0656 0.0663 0.0656 0.0654
0.20 0.1691 0.1691 0.1691 0.1691 0.1691
0.70 0.4539 0.4539 0.4539 0.4539 0.4539
2.00 0.9114 0.9114 0.9113 0.9115 0.9114

6 Results and discussion

In Section 6, the analytical solution of the Burger nano-
fluid with convective heat and mass transport phenomena
was discussed. For the physical computation of this study,
the HAM was employed on the higher order nonlinear
ODEs (6-8) along with boundary conditions (9). The sig-
nificance of distinct flow parameters over the field of
velocity, temperature, and concentration of the Burger
nanofluid for both stretching sheet (y = 0) and cylinder

1

1

1 1
1
1

\ ¢'0)

-

Figure 2: h-Curve for f”(0).

Figure 4: h-Curve for ¢’(0).
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Table 2: Effects of Bi and & on Nu,Re™2 for y=0andy>0

Bi o Nu, Re 2 for Nu, Re™: for
sheet (y = 0) cylinder (y > 0)
0.1 0.080030 0.081705
0.2 0.081965 0.083202
0.3 0.148192 0.150276
0.4 0.201516 0.204485
0.2 0.211584 0.212713
0.4 0.207679 0.208807
0.6 0.203774 0.204902
0.8 0.199868 0.200997

1.0

0.8

0.6 Cylinder; 84=0.3
~ Cylinder; §4=0.6
* 04 Cylinder; 81=0.9

0.2

0.0
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Sheet; p4=0.3
Sheet; B4=0.6
Sheet; p4=0.9

(y > 0) were computed in a graphical form. The ranges of
all effective parameters were fixed in a graphical discus-
sion, and only one parameter varies to plot their respective
graph. The ranges of distinct flow parameters were f;, =
0.3,B,=0.2,,=10,6 =13,Bi =0.3, Pr = 6.0, Le = 1.0,
Nb = 0.2, and Nt = 1.0. Also, the Nusselt number Nu, against
flow parameters for both the stretching sheet (y = 0) and
cylinder (y > 0) were calculated and discussed in detail.

6.1 Table discussion

Table 2 is made to check the effects of various flow para-
meters such that Biot number Bi, and heat generation
parameter 8 on the Nusselt number Nu,Re> of the
Burger nanofluid for both stretching sheet (y = 0) and
cylinder (y > 0). It was perceived that the Nusselt number
Nu, Re™> was higher for both stretching sheet (y = 0) and
cylinder (y > 0) with the improvement of Bi. Also, it was
observed that the expanding estimation of heat genera-
tion parameter § reduced the Nusselt number for both
the stretching sheet (y = 0) and the stretching cylinder
(y > 0).

6.2 Velocity profile

Figures 5-7 display the effects of the Deborah number f3,,
Burger nanofluid parameter f,, and Deborah number S,
for both stretching sheet (y = 0) and cylinder (y > 0).
The variation in nanofluid velocity for higher estimation
of Deborah number B, is described in Figure 5. From
Figure 5, it was detected that with the increase of the
Deborah number f;, the Burger nanofluid velocity was
reduced for both the stretching sheet (y = 0) and cylinder
(y > 0). Deborah number was defined as the ratio between
the relaxation time parameter and observation time

Figure 5: Change in nanofluid velocity due to j,.

Sheet; B=0.2
Sheet; (,=0.4
Sheet; B,=0.6
Cylinder; B,=0.2
Cylinder; B,=0.4
Cylinder; §2=0.6

f($)

Figure 6: Change in nanofluid velocity due to §,.

parameter. With the increment of Deborah number, the
boundary layer thickness was reduced and the relaxation
time parameter of the fluid was enlarged, that’s why the
Burger fluid velocity became lower. Also, in the fluid
motion, the resistance became higher due to amplification

1.0
- Sheet; B3=1.0
0.8 Sheet; B3=2.0
Sheet; B3=3.0
0.6 Cylinder; B3=1.0
= Cylinder; f3=2.0
& 04 Cylinder; B3=3.0
0.2
0.0

Figure 7: Change in nanofluid velocity due to ;.
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of the relaxation time parameter which led to diminishing
Burger fluid velocity. Figure 6 illustrated the consequence
of the Burger nanofluid parameter 3, for both the stretching
sheet (y = 0) and cylinder (y > 0) on the nanofluid velocity.
From this study, it was perceived that the velocity of the
Burger nanofluid for both the stretching sheet (y = 0) and
cylinder (y > 0) was diminished for the Burger nanofluid
parameter f,. Similarly, the collision between the fluid par-
ticles was raised when the relaxation time parameter in
terms of the Burger fluid parameter was intensified. There-
fore, the Burger fluid velocity was lower for the Burger fluid
parameter f,. The graphical relation between Deborah
number f; and Burger nanofluid velocity for both the
stretching sheet (y = 0) and cylinder (y > 0) was discussed
in Figure 7. In this, the increment in Burger nanofluid veloc-
ity for both stretching sheet (y = 0) and cylinder (y > 0) is
noticed against larger values of Deborah number f,. The
flow’s creep phenomena were manifested by the retardation
time. The burger fluid velocity increased due to the retarda-
tion time in the fluid motion which was the time required for
achieving shear stress. The shear stress of the burger nano-
fluid is larger with the enchantment of Deborah number
which increased the velocity of the Burger fluid.

6.3 Temperature profile

Figures 8-10 explain the influence of dimensionless heat
generation parameter §, Biot number Bi, and Prandtl
number Pr on the Burger nanofluid temperature profile
0(¢) for both stretching sheet (y = 0) and cylinder (y > 0).
Figure 8 was constructed for the variation of Burger
nanofluid temperature against heat generation parameter
6 for both the stretching sheet (y = 0) and cylinder (y > 0).
From this investigation, it was clear that the enhancing
estimations of heat generation parameter § amplified the

0.25

- Sheet; 6=1.3

0.20 - Sheet; 6=23

- Sheet; 6=3.3

- Cylinder; 6=1.3

§ 015 Cylinder; 6=2.3

5 ! iy

0.10 Cylinder; 6=3.3
0.05
0.00

0 1 2 3 4 5 6
¢

Figure 8: Change in nanofluid temperature due to 4.
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0.5

—  Sheet; Bi=0.3
0.4 - Sheet; Bi=05
—  Sheet; Bi=0.7

0.3 - Cylinder; Bi=0.3
< == Cylinder; Bi=0.5
® 0.2 Cylinder; Bi=0.7
0.1
0.0
0 1 2 3 4 5 6
4

Figure 9: Change in nanofluid temperature due to Bi.

temperature of the Burger nanofluid for both the stretching
sheet (y = 0) and cylinder (y > 0). The reason was that the
enhancement in heat generation parameter § produced an
additional amount of heat which augments the heat trans-
mission feature of the flow system. That’s why the Burger
fluid temperature becomes higher. Figure 9 explored the
variation of Burger nanofluid temperature for growing
values of thermal Biot number Bi for both stretching sheet
(y = 0) and cylinder (y > 0). From this inquiry, it was
examined that the temperature of the Burger nanoliquid
was improved for both stretching sheet (y = 0) and
cylinder (y > 0) with the enrichment of Bi. It was noticed
that inside the fluid particles, the resistance of heat
transport boost-up for both stretching sheet (y = 0) and
cylinder (y > 0) when the thermal Biot number heightens.
Furthermore, at the surface of the body, the rate of heat
transport was decayed but the convection coefficient was
increased. Then a lot of extra amounts of heat were trans-
ferred from the surface of the cylinder to the fluid particles
that enhanced the fluid temperature. The change in the

0.5
—  Sheet; Pr=1.5
0.4 —  Sheet; Pr=2.5
—  Sheet; Pr=3.5
0.3 - Cylinder; Pr=1.5
~ - Cylinder; Pr=25
@ 0.2 Cylinder; Pr=3.5
0.1
0.0
0 1 2 3 4 5 6
4

Figure 10: Change in nanofluid temperature due to Pr.
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0.0
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-0.8 II' - Cylinder; Le=2.0
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0 1 2 3 4 5

Figure 11: Change in nanofluid concentration due to Le.

temperature of Burger nanofluid for higher estimation of
Prandtl number Pr for both stretching sheet (y = 0) and
cylinder (y > 0) was studied in Figure 10. From this, it was
remarked that the decrement in Burger nanofluid tempera-
ture was inspected for the rising estimation of Prandtl
number for both stretching sheet (y = 0) and cylinder
(y > 0). Physically, the thermal diffusivity of the fluid
was decayed due to the enhancement of Prandtl number
because Prandtl number and thermal diffusivity were inver-
sely proportional. That’s why the boundary layer thickness
and fluid temperature were weaker.

6.4 Concentration profile

The consequence of Lewis number Le, Brownian motion
parameter Nb, and thermophoresis parameter Nt on the
concentration profile ¢(¢) for both stretching sheet (y = 0)
and cylinder (y > 0) is elaborated in Figures 11-13. The
significance of Lewis number Le for both stretching sheet
(y = 0) and cylinder (y > 0) on the concentration of Burger

0.0 e
=" -
-0.2
-04
A
s -0.6 Sheet; Nt=10
Sheet; Nt=1.1
-0.8 Sheet; Nt=1.2
Cylinder; Nt=1.0
-1.0 Cylinder; Nt=1.1
Cylinder; Nt=1.2
0 1 2 3 4 5
4

Figure 13: Change in nanofluid concentration due to Nt.

DE GRUYTER
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Cylinder; Nb=0.3
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($)

0 1 2 3 4 5
Figure 12: Change in nanofluid concentration due to Nb.

nanofluid was intended in Figure 11. From this review, it
was detected that the elevation in the concentration of
Burger nanofluid was observed for increasing values of
Lewis number Le for both the stretching sheet (y = 0)
and cylinder (y > 0). The graph of Burger nanofluid con-
centration for both stretching sheet (y = 0) and cylinder
(y > 0) against the rising estimation of Nb was deliberated
in Figure 12. The heightening impact of the concentration
of Burger nanofluid for both stretching sheet (y = 0) and
cylinder (y > 0) was distinguished for intensifying the esti-
mation Nb. Figure 13 explained the significance of Nt on
the concentration of Burger nanofluid for both the stretching
sheet (y = 0) and cylinder (y > 0). From this, it was clear
that the Burger nanofluid concentration decayed for both the
stretching sheet (y = 0) and cylinder (y > 0) for escalating
values of the thermophoresis parameter Nt.

7 Conclusion

In this study, the Burger nanofluid problem in the pre-
sence of convective heat and mass transport phenomena
for both stretching sheet and cylinder was addressed. The
heat source/sink effects were applied in the temperature
equation for the investigation of the temperature field of
the Burger nanofluid. By applying the HAM on the higher
order nonlinear ODEs, the analytical resolution of this
study was attained. Finally, the outcomes of numerous
flow parameters were calculated and debated in detail.
The key findings of the present analysis were
¢ The Nusselt number was enhanced for both the stretching
sheet and cylinder with the augmentation of the Biot
number.
¢ The declining performance in the Nusselt number was
observed for intensifying the estimation of heat genera-
tion parameters for both the stretching sheet and cylinder.
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e The Burger nanofluid velocity was amplified for both
stretching sheet and cylinder with the heightening of
Deborah number.

e For both the stretching sheet and cylinder, the higher
estimation of heat generation parameter, Biot number,
and Prandtl number enhanced the temperature of the
Burger nanofluid.

¢ Intensification in Burger nanofluid concentration is
noted against the expanding values of Lewis number
and Brownian motion parameter for both stretching
sheet and cylinder.

e For both stretching sheet and cylinder, the Burger fluid
concentration is lower for thermophoresis parameter.
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