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This paper considered the magnetized °ow of an Oldroyd-B °uid over a rotational disk. In this

investigation, the altered Fourier's law rather than the classic Fourier's law of consideration was
used by the °uid thermal features. Its e®ect on homogeneous{heterogeneous reactions about

mass transport was studied. Additionally, interesting characteristics of thermal radiation with

temperature and space-related heat sources or sinks were examined. The von Karman variables
were utilized to discipline the PDEs toward non-dimensional ODEs. An e±cient ¯nite element

method was utilized in acquiring the numerical results. The correlation table was invented in an

indentured case to save the e±cacy of their numerical outcomes in the previous results. It was

noticed that the °uid velocity decreases to make an e®ect on the relaxation time parameter. The
thermal distribution on Oldroyd-B °uid displays the diminishing trend on acceleration on the

range of thermal relaxation heat °ux parameter. Further, higher values of heat generation

parameter decline the rate of heat transfer. Furthermore, the absorption rate of the °uid

deteriorates a greater strength of the homogeneous reaction.
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1. Introduction

The well-excited investigation ¯eld on °uid mechanics was possibly a rotating disk

geometry as a result of those immature common functions in engineering and in-

dustry, including electric-power generation turbine systems, centrifugal ¯ltration, jet

motors and hard disks. Given the reasoning, this feature of °uid °ow through the

spinning disk had been intended for massive absorption and was primarily noted by

numerous researchers later on in the background separation study of von Karman's

°ow by ethics on the revolving disk. This extreme motive on the current analysis was

to consider the motion of °uid of the Oldroyd-B °uid model into the space on both

rotational disks utilizing the novel aspect of the theory of non-Fourier composed into

the circumstance of homogeneous{heterogeneous chemical reactions.

The basic analysis of °uid °ow by the enormous rotating disk was examined by

Karman.1 Cochran2 applied transformations of von Karman on time independence in

the °uid °ow. This accurate result about transient °ow previous to the rotating disk

was analyzed by Benton.3 Hafeez et al.4 analyzed the magnetized °ow of a visco-

elastic °uid about the rotating disk. This bioconvection in Oldroyd-B nanoliquid °ow

through the vertical stretched sheet into an inclined magnetic ¯eld and mixed con-

vection was discussed by Elanchezhian et al.5 Usman et al.6 inspected the authority

on uniform less heat rise or sink on the transfer of heat phenomenon to power-law

°uid within dual stretchable disks. Their results indicated that temperature increase

includes the analogy variable in raising heat source/sink parameters. Alharbi7 pre-

sented the numerical simulation for the transport mechanism of Carreau °uid

through the non-uniformly exciting surface.

The circumstance of heat transfer is a very familiar natural phenomenon, and it

appears as a result of thermal variation among the substance or contrasting divisions

on a similar body. Many researchers have analyzed the circumstances and presence.

The classic law on heat conduction by Fourier8 was fundamental in considering the

heat transfer characteristics in various conditions. Also, the main defect of that law

was the improvement of the parabolic energy equation stated to be the primary

disturbance that was directly concerned with the structure mentioned below. In this

paper, the feature is considered physically unrealistic, and it is known as the paradox

of heat conduction. That position was observed by numerous investigators by

tending the adjustment on Fourier's law. The change of Fourier's imitation by the

recommended °ux of relaxation time heat was studied by Cattaneo.9 They were

noticed to like conversion return hyperbolic energy equation and that charter of

motion by heat breeding on thermal waves over limited speed. Cattaneo's conversion

was later enhanced by Christov10 over the announced time for thermal relaxation in

Oldroyd's above-connected results about the material's invariable formation. In this

paper, the modi¯cation was called as Cattaneo{Christov °ux for the heat model.

This singularity conducted the result of Cattaneo{Christov equation that was con-

¯rmed by Ciarletta and Straughan.11 Zhang et al.12 investigated analytically the

problem of combined buoyant convective transport by nano°uid on annular
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geometry with Cattaneo law of thermal °ux. They investigated that temperature

reduces the thermal memory parameter in the area near the exterior wall. Unsteady

bidirectional °ow on the Newtonian °uid of Cattaneo{Christov dual di®usion is

inspected by Ahmad et al.13 Alsharif et al.14 scrutinized the unsteady electroosmotic

°ow on the compressed fractional second-level °uid through the microchannel.

Of late, engineers and scientists have been concerned about issues concerning the

°ows of °uids incorporated into chemical responses. The chemical responses can be

homogeneous or heterogeneous. In the case of the response increase into the complete

domain to a reaction called a homogeneous reaction, as long as the reaction responds

interior to a few particular ¯elds or into the boundary on the ¯eld, it can be a

heterogeneous reaction. Homogeneous{heterogeneous reactions play an important

role in various chemically active structures. It was substantial to record the few

reactions that developed in a very less rapid manner and few of them did not proceed

at all, outside the presence of the motivation. The change of chemical reactions

endures, and some of them had important applications in chemical engineering

systems and industries. Especially, chemical reactions had a continuous impact on

food dispensation, the production of polymers, the hydrometallurgical industry, the

chemically designed equipment, ceramics manufacturing and spinney on di®erent

crops and tree destruction through freezing. Several researchers used homo-

geneous{heterogeneous reactions in our analysis to examine various types of °ow

phenomena. Earlier, Chaudhary and Merkin15 researched on ¯nding an easy method

by working in a homogeneous{heterogeneous response near the stagnation point.

Furthermore, Merkin16 was numerically marked by a boundary layer °ow as used by

the homogeneous{heterogeneous response. Turkyilmazoglu17 modeled the heat

transfer of nano°uid °ow with a spinning disk. Bachok et al.18 performed the features

of heat transfer through the spinning porous disk. This e®ect on homogeneous and

heterogeneous response of the heat transfer and the °ow study in Maxwell nano°uid

with velocity slip was investigated by Sreedevi et al.19 Javed et al.20 deliberated an

analysis on the impact of the homogeneous{heterogeneous response of the MHD

peristaltic mechanism by the arched medium. Almaneea21 studied a numerically used

¯nite element method to resolve the problem of heat transport mechanism on Wil-

liamson °uid during homogeneous{heterogeneous reactions. Siddiqui et al.22 marked

the performance of 3D °ow nano°uid and entropy generation along a stretching

cylinder. Khashi'ie et al.23 presented an analysis of radiative three-dimensional hy-

brid nano°uid previous permeable shrinking/stretching sheet. Aladdin and Bachok24

explored the impact of chemical reaction and hydromagnetic through the stagnation-

point °ow on horizontal shrinking/stretching cylindrical surfaces.

The consequence of radiation on convective °ows shows the extensive act on space

technology and more industrial methods requiring greater temperatures, like the

preparation of paper plates, petroleum pumps and electric chips. Anantha Kumar

et al.25 explored the transferring heat and liquid ¯lm °ow of hybrid ferro°uid with an

irregular heat sink. Rauf et al.26 deliberated an analysis of Casson hybrid nano°uid

°ow over the lubricated surface on a stagnation point with a uniform magnetic ¯eld.

Chemical response in Oldroyd-B liquid through rotational disk
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Luo et al.27 presented the active current conductivity of porous constituents on the

attendance of thermal radiation. Rana et al.28 conducted the time-dependent im-

proved heat transport in the °ow of hybrid nano°uid by the circling sphere. This

stagnation in the point °ow by Casson nano°uid into thermal radiations was ex-

amined by Hussain et al.29 They investigated that the temperature pro¯le improves

in developing heat generation parameters. Sharma et al.30 investigated the mass and

heat transfer of magnetic nano°uid °ow over the turning disk in variable °uid

prospects. The mass transfer analysis on ferro°uid °ow among co-spinning stretch-

able disks in geothermal viscosity was carried out by Vijay and Sharma.31 Kumar

and Sharma32 discussed the entropy-optimized Cu{TiO2/water °ow over a vertically

moving rotating disk. Gangadhar et al.33 inspected the bioconvective motion in the

MHD °ow of the couple stress °uids through the above horizontal surface. Zainal

et al.34 presented the unsteady °ow of the absorptive shrinking or stretched Riga

plate with thermal radiation. The best applicable schedule in the topic can be found

in Refs. 35{40.

In°uenced by the formal reports, the notable MHD viscoelastic °uid °ow over the

rotating disk in the e®ect of space and temperature-related heat source/fall to the

°uid has not been investigated yet. Also, the above convected Oldroyd-B °uid ¯gure

and the changed Fourier law are utilized to analyze temperature transport and the

°uid °ow act. Further, we examined the appearance of mass transfer as a working

e®ect on homogeneous{heterogeneous response on the °ow of Oldroyd-B °uid that

was acquired over the spinning disk. The nonlinear PDEs were transformed with

non-dimensional ODEs by applying von Karman transformations1 to achieve the

results. A numerical scheme ¯nite element method gives complete details regarding

the investigation of the physical behavior of elaborate parameters in °ow, solutal

distributions and temperature. The goal of this analysis was achieved through the

following questions.

(1) Which relaxation time parameters in°uence the °uid velocity by azimuthal and

radial directions?

(2) What was the importance of radiation and thermal relaxation parameters on the

rate of heat transfer and the °uid temperature?

(3) How do homogeneous–heterogeneous reactions move °uid concentration and

wall concentration gradient?

(4) What was the e®ect of Cattaneo–Christov °ux for heat by the Oldroyd-B °uid

°ow?

(5) What was the e®ect on the heat rise/fall of the heat transfer rate?

2. Mathematical Formulation

We accept the constant incompressible magnetic °ow of Oldroyd-B °uid through the

rotational disk. This rotation, including radial stretching by the disk, is studied to
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achieve the °ow. This disk was rotating into the ¯xed angular velocity �. This

magnetic model behaves in the z0-direction and the persuaded magnetic model was

not studied. Moreover, the e®ect on homogeneous{heterogeneous response to mass

transport was studied in that analysis. The theory of Catteneo{Christov heat °ux

(changed Fourier's law) was utilized to achieve the heat transport mechanism.

Furthermore, the heat transfer investigation was directed into the e®ect on linear

radiation and space and temperature-dependent heat absorption or generation.

Figure 1 displays the physical representation of the problem.

Merkin16 proposed the ¯gure about the homogeneous and heterogeneous response

to both chemical species A�
1 and A�

2. They accepted the homogeneous reaction of the

cubic autocatalytic that was given by

A�
1 þ 2A�

2 ! 3A�
2; rate ¼ kcab

2: ð1Þ
In the catalyst surface, they have the isothermal, single, ¯rst-order response which is

as follows:

A�
1 ! A�

2; rate ¼ ksa: ð2Þ
Here, a is the concentration onA�

1 andA�
2 by b and (kc and ksÞ are the rate constants.

The abovementioned reactions were studied taking into account an isothermal.

These nonlinear equations of the taken problem are as follows4,5:

Conservation of mass

@u0

@r0
þ 1

r0
u0 þ

@w0

@z0
¼ 0: ð3Þ

The momentum equation along the r-direction is as follows:

u0

@u0

@r0
� 1

r0
v2
0 þ w0

@u0

@z0
¼ �

@2u0

@z2
0

� �

�
B2

0 u0 þ �1w0

@u0

@z0

� �

Fig. 1. (Color online) A physical diagram.

Chemical response in Oldroyd-B liquid through rotational disk

2550146-5

M
od

. P
hy

s.
 L

et
t. 

B
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 Z

H
E

JI
A

N
G

 U
N

IV
E

R
SI

T
Y

 o
n 

04
/1

8/
25

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.



� �1

u 2
0

@2u0

@r 20
þ w2

0

@2u0

@z2
0

þ 2u0w0

@2u0

@r0z0
� 2

r0
u0v0

@v0
@r0

� 2

r0
u0w0

@v0
@z0

þ 1

r20
u0v

2
0 þ

1

r0
v2
0

@u0

@r0

2
6664

3
7775

þ ��2

� 1

r0

@u0

@z0

� �
2

� 2
@u0

@z0

@2w0

@z2
0

þ w0

@3u0

@z3
0

� @u0

@r0

@2u0

@z2
0

� @u0

@z0

@2u0

@r0@z0
þ u0

@3u0

@r0@z
2
0

2
6664

3
7775: ð4Þ

The momentum equation along the s-direction is as follows:

u0

@v0
@r0

þ 1

r0
u0v0 þ w0

@v0
@z0

¼ �
@2v0
@z2

0

� �

�
B2

0 v0 þ �1w0

@v0
@z0

� �

� �1

u 2
0

@2v0
@r 20

þ w2
0

@2v0
@z2

0

þ 2u0w0

@2v0
@r0z0

þ 2

r0
u0v0

@u0

@r0

þ 2

r0
u0w0

@u0

@z0
� 2

r20
u2
0v0 �

1

r20
v3
0 þ

1

r0
v2
0

@v0
@r0

2
6664

3
7775

þ ��2

u0

@3v0
@r0@z

2
0

� 2
@v0
@z0

@2w0

@z2
0

þ w0

@3v0
@z3

0

� 1

r0

@u0

@z0

@v0
@z0

þ 1

r0
v0

@2u0

@z2
0

� @v0
@r0

@2u0

@z2
0

� @v0
@z0

@2u0

@r0@z0
� 1

r0
u0

@2v0
@z2

0

2
6664

3
7775: ð5Þ

The conservation of energy is as follows:

u0

@T0

@r0
þ w0

@T0

@z0
¼�

@2T0

@z2
0

� "0

u2
0

@2T0

@r20
þ 2u0w0

@2T0

@r0@z0
þ w2

0

@2T0

@z 2
0

þ u0

@w0

@r0

@T0

@z0

þ u0

@u0

@r0

@T0

@r0
þ w0

@u0

@z0

@T0

@r0
þ w0

@w0

@z0

@T0

@z0

2
6664

3
7775

þ 1

�cp

@

@z0

16��T 31
3k�

@T0

@z0

� �
þ q000: ð6Þ

The equations for species are as follows:

u0

@a

@r0
þ w0

@a

@z0
¼ DA

@2a

@z2
0

� kcab
2; ð7Þ

u0

@b

@r0
þ w0

@b

@z0
¼ DB

@2b

@z2
0

þ kcab
2: ð8Þ

The relevant boundary conditions are as follows:

u0 ¼ cr0; v0 ¼ �r0; w0 ¼ 0; T0 ¼ Tw; DA

@a

@z0
¼ ksa;

DB

@b

@z0
¼ �ksa at z0 ¼ 0;

ð9Þ

u0 ! 0; v0 ! 0; T0 ! T1; a ! a0; b ! 0; as z0 ! 1: ð10Þ

M. Rupa Lavanya et al.
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where u0 suggests the velocity on r0 direction and v0, w0 are the velocities on ’ and z0
directions, appropriately. Again �� is the Stefan{Boltzmann constant, �1 is the °uid

relaxation time, �2 is the °uid retardation time, B0 was the magnetic ¯eld strength,

k� is the mean absorption coe±cient, T0 is the °uid temperature, � is the thermal

di®usivity, (kc, ksÞ are the rate constants, �0 is the thermal relaxation time and (DA,

DBÞ are di®usion coe±cients on species. This parameter on irregular heat source or

sink q000 is as follows6:

q000 ¼ k�

�

A�ðTw � T1Þ
�r0

u0 þB�ðT � T1Þ
� �

: ð11Þ

By naturalizing von Karman as mentioned by Mogaji et al.,40 we receive the fol-

lowing variables:

� ¼
ffiffiffiffi
�

�

r
z0; u0 ¼ �r0F ; v0 ¼ �r0G;

w0 ¼
ffiffiffiffiffiffiffi
��

p
H; a ¼ a0	; b ¼ a0h; 
 ¼ T0 � T1

Tw � T1
:

ð12Þ

By renewing the conversion on Eqs. (3){(8) and using Eq. (11), we acquire

2F þH0 ¼ 0; ð13Þ

F 0H þ F 2 �G2 � F 00 þ �1ðH2F 00 þ 2HFF 0 � 2HGG0Þ
þ �2ð2F 02 � F 000H þ 2F 0H00Þ þMð�1HF 0 þ F Þ ¼ 0; ð14Þ

G0H þ 2FG�G00 þ �1ðH2G00 þ 2ðG0F þGF 0ÞHÞ
� �2ðHG000 � 2G0F 0 � 2H00G0Þ þMð�1HG0 þGÞ ¼ 0; ð15Þ

1þ 4

3
Rd

� �
1

Pr

00 � 
0H � "½
00H2 þ 
0H0H� þ A�F þB�
 ¼ 0; ð16Þ

1

Sc
	00 � 	0H � k1h

2	 ¼ 0; ð17Þ

�

Sc
h00 � h0H þ k1h

2	 ¼ 0: ð18Þ

These transformed boundary conditions were as follows:

Gð�Þ ¼ 1; F ð�Þ ¼ R; Hð�Þ ¼ 0; 
ð�Þ ¼ 1; 	0ð�Þ ¼ k2	ð�Þ;
�h0ð�Þ ¼ �k2	ð�Þ at � ¼ 0;

ð19Þ

Gð�Þ ! 0; F ð�Þ ! 0; 
ð�Þ ! 0; 	ð�Þ ! 1;

hð�Þ ! 0 as � ! 1;
ð20Þ

where we ¯rst display di®erentiation with respect to �. Again, Mð¼ �B 2
0

�� Þ is the

magnetic ¯eld parameter, �1 ¼ ð�1�Þ is the time relaxation parameter, Rð¼ c
�Þ is the

Chemical response in Oldroyd-B liquid through rotational disk
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stretching parameter, �2 ¼ ð�2�Þ is the retardation parameter, Prð¼ �ð�cpÞ
k Þ is the

Prandtl number, "ð¼ "0�Þ is the thermal relaxation time, Rdð¼ 4��T 31
kk� Þ is the radi-

ation parameter, k1ð¼ kc
a 2
0

� Þ is the homogenous reaction rate, Scð¼ �
DA

Þ is the

Schmidt number, k2ð¼ ks
DA

ffiffiffi
�
�

p Þ is heterogeneous reaction rate, and �ð¼ DB

DA
Þ is the

relation of di®usion coe±cients. These species A� and B� are mostly not the same,

yet they could await this to be related to size. They also studied the coe±cients of

di®usion species DB and DA that were exact, i.e. � ¼ 1, so

	ð�Þ þ hð�Þ ¼ 1: ð21Þ

Now applying the above condition, Eqs. (17) and (18) along with the corresponding

boundary conditions give the pattern

1

Sc
	00 � 	0H � k1½1� 	�2	 ¼ 0; ð22Þ

	0ð�Þ ¼ k2	ð�Þ at � ¼ 0 and 	ð�Þ ! 1 as � ! 1: ð23Þ
These physical engineering parameters were detailed by the following equation:

Nur ¼
qw

kðTw � T1Þ ; qw ¼ � k
@T0

@z0
þ qr

� �
z0¼0

: ð24Þ

As mentioned in Eq. (12), the non-dimensional system of local Nusselt number is

as follows:

Nur ¼ � 1þ 4

3
Rd

� �

0ð0Þ; ð25Þ

where Re ¼ ð�r0Þr0
� is the local Reynolds number.

3. Numerical Methods

The ¯nite element method (FEM)7,19,21 which is similar to the dominant technique

discusses the ordinary and partial di®erential equations in a combined manner. This

elementary concept of that technique was among the total domain with lesser ele-

ments by ¯nite dimensions is called ¯nite elements.

3.1. The ¯nite element method

This FEM is an e®ective model for corrective PDEs and ODEs. This fundamental

design of that process was the separation of the total domain with lesser elements by

¯nite dimensions known as ¯nite elements. That model was like the best numerical

method in current engineering investigation, and it could be utilized on corrective

integral equations as well as heat transfer, electrical systems, chemical processing,

M. Rupa Lavanya et al.
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°uid mechanics and several more zones. The detailed steps using the ¯nite element

method are as follows:

(i) Finite element discretization

This total domain was separated with the ¯nite number of sub-domains; this was

known as the discretization on the domain. Every sub-domain was recognized as the

element. This set of elements was recognized as the ¯nite element coordinate.

(ii) Generation of the element equations

(a) Against the coordinate, the typical element was unique and the variational

construction on the taken problems through the characteristic element was

assembled.

(b) The relative outcome of that variational problem was a®ected, and the element

equations were formed by substituting that result on the superior system.

(c) The element matrix, known as the sti®ness matrix, was assembled by ap-

plying the element interruption functions.

(iii) Association of element equations

Every algebraic equation that was collected was constructed as commanding inter-

element continuity conditions. The output of a high number of algebraic equations is

called the universal ¯nite element method; it conducts the total domain.

(iv) Obligation of conditions at boundary

This natural condition at the boundary is essentially required on the constructed

equations.

(v) Solution of accumulated equations

These constructed equations that were much collected could be de¯ned by every LU

decomposition method, numerical techniques, especially, the Gauss elimination

method, etc. The considerable study was to shape the functions that were occupied

to exact existing applications.

Regarding the result on the order of nonlinear ordinary di®erential Eqs. (13){(16)

and (22) both into boundary conditions (19), (20) and (23), primarily, they accept

dF

d�
¼ X; ð26Þ

dG

d�
¼ Y : ð27Þ

Equations (13){(16) and (22) then reduce to

2F þH0 ¼ 0; ð28Þ
XH þ F 2 �G2 �X0 þ �1ðH2X0 þ 2HFX � 2HGY Þ

� �2ð2X2 þX00HÞ þMð�1HX þ FÞ ¼ 0; ð29Þ

Chemical response in Oldroyd-B liquid through rotational disk

2550146-9

M
od

. P
hy

s.
 L

et
t. 

B
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 Z

H
E

JI
A

N
G

 U
N

IV
E

R
SI

T
Y

 o
n 

04
/1

8/
25

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.



YH þ 2FG� Y 0 þ �1ðH2Y 0 þ 2ðYF þGXÞHÞ
� �2ðHY 00 þ 2XY Þ þMð�1HY þGÞ ¼ 0; ð30Þ

1þ 4

3
Rd

� �
1

Pr

00 � 
0H � "½
00H2 þ 
0H0H� þ A�F þB�
 ¼ 0; ð31Þ

1

Sc
	00 � 	0H � k1½1� 	�2	 ¼ 0: ð32Þ

3.2. Variational formulation

This variational pattern that is identical to Eqs. (28){(32) through the typical linear

element ð�b; �bþ1Þ is taken as follows:

Z �bþ1

�b

w1

dF

d�
�X

� �
d� ¼ 0; ð33Þ

Z �bþ1

�b

w2

dG

d�
� Y

� �
d� ¼ 0; ð34Þ

Z �bþ1

�b

w3ðH0 þ 2FÞd� ¼ 0; ð35Þ
Z �bþ1

�b

w4

XH þ F 2 �G2 �X0 þ �1ðH2X0 þ 2HFX � 2HGY Þ
� �2ð2X2 þX00HÞ þMð�1HX þ FÞ

� �
d� ¼ 0; ð36Þ

Z �bþ1

�b

w5

YH þ 2FG� Y 0 þ �1ðH2Y 0 þ 2ðYF þGXÞHÞ
� �2ðHY 00 þ 2XY Þ þMð�1HY þGÞ

� �
d� ¼ 0; ð37Þ

Z �bþ1

�b

w6 1þ 4

3
Rd

� �
1

Pr

00 � 
0H � "½
00H2 þ 
0H0H� þA�F þB�


� �
d� ¼ 0; ð38Þ

Z �bþ1

�b

w7

1

Sc
	00 � 	0H � k1½1� 	�2	

� �
d� ¼ 0; ð39Þ

where w1;w2;w3;w5;w6;w4 and w7 are arbitrary test tasks and might been observed

by the di®erences on F ;G;H;X;Y ; 
 and 	, appropriately.

3.3. Finite element formulation

This ¯nite element method might be constructed on the above equations that were

replacing ¯nite element approximations on this pattern

X ¼
X2
j¼1

Xj�j; Y ¼
X2
j¼1

Yj�j; 	 ¼
X2
j¼1

	j�j; F ¼
X2
j¼1

Fj�j;

H ¼
X2
j¼1

Hj�j; G ¼
X2
j¼1

Gj�j; 
 ¼
X2
j¼1


j�j:

ð40Þ

M. Rupa Lavanya et al.
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w1 ¼ w2 ¼ w3 ¼ w4 ¼ w6 ¼ w7 ¼ w5 ¼ �i; ði ¼ 1; 2; 3; 4; 5; 6; 7Þ: Here, �i is the

shape function of the typical element ð�b; �bþ1Þ and is denoted by

� b
1 ¼

ð�bþ1 þ �b � 2�Þð�bþ1 � �Þ
ð�bþ1 � �bÞ2

; � b
2 ¼

4ð� � �bÞð�bþ1 � �Þ
ð�bþ1 � �bÞ2

;

� b
3 ¼

ð�bþ1 þ �b � 2�Þð� � �bÞ
ð�bþ1 � �bÞ2

; �b � � � �bþ1:

ð41Þ

The ¯nite element model on the equation so shaped is taken as follows:

½�11� ½�12� ½�13� ½�14� ½�15� ½�16� ½�17�
½�21� ½�22� ½�23� ½�24� ½�25� ½�26� ½�27�
½�31� ½�32� ½�33� ½�34� ½�35� ½�36� ½�37�
½�41� ½�42� ½�43� ½�44� ½�45� ½�46� ½�47�
½�51� ½�52� ½�53� ½�54� ½�55� ½�56� ½�57�
½�61� ½�62� ½�63� ½�64� ½�65� ½�66� ½�67�
½�71� ½�72� ½�73� ½�74� ½�75� ½�76� ½�77�

2
666666666664

3
777777777775

F

G

H

X

Y




	

2
66666666664

3
77777777775
¼

fr1g
fr2g
fr3g
fr4g
fr5g
fr6g
fr7g

2
666666666664

3
777777777775

; ð42Þ

where ½�mn� and ½rm� ðm;n ¼ 1; 2; 3; 4; 5; 6; 7Þ was detailed by

�11 ¼
Z �bþ1

�b

�i

d�j

d�
d�;

�14 ¼ �
Z �bþ1

�b

�i�jd�; �12 ¼ �13 ¼ �15 ¼ �16 ¼ �17 ¼ 0;

�22 ¼
Z �bþ1

�b

�i

d�j

d�
d�; �25 ¼ �

Z �bþ1

�b

�i�jd�;

�21 ¼�23 ¼ �24 ¼ �26 ¼ �27 ¼ 0;

�33 ¼
Z �bþ1

�b

�i

d�j

d�
d�;

�31 ¼ 2

Z �bþ1

�b

�i�jd�; �32 ¼ �34 ¼ �35 ¼ �36 ¼ �37 ¼ 0;

�44 ¼ �H

Z �bþ1

�b

�i�jd� �
Z �bþ1

�b

�i

d�j

d�
d� þ �1

�H 2

Z �bþ1

�b

�i

d�j

d�
d�

þ 2�1
�H �F

Z �bþ1

�b

�j�id� � 2�2
�X

Z �bþ1

�b

�j�id� þ �2
�H

Z �bþ1

�b

d�i

d�

d�j

d�
d�

þ �1M �H

Z �bþ1

�b

�i�jd�;�
41 ¼ �F

Z �bþ1

�b

�i�jd� þM

Z �bþ1

�b

�i�jd�;

�42 ¼ � �G

Z �bþ1

�b

�i�jd� � 2�1
�X �Y

Z �bþ1

�b

�i�jd�;�
43 ¼ �45 ¼ �46 ¼ �47 ¼ 0;

Chemical response in Oldroyd-B liquid through rotational disk
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�55 ¼ �H

Z �bþ1

�b

�i�jd� �
Z �bþ1

�b

�i

d�j

d�
d� þ �1

�H2

Z �bþ1

�b

�i

d�j

d�
d� þ 2�1

�F �H

�
Z �bþ1

�b

�i�jd� þ �2
�H

Z �bþ1

�b

d�i

d�

d�j

d�
d� � 2�2

�X

Z �bþ1

�b

�i�jd�

þ �1M �H

Z �bþ1

�b

�i�jd�;

�52 ¼ 2 �F

Z �bþ1

�b

�i�jd� þM

Z �bþ1

�b

�i�jd�;

�54 ¼ 2�1
�G �H

Z �bþ1

�b

�i�jd�;�
51 ¼ �53 ¼ �56 ¼ �57 ¼ 0;

�66 ¼ � 1þ 4

3
Rd

� �
1

Pr

Z �bþ1

�b

d�i

d�

d�j

d�
d� � �H

Z �bþ1

�b

�i

d�j

d�
d� þ " �H 2

Z �bþ1

�b

� d�i

d�

d�j

d�
d� � " �H �H 0

Z �bþ1

�b

�i

d�j

d�
d� þB�

Z �bþ1

�b

�i�jd�;

�61 ¼A�
Z �bþ1

�b

�i�jd�;�
62 ¼ �63 ¼ �64 ¼ �65 ¼ �67 ¼ 0;

�77 ¼ � 1

Sc

Z �bþ1

�b

d�j

d�

d�i

d�
d� � �H

Z �bþ1

�b

�i

d�j

d�
d� � k1½1� �	�2

Z �bþ1

�b

�i�jd�;

�71 ¼�72 ¼ �73 ¼ �74 ¼ �75 ¼ �76 ¼ 0;

b1 ¼ b2 ¼ b3 ¼ 0; b4 ¼ �2
�H �i

dX

d�

� � �bþ1

�b

; b5 ¼ �2
�H �i

dY

d�

� � �bþ1

�b

;

b6 ¼ � 1þ 4

3
Rd

� �
1

Pr
�i

d


d�

� � �bþ1

�b

þ " �H2 �i

d


d�

� � �bþ1

�b

;

b7 ¼ � 1

Sc
�i

d	

d�

� � �bþ1

�b

:

3.4. Validation of numerical scheme

Table 1 is the calculation table on F 0ð0Þ;�G0ð0Þ and �
0ð0Þ is the absence of °uid

parameters into correlation in a few previously issued appliances. De¯nitely, in this

Table 1. A correlation on F 0ð0Þ;�G0ð0Þ and �
0ð0Þ of ¯xed Pr ¼ 6:2 and

�1 ¼ 0 ¼ �2 ¼ M ¼ R ¼ " ¼ Rd ¼ A� ¼ B�.

Turkyilmazoglu17 Bachok et al.18 Hafeez et al.4 Present

�G0ð0Þ 0.6159220 0.6159 0.6158492796 0.6159284093
F 0ð0Þ 0.51023262 0.5102 0.5101162643 0.5102336183
�
0ð0Þ 0.93387794 0.9337 0.9336941128 0.9338715627

M. Rupa Lavanya et al.
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table, the new analysis is numerical and authentically designs the ¯nite element

method which is the accurate technique.

4. Results and Discussion

In the analysis, the main ambition was to anticipate the physics of thermal-radiated

Oldroyd-B °uid °ow inferior to the changed Fourier's law and investigate it nu-

merically. We have utilized the ¯nite element method to detect the analysis of

physical behavior by numerous parameters. The physical e®ect on many parameters

of °ow, solutal distributions and temperature was marked and sketched in

Figs. 2{12. Fixed values are distributed over total leading parameters as the nu-

merical imitations such as �1 ¼ 0:1;Pr ¼ 2:5; �2 ¼ 0:1;M ¼ 0:1; " ¼ 0:3; Sc ¼ 5:0; k1
¼ 0:1;R ¼ 0:8; k2 ¼ 0:1;A� ¼ 0:2; B� ¼ 0:01 and Rd ¼ 0:1 and some are mentioned

in graphs. This was observed in total plots that were asymptotically coming from the

far-¯eld boundary conditions. It gathered information about the issue based on

speci¯c physical factors on the ranges 0:1 � �1 � 0:4; 0:1 � �2 � 0:25; 0:2 � " �
0:35; 0:05 � Rd � 0:35; �4:0 � A� � 4:0; �0:2 � B� � 0:04; 0:1 � k1 � 0:5; and

0:2 � k2 � 0:6.

The curves of velocity components like radial Fð�Þ, tangential Gð�Þ, axial �Hð�Þ
and temperature 
ð�Þ, respectively, were plotted in Figs. 2{5 against the varying

values of �1. Figure 2 discovers the variation of radial velocity Fð�Þ from the re-

laxation time factor �1. They show the velocity of the forward radial direction

downturn as given by the relaxation time parameter �1 in the range 0.1{0.4. By that

time, the material ratio for both relaxation time and material inspection time will be

received. Hence, their greater assessment of the relaxation time factor assumes that

the stress relaxation was higher or that inspection time was lesser, indicating this

1

Fig. 2. (Color online) Impression on �1 of Fð�Þ.

Chemical response in Oldroyd-B liquid through rotational disk
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°uid displays a solid-like response. So, the °uid was loaded in extra protection.

Accordingly, the velocity of the °uid reduces in that manner. This equal position on

the °ow act could be noticed in the azimuthal direction via Fig. 3. Furthermore, an

important decline was seen in the viscosity of boundary layer. This velocity ¯eld in

the axial direction is displayed in Fig. 4. It was noticed that velocity distribution on

the axial direction was reduced as an e®ect on �1ð¼ 0:1; 0:2; 0:3; 0:4Þ. The behavior of
temperature distribution 
ð�Þ to the liquid is shown in Fig. 5. Through later exam-

ination, they discover that the °uid temperature 
ð�Þ improves the augmentation on

�1ð¼ 0:1; 0:2; 0:3; 0:4Þ. Physically, this could be interpreted by the impact on the

Deborah number of relaxation time into the °uid that acts as the solid-like reaction.

Fig. 3. (Color online) Impression of �1 on Gð�Þ.

Fig. 4. (Color online) Impression of �1 on �Hð�Þ.

M. Rupa Lavanya et al.
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Because of every conductive heat transport that improves on solid-like °uid by being

related to a liquid, hence, this temperature increases in that position. A similar

observation was found by Hafeez et al.4 and Elanchezhian et al.5

The distinction between velocity ¯eld and temperature distribution from the

retardation time factor, �2, is shown in Figs. 6 and 7. The impact on �2 of velocity

pro¯le Gð�Þ in the azimuthal direction is de¯nite in Fig. 6. It is noticed from curves of

that design that the magnitude of velocity Gð�Þ on azimuthal direction improves the

ascent of the retardation time parameter �2. The retardation time depicts the time

taken to form the shear stress on the °uid. Hence it could describe time-scales when

the association picture is not interpreted with the relaxation time. This functionGð�Þ

Fig. 5. (Color online) Impression of �1 on 
ð�Þ.

Fig. 6. (Color online) Impression of �2 on Gð�Þ.

Chemical response in Oldroyd-B liquid through rotational disk
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was directly compared to retardation time parameter �2. This represents that the

°uid °ow was parallel toward the disk and expedited at a greater rate during °uid

relaxation time. Figure 7 explains the e®ect of temperature on the °uid for

changeable values of �2 ¼ ð0:1; 0:15; 0:2; 0:25Þ as observance defect parameters ¯xed.

They were located at the temperature 
ð�Þ that was decelerated below the activity on

the retardation time parameter �2. This greater retardation time �2 raises the

elasticity on the °uid. As a result of that behavior, a decreasing function of 
ð�Þ was
acclaimed. Previous investigation5 got the similar behavior.

The impact on thermal relaxation time " and radiation parameter Rd in

temperature 
ð�Þ is shown in Fig. 8 with the other parameters taken as ¯xed.

Fig. 7. (Color online) Impression of �2 on 
ð�Þ.

Fig. 8. (Color online) Impression on " and Rd of 
ð�Þ.

M. Rupa Lavanya et al.
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The thermal relaxation time has increased from "ð¼ 0:2; 0:25; 0:3; 0:35Þ. That was the
reduction performance at the temperature of the Oldroyd-B °uid. Actually, about

" ¼ 0:0, Cattaneo{Christov ¯gure reduction is seen in the classical Fourier's law that

represents the energy of heat transport instantly on the °uid. On the other hand,

increase in nonzero values on " decreases temperature distribution. As a result of the

non-Fourier heat °uxmodel, the command to rate of heat energywas taken on a liquid.

This impact on radiation parameter Rd on the distribution of temperature 
ð�Þ is
also examined in Fig. 8. Against this sketch, it was observed that the consequence on

Rd on 
ð�Þ was developing. It was simple as the radiation mechanism was the heat

transference aspect that discharged the power by liquid particles just like the few

added heats that were composed on the °ow. Thus, they exposed the enhancement

on the thermal ¯eld about greater Rdð¼ 0:05; 0:15; 0:25; 0:35Þ. A similar pattern was

observed by Anantha Kumar et al.25

The in°uence on heat fall/rise factor in temperature pro¯le 
ð�Þ had been cal-

culated on Fig. 9. It could be analyzed to the 
ð�Þ was increasing with the dimen-

sionless same as variable � about the growing values of space and temperature reliant

on heat rise/sink parameters ðA�B�Þ. Actually, they could be announced by,

positive ness of A� and B� indicate into the heat source that execute such heat

generators when that heat energy had been discharged against the °ow and that

details increase on temperature ¯eld. This negativity of A� and B� express by heat

sink that performs by heat absorbers, this energy was consumed about unfavorable

values of A� and B�.
Figure 10 shows the impact of homogeneous strength k1 and heterogeneous

strength k2 on concentration distribution 	ð�Þ with other parameters ¯xed. It is seen

that the concentration ¯eld decreases in the extended raises on the homogeneous

reaction parameter k1. This was the reason the di®usion coe±cients were a®ected by

Fig. 9. (Color online) Impression of A� and B� on 
ð�Þ.
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the reaction rates. It was also noted that the e®ect on heterogeneous reaction

parameter k2 was to decrease the species concentration. The raise on the heteroge-

neous power details reduces the di®usion of concentration. Due to that reason, the

concentration distribution was reduced in the increasing values of k2.

The behaviors of space and temperature that were reliant on the heat rise/sink

parameter in the Nusselt number were displayed in Fig. 11. It is noted that heat

transfer is initially increasing and then the decreasing behavior is noted for incre-

mental values of A�. Further, the rate of heat transfer was decreased about greater

values of B�. In Fig. 12, the alteration of concentration gradient by the wall �	0ð0Þ in
di®erent physical factors was considered. It was clearly noted that the greater values

of k1 and k2 display a developing trend of wall concentration gradient.

Fig. 10. (Color online) Impression on k1 and k2 of 	ð�Þ.

Fig. 11. (Color online) Impression on A� and B� of Nur.
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The analytical path (slope of linear regression by data points) had been applied to

evaluate the raise/reduce on Nur about di®erent values on governing parameters; see

Table 2. In Table 2, numerical values of Nur regarding the variation of �2;Pr;R; "

and Rd are presented. The data have shown an increase at the rate 0:031498 for

Fig. 12. (Color online) Impression on k1 and k2 of Nur.

Table 2. Numerical computations by local Nusselt number for di®erent

physical parameters.

�2 Pr R � Rd Nur

0.1 0.71 0.5 0.1 0.1 0.12078857
0.2 0.16164530
0.3 0.20966892
0.4 0.26215527
Slope 0.472124

0.5 0.11775037
1.0 0.12647360

1.5 0.14147399

2.0 0.16524620
Slope 0.031498

0.6 0.12856569

1.0 0.16271023

1.4 0.20126210

1.8 0.24356004
Slope 0.095884

0.0 0.12015519

0.2 0.12154809
0.4 0.12361662

0.6 0.12693212
Slope 0.0112

0.0 0.10803495
0.2 0.13368504

0.4 0.15973808

0.6 0.18599496
Slope 0.129967
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larger values of Pr. As developing Pr causes reduction in the temperature, this was

done on the sense of Prandtl number that was related into thermal di®usivities and

the momentum and into the augmentation on the Prandtl number that the ad-

vantage toward the reduction on the thermal di®usivity and when that temperature

reduces. Due to this reason, the rate of heat transfer accelerates. Here also, Nur
increases at the rates 0:472124; 0:095884; 0:0112 and 0:129967 with an enhancement

in the magnitude of �2;R; " and Rd correspondingly.

5. Conclusion

This present analysis was committed toward examining the three-dimensional

Oldroyd-B °uid into the e®ect on homogeneous{heterogeneous reactions, where the

°uid °ows through the rotating disk. Further, a changed Fourier's law model was

applied for this study. The impacts on temperature and space reliant on heat source/

sink and thermal radiation were analyzed. The PDEs were transformed into ODEs

with the aid of applicable comparison conversion. Recently, the determined out-

comes that were collected against the ¯nite element method and the previous results

were studied. The additional tabular comparison and graphical representation ap-

prove that the ¯nite element method was exactly usable for like problems and several

others. This technique could be more favorable than other nonlinear problems. Thus,

the basic points of the present analysis are as follows:

(1) Reducing acts on azimuthal velocity and radial velocity were observed on the

relaxation time parameter.

(2) This was noticed for those greater values of retardation parameter and °uid

relaxation time parameter which cause enhancement in temperature distribu-

tion.

(3) These azimuthal velocity sketches were raising applications on the retardation

time factor.

(4) Thermal retardation time parameter and relaxation time parameter increase

under the °uid temperature.

(5) The temperature was a®ected by the increasing temperature and space-related

heat source or sink factors ðA�;B�Þ and heat transfer was increased by escalation

on the Prandtl number.

(6) Devaluation into the concentration ¯eld was noticed although in°uences on

homogeneous and heterogeneous reactions become greater.

The present nature was also higher to the region of cooling on nuclear reactors,

food products were collected in the path of the surrounding environment over the

food and space technology, the resonance of organs along with tumors into medical

¯elds such as cancer therapy and magnetic resonance imaging and several

more. In further studies, the present model will extend bioconvection in motile

microorganisms.
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