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The hydromagnetic °ow of magnetite–water nano°uid due to a rotating stretchable disk
has been numerically assessed. The nano°uid °ow has been modeled utilizing the adapted

Buongiorno model that considers the volume fraction-dependent e®ective nano°uid properties

and the major slip mechanisms. In addition, experimentally gleaned functions of e®ective

dynamic viscosity and e®ective thermal conductivity are deployed. The modeled equations are
transformed into a ¯rst-order ODEs scheme employing Von K�arm�an's similarity conversions

and then resolved via the Runge–Kutta algorithm through the shooting technique. The impact

of pertinent terms over the physical quantities, nanoliquid temperature and nanoliquid con-
centration is explained with the support of graphs. Results show that rising volume fraction of

magnetite nanoparticles (NPs) and magnetic ¯eld term enhance the drag force. Mass transport

rate is demoted with augmenting values of magnetic ¯eld parameter whereas is promoted

with increase in Schmidt number. Further, it is detected that the changes in stretching
strength parameter are directly proportional to Nusselt number and inversely proportional to

the thermal ¯eld. The ¯ndings of this numerical analysis have applications in spin coating,

**Corresponding author.

International Journal of Modern Physics B

(2024) 2450003 (17 pages)

#.c World Scienti¯c Publishing Company

DOI: 10.1142/S0217979224500036

2450003-1

In
t. 

J.
 M

od
. P

hy
s.

 B
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 F

at
eh

 M
eb

ar
ek

-O
ud

in
a 

on
 0

6/
14

/2
3.

 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.

https://dx.doi.org/10.1142/S0217979224500036


rotating disk reactors, storage devices for computers, food processing, and rotating heat

exchangers.

Keywords: Hydromagnetic °ow; Ferro-nano°uid; modi¯ed Buongiorno model; rotating disk.

PACS number: 44.05.+e.

1. Introduction

Flows due to rotation have signi¯cant applications in many industrial and engi-

neering domains. It is widely used in spin coating, storage devices of computers,

centrifugal ¯ltration, turbo-machinery, food processing, power generation, etc. Von

Karman1 in 1921 was the earliest to scrutinize the °ow due to a rotating disk. Later,

many researchers carried out investigations (both experimental and theoretical)

concerning °uid °ow on a rotating disk. Rashidi et al.2 investigated the 2D steady

hydromagnetic nanoliquid °ow through a rotating porous disk. They employed the

fourth-order Runge–Kutta-based shooting method to explore the consequence of

magnetic interaction term, suction term and NP volume fraction on the °ow pro¯les.

Scientists are actively in search of ways to enhance the heat transport and thermal

properties of °uids due to their diverse industrial applications. The discovery of

nanoliquid, a suspension of nanometer-sized particles, by Choi3 took the research

community by storm. Nano°uids are employed in heat exchangers, car radiators, solar

collectors, grinding processes, nuclear power plants, renewable energy systems, etc. (see

Refs. 4–8). Ferro-nano°uids are suspensions of nanosized iron oxide (or magnetite)

particles in a carrier °uid (commonly water). Bhandari9 investigated the ferro-nano-

liquid °ow through an elongated rotating disk with a varying magnetic ¯eld and found

a reduction in the velocity pro¯le (for both radial and axial directions) due to a rise in

the volume fraction of magnetite NPs. Mustafa et al.10 utilized the Tiwari–Das scheme

to numerically scrutinize the heat transport in ferro°uid °ow through a rotating disk.

A superior cooling capability was demonstrated by the nanoliquid. Some recent studies

dealing with nano°uid °ow through a rotating disk can be found in Refs. 11–15.
Mass transfer corresponds to the net movement of species (mass) from one

location to another. Mass transfer proposes applications in processes like liquid

extraction, petrochemical re¯ning, distillation, absorption, leaching, and adsorption.

Naz et al.16 numerically analyzed Carreau nano°uid °ow past a cylinder and found a

negative in°uence in heat transfer rate with Brownian motion e®ects.

Hydromagnetic °ows have motivated many researchers with their applications in

power generators, hard disks for computers, MHD power generation, turbines, MHD

pumps, and biomedical ¯eld, etc. MHD nanoliquid °ows involving various geometries

are discussed in Refs. 17–21. Mustafa22 employed the Buongiorno model to scrutinize

the in°uence of e®ectual parameters via the hydromagnetic °uid °ow past a rotating

disk pertaining multiple slip and passive control of nanoparticles. Mahanthesh

et al.23 examined the impact of thermal and exponential space-dependent heat

sources over the hydromagnetic carbon nanotube (single-wall and multi-wall) nano-

°uid °ow via a rotating stretchable disk. The velocity pro¯les (tangential and radial)
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are inversely proportional to the magnetic ¯eld expression, whereas concentration and

temperature pro¯les are directly proportional to the magnetic ¯eld term. Furthermore,

they observed that the nanoliquid temperature drops with an increment in the

stretching strength term. Bilal et al.24 studied hydromagnetic °ow of Casson °uid over

a stretched surface and found an increase in temperature pro¯le with magnetic

parameter. The consequence of velocity and thermal slip on the nano°uid °ow because

of a rotating stretchable disk involving Cattaneo–Christov heat °ux scheme was

numerically explored by Tulu and Ibrahim.25 Mahanthesh et al.26 discussed the

signi¯cance of heat source e®ects over the hydromagnetic nanoliquid °ow past a

rotating stretchable disk. They reported that the stretching strength term ascends the

axial nanoliquid velocity and causes a decrease in all other °ow pro¯les.

Buongiorno model describes the °ow found in seven slip systems in which

thermophoresis and Brownian movement impacts were deemed remarkable. Studies

discussing the Buongiorno model in various physical con¯gurations can be seen in

Refs. 27–30. Numerous papers are utilized to ¯nalize this work as Refs. 31–39. The
adapted Buongiorno model gives equal importance to the e®ective thermophysical

properties of the nanoliquid along with the slip systems whereas the Buongiorno

model neglects the e®ective properties of the nanoliquid (see Ref. 40). Rana et al.41

theoretically and computationally analyzed the nanoliquid °ow toward a stretched

sheet with an adapted Buongiorno scheme. They noted an enhancement in the

temperature of nanoliquid ¯lled by the nano°uid's higher thermal conductivity.

Mahanthesh and Mackolil42 statistically scrutinized the heat °ux of a nano°uid

problem °ow modeled utilizing the modi¯ed Buongiorno model past a vertical plate.

Nano°uid °ows utilizing the adapted Buongiorno model can be seen in Refs. 43–46.
Prompted through literature review, the hydromagnetic ferro-nano°uid °ow due

to a rotating disk employing adapted Buongiorno nano°uid scheme has not yet been

studied. This work intends to satisfy this gap. Furthermore, experimentally gleaned

functions of e®ective dynamic viscosity and e®ective thermal conductivity are

deployed which boosts the novelty and real-life applicability of this research work.

The major objectives of this work are:

. To explore the impact of volume fraction of magnetite NPs and stretching

strength parameter on the °ow pro¯les and physical quantities.

. To investigate the in°uence of major slip mechanisms of Buongiorno °uid model

on the °ow pro¯les and physical quantities.

. To analyze the e®ect of magnetic ¯eld on °ow pro¯les and physical quantities.

. To elucidate the consequence of Schmidt number on the mass transfer rate.

2. Mathematical Frame

A hydromagnetic steady axisymmetric and incompressible °ow of magnetite–water
nano°uid °ow past a circular disk positioned at z ¼ 0 (Fig. 1) is considered. The disk

is rotated through an angular velocity ð�Þ. Moreover, the disk is stretched radially at

an even rate ðsÞ. Let ðu; v;wÞ be the velocity components along ðr; ’; zÞ directions.

Hydromagnetic °ow of magnetite–water nano°uid
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Also, let ðT ;T1;TW Þ be the nano°uid temperature, nano°uid temperature far from

the disk and nanoliquid temperature near the disk, in that order, and ðC;CW ;C1Þ be
the nano°uid concentration, nanoliquid concentration near the disk and nano°uid

concentration far from the disk, respectively. An external axial magnetic ¯eld with

an intensity B0 is used. Utilizing the two-phase adapted Buongiorno nano°uid

scheme and the aforementioned assumptions, the governing equations are modeled as

(see Refs. 26, 27 and 44)

Mass conservation:

@u

@r
þ u

r
þ @w

@z
¼ 0: ð1Þ

Momentum equation along r-direction:

�nf � v2

r
þ u

@u

@r
þ w

@u

@z

� �
¼� @p

@r
þ �nf

@2u

@r2
� u

r2
þ 1

r

@u

@r
þ @2u

@z2

� �
� �nfB

2
ou: ð2Þ

Momentum equation along ’-direction:

�nf
uv

r
þ u

@v

@r
þ w

@v

@z

� �
¼ �nf

@2v

@r2
� v

r2
þ 1

r

@v

@r
þ @2v

@z2

� �
� �nfB

2
ov: ð3Þ

Momentum equation along z-direction:

�nf w
@w

@z
þ u

@w

@r

� �
¼ � @p

@z
þ �nf

@2w

@r2
þ 1

r

@w

@r
þ @2w

@z2

� �
: ð4Þ

Conservation of energy:

ð�CpÞnf u
@T

@r
þ w

@T

@z

� �

¼ �nf
@2T

@r2
þ 1

r

@T

@r
þ @2T

@z2

� �

þ ð�CpÞp DB

@T

@z

@C

@z
þ @T

@r

@C

@r

� �
þ DT

T1

@T

@z

� �
2

þ @T

@r

� �
2

� �� �
: ð5Þ

Fig. 1. (Color online) Physical con¯guration.
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Conservation of nanoparticle concentration:

u
@C

@r
þ w

@C

@z
¼ DB

@2C

@z2
þ 1

r

@C

@r
þ @2C

@r2

� �
þ DT

T1

@2T

@r2
þ 1

r

@T

@r
þ @2T

@z2

� �
ð6Þ

subject to the following boundary conditions (see Ref. 26):

u ¼ sr; v ¼ �r; w ¼ 0; T ¼ Tw; C ¼ Cw at z ¼ 0;

u ! 0; v ! 0; T ! T1; C ! C1 as z ! 1:

�
ð7Þ

Introducing the following similarity transform (see Ref. 26):

� ¼
ffiffiffiffiffiffi
�

#f

s
z; u ¼ r�F ð�Þ; v ¼ r�Gð�Þ;

w ¼ ffiffiffiffiffiffiffiffiffi
#f�

p
Hð�Þ; p ¼ p1 � 2��fP ð�Þ;

T ¼ T1 þ ðTW � T1Þ�ð�Þ; C ¼ C1 þ ðCW � C1Þ ð�Þ:
In (1)–(7), the governing equations are reduced to

2F þH0 ¼ 0; ð8Þ

F 00 þ A2

A1

G2 � F 2 � F 0H � A3

A2

MF

� �
¼ 0; ð9Þ

G00 � A2

A1

A3

A2

MGþG0H þ 2FG

� �
¼ 0; ð10Þ

�00 þ Pr

A4

fNb�0 0 þ Ntð�0Þ2 � A5H�
0g ¼ 0; ð11Þ

 00 þ Nt

Nb
�00 � ScH 0 ¼ 0; ð12Þ

with

Fð0Þ ¼ c; Gð0Þ ¼ 1; Hð0Þ ¼ 0; �ð0Þ ¼ 1;  ð0Þ ¼ 1; ð13Þ
F ð1Þ ! 0; Gð1Þ ! 0; �ð1Þ ! 0;  ð1Þ ! 0; ð14Þ

where Pr (Prandtl numberÞ ¼ ð�CP Þf
�f

;M (magnetic ¯eld parameterÞ ¼ �fB
2
0

�f�
; �

(e®ective heat capacity ratioÞ ¼ ð�CP Þp
ð�CP Þf , Nt (thermophoresis parameterÞ ¼ �DT ðTW�T1Þ

T1#f
,

Nb (Brownian motion parameterÞ ¼ �DBðCW�C1Þ
#f

; Sc (Schmidt numberÞ ¼ #f
DB
; c

(stretching strength parameterÞ ¼ s
�, and Re (local Reynolds numberÞ ¼ �r2

#f
are the

dimensionless parameters.

The nanoliquid models for e®ective dynamic viscosity and e®ective thermal

conductivity have been derived from the experimental work of Sundar et al.47 The

proposed model is valid only for 0 < 	 < 2:0% and 20�C < T < 60�C. In addition,

Hydromagnetic °ow of magnetite–water nano°uid
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the remaining nanoliquid models have been adopted from Mustafa et al.10 The

considered models are given by

E®ective dynamic viscosity �nf
�f

¼ 1þ 	
12:5

� �6:356 ¼ A1

E®ective density �nf
�f

¼ ð1� 	Þ þ 	
�Fe3O4

�f

	 

¼ A2

E®ective electrical conductivity
�nf
�f

¼ 1þ
3

�Fe3O4
�f

�1

	 

	

�Fe3O4
�f

þ2

	 

� �Fe3O4

�f
�1

	 

	

¼ A3

E®ective thermal conductivity �nf
�f

¼ ð1þ 10:5	Þ0:1051 ¼ A4

E®ective speci¯c heat capacity ð�CP Þnf
ð�CP Þf ¼ ð1� 	Þ þ 	

ð�CpÞFe3O4

ð�CpÞf

	 

¼ A5

The physical quantities of interest and their reduced form (on introducing the

similarity transformations) are given by (see Refs. 26, 27 and 44):

Physical quantity of interest Reduced form

Skin friction coe±cient
Cf ¼

ffiffiffiffiffiffiffiffiffiffiffi
� 2
rþ� 2

’

p
�f ðr�Þ2

CfRe
1
2 ¼ A1

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðF 0ð0ÞÞ2 þ ðG0ð0ÞÞ2

p
;

Nusselt number Nur ¼ rqw
�f ðTW�T1Þ NurRe

�1=2 ¼ �A4�
0ð0Þ;

Sherwood number Shr ¼ rqm
DBðCW�C1Þ ShrRe

�1=2 ¼ � 0ð0Þ

3. Solution and Validation

While Eqs. (8)–(12) are extremely nonlinear, it is very complicated to determine a

closed-form or an accurate solution. Therefore, an estimated solution is calculated

through utilizing the shooting technique along through the Runge–Kutta algorithm

with the aid of MATLAB software. This is accomplished by initially assuming

Y1 ¼ H; Y2 ¼ F ; Y3 ¼ F 0; Y4 ¼ G; Y5 ¼ G0;
Y6 ¼ �; Y7 ¼ �0; Y8 ¼  ; Y9 ¼  0:

The converted system of ¯rst-order ODEs is

Y 0
1 ¼ �2Y2;

Y 0
2 ¼ Y3;

Y 0
3 ¼ �A2

A1

Y 2
4 � Y 2

2 � Y3Y1 �
A3

A2

MY2

� �
;

Y 0
4 ¼ Y5;

Y 0
5 ¼

A2

A1

2Y2Y4 þ Y5Y1 þ
A3

A2

MY4

� �
;

Y 0
6 ¼ Y7;

9>>>>>>>>>>>>=
>>>>>>>>>>>>;

ð15Þ

F. Mebarek-Oudina et al.
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Y 0
7 ¼ � Pr

A4

NbY7Y9 þNtðY7Þ2 �A5Y1Y7

� �
;

Y 0
8 ¼ Y9;

Y 0
9 ¼ � Nt

Nb
� Pr

A4

fNbY7Y9 þ NtðY7Þ2 � A5Y1Y7g
� �

� ScY1Y9

� �

9>>>>>=
>>>>>;

with

Y1 0ð Þ ¼ 0; Y2 0ð Þ ¼ c; Y3 0ð Þ ¼ b1; Y4 0ð Þ ¼ 1; Y5 0ð Þ ¼ b2;

Y6 0ð Þ ¼ 1; Y7 0ð Þ ¼ b3; Y8 0ð Þ ¼ 1; Y9 0ð Þ ¼ b4:

Here b1; b2; b3 and b4 are approximated utilizing shooting technique via an ap-

propriate initial guess. The veracity of the code and the veri¯cation of the current

trouble have been adjudged via a conditional similarity with already published

works. For this, the values of F 0ð0Þ;�G0ð0Þ and ��0ð0Þ when Pr ¼ 0:71; 	 ¼ 0;Nb ¼
0;Nt ¼ 0;M ¼ 0; c ¼ 0 and Ai ¼ 1fi ¼ 1–5g are compared with the works of Mal-

eque and Sattar,48 Kelson and Desseau,49 and Bachok et al.50 (see Table 1).

In order to ensure the integration step independency of the applied numerical

scheme, the numerical computations were carried out for three di®erent step sizes of

0.01, 0.001, 0.0001 as presented in the modi¯ed Table 1 (i.e., at h3 ¼ 0:0001,

h2 ¼ 0:001, h1 ¼ 0:01 where h1, h2 and h3 denote step size for numerical integration

in the applied numerical scheme). Table 1 shows that the present outcomes are

independent of the step size and the numerical outcomes calculated at various step

sizes are in excellent agreement with each other.

4. Outcomes and Discussion

The consequence of relevant terms over the physical quantities, nano°uid temperature

pro¯le ð�ð�ÞÞ and nanoliquid concentration pro¯le ð ð�ÞÞ has been described

in Figs. 2–20. The Pr number and in¯nity are preferred as 7 and 5, respectively.

Furthermore, the thermophysical properties of H2O and magnetite NPs are recog-

nized in Table 2.

Table 1. Resemblance of F 0ð0Þ, �G0ð0Þ and heat transfer rate ��0ð0Þ through already

published literature.

Physical Maleque and Kelson and Bachok
Present results

quantities Sattar48 Desseaux49 et al.50 h1 ¼ 0:01 h2 ¼ 0:001 h3 ¼ 0:0001

F 0ð0Þ 0.5101519 0.510233 0.5102 0.5102 0.5102 0.5102

�G0ð0Þ 0.6159631 0.615922 0.6159 0.6159 0.6159 0.6159
��0ð0Þ 0.325769 0.325856 0.3259 0.3259 0.3259 0.3259

Table 2. H2O and Fe3O4 properties (see Refs. 19 and 46).

� (kg/m3) � (S/m) CP (J/kgK)

Water 997 5:5 � 10�6 4179

Fe3O4 5180 25,000 670

Hydromagnetic °ow of magnetite–water nano°uid
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Figures 2 and 3 display the variations in the temperature and concentration

pro¯les with Nb, respectively. �ð�Þ is enhanced whereas  ð�Þ is reduce with in-

creasing values of Nb. The haphazard motion of NPs leads to a raised collision that

transfers a lot of heat energy to the °uid particles, which increases the nanoparticle

heat capacity and the nano°uid temperature. Figures 4 and 5 delineate the positive

impact of Nt on �ð�Þ and  ð�Þ, respectively. An increment in Nt hastens the hot

liquid particles motion to colder sections enhancing the thermal gradient and hence

nano°uid temperature rises. In addition, the nano°uid concentration ascends due to

an improvement in mass transfer caused through the liquid particles motion.

�ð�Þ escalates with augmenting values of M (see Fig. 6) and also  ð�Þ ascends

with increasing values of M (see Fig. 7). An increment in M will fuel the production

Fig. 2. (Color online) Nb via temperature pro¯le with Pr ¼ 7; Sc ¼ 0:4;M ¼ 1;Nt ¼ 0:2; 	 ¼ 0:01 and

c ¼ 0:3.

Fig. 3. (Color online) Impact of Nb on concentration pro¯le with Pr ¼ 7; Sc ¼ 2:4;M ¼ 1;Nt ¼ 0:1;

	 ¼ 0:01 and c ¼ 1.

F. Mebarek-Oudina et al.
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of Lorentz force (a contradictory force) that retards the liquid °ow andthus inten-

si¯es the nanoliquid temperature. Further, a rise in the magnetic intensity accu-

mulates more nanoparticles in the direction of the applied magnetic ¯eld that

enhances the nano°uid concentration. Figure 8 describes the variation in �ð�Þ with
varying c values. An increase in c stretches the disk in the radial direction that

enhances the °uid °ow in the axial downward direction and as an outcome, the

nano°uid temperature decreases. Figures 9 and 10 explain the positive impact of 	

(volume fraction of magnetite NPs) on �ð�Þ and  ð�Þ. The increase in the nano°uid

temperature can be physically associated through the fact that a rise in 	 increases

the thermal conductivity of the nanoliquid. Figure 11 elucidates the negative impact

Fig. 4. (Color online) Nt via temperature pro¯le with Pr ¼ 7;Sc ¼ 0:4;M ¼ 1;Nt ¼ 0:4; 	 ¼ 0:01 and

c ¼ 0:3.

Fig. 5. (Color online) Impact of Nt on concentration pro¯le with Pr ¼ 7;Sc ¼ 2:4;M ¼ 1;Nt ¼ 0:8;

	 ¼ 0:01 and c ¼ 1.
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of Sc on  ð�Þ. Physically mounting values of Schmidt number reduces mass di®usion

that initiates the migration of NPs from hot to the colder sections of the ambient

°uid and hence reduces the concentration of nanoliquid (see Refs. 51–53).
Figures 12 and 13 elucidate the in°uence of M ; 	 and Nt over the skin friction

coe±cient ðCfRe
1
2Þ. The friction at the area of a solid and a °uid in relative motion is

termed skin friction. In addition, the negative sign in CfRe
1
2 represents the orien-

tation. Enhancement in Nt causes no friction between °uid and disk whereas en-

hancement in M and 	 augments the skin friction coe±cient. Physically, the °uid

velocity diminishes with increasing M values that diminish the boundary layer

thickness of the °uid which in return exerts more friction between the °uid and the

Fig. 6. (Color online) Impact of M on temperature pro¯le with Pr ¼ 7; Sc ¼ 0:4;Nb ¼ 0:4;Nt ¼ 0:2;

	 ¼ 0:01 and c ¼ 0:3.

Fig. 7. (Color online) Impact of M on concentration pro¯le with Pr ¼ 7; Sc ¼ 2:4;Nb ¼ 0:8;Nt ¼ 0:1;

	 ¼ 0:01 and c ¼ 1.
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disk. Figures 14 and 15 illustrate the signi¯cance of M; 	 and c on the Nusselt

number ðNurRe� 1
2Þ. NurRe

� 1
2 is a reducing function of M and arising function of

	& c. Physically, an increment in c enhances the liquid °ow in the axial direction

caused by the stretching of the disk in the radial direction and this causes a rise in the

heat transfer rate. Figures 16 and 17 display the drop in heat transfer rate for

augmenting M ;Nb and Nt values. Figures 18–20 depict the impact of Nt, Sc, M and

Nb on the Sherwood number ðShrRe� 1
2Þ. The mass transfer rate improves with Nt

and Sc. Augmented values of Nt initiate or accelerate the haphazard motion of

nanoparticles which elevates the mass transfer rate. Physically, an enhancement in

Fig. 8. (Color online) c via temperature pro¯le with Pr ¼ 7;Sc ¼ 0:4;M ¼ 1;Nb ¼ 0:4; 	 ¼ 0:01 and

Nt ¼ 0:2.

Fig. 9. (Color online) Impact of 	 via temperature pro¯le with Pr ¼ 7;Sc ¼ 2:4;M ¼ 1;Nb ¼ 0:8;

Nt ¼ 0:1 and c ¼ 1.
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mass transfer rate with magni¯cation in Sc is due to depletion in molecular di®usion

and migration of nanoparticles. Also, ShrRe
� 1

2 is inversely proportional to Nb and

M . The decline in the mass transport rate with augmenting values of magnetic ¯eld

term is due to the Lorentz force production which delays the liquid °ow.

5. Final Remarks

The hydromagnetic °ow of magnetite–water nanoliquid due to a rotating extendable

disk has been scrutinized. The nanoliquid °ow has been modeled utilizing the

Fig. 10. (Color online) Impact of 	 on concentration pro¯le with Pr ¼ 7; Sc ¼ 2:4;M ¼ 1;Nb ¼ 0:8;

Nt ¼ 0:1 and c ¼ 1.

Fig. 11. (Color online) Impact of Sc on concentration pro¯le with Pr ¼ 7;M ¼ 1;Nb ¼ 0:8;Nt ¼ 0:1;

	 ¼ 0:01 and c ¼ 1.

F. Mebarek-Oudina et al.
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Fig. 12. (Color online) Skin friction coe±cient pro¯le with Pr ¼ 7;Sc ¼ 2:4;Nb ¼ 0:8; 	 ¼ 0:01 and
c ¼ 1.

Fig. 13. (Color online) Skin friction coe±cient pro¯le with Pr ¼ 7;Sc ¼ 2:4;M ¼ 1;Nb ¼ 0:8 and c ¼ 1.

Fig. 14. (Color online) Nusselt number pro¯le with Pr ¼ 7; Sc ¼ 0:4;Nb ¼ 0:4; c ¼ 0:3 and Nt ¼ 0:1.
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Fig. 15. (Color online) Nusselt number pro¯le with Pr ¼ 7; Sc ¼ 0:4;Nb ¼ 0:4;Nt ¼ 0:2 and 	 ¼ 0:01.

Fig. 16. (Color online) Nusselt number pro¯le with Pr ¼ 7;Sc ¼ 0:4;M ¼ 1; c ¼ 0:3 and 	 ¼ 0:01.

Fig. 17. (Color online) Nusselt number pro¯le with Pr ¼ 7; Sc ¼ 0:4;Nb ¼ 0:4; c ¼ 0:3 and 	 ¼ 0:01.
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Fig. 18. (Color online) Sherwood number pro¯le with Pr ¼ 7;M ¼ 1;Nb ¼ 0:8; 	 ¼ 0:01 and c ¼ 1.

Fig. 19. (Color online) Sherwood number pro¯le with Pr ¼ 7; Sc ¼ 2:4;Nb ¼ 0:8; 	 ¼ 0:01 and c ¼ 1.

Fig. 20. Sherwood number pro¯le with Pr ¼ 7;Sc ¼ 2:4;Nt ¼ 0:1; 	 ¼ 0:01 and c ¼ 1.
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modi¯ed Buongiorno scheme. The mathematically modeled equations are converted

into a ¯rst-order ODEs scheme employing Von K�arm�an's similarity conversions and

then resolved numerically via utilizing shooting technique along with the Runge–
Kutta algorithm. The main conclusions are

. The changes in stretching strength term are directly proportional to Nusselt

number and inversely proportional to the thermal ¯eld.

. The volume fraction of magnetite NPs has a constructive impact over the heat

transfer rate and the thermal ¯eld.

. Surface drag ascends with augmenting magnetic ¯eld parameter and volume

fraction of magnetite NPs.

. Heat transport rate descends through thermophoresis and Brownian motion

parameters.

. The magnetic ¯eld and the Schmidt number terms exhibit a destructive in°uence

and a constructive e®ect over the mass transport rate, respectively.
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