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1. Introduction 

The heat-mass transmission analysis of hybrid 

nanofluid (HN) has gained researchers' attention in recent 

times. The transport phenomenon of heat-mass transmission 

finds influence in numerous engineering activities such as 

heat transmission devices, chemical catalytic reactors, and 

others. Ahmad et al. [1] elucidated heat-mass transmission 

analysis of HN dynamics with magnetism dipole in a 

stretchable cylinder. Chu et al. [2] explored the heat trans-

mission dynamics of Maxwell HNs because of the pressure 

gradient in rectangular regions. Ayub et al. [3] studied na-

noscale heat-mass movement of magnetism 3D chemically 

radiative HN with magnetism in circular disks. Idowu and 

Falodun [4] studied the mass-heat transmission of non-New-

tonian fluids through a penetrable plate by diversifying vis-

cosity including thermal conductivity. Roy and Pop [5] stud-

ied heat-mass transmission of a hybrid name fluid dynamics 

with binary chemically attractive post a penetrable shrinking 

surface. Tassaddiq et al. [6] studied the heat-mass transmis-

sion alongside nanofluid dynamics past a circular disk. The 

enhancement of heat-mass transmission of MHD HN dy-

namics with activation energy was discussed by Shanmuga-

priya et al. [7]. Shoaib et al. [8] investigated the heat-mass 

transmission process for unsteady 3D dynamics of a HN 

past a stretchable region. Recently, Ferdours et al. [9] ana-

lyzed 3D BL dynamics alongside heat-mass transfer past a 

stagnation point flow. Sulochana et al. [10] studied Soret 

and chemically attractive consequences on MHD radiative 

dynamics past a rotating cone. Alao et al. [11] examined 

chemically attractive fluid over a half-infinite upright plate 

by considering the significance of viscous dissipative, So-

ret-Dufour mechanisms and thermal radiation. Daba and 

Devaraj [12] studied convection dynamics of unsteady hy-

dromagnetic chemically reacting fluid past a penetrable 

stretching surface.  Hussain et al. [13] studied MHD tangent 

hyperbolic dynamics past a nonlinear stretchable sheet with 

the significance of viscous dissipative and convective con-

ditions. Rauf et al. [14] studied the analysis and modeling of 

hybrid nanofluid dynamics triggered by stationary stretched 

disks under the hall current effect. Raza et al. [15] explored 

nanolayers on biological fluids dynamics through a penetra-

ble surface with CNT. Ali et al. [16] studied the conse-

quence of thermal radiation together with non-uniform heat 

flux on MHD HN past a stretchable cylinder. Idris et al. [17] 

studied radiation MHD dynamics on a HN past a penetrable 

moving plate with joules heating and thermal ship impacts. 

Kodi et al. [18] studied the hall current together with the 

thermal radiation significance of 3D circular HN reactive 

dynamic past a stretchable plate. Gul et al. [19] studied the 

radiative dynamics of the thin film maxwell HNs on an in-

cluded plate within a porous space. Zahid et al. [20] exam-

ined the coupled effect of dissipation, Lorentz force, and ra-

diation of hybrid nanofluid dynamics past, and exponential 

stretchable sheet. Asjad et al. [21] studied MHD viscous 

nanofluid dynamics with activation energy and chemical re-

action. Guedri et al. [22] studied thermal dynamics for radi-

ative ternary HN past a nonlinear stretchable sheet based on 

the phenomenon of Darcy-Forchheimer. Choudhary et al. 

[23] Performed a study of the thermal process on two sets of 

ternary mixed nanoparticles based on kerosene oil. Yaseen 

et al. [24] elucidated heat transmission analysis of hybrid 

mono nanofluid dynamics between double parallel plates in 

a Darcy penetrable regime. Goud et al. [25] deliberates the 

thermal distribution of ternary HN dynamics with internal 

generation of heat. A theoretical study of ternary hybrid 

nanofluid dynamics past a non-isosolutal and non-isother-

mal multiple geometries has been deliberated by Ramzan et 

al. [26]. Rafique et al. [27] examined the mathematical in-

spection of MHD HN dynamics by varying viscosity as well 

as slip constraint past a stretchable region. Waseem et al. 

[28] studied entropy analysis of MHD hybrid nanoparticles 

with viscous dispersion. Analysis of entropy generation for 

MHD dynamic HN past a curve a stretching surface. Mu-

hammed et al. [29] studied 3D MHD flour of hybrid material 

existing between rotating disk and heat generating.  Khan et 

al. [30] examined MHD mixed correction HNs dynamics 

past a permeable moving and included flat plate.  Li, S., et 

al [31] studied Aspects of an induced magnetic field utiliza-

tion for heat and mass transfer ferromagnetic hybrid 

nanofluid flow driven by pollutant concentration. 

This research examined the Soret-Dufour mecha-

nisms, thermal radiation, together with heat created conse-

quences on the ferromagnetic (MnZnFe2O4 and Fe2O4) type 

of hybrid nanofluid dynamics. Research of this nature has 

not been explored in literature before. This shows the 

uniqueness of the current research, and the following as-

sumptions are considered to improve the novelty of this 

study: 

• Heat and mass transfer analysis are considered on 

the ferromagnetic hybrid nanofluids. 
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• Soret-Dufour mechanisms are considered to have a 

significant effect on the dynamics of hybrid 

nanofluids; and 

• An induced magnetism together with thermal pro-

cess was examined on the ferromagnetic HN. 

The current analysis finds applications in industrial and 

thermal engineering. The Soret is utilized in the separation 

of isotopes while thermal radiation and heat generation are 

employed in the thermal engineering process where the tem-

perature is very high. 

2. Mathematical Analysis 

This research models the dynamics of a steady 

laminar alongside incompressible HN past a stretching sheet 

situated within a penetrable regime. An induced magnetism 

is significant because the Reynolds magnetic number is as-

sumed to be higher. Hence, H1
* represent the parallel portion 

while H2
* represent the actual induced magnetism flux 

within the boundary layer. The level of specie concentration 

is inspected to be high such that the mechanisms of Soret-

Dufour cannot be ignored. At the free stream, the concen-

tration and temperature are noted to be T and C. The sig-

nificance of the radiative flux qr and heat generation Q are 

noted to affect the hybrid nanofluid dynamics. The Tw rep-

resent wall temperature while Cw represent wall concentra-

tion. The velocity at ambient vicinity is ue
* = ax while 

uw(x) = ax represent wall velocity subject to a, c 0 All fluid 

properties are examined to be constant while BL surmise is 

valid. Based on the premise stated above, the governing 

equations lead to: 
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Subject to the boundary conditions are: 
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where u1 and u2 are velocity components, D is mass diffu-

sivity,  means thermal diffusivity, x and y are coordinates, 

H1
* and H2

* are induced magnetism vectors, K means Boltz-

mann constant, S(C) means external pollutant source func-

tion,  is the endothermic and exothermic factor, T and C 

are temperature and concentration, 0 means magnetic dif-

fusivity, v means kinematic viscosity, e
* is the magnetic 

permeability, He
* means ambient magnetism fields, T and 

C are ambient temperature together with concentration re-

spectively. To change the modeled equations into ODEs, the 

following similarity variables are introduced: 
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Using the similarity transformation above to obtain 

the ODEs as: 
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The related conditions are transformed as follows: 

0,  1, 0, 

0, 1, 1, 0

f f ' g

g''   

= = =

= = = = , (13) 

, 1, 0, 0, 0*f ' A g'   = = = = → , (14) 

where f, g are dimensionless stream and magnetic functions, 

f, g are derivatives of dimensionless stream and magnetic 

functions,  is similarity variable and  is dimensionless 

temperature. 

3. Methodology (Spectral Relaxation Method) 

This analysis uses the SRM to numerically be tack-

led the modified Eqs. (9)-(12) that are susceptible to (13) 
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and (14). SRM is a method that uses the Gauss-Seidel relax-

ation kind of operation to solve the structured of equations 

iteratively. The Gauss-Seidel relaxation method is used to 

both decouple and linearize the system of equations. The 

Chebyshev pseudo-spectral technique is used to further dis-

cretize the linearized equations. Furthermore, nonlinear 

terms are evaluated at the previous iteration level, but all 

linear terms are solved at the most recent iteration level. Us-

ing the SRM on the modified equations to produce: 
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The coefficient terms are explained as follows: 
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Substituting the coefficient parameters above to obtain:  
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The equations above are discretized by employing Cheby-

shev spectral techniques. The discretized equations are now 

solved by implementing the implicit finite difference tech-

nique. Finally, the idea of SRM entails the use of differenti-

ation matrix to simplify the unknown variable derivatives. 

 

 

4. Results and Discussion 

This model explained the Soret-Dufour mecha-

nisms, induced magnetism field and radiation on the dynam-

ics of ferromagnetic hybrid nanofluids through a stretching 

surface. The significant flow parameters are the Dufour term 

(Do), Soret term (So), thermal radiation, magnetism term 

(M), Prandtl number (Pr), Schmidt number (Sc), heat gen-

eration (Q0), and inverse of magnetic Prandtl number. These 

parameters are set to be: DO = 2.0, So = 1.0, R = 0.5, 

M = 1.0, Pr = 0.71, Sc = 0.38, Q0 = 2.0. 
All tables and graphs correspond to these values except 

where it is otherwise stated. The significant of the a fore-

mentioned parameters are represented on a graph to describe 

the problem. 

Figs. 2 and 3 depicts the inspection of Soret terms 

S0 on the velocity with concentration contour. Raising So 

was noticed to enhance the fluid velocity right from the wall 

to the free stream. On the concentration profile, increase in 

So drastically enhance the nanoparticles concentration while 

a decrease in the profile was observed far away from the  

 

Fig. 1 Physical model of the problem 

 

Fig. 2 Consequence of Soret number on the velocity profiles 

Table 1 

Thermophysical features of water, engine oil, 

Fe2O4 and MnZnFe2O4 [21] 

Symbol Water Engine 

Oil 

Fe2O4 MnZnFe2O4 

, kg/m3 997.1 847.8 5181 4700 

cp, J/kgK 4179 2161 670 1050 

K, W/mk 0.613 0.138 9.7 3.9 

Pr 6.3 30 … … 
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Fig. 3 Consequence of Soret number on the concentration 

profiles 

 

Fig. 4 Consequence of Dufour parameter on the velocity 

profiles 

 

Fig. 5 Consequence of Dufour parameter on the temperature 

profiles 

wall. In a fluid mixture, where there is a temperature gradi-

ent, the components of mixture respond differently to the 

gradient based on their molecular properties. The redistribu-

tion of species creates a concentration gradient driven by the 

thermal gradient, which is the essence of Soret effect on the 

flow. This is because of the magnetic forces imposed on the 

flow within the boundary layer. A higher magnitude of So 

enhances the heat diffusion of the fluid particles within the 

Boundary layer Figs. 4 and 5 are illustrates the significant 

impact of Dufour parameter (Do) on the velocity and tem- 

 

Fig. 6 Consequence of inverse magnetic Prandtl number on 

the velocity profiles 

 

Fig. 7 Consequence of inverse magnetic Prandtl number on 

induced velocity profiles 

 

Fig. 8 Consequence of magnetic field parameter on the ve-

locity profiles 

perature contour respectively. A higher value of 

Do = 1, 2, 3shows a decrease very close to the wall while a 

minor increase long distance from the plate. The imposed 

magnetism was discovered to decrease the fluid temperature 

at the wall. This means that the diffusion-thermal distribu-

tion of the nanofluids cooled down due to the Lorentz force 

produced by magnetism. Figs. 6 and 7 depicts the inspection 

of inverse magnetic Prandtl * on the velocity and induced 

velocity profile. A drastic increase in both velocity and in-

duced velocity was due to an enlarged in *. The physical 

behavior of the inverse magnetic Prandtl term represents the 

rate at which the magnetic field diffuses through the fluid 
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Fig. 9 Consequence of magnetic field parameter on the in-

duced velocity profiles 

 

Fig. 10 Consequence of Prandtl number on the velocity with 

profiles 

 

Fig. 11 Consequence of Prandtl number on the induced ve-

locity with profiles 

due to its conductivity and permeability. Physically, the in-

duced magnetism field increases the rate of heat transmis-

sion which leads to a random collision of fluid particles. 

Figs. 8 and 9 are illustrating the inspection of the magnetism 

field (M) on f and g simultaneously. The magnetism field 

is a parameter downturn the dynamics of electrically con-

ducting liquids due to the origination of Lorentz force. 

Hence, the magnetic force drags the nanofluid flow within 

the boundary layer. Figs. 10 and 11 displays the inspection 

of the Prandtl number (Pr) on the velocity and temperature 

contours. A decrease in the velocity profile was observed 

due to a higher value of Prandtl number. In addition, en- 

 

Fig. 12 Consequence of thermal radiation on the velocity 

contour 

 

Fig. 13 Consequence of thermal radiation on temperature 

contour 

 

Fig. 14 Consequence of heat generation parameter on the in-

duced velocity profiles 

largement of Pr leads to an increase in the induced velocity. 

Figs. 12 and 13 inspected significant thermal radiation (R)on 

the velocity, induced velocity, and temperature profiles. An 

enlargement in the magnitude of R was detected to enlarged 

f, g and  respectively. Physically, an enlargement of R 

leads to an increase in fluid thermal condition. This means 

that thermal radiation is significant in thermal engineering 

whenever the temperature is high. Physically, thermal radi-

ation helps to enhance convective flow. Hence, thermal ra-

diation enhances the fluid thermal and momentum BL thick-

ness. Figs. 14 and15 depict the effect of the heat generation 

(Qo) on the g and  respectively. An enlargement of Qo was 
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Fig. 15 Consequence of heat generation parameter on the 

temperature contour 

 

Fig. 16 Consequence of Schmidt number on the concentra-

tion profiles 

detected to enhance g and .This parameter generates heat 

within the boundary layer which enhances the fluid thermal 

BL thickness. Fig. 16 shows the impact of Schmidt (Sc) on 

the velocity with concentration contour. The examination of 

Sc is very crucial in this exploration because it explains to 

us the rate of mass transfer. Hence, Sc = 0 shows the ab-

sence of a mass transmission process. when Sc < 1 it means 

that the diffusion species is greater than the momentum dif-

fusivity. Hence, a high Sc means momentum diffusion is 

more significant as compared to the mass flux.  

5. Conclusions 

In this analysis, the mechanism of Soret-Dufour, 

induced magnetic field and radiation significance on hybrid 

nanofluids has been examined numerically. The trans-

formed model in the form of ODEs was solved by employ-

ing SRM which solves the ODEs iteratively. By virtue of 

the analysis in this research, we have: 

1. The Soret term greatly influences the fluid con-

centration profile. 

2. The Dufour term greatly influences the fluid 

temperature profile. 

3. The magnetic field produces Lorentz force 

which drags the flow within the boundary layer by reducing 

the velocity profile. 

4. Increase in thermal radiation enhances the fluid 

thermal and momentum boundary layer thickness; and 

5. Increase in Sc depreciates the fluid velocity and 

concentration. 

6. A robust numerical algorithm to study non-lin-

ear effects, such as chaotic flow, turbulence, or unsteady 

conditions in ferromagnetic hybrid nanofluids can be stud-

ied in the future. 

7. Incorporate additional effects such as variable 

thermal conductivity, viscosity, and density stratification to 

make the models more realistic and applicable to a broader 

range of engineering problems; and  

8. Investigate the potential of hybrid nanofluids in 

enhancing the efficiency of geothermal energy extraction or 

improving soil remediation techniques under controlled 

thermal and mass transfer conditions. 
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R. K. Talagadadeevi, S. K. Bhavirisetty,  

V. R. R. Gurrampati 

DYNAMICS OF FERROMAGNETIC HYBRID 

NANOFLUIDS IN THE PRESENCE OF PERMEABLE 

SURFACE 

S u m m a r y 

This research examined the dynamics of ferromag-

netic hybrid nanofluid with the consequences of heat gener-

ation, thermal radiation, and Soret-Dufour mechanisms. The 

thermal procedure was inspected with induced magnetism 

and permeable stretching surface. The physical model inter-

pretation is represented by partial differential equations 

(PDEs). By implementing a suitable transformation func-

tion, the set of PDEs is changed into ordinary differential 

equations (ODEs). The spectral relaxation technique (SRM) 

is further implemented to solve the set of ODEs. The SRM 

was implemented to iteratively solve the equations of ODEs 

by considering the linear terms and nonlinear terms at cur-

rent and previous iterations. Thermal analysis greatly en-

hances the thermal condition and the opacity of the thermal 

boundary layer (BL). Dufour enhances the temperature con-

tour while the Soret enhances the concentration contour. 

The current outcome as compared with previous work is dis-

covered to be in good agreement.  

Key words: ferromagnetic, hybrid nanofluid, heat genera-

tion, thermal radiation, Soret-Dufour effects, induced mag-

netism. 
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