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Abstract 

This study aims to investigate the heat transfer properties 

of hydromagnetic hybrid nanofluid flow subjected to ther-

mo-diffusion effects around a stretching/shrinking cylinder. 

In this study, alumina (Al2O3) and copper (Cu) nanoparti-

cles are used as a hybrid nanofluid, while water (H2O) acts 

as the base fluid. The governing nonlinear partial differential 

equations are transformed into linear ordinary differential 

equations using similarity transformations and are solved 

numerically by using the bvp4c function of MATLAB® soft-

ware. This study analyses the effects of various physically 

controllable parameters, such as magnetic field, permeabil-

ity parameter, Eckert number, Schmidt number, curvature 

parameter, Brownian motion parameter, thermophoresis 

parameter, stretching/shrinking, and suction/injection param-

eter on flow and heat transfer characteristics. The effects on 

these parameters, velocity, temperature, and concentration 

fields, have been graphically presented, and their physical 

interpretation has been provided. Additionally, the numerical 

solutions of key physical quantities, such as skin friction, 

Nusselt number, and Sherwood number, have been computed 

for various parameters and presented through graphs. The 

analysis shows that the magnetic field parameter has an 

opposite effect on the velocity profile. The temperature and 

concentration profiles also increase with the enhancement 

of the curvature parameter. It is also observed that the in-

crease in hybrid nanofluid particles (Al2O3-Cu/H2O) en-

hances the velocity, temperature, and concentration profiles. 

Ključne reči 

• hidromagnetni 

• hibridni nanofluid 

• istezanje/skupljanje cilindra 

• termodifuzioni efekti 

• usisavanje 

Izvod 

U rada je opisano istraživanje osobina prenosa toplote u 

hidromagnetnom protoku hibridnog nanofluida, na koji utiče 

termo-difuzija oko istegnutog/skupljenog cilindra. Koriste 

se nanočestice aluminijum oksida (Al2O3) i bakra (Cu) kao 

hibridni nanofluid, dok se voda (H2O) ponaša kao bazni 

fluid. Osnovne nelinearne parcijalne diferencijalne jedna-

čine se transformišu u obične linearne diferencijalne jedna-

čine transformacijama sličnosti i rešavaju se numerički 

funkcijom bvp4c softvera MATLAB®. U radu se analiziraju 

uticaji raznih fizički upravljivih parametara, kao što su 

magnetno polje, parametar permeabilnosti, Ekertov broj, 

Šmitov broj, parametar krivine, parametar Braunovog 

kretanja, parametar termoforeze, istezanje/skupljanje, i 

parametar usisavanja/ubrizgavanja na karakteristike proto-

ka i prelaza toplote. Za ove parametre grafički su predstav-

ljeni uticaji brzine, temperature, koncentracije, i data je 

njihova fizička interpretacija. Osim toga, za razne parame-

tre data su numerička rešenja i grafički su predstavljene 

ključne fizičke veličine, kao što su površinsko trenje Nusel-

tov broj i Šervudov broj. Analiza pokazuje da parametar 

magnetnog polja ima suprotan efekat na profil brzine. 

Profili temperature i koncentracije takođe rastu sa parame-

trom krivine. Takođe se primećuje da se sa porastom 

čestica hibridnog nanofluida (Al2O3-Cu/H2O) povećavaju 

profili brzine, temperature i koncentracije. 

 

 

INTRODUCTION 

Researchers worldwide are deeply engaged in under-

standing ways to enhance heat transfer, particularly in bound-

ary layer flow, which plays a crucial role in many industrial 

and scientific applications. The primary objective of this study 

is to understand how the fluid flowing near a solid surface 

affects its thermal properties, such as conductivity and heat 

capacity. The study of nanofluids in this direction has 

become extremely important. Nanofluids are specially engi-

neered fluids that contain suspended nanoparticles ranging 

from 1 to 100 nanometres in size. These nanoparticles can 

be made from metals, oxides, carbides, or carbon nanotubes 

and are mixed with base fluids such as water, ethylene 

glycol, or oil. The main characteristic of nanofluids is their 
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significantly higher thermal conductivity compared to tradi-

tional base fluids, making them highly effective. Due to this 

property, the use of nanofluids is rapidly increasing in vari-

ous fields, including microelectronics, fuel cells, medicinal 

processes, and engine design. 

The concept of nanofluids, first introduced by Choi /1/ in 

1995, has emerged as a more effective solution compared to 

traditional heat transfer fluids. Further, Choi et al. /2/ have 

used copper nanoparticles of size less than one percent to 

increase the poor thermal conductivity of the liquid, and they 

find better results of heat transfer. Another significant result 

in the field of nanofluid is obtained by Patel et al. /3/. They 

investigate the thermal conductivities of naked and mono-

layer-protected metal nanoparticles with anomalous and 

chemical effects. In recent years, nanofluids have attracted 

significant attention from researchers, as extraordinary 

improvements of their thermal properties are confirmed. The 

study of convective heat transfer in nanofluids is rapidly 

attracting the attention of researchers as they find widespread 

use in various industries. Due to the unique physical and 

chemical properties of nanoparticles in the nanometre size 

range, they are proving to be highly effective. The develop-

ment of metal nanoparticle suspensions is also being pursued 

for other purposes, including medical fields, particularly ther-

apeutic applications such as cancer therapy. The multidisci-

plinary nature of nanofluid research offers vast possibilities 

for new explorations and discoveries in the field of nano-

technology. By increasing the concentration of suspended 

nanoparticles, which often have higher thermal conductivity 

than the base fluid, significant improvements in heat transfer 

efficiency can be achieved. 

Several researchers have explored the natural convection 

heat transfer of nanofluids in enclosures using numerical 

techniques. Abbas et al. /4/ conducted a numerical analysis 

of heat transfer in a viscous fluid over an unsteady stretch-

ing/shrinking cylinder with suction and partial slip. A unique 

solution was found for the stretching cylinder, whereas dual 

solutions are obtained for the shrinking cylinder. Hayat et 

al. /5/ investigated the heating effects of nanofluids induced 

by a permeable stretching cylinder using the Homotopy 

Analysis Method (HAM). Mittal et al. /6/ have briefly dis-

cussed the problem of rotationally oscillating circular cylin-

ders in fluid dynamics. Bilal et al. /7/ conducted a numeri-

cal investigation on the effects of magnetohydrodynamics 

and thermal radiation on Williamson nanofluid flow over a 

stretching cylinder. They observed that as the Weissenberg 

number increases, the velocity profile decreases, while the 

temperature profile exhibits the opposite trend. Al-Mdallal 

et al. /8/ investigate unsteady viscous flow over a shrinking 

permeable cylinder saturated in a porous medium under the 

influence of a magnetic field. Khashi’ie et al. /9/ studied the 

thermally stratified flow of (Al2O3-Cu/H2O) hybrid nanofluid 

near a permeable stretching/shrinking spherical cylinder. 

Nanofluid flow over a permeable stretching/shrinking cylin-

der is investigated by Roşca et al. /10/. They used the Buon-

giorno mathematical nanofluid model in their study. In a 

subsequent study, Mishra and Kumar /11/ investigate the 

flow and thermal characteristics of an MHD silver-water 

(Ag/H2O) nanofluid over a stretching cylinder, considering 

suction/injection and slip boundary conditions. Their study 

includes Joule heating and viscous dissipation effects. They 

find a similar behaviour of the temperature profile concern-

ing the dissipation and heat generation/absorption parame-

ters. 

Analysis of boundary layer flows in viscous fluids influ-

enced by continuously moving or stretching/shrinking sur-

faces has significant applications in engineering processes 

and the polymer industry. Examples of such polymer-related 

technological processes include the cooling of continuous 

sheets or fibres, glass blowing, of continuous sheets or fibres, 

glass blowing, the continuous stretching of plastic films and 

synthetic fibres, continuous metal casting, fibre spinning, hot 

rolling, wire drawing, and paper manufacturing. Khan and 

Rasheed /12/ studied velocity and temperature slip effects 

on a hybrid nanofluid composed of molybdenum disulfide 

and silicon oxide near an irregular 3D surface. Kumar et al. 

/13/ focus on the behaviour of a ferrofluid flowing over a 

stretching cylinder, incorporating the effects of thermo-

phoretic particle deposition. The study also considers the 

presence of a uniform heat source or sink. The primary 

objective was to understand how these factors influence the 

fluid flow and heat transfer characteristics, providing insights 

into controlling particle deposition in industrial processes. 

Arshad et al. /14/ investigates the impact of thermophoresis 

and the Brownian effect on a chemically reacting magneto-

hydrodynamics (MHD) nanofluid over an exponentially 

stretching sheet. Najib et al. /15/ investigate the flow and heat 

transfer behaviour at the stagnation point of a nanofluid 

surrounding an exponentially stretching/shrinking cylinder. 

The study accounts for boundary slip effects, which impact 

skin friction and heat transfer rates. Furthermore, the influ-

ence of various nanoparticles and their volume fractions is 

analysed, offering valuable insights into improving the ther-

mal efficiency of nanofluid-based systems. 

Sarkar and Das /16/ investigate the flow and heat transfer 

behaviour of a magneto-hybrid nanofluid around an imper-

meable stretching flexible cylinder, considering the effects 

of activation energy and chemical reaction. Khan et al. /17/ 

investigate the behaviour of MHD hybrid nanofluids in a 

stagnation-point flow towards a porous stretching cylinder 

under the influence of thermal radiation. By incorporating 

multiple types of nanoparticles, hybrid nanofluids are exam-

ined for their impact on flow dynamics and heat transfer 

characteristics. The presence of thermal radiation introduces 

additional complexity, making the study particularly relevant 

for high-temperature applications and modern cooling sys-

tems. These findings enhance the understanding of how 

nanoparticles, magnetic fields, and different boundary condi-

tions affect fluid motion and thermal regulation. Such in-

sights play a vital role in the advancement and optimisation 

of efficient thermal management strategies in engineering 

and industrial sectors. Li et al. /18/ study the heat transfer 

and flow behaviour of a hybrid nanofluid moving over a 

stretched cylinder at an oblique stagnation point, where the 

fluid impacts the surface at an angle. The flow is influenced 

by various changing factors, such as thermal properties, 

velocity, and external forces as magnetic fields. By combin-

ing different nanoparticles in the fluid, researchers analyse 
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how these variations affect heat transfer efficiency and fluid 

movement. The findings help in optimising cooling and ther-

mal management in industrial and engineering applications. 

Building on previous research, this study offers a theo-

retical investigation of hydromagnetic hybrid nanofluid flow 

over a permeable stretching/shrinking cylinder, considering 

thermo-diffusion effects. The hybrid nanofluid comprises 

alumina (Al2O3) and copper (Cu) nanoparticles suspended 

in a water-based fluid, enhancing thermal conductivity and 

fluid dynamics. The governing partial differential equations 

(PDEs) that describe the system are transformed into a set 

of nonlinear coupled ordinary differential equations (ODEs) 

using a suitable similarity transformation method. This trans-

formation simplifies the mathematical model, making it more 

manageable for analysis and providing valuable insights into 

fluid flow and heat transfer behaviour. The transformed 

ODEs are numerically solved using the MATLAB bvp4c 

function which is designed for boundary value problems. The 

velocity and temperature field solutions are expressed in 

analytical form and then evaluated numerically using MAT-

LAB. The study explores the influence of various parameters 

present in the governing equations, such as magnetic field, 

viscous dissipation, Brownian motion parameter, curvature 

parameter, and Schmidt number, on the velocity, tempera-

ture, and concentration profiles of the flow. These effects are 

visually represented through graphical plots to facilitate a 

comprehensive discussion on the flow characteristics and 

thermal behaviour under different conditions. 

MATHEMATICAL FORMULATION 

A steady incompressible hybrid nanofluid in the presence 

of a magnetic field, viscous dissipation, and heat source 

effect along a permeable deformable cylinder of radius a is 

considered. The cylindrical polar coordinates (r, x) are as-

signed in the radial and axial directions, respectively. The 

hybrid nanofluid flows in the axial x-direction, while the r-

coordinate is normal to x, as illustrated in Fig. 1. The deform-

able cylinder has a linear velocity Uw(x) with a constant 

characteristic velocity u0 such that Uw(x) = u0x/L. The wall 

mass transfer velocity is taken as vw(r) = –(a/r)S(u0vf /L), 

where S > 0 denotes mass suction and S < 0, denotes mass 

injection. Here,  > 0 represents the stretching constant,  < 0 

represents the shrinking constant, and  = 0 corresponds to 

 
Figure 1. Physical model for stretching/shrinking cylinder. 

a motionless cylinder. The temperature of the fluid, Tw(x) = 

T + T0(x/L)2, is considered a nonlinear function of distance, 

where T0 is a positive constant temperature of the fluid at 

the origin, and T is the free stream temperature of the fluid. 

Under the boundary layer approximation and the assump-

tion of constant fluid properties, the continuity, momentum, 

and energy equations for the flow, following Khashi’ie et 

al. /9/ and Roşca et al. /10/, are as follows: 
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The boundary conditions for the present flow are given 

as follows: 
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To transform governing equations into dimensionless form, 

we define the following similarity variables , the dimen-

sionless velocity variable f and temperature variable  as: 
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The transformed Eq.(6) satisfies the continuity Eq.(1). The 

equality can be used to convert the momentum and energy 

equations into related nonlinear ordinary differential equa-

tions using the dimensionless variables given in Eq.(6), result-

ing in Eqs.(2), (3), and (4) that are transformed as follows: 
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From Eq.(5), the dimensionless boundary conditions are 
(0) ,  (0) ,  (0) 1,  at  0,  (0) (0) 0,f S f Nb Nt      = = = = + =  

 0,  0,  0   as   f   → → → → , (10) 

where:  = (vf L/u0a2) is curvature parameter; Pr = (Cp)f /kf 

is Prandtl number; M = f B0
2L/f u0 is magnetic field param-

eter; K = f L/f k*u0 is permeability parameter; Ec = uw
2/(Tw – 
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T)(Cp)f is Eckert number (viscous dissipation); Nb = (cp)p 
DB(Cw – C)/v(cp)f is Brownian motion parameter; Nt = 

(cp)pDT(Tw – T)/v(rcp)f T is thermophoresis parameter; 

Sc = v/DB is Schmidt number; and S = –vw /(Bv) is the mass 

transfer parameter, when S > 0 (vw < 0) it indicates the mass 

suction, and S < 0 (vw > 0) it indicates mass injection. 

METHOD OF SOLUTION 

To solve the nonlinear boundary value problem numeri-

cally as given by Eqs.(7) to (9) with associated boundary 

conditions, Eq.(10), we use the MATLAB bvp4c algorithm. 

This is achieved by using Eq.(11) to obtain the system of 

first-order differential equations, which is as follows: 
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while the code for the boundary condition is given by 
 (1) ,  (2) ,  (4) 1,  (7) (5),a a a b by S y y Nby Nty− − − +  

 (2),  (4),  (6),b b by y y  

where: ya is the condition at  = 0 and yb at  = . 

MATLAB's bvp4c function is implemented with suitable 

values of the governing parameters and the corresponding 

boundary layer thickness  until the convergence condition 

is met, where ya is the condition at  = 0, and yb is the 

condition at  = . This approach is based on the finite dif-

ference method and ensures a precision of up to 10–9. 

Some important characteristics of the flow field 
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The skin friction coefficient in terms of transformed vari-

ables, Eq.(6) and Eq.(12), is obtained as 
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where: f (0) is obtained using Eq.(7). 

The dimensionless expression for Nusselt number is ob-

tained by using Eqs. (6), (8), and Eq.(12) turns out to be 
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The dimensionless expression for the Sherwood number 

in terms of transformed variables, Eq.(6), using Eq.(9) and 

Eq.(12), turns out to be 
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D
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where: Rex = Uw(x)x/vf is Reynolds number. Here, f (0), 

 (0) and  (0) can be obtained from Eqs.(7)-(9). 

RESULTS AND DISCUSSION 

This study aims to examine the heat transfer properties 

of hydro-magnetic hybrid nanofluid flow around a stretch-

ing/shrinking cylinder, considering the influence of thermo-

diffusion effects. The hybrid nanofluid is formulated using 

alumina Al2O3 ( s1) and copper Cu ( s2) nanoparticles with 

water (H2O) acting as the base fluid. The transformed dif-

ferential equations obtained by using appropriate similarity 

transformations are solved numerically by using the bvp4c 

solver in MATLAB. This approach is employed to determine 

the velocity, temperature, and concentration profiles of the 

nanofluid, providing insights into the flow behaviour and 

heat transfer characteristics. The research also focuses on 

understanding how key parameters affect the concentration, 

thermal and fluid flow behaviour in the presence of a mag-

netic field, permeability parameter, Eckert number, Brownian 

motion, thermophoresis parameter, Schmidt number, curva-

ture parameter, stretching/shrinking, and suction/injection 

parameters. The study presents the results of significant 

physical quantities such as the reduced skin friction coeffi-

cient f (0), reduced Nusselt number – (0) and reduced Sher-

wood number – (0). 

Impact on velocity profile f() 

Figure 2 depicts the influence of the magnetic field param-

eter M on the velocity profile. The Lorentz force, induced 

by the applied magnetic field, acts as a resistive drag force 

opposing the fluid motion. As the magnetic field strength 

increases, this force becomes more significant, restricting 

fluid movement and thereby reducing the velocity. Conse-

quently, the momentum boundary layer thickness decreases, 

leading to a more pronounced velocity suppression in the 

flow region. Effect of permeability parameter K on velocity 

profile is shown in Fig. 3. From the figure, it is clear that 

the velocity profile increases with the increasing value of the 

permeability parameter. The increase in velocity profile with 

the permeability parameter is primarily due to the effect of 

porous media resistance. When the permeability of the me-

dium increases, it offers less resistance to fluid flow, allow-

ing the nanofluid to move more freely. This reduction in 

resistance enhances the velocity profile, leading to an in-

crease in the boundary layer thickness. Figure 4 shows the 

impact of the stretching parameter  on the velocity profile. 

When the stretching parameter increases, the velocity also 

increases. This is because a higher stretching rate enhances 

fluid motion near the surface. When the cylinder stretches 
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( > 0) it exerts a pulling force on the nanofluid, accelerat-

ing the flow and increasing the velocity within the boundary 

layer. Suction parameter S affects the velocity profile di-

rectly, as the suction parameter increases, the velocity also 

increases, which is shown in Fig. 5. From Figure 6, it is 

clear that the enhancement of the copper volume fraction 

parameter  s2 enhances the velocity profile. The inclusion of 

hybrid nanofluids, such as copper in water as a base fluid,  

  
Figure 2. Velocity profiles f () for various values of magnetic 

field parameter M when: K = 0.5; Ec = 0.5; S = 2; Nb = 0.1; Nt = 

0.1; Pr = 6.2;  = 0.1;  = 1; Sc = 0.5; s1 = 0.01; s2 = 0.01. 

  
Figure 3. Velocity profiles f () for various values of permeability 

parameter K when: M = 0.5; Ec = 0.5; S = 2; Nb = 0.1; Nt = 0.1; 

Pr = 6.2;  = 0.1;  = 1; Sc = 0.5; s1 = 0.01; s2 = 0.01. 

  
Figure 4. Velocity profiles f () for various values of stretching 

parameter  when: M = 0.5; Ec = 0.5; S = 2; Nb = 0.1; Nt = 0.1; 

Pr = 6.2;  = 0.1; K = 0.5; Sc = 0.5; s1 = 0.01; s2 = 0.01. 

improves their thermal properties, including diffusivity, con-

ductivity, and heat transfer coefficient, which consequently 

enhances the velocity profile. 

  
Figure 5. Velocity profiles f () for various values of the suction 

parameter S when: M = 0.5; Ec = 0.5;  = –0.5; Nb = 0.1; Nt = 0.1; 

Pr = 6.2;  = 0.1; K = 0.5; Sc = 0.5; s1 = 0.01; s2 = 0.01. 

  
Figure 6. Velocity profiles f () for various values of volume 

fraction parameter s2 when: M = 0.5; Ec = 0.5;  = –0.5; Nb = 

0.1; Nt = 0.1, S = 2; Pr = 6.2;  = 0.1; K = 0.5; Sc = 0.5; s1 = 0.01. 

Impact on temperature profile  () 

The influence of the thermophoresis parameter Nt and 

suction parameter S on dimensionless temperature is shown 

in Figs. 7 and 8. It is clear from the given figures that the 

temperature profile increases as thermophoresis parameter 

and suction parameter increase. The temperature increases 

due to the effect of thermophoresis, as it drives nanoparti-

cles from hot to cold regions due to temperature gradients. 

During this process, the nanoparticles affect local thermal 

conductivity and energy balance. In many situations, this 

effect promotes the accumulation of nanoparticles in cold 

regions, reducing heat dissipation and increasing tempera-

ture within the fluid. The variation of the temperature profile 

against the angle of inclination parameter  is shown in Fig. 

9. From the graph, it is noticed that a rise in the angle com-

ponent enhances the temperature profile. The temperature 

profile, explained in Figs. 10 and 11, shows that for the 

enhancement of the aluminium oxide volume fraction param-

eter  s1 and copper volume fraction parameter  s2, the tem-

perature profile  () increases. The hybrid nanofluids improve 

the thermal conductivity and diffusivity of the flow, which 

enhances the velocity and temperature profile. 
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  
Figure 7. Temperature profiles  () for various values of thermo-

phoresis parameter Nt when: M = 0.5; Ec = 0.5;  = –0.5; Nb = 0.1; 

S = 2; Pr = 6.2;  = 0.1; K = 0.5; Sc = 0.5; s1 = 0.01; s2 = 0.01. 

  
Figure 8. Temperature profiles  () for various values of suction 

parameter S when: M = 0.5; Ec = 0.5;  = –0.5; Nb = 0.1; Nt = 0.1; 

Pr = 6.2;  = 0.1; K = 0.5; Sc = 0.5; s1 = 0.01; s2 = 0.01. 

  
Figure 9. Temperature profiles  () for various values of  

curvature parameter   when: M = 0.5; Ec = 0.5;  = –1; Nb = 0.1; 

Nt = 0.1; Pr = 6.2; S = 2; K = 0.5; Sc = 0.5; s1 = 0.01; s2 = 0.01. 

Impact on concentration profile () 

The influence of curvature parameter  on concentration 

profile is shown in Fig. 12. It is found that as the value of 

the curvature parameter increases, the concentration profile 

also increases because as  increases it enhances the bound-

ary layer thickness, which causes the fluid to flow easily. 

The opposite behaviour is found in the case of Brownian  

  
Figure 10. Temperature profiles  () for various values of volume 

fraction parameter s1 when: M = 0.5; Ec = 0.5;  = –0.5; Nb = 

0.1; Nt = 0.1; Pr = 6.2;  = 0.1; S = 2; K = 0.5; Sc = 0.5; s2 = 0.01. 

  
Figure 11. Temperature profiles  () for various values of volume 

fraction parameter s2 when: M = 0.5; Ec = 0.5;  = –0.5; Nb = 

0.1; Nt = 0.1, S = 2; Pr = 6.2;  = 0.1; K = 0.5; Sc = 0.5; s1 = 0.01. 

motion parameter Nb on the concentration profile, which is 

shown in Fig. 13. An increase in values of Nb causes micro-

scopic particles to move erratically and randomly, which 

leads the boundary layer thickness to decrease, as a result the 

concentration profile diminishes. Figure 14 shows the impact 

of thermophoresis parameter Nt on concentration profile. 

From the figure it is clear that for higher values of Nt the 

temperature difference between the surrounding region and  

  
Figure 12. Concentration of nanoparticle profiles () for various values 

of curvature parameter   when: M = 0.5; Ec = 0.5;  = –1; Nb = 0.1; 

Nt = 0.1; Pr = 6.2; S = 2; K = 0.5; Sc = 0.5; s1 = 0.01; s2 = 0.01. 
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the surface increases, leading to an enhancement in the con-

centration profile. The influence of Schmidt number Sc on 

concentration profile is present in Fig. 15. From the figure, 

it is shown that a higher Schmidt number leads to a noticea-

ble reduction in the concentration profile. Sc characterises 

the relationship between momentum diffusivity and mass 

diffusivity, which indicates how efficiently mass and mo 

  
Figure 13. Concentration of nanoparticle profiles () for various 

Brownian motion parameter Nb when: M = 0.5; Ec = 0.5;  = –0.5; S = 

2; Nt = 0.1; Pr = 6.2;  = 0.1; K = 0.5; Sc = 0.5; s1 = 0.01; s2 = 0.01. 

  
Figure 14. Concentration of nanoparticle profiles () for various 

thermophoresis parameter Nt when: M = 0.5; Ec = 0.5;  = –0.5; Nb = 

0.1; S = 2; Pr = 6.2;  = 0.1; K = 0.5; Sc = 0.5; s1 = 0.01; s2 = 0.01. 

  
Figure 15. Concentration of nanoparticle profiles () for various 

values of Schmidt number Sc when: M = 0.5; Ec = 0.5;  = –0.5; Nb = 

0.1; Nt = 0.1; S = 2; Pr = 6.2;  = 0.1; K = 0.5; s1 = 0.01; s2 = 0.01. 

mentum are transported through diffusion. As the Schmidt 

number increases, the concentration boundary layer thick-

ness decreases. 

Impact on reduced skin friction coefficient f(0), reduced Nus-

selt number –(0) and reduced Sherwood number –(0) 

The influence of the curvature parameter   on the reduced 

skin friction coefficient f (0) for varying values of stretch-

ing sheet parameter  is depicted in Fig. 16. The figure indi-

cates that as the stretching sheet parameter increases, the 

reduced skin friction coefficient decreases. Additionally, the 

effect of curvature parameter becomes more prominent for 

higher values of , further contributing to the reduction in 

f (0). Figure 17 highlights the effect of suction parameter S 

on the reduced skin friction coefficient. In the case of a 

shrinking surface ( < 0) the coefficient increases with an 

increasing suction parameter within a specific range, imply-

ing that suction enhances the stability of the boundary layer. 

Conversely, in the stretching surface region ( > 0) the 

reduced skin friction coefficient decreases with increasing 

suction parameter, signifying a contrasting behaviour be-

tween shrinking/stretching surfaces. Figure 18 illustrates that 

the dimensionless heat transfer rate – (0) exhibits an in-

creasing trend with both curvature parameter  and stretch 

  
Figure 16. Effect of curvature parameter   on reduced skin friction coef-

ficient f (0) with various stretching parameter  when: M = 0.5; Ec = 0.5; 

S = 2; Nb = 0.1; Nt = 0.1; Pr = 6.2; K = 0.5; Sc = 0.5; s1 = 0.01; s2 = 0.01. 

  
Figure 17. Effect of stretching parameter  on reduced skin friction coef-

ficient f (0) with various suction parameter S when: M = 0.5; Ec = 0.5; Nb = 

0.1; Nt = 0.1; Pr = 6.2;  = 0.1; K = 0.5; Sc = 0.5; s1 = 0.01; s2 = 0.01. 
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ing sheet parameter  This indicates that the presence of 

curvature enhances heat transfer and higher stretching inten-

sifies this effect, leading to improved thermal energy dissi-

pation. 

  
Figure 18. Effect of curvature parameter   on reduced Nusselt number 

– (0) with various stretching parameter  when: M = 0.5; Ec = 0.5; S = 

2; Nb = 0.1; Nt = 0.1; Pr = 6.2; K = 0.5; Sc = 0.5; s1 = 0.01; s2 = 0.01. 

Figure 19 demonstrates that the dimensionless mass trans-

fer rate – (0) decreases with increase in curvature parameter 

 as well as the stretching sheet parameter . This suggests 

that higher stretching weakens mass transfer effects, poten-

tially due to changes in the concentration boundary layer 

thickness caused by stretching and curvature influences. 

  
Figure 19. Effect of curvature parameter   on reduced Sherwood num-

ber – (0) with various stretching parameter  when: M = 0.5; Ec = 0.5; 

S = 2; Nb = 0.1; Nt = 0.1; Pr = 6.2; K = 0.5; Sc = 0.5; s1 = 0.01; s2 = 0.01. 

Evaluation of the present outcome with the existing results 

in the literature 

To test the validity and accuracy of calculated results, 

the numerical values of velocity, temperature, and concen-

tration profile for different values of suction parameter S, 

curvature parameter  and Schmidt number Sc in the absence 

of viscous dissipation, magnetic field and permeability 

effects, which have been compared with the results obtained 

by Roşca et al. /10/ and expressed in Figs. 20, 21, and 22. 

The present results are found to be in excellent agreement 

with previously published results. The consistency between 

the datasets further reinforces the reliability of the current 

numerical approach and its suitability for investigating the 

influence of key physical parameters on flow characteris-

tics. 

  
Figure 20. Velocity profiles f () for various values of suction 

parameter S when: M = 0; Ec = 0; Nb = 0.1; Nt = 0.1;  = –0.5; 

Pr = 6.2;  = 0.5; K = 0; Sc = 0.1; s1 = 0.001; s2 = 0.001. 

  
Figure 21. Temperature profiles  () for various values of curva-

ture parameter   when: M = 0; Ec = 0;  = –1; Nb = 0.1; Nt = 0.1; 

Pr = 6.2; S = 2.2; K = 0; Sc = 0.1; s1 = 0.001; s2 = 0.001. 

  
Figure 22. Concentration of nanoparticle profiles () for various 

values of Schmidt number Sc when: M = 0; Ec = 0;  = –0.5; Nb = 0.1; 

Nt = 0.1; S = 2.2; Pr = 6.2;  = 0.5; K = 0; s1 = 0.001; s2 = 0.001. 

CONCLUSIONS 

This study examines the heat transfer characteristics of 

hydro-magnetic hybrid nanofluid flow around a stretching/ 

shrinking cylinder while considering the effects of thermo-
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diffusion. The hybrid nanofluid consists of alumina and 

copper nanoparticles dispersed in water, which acts as the 

base fluid. Numerical solutions are obtained using the bvp4c 

solver in MATLAB. Effects of different parameters on the 

velocity profile f (), temperature profile  () as well as the 

concentration profile  () are analysed. Variations in these 

profiles due to governing parameters are illustrated through 

graphical representations. The study also examines the re-

duced skin friction coefficient f (0), reduced Nusselt number 

– (0) and reduced Sherwood number – (0) with different 

parameters that are presented through graphs. The main 

outcome of the present analysis is as follows. 

The study demonstrates that there is an inverse relation-

ship between velocity profile f () and magnetic field param-

eter M. However, the velocity profile increases with the in-

crement of stretching sheet  and suction parameter S. 

The enhancement of the thermophoresis parameter Nt, 

curvature parameter , suction parameter S and aluminium 

oxide volume fraction parameter  s1 enhance the thermal 

boundary layer, which implies the temperature profile  () 

to increase. 

Distribution of concentration of nanoparticles increases 

with increasing value of curvature parameter  and thermo-

phoresis parameter Nt while opposite behaviour occurs with 

Brownian motion parameter Nb and Schmidt number Sc. 

The reduced skin friction coefficient f (0) and reduced 

Sherwood number – (0) decrease as stretching sheet param-

eter  and curvature parameter  increase, whereas reduced 

Nusselt number – (0) exhibits the opposite trend. 

As the value of suction parameter S escalates, the reduced 

skin friction coefficient f (0) also escalates, whereas in the 

case of stretching sheet parameter  it has the opposite trend, 

but in the shrinking case, the reduced skin friction also 

increases. 
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