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ABSTRACT 

The aim of this investigation is to study hybrid nanofluid flow past a permeable 
stretching sheet in is presented. With heat source/sink and uniform magnetic field the flow is 
investigated in porous medium. A suspension of Copper Oxide-Silver  
nanoparticles in an ethanol glycol   based fluid with Marangoni convection is 
considered. The mathematical model of the flow is encountered by Runge-Kutta fourth order 
method using appropriate similarity transformations. As a key result, it is observed that the 
capacity of heat transportation of modified nanofluid is improved in comparison with 
nanofluids and hybrid nanofluids. Numerical solutions with graphical representation are 
presented. Heat transfer rate decreases when the Prandtl number and wall mass transfer 
parameter rise, whereas the Heat source/sink parameter has the opposite effect. 
 
Keywords: Hybrid Nanofluid; Marangoni Convection; MHD; Porous media; Stretching 
Surface. 
 
1. Introduction 

A fluid called as base fluid with 
suspended nano-sized particles of various 
size and shapes is defined as nanofluid. 
These particles can be metallic or non-

metallic. For heat transfer applications 
commonly used base fluids are water, 
Ethylene glycol, Mineral oil, kerosene, 
Engine, and are generally employed in the 
production of nanofluids. Initially Choi [1] 

262
/ OHCAgCuO -

( )CuO Ag-

2 6 2( )C H O



P.K. Ddheech et al. | Science & Technology Asia | Vol. 26 No.4 October - December 2021 

176 

investigated that by adding some nano- 
sized particles in any base fluid thermal 
conductivity can be improved. Use of these 
nanofluids can be seen in the industrial 
processes where transportation of heat is 
prominent as generator cooling, biomedical, 
nuclear safety, transformer cooling, solar 
heating, lubrications, welding, alcohol 
control, protection, MHD pumps, 
refrigeration and space technology. Various 
investigations have been presented by the 
researchers that how nanofluids affect the 
heat transfer phenomena by its size, shape, 
and concentration, with various base fluids 
and different geometries [2-8]. 

In continuation to this concept 
researchers got the idea to prepare mixture 
of two different nanoparticles dispersed in 
the basic fluids. These fluids are considered 
as hybrid nanofluids. With appropriate 
blend or combination of nanometer-sized 
particles dispersed into the basic fluids, 
improved heat transfer capacity can be 
obtained since advantage and disadvantage 
of nanoparticles can be managed in hybrid 
nanofluids. A number of studies have been 
presented by researchers proving this 
concept for the nanofluids using different 
sizes, shapes, and concentrations of 
nanoparticles with different base liquids, on 
different geometries [9-13]. 

Marangoni convection is the 
convection described with the surface 
tension differences at interface. These 
interface dissipative flows may be useful 
when various surface tensions exist at 
interface. This variation can be generated by 
altering the temperature or the concentration 
of fluid. Marangoni convective boundary 
layer flows of nano-liquids has their 
applications in various fields like thin-films, 
soap-films, crystals melting, vapor bubbles, 
welding, semiconductors, microgravity 
condition, material science, silicon wafers, 
etc. Napolitano [14] was the first who gave 
this phenomenon and named it. Christopher 
and Wang [15] studied the Prandtl numbers 
effects for Marangoni convective flow past 

a horizontal surface. Furthermore Agrawal 
et al. [16] investigated radiative Marangoni 
convection flow of three different hybrid 
nanoliquids with porosity and MHD effects.  
Afterward this phenomenon is studied along 
various parameters, nanofluids and 
geometries by several scientists [17, 21]. 

Whereas various researchers have 
investigated nanofluids with various 
nanoparticles suspended in various base 
fluids, nonetheless, in this research 

 nanofluids flow 
through a stretching surface with Marangoni 
convection under the effect of MHD is 
explored. A numerical analysis for this 
nanofluid presented by the graphs and 
discussed. A comparative study with 
previous findings of researchers is 
discussed. An excellent concurrence is 
achieved with the presentation of previous 
conclusions. 

 
2. Mathematical formulation 

The viscous in compressible 
nanofluids MHD Marangoni convective 
boundary layer flow with Heat source/sink, 
along permeable stretched su. 

The viscous in compressible 
nanofluids MHD Marangoni convective 
boundary layer flow with Heat source/sink, 
along permeable stretched surface is studied 
in 2-D.  nanofluid 
embedded in porous medium is considered.  

It is acknowledged that the 
fundamental fluids and the nano-size 
particles are in thermal equilibrium state.  
The laminar fluid flow takes place at y ≥ 0 
where x-axis is considered along the surface 
and y-axis is considered normal to the 
stretching sheet. Ambient temperature  

and the surface temperature   are assumed 
different. Likewise, Marangoni convection 
is considered, a linear relation of surface 
tension with temperature is given by [16]: 

 

          (2.1) 
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Here,  is surface tension and is 
rate of change of surface tension along 
Temperature. Taking these assumptions, the 
equation of the governing convective flows 
of the nanofluid is described as following 
[16]. 

 

            (2.2)
 

(2.3)
 

(2.4) 

 
With boundary condition: 
 

,
 

at  and  
 

  as  .      (2.5) 
 

Here velocity components along x and y 
axis are u and v respectively, also  
represents the surface heat capacity. is 

viscosity modified nanofluid, is 

density, is thermal conductivity, 

 is electrical conductivity and 

 is heat capacity. Here subscript 

mnf, hnf, nf and f, defined for modified 
nanofluids, hybrid nanofluids, nanofluids 
and base fluid respectively.  is magnetic 
field strength. Also the volume fraction is  

 also  is chosen for spherical type 
nanoparticles. Thermo-physical value of 
nanoliquids and base fluid are reported in 
Table 2. 

For the hybrid nanofluids the thermo 
physical quantities are given by as follows 
[16]: 
The heat capacitance is given by: 

 

           (2.6) 
The thermal conductivity is given as: 

              

(2.7) 
where 

. 

The effective density of hybrid nanofluid is 
given as follows: 

                           
(2.8) 

The electrical conductivity is given by: 

  

(2.9)

 
where . 

Also the effective dynamic viscosity is 
given by: 

.

           

(2.10) 

 
3. Similarity Solutions 

For the solution the model, the 
similarity transformation given below is 
used [13]: 

, , (3.1) 

Where 

,   , 

, . 

Partial differential Eq. (2.3) and Eq. 
(2.4) which are non linear in nature are 
converted into the following equations. 
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               (3.2)
 

          
(3.3) 

Here   ,  

 
and  

 
With modified initial conditions:  

            (3.4) 

Here  is parameter of 

permeability,  is Prandtl 

number. Also the wall mass transfer 

parameter is  and    is 

heat source/sink parameter and 

 is magnetic parameter. 

 
4. Numerical Solution 

After applying suitable similarity 
solutions, the fundamental equations have 
converted to the ordinary differential 
equations along with boundary condition. 
To tackle this further, Runge-Kutta method 
of order four with the shooting procedure 
have been exercised to tackle these Eq. (3.2) 
and Eq. (3.3) together with the boundary 
conditions Eq.(3.4) turned in initial value 
problem, as shown below. 

 
    ,    

and   

 

 

With initial conditions: 
 

       
 
Here with above three initial conditions, two 
more are required i.e.  and for 

the solutions. Prandtl number for   
is 204 considered. Taking the initial guess 
values for  and  and suitable 

finite value of , say . After this 
we have computed  and  at 

 along with conditions of 

boundary  and  and 
for desired approximate result (degree of 
accuracy is ) we have adjusted the 
values of  and taking step 
size as . To get exact results up 
to accuracy iterated approach is used in 
this method. 
 
5. Results and Discussion 

Boundary layer flow with Heat 
source/sink, along permeable stretched 
surface is studied. The two-dimensional 
viscous in compressible hybrid nanofluid 
flow is considered.  
hybrid nanofluid embedded in porous 
medium is considered. Marangoni 
convective is considered in this 
investigation. Numerical simulation is 
performed with above described method and 
results are shown by graphs to explain the 
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impacts of several non-dimensional physical 
parameters for velocity profile and 
temperature profile. 

In Fig. 1 the effects of magnetic 
field parameter M on velocity profile. A 
decreased velocity profile noticed for 
increased M. Imposed charismatic field 
creates a reverse force, called Lorentz force 
to the fluids the velocity field is reduced as 
a result of this.  

 
Fig. 1. Velocity profile for magnetic field 
parameter. 
 

 
Fig. 2. Velocity profile for K. 

 
In Fig. 2 the effects of permeability 

parameter  on . It is observed that 
with increased  a decrement in  is 

seen. With the fact  , so with 

enhancement in the porosity coefficient, the 
permeability of the porous media decreases, 
resulting in a drop in fluid velocity. 

 
Fig. 3 Velocity profile for  . 

 

In Fig. 3 and Fig. 4 the effects 
of on  and respectively.  It is 
observed that with increased a 
decrement in  (velocity profile) and 

(temperature profile) is seen. Because 
the porous wall absorbs some fluids particle, 
the flow velocity rises, and the thermal 
boundary layer is lowered. As a result, the 
overall heat and mass transmission capacity 
rises. 

 
Fig. 4. Temperature profile for  . 

 
Fig. 5. Temperature profile for Pr. 

 
In Fig. 5 the effects of Prandtl 

number Pr on temperature profile 
depicted. It is observed that with 
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increased Pr along with  a decrement 
in temperature profile noticed. The relative 
effects of viscosity on thermal conductivity 
are referred to as Pr. This is because lower 
Prandtl numbers equate to better thermal 
conductivity, allowing heat to escape away 
from the heated surface faster than with 
bigger Prandtl numbers. In Fig. 6, the 
effects of heat source/sink  on  are 
depicted. It is observed that with increase  
along with  an increment in 
temperature profile is seen. 

  

 
Fig. 6. Temperature profile for . 

 

 
Fig. 7. Velocity profile for . 

 

In Fig. 7 the effects of parameter 
volume friction  on  depicted. 
It is observed that with increased a 
decrement is seen in velocity curve. The 
fluid's velocity is lowered at the surface and 
raised distant from it by raising , 
which is a significant influence of  
on the velocity profile. 
 

 
Fig. 8. Temperature profile for . 
 

In Fig. 8 the effects of parameter 
volume friction  on  depicted. 
It is observed that with increased an 
increment is seen in velocity curve. More 
nanoparticles allow additional energy to be 
absorbed, which might result in a higher 
temperature field. The calculated results are 
compared for Nusselt number for different 
values of Pr taking other parameters equals 
to zero is given in Table 2. 

Table 2 Comparison of Nusselt 
number for various values of Pr taking other 
parameters equals to zero for 

. 

 
6. Conclusions 

Heat transfer effects of a hybrid 
nanofluid flow are studied. MHD 
Marangoni convective boundary layer flow 
with heat source/sink, along permeable 
stretched surface is considered in 2-D. 

 nanofluid embedded 
in porous medium is considered. In future 
these results can be used for other hybrid 
nanofluids as well as modified nanofluids. 
The following is a summary of the research 
findings: 
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• With increased   a decrement is 
seen in velocity field and opposite 
effect is seen in temperature profile. 

• Decreased velocity profile is seen for 
increased parameters , M and K.  

• Heat transfer rate decreases when the 
Prandtl number and wall mass transfer 
parameter rise, whereas the Heat 

source/sink parameter has the opposite 
effect. 
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