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 The present work is focused on the flow and transfer of heat analysis of the silver-graphene 

with a binary mixture of ethylene glycol (EG) and water (0:100, 20:80 and 40:60 vol %) 

based hybrid nanofluids. Flow formulation is developed by considering the effect of 

magnetic field, stagnation point flow, Joule heating and viscous dissipation. Heat 

exchanger plays an important role because of the increasing demand for efficient cooling 

systems in automotive industries. Proper transforms lead to highly nonlinear differential 

systems, which are solved through shooting procedure with fourth order R-K (Runge-

Kutta) method. The results of numerous control parameters for both silver-graphene 

nanoparticles are graphically shown and discussed in detail. The current numerical work is 

qualified through comparative study with the formerly published results for a special case. 

The heat transfer rate is higher with lower Ec values and higher ϕ1 and ϕ2 values. 

 

Keywords: 

entropy generation, hybrid nanoparticles, 

joule heating, MHD, silver-graphene 

nanoparticles, stagnation point 

 

 

 
1. INTRODUCTION 

 

Conventional heat transfer fluids found to have less transfer 

of heat owing to their poorer thermal conductivity related to 

metals. These fluids are EG, water, lubricant oil and kerosene 

oil etc. Choi and Eastman [1] found that adding nanoparticles 

to the base fluids could increase its thermal conductivity and 

result in improved heat transfer. Using the Maxwell-Garnett 

model, Turkyilmazoglu [2] studied the effects of dissimilar 

nanoparticles of TiO2, CuO, Cu, Ag and Al2O3 with pure water 

on the flow and heat behaviour of a traditional laminar plane 

wall jet. Akbar et al. [3] used the Cattaneo-Christov heat flux 

model for the transfer of heat through SWCNT and MWCNT 

nanofluids in a permeable stretching surface. The effect of 

variable thermal conductivity on hydromagnetic kerosene - 

alumina nano-liquid was examined by Ellahi et al. [4]. In many 

studies [5-9], the effect of MHD flow of aluminum alloys, 

copper, titanium alloy with different base fluids have been 

discussed. 

However, there has recently been little work on nanofluid 

with disparate nanoparticles simultaneously dispersed in a 

base fluid called hybrid nanofluids. These hybrid nanofluids 

are a new group of nanofluids that have almost all applications 

in heat transfer fields such as defence, medical, manufacturing, 

acoustics, microfluidics, microelectronics, transport, naval 

structures, propulsion, automotive engine and so on. Ma et al. 

[10] presented the effect of MHD on Ag-MgO/water hybrid 

nanofluid in a channel. Iqbal et al. [11] analyzed the 

performance of Cu-CuO/water hybrid nanofluid on MHD 

rotating transport in rotating vertical channel. Platelets, brick 

and cylinder-shaped nanoparticles were used for accelerating 

fluid flow. They reported that brick-shaped nanoparticles are 

very effective for temperature efficiency. Sajjadi et al. [12] 

were used the MWCNT-Fe3O4/water hybrid nanofluid to 

investigate the effect of nanoparticle on heat transfer. There 

have been some reports of hybrid nanoparticles on different 

geometries [13-20]. 

Generally, nanoparticles are made of carbon nanotubes, 

carbides, oxides, graphene and metal, and the base fluids are 

glycol, water, engine oil etc. In nanoparticles, silver and 

graphene are the most important nanomaterials. Graphene 

particles have higher thermal conductivity, highest electron 

mobility of all electronic materials, lowest electrical resistivity 

and also higher mechanical strength [21]. In addition, 

graphene is very easy and inexpensive to synthesize 

nanoparticles. Bahiraei and Heshmatian [22] investigate the 

efficiency and entropy production of a hybrid nanofluid 

containing graphene nano platelets decorated with silver 

nanoparticles in three different liquid blocks for CPU cooling. 

Nowadays, anti-freeze fluids (a mixture of ethylene glycol and 

water-ethylene glycol) are mostly used in automobile radiators 

to avoid winter freezing. 

Ethylene glycol, propylene glycol and water are usually 

taken as single base liquids in nanofluids, but the combination 

of the two liquids has the advantage of two pure compounds. 

The combination of the two liquids has a lower freezing point 

than water and higher thermal conductivity than pure glycol 

[23, 24]. Therefore, useful applications of glycol-water areas 

transfer media in antifreeze or solar heating installations in car 

engines [25].  

No work has been reported using dispersed silver-

graphene/EG-water hybrid nanoparticles on MHD flow past 

over an upper horizontal surface of a paraboloid of revolution. 

Silver-graphene/EG-water hybrid nanofluid are widely used in 

cold areas for heat exchangers in cars, industrial coolants [26, 

27], hyperthermia and many electronic devices in engineering 

[28]. In reality, stretching surface brings a unidirectional 

inclination to extrude, thereby considerably improving the 

final product quality, which is extremely dependent on 

mechanisms for flow and heat transfer. Glass blowing, wire 

drawing, continuous casting, and spinning of fibres also have 

a flow due to the stretched surface [29-35].  
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2. MATHEMATICAL FORMULATION 

 

The present work explores the entropy optimization and 

Bejan number in hydromagnetic flow of EG and water 

mixture-based silver-graphene hybrid nanofluid flow past over 

an upper horizontal surface of a paraboloid of revolution (see 

Figures 1(a) and 1(b)). Influences of viscous dissipation with 

Joule heating are considered. Moreover, the upper paraboloid 

of revolution flow constructed with magnetic field B(x) and 

stagnation point flow. We assume y=J(x+c)0.5(1-n) where n 

represents velocity power index parameter (n=1 is flat sheet, 

n<1 is outer convex and n>1 inner convex shape). The 

governing boundary-layer equations for hybrid nanofluid past 

upper paraboloid of revolution can be written as (Das and 

Chatterjee [31], Pakravan and Yaghoubi [35], Pal and Mondal 

[34]). 

 

 
(a). Geometry of the problem 

 

 
(b). Graphical illustration of fluid domain and conversion of 

domain [λ, ∞] to [0, ∞] 

 

Figure 1. Physical configuration of the problem 
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In the above expressions u and v are the components of 

velocities in x and y directions respectively, T is the 

temperature of the fluid, cp is the specific heat at constant 

pressure, α is the thermal diffusivity, kc is the chemical 

reaction rate, T0 are the reference temperature of fluid, T∞ are 

the temperature of the ambient fluid. h1
* is the dimensional 

velocity slip variable, h2
* is the dimensional temperature jump 

variable, f1 is the Maxwell’s reflection coefficient, b is the 

thermal accommodation coefficient, γ1 is the ratio of specific 

heats, ξ1ξ2 are the constants (mean free path). 

These nanofluid quantities are defined as: 
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where, μhnf is the dynamic viscosity of hybrid nanofluid, αhnf is 

the thermal diffusivity of the nanofluid, νhnf is the kinematic 

viscosity of hybrid nanofluid, khnf is the thermal conductivities 

hybrid nanoparticle, (ρβT)hnf is the thermal expansion 

coefficient of hybrid nanofluid, (ρcρ)hnf is the heat capacitance 

of the hybrid nanofluid, ρhnf are the density of the hybrid 

nanofluid, ϕ1 
volume fraction of Ag (silver) nanoparticle, ϕ2 

volume fraction of Graphene nanoparticle, The suffices f s1, 

s2, f and hnf denote solid nanoparticles of silver, solid 

nanoparticles of Graphene, fluid, hybrid nanofluid 

respectively. The values of density (ρ), specific heat (Cp), 

thermal conductivity (k) and thermal expansion coefficient (βr) 

of base fluids and nanoparticles are given in Table 1. We 

examined the verification of current code. According to Table 

2, good concordance can be found.  
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Table 1. Density (ρ), specific heat (Cp), thermal conductivity (k) and thermal expansion coefficient (βT) of base fluids and 

nanoparticles [24] 

 

Physical properties 
0:100% 

EG:Water 

20:80% 

EG:Water 

40:60% 

EG:Water 
Ag Graphene 

3

kg

m

 
 
 

 997.1 1027.93 1057.60 10,500 2250 

p

J
C

kg K

 
 
 

 4180 3826 3485 235 2100 

W
k

m K

 
 
 

 0.613 0.498 0.408 429 2500 

1
T

K


 
 
 

 0.21*10-3 0.28*10-3 0.35*10-3 1.89*10-5 -7*10-6 

Pr  6.07 11.21 21.95   

 

Table 2. Comparison of -θ’(0) for various Gr and Pr with 

previous work [28, 29] when A=0, ϕ1, ϕ2 =0, Ec=0, M=0, λ=0, 

τ1=0 τ2=0, and n=1 

 

Gr Pr 
Ishak et al. [29] 

(Exact Sol.) 
Pal [28] 

Present 

results 

0 0.72  0.80863135 0.808631 

 1.0 1.0000 1.00000000 1.000000 

 3.0 1.9237 1.92368256 1.923683 

 7.0  3.07225020 3.072250 

 10.0 3.7207 3.72067391 3.720674 

 100.0  12.2940835 12.294083 

1.0 1.0  1.08727815 1.087278 

2.0 1.0  1.14233928 1.142339 

3.0 1.0  1.18529031 1.185290 

 

The above PDE Eqns. (1)-(4) and boundary conditions can 

be converted into nonlinear coupled ODE by using the 

following similarity transformations [30, 33]. 
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With the help of Eqns. (5)-(6), Eqns. (2)-(4) are converted 

as follows: 
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with the boundary conditions, 
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Eqns. (7)-(9) are nonlinear and coupled having the domain 

[λ, ∞). In order to make the computations easier, it should be 

transformed as [λ, ∞). So, we establish a new function [32]. 
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So, Eqns. (7)-(9) becomes: 
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with the boundary conditions, 
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where, M is the magnetic parameter, A is the stagnation 

parameter, Gr is the Local Grashof number, Ec is the Eckert 

number, λ is the wall thickness variable, τ1 is the velocity slip 

variable and τ2 is the temperature jump parameter. Which are 

given by: 
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For the sake of engineering interest, skin friction coefficient, 

heat and mass transfer rates are:  
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3. ANALYSIS OF ENTROPY EQUATION 

 

The entropy generation rate per unit volume is defined as: 
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With the help of Eqns. (5)-(6), Eq. (14) is converted as 

follows: 
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Brinkman number. 

 

The Bejan number is defined as: 
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4. NUMERICAL PROCEDURE 

 

➢ The set of higher order nonlinear differential Eqns. 

(10)-(12) have been reduced to a first-order equations. 

Which are: 
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where,  
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with boundary conditions, 
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➢ An essential aspect of the shooting technique is the 

selection of a reasonably limited rating of 
.  

➢ The error tolerance is 10-8 and h = 0.001 is the step 

size of the fourth order Runge-Kutta with shooting 

method algorithm (see Figure 2). 

 

 
 

Figure 2. Schematic diagram of shooting scheme 
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5. RESULTS AND DISCUSSION  
 

We conferred the impression of various flow parameters in 

this section, such as stagnation parameter (A), Magnetic 

parameter (M), Local Grashof number (Gr), volume fraction 

of silver nanoparticle (ϕ1), volume fraction of Graphene 

nanoparticle (ϕ2), Eckert number (Ec), Brinkman number (Br), 

Temperature difference parameter (α1) on velocity (f’(η)), 

temperature (θ(η)), local entropy generation (NG), Bejan 

number (Be), surface drag force (Rex
1/2Cf/2) and rate of heat 

transfer (NuxRex
-1/2) are inspected through graphical 

interpretations for the silver-Graphene hybrid nanoparticles 

with the combination of Ethylene Glycol-water mixture 

having the ratios 0:100%, 20:80% and 40:60% respectively. 

In this study, we considered the various parameters as 

ϕ1=0.01, ϕ2=0.01, A=0.4, Gr=0.4, Ec=0.5, λ=0.2, τ1=1, τ2=1, 

n=0.5, α1=1, and Br=0.2. These values have been not different 

all through the study apart from the values shown in figure. 
 

5.1 Influences of various parameters on velocity profile 
 

For the different combinations of EG-water mixture, the 

sway of A on dimensionless velocity profiles as shown in 

Figure 3. As identified from this figure, with growing Α values, 

the velocity rises.  
 

 
 

Figure 3. Influence of A on f’(η) 
 

 
 

Figure 4. Influence of M on f’(η) 
 

Figure 4 demonstrates the impact of M for different 

combinations of the EG-water mixture on the velocity profile. 

It is realized that the velocity of the fluid declines with large 

values of the M. These findings are consistent with the reality 

that the resistive force, which plays a vital part in deceleration 

and directional fluid flow, is the applied magnetic field. The 

dimensionless velocity outlines for different values of Gr are 

shown in Figure 5. The velocity increases for large quantities 

of Gr while a diminishing in the parameter diminishes the 

velocity of the fluid because of cooling. 
 

 
 

Figure 5. Influence of Gr on f’(η) 
 

5.2 Impacts of innumerable parameters on temperature 

outlines 

 

Figures 6-10 showed the impact on the temperature profile 

for the A, M, ϕ1, ϕ2 and Ec. From Figure 6, it is clearly shown 

that temperature has increasing behavior in case of magnetic 

parameter. More Lorentz force provides additional resistance 

to the movement of energy cells. Due to this, more heat is 

generated inside the system, and as a result, the temperature 

rises. In the view of Figure 7, it is witnessed that the nanofluid 

temperature decreases for increasing values of stagnation 

parameter.  
 

 
 

Figure 6. Influence of M on θ(η) 
 

 
 

Figure 7. Influence of A on θ(η) 
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From Figures 8-10, a similar tendency of temperature 

enrichment was observed with increasing values of ϕ1, ϕ2 and 

Ec. From a physical perspective, the thermal conductivity 

increases with ϕ1 and ϕ2. With higher thermal conductivity the 

liquid temperature increases.  

 

 
 

Figure 8. Influence of ϕ1 on θ(η) 

 

 
 

Figure 9. Influence of ϕ2 on θ(η) 

 

 
 

Figure 10. Influence of Ec on θ(η) 

 

5.3 Inspirations of different parameters on entropy 

generation 

 

The computed values of the local entropy generation 

distribution for various values of A, ϕ1, ϕ2, M, Ec, Br and α1 are 

portrayed in Figures 11-17 respectively. Figure 11 discoveries 

that M has increasing results on entropy generation. Physically, 

the enrichment of Lorentz force with rise in magnetic 

parameter results in more friction which causes the entropy 

generation rate to supplement. It is vivacious from Figure 12 

that the entropy generation rate intensifications when the Ec 

intensifications. Physically heat is a form of disorganized 

energy. So, more heat transfer to the system is generated owed 

to entropy. That’s why kinetic energy of liquid particles 

rehabilitated low grade energy and subsequently entropy 

generation enhances. We perceived from Figure 13 that 

entropy generation rate is growing for higher values of Br. It 

stems from the fact that, for higher Br the conduction rate is 

leisurelier formed by dissipation, that’s why boosts the entropy 

generation rate. Figures 14-17 it is analyzed that entropy 

generation rate is increased by enhancing ϕ1, ϕ2 and α1 where 

as reverse trend is observed in A. 

 

 
 

Figure 11. Influence of M on NG 

 

 
 

Figure 12. Influence of Ec on NG 

 

 
 

Figure 13. Influence of Br on NG 
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Figure 14. Influence of A on NG 
 

 
 

Figure 15. Influence of ϕ1 on NG 

 

 
 

Figure 16. Influence of ϕ2 on NG 
 

 
 

Figure 17. Influence of α1 on NG 

5.4 Effects of various parameters on Bejan number 

 

 
 

Figure 18. Influence of ϕ1 on Be 
 

 
 

Figure 19. Influence of ϕ2 on Be 
 

 
 

Figure 20. Influence of Ec on Be 
 

 
 

Figure 21. Influence of A on Be 
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Figure 22. Influence of M on Be 

 

 
 

Figure 23. Influence of Br on Be 

 

 
 

Figure 24. Influence of α1 on Be 

 

Figures 18-24 elucidate the performance of Bejan number 

for the various values of ϕ1, ϕ2, A, Ec, M, Br and α1 respectively. 

The Bejan number increases for larger values of volume 

fraction of ϕ1, ϕ2, Ec, and α1, whereas the contrary propensity 

is perceived for A, M and Br. The large Br increases the 

entropy rate physically and thus decreases the Bejan. 

 

5.5 Effects of various parameters on skin friction and rate 

of heat transfer 

 

The impact of the increase in the ϕ1 and ϕ2 on the surface 

drag force has been shown in Figure 25. The higher values of 

of nanoparticles declines the surface drag force. In Figures 26-

28, the behavior of the rate of heat transfer in terms of changes 

in ϕ1, ϕ2 and Ec are indicated. From Figure 26 the heat transfer 

rate enhances with both ϕ1 and ϕ2 increases. In Figure 27, the 

value of ϕ2 is fixed and ϕ1 and Ec are vary on the rate of heat 

transfer. The value of ϕ1 is fixed and ϕ2 and Ec are varying on 

the rate of heat transfer are shown in Figure 28. Rate of heat 

transfer enhances with large values of ϕ1, ϕ2 and smaller values 

of Ec. Finally, rate of heat transfer is more for ϕ2 than ϕ1. 

 

 
 

Figure 25. Influence of ϕ2 and ϕ1 on Rex
1/2Cf/2 

 

 
 

Figure 26. Influence of ϕ2 and ϕ1 on NuxRex
-1/2 

 

 
 

Figure 27. Influence of ϕ1 and Ec on NuxRex
-1/2 
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Figure 28. Influence of ϕ2 and Ec on NuxRex
-1/2 

6. CONCLUSIONS

This article carried out the numerical study on MHD silver-

graphene/water-ethylene glycol hybrid nanofluids over an 

upper horizontal surface of a paraboloid of revolution. Runge-

Kutta incorporate with the shooting method has been 

employed to solve the non-dimensional flow equations. 

Thermal conductivity of water is higher than pure glycol. 

Ethylene glycol has considerable potential for automotive and 

residential heating applications, particularly in the world's cold 

areas. Various percentages of water mixed with ethylene 

glycol or propylene glycol are used as heat transfer fluids 

owing to winter climatic circumstances in Alaska, Canada, 

Northern Europe and Russia. Because of thermal conductivity 

of water is higher than pure glycol. The combination of the 

two liquids has a lower freezing point than water and higher 

thermal conductivity than pure glycol. Even if the operating 

temperature reaches -40℃, these liquids do not freeze. 

Ethylene glycol mixtures have better thermo physical 

characteristics than propylene glycol mixtures at temperatures 

as low. If the concentration of water is high in ethylene glycol, 

the rate of heat transfer also increases. With lower Ec values 

and higher ϕ1 and ϕ2 values, the heat transfer rate is higher. 

Entropy generation rate (NG) and Bejan number (Be) are 

enhanced for higher values of α1, ϕ1 and ϕ2. 
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