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Abstract:-

Present exertion is devoted to manipulate exclusive investigation about enhancement in thermal attributes of usual Newtonian fluid with the inclusion of Hybridized ferrite nanoparticles () along with multi walled carbon nano Tubes (MWCNT). The flow is taken in a square cavity influenced by applied Lorentzian field. Effects of porous medium are envisioned by utilizing Darcy law. Energy aspects in flowing domains are interrogated in the presence of radiative aspects characterized by Roseland approximations. Mathematical modelling representing the key features of flow under sundry aspects is manifested in the form of partial differential system. The attained complex differential expressions are handled by control volume finite element method (CVFEM). Expressions representing key features of ferrite nanoparticles and multi wall carbon nano tubes are exhibited in tabular form. Impact of flow controlling parameters in the form of isotherm and stream lines is revealed.  Variation in convective heat transfer against different variables in 3D pictorial view is conducted. Grid independence along with mesh analysis is disclosed for assurance of computed data. Assurance of present results is also executed by comparing it with previous work. It is inferred that thermal flux coefficient enhances by intensifying magnitude of Rayleigh and Darcy parameters. Nusselt number shows decrementing pattern against mounting effect of magnetic field strength. Momentum distribution manifests uplifting behavior against the magnetic field and Darcy parameter.                                                                                                                                                  
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1. Literature Survey:
Thermodynamical systems are building block of today fastest world and progression of these structures is highly dependent on thermal conductance of utilized materials. Usually fluids with higher thermal conductance power are required for such purposed. But it is found that normal liquids possesses low thermal conductance therefore it is essential to make them according to their requirement. In this regard researchers tried their best to propose ways to overcome this hindrance. After several though provoking works they came to descion that inclusion of nano structured metallic solid constituents in the host fluid was an innovative solution conveyed by Choi [1] which proved to be a development. A systematic examination of nanoliquids thermal convection was accomplished by Buongiorno [2]. Detailed analysis of nanoliquid flow above exponentially stretchable configuration was primarily performed by Nadeem et al. [3]. Zaimi et al. [4] assessed the mounting features of convectional thermal transport of nanofluid due to non-linearly stretchable surface. Performance of nano particles in raising the conductivity of usual liquid flowing past exponential surface was observed by Malvandi et al. [5]. Time dependent flow features in nanoliquid flow persuaded by permeable stretched configuration was inspected by Sandeep et al. [6]. Influence of chemically reactive species in magnetic flow of nanoliquid by an exponentially stretched sheet was reconnoitered by Eid [7]. The extensive solicitations about nanoliquids have been accessed through above literature and few more are mentioned in [8-11].
After viewing the above mentioned literature, some inconsistencies in the performance of thermally connected system in the presence of nanoliquids has been reported due to the insufficient understanding about the heat transfer mechanism in such situation. So, in the continuation of research regarding nanoliquids it is analyzed that this discrepancy is eradicated by upgrading the nanoparticles. In this regard nano scientists have premeditated a new class of liquid coined as hybrid nanoliquid which is constructed by suspension of dissimilar constituent’s particles. Recently, tremendous evaluations in features of thermal systems like solar system, automotive thermal system, heat sinks and thermal energy storages etc. under the capitalization of hybridized nanofluids is depicted. They analyze about the fact effecting stability and thermal management control with in thermalized systems by hybrid nano particles exposure. Ellahi et al. [12] scrutinized flow driven by pressure variation enclosed by a symmetric wavy channel filled with aluminum oxide water based nanofluid with the collaborated aspects of entropy generation. Hassan et al. [13] adumbrated heat transfer performance and flow characteristics hybridized nanofluid over an inverted cone.  Zeeshan et al. [14] explicated impact of shapes of nanoparticles in enhancement of thermophysical features of fluid over rotating disk. Some of recent literature on inclusion of hybridized nano particles in cavity by control volume finite element method is accessed through [15-22].
Fluid flow in complexed and confined geometries is generated by way of free convection. But the experimentalists have estimated that convective heat transfer in closed configurations is not feasible due to costly procedures and time consumption. They work on various techniques to raise the thermal attributes of fluid flow in enclosures and find the addition of hybrid nano particles in flowing fluid. In addition they also explored that colloidal suspension of nano particles with super magnetic fluid is the fittest way to generate prolific thermal conductance in such configurations. Hybridization of nanoparticles with magnetic fluids in confined enclosures has special applications in temperature control of air conditioning systems in buildings, heat exchangers, cooling of processing plants and so many. In recent extensive efforts is accumulated in [23-26].
Surveying all the contemporary research regarding convective flows in cavities it is noticed that hybridized ferromagnetic nanofluid in Multi Wall Nano Tubes (MWNT) in the attendance of radiation and porosity aspects are yet to be explored. So, current disquisition is disclosed to interpret the flow features of Newtonian fluid by incorporating ferrite particles in a cavity under the appliance of Lorentz field and porosity. Mathematical structuring of considered problem along with boundary constraints is manifested through PDE’s. CVFEM procedure is opted to execute solution of problem. Assurance of computed data is done by performing comparison with previous studies. 

2. System Model

Let us consider Steady, laminar, incompressible and 2-D Newtonian fluid flow influenced by applied Lorentz field, radiative heat flux and porosity aspect in a square shaped enclosure disclosed in fig. 1. Uniform heating with magnitude (is provided at base whereas other boundaries are kept thermally cold. Hybridized ferrite nanoparticle () along with Multi Walled Carbon Nano tubes (MWCNT) with their characterized features are obliged. 
           [image: ]
                                    Fig. 1 Physical Configuration of problem
3. Mathematical Formulation
3.1. Governing Equations
Governing conservation equations expressing flow dynamics are as under
	

	(1)

	

	(2)

	

	(3)

	

	(4)


Following dimensionless variables are used for scaling
	

	(7)


Scaled equations are as under
	

	 (8)

	

	 (9)
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Mathematical description of involved primitive parameters is as under
	

	  (11)


Associated BC’s in dimensionless form are as below:
	

                   on base wall  whereas  (other walls)

               (no slip)
	    
   (12)


3.2 Empirical Relations representing thermophysical properties of and MWCNT nanoparticles
	

	                  

            (13)



Suppose that .
Table1. Features of hybridized MWCNT–Fe3O4 / water nanofluid 

	

	

	

	

	


	0.003
	1.01
	4183.99
	0.6856
	1010.04

	0
	0.79
	4182
	0.602
	998.5



Table 2. Features of hybridized MWCNT and Fe3O4 

	
	

	

	

	

	


	MWCNT
	4.2
	711
	10-7
	3000
	2100

	Fe3O4
	1.3
	670
	25000
	6
	5810


Numerical values of involved parameters in hybridization of MWCNT–Fe3O4 / water nanofluid are elaborated in table 1 and 2. 
3.3 Quantity of Engineering Interest
Estimation of heat transfer rate following relations are capitalized:
	

	  (14)

	

	(15)


Variation in average Nusselt number against primitive parameters are governed by following mathematical expression                                                                
	




3.2. CVFEM procedure:-
Since, formulated mathematical expressions for current complexed geometry enclosed in Eqs. [8]-[10] are intricate so extraction of solution with utilization of (CVFEM). Calculation of scalars is done by implementing triangular element with liner interpolation as shown in fig. 1(a). Later on, Gauss-Seidel method was employed to compute highly accurate results. This method is extension of FEM and finite volume method FVM because it uses advantages of both schemes.
	[image: ]

	

	                  Fig. 1. (a)   Triangular element with concerning control volume.



4. Code validation with Mesh analysis
The credibility and assurance of present pagination is done by constructing the comparison with previous published literature presented by Khanafer et al. [16] as described in fig. 2(b). It can be observed from fig. 2(a) that the published results are totally covenant to findings published by Kim et al. [18].

	              Present result
	                       Kim et al.[18]

	       [image: Description: G:\CVEFM circle in cavity\result\cir in ca\1e6 lbm valid\th.tif]                                                                    
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Fig. 2(a) Assessment of current solution with (Kim et al. [18] results) by considering Ra = 105, Pr = 0.7.


	[image: Description: Description: Description: Description: ld]

	Fig. 2(b) Evaluation of temperature by making assessment about present and numerically computed results by Khanafer et al. [16] for Gr=104, φ = 0.1. 

	



4.1 Validity of Results and Grid independent
Grid independency of current findings is tested against grid size variations and current simulations are processed at size 81 × 241 in table 3. Furthermore it also found that outputs findings are independent on mesh size. 
	


	

	

	

	

	


	19.0927
	19.0986
	19.1027
	19.1036
	19.1058


Table 3. Grid independence test against variation in mesh size.

Table 4 illustrates assurance about present results against FORTRAN code for previously published articles (Rudraiah et al.[17]). 

	

	
	

	

	
	
	Present
findings
	Rudraiah et al. [17]
	

	50
	2.67911
	2.8442

	10
	4.9047
	4.8053



Table 4. Comparison of results against  with  Fortran code.

5. Interpretation of obtained results
This section is dedicated to demonstrate enhancement in thermal features of usual fluid in confined enclosure with the addition of magnetized ferrite nanoparticles. Firstly, modelling is executed in the form of partial differential expressions and solution is attained by implementing innovative procedure renowned as CVFEM. Afterwards the interpretations about impact of primitive parameters are excogitated in the form of circular flow lines, isotherms against involved physical parameters are presented. Average Nusselt number is also disclosed in form of snapshots. Resemblance between presently attained data and previous work for credibility of findings is also revealed. is also Figures 3- 5 depict the influence of Rayleigh number, Hartmann number and thermal radiation parameter on momentum and thermal distribution represented by isotherm and streamlines patterns against magnetic field and non-magnetic field cases as and by varying Darcy number. 
	[image: D:\1z NM\edame CVFEM\z4rob por2 rd\24 belocavh\result\zres\Da\s1.wmf]
Fig. 3(a) Isotherms
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   Fig. 3(b) Stream lines






Figs. 3(a-b) Effect of on nanofluid behavior against ( (––) and  (- - -))  and Ha = 20 and Ha = 0, when.

It is evidenced from figure 3 that augmentation in Darcy number upraises momentum profile and shifting of contour lines are taken place at Da = 0.01 whereas these lines are concentrated to the center of the enclosure at Da = 100. It is interpreted that when medium's permeability i.e. Da is higher decreases the flow resistance and eventually enhances the velocity profile. 
	[image: D:\1z NM\edame CVFEM\z4rob por2 rd\24 belocavh\result\zres\Rd=0.8\Ra=1e5\Da=0.01\Ha=0\t.wmf]
                    Fig. 4a Isotherm (Ha=0.0).
	[image: D:\1z NM\edame CVFEM\z4rob por2 rd\24 belocavh\result\zres\Rd=0.8\Ra=1e5\Da=0.01\Ha=0\s.wmf]
                Fig. 4b Stream lines (Ha = 0.0).

	[image: D:\1z NM\edame CVFEM\z4rob por2 rd\24 belocavh\result\zres\Rd=0.8\Ra=1e5\Da=0.01\Ha=20\s.wmf]
                  Fig. 4c Isotherm (Ha=20).
	[image: D:\1z NM\edame CVFEM\z4rob por2 rd\24 belocavh\result\zres\Rd=0.8\Ra=1e5\Da=0.01\Ha=20\t.wmf]
                     Fig. 4d Stream lines (Ha = 20).



Fig. 4(a-d) Impacts of Ha on nanofluid flow when

	[image: D:\1z NM\edame CVFEM\z4rob por2 rd\24 belocavh\result\zres\Rd=0.8\Ra=1e5\Da=100\Ha=0\t.wmf]
           Fig. 5(a)  Isotherms (Ha = 0.0).
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    Fig. 5(b) Streamlines (Ha = 0.0).
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            Fig. 5(c) Isotherms for Ha = 20.
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            Fig. 5(d) Streamlines for Ha = 20.



	
Fig. 5(a-d) Impact of Ha on nanofluid flow when.



The contour and isothermal patterns against (Ha) is illustrated in figures 4 and 5. From the variations in line patterns indicate that isotherms are parallel to upper wall limits when (Ha = 0) and for (Ha = 20) then tend to change parallel direction from upper wall. We realize that temperature profile decreases with Darcy number and increase with Hartmann number. It is well known that for Ra = 105 the convection process is dominated as shown in figures 4 and 5 and generates a multilayers of temperature with several intensities. Therefore the associated thickness of boundary layer will be reduced. Furthermore, (Ha) causes decreases in the flow in enclosure. 
	[image: D:\1z NM\edame CVFEM\z4rob por2 rd\24 belocavh\result\nu\tr1.JPG]
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Fig. 6(a) Variation in Nusselt number against . 
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Fig. 6(b) Variation in Nusselt number against .
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                                                   Fig. 6(c) Variation in Nusselt number against .

	                    


Depiction about variational tendency for the average Nusselt number by altering thermal radiation parameter, Darcy and Rayleigh number as well as magnetic fields effect, the results are exhibited in figs. 6(a-c). Results demonstrate the meaningful impacts of thermal radiation on (Nu)avg. It is perceived that the average Nusselt number by inclusion of hybrid nanoparticle (Fe3O4+MWCNT) decrease slightly with Hartmann number. It is worthwhile to note that the average Nusselt number boost significantly with Rayleigh number, this can be attributed to the substantial augmentation of the buoyancy force related to growing of Ra.

6. Conclusion:-
The main motive of this investigation is to elucidate the variation in convective heat transfer in Newtonian fluid generated by hybridized nano fluid embedded in Darcy medium. Control volume finite element finite scheme is implemented on resulting differential equations. Stream lines, isothermal contours against involved sundry parameters are also displayed. The key findings of enlisted as below:
i) Nusselt number enhances by intensifying the magnitude of Rayleigh and Darcy parameters.
ii) Nusselt number shows decrementing pattern by uplifting the magnitude of Hartmann number. 
iii) Momentum manifests uplifting behavior against the magnetic field and Darcy parameter. 
iv) Uplift in thermophysical aspects of Newtonian fluid flow is seen with hybridization of ferrite nanoparticles. 
v) Rise in thermal boundary layer thickness is indicated against magnetic field. 
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Abstract:


-


 


Present exertion is devoted to manipulate 


exclus


ive investigation about enhancement in 


thermal attributes of usual Newtonian 


fluid


 


with the inclusion of 


Hybridized ferrite 


nanoparticle


s


 


(


34


FeO


)


 


along with multi walled carbon n


ano Tubes (MWCNT)


. The flow is 


taken in a square cavity influenced by applied Lorentzian field


. 


Effects of porous medium are 


envisioned by utilizing Darcy law. Energy aspects in flowing domains are interrogated in the 


presence of 


r


adiative aspects


 


characterized


 


by Roseland approximations. Mathematical 


modelling representing the key features of flow u


nder sundry aspects 


is


 


manifested in the 


form of partial differential system. 


The 


attained complex


 


differential expressions


 


are 


handled by 


control volume finite element method (


CVFEM


)


. 


Expressions representing key 


features of ferrite nanoparticles and mult


i wall carbon nano tubes are exhibited in tabular 


form. Impact of flow controlling parameters in the form of isotherm and stream lines is 


revealed


.


 


 


V


ariation 


in convective heat transfer 


against different variables in 3D pictorial 


view is conducted. Grid i


ndependence along with mesh analysis is disclosed for assurance of 


computed data. 


Assurance of present results is


 


also executed by comparing it with 


previous 


work. It is inferred that 


thermal flux coefficient 


enhances by intensifying


 


magnitude of 


Rayleigh and Darcy parameters. Nusselt number shows decrementing patter


n against 


mounting effect of magnetic field strength. Momentum distribution


 


manifests uplifting 


behavior against the magn


etic field and Darcy parameter.                   
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Thermodynamical systems are buil
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today fastest world


 


and


 


progression 


of these structures is highly dependent


 


on 


thermal conductance of utilized materials. 
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