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    This book focuses on the dissemination of information of permanent interest in mechanic applications and engineering technology. The considered applications are widely used in several industrial fields particularly in those of automotive and aerospace aspects. Many features related to Mechanic processes are presented. The presented case studies and development approaches aim to provide the readers, such as engineers and PhD students, with basic and applied studies broadly related to the Mechanic Applications and Engineering Technology.




    The first chapter reports numerical simulations of three-dimensional laminar mixed convection heat transfer of water-based-Al2O3 nanofluid in an open cubic cavity with a heated block. Ansys-Fluent was used to simulate 3D flows with heat transfer.




    In the second chapter, nonlinear formulations of the Element-Free Galerkin Method (EFGM) are presented for the large deformation analysis of Ogden’s hyperelastic materials, which are considered incompressible. The EFGM requires no explicit mesh in computation and therefore avoids mesh distortion difficulties.




    In the third chapter, a 3D numerical modeling with the LS-DYNA commercial code was developed using a coupled SPH-FEM method (Smoothed Particle Hydrodynamics (SPH) and Finite element method (FEM)) to simulate the hydraulic behavior of a physical model Ski-Jump Spillway with dentates. Several examples of validation, taken from the literature, demonstrate the precision and reliability of developed numerical models.




    The fourth chapter focuses on improving the inlet system of an LPG-H2 fueled engine by adding a static inclined blade turbine. It is a horizontal rotational axis turbine with four blades evenly distributed with an angle of inclination of 35°. Computational Fluid Dynamics (CFD) simulations are used in order to capture the in-cylinder flow motion and its influence on the flow characteristics. The method is assessed by application to flow calculations in the intake manifold for 3000 rpm engine speed.




    The purpose of the fifth chapter is to explain the effective utilization of the Artificial Neural Networks (ANN) model in heat transfer applications for thermal problems, like fouling in a heat exchanger. The application of the ANN tool with different techniques and structures shows that it is an effective and powerful tool due to its small errors in comparison with experimental data.




    The sixth chapter investigates the effect of nitrogen concentration, as a reactive gas, on the structure and properties of ZrN coatings deposited by magnetron sputtering. The structural and morphological properties of Zr-N films were described, followed by a detailed investigation of the mechanical properties of Zr-N coatings. By varying the nitrogen percentage, the structure and the hardness of Zr-N films were evaluated in a wide range.




    In the seventh chapter, the problem of forced convection in a simple horizontal cylindrical pipe is studied. Two boundary conditions are considered, uniform constant heat flux and uniform temperature. The fluid to be heated is pseudoplastic, modeled by the Ostwald law (n ≤ 1.0). A fully developed velocity profile is assumed at the pipe entrance. The energy equation is solved numerically with a simple implicit finite difference scheme.




    The eighth chapter presents the modeling and the experimental study of a water solar collector coupled to an optimized solar still developed in order to boost freshwater production in a solar distillation system. The desalination process is currently operated under the climatological conditions of Sfax, Tunisia. To numerically simulate the water solar collector, a dynamic model based on heat and mass transfer of the water solar collector was developed.




    In the ninth chapter, the effect of film thickness on the structure and properties of Ti-N films deposited by magnetron sputtering are investigated. The structural properties of Ti-N films were described, followed by a detailed investigation into their mechanical properties by using theoretical and experimental analysis. The theoretical calculation presented the Rocksalt TiN structure with a lattice parameter of about 4.255 Å are confirmed by X-ray diffraction.
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      Abstract




      The present study reports numerical simulations of three-dimensional laminar mixed convection heat transfer of water-based-Al2O3 nanofluid in an open cubic cavity with a heated block. Ansys-Fluent 14.5 was used to simulate 3D flows with heat transfer. Streamlines, isotherms, vertical velocity profile, and local Nusselt numbers are presented for Reynolds numbers in the range (300<Re<700), volume fractions of nanoparticles (0<ϕ<0.08) and heat source location (1cm <d <3cm). It was found that when adding nanoparticles to the base fluid or increasing the volume fraction of nanoparticles, the Nusselt number increases. Moreover, the heat transfer rate increases when the Reynolds number increases.
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      INTRODUCTION




      The improvement of heat transfer by mixed convection is the main object of several works. There is a real demand in the industrial world for new strategies allowing improving the thermal behaviour of fluids in the cooling system. This new fluid concept is called “nanofluid”. The idea is then to insert solid particles of nanometric size into liquids to improve the mixture's thermal performance. Their syntheses meet the needs of improving thermal properties and is the most promising solution in heat transfer improvement.




      This interest in nanofluids was reflected in numerous technological and industrial applications; since 1995, numerous experimental and numerical studies were carried out on convection with nanofluids [1-7].




      The objective of the present study is to numerically simulate the heat transfer properties by mixed convection of a nanofluid (Al2O3-water) in an open cubic cavity, heated by a heat source; the effects of Reynolds number, the volume fraction and the position of the heat source are studied to improve heat exchange.


    




    

      Mathematical Formulation




      

        Problem Description




        The physical model considered is a cubic cavity of L = 5cm, shown schematically in Fig. (1). The volumetric heat source (qv) is placed on the lower wall of the cavity; the other walls are adiabatic. The nanofluid enters at a speed of U0 and a temperature T0.




        
[image: ]


Fig. (1))


        Cubical cavity filled with nanofluid (Al2O3 / Water).



        The equations governing the flow and heat transfer are written as follows:




        Continuity:
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            	(1)

          


        




        x-momentum:
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        y-momentum:
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        z-momentum:
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        Energy:




        In the fluid region:
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            	(5a)

          


        




        In the Solid Region (Heat Source):
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        The thermophysical properties of the nanofluid are defined as follows [8-10]:
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        Boundary Conditions:




        The boundary conditions are described as follows:




        • Heat source: u=v=w=0, qv=2 × 106 W/m3.




        • At the inlet (x =0cm, 0.7L < y < L, 0 < z < L) : u =U0 , v=w=0, T = T0.




        • At the outlet (x=5cm, 0<y<0.3L, 0<z<L) : [image: ] and [image: ] otherwise




        The thermophysical properties of pure water and nanoparticle at 25oC are shown in Table 1.




        

          Table 1 Thermophysical properties of pure water and Al2O3 nanoparticles at 25oC.




          

            

              

                	Properties



                	Pure Water



                	Al2O3 Nanoparticles

              


            



            

              

                	
Density (kg m-3)




                	997.1



                	3970

              




              

                	
Specific heat(J kg-1K-1)




                	4179



                	765

              




              

                	
Thermal conductivity (W m-1 K-1)




                	0.613



                	40

              




              

                	
Thermal expansion coefficient (K-1)




                	21×10-5




                	0.85 ×10-5


              




              

                	
Dynamic viscosity


                (kg m-1 s-1)




                	0.855 ×10-3




                	/

              


            

          




        


      




      

        Numerical Method and Code Validation




        We describe the computational procedure to simulate our study case numerically. For this numerical simulation, we used the commercial software Ansys-Fluent 14.5 based on the finite volume method by choosing the SIMPLE algorithm. Fig. (2) shows the mesh of the computational domain.




        Five meshes were tested (12×50×12, 14×61×14, 16×72×16, 18×83×18 and 20×94×20) nodes for Re = 300, Grashof Gr = 9,14×105 and volume fraction ϕ = 0%. The test of the mesh was made on Tmax and Nuavg with the size of the grid (Table 2).




        

          Table 2 Mesh test results, for ϕ=0% Re = 300, Gr = 9,14×105.




          

            

              

                	Mesh



                	7200 Meshes



                	11956 Meshes



                	18432 Meshes



                	26892 Meshes



                	37600 Meshes

              


            



            

              

                	Nuavg




                	6,9681



                	7.8724



                	7.9386



                	8.1634



                	8.1502

              




              

                	Tmax




                	305.1499



                	304.885



                	304.6933



                	304.5672



                	304.5679
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Fig. (2))


        Mesh of the computational domain.



        From Table 2, Tmax and Nuavgbecome insensitive to the number of nodes from the grid (18 × 83 × 18 and 20 × 94 × 20). Therefore, the (18 × 83 × 18) node grid was chosen for our numerical simulations.




        In order to confirm the accuracy of the results, it is essential to assess the reliability of the Ansys Fluent 14.5 calculation code; the validation was made by comparison with the numerical results of Sourtiji et al. [7]. From Fig. (3), a good agreement is obtained.




        
[image: ]


Fig. (3))


        Validation of this calculation code with the numerical results of E. Sourtijis et al. [7].
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