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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.




    In the first chapter, a numerical investigation of the turbulent forced convection of a water-Al2O3 nanofluid in slot jets impinging on multiple hot components fixed on the lower wall. The outcomes revealed that the increase in the Reynolds number and volume fraction of nanoparticles with all nanoparticle shapes enhanced the heat transfer rate.




    The second chapter examines the experimental application of the gas scavenging membrane distillation (SGMD) process. This process was used to treat complicated solutions with volatile molecules to separate. The SGMD distillation unit has been modeled by mathematical equations and simulated to evaluate the effects of heat transfer and mass transfer.




    The third chapter presents the integration of multilayer neural network with an expert system for the automatic choice of the design process of multi-spindle drilling housing. An intelligent design system approach was developed to integrate various phases of the mechanical process including neural network subclasses and MLANN.




    The aim of the fourth chapter is to design a new hybrid solar collector based on the superposition of the thermal and electrical functions instead of their overlay as previously done in most existing systems. The main goals are to study the effectiveness of our PV/T prototype in terms of the produced thermal energy.




    In the fifth chapter, a thermodynamic cycle simulation of a four-stroke spark-ignition engine was conducted to predict the engine performance. The single-zone model was built based on the Wiebe function for the mass fraction burned and Woschni’s model for the convective heat loss. This study was performed to evaluate the effects of the combustion duration on the engine performance characteristics.




    The sixth chapter focus on a Kerosene, Methane and Gasoil flame simulated with detailed chemistry. The mathematical model was based on the enthalpy conservation between two states, and this model was used with the first law of thermodynamics to define enthalpies of reaction and adiabatic flame temperatures at constant pressure.




    In the seventh chapter, the laminar natural convection problem for a Newtonian fluid confined between two concentric ellipses was solved numerically. Two cases of heating were assumed, an inner wall at high temperature and an external one at low temperature, then the opposite. The effects of Rayleigh number, aspect ratio in addition to the ellipses orientations were investigated. The dynamic and thermal fields as well as the geometry average Nusselt number calculation were analyzed.




    In the eighth chapter, a theoretical Solar Chimney Power Plant (SCPP) model was developed to study the impact of the main design parameters on the SCPP performance. Based on the Manzanares prototype, the proposed model was verified and validated with the experimental data. The thermodynamic characteristics of the SCPP were analyzed by varying the chimney height, the chimney radius and the collector radius.




    The nineth chapter aims to develop a geometrical model of a packed column with one cone spray to simulate the injection. CFD simulations using the mixture model coupled with several turbulence models were used to analyze the porosity effect on the fluid profiles. The results confirmed that the decrease of the packed porosity resulted in a greater dispersion of the liquid, indicating the anisotropic behavior in the bed.




    In the tenth chapter, the influence of the shape on the characteristics of a Savonius wind rotor was studied in numerical simulations and experimental measurements. Particularly, the features of the Savonius rotor with a new design rotor consisting of a four-stage configuration was studied. The experimental measurements were conducted in an open wind tunnel to validate the numerical model.
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      Abstract




      In this work, a numerical investigation related to the turbulent forced convection of a water-Al2O3 nanofluid in slot jets impinging on multiple hot components fixed on the lower wall, using different nanoparticle shapes (spherical, blades, bricks, cylindrical and platelets), was carried out. The standard k-ε turbulence model with wall enhanced treatment and two-phase mixture model were used to analyze the fluid flow and heat transfer. The outcomes revealed that the increase in the Reynolds number (Re) and volume fraction of nanoparticles (φ) with all nanoparticle shapes enhanced the heat transfer rate. The platelets nanoparticle's shape significantly contributes to increasing the heat transfer rate compared with other forms. Also, we have found that the two-phase mixture model gives a higher average Nusselt number ([image: ]) values compared to the single-phase model, and the maximum values of [image: ] is located around the last block due to the second jet's dominance (J2) compared to the first jet (J1). We have compared our results with those found in the literature.
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      INTRODUCTION




      Methods of improving heat transfer, such as jet impinging, are widely applied to achieve a higher heat transfer rate. Impinging jet is used in thermal processes such as textile products, food industry, cooling of microelectronic components, heat transfer of electronic parts, cooling of external walls of combustion engines, and cooling components of gas turbines [1, 2]. In the literature, several computational and experimental studies have been performed used the impinging jet in recent years [3-9], the same thing in the domain of nanofluids, many studies have been done [10, 11].




      Most of the numerical analysis studies have been performed utilizing the single-phase method. Safaei et al. [12] experimentally performed a thermal analysis of the base fluid in the pool boiling system of glycol - water alumina nano-suspension. Giwa et al. [13] examined the influence of base fluid, temperature and φ on the thermophysical properties of hybrid nanofluids alumina–ferrofluids (Al2O3-Fe2O3). Lee et al. [14] examined the effect of a confined air jet experimentally. They discovered that the maximum heat transfer rates are found at the point of stagnation. Lafouraki et al. [15] used a numerical simulation to investigate the heat transfer on a confined jet. Results showed that an increase in φ leads to a rise in [image: ], as the skin friction coefficient ([image: ]) decreases with an increase in Re and the ratio between the channel height and the nozzle of the diameter. Abdelrehim et al. [16] studied the single-phase model and two-phase mixture model of nanofluid on heat transfer properties, and then the models were compared with each other. Results reveal that two-phase mixture model gives higher values of [image: ]. The effect of several parameters, such as Re and φ, has been analyzed numerically by Selimefendigil and Öztop [17]. Data obtained by researchers indicate that with rising Re and φ, the heat transfer boosts. Selimefendigil and Öztop [18] conducted a numerical analysis using nanofluids to cool an isothermal hot surface with an adiabatic rotating cylinder. It was discovered that the ([image: ]) was enhanced with Re; in addition, the heat transfer rate is higher when the cylinder was closest to the jet inlet. A numerical simulation in a confined jet using water–Al2O3 nanofluid was performed by Rahimi-Esbo et al. [19]. Results show that raising the values of Re, φ and the ratio between the channel height and the nozzle length leads to an increase in the values of [image: ]. Lavouraki et al. [20] conducted a numerical study of a confined jet using two-phase mixture model. The outcomes indicate that [image: ] and [image: ] decrease and increase, respectively, with a higher of Re, φ and ratio between the channel height and the nozzle length. To study the influence of uniform and non-uniform speed of impact jets, a numerical study is carried out by Izadi et al. [21] The results indicate that raising the values of φ enhances the heat transfer rate. Additionally, when using a non-uniform impingement jet with a low-speed distribution, the thermal performance is improved. Lamraoui et al. [22] investigated numerically the flow characteristics in a confined jet by considering the nanofluid as Newtonian and non-Newtonian. It was found that [image: ] is much higher for non-Newtonian nanofluid than Newtonian flow. Paulraj and Sahu [23] performed numerical research on the flow and heat transfer of the laminar impinging jet using a two-phase mixture model at different types of nanofluids. They observed that the heat transfer rate rises with a decline in the size of nanoparticles. In addition, they discovered that the Al2O3-water nanofluid produced the highest values of Nusselt number relative to other nanofluids. Oil/MWCNT nanofluid flow within a two-dimensional microchannel with nanofluid jet injection placed on the lower surface was examined by Jalali et al. [24]. The findings show that the values of [image: ] dramatically rising with the increase in the number of fluid jets, φ and Re. Researchers in this analysis also have observed that by applying the slip boundary condition on solid walls the crossed fluid momentum increases considerably. The influence of bed roughness on properties of turbulent confined wall jets has been experimentally studied by Shojaeizadeh et al. [25]. It was observed that by changing the surface roughness, the highest value of the turbulence strength is raised. Bagherzadeh et al. [26] performed a computational analysis on the flow and heat transfer of the two-dimensional microchannel with numerous impinging jets utilizing slip boundary with a homogeneous magnetic field using Water/Al2O3 nanofluid. Data indicated that a rise in intensity of the magnetic field, Re and φ leads to an enhancement of [image: ]. The impact of thermal boundary conditions on the heat transfer activity of a laminar confined slot jet affecting walls of various geometries (flat, convex, and concave) was experimentally analyzed by Han et al. [27]. Researchers discovered that in the wall jet zone, the uniform heat flux conditions dramatically enhance [image: ] in comparison to the uniform wall temperature. The cooling efficiency of the impinging synthetic jet using various nanofluids was analyzed numerically by Lau et al. [28]. Researchers have observed that the total thermal efficiency is greatly affected by nanofluids' thermal conductivity and dynamic viscosity. To minimize the temperature of electronic systems, Zunaid et al. [29] studied the thermal efficiency of a set of inclined microjets. Researchers confirmed that the average temperature of the surface is reduced as the number of impingements rises. Pal et al. [30] studied the interaction between two impinging fluid jets in a closed impinging jet reactor. Shi et al. [31] have experimentally examined the influence of nano-alumina additives on the instability of circular jets at low speed. A numerical analysis of various configurations was developed when applying Al2O3 nanofluid to a highly Reynolds turbulent jet by Granados-Ortiz [32]. The computational study revealed that with all the simulations done, the application of nanoparticles boosts the heat transfer. Shirvani et al. [33] Numerically evaluated the influence of the forms of nanoparticles on the heat transfer and flow characteristics of impingement jets. The results indicate that the highest [image: ] leads to a maximum heat transfer related to nanofluids with platelet and cylindrical nanoparticles. In contrast, the lowest heat transfer rate is associated with fluids containing spherical nanoparticles. Al2O3 water nanofluid was numerically tested for various nanoparticle forms on flat and triangular-corrugated impinging surfaces by Ekiciler et al. [34]. The analysis findings indicate that the nanoparticle form of the platelet displays the maximum heat transfer rate. Amjadian et al. [35] experimentally studied the properties of the impact jet on a hot surface using CuO-water nanofluid. Results showed that the rise in Re and φ increases the heat transfer coefficient. The heat transfer properties of air/nanofluid jet cooling flux on a rotating hot circular disk, using a multiphase volume of fluid (VOF) model, were studied by Mahdavi et al. [36]. Results showed that [image: ] values increase with increasing φ and disk rotation speed.




      This investigation uses a two-phase mixture model to analyze the fluid and heat transfer characteristics related to the forced turbulent convection of water-Al2O3 nanofluids in slot jets impinging on multiple hot components fixed on the lower wall. Furthermore, we predicted the effect of various parameters such as Re, φ and nanoparticles shapes (spherical, blades, bricks, cylindrical and platelets) on the heat transfer rate. This study could significantly contribute to improving the heat transfer rate of many engineering and electrical industries. To the best of the author's knowledge, this is the first numerical study to be conducted.


    




    

      GEOMETRY OF THE PROBLEM




      The present study's computational domain is a two-dimensional (2D) slot jets impinging on multiple hot components fixed on the lower wall, as shown in Fig. (1). The geometric parameters are L=0.04m, H=L, X=3L/4, Y=L/4, D=L/2 and L1=16L. Here, L and Y are the length and height of the blocks, respectively. X is the space between each two blocks. The jets enter through a nozzle of width D, where the distance between it (nozzle) and the bottom wall is H.




      The system's geometry is presented in Fig. (1).




      
[image: ]


Fig. (1))


      Geometry.



      In Table 1, we summarize the properties of water and nanoparticles [37]:




      

        Table 1 Physical properties of the base fluid and nanoparticles at T= 293 K.




        

          

            

              	Properties



              	Symbol



              	Water



              	Al2O3


            


          



          

            

              	Density (Kg/m3)



              	ρ



              	998



              	3880

            




            

              	Specific heat (J/Kg.K)




              	Cp



              	4182



              	773

            




            

              	Thermal conductivity (W/m.k)




              	K



              	0.597



              	36

            




            

              	Dynamic Viscosity (Kg/m.s)




              	µ



              	0.000998



              	-

            


          

        




      




      

        Governing Equations




        The following assumptions are made to facilitate our study:





        

          	The flow is considered turbulent, incompressible, and Newtonian.




          	The nanoparticle's shapes are assumed to be uniform in size.




          	The speed of the nanoparticle shapes has the same speed as the base fluid.




          	The dissipation of viscosity and approximation of Boussinesq are negligible.


        




        Based on the assumptions mentioned above, the equations which govern the two-phase mixture model [38-41] can be expressed as follows:




        Continuity equation:




        

          

            	[image: ]



            	(1)

          


        




        Where V→m the average mass velocity:




        

          

            	[image: ]



            	(2)

          


        




        Where




        

          

            	[image: ]



            	(3)

          


        




        Momentum equation:




        

          

            	[image: ]



            	(4)

          


        




        Where




        

          

            	[image: ]



            	(5)

          


        




        The drift velocity of the nanoparticle, it can be written as:




        

          

            	[image: ]



            	(6)

          


        




        Energy equation:




        

          

            	[image: ]



            	(7)

          


        




        Where




        

          

            	[image: ]



            	(8)

          


        




        And




        

          

            	[image: ]



            	(9)

          


        


      




      

        Turbulence Model




        In the present numerical analysis, we used the k-ε turbulence model of Launder and Spalding [42]:




        In this model, the turbulent kinetic energy (k) equation is as follows:




        

          

            	[image: ]



            	(10)

          


        




        Also, the energy dissipation rate (ε) of the turbulent kinetic energy is as follows:




        

          

            	[image: ]



            	(11)

          


        




        and Gk,m are given respectively by:




        

          

            	[image: ]



            	(12)

          


        




        

          

            	[image: ]



            	(13)

          


        




        Where μt,m is turbulence viscosity, and Gk,m is the turbulence energy generation.




        In the above equations, C1, C2, Cμ, σk and σε are empirical constants. Their values are given as follows:




        σk = 1.0, σε = 1.3, C1 = 1.44, C2 = 1.92 and Cμ = 0.09.




        Where σk is the Prandtl number for turbulence energy, and σε is the Prandtl number for dissipated turbulence energy, C1, C2 and Cμ are constant.


      




      

        Nanofluid Properties




        In current studies, the dispersed nanoparticles in the base liquid (water) is Al2O3. A single-phase model based on a homogeneous method was used to test the various thermophysical characteristics of nanofluids. The thermophysical properties of the base liquid (water) and nanoparticles are presented in Table 1.




        The equations (14) and (15) were used, respectively, to estimate the density (ñm) and specific heat (Cpm) of nanofluids for all nanoparticles shapes [43]:




        Density:




        

          

            	[image: ]



            	(14)

          


        




        Specific heat:




        

          

            	[image: ]



            	(15)

          


        




        Nanofluid viscosity (ìm) and nanofluid thermal conductivity (Km) for the spherical shape of nanoparticles were calculated using equations (16) and (17) defined as [44]:




        

          

            	[image: ]



            	(16)

          


        




        

          

            	[image: ]



            	(17)

          


        




        and Km for non-spherical nanoparticles shapes (Platelets, Cylindrical, Blades and Bricks) are defined as [45]:




        

          

            	[image: ]



            	(18)

          


        




        

          

            	[image: ]



            	(19)

          


        




        Where A1, A2 and Ck are constants and are presented in Table 2.




        

          Table 2 Viscosity coefficients for different nanoparticle shapes.




          

            

              

                	Shapes of Nanoparticles



                	A1



                	A2



                	Ck

              


            



            

              

                	Platelets



                	37.1



                	612.6



                	2.61

              




              

                	Blades



                	14.6



                	123.3



                	2.74

              




              

                	Cylindrical



                	13.5



                	904.4



                	3.95

              




              

                	Bricks



                	19



                	471.4



                	3.37

              


            

          




        




        Geometric representations of the nanoparticles shapes used in this study are represented in Table 3.




        

          Table 3 Geometric representation of nanoparticle shapes.




          

            

              

                	Nanoparticle Shapes



                	Spherical



                	Platelets



                	Blades



                	Cylindrical



                	Bricks

              


            



            

              

                	Geometric representation



                	[image: ]



                	[image: ]
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      BOUNDARY CONDITIONS




      The boundary conditions are summarized in Table 4. The fluid enters the inlet of the jets at 293 K with uniform speed. Turbulent strength was determined as 5%. Adiabatic no-slip boundary conditions were conducted on the channel walls. At the exit of the channel, an outflow boundary condition was used. It was assumed that the hot components fixed on the lower wall had a temperature of 343 K.




      

        Table 4 Boundary conditions.




        

          

            

              	-



              	U



              	V



              	T

            


          



          

            

              	First jet inlet (J1)



              	0



              	Vj



              	293

            




            

              	Second jet inlet (J2)



              	0



              	Vj



              	293
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