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p is pressure, F is the body forces, e is the internal energy, Q is the heat source term, t is time, Φ is the dissipation term, and ∇.q is the heat loss by conduction. Fourier’s law for heat transfer by conduction can be used to describe q as: q =−k∇T (4) where k is the coefficient of thermal conductivity, and T is the temperature ...
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    	Transcription of An Introduction to Computational Fluid Dynamics


        
    	1 An Introduction to Computational Fluid Dynamics Chapter 20 in Fluid Flow Handbook By Nasser Ashgriz & Javad Mostaghimi Department of Mechanical & Industrial Eng. University of Toronto Toronto, Ontario 1 1 Introduction :..2 2 Mathematical 3 Governing 3 Boundary Conditions .. 5 Example .. 7 3 Techniques for Numerical Discretization .. 9 The Finite Difference Method .. 9 The Finite Element Method .. 11 The Finite Volume Method .. 14 Spectral Methods .. 15 Comparison of the Discretization 16 4 Solving The Fluid Dynamic 17 Transient-Diffusive Terms.
2 17 Finite Difference Approach .. 17 Finite Element 21 Transient-Convective Terms .. 24 Shock Capturing Methods .. 26 Convective-Diffusive Terms .. 27 Incompressible Navier-Stokes Equations .. 30 Pressure-Based 30 5 Basic Solution 34 Direct 34 Iterative Methods .. 34 Jacobi and Gauss-Seidel 35 Relaxation methods.. 37 ADI Method: .. 38 Convergence and 39 Von Neuman Stability Analysis .. 39 Convergence of Jacobi and Gauss-Seidel Methods (iterative methods): .. 41 6 Building a Mesh.
3 44 Element Form .. 44 Structured Grid .. 46 Conformal mapping method .. 47 Algebraic method .. 47 Differential equation 47 Block-structured method .. 47 Unstructured grid .. 47 7 49 2 1 Introduction : This chapter is intended as an introductory guide for Computational Fluid Dynamics CFD. Due to its introductory nature, only the basic principals of CFD are introduced here. For more detailed description, readers are referred to other textbooks, which are devoted to this ,2,3,4,5 CFD provides numerical approximation to the equations that govern Fluid motion.
4 Application of the CFD to analyze a Fluid problem requires the following steps. First, the mathematical equations describing the Fluid flow are written. These are usually a set of partial differential equations. These equations are then discretized to produce a numerical analogue of the equations. The domain is then divided into small grids or elements. Finally, the initial conditions and the boundary conditions of the specific problem are used to solve these equations. The solution method can be direct or iterative. In addition, certain control parameters are used to control the convergence, stability, and accuracy of the method.
5 All CFD codes contain three main elements: (1) A pre-processor, which is used to input the problem geometry, generate the grid, define the flow parameter and the boundary conditions to the code. (2) A flow solver, which is used to solve the governing equations of the flow subject to the conditions provided. There are four different methods used as a flow solver: (i) finite difference method; (ii) finite element method, (iii) finite volume method, and (iv) spectral method. (3) A post-processor, which is used to massage the data and show the results in graphical and easy to read format.
6 In this chapter we are mainly concerned with the flow solver part of CFD. This chapter is divided into five sections. In section two of this chapter we review the general governing equations of the flow. In section three we discuss three standard numerical solutions to the partial differential equations describing the flow. In section four we introduce the methods for solving the discrete equations, however, this section is mainly on the finite difference method. And in section five we discuss various grid generation methods and mesh structures. Special problems arising due to the numerical approximation of the flow equations are also discussed and methods to resolve them are introduced in the following sections.
7 3 2 Mathematical Formulation Governing equations The equations governing the Fluid motion are the three fundamental principles of mass, momentum, and energy conservation. Continuity 0).(=+ V t (1) Momentum F ij + = (2) Energy . + = +tQpDtD)(e (3) where is the Fluid density, V is the Fluid velocity vector, ij is the viscous stress tensor, p is pressure, F is the body forces, e is the internal energy, Q is the heat source term, t is time, is the dissipation term, and .q is the heat loss by conduction.
8 Fourier s law for heat transfer by conduction can be used to describe q as: Tk =q (4) where k is the coefficient of thermal conductivity, and T is the temperature. Depending on the nature of physics governing the Fluid motion one or more terms might be negligible. For example, if the Fluid is incompressible and the coefficient of viscosity of the Fluid , , as well as, coefficient of thermal conductivity are constant, the continuity, momentum, and energy equations reduce to the following equations: (5) FVV + =pDtD2 (6) + + =TktQDtD2e (7) Presence of each term and their combinations determines the appropriate solution algorithm and the numerical procedure.
9 There are three classifications of partial differential equations6; elliptic, parabolic and hyperbolic. Equations belonging to each of 4these classifications behave in different ways both physically and numerically. In particular, the direction along which any changes are transmitted is different for the three types. Here we describe each class of partial differential equations through simple examples: Elliptic: Laplace equation is a familiar example of an elliptic type equation. 02= u (8) where u is the Fluid velocity. The incompressible irrotational flow (potential flow) of a Fluid is represented by this type of equation.
10 Another practical example of this equation is the steady state pure heat conduction in a solid, , 2T=0, as can be readily obtained from equation (7). Parabolic: The unsteady motion of the Fluid due to an impulsive acceleration of an infinite flat plate in a viscous incompressible Fluid exemplifies a parabolic equation: utu2 = (9) where is the kinematic viscosity. Transient diffusion equation is represented with a similar equation. In this type of equations, events propagate into the future, and a monotone convergence to steady state is expected. Hyperbolic: Qualitative properties of hyperbolic equations can be explained by a wave equation.
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			Transient analysis can help determine the answers to such questions. Transient thermal analyses determine temperatures and other thermal quantities that vary over time. Many heat transfer applications involve transient thermal analyses such as: • Heat treatment problems • Electronic package design • Nozzles • Engine blocks
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			3 Transient and One Dimensional Conduction 47 ... of heat transfer through a slab that is maintained at diﬀerent temperatures on the opposite faces. ... In undergraduate heat transfer you were presented with such an analysis – which typically
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			analysis software for structural physics that could simulate static (stationary), dynamic (moving) and thermal (heat transfer) problems. ANSYS is a general-purpose finite-element modelling package for numerically solving a wide variety of mechanical problems.
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			in stress analysis, fluid flow, heat transfer, and other areas. - The first book on the FEM by Zienkiewicz and Chung was published in 1967. - In the late 1960s and early 1970s, the FEM was applied to a wide variety of engineering problems.-Most commercial FEM software packages originated in the 1970s. (Abaqus, Adina, Ansys, etc.)
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			the device to accommodate transient overvoltages, such as voltage surges and switching transients. This provides a safety margin for production variations and the aging of the material. The objective of the dielectric voltage withstand test is to establish the minimum level of electrical insulation necessary to prevent human contact
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			CoolPack tutorial - IPU
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			CoolPack tutorial Page 6 The group EESCoolTools contains a large collection of programs for both refrigeration systems and components. We have chosen to divide this group into four subgroups as shown on Figure 2.2. The groups also represent the four phases of designing a refrigeration system.
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