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Postgraduate Certificate in Mechanical Engineering

Numerical Methods in Mechanical Engineering

Numerical Methods in Mechanical Engineering is a postgraduate course that focuses on the application of
numerical techniques to solve complex engineering problems. This field is crucial for mechanical engineers
as it enables them to analyze and design systems that would be too difficult to solve analytically. In this
explanation, we will cover key terms and vocabulary that are essential for understanding numerical methods
in mechanical engineering.

1. Numerical Methods
Numerical methods are techniques used to solve mathematical problems using numerical approximation.
These methods are used when analytical solutions are difficult or impossible to obtain. Numerical methods
are widely used in engineering to solve problems involving complex equations, large data sets, and
nonlinear systems.
2. Finite Difference Method (FDM)
The finite difference method is a numerical technique used to solve partial differential equations (PDEs) by
approximating the derivatives using finite differences. In FDM, the PDE is discretized into a system of
algebraic equations that can be solved using numerical techniques. FDM is widely used in engineering to
solve problems involving heat transfer, fluid dynamics, and structural analysis.
3. Finite Element Method (FEM)
The finite element method is a numerical technique used to solve partial differential equations (PDEs) by
dividing the domain into a set of finite elements. In FEM, the PDE is approximated using interpolation
functions that are defined over each element. FEM is widely used in engineering to solve problems involving
structural analysis, fluid dynamics, and heat transfer.
4. Finite Volume Method (FVM)
The finite volume method is a numerical technique used to solve partial differential equations (PDEs) by
dividing the domain into a set of finite volumes. In FVM, the PDE is approximated using the integral form of
the conservation law over each volume. FVM is widely used in engineering to solve problems involving fluid
dynamics, heat transfer, and gas dynamics.
5. Matrix Algebra
Matrix algebra is a branch of mathematics that deals with the manipulation of matrices. Matrices are
rectangular arrays of numbers that can be added, subtracted, and multiplied. Matrix algebra is widely used
in engineering to solve systems of linear equations, optimization problems, and control systems.
6. Eigenvalues and Eigenvectors
An eigenvalue is a scalar value that satisfies a linear equation, and an eigenvector is a nonzero vector that
satisfies the same equation. Eigenvalues and eigenvectors are widely used in engineering to analyze
systems of linear equations, stability analysis, and control systems.
7. Linear Programming
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Linear programming is a mathematical optimization technique used to optimize a linear objective function
subject to linear constraints. Linear programming is widely used in engineering to solve problems involving
resource allocation, scheduling, and optimization.
8. Nonlinear Programming
Nonlinear programming is a mathematical optimization technique used to optimize a nonlinear objective
function subject to nonlinear constraints. Nonlinear programming is widely used in engineering to solve
problems involving design optimization, optimization under uncertainty, and control systems.
9. Iterative Methods
Iterative methods are numerical techniques used to solve linear and nonlinear equations by generating a
sequence of approximations that converge to the solution. Iterative methods are widely used in engineering
to solve large-scale problems, optimization problems, and control systems.
10. Monte Carlo Simulation
Monte Carlo simulation is a statistical technique used to analyze complex systems by generating a large
number of random samples. Monte Carlo simulation is widely used in engineering to solve problems
involving uncertainty, optimization, and risk analysis.

Example:
Suppose we want to analyze the heat transfer in a solid object. We can use the finite element method to
discretize the object into a set of finite elements, and then we can write the governing equation for heat
transfer as a system of algebraic equations. The system of equations can be solved using numerical
techniques such as Gaussian elimination or iterative methods. The solution will provide us with the
temperature distribution in the object.

Practical Application:
Numerical methods are widely used in engineering design and analysis. For example, in automotive
engineering, numerical methods are used to analyze the aerodynamics of vehicles, optimize engine
performance, and design crashworthy structures. In aerospace engineering, numerical methods are used to
design aircraft wings, analyze fluid flow around turbines, and optimize spacecraft trajectories.

Challenges:
One of the main challenges in numerical methods is the accuracy and convergence of the solutions. The
accuracy of the solution depends on the discretization method, the numerical technique, and the quality of
the input data. The convergence of the solution depends on the choice of the numerical technique and the
properties of the problem. Another challenge is the computational cost of numerical methods, especially for
large-scale problems. Efficient algorithms and high-performance computing are essential for solving large-
scale problems in a reasonable time.

Conclusion:
Numerical methods are essential tools for mechanical engineers to solve complex engineering problems.
The key terms and vocabulary covered in this explanation are fundamental for understanding numerical
methods and their applications in mechanical engineering. Familiarity with these concepts will enable
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engineers to analyze and design systems that would be too difficult to solve analytically. However, it is
important to note that numerical methods require careful consideration of accuracy, convergence, and
computational cost. Efficient algorithms and high-performance computing are essential for solving large-
scale problems in a reasonable time.
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