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Postgraduate Certificate in Mechanical Engineering

Advanced Fluid Mechanics

In advanced fluid mechanics, there are several key terms and concepts that are important for students in the
Postgraduate Certificate in Mechanical Engineering to understand. In this explanation, we will cover some of
the most crucial terms and provide examples and practical applications to help illustrate these concepts.

1. Fluid: A fluid is a substance that can flow and take the shape of its container. There are two types of
fluids: liquids and gases. Examples of liquids include water and oil, while examples of gases include air and
nitrogen.

2. Continuum assumption: The continuum assumption is the idea that a fluid can be treated as a continuous
material, even though it is made up of discrete molecules. This assumption allows us to use the laws of
calculus to describe the behavior of fluids.

3. Density: Density is the mass of a substance per unit volume. It is often denoted by the symbol p (rho). For
example, the density of water is approximately 1000 kg/m?.

4. Velocity: Velocity is the rate of change of an object's position with respect to time. It is a vector quantity,
meaning it has both magnitude and direction. For example, the velocity of a fluid flowing through a pipe
might be 2 m/s in the positive x-direction.

5. Pressure: Pressure is the force per unit area exerted on a fluid. It is often denoted by the symbol P. For
example, the pressure of the atmosphere at sea level is approximately 101325 Pa.

6. Viscosity: Viscosity is the measure of a fluid's resistance to flow. It is often denoted by the symbol p (mu).
For example, the viscosity of water is approximately 1 mPa-s at room temperature.

7. Bernoulli's equation: Bernoulli's equation is a fundamental equation in fluid mechanics that relates the
pressure, velocity, and elevation of a fluid. It is often written as:

P + %2 pv? + pgh = constant

where P is the pressure, p is the density, v is the velocity, g is the acceleration due to gravity, and h is the
elevation.

8. Laminar flow: Laminar flow is a type of flow in which the fluid moves in smooth, parallel layers. It is often
characterized by a low Reynolds number.

9. Turbulent flow: Turbulent flow is a type of flow in which the fluid moves in a chaotic, disordered manner.
It is often characterized by a high Reynolds number.

10. Reynolds number: The Reynolds number is a dimensionless quantity that is used to determine whether a
flow is laminar or turbulent. It is often written as:

Re = pvd/p
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where p is the density, v is the velocity, d is the diameter of the pipe, and  is the viscosity.

11. Pipe flow: Pipe flow is the flow of a fluid through a pipe. It is an important concept in many engineering
applications, such as the design of water distribution systems and the flow of oil through pipelines.

12. Compressible flow: Compressible flow is the flow of a fluid in which the density can change significantly.
It is important in the design of high-speed aircraft and rockets.

13. Incompressible flow: Incompressible flow is the flow of a fluid in which the density remains constant. It is
a good approximation for many low-speed flows, such as the flow of water in a pipe.

14. Potential flow: Potential flow is the flow of an ideal fluid (a fluid with no viscosity) in which the velocity is
the gradient of a scalar potential function. It is often used to model flows around objects, such as airplanes
and ships.

15. Vorticity: Vorticity is a measure of the rotation of a fluid. It is often denoted by the symbol w (omega).
For example, the vorticity of a fluid flowing around a cylinder might be high near the surface of the cylinder.
16. Boundary layer: The boundary layer is the thin layer of fluid that is in contact with a solid surface. It is an
important concept in the study of fluid mechanics, as it can have a significant impact on the flow of a fluid.
17. Control volume: A control volume is a fixed region in space that is used to analyze the flow of a fluid. It
is often used to derive the equations of motion for a fluid.

18. Momentum equation: The momentum equation is an equation that describes the conservation of
momentum in a fluid. It is often written as:

p(dv/dt) = -VP + uV? + pg

where p is the density, v is the velocity, P is the pressure, p is the viscosity, and g is the acceleration due to
gravity.

19. Energy equation: The energy equation is an equation that describes the conservation of energy in a
fluid. It is often written as:

p(de/dt) = -V-(vP) + V-(kVT) + pVv:Vv + pgv

where p is the density, e is the internal energy, v is the velocity, P is the pressure, k is the thermal
conductivity, T is the temperature, and g is the acceleration due to gravity.

20. Challenges in fluid mechanics: There are several challenges in the study of fluid mechanics, including the
complexity of fluid flow, the presence of turbulence, and the difficulty of making accurate measurements.
These challenges require the use of sophisticated mathematical models and numerical methods to solve.

In conclusion, advanced fluid mechanics is a complex and challenging field that requires a deep
understanding of key terms and concepts. By understanding terms such as density, velocity, pressure,
viscosity, and Bernoulli's equation, students in the Postgraduate Certificate in Mechanical Engineering can
gain a solid foundation in the subject. Additionally, by studying concepts such as laminar and turbulent
flow, pipe flow, compressible and incompressible flow, potential flow, vorticity, boundary layer, control
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volume, momentum equation, and energy equation, students can develop a more advanced understanding
of the field. However, it is important to remember that there are also many challenges in the study of fluid

mechanics, and that sophisticated mathematical models and numerical methods are often required to solve
real-world problems.
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