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Flow of Fluids

Flow of Fluids: Introduction

Fluid flow is the movement of a fluid (liquid or gas) from one location to another.

It can be characterized based on various parameters such as velocity, pressure, and the type of
fluid.

Understanding fluid flow is essential in numerous engineering applications, including
hydraulics, aerodynamics, and process engineering.

Fluid flow refers to the movement of liquids and gases.

It can be classified into:
1. Laminar Flow: Smooth, orderly flow where fluid particles move in parallel layers.
2. Turbulent Flow: Chaotic, irregular flow with mixing of fluid particles.

3. Transitional Flow: Between laminar and turbulent, with characteristics of both.

Fluid Pressure

¢ Fluid pressure is the force exerted by a fluid per unit area.
e It's a scalarquantity and acts equally in all directions.
1. Static Pressure: The pressure exerted by a fluid at rest.

2. Dynamic Pressure: The pressure due to fluid motion, related to the fluid's kinetic
energy.

. Total Pressure: The sum of static and dynamic pressures.

Types of Manometers

e Manometers are devices used to measure the pressure of fluids by balancing the fluid column
against a known pressure.

Piezometer

U-tube Manometer

| Simple Manometer

° Types of Manometers == | J-fube Differential Manometer
— Differential Manometer =

== |nverted U-tube Manometer

Inclined Manometer

1. Simple Manometer:

A. Piezometer:

o Measures the pressure of a liquid column, usually open to the atmosphere.
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B. U-tube Manometer:

o Comprises a U-shaped tube filled with a liquid (often mercury or water) where
one end is connected to the fluid whose pressure is to be measured, and the
other is open to the atmosphere or connected to another pressure source.

2. Differential Manometer:
» Used to measure the difference in pressure between two points in a fluid system.
A. U-tube Differential Manometer:

o Similar to the U-tube manometer but both ends are connected to
different points in the system.

B. Inverted U-tube Manometer:

o Inverted U-shape used for measuring small pressure differences in gases.
3. Inclined Manometer:

» A U-tube manometer with one leg inclined to increase sensitivity and accuracy in
measuring small pressure differences.

Reynolds Number and Its Significance

« Reynolds number (Re) is a dimensionless humber that predicts flow patterns in different fluid
flow situations.

e [tisdefined as:

Where:
o p =fluid density
o Vv =fluid velocity
o L=characteristic length (e.g., diameter of a pipe)
o W =dynamic viscosity of the fluid

o Vv=kinematic viscosity of the fluid

Significance:

¢ Re<2000: Laminar flow (smooth and orderly flow).
e 2000 < Re <4000: Transitional flow (mix of laminar and turbulent flow).

e Re >4000: Turbulent flow (chaotic and irregular flow).
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Bernoulli’s Theorem and Its Applications

Bernoulli’s Theorem states that for an incompressible, frictionless fluid, the total mechanical
energy along a streamline is constant.

Mathematically,

1
P + Epv2 + pgh = constant

where:
P = static pressure
p = fluid density
v = fluid velocity
o g=acceleration due to gravity

o h=height above areference point

Applications:
. Venturi meter: Measures fluid flow rate by using a constriction in the pipe.
Orifice Meter: Measures flow rate by reducing the cross-sectional area.
Pitot Tube: Measures fluid flow velocity by converting kinetic energy into potential energy.

. Aircraft Design: Determines pressure distribution over wings.

Energy Losses

o Energy losses during the flow of fluid through a system occur due to various factors.

e Here are the main types of losses:

Frictional Loss

Enlargement Loss

o Energy Losses
Constriction Loss

Fitting Loss

1. Frictional Loss:

» Occurs due to the friction between the fluid and the pipe walls.
» Depends on the flow velocity, pipe diameter, fluid viscosity, and pipe roughness.

» Calculated using the Darcy-Weisbach equation:
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