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Fluid Mechanics

Hydrodynamics

Basics

General Concepts

Introduction:

Hydrostatics involves only a few variables: p, g, and 4, and so the equations
developed are relatively simple and experiment and theory closely agree. The
study of fluids in motion 1s not as simple and accurate. The main difficulty is

viscosity.

By neglecting viscosity (an ideal fluid), we do not account for the shear forces
which oppose flow. Based on this, reasonably accurate and simple theories can
be derived. Using experimental results, these theories can then be calibrated by

using experimental coefficients. They then inherently allow for viscosity.

As we will be dealing with liquids, we will neglect the compressibility of the

liquid.

This is incompressible flow. This is not a valid assumption for gases.

Classification of Flow Pattern:

There are different patterns of fluid flow, usually characterized by time and
distance:
» Time: A flow is steady if the parameters describing it (e.g. flow rate, velocity,

pressure, etc.) do not change with time. Otherwise a flow 1s unsteady.
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* Distance: A flow is uniform if the parameters describing the flow do not

change with distance. In non-uniform flow, the parameters change from point

to point along the flow.

From these definitions almost all flows will be one of:

Steady uniform flow:

Discharge (i.e. flow rate, or volume per unit time) is constant with time and the
cross section of the flow is also constant. Constant flow through a long straight
prismatic pipe is an example.

Steady non-uniform flow:

The discharge is constant with time, but the cross-section of flow changes. An
example is a river with constant discharge, as the cross section of a river
changes from point to point.

Unsteady uniform flow:

The cross-section 1s constant but the discharge changes with time resulting in
complex flow patterns. A pressure surge in a long straight prismatic pipe is an
example.

Unsteady non-uniform flow:

Both discharge and cross section vary. A flood wave in a river valley is an

example. This is the most complex type of flow.

Methods to visualize fluid flow:

1- Streamlines: To picture the motion of a fluid, we start by examining the
motion of a single fluid "particle’ over time, or a collection of particles at one

instant. This 1s the flow path of the particle(s), or a streamline.
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At each point, each particle has both velocity and acceleration vectors:
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A streamline 1s thus tangential to the velocity vectors of the particles. Hence:
* there can be no flow across a streamline therefore, streamlines cannot cross
each other.

» once fluid 1s on a streamline it cannot leave it.

2- Streamtube: A tube formed from collection of streamlines and it impermeable where no
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=

flow normal to streamlines.

Streamlines and streamtubes are theoretical notions. In an experiment, a

streakline 1s formed by injecting dye into a fluid in motion. A streakline
therefore approximates a streamline (but 1s bigger because 1t 1s not an individual

particle).
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Dimension of Flow:

Fluid flow is in general three-dimensional in nature. Parameters of the flow can
vary in the x, y and z directions. They can also vary with time. In practice we

can reduce problems to one- or two-dimensional flow to simplify. For example:

Pipe Ideal flow Real flow

One dimensional flow

A two-dimensional streamtube

Fundamental Equations:

To develop equations describing fluid flow, we will work from relevant

fundamental physical laws.

1-The Law of Conservation of Matter
Matter cannot be created nor destroyed (except in a nuclear reaction), but may
be transformed by chemical reaction. In fluids we neglect chemical reactions

and so we deal with the conservation of mass.
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2-The Law of Conservation of Energy

Energy cannot be created nor destroyed, it can only be transformed from one
form to another. For example, the potential energy of water in a dam 1s
transformed to kinetic energy of water in a pipe. Though we will later talk of
‘energy losses’, this 1s a misnomer as none is actually lost but transformed to

heat and other forms.

3-The Law of Conservation of Momentum
A body in motion remains in motion unless some external force acts upon it.
This 1s Newton’s Second Law:

Force = Rate of change of momentum

The Continuity Equation:

Applying the Law of Conservation of Mass to a control volume, we see:

Rate of mass entering = Rate of mass leaving + Rate of mass increase

The rate of mass change can be expressed as:
Rate of mass change = Fluid density X flow rate

Using Q for flow rate, or volume per second (units: ms/s, dimensions: L3T-1):

pin x Qin = pout x Qout

For steady incompressible flow, the rate of mass increase is zero and the

density of the fluid does not change. Hence:

Rate of mass entering = Rate of mass leaving
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Then assuming that the flow 1s incompressible:

Qin = Qout

Consider a small length of streamtube:

The fluid at 1-1 moves a distance of s = vt to 2-2. Therefore in 1 second it moves

a distance of v. The volume moving per second is thus:

Q= Av

Thus, for an arbitrary streamtube, as shown, we have:

‘41
A ”'=- . o

J.Ar

1

Vin x Ain = Vout x Aout
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A typical application of mass conservation is at pipe junctions:

Az

77 .

From mass conservation we have:

Q1= Q2+Qs
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Ideal flow Real flow
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