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Concept of Discharge, Temporal and Spatial Classifications of Flow



CLASSIFICATION OF FLOW

Fluid flow can occur in either open or closed channels. In these lectures, we will deal mainly with

the closed channel flow.

)  OPEN CHANNEL FLOW

* For liquids only.

« Liquid surface is subjected to the
atmospheric pressure. Therefore, it
is called “free-surface flow”.

« The Liquid flows under the effect of
gravity.

2) PIPE FLOW (CLOSED CHANNEL)

 There is no free-surface, and the
channel is flowing full.

 The fluid flows under the effect of
pressure.
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Open Channel Flow (Free-surface Flow)
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Closed Channel Flow (Pipe Flow)




WHAT IS DISCHARGE?

Discharge (also known as Flow Rate) is the volume of fluid that passes through a given cross-
sectional area per unit of time. a3l Baa g A Gl a el adillal) e lal) adlal) aaa gh iy

[
Units of Discharge
 Cubic meters per second (m?/s) or liters per second (£/s) for large flows.
« Gallons per minute (GPM) in U.S. customary units or cubic feet per second (ft3/s).
» For small discharges (like blood in human arteries), Milliliters per minute (m#/min), Cubic
centimeters per second (cm?/s).
* In cases of very small vessels or capillary flow, Microliters per minute (m#/min).

NOTE: Cubic centimeter (cm?3) = Milliliter (m#).

The simplest way fo estimate small flows is by direct
measurement of the time to fill a container of known
volume. The flow is diverted info a channel or pipe
which discharges info a suitable container, and the time
to fill is measured by stopwatlch.




Volume ,
Discharge (Q) = — m3/s (SI units)

Discharge (or flow rate) can also be
considered as:

Discharge = Velocity X Area

m , m?
Q=VXA=—Xm*=—
S S

e The Areain this equation is the cross-
sectional area perpendicular to the flow
direction.



Example: Blood flows in an artery of 0.5 mm diameter at a velocity of 1.5 cm/s. Find the blood discharge
through the artery in m{/min.



Example: A fluid flows in a pipe at a discharge of 30 £/hr. Find the fluid velocity if the pipe diameter is:
1) 15 cm, and 2) 5 cm.



Example: A container of (200 £) is filled with water in 15 seconds. Find the discharge in: 1) £/min, 2) m?%/s.



Example: A container of is filled with water in 10 seconds at a discharge of 22 {/s. Find its volume.



Example: Consider water flowing through two circular pipes. Pipe (1) has a diameter of 5 cm and carries a flow
rate of 5 €/s. Pipe (2) has a diameter of 2.5 cm. Determine the flow velocity in Pipe (2) required to achieve the
following conditions:

1) The flow rate in Pipe (2) is equal to that in Pipe (1).

2) The flow rate in Pipe (2) is twice that in Pipe (1).



TEMPORAL CLASSIFICATION

il Gl
Steady flow refers to the condition where the fluid properties at a
point in the fluid do not change over time.
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If the flow properties change with time, the flow is called unsteady.
Q * 0 il * 0 oA tc #0
ot ot gt

Example of sfeady flow (upper figure) is a water tank with entering
discharge being equal to the outflow (Q;,, = Q,u:) SO the water level
and outflow velocity are constant.

Example of wnsfeady flow (lower figure) is when the entering
discharge is zero (Q;,, = 0), and the outflow is changing as the water
level drops.

Example of steady flow

aq _
dt

0
A

| Poured water = Discharged water |

'

Water level remains

to be constant

Example of unsteady flow

a

1 dt

No poured water
Dropping water level




SPATIAL CLASSIFICATION Example of non-uniform flow

(1)
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Uniform flow refers to the condition where the fluid properties do not : |
change with respect to space (length of flow direction). —— 1 —:» iy
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« Water flowing in a straight pipe of constant cross-sectional area
with constant discharge. (non-uniform) aliiis z& (L L
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Non-uniform flow is when the flow properties vary along the length in 1 &hiall (2 48 sl 0 g 138 9 ol
the flow direction. 2 phadall 8 ds ) u::-'
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« Water flowing in a pipe of variable cross-sectional area. .(Unsteady, non-Uniform)



EXAMPLES

1) Liquid flow in a straight pipe with constant cross-section
and constant discharge.

Steady — Uniform

2) Liquid flow in a straight pipe with constant cross-section
and variable discharge.

Unsteady — Uniform

3) Liquid flow in a pipe with variable cross-section and
variable discharge.

Unsteady — non-Uniform
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4) Liquid flow in a straight pipe with
and pulsatile discharge.

Unsteady — Uniform

5) Flow in a vertical pipe with
and constant discharge under the influence of gravity.

Steady — non-Uniform

Gravitational force
downwards

N T
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Length

flow speed u(r)

Radial position, r

Pipe radius, R
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6) Flow in a straight pipe with an obstruction (partially
clogged pipe).

If the discharge is constant
If the discharge is variable

— Steady — non-Uniform
— Unsteady — non-Uniform

7) Flow in a pipe with variable pump pressure (that
changes the flow rate).

If the cross-sectional area is constant
Unsteady — non-Uniform

If the cross-sectional area is variable
Unsteady — non-Uniform
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