CHAPTER 5

PRINCIPLES OF SIPHONS AND
SEDIMENT TRANSPORT

“Imagination is more important than knowledge.”

Albert Einstein
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CHAPTER 5: PRINCIPLES OF SIPHONS AND
SEDIMENT TRANSPORT

5.1  SIPHONIC THEORY

Ys +z

il

Figure 5.1: The simple siphon

Consider the simple siphon illustrated in Figure 5.1 above. Assuming that the siphon is
flowing full, with a continuous liquid column throughout, application of Bernoulli's energy
equation between points 1 and 2 yields (Streeter 1951)
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= pressure head, with suffixes referring to respective measuring positions
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2 = kinetic energy head, suffixes referring to respective measuring positions, and
g

z = potential energy head.
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The loss term (loss in kinetic energy) can be expressed as
2

k. 2—2 , where k is a dimensionless coefficient
g

In other words, the losses are expressed as a factor of the velocity at point 2.

This equation results in

The losses are usually minor and can be neglected, unless precise work is required
(Streeter 1951).

Therefore Vo 2O omser v ssmmmoesmonsnns oo sosssss s s i s 5 5 A0 R (5.2)

where V= fluid velocity, m/s
g = gravity constant, m/s* and
H = pressure head, m

Therefore the exit velocity V, is proportional to the square root of the head H (V decreases
as the tank empties).

Using the same symbols as before, and also neglecting the minor losses, between point
1 and the siphon summit S the energy equation yields
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P, is thus negative (gauge pressure) and is proportional to y, and V,* (i.e. P, decreases
as the tank empties).

The low pressure at the summit S, which causes the siphon to discharge water from the
tank, is produced by the length of the water column y, + H (Streeter 1951). Discharge will
take place as long as y, plus the vapour pressure is less than the local atmospheric
pressure expressed in length of fluid column (approximately 9 m for water, less losses).
It is assumed that air is excluded from the siphon.
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5.2 HYDRAULIC TRANSPORT OF SEDIMENT
5.2.1 General

In order to transport solids hydraulically, they have to be kept in a state of suspension by
the liquid medium. In conventional sewers the solids will remain suspended only for as
long as there is a large enough volume of liquid flowing at a suitable velocity through the
pipeline. The specific gravity of the solids is also an important factor, as light solids will be
transported more easily than heavy solids.

Effluent flow in the upper reaches of a pipe system is marked by extended periods of
minimal or no flow interspersed by short periods of high discharge (Reed 1995). Further
down in the network the increasing number of branch pipelines contributing to the
discharge produces a virtually continuous effluent flow which varies throughout the day.
The flow usually tends to be a minimum sometime during the night and a maximum at
some time during the day. The exact time at which the maximum and minimum flows
occur will depend on the local patterns of domestic water use, the quantity and type of
industrial effluent present and the distance the effluent has to flow to reach the sewer. For
the purposes of this investigation, only domestic effluent is considered, i.e. effluent
discharging from septic tanks in residential areas.

The scope of this project and dissertation required only a limited investigation into
sediment transport theory. The purpose of the experimentation was to test the hypothesis
that it is possible to extract sludge from a domestic septic tank by means of a simple
siphon. This hypothesis was proved to be valid. In the laboratory where the experimental
equipment was set up, the length of pipeline along which the suspended sludge was
transported after passing through the siphon was only 8,0 m (see figure 6.12), and moving
the sludge for long distances was thus not required. The investigation of sludge transport
over longer distances will be the focus of a further research project. For this dissertation,
therefore, only the basic principles of sediment transport are given, which are sufficient for
an understanding of the processes taking place. However, some further study into the
physical laws governing sediment transport, which will form the basis for the further
investigations, was undertaken. This is included in this dissertation as Appendix C.

5.2.2 Solids transport in the upper reaches of a pipeline

When effluent is discharged into a sewer it produces a short, highly turbulent wave which
may fill most of the pipe section (Reed 1995). This is illustrated in Figure 5.2 (a). As the
wave travels along the sewer, boundary layer friction causes the top of the wave to flow
faster than the bottom, which has the effect of attenuating the wave (Figure 5.2 (b)). When
solids are being carried along in the effluent, they are kept in suspension initially by the
turbulence in the wave (Figure 5.2 (c)). As the wave attenuates, the solids settle to the
bottom and are pushed along by the pressure of the water behind them, as long as the flow
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is sufficient (Figure 5.2 (d)). Eventually effluent upstream of the solids drains away and the
solids are left behind — they will be moved further along the sewer by successive effluent
waves until they reach an area of continuous flow, whereupon they will remain in a state
of permanent suspension as long as the flow velocity is sufficient.

(a) Discharge profile close to source

(b) Discharge wave further downstream attenuated by friction

(c) Wave close to source carrying solids in suspension

(d) Attenuated wave pushing solids along pipe invert

Figure 5.2: Solids transport mechanisms in the upper reaches of a sewer network
(Reed 1995)
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5.23 Solids transport in the lower reaches of a pipeline

Further down the system the flow is virtually continuous. Most solids will be kept in
suspension and transported by the flow. Heavier solids will either be pushed along in a way
similar to that produced by the attenuated flow or else they will be re-suspended during the
periods of peak flow (Reed 1995).

5.2.4 Effect of different pipe diameters

In the upper reaches of sewerage systems solids are, as described above, transported by
hydraulic forces. Figure 5.3 illustrates how, in the case of solids which have been deposited
in a pipeline, larger diameter pipes require a greater volume of effluent to produce the same
depth of upstream flow as a smaller pipe, and there is a greater amount of “leakage” around
the solids. For a given flow rate, smaller pipes have a higher liquid flow velocity and thus a
greater momentum to act on the transported solids (Reed 1995).

<’A

- —|
! ;
| |
e = - - oy = = T = |
_ - .- Effluent retained by the obstruction - _- - - ﬁ ﬁ]
Obstruction <J
A
o
kel
g
= £ L2
& Flow &lg Flow
N "/ [depth ° [ deptn
D, D,

-
—-Same size solid D,= D,

obstruction ——

Note: In a large sewer, the area of effluent (L") surrounding an obstruction is greater than
that surrounding an obstruction of the same size in a smaller sewer (L?), assuming the same
depth of flow for each (the flow rates and pipe slopes will not be the same for both cases).
Effluent in a large sewer will generally drain away faster than in a smaller one, because of
the greater “leakage” around the solids. As it is the effluent trapped behind the obstruction
that moves it along the pipe, movement of the solids will tend to take place easier in the
smaller pipe (Reed 1995).

Figure 5.3: Effect of pipe diameter on solids movement efficiency.
Top: section through pipe length; Bottom: alternative cross-sections through A-A
(Reed 1995)
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Sludge particles are of a particulate nature, low specific gravity, and unlike the type of solid
matter usually encountered in conventional waterborne sewerage systems. The “sludge
siphon” concept is therefore based on the supposition that the sludge which is siphoned
out of a septic tank is not dependent on strict minimum pipe diameters and gradients for
its suspension and transport in a fluid medium. Rather, the fluid/sludge mixture is assumed
to be homogenous (i.e. a continuum) and the sewer can therefore be designed using
hydraulic principles.
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