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Reasons for the research of the Vacuum Sewerage System
With the rising prosperity during the industrialization the hygienic conditions
also improved for the people. The water consumption increased abruptly. The
discharge of waste water became a problem. In the rural parts the waste water
disposal was not possible due to the high costs and technical difficulties in the gravity
system.
A cheap alternative turned out to be the vacuum sewerage. In Germany several
communities were canalized by a vacuum sewerage plant. But soon after the putting
into operation the system turned out to be faulty and cost intensive in maintenance
and working costs. System break downs led to discredit and denial of the system.
The reasons were as follows:
1. There was neither literature nor planning rules for dimensioning and
installation of the pipe network.
2. The nonobservance of peak and low points in the pipe network were faults.
3. The suction procedure of pneumatically controlled valves in two steps (water air) led to a lack of air at different pressures in the pipe network and to the
breakdown of the system.
All pneumatically controlled valves only open 30% of diameter. They do not
have free passages. This week point tends to blockages.
4. The old domestic shafts were made out of fiberglass. When the ground water
level rises the shaft swims up and breaks down the pipe net.
5. The old vacuum pump stations were only able to transport sewage over a
distance of 4 to 5 km. But in the rural area there is often the need to collect
sewage from small villages farer away to a central located sewage plant.
6. There was no control or inspection system. This complicated the search for
faults even more.
7. Reasons for all the flaws were the lack of knowledge in physical proceedings
in the vacuum sewerage, faults in planning and executing, but also faults at
technical devices.
Reason for the PhD Thesis is to research the physical proceedings in the vacuum
sewerage and develop of an operation reliable vacuum sewerage system.

Reinhold Schluff - Vacuum Sewerage System

PREAMBLE

The creation of a controlled infrastructure is the condition for the settlement of
people.

One of the most important tasks is the building of sewerage systems. It burdens the
community with considerable costs.

While in the cities the connection costs per inhabitant are of approximately 300 Euro,
they get up to approximately 3,000 Euro per inhabitant in the rural areas.

They are therefore not affordable in the traditional gravity system. The search for
appropriate alternatives with the aim of cost minimization is therefore the first priority.

-3-
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1. INTRODUCTION

1.1 The Sewerage from ancient Times until Modern Ages
1.1.1 Sewerage in ancient times
The colonisation of the planet earth by mankind was mostly done along rivers
and streams. There were not only safe hunting areas but especially drinking water
without which life is not possible. In larger settlements and cities it was not only about
the taking of water but also about the disposal of dirty sewage through canalization.

Fig. 1.1. Mohenjo-Daro36

Fig. 1.2. Babylon36
The oldest sewerage existed in Mohenjo-Daro, in today’s Pakistan. But also cities
like Babylon disposed of well built sewerage systems.

36

Picture library University of Munich
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The first water law existed under Hammurabi, king of Babylon 1728 – 1686 a.
Christi. The oldest channels of Jerusalem result from the time before King David
approx. 1055 a. Christi.

Rome also disposed of an exemplary built canalization. There were no toilets
in the living houses but in the “Cloaca Maxima” were 30 seats on a bar for the public
need. Hygienic paper did not exist yet. People cleaned themselves with a brush that
was flushed in the running water. At the Cloaca Maxima the social life took place.
People played cards and also negotiated there. The bath and washing facilities for
the population in all parts of the city fulfilled every need. A mirror regarding the
hygienic circumstances in Rome also results from the water consumption. It
amounted to between 370 and 450 l / inhabitant / day (Wikipedia).
1.1.2 Sewerage in the Middle Ages

With the collapse of the Roman Empire the
knowledge of a controlled sewerage got
lost. In castles excrement and sewage
were

disposed

with

help

buildings at the castle wall.

Fig. 1.3. Special buildings in castles

25

When the small cities increased such possibilities were limited.

25

picture library City of Kiel

-5-

of

special

Reinhold Schluff - Vacuum Sewerage System

In the middle of the street
was a cavity that was often
flooded

with

water.

A

sewerage did no longer
exist. In this cavity the
entire garbage from the
markets and houses were
thrown. In it pigs, cats and
dogs left their excrement.
Fig. 1.4. Garbage in the streets 25

Chamber pots were emptied on
the streets.
The consequences did not wait
very long.

Fig. 1.5. Chamber pots emptied in the street

25

picture library City of Kiel

-6-

25

Reinhold Schluff - Vacuum Sewerage System

1.1.3 The plague in Europe
It was introduced by rats through ships. But its carriers were fleas that used
the rats as intermediate carrier. In the period of 1347 – 1352 it carried nearly 50% of
mankind off. But also other epidemics such as the outbreak of cholera 1892 in
Hamburg were explained by the lack of sewerage, the lack of hygienic and
contaminated water.
In the course of the following
years the big cities such as
London, Paris and Berlin built
their sewerage and stemmed
the circulation of the large
epidemics.
But still today leprosy, cholera
and

typhus

exterminated

are
and

not
occur

repeatedly in underdeveloped
countries.
Fig. 1.6. People died by the plague

25

1.1.4 Sewerage from the middle until the end of the 19th century in
Western Germany
In the rural area in the villages the water consumption of each inhabitant and
day amounted to between 10 and 20
litre. The supply was done from
house

water

wells,

lakes

and

watercourses. An accumulation in
today’s means did not exist.
The excrements were collected and
buried as fertilizers in the garden.
Fig. 1.7. Collected excrements using as fertilizer 25
25

Picture library City of Kiel
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In the cities the excrements
were

collected

in

„golden

buckets“ and taken away. This
type of disposal

was existent

until the end of 1960.

Fig. 1.8. “Golden buckets” 25

Fig. 1.9. Toilet building on multi-story buildings 25
The excrements were collected in buckets in the yard.

25

Picture library City of Kiel
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With the emergence of a central water supply the disposal of sewage became
a problem. First of all wild channels developed that led the sewage into the next open
water. The waters became flowing sewers. Smell and the danger of epidemics
assumed incredible proportions. Environmental awareness, the legal liability for the
disposal of sewage, especially the generous financial help from the Bund-LänderCommission took care for the building of the so-called “peoples’ sewerage” to be
executed.

In the rural area the house owners were liable to build collection holes without
drainage and to empty these regularly or to create small sewerage plants from which
the clean water was let into the open waters. The extension of the sewerage was
done very quickly. Already in 1989 87% of the population were connected to local
canalization systems or sewage treatment plants.

This number looked very promising. But taking a closer look one had to note
that this was mostly applied to the extension of the cities. In the rural area in contrary
the situation of the sewage disposal was desperate and hardly changed. Why?

1.1.5 The problems in the rural areas are:
–

Mostly stretched street villages

–

No topography for gradient systems

–

High ground water level

–

Often large distances between the single houses

–

Narrow roads, road scarification shall be avoided if possible

–

Staff expenditures for the operation and maintenance of the plant
should be as low as possible

An analysis and consideration of all these problems leads to the awareness
that the costs for the building of a sewerage plant in the conventional way of
construction are approx. 10 times/ per inhabitant as high as in the city.
The search for a more favourable solution is urgently needed.
-9-
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1.1.6 Possibility for a cost reduction of the sewerage system in the rural
area

Fig. 1.10. Gravity sewerage system
Application only with sufficient country slopes

Fig. 1.11. Pressure sewerage system
Predestinated for areas with changing highs and lows all well as scattered
settlements.

Fig. 1.12. Vacuum sewerage system
Highest economy in flat areas, high ground water level and poor soil conditions.
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1.2 Historical
The vacuum drainage, also called low pressure, is more than 100 years old.
Already in 1873 a small, lower located district was drained in Amsterdam. In 1892
approximately 15,000 people of the suburb Levallois – Perret in the north west of
Paris were connected to a vacuum sewerage. At approximately the same time also in
Berlin a barracks area was drained by vacuum.

With all plants it concerned more deeply located areas, which could not be
drained by a free downward gradient system to a discharge system due to their
location. The waste water was led to a low point. Here it was sucked up through a
mobile machine equipment, transported into a tender and driven off.

Fig. 1.13. Vacuum system Amsterdam 1873 24

Fig. 1.14. Vacuum system Amsterdam 1873

24

picture library Dr. Jacek Myczka, Kraków
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Fig. 1.15. Berlin - Scheme old vacuum sewerage system 27
With the appearance of useful pump technology the system came to into oblivion in
the course of the decades.

27

Brochure Cowells, England
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In the year 1959 the Swedish Joel Liljendal further developed the vacuum
drainage and tested it in practice in a weekend area south of Stockholm. Here it was
about not conducting the rinsing procedure of the toilets with water but with air and
thus to save water.

Particularly developed toilets were attached to a line via a valve, which was
connected to a container being under vacuum. During the suction procedure a small
quantity of water was let in at the same time and the basin was cleaned.

This system is also still used today in airplanes, ships and in trains.Later it was
found out that several houses could be attached at the same time to a vacuum
container. This is how the vacuum sewerage was principally born.

Its substantial components are:
–

The domestic shaft with the interface valve

–

The pipe lines

–

The vacuum pump station

In Western Germany several communities were seweraged in vacuum systems.

But already soon after start-up the system proved to be very accident sensitive. This was particularly because of the domestic valves being controlled by
under pressure, which did not always close correctly.

- 13 -
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2. THE PRESENT WORKS IN THE DOMAIN
2.1 Components of the Vacuum Sewerage

vacuum tank
Control
shaft
domestic shaft
pumpstation

village

sewage plant

Fig. 2.1. Scheme Vacuum Sewerage System

2.2 Functioning of the Vacuum Sewerage
The vacuum pumps located in the pump station create a vacuum in the
vacuum tanks situated in front of them of - 0.6 to - 0.7 bar compared to the
atmosphere. The vacuum continues through the pipe lines up to the domestic shafts.

As soon as waste water accumulates in a house the control opens an interface
valve and the waste water is sucked in the direction of the pump station under adding
of air. Air and waste water get into the vacuum tanks. If these are filled, the waste
water will be extracted by means of waste water pumps and transported to the
sewage plant for reconditioning and subsequent processing. The transporting
process can also be executed pneumatically by air.

- 14 -
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2.3 Vacuum Valves and Domestic Shafts

Type of Valve: Diaphragm Valve
Inventor: Electrolux
Distribution: Electrolux
Control: Pneumatically
Narrow valve duct
Opening time adjustable
Sewage transporting in 2 Steps,
1. Step Sewage –
2. Step Air
Note:
The valve is no longer being
manufactured.
Fig. 2.2. Diaphragm Valve 35

Fig. 2.3. Domestic Shaft 35
35

picture library R. Schluff
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Fig. 2.4. Tube Valve 29

Type of Valve: Tube Valve
Inventor and distributor: EVAC
Control: Pneumatically
Free valve duct
Opening time adjustable
Sewage transporting in 2 Steps,
1. Step Sewage –
2. Step Air

Note:
The valve is no longer manufactured.

29

Brochure EVAC
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Type of Valve:
Diaphragm Valve
Inventor: Roediger
Distributor: Roediger
Control: Pneumatically
No free valve duct
Opening time adjustable
Sewage transporting in 2
Steps,
1. Step Sewage –
2. Step Air
Fig. 2.5. Diaphragm Valve – Roediger

24

1. interface valve
2. to vacuum sewer
3. suction
4. sensor
5. gravity inlet
6. heat isolation
7. tube for aeration
8. sump
9. control
10.manual isolator

Fig. 2.6. Domestic shaft - Roediger

24
21

21

Picture library Dr. J. Myczka, Kraków, Poland
DIN EN 1091 - February 1997

- 17 -

Reinhold Schluff – Vacuum Sewerage System

Type of valve:
Piston Valve with rubber sealing plate,
Sealing in the upper area of the
continuous vacuum pipe
Inventor: Air Vac, USA
Distribution in Germany: Roediger and
VAB
Control: Pneumatically
No free valve duct
Opening time adjustable
Transporting of sewage in 2 Steps,
1. Step Sewage – 2. Step Air
Fig. 2.7. Piston valve – Airvac 26

Fig. 2.8. Domestic shaft - AIR VAC 26
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Type of valve: Tube Valve
Inventor: Air Vac, USA
Distribution

in

Germany:

Roediger
Control: Pneumatically
Free valve duct
Opening time adjustable
Transport of sewage in 2 steps,
1. Step Sewage – 2. Step Air
Fig. 2.9. tube valve – Air-Vac 26

1 interface valve
2 to vacuum sewer
3 suction
4 sensor
5 gravity inlet
6 heat isolation
7 tube for aeration
8 sump
9 control
10 manual isolator

Fig. 2.10. Domestic shaft – Air-Vac 21

26
21

Brochure Airvac, USA
DIN EN 1091 – February 1997
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Type of valve:
Piston valve with rubber cover plate,
Sealing in the upper area of the
constant vacuum pipe
Inventor: Cowells, England
Distribution: Iseki
Control: Pneumatically
No free valve duct
Opening time adjustable
Transport of sewage in 2 steps,
1. Step Sewage – 2. Step Air
Fig. 2.11. Piston valve – Cowells 27

Fig. 2.12. Domestic shaft

27
21

21

Brochure Cowells, England
DIN EN 1091 – February 1997
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2.4 Faults on vacuum pneumatically controlled interface
valves
All vacuum pneumatically controlled interface valves, except the tube valve, do
not have free passage ways. On the inlet and outlet pipe the valve may indicate DN
50, partly even DN 65 but in reality the passage way only amounts to 50 % of the
indicated value. The weak point is found in the closing device in the middle of the
valve (see fig. 2.2; 2.5; 2.7; 2.11).
For full vacuum (-0.6 bar) the vacuum drag force on the valve amounts to:
d2 * 3,14
4

* 0,6 bar vacuum * approx. ½ diameter

5 * 5 * 3,14 * 0,6
4
2

= 5,8875 ≈ 6 kg

If the vacuum decreases further even smooth things as cloth or toilet paper will no
longer be sucked through the valve. Blockages
also occur if the passage is too small to let
through kitchen garbage and other things
getting into sewage. For the opening and
closing procedure the valves use the existing
vacuum in the vacuum pipe. Should this fail or
be reduced to less than 0.3 bar the closing
procedure is no longer secured.
Fig. 2.13. Kitchen garbage 35

Pressure strokes in the pipe can destroy the valve, the waste water flows back
in direction of the house and leaks out of the toilets. (Hemmauer, responsible for the
sewerage of Karlskron, the first vacuum sewerage of Germany)

The valves do not always close densely. According to company experiences
ATV annual general meeting Stuttgart it was stated „The search for leakages is
complicated and only makes sense at night in order to hear the sounds (whistling). It
takes 2 men. 10 to 20 % of the membranes normally have to be exchanged yearly.”
35
7

Picture library R. Schluff
ATV Jahreshauptversammlung Stuttgart 1986, Fachvorträge S. 147 ff
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ATV Workgroup North meeting protocol of 28.10.1986: „Lingen, Ostfriesland
has 10 - years - experience with the vacuum system. Result: Very fault-sensitive,
high maintenance costs, the system would not be rebuilt today“

8

A crack in the valve membrane is enough to let the entire system break down.
Just as dangerous is a power breakdown in the pump station.The valves keep
working as long as the vacuum in the vacuum pipe is existent. They suck the waste
water until the pipes are filled respectively until the existing vacuum is used. After the
current has returned the entire net of the location has to be aerated again. For this
procedure one begins at the pump station and works his way line by line. One has to
use here the inspections and thus let air get into the pipe net through them until it is
fully operable again. The amount of time needed is extremely high.
Often there is a lack of air in long pipe lines. This is avoided by putting an
aeration station at the end of the pipe. This station measures the vacuum and opens
a valve in case of lack of air through which additional air is sucked through the
vacuum. This functioning is controversial.

Hemmauer developed another method. He visited the end lines of the
communities’ pipe net each morning. At the end inspection he put a vacuum measure
device. If this showed less than 0.5 bar vacuum, he removed the plug and
exchanged it with one with a 3 mm drill hole. After noon he measured again. If the
vacuum had recovered to 0.5 bar he changed the plug with the drill against one
without. According to his statement this method was a lot better than the electrically
controlled supply of air.
Hemmauer also told me that the valves, even though they were all
manufactured in the same machine, opened differently. Before delivery of spare parts
he first checked the valves and picked them according to their opening procedure.
With the use of easy opening valves at the ends he could improve the operational
reliability.

8

ATV Arbeitsgruppe Nord, Sitzungsprotokoll vom 28.10.1986 in Ahrensburg
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Buchalski, (plant manager treatment plant Warschau), told me that he put a
pencil into the vacuum valve in case of a lack of air in order to gain a constant
aeration.
It is astonishing that the offerers of such systems have always encountered people
that could get such fault-sensitive systems started again due to their physical
knowledge. Another difficulty can be seen in weekend-areas. These are often only
used in summer while not being inhabited in the rest of the year. This leads to fouling
of the waste water in the pipes and valves so that the reoperation in spring can only
be taken on under great difficulties.

There is no control or survey possibility for the valves. The operators of the
systems are dependant on the information from the single connected houses. Most of
the time the user only notice faults because of leaking waste water from the toilets.
This leads to a great dissatisfaction and refusal of the system.
I a community in Poland the caretaker of the sewage treatment plant had a
special idea of supervision. He put manometers at the end of the vacuum lines. With
his Jeep he drove through the community and was able to control the plants
functioning with help of binoculars – without leaving the car.

Fig. 2.14. “Special idea of supervision” 35

35

Picture library R. Schluff

- 23 -

Reinhold Schluff – Vacuum Sewerage System

2.5 Faults on Domestic Shafts
Domestic shafts made of plastic are too light. They swim in the ground water,
crack the connected pipes and the entire systems breaks down. Another danger is
frozen earth. Domestic shafts can freeze there. The effect remains the same.

2.6. Faults on Vacuum Pipe Nets
The original type of pipe laying was developed in Sweden. It foresaw „pockets”
in low points in which water was collected. Every air blast pushed the water uphill in
order to slowly go downhill (see Fig. 2.15.; 2.16.).

Fig. 2.15. Pipe laying form 29

29

Brochure EVAC
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Fig. 2.16. Type of Pipe laying 29
These „pockets “ were accessible through inspections.

29 Brochure EVAC
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Special types of laying were developed for rising, horizontal and gradient areas.
Electrolux improved this type by clear instructions of laying according to the
correspondent pipe diameter.

Fig. 2.17. Type of pipe laying 28

28

Brochure Electrolux
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Cowells, England, had noticed that the transport of waste water happened in
impulses. So called pockets were foreseen in the pipe net. Cowells changed the type
with clear instructions for rising, horizontal and gradient ways. The inspections were
no longer foreseen so that it could be assumed that the net was closed from then on.

Fig. 2.18. Upgrade transport 27

Fig. 2.19. Level grade transport

27

Brochure Cowells, England
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Fig. 2.20. Down grade sewage transport

Fig. 2.21. Network with inspections

27

27

In practice the regulated types of laying turned out to be not feasible. It was
sure possible to lay the rising line in a nearly exact way. The falling line with the
intended gradient of 0.2% is only possible in theory but practically impossible. With
this partly inexact works were coming up in the falling lines, in form of sacks in which
the waste water remained an excessively long time.

The result was the development of urine scale and with this the overgrowing of
the pipes because of urine scale.
27

Brochure Cowells, England
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2.6.1 Urin scale in the pipe
Urine scale results from a chemical reaction of calcareous water (usually the
flush water) and urine. The calcium carbonate loosened in the water connects itself
with the urine and the urine acid as
catalyst

to

an

insoluble

calcium-

carbonate-magnesia connection. This
connection is present as a mixture
from carbonates, oxalates, phosphates
and sulfates. The solids developing
thereby

consist

of

the

minerals

guanite, hydroxyl apatite and calcite. It
becomes solid only by a high pH
value. (Source: Technical dictionary)
Fig. 2.22. Urin scale in the pipe 24

It was tried to loosen the urine scale by addition of hydrochloric acid (Hemmauer).
This was however only conditionally possible. Beyond that the biology in the
purification plant was destroyed. Often only the possibility of replacing whole pipe
lines remained.

2.7 Inspections in Vacuum Pipes
Systems that work with membrane valves are built in every 40 to 60 m. They
consist of a T-piece that is put on the main line and leads in direction of top street
edge with a pipe. There the pipe is closed by a rubber plug. For protection purpose
the plant is secured by a cap. The purpose is controversial.

According to Wikipedia a balloon connected with a tube can be led through the
inspection and there be blown. Thus the location of leakages is possible. According
to Winkelmeier they serve for the inlet of additional air into the pipe net. According to
Hemmauer, Karlskron, the only serve for a broken down pipe net to be re-aerated.

24

Picture library Dr. J. Myczka, Kraków Poland
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In the beginning such aerations were done via the domestic shafts. This has led to
trouble with the inhabitants. With the inspection system the connected inhabitant
hardly notices the system being aerated after a breakdown. Airvac and Iseki do not
build inspections.

In 15 vacuum plants examined by me it was confirmed that such inspections are not
necessary.

Fig. 2.23. Inspection in the pipe net

28

Brochure Electrolux
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Fig. 2.24. Inspection at the end of the pipe net

28

Brochure Electrolux
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2.8 Faults in the Leakage Test of a Vacuum Pipe Net
The DIN EN 1091 regulates that the vacuum pipe net has to be taken a test. This test
has to be done during the building time. Every 450 running meter layed pipe it shall
be taken a leakage test including the splitter that shall be closed. The leakage test
shall be executet with a vacuum of 0.7 bar compared to the atmosphere. The loss
must not be higher than 1% per hour, measured in a period of time of 2 hours.
When all pipes are layed and the domestic connections are done, the entire system –
including the pump station – is to be undertaken another test. This test is to be taken
with a vacuum of 0.7 bar compared to the atmosphere. The loss may amount to 1%
per hour at a duration of 4 hours.

In a system with inspections the loss may amount to 5% at a test duration of 1 hour.
This means that basically it is assumed that the vacuum net is not dense. A test
under pressure, such as in a water line which would prove the density, is not possible
as the valves cannot take any pressure. According to my opinion such a test
procedure is absolutely insufficient.

I have seen plants with an increased current use of approx. 60 % after 5 years of
operation which can be the cause of leakage in the net or the valves. A leakage test
in the running net is not possible. Only in this way it is to be understood that also
vacuum plants being in operation for more than 20 years have become faulty so that
they have to be modified into a gradient system (see conversion of the vacuum
sewerage Lunden/ Dithmarschen into a gravity system ).

2.9 Faults in the Vacuum Pump Stations
2.9.1 The Ejector Pump Station
It was mainly manufactured as a plug-in machine part below ground level. It
consists of two rooms. In the first room the sewage resp. the ejector pumps are
located as well as the machine arrangement. The second room next to it serves as
storage from which the sewage pump standing in the dry room sucks the sewage
being necessary for the ejection.
- 32 -
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At a certain level the pump can pump off waste water but it can also run off in the
gravity towards the runoff ditch.
Functioning
The sewage pump sucks the waste water from the wet room and transports it
into the ejector. This provides the necessary vacuum in the connected vacuum line
by ejection. A Prestostat on the vacuum pipe regulates the running time of the pump.
In the wet room the excessive waste water will be freely lead off or transported by a
waste water pump. The operation costs are very high. According to experiences they
amount to between three and six Euro per cubic metre transported waste water.

Fig. 2.25 Ejector pump station 21

21

DIN EN 1091 – February 1997
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Fig. 2.26 Construction Ejector pumpstation 29

29

Brochure EVAC
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2.9.2 Vacuum pump station with waste water pumps in dry arrangement
It consists of a base frame that is designed according to size and amount of
the pumps and of a superstructure for which mainly a finished garage is used. In the
upper building the vacuum pumps, control, steering and measure plants, wash basin
and toilet are located. In the lower building the waste water pumps, non-return flaps
and pipe lines are installed. In front of the building there are two waste water tanks
with a volume of 12 to 14 m3 in the ground. For operation respectively switching off
switch-control-bulbs are installed.

The vacuum pumps create a vacuum of 0.6 bar compared to the atmosphere
in the steel tank. Due to the vacuum the waste water from the local net is sucked into
the tank. As soon as the tank is filled up to approximately half level the floating
control switches on the sewage pump. The waste water pump transports the sewage
from the tank in direction of the runoff ditch respectively sewerage plant. This
procedure is repeated rotationally between the sewage tanks.

When judging the utility of the plant it is to be assumed that the vacuum sewerage
serves for eliminating the sewage in the rural area. Mostly in areas with high ground
water level and bad soil conditions.

2.9.3 The following faults arose in the construction:
1. The base frame located in the ground water was expensive because it was
mainly designed in a water tight sump and had to be secured against incoming
water.
2. The waste water tank in the ground also sucks sediments (mostly fine sand).
These are deposited

in straight line between the collection line and the

suction line of the waste water pump and thus lowers the storage capacity of
the tank by approx. 50% within half a year.
3. The switch control bulbs ligate the grease in the waste water, combined with
soap components and enlarge their diameter of approx. 6 cm up to 60 cm
(Hemmauer, Karlskron). This grease nugget deposits on the sediments, the
pump switches on and the systems breaks down.
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4. For the maintenance of the operation a cleaning of the tanks is necessary at
least every half year. It is not necessary to point out difficulties of such works
regarding excrement, garbage and grease.

Fig. 2.27. Construction Vacuum pump station with external horizontal vessel

21

Due to permanent faults and the insecurity in the system practiced until now
as well as the increasing problems in vacuum seweraged communities the Federal
Minister for Research and Technology placed the research order with Schluff und
Partner to make the vacuum system safer.

For this purpose I built a complete vacuum system in partly transparent pipes
in a big hall in Heikendorf Kiel. In six years of research hardly any improvement
possibilities were noticed and made usable for the practice.

21

DIN EN 1091 – February 1997
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2.10 Conclusions
The vacuum plants in operation tend to have numerous faults. They are faulty
and require high maintenance costs. Technical faults are found in the construction of
the domestic valves and the type of pipe laying, construction and operation of the
pump station are expensive. A delivery rate of the waste water across long distances
is not possible. The systems do not dispose of any monitoring and controlling
system.

It can be assumed that the physical proceedings in the vacuum sewerage are
mostly unknown and have not been considered in their construction. The research of
physical proceedings in the vacuum sewerage is therefore necessary. The research
results should serve as basis for the new construction of all elements of the vacuum
sewerage.

The dissertation aims is to make the vacuum sewerage system safer by:
1. the development of an interface valve in which air and sewage are
conveyed together,
2. the development of a type of pipe laying in which the flow rate is
improved and sediments are avoided ,
3. the development of a pneumatic pump station in which sewage can be
transported over long distances.
4. the development of a monitoring and controlling system
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3. EXPERIMENTAL RESULTS
Research of the Physical Proceedings in the Vacuum
Sewerage System
3.1 Building of a research plant for researching the vacuum
sewerage
In a hall of 45 m length and 6 m height a stepped research plant is built. This plant
shall bring findings on the behaviour of sewage in a vacuum plant.
3.1.2 Test run 1 – Measurement of the flow rate in the domestic pipe DN 65
For measurement it is being installed
Fig. 3.1.

Vacuum tank, V = 12 m3, the tank is put under a vacuum of - 0,6 bar

Fig. 3.2.

at the other end of the hall a domestic shaft is being installed

Fig. 3.3.

between vacuum tank and domestic shaft a transparent pipe line DN 65
is installed. Behind the domestic shaft and in front of the vacuum tank a
transparent pipe line DN 65 is installed. Behind the domestic shaft and
in front of the vacuum tank one light barrier each is established with
electronic measurement.
Test 1 - Measurement of
the flow rate
A coloured tennis ball
is sucked through the pipe
together with the sewage.
The flow rate is measured at
different

pressures.

table 3.1–3.5)
3

Fig: 3.1. Vacuum tank 12 m – Vacuum – 0,6 bar
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Fig. 3.2. Domestic Shaft

Fig. 3.3. Measuring Device Flow Rate
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Fig. 3.4. Measuring Device Flow Rate

Fig. 3.5. Flow Characteristics in Pipe DN 65
Vacuum – 0.6 bar
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Fig. 3.6. Vacuum – 0.5 bar

Fig. 3.7. Vacuum – 0.3 bar
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Fig. 3.8. Vacuum – 0.1 bar

3.2 Another assembly of a research plant
The research plant was extended and a pipe line in transparent pipe DN 100
was assembled, starting at the domestic shaft ascending to up to 5.0 m height. The
line was here installed in saw cut.

Fig. 3.9. Scheme Research plant 14

14

Vakuumentwässerung – Forschungsvorhaben 02-WA 8732
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Test 2
A transparent line DN 65 is mounted stepped ascending from 0 to 5,0 m
height. The line is put under – 0,5 bar vacuum. It sucks the sewage up to 5,0 m
height. The system stands still.

Fig. 3.10. Stepped way of pipe laying – Vacuum – 0.38 bar

Fig. 3.11. Flow characteristics in the step
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Reinhold Schluff - Vacuum Sewerage System

Fig. 3.12. Stepped way of laying – vacuum – 0,5 bar

Fig. 3.13. Tank for air measurement

At the lower end of the transparent line a valve is mounted through which air can be
let into the system. The valve is opened insignificantly.
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Result
With the first incoming air bubbles the stepped system begins to flow.

Fig. 3.14. Flow rate in the connection pipe DN 65

The flow characteristics in line are nearly identical at all pressure levels.
Test – Sewage flow under vacuum – 0.38 bar, high 5.0 m
The vacuum tank is at less than – 0.38 bar vacuum. The air valve is opened
again. As soon as a certain amount of air is let in the flow procedure is put into
movement, where the height that has to be overcome is still 5.0 m.

Result
If water and air are mixed in a pipe line one can reach a minor density of the
medium to be transported to a certain extent so that a flow behaviour to 5.0 m height
is also possible with a vacuum of -0.38 bar.
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Fig. 3.15. Pipe in diameter 10 cm. The line installed in form of the old saw cut

Fig. 3.16. Pipe net with domestic shaft and bath facilities
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Test 4
The vacuum in the vacuum tank is increased to –0,6 bar. Through the
domestic connection and the domestic shaft 0,5 m3 sea sand as well as cellulose,
granulate and cloth are continuously added and conveyed in the water-air-mixture.

Fig. 3.17. Old type of pipe laying

Sediments
Water/air unmixed
Low flow rate

Result:
With the used type of laying where the pipe ascends to approximately 5 to 7 m
length by approx. 15 cm, in order to then continuously descend to approx. 30 to 40
m, the air pushes the water over the “mountain”. After that the water flows slowly
downhill like in a gradient channel with low flow rate while the air flows unused over
the water.
Cleaning cloth and cellulose are being conveyed without problem. But there are sand
sediments noted from the long, descending parts.
Test 5
The type of laying is changed. In the new type of laying the pipe is layed to
approximately 20 m length ascending and then 20 m continuously descending. Again
Sand, cloth and cellulose is added to the conveyance proceeding.

Fig. 3.18. New type of pipe laying

No sediments!
Water-/air – mixture
Continuous flow rate
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Result
With this type of laying the air is chucked. A wavelike continuous flow rate
occurs. Cloth and cellulose are conveyed without any problem. Sand sediments
cannot be seen any more.

Fig. 3.19.

This type of laying disposes of deciding advantages in

contrary to the one practiced until now.

3.2. Test of different valves in the market for the suitability of
vacuum sewerage
Different valves being in the market are to be tested for the use in the vacuum
system.
Test 6
Two ball valves of two different
manufacturers

are

tested

steadily under addition of Sand,
cellulose and cloth. The test is
aborted after 30 days.

Fig. 3.20. Ball Valve
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Result
The ball valve can be well controlled through a rotation motor. But the ball
shows wear and chamfers up to a depth of approx. 1 mm. The ball shows abrasive
wear in the course of the test so that the valve is no longer vacuum tight. With
increasing wear and tear the cloth get between the wall and the case. The ball valve
is not appropriate for the use in the vacuum system.
Test 7 – Angle Valve
The angle valves are tested with the same contamination in the waste water.

Result
Only little wear and tear happens. A disadvantage still is the fact that cloth and
cellulose get caught in the angle and block the valve. The angle valve is not
appropriate for the vacuum sewerage.
Test 8 – Valve flap DN 50
Two valve flaps are tested permanently adding sand, cloth and cellulose.

Fig. 3.21 Valve flap DN 50 mm
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Result
The test is aborted after already a wee as cloth and cellulose get around the
valve flap and block the valve.
Test 9 – Round bottom flask slider DN 50
Two round bottom flasks of a Japanese manufacturer are tested.

Result
The test is aborted after 3 days. The sliders show no wear and tear. But in
order to close them vacuum tight a pressure of approx. 800 kg is necessary. Due to
this height pressures the sliders are not appropriate for the vacuum sewerage.

Test 10 - Membrane Valve DN 50
Two membrane valves of
different manufacturers are tested
under the same conditions as the
others. At first there is no cloth
added.

The

sucking

procedure

functions. After adding cloth and
bigger cellulose amounts there are
blockings

in

the

sealing

area

between membrane and saddle.
These especially arise when

the

vacuum decreases to –0,3 bar.

Fig. 3.22. Membrane valve

Result
The membrane valve is only conditionally useable for a vacuum drainage. Due
to the construction between membrane and density saddle blockings will repeatedly
occur.
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Test 11 – Piston Flat Slider Valve DN 65
Two piston flat sliders are tested – as
already mentioned. The closing pressure
amounts approx. 400 kg. After 10 days the
valve is dismounted.
It shows traces of rubbing of up to 2 mm in the
flat area of the slider. The slider box will be
converted and a sand scraper of rubber of
approx. 8 mm strength is glued. The valve is
tested 20 days again. The rubbing of sand has
mostly stopped. Also other wear and tear
cannot be noted.
Fig. 3.23. Piston flat slider valve

Result
The piston flat slider seems to be
appropriate for a vacuum system.

Fig. 3.24. Piston flat slider

3.2.2 Summary of the tests
The tests have showed that of all valves the piston flat slider is the most
appropriate. According to the system the air entry being necessary for the
conveyance cannot be executed until the water has flowed through the valve. At
changing vacuums there are considerate difficulties because it takes large amounts
of air for time regulated valves in the lower range between – 0,2 bar to – 0,4 bar
while in the upper range from - 0,4 to -

0,7 bar only small flow rates would be

necessary in order to reach continuous flow rates.
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If the time adjustment of the valve is done for the lower area, this may be
adjustable but at the same adjustment in the upper area too much air would get in
which costs energy. But if the adjustment is done for the lower area a more
favourable adjustment can be reached. Without changing the adjustment of the upper
valve there would be too little air getting into the lower area. This then leads to the
break-down of the system. No fluid flow takes place anymore.

3.3 Test run 2 – Air entry
It shall be tried to do the air entry in a different manner and if possible adjust it
to the according necessary need.
Test 12 – Air entry in a pipe being under vacuum
Six holes are drilled at the lower end of the vacuum pipe ascending to 5 m
height.
A sliding sleeve is pushed over these holes. The vacuum pipe is put under –0, 3 bar
vacuum. At the same time water was put into the pipe, the sliding sleeve was pulled
and the drilled holes were opened. The air flowed into the pipe and produced a water
– air – mixture.

Result:
As long as the water contains
parts of air, water and air
together

create

a

lighter

medium and thus higher flow
rates can be reached and
larger

heights

overcome.

Fig. 3.25. Air entry in a pipe ascending to 5 m height

- 52 -

can

be

Reinhold Schluff - Vacuum Sewerage System

The procedure seemed very astonishing because according to the rules of
physics a vacuum of at least – 0,5 bar would have been necessary for the
overcoming of 5,0 m height. But the water-air-mixture got to 5 m height at only – 0,3
bar vacuum.
Test 13 – Air entry in the waste water in the supply in front of the valve
According to the formula of Bernoulli in a funnel in the largest breadth Vmin
and in the funnel outlet Vmax will be reached. If a capillary tube is put in a funnel the
velocity also amounts to Vmax so that the capillary tube immediately empties and
only air flows into the off flowing water.

Fig. 3.26. Different flow velocity between funnel and pipe
In the waste water supply a plastic hose is installed and lead to the valve. When
opening the valve the vacuum sucks the waste water, at the same time air flows
through the hose and mixes with the water flowing off.

Result
If air and water together and simultaneously get into the discharge pipe being under
vacuum the flow rate and flow behaviour improves considerably.
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Fig. 3.27. Air entry in front of the valve
Test 14 – Air entry through the valve
It is aimed to get air through the valve when opening.

A trench of 2 mm breadth and 30 mm length is milled into a membrane valve
in the lower PVC – gasket face. The valve is mounted and the waste water supply is
filled. The discharge pipe is set under vacuum and the valve is opened. During the
flow of the water and at the same time streaming of air by vacuum a siren-like wail
develops with a volume of approx. 70 to 80 dB.
The

procedure

repeated

is

several

times and it is found
out: the incoming air
rising up appears like
a separating wall as it
can rise up faster than
the water can flow
due to being lighter.

Fig. 3.28. Membrane valve
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The siren sound emerges from the fact that the flowing water has the air stream torn
off in intervals. It increases until the flow breaks down. After that it decreases again.

Result
Air that rises from below to above in a valve is not appropriate for the entry in
flowing water. The rising air appears as a bridge wall for the flow and prolongates the
flow rate considerably.
Test 15 – Air entry vertical from above in a valve
It shall be tested to let the air stream in from above to below through a valve
into the water. For this purpose a PVC – piston flat slider is converted. The facing is
widened to 5 cm. In the facing of
the closing part another sealing is
rhombically mounted.

Fig. 3.29. Piston flat slider valve

Within the area framed by a rubber seal
from two sides 4 holes of Ф 12 mm are drilled
vertically from below to above through the
closing part. Like this air can get into the
waste water through the slider when opening
the closing part.

Fig. 3.30. Piston flat slider with 4 holes
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Result
The executed test with the valve leads to astonishing results. The streaming of
the air is executed continuously and without problems. Extraordinary sounds are not
detectable. The valve is permanently tested in one months’ time with sand, cellulose
and cloth. After that it is disassembled. Wear and tear is hardly noticeable.

In the further course the drilling holes are enlarged for the air entry. Here it is
eye-catching that the amount of discharged water in the opening procedure hardly
changes concerning the volume even at different vacuums.

At

an

air

entry

through

a

valve

into
water
water
water-air-mixture

the
two

waste
fluids

are enabled to flow
with help of the
closing part.

Fig. 3.31. Scheme of a valve where are two fluids are enabled to flow
Hereby a system breakdown due to a water surplus at a lack of air cannot occur
anymore.

3.3.1 Summary of the Test Run 2
The tests have shown that for an air entry through the valve through which the
water and air shall stream simultaneously only a certain form of piston flat slider is
suitable.
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3.4 Test Run 3
It shall be tested to adjust the air entry according to the corresponding need.
According to the formula P x V = absolute term the air volume can be calculated in
a pipe at different pressures in comparison to the atmosphere. The ratio water – air is
decisive for the function of the vacuum sewerage. A constant air volume is to be
aimed at in relation to the water in the pipe net. For reaching this aim the amount of
air is to be increased at little vacuum and at high vacuum to be decreased so that the
ratio water – air remains the same at different vacuums if possible.
P x V = absolute term

Fig. 3.32. Ratio water-air at different vacuums

With help of the controlled air entry the biggest possible adjustment for an optimum
water –air – ratio for conveyance can be created.

Test 16 Measuring of the amount of air entry during the sucking
procedure through the valve
The amount of air streaming through the closing part into the waste water is to
be measured. For the test a PVC – tank is tied to the vacuum pipe. The tank is filled
with water and the entire system is put at – 0.6 bar vacuum.
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By opening the valve water
and air are supposed to enter
in the tank. The entered air is
supposed to isolate so that its
volume

can

be

measured

while the water flows through
it.

Fig. 3.33. The PVC tank

Already the first

test

fails

because the tank implodes.

Fig. 3.34. The imploded vacuum tank

Test 17
A steel tank of 9 mm thickness
is prepared for a new test.

Fig. 3.35. The steel tank
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On the tank additional vacuum
manometers as well as an indicating
scale on a pipe DN 65 are mounted.

The tests are executed with different
sizes of drillings in the closing part of
the valve.

Fig. 3.36. Measurement tank air-water

Result
It was found out that the amount of air entry hardly changes. The test is aborted.
Test 18
The valve facing is prepared so that for the streaming in of air a „dead spot“ is
created in protection of which a unhindered air entry is possible.

dead spot

inlet

Tests with different sizes of drill holes

air inlet

in the closing part are executed that
outlet

– as can be seen from the following
tables - lead to different results.

Fig. 3.37. Scheme of the test valve
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3.4.1 Explanation of the analysis of the measured values for the determination
of the water / air ratio at different vacuum and different openings in the closing
part
( Water/Air ratio at different vacuum, page 61, table 3.1, line 1)

Calculation of the water / air ratio
conveyed amount of water:

63.5 l

suppressed air in water tank ( -0.84 bar)

419 l

According to the formula P * V = absolute term the following results come up:
V=

absolute term
————— =
P

1
—— = 6.25
0.16

Calculation factor for – 0.84 bar (0.16 bar absolute) : 6.25
419 l Air volume at –0.84 bar
419 l / 6.25 = 67.04 l Air volume at 1 bar
at – 0.7 bar (Vacuum in pipe net)
calculation factor for – 0.7 bar ( -0.3 bar absolute)

V=

1
—— = 3.33
0.3

Air volume at – 0.7 bar:
67.04 * 3.33 = 223,24 l
Ratio water/ air in pipe net at – 0.7 bar

air volume
223.24 l
———————— = ———— = 3.52
water volume
63.5 l

Ratio water / air
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Water / Air ratio at different vacuum
Table 3.1

2 Vertical Drillings 12 mm Φ, 4
Storage Area
flow output
water / l

85 – 21,5
63,5
85 – 21,0
64,00
85 – 24,0
61,00
85 – 25,0
60,00
85 – 24,0
61,00
85 – 28,0
57,00
85 – 28,0
57,00
84,5 – 31,5
53,0
85 – 34,0
51,00
85 – 34,0
51,00
85 – 36,0
49,00
85 – 36,0
49,00
85 – 38,0
47,00
85 – 38,0
47,00
85 – 40,0
45,00
85 – 40,0
45,00
85 – 41,0
44,00
85 – 41,0
44,00

Displacemen
t
in the water
tank / l

= 962
419
= 960
395
= 980
175
= 980
210
= 980
200
= 985
135
= 985
135
= 990
85
= 990
72
= 990
68
= 990
52
= 990
52
= 990
40
= 990
40
= 990
30
= 990
30
= 990
20
= 990
20

– 543 =
– 565 =
– 805 =
– 770 =
– 780 =
– 850 =
– 850 =
– 905 =
– 918 =
– 922 =
– 938 =
– 938 =
– 950 =
– 950 =
- 960 =
– 960 =
– 970 =
– 970 =

Drillings 5,5 mm Φ

Vacuum,
bar
water
tank

Calculation
factor /
air amount
water tank

Vacuum
bar

Calculation
factor /
flow output
air / l

Relation
water
/
air

-0,84

6,25 / 67,04

-0,70

3,33 / 223,24

1 : 3,52

-0,83

5,88 / 67,18

-0,70

3,33 / 223,70

1 : 3,50

-0,74

3,84 / 45,57

-0,60

2,50 / 139,93

1 : 1,87

-0,75

4,00 / 52,50

-0,60

2,50 / 131,25

1 : 2,19

-0,75

4,00./ 50,00

-0,60

2,50 / 125,00

1 : 2,05

-0,66

2,94 / 45,92

-0,50

2,00 / 91,84

1 : 1,61

-0,66

2,94 / 45,92

-0,50

2,00 / 91,84

1 : 1,61

-0,55

2,25 / 37,78

-0,40

1,67 / 63,09

1 : 1,19

-0,50

2,00./ 36,00

-0,35

1,55 / 55,80

1 : 1,09

-0,50

2,00 / 34,00

-0,35

1,55 / 52,70

1 : 1,03

-0,45

1,84 / 28,26

-0,30

1,43 / 40,41

1 : 0,82

1,34 / 32,09

1 : 0,68

1,25 / 24,19

1 : 0,54

1,22 / 16,17

1 : 0,37

-0,45
-0,40

-0,30
1,67 / 23,95

-0,40
-0,35

-0,25
1,55 / 19,35

-0,35
-0,325

-0,25

-0,20
-0,20

1,51 / 13,25

-0,325

-0,175
-0,175

- 61 -

Reinhold Schluff - Vacuum Sewerage System

Water / Air ratio at different vacuum

Table 3.2

Supply 20 mm Φ
2 vertical Drillings 12 mm Φ, 4

Calculation
factor /

Calculation
factor /
flow output
air / l

Relation
water / air

5,56 / 90,29

-0,70

3,33 / 300,67

1 : 6,26

3,85 / 79,22

-0,60

2,50 / 198,05

1 : 4,31

85 – 41,0 = 980 – 813 =
-0,64
44,00
167

2,78 / 60,07

-0,50

2,00 / 120,14

1 . 2,73

85 – 42,0 = 990 – 885=
-0,54
43,00
105

2,27 / 46,26

-0,40

1,67 / 77,25

1 : 1,80

85 – 43,0 = 990 – 908=
-0,50
42,00
82

2,00 / 41,00

-0,35

1,54 / 63,14

1 : 1,50

85 – 43,0 = 990 – 920 =
-0,45
42,00
70

1,82 / 38,46

-0,30

1,43 / 55,00

1 : 1,31

85 – 43,5 = 990 – 940 =
-0,39
41,50
50

1,64 / 30,49

-0,25

1,33 / 40,55

1 : 0,98

85 – 44,0 = 990 – 964 =
-0,34
41,00
26

1,52 / 17,11

-0,20

1,25 / 21,39

1 : 0,52

85 – 45,0 = 990 – 970 =
-0,29
40,00
20

1,41 / 14,18

-0,15

1,18 / 16,74

1 : 0,42

85 – 37,0 =
48,00

960

Vacuum,
bar
water
tank-

8 mm Φ

Vacuum
bar

Storage area
flow output
water / l

Displacemen
t
in the water
tank / l

Drillings

–
-0,82

458
= 502
85 – 39,0 = 980 – 675 =
-0,74
46,00
305

air amount
water tank
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Water / Air ratio at different vacuum

Table 3.3

Supply 25 mm Φ
2 vertical Drillings 12 mm Φ, 4 Drillings

Calculation
factor /
air amount
water tank

Vacuum
bar

Calculation
factor /
flow output
air / l

Relation
water
/
air

85 – 43,0 = 960 – 398 =
-0,83
42,00
562

5,58 / 95,58

-0,70

3,33 / 318,28

1 : 7,58

85 – 44,0 = 980 – 668 =
-0,74
41,00
312

3,85 / 81,04

-0,60

2,50 / 202,60

1 : 4,94

85 – 44,0 = 980 – 780 =
-0,64
41,00
200

2,78 / 71,94

-0,50

2,00 / 143,88

1 : 3,51

85 – 45,0 = 990 – 863=
-0,54
40,00
127

2,27 / 55,95

-0,40

1,67 / 93,44

1 : 2,34

85 – 45,5 = 990 – 886=
-0,50
39,50
104

2,00 / 52,00

-0,35

1,54 / 80,08

1 : 2,03

85 – 46,0 = 990 – 908 =
-0,45
39,00
82

1,82 / 43,39

-0,30

1,43 / 62,05

1 : 1,59

85 – 46,0 = 990 – 932 =
-0,39
39,00
58

1,64 / 35,37

-0,25

1,33 / 47,04

1 : 1,21

85 –
=38,50

46,5 990 – 950 =
-0,34
40

1,52 / 26,32

-0,20

1,25 / 32,89

1 : 0,85

85 – 47,0 = 990 – 967 =
-0,29
38,00
23

1,41 / 16,31

-0,15

1,18 / 19,25

1 : 0,51

Storage area
flow output
water / l

Displacemen
t
in the water
tank / l

Vacuum,
bar
water
tank

10 mm Φ
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Water / Air ratio at different vacuum
Table 3.4

Supply 27,2 mm Φ , without Valve –
mm Φ
Storage area
flow output
water / l

Displacemen
t
in the water
tank l

Vacuum,
bar
water
tank

85 – 48,0 = 990 – 958 =
-0,35
37,00
32

2 Vertical Drillings 12 mm Φ, 4
Calculation
factor /

air amount

12

Vacuum
bar

Calculation
factor /
flow output
air / l

Relation
water / air

-0,20

1,25 / 25,98

1 : 0,7

water tank

1,54 / 20,78

Drillings

Table 3.5

Vertical Drillings 18 mm Φ, above widened funnel-shaped
85 – 44,0 = 970 – 360 =
-0,83
41,00
610

5,88 / 103,74 -0,70

3,33 / 345,45

1 : 8,43

85 – 44,5 = 980 – 658 =
-0,74
40,50
305

3,85 / 83,64

-0,60

2,50 / 209,10

1 : 5,16

85 – 45,0 = 985 – 796 =
-0,65
40,00
167

2,86 / 66,08

-0,50

2,00 / 132,16

1 . 3,30

85 – 45,0 = 990 – 868=
-0,55
44,00
105

2,22 / 54,95

-0,40

1,67 / 91,77

1 : 2,29

85 – 45,5 = 990 – 895=
-0,50
39,50
82

2,00 / 47,50

-0,35

1,54 / 73,15

1 : 1,85

85 – 46,0 = 990 – 915 =
-0,45
39,00
70

1,82 / 41,21

-0,30

1,43 / 58,93

1 : 1,51

85 –
39,00

46,0= 990 – 935 =
-0,39
50

1,67 / 32,93

-0,25

1,33 / 43,18

1 : 1,12

85 – 46,0 = 990 – 955 =
-0,34
39,00
26

1,54 / 22,73

-0,20

1,25 / 28,41

1 : 0,73

85 – 46,5 = 990 – 975 =
-0,30
38,50
20

1,43 / 10,49

-0,15

1,18 / 12,38

1 : 0,32
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Fig. 3.38. Graphical analysis water/air ratio
Water - air ratio with different drillings in the flat slider
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Several tests are done which lead to the following results:
Water - Air - Ratio

Table 3.6 Valve with different drillings mm diameter

Vacuum

Drillings
4 x 5,5 mm

4 x 8 mm

4 x 10 mm

4 x 12 mm

-0,7

1 : 3.5

1 : 6.26

1 : 7.58

1 : 8.43

-0,3

1 : 0.82

1 : 1.31

1 : 1.59

1 : 1.51

The graphical analysis shows that with increasing vacuum the discharged amount of
water only increases linearly while the in streaming air is contrary increases
parabolic.
3.4.2 Result of uncontrolled air entry into the valve
The amount of air streamed into the waste water is not sufficient at little
vacuum and at high vacuum much too high. It has to be achieved that the air
controlled, according to its need is supplied.
Test 19 – Controlled air entry
It shall be achieved that through an additional valve the air entry is controlled
in such a way that at low vacuum preferably much and at high vacuum preferably
little air is supplied.
A separate air entry valve is constructed. This approves a large stream
opening

at

low

vacuum

while at high vacuum the air
can only stream in through
inlet trenches.

Fig. 3.39. Dosing valve
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Water / Air ratio at different vacuum

Table 3.7

Without Valve
5

Drillings

9 mm Φ-

Storage area Displacement Vacuum, Calculation
factor /
air amount
water tank

Vacuum
bar

Calculation
factor /
flow output
air / l

Relation
water
/
air

85 – 43,5 = 938 – 250 =
-0,83
41,50
688

5,88 / 117,01

-0,70

3,33 / 389,64

1 : 9,39
???

85 – 46,0 = 980 – 655 =
-0,75
39,00
325

4,00 / 81,25

-0,60

2,50 / 203,13 1 : 5,21

85 – 46,5 = 983 – 795 =
-0,65
38,50
188

2,86 / 65,73

-0,50

2,00 / 131,46 1 . 3,41

85 – 47,5 = 990 – 868 =
-0,54
37,50
122

2,27 / 53,74

-0,40

1,67 / 89,75 1 : 2,39

85 – 48,0 = 990 – 893 =
-0,50
37,00
97

2,00 / 48,50

-0,35

1,54 / 74,69 1 : 2,02

85 – 48,5 = 990 – 910 =
-0,45
36,50
80

1,82 / 43,96

-0,30

1,43 / 62,86 1 : 1,72

85 – 50,0 990 – 928 =
-0,40
=35,00
62

1,67 / 37,13

-0,25

1,33 / 49,38 1 : 1,41

85 – 50,0 = 990 – 942 =
-0,35
35,00
48

1,54 / 31,17

-0,20

1,25 / 38,96 1 : 1,11

85 – 50,5 = 990 – 960 =
-0,30
34,5
30

1,43 / 20,98

-0,15

1,18 / 24,76 1 : 0,72

5,88 / 111,56

-0,70

3,33 / 371,49 1 : 9,40

flow output
water / l

bar
In the water
water
tank / l
tank

Repetition
85 – 45,5 = 956 – 300 =
-0,83
39,5
656
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Water / Air ratio at different vacuum

Table 3.8

Valve 1“,
5

Spring 1“

Drillings

Storage area
flow output
water / l

85 – 24,0 =
61,00
85 – 29,0 =
56,00
85 – 32,0 =
53,00
85 – 45,0 =
40,00
85 – 45,5 =
39,50
85 – 46,0 =
39,00
85 – 46,5
=38,50
85 – 47,0 =
38,00
85 – 47,5 =
37,50
Repetition
85 – 32,0 =
53,0
85 – 44,0 =
41,0
85 – 33,0 =
52,0

4 Trench a 6 mm

9 mm Φ
Vacuum,
Displacement
bar
in the Water
water
tank / l
tank

968
368
980
202
990
138
995
131
995
103
995
85
995
63
995
45
995
33

– 600 =
– 778 =
– 582 =
– 864 =
– 892 =
– 910 =
– 932 =
– 950 =
– 962 =

Calculation
factor /
air amount
water tank

Vacuum
bar

Calculation
factor /
flow output
air / l

-0,83

5,88 / 62,59

-0,70

3,33 / 208,42 1 : 3,42

-0,74

3,85 / 52,47

-0,60

2,50 / 131,18 1 : 2,34

-0,65

2,86 / 48,25

-0,50

2,00 / 96,50 1 . 1,82

-0,54

2,27 / 57,71

-0,40

1,67 / 96,38 1 : 2,41

-0,50

2,00 / 51,50

-0,35

1,54 / 79,31 1 : 2,01

-0,45

1,82 / 46,70

-0,30

1,43 / 66,78 1 : 1,71

-0,40

1,67 / 37,72

-0,25

1,33 / 50,17 1 : 1,30

-0,34

1,52 / 29,61

-0,20

1,25 / 37,01

-0,29

1,41 / 23,40

-0,15

1,18 / 27,61 1 : 0,74

2,78 / 51,44

-0,50

2,0 / 102,88

1 : 1,94

2,78 / 69,06

-0,50

2,0 / 138,12

1 : 3,37

2,78 / 50,36

-0,50

2,0 / 100,72

1 : 1,94

985 – 842 =
-0,64
143
990 – 798 =
-0,64
192
990 – 850 =
-0,64
140

Relation
water / air

1 : 0,97

Note: The 3rd test at 0,5 bar was correct after all. The repetition showed nearly the same values.
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Water / Air ratio at different vacuum
Table 3.9

Supply Φ 25 mm

with valve 4 x 5 x 4 mm

2 Drillings 18 mm Φ,
Storage area
flow output
water / l

4 Drillings

Displacemen
t
In the water
tank / l

Vacuum,
bar
water
tank

85 – 37,5 = 968 – 544 =
-0,83
47,50
424
85 –

980 –

10 mm Φ
Calculation
factor /
air amount
water tank

Vacuum
bar

Calculation
factor /
flow output
air / l

Relation
water
/
air

5,88 / 72,11

-0,70

3,33 / 240,13

1 : 5,06

0,75

0,60

Test aborted, Air Valve does not close.
Weaker springs mounted (From valve ¾“)

Further with valve 1“, spring from valve ¾ „
85 –
57,50
85 –
54,50
85 –
46,00
85 –
51,00
85 –
46,50
85 –
44,00
85 –
42,50
85 –
41,50
85 –
41,50

27,5 = 960
440
30,5 = 980
223
39,0 = 985
137
34,0 = 990
147
38,5 = 990
105
41,0 = 990
87
42,5 = 990
73
43,5 = 990
48
43,5 = 990
36

– 520 =
– 757 =
– 848 =
– 843 =
– 885 =
– 903 =
– 917 =
– 942 =
– 954 =

-0,835

6,06 / 72,61

-0,70

3,33 / 241,78

1 : 4,20

-0,74

3,85 / 57,92

-0,60

2,50 / 144,80

1 . 2,66

-0,65

2,86 / 47,90

-0,50

2,00 / 95,80

1 . 2,08
??

-0,64

2,78 / 52,88

-0,50

2,00 / 105,76

1 . 2,07

-0,54

2,27 / 46,26

-0,40

1,67 / 77,25

1 . 1,66

-0,49

1,96 / 44,39

-0,35

1,54 / 68,36

1 : 1,55

-0,45

1,82 / 40,11

-0,30

1,43 / 57,36

1 : 1,35

-0,40 /

1,67 / 28,74

-0,25

1,33 / 38,22

1 : 0,92

-0,34

1,52 / 23,68

-0,20

1,25 / 29,60

1 : 0,71
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Fig. 3.40 Graphical analysis water air ratio with controlled air entry
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Water - Air - Ratio
Table 3.10
Valve with different drillings mm diameter
Vacuum

Drillings
4 x 12 mm

4 x 10 mm

5 x 9 mm

-0,7

*

1 : 4.2

1 : 3.42

-0,3

1 : 1,5

1 : 1.35

1 : 1.71

The test was stopped because the controlled amount of air was too small.

3.4.3 Result of controlled air entry into the valve
The analysis of the graphic diagram leads to the following result:
The incoming controlled air amount keeps increasing up to a vacuum of - 0.4 bar. At
-0.5 bar the incoming volume is smaller than at -0.4 bar. The discharged amount of
water increases because the remaining amount of the vacuum only affects the
sewage that is to be conveyed.

3.4.4 Summary of Test Run 3
Due to different sizes of drillings in the closing part of the flat slider different
amounts of air could be taken into the sewage and measured. With help of an
additional air regulating valve it was possible to increase the air volume at low
vacuum and to decrease at high vacuum.

Furthermore a nearly constant air volume could be reached at a vacuum
between -0.3 and -0.5 bar in the area mostly needed in practice. The research for a
regulated air entrance according to the respective needs in the pipe net is thus
successfully done.

3.5 Test Run 4
With the previous tests the test valve was opened and closed by compressed air. As
compressed air is not available in every house, another form of drive shall be
developed.
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The valves available in the market use the present vacuum in the pipe for
opening and closing procedures. Should this vacuum decrease to -0.3 bar the valves
do not open and close anymore. Partly backpressure arises so that the waste water
flows back into the toilets of the houses.

The new constructed drive mechanism has to be created in a way that the
valve closes independently of external energy.
Test 20 – Development of an Electro-Hydraulic Drive
A drive for valve opening is constructed consisting of the following parts:
Hydraulic cylinder – cogwheel pump – steel spring – stamp – valve

The constructed drive works as follows:
A box contains hydraulic oil, a small electronic engine with a cogwheel pump and a
control valve. The E-engine drives a cogwheel pump, which opens hydraulically with
a conveyed oil stream the cylinder which opens the valve against spring pressure.

Fig. 3.41. Interface valve with hydraulic drive

Result
After the drive has continuously executed approx. 135,000 switching cycles
(these are approx. 35 years of operation) the magnetic valves blocks. One morning
the entire test hall is flooded, the system has broken down. The valve has not closed.
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Test 21 – Valve drive with oil control with help of a difference pressure blocks

A differential pressure manifold
is developed that opens a ball
valve

mechanically

at

a

differential pressure of 5 bar.
The valve is further tested in
300,000 operations (approx. 100
years operational safety).

Fig. 3.42. Differential pressure manifold

Result
After the disassembly only little
wear

and

tear

aspects

are

visible. In the valve box sand
has grinded a chamfer of 1 mm
depth. The valve still appears to
be vacuum-tight.

Fig. 3.43. Construction parts of the interface valve

3.5.1 Summary of the Test Run 4
The closing mechanism controlled by spring pressure has turned out right. The
contact pressure of the closing part was reduced from 400 kg to 260 kg. The head
line of the spring was defined to 350,000 opening processes. A lower closing
pressure is likely to be enough. Nevertheless, for safety reasons 260 kg were
maintained.
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The rerouting of the hydraulics’ oil stream during the closing procedure with
5 bar differential pressure raised the operational safety considerably. Due to the high
contact pressure and the closing procedure by spring pressure following the opening
procedure in any case (even after a current breakdown), the valve does not have any
influence on the sewerage net being under vacuum.

System Breakdowns are impossible in any Case

Fig. 3.44. Closing device with rubber seal

Fig. 3.45. Hydraulic cylinder with interface valve
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3.6 Test Run 5
The installed pipe, diameter 10 cm, is operated with the recently developed valve
in order to get information on the following items:
a. At which vacuum does the system break down?
b. How quick is the vacuum flow rate between vacuum tank and domestic
connection effected?
c. What influence does the height that has to be overcome (type of laying) have
on the entire system?
3.6.1 Test 22 – When does the system break down?
There is a height difference of 4.50 m between domestic shaft and the highest
point to be conveyed. At changing vacuums the following values are measured:

Table 3.11
Values vacuum tank – domestic shaft

Vacuum Tank

Domestic Shaft

-0,18

----

-0,25

-0,05

-0,35

-0,08

-0,42

-0,12

-0,45

-0,14

-0,19

-0,18

-0,54

-0,22

-0,60

-0,27

At a vacuum of -0.05 bar compared to the atmosphere the system breaks down.

Due to the trapped air in the pipeline the height of 4.50 m does not have a full
impact as static demand of the water column. The breakdown of the system that
does not occur until very low vacuum areas, results from the constant air supply. In
other systems the breakdown happens already at 0.25 bar.
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3.6.2 Test 23 – Velocity of the Vacuum Flow in the Pipe
At a vacuum of -0,6 bar compared to the atmosphere in the vacuum tank and
-0,25 at the domestic connection the flow of the vacuum occurs when opening a
valve with a velocity of 10 to 15 m / s. This has surprised me because the flow
velocity was only measured between 3 to 4 m/s.

3.6.3 Test 24 – Influence of the height to be overcome (type of laying) on
the

entire system

After the study it is noted that the influence of the height that has to be
overcome cannot be equalized with the direct height of the water column. The inlet
air obviously has taken a big part on the statistic height.

3.6.4 Summary of the Test Run 5
The water - air – mixture streaming in through the valve has determining
influence and contributed to the improvement of the flow characteristics. The
exceedingly quick flow of the vacuum in proportion to the flow rate of the sewage is
astonishing.

The height to be overcome does not affect directly, like a static water column,
the vacuum. The measuring results seem incorrect, because the pipeline is in a
relatively stable state and low deviations are not notable.

3.7 Test Run 6 –Extension of the research plant
The pipeline is supposed to be extended by 450 m to an entire length of 670 m
and it shall be put into an unstable balance in order to be able to note even smallest
deviations in the flow and conveyance characteristics better.

Test 25
In a height of 4,40 m 450 m pipe is being connected to the existing net. The
middle of the pipe net bundle shall be lifted by approx. 15 cm in comparison to the
ends in order to reach the type of laying developed in the test.
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The attachment of the bundle of pipes is done with nylon ropes. The middle is
changelessly brought to its height through a steel support.

Fig. 3.46. Pipe net at the wall

Fig. 3.47. Extension of the research plant
The net is taken into operation – and does not convey water. The system breakdown
is perfect.

An exact height survey of the layed pipe bundle is done. The analysis shows that the
middle of the pipe bundle is 38 cm higher than the two ends because the nylon ropes
have stretched differently, each according to the water load.
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The addition of the height of the steps amounts to 10 x 0.38 m = 3.80 m.
A trial is done to bring the net to flow nevertheless. The vacuum is increased to - 0.8
bar compared to the atmosphere.

Suddenly the pipe net
implodes. The bang is
nearly as loud as a fired
gun.

Two

men

that

execute the tests leave
the hall in a hurry.

Fig. 3.48. Imploded pipe net

The pipe net is repaired and the test is repeated.
At - 0,75 bar compared to the atmosphere the pipe implodes a second time.
The water column being
under vacuum runs back
in order to discharge in
form of a blast wave.
From the torn bendings
and the length of the
water stream coming out
the

blast

wave

estimated to be
than 1.5 bar.

Fig. 3.49. Pipe imploded a second time
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One can be sure that in a vacuum pipe net at unfavourable conditions and
simultaneously opening of several valves a blast wave occurs. This has been
observed several times during the tests where in the beginning no explanation for it
could be found. The pipe bundle is put on steel supports so that the desired type of
laying is achieved. The middle of the pipe bundle is now 15 cm higher than the ends.
The net is put into operation and conveys without problems again. The addition of
the heights of the steps amounts to 10 x 0.15 m = 1.50 m.

Result
The height difference resulting from the arrangement of high and low points in laying
a pipeline is mostly a static load. It has a considerably bigger influence on the flow
characteristics in the pipe net than the pipe friction.
Test 26 – Flow of vacuum in extended pipe net
The vacuum flow in the extended pipe net is measured with a velocity of 13 to 15
m/s. It is therefore nearly identical with the first tests.
3.7.1 Summary of the Test Run 6
It can be assumed that the difference in height added by maximum and minimum
turning points due to the type of laying causes a vacuum loss.

The vacuum flow is with 15 m/s considerably higher than the flow rate with approx. 4
m/s.

Fig. 3.50. Measurement of flow velocity

- 79 -

Reinhold Schluff - Vacuum Sewerage System

Calculation of the Sewage Accumulation in a Community with 1200 Inhabitants
On Sundays 6.30.- 18.30

The average use of water
amounts to 80 l / inh. / d on
Sundays.

The water extraction starts
at 6.30
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Sewage accumulation on Sundays 18.30 – 6.30
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Sewage Accumulation on Weekdays 5.30 – 18.30

The

average

use

of

water

amounts to 72 l / inh. / d on
Weekdays.

The water extraction starts at
5.30
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Sewage Accumulation on Weekdays 18.30 – 5.30
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Graphic diagram of sewage accumulation on Sundays and Weekdays

Fig. 3.51. Sewage flow in communities with 1200 inhabitants
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3.9 Calculation of the need of air for vacuum pump stations
3.9.1 Need of Air
The need of air of a vacuum plant depends mainly of the following factors:
a. Amount of connected inhabitants and inhabitant equivalent values
b. Amount of inhabitants per running m channel
c. Infrastructure of the area to be seweraged. Here the following has to be
especially differentiated:
- rural area with little sewerage technique plants
- suburb area in which households are equipped with washing machines,
dishwasher, etc.
d. Length of the pipeline
e. Diameter of the area to be seweraged
f. Geodetic height difference between the pump station and the lowest
residential area

There is no empiric calculation formula in which the above mentioned main factors
are included. In empiric trials at 14 pump stations the following calculation basis was
found:
Necessary need for air:
For rural communities
and up to a diameter of 1000 m of the area to be seweraged

6 l air / inhabitant / minute

For rural communities
and up to a diameter of 2000 m of the area to be seweraged

7,5 l air / inhabitant / minute

For suburb communities
and up to a diameter of 1000 m of the area to be seweraged
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7,5 l air / inhabitant / minute

For suburb communities
and up to a diameter of 2000 m of the area to be seweraged

9 l air / inhabitant / minute

The diameter of the area to be seweraged is the difference between the vacuum
pump station and the last connected house.
For greater lengths than 2000 m the according allowances are necessary.

Amount of Vacuum Pumps
In order to secure a permanent operation in a repair case, the vacuum pump
stations additionally to the vacuum main pump have to be fitted with a vacuum spare
pump.
a. Vacuum pump stations in which the need for air can be covered by a vacuum
main pump, should receive a second vacuum spare pump with the same
output.
b. Vacuum pump stations in which the need for air has to be covered by two
vacuum main pumps, shall receive a third vacuum spare pump with the output
of a vacuum main pump.
c. In vacuum pump stations with more than two necessary vacuum main pumps
it has to be proceeded accordingly.

Design of the Vacuum Pumps according to Basic and Peak Load
It is to be assumed that the waste water amount extends in a basic amount
continuously to a day between 6.00 o’clock and 22.00 o’clock. In peak periods this
basic amount is exceeded 2 times a day up to 100%.

The peak periods are as follows:
6.30

-

14.30 o’clock

18.30

-

20.00 o’clock
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For avoiding a high need of peak current the pumps should be designed in a
way that e.g. when choosing two main pumps – the basic load can be operated
through one main pump and only in peak periods the need will be amended by a
second pump. Basically the calculated need for air should be split to several pumps
with lower output.

Operation and Shutdown Times
Spare pumps must not shut down permanently because otherwise a blocking
due to chalk can happen. With a permanent change of operation in which the spare
pump partly takes over the operation of a main pump this can be excluded. The
change of the pumps should be effected every hour.

3.9.2 Construction Characteristics of Vacuum Pumps
Liquid ring vacuum pumps are to be preferred. They create the vacuum by
water in the liquid ring and therefore do not need any lubrication or maintenance.
Pumps in block building technique in which engine and pump are flanged in a block
have advantages because they do not have to be adjusted after mounting.
Furthermore they are even cheaper.

The temperature of the cooling water should be between 20 degrees as the
low value and 50 degrees as the high value. When exceeding this temperature the
cooling water has to be changed or cooled down in a cooling circuit. This means a
considerable use of water. In the practice it has proved to be of value to lay an aircooler coil into the soil and to cool the water in this way.

Rotary Vane Vacuum Pumps oil lubricated, air cooled exist since several years.
They do not need cooling water but have a greater need for maintenance. They are
preferably used in areas with a lack of water (desert).
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Liquid Ring Vacuum Pumps

Fig. 3.52. Liquid Ring Vacuum Pump with valve flaps 30

Fig. 3.53. Dimensioned drawing 30

30
30

Brochure Speck pumps
Brochure Speck pumps
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Fig. 3.54. Liquid Ring Vacuum Pump without valves

Fig. 3.55. Dimensioned drawing

30

Brochure Speck Pumps
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Fig. 3.56. Characteristic curves – pumps with valve flaps 30
31

Brochure Speck Pumps
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Fig. 3.57. Characteristic curves – pumps without valve flaps 30

31

Brochure Speck Pumps
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Rotary Vane Vacuum Pump

Fig. 3.58. Rotary Vane Vacuum Pump

31

Brochure Becker Pumps
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Fig. 3.59. Characteristics curves 31
31

Brochure Becker Pumps
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3.10 Evaluation of the Quantity of Waste Water for Peak Flow and
Pipeline Calculation
The following factors are to be considered fort the pipe net calculation:

Number of inhabitants
Amount of water

Q = 150 l / inhabitant / Day, external water does not have to be considered
additionally.

Based peak flow Q/8
Q=

150
————— = 0.005 inhabitant (l / s)
8 x 60 x 60

3.10.1 Additional Value
For the pipe net calculation the following factors take deciding influence:
–

Addition of peaks and low points of the type of laying

–

Equality factor of opening of the domestic valves

–

Flow rate

–

Vacuum rate

–

as well as increased accumulation of sewage at later concentration of
house building

A useful addition of 65% has resulted from empiric calculations with which Q is to be
multiplied by.
fz = 1.65
Q = 0.005 x 1.65 x inhabitant ( l / s )
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3.10.2 Different facts for calculation
Frictional Loss hr
Roughness value
The frictional losses of the pipes are calculated according to the formula of PrandtlColebrook.
Operational roughness value kb = 0.25 mm

Pressure line incline Jr
Air inclusions in the pipe and the permanently changing pressure conditions due to
the two phase streaming are multiplied with the empiric operation factor fb = 1,5.
Increased pressure curve difference = Jr x fb

l x Jr x fb (m)
hr = ——————
1000
Geodetic height difference
It results from the difference in height between the sucking height in the pump station
(infeed height) and the lowest point of the line to be calculated each respectively
domestic shaft.

hgeo in m

Important!
Vacuum pump stations are economically operated with a vacuum of approx.
-0.6 bar in comparison to the atmosphere. The vacuum at the domestic shaft
should not go below -0.3 bar due to reasons of security.

The sum of the pipe friction loss plus geodetic height difference must therefore
not go beyond a value of 3.00 m water column.
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3.10.3 Energy Effort in the Pump Station
Vacuum pump operated time/ vacuum charts show a constant increase of the energy
effort up to a vacuum of -0.55 bar. From -0.6 bar consists a quick increasing energy
effort for increasing of vacuum.

From the practice it was confirmed
that for plants only being operated
with -0,6 bar vacuum an energy cost
saving of 30% is possible.

The correct determination of the
elevation of the pump station is
therefore of decisive meaning.

Fig. 3.60. Time-/ Vacuum diagram

3.11 Conclusions
The examination of the physical procedures in the test plant as well as the
examination of 14 pump stations and their plants lead to the following findings:

The interface valve
1. Pneumatic valves, except the tube valve, do not have free flow and thus tend
to blockings
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2. The pneumatic control is not reliable and accident sensitive because its
function is too much influenced by the correspondent changing vacuum in the
pipe.
3. The preferably continuous remaining relation water / air for a safe conveyance
of waste water is not warranted.
4. The systems do not dispose of any supervision or control equipment. The
operator is solely dependant to the feedback of the connected houses.

The Pipe net
1. The type of laying used nowadays is not optimal for the flow characteristics in
the pipe.
2. The stipulated leakage test under vacuum is insufficient and does not
guarantee operation reliability.
3. The finding of leakages in a vacuum pipe net being in operation is only
theoretically possible but in practice hardly feasible.

The Pump Station
1. Ejector pump stations are too expensive in their operation and therefore not
suitable for the practice.
2. Pump stations with waste water pumps in dry place are not reliable in
operation and need high maintenance effort. The manometric conveyor
heights are limited at 20 to 30 m due to their machine output.
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4. THE MODELLING AND SIMULTATION OF UNSTEADY
MOTION IN THE VACUUM SEWERAGE NETWORK23
The purpose of process or physical phenomenon mathematical modelling is to
identify how it’s developed by describing the evolution through dynamic equations.
The developed model reflects the static behaviour, but above all, the dynamic
behaviour of the process in order to identify the optimal functional areas. This
identification is possible and desired from mathematical point of view, because can
be achieved different functional regimes with the parameter values outside the
normal areas of variation. Through this approach the mathematical model is an
excellent method of study because one can investigate a large number of variants
which allow identification of the optimal solution. Most of the times through
mathematical modelling seeking to force the operation and process outside the
normal range of installation parameters evolution in order to identify the energetic
and physical optimal areas.
Through modelling, it is also seeking to obtain the dynamic evolution of
complex flow processes in particular the flow of multiphase fluids. Thus, it will be
able, as by solving the equations numerically calibrated, to obtain valid solutions
during the next following time - this is the predictive aim of the modelling. In this way
the equation systems are calibrated and certificated, and can be used in operative
management module of automatic process control of the modelled process.
The theoretical study of a hydrodynamic process can be realized by
mathematical modelling and numerical simulation. For the application of this
mathematical technique it is necessary to formulate the process describing
equations and to determine the initial and boundaries conditions in the work domain.
For the elaboration of a numerical model is envisaged to follow few stages,
such as:
- Process analysis;
- Establishing the purpose of mathematical model;
- Construction of mathematical model;
23

University Politehnica of Bucharest
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- Selection of resolving method and solution determination;
- Process constants calibration;
- Results validation.
Process analysis. The flow process of the water – air mixture is an unsteady
state regime of motion. When the opening valve connected the vacuum pump with
the transport pipe in the multiphase mixture flow occurred acceleration processes. At
the valve closing the vacuum pump is no longer connected and deceleration
processes occurred. At the end of this process the fluid mass swing and stabilize in
the pipe bends at horizontal position. The moving plug from the bends area moves
step by step on the portions of the pipe bends when the vacuum valve is opened. In
this way the moving plug is vacuumed, accelerate it flows, and reach the maximum
velocity of 3 to 4 m/s, and in the bend area he stops and make an oscillation
movement and after few moments it stabilized and block the bend.
The process describing equations are the movement equations of the
viscosity fluids in unsteady state regime. The fluid unsteady movement is
characterised by the flow and pressure variation in time.
Process parameters and characteristics. It is considered the case of the
moving plug water – air mixture through the transport pipe. The flow appears due to
suction air provided by the vacuum pump. The generated vacuum force the water to
flow through the transport pipe in the form of liquid coupling plugs between the air
plugs.
The model aim is to solve the following issues:
a)

The flow of the liquid plugs through the transport pipe;

b)

Prediction of the theoretical values for fluid velocity through the
transport pipe;

c)

The water – air ratio when the vacuum pump is turned on;

d)

Liquid plug formation when valve is closed and the flows through the
transport pipe stops;

e)

The movement and acceleration of liquid plug through the transport
pipe.
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Control volume is the domain in which the process evolution is observed.
The control volume is considered the experimental steps transport installation. In this
way the simulated results can be compared with the experimental dates.
For the movement modelling and simulation the geometry of the experimental
laboratory installation is used. On the laboratory installation was realized experiments
at different flow regimes. In this way the model can be calibrated and the theoretical
results can be compared with the experimental ones.
Time scale will be limited at maximum 6 seconds. This time interval is
imposed by the experimental results. This time is enough to observe the fluids
velocity variations and the phenomenon evolution in unsteady state movement.

4.1 ANSYS CFX theory
ANSYS CFX provides comprehensive modelling capabilities for a wide range
of incompressible and compressible, laminar and turbulent fluid flow problems.
Steady-state or transient analyses can be performed. In ANSYS CFX, a broad range
of mathematical models for transport phenomena (like heat transfer and chemical
reactions) is combined with the ability to model complex geometries.
Robust and accurate turbulence models are a vital component of the ANSYS
CFX suite of models. The turbulence models provided have a broad range of
applicability, and they include the effects of other physical phenomena, such as
buoyancy and compressibility.
Particular care has been devoted to addressing issues of near-wall accuracy
via the use of extended wall functions and zonal models.
4.1.1 Continuity and Momentum Equations
For all flows, ANSYS CFX solves conservation equations for mass and
momentum. Additional transport equations are also solved when the flow is turbulent.
4.1.2 The Mass Conservation Equation
The equation for conservation of mass, or continuity equation, can be written
as follows:

( ⃗

)

(4.1)
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Equation (1) is the general form of the mass conservation equation and is
valid for incompressible as well as compressible flows. The source S m is the mass
added to the continuous phase from the dispersed second phase and any userdefined sources.
4.1.3 Momentum Conservation Equations
Conservation of momentum in an inertial (non-accelerating) reference frame is
described by the equation:

( ⃗)

( ⃗ ⃗)

( ̿)

⃗

⃗

(4.2)

where p is the static pressure, ̿ is the stress tensor (described below), and

⃗ and ⃗ are the gravitational body force and external body forces, respectively ⃗
also contains other model-dependent source terms such as porous-media and userdefined sources.
The stress tensor ̿ is given by:

( ̿)

[( ⃗

⃗ )

⃗ ]

(4.3)

where μ is the molecular viscosity, I is the unit tensor, and the second term on
the right hand side is the effect of volume dilation.
For multiphase flows, ANSYS FLUENT solves transport equations for two
types of scalars: per phase and mixture.
4.1.4 Transport Equations for the k-e Model
The turbulence kinetic energy, k, and its rate of dissipation,

, are obtained

from the following transport equations:

(

)

(

)

[(

)

]

(4.4)

and
(

)

(

)

[(

)

]

(4.5)
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In these equations:
– Gk represents the generation of turbulence kinetic energy due to
the mean velocity gradients;
– Gb is the generation of turbulence kinetic energy due to buoyancy
– YM represents the contribution of the fluctuating dilatation in
compressible turbulence to the overall dissipation rate
–

,

, and

are constants

– k and  are the turbulent Prandtl numbers for k and 
– Sk and S are user-defined source terms
4.1.5 Volume Fraction Equation
The tracking of the interface(s) between the phases is accomplished by the
solution of a continuity equation for the volume fraction of one (or more) of the
phases. For the qth phase, this equation has the following form:

[ (

)

(

∑

⃗ )]

(

̇

̇ )

̇ is the mass transfer from phase q to phase p and

where

(4.6)

̇ is the mass

transfer from phase p to phase q. By default, the source term on the right-hand side
of Equation (6).
4.1.6 Energy Equation
The energy equation, also shared among the phases, is shown below:

(

)

( ⃗(

))

(

)

(4.7)
The VOF model treats energy E, and temperature T, as mass-averaged
variables:
∑

(4.8)

∑

where Eq for each phase is based on the specific heat of that phase and the
shared temperature.
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For time-dependent Volume of Fraction calculations, Equation (4.6) is solved
using an explicit time marching scheme. ANSYS CFX automatically refines the time
step for the integration of the volume fraction equation, but you can influence this
time step calculation by modifying the Courant number.
4.1.7 Surface Tension and Wall Adhesion
The VOF model can also include the effects of surface tension along the
interface between each pair of phases. The model can be augmented by the
additional specification of the contact angles between the phases and the walls. You
can specify a surface tension coefficient as a constant. The solver will include the
additional tangential stress terms (causing what is termed as Marangoni convection)
that arise due to the variation in surface tension coefficient. Variable surface tension
coefficient effects are usually important only in zero/near-zero gravity conditions.

4.2 ANSYS CFX simulation
ANSYS CFX software is a general purpose finite element modelling package
used for numerically solving a wide variety of multiple fluid streams, bubbles,
droplets, particles and free surface flows.
The Lagrangian transport model allows the solution of one or more discrete
particle or droplet phases within a continuous fluid phase. Breakup models are
available to describe both the initial fluid atomization and further fragmentation due to
the action of external forces.
The Eulerian multiphase model incorporates a wealth of options to capture the
exchange of momentum, energy and mass, including numerous drag and non-drag
force models as well as robust models for phase change due to cavitation,
evaporation, condensation and boiling.
The multiple size group (MUSIG) model is available to simulate the breakup
and coalescence of disperse phases in poly-dispersed multi-phase flows.
In a Volume of Fluid (VOF) analysis, Ansys CFX uses an advection
algorithm for the volume fraction (VFRC) to track the evolution of the free surface.
The VFRC value for each element varies from zero to one, where zero denotes an
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empty or void element and one denotes a full or fluid element. The values between
zero and one indicate that the corresponding elements are the partially full or surface
elements (henceforth called partial elements), and the free surface can thus be
determined by the distribution of the VFRC field.
For the dynamic behaviour at the interface between a gas and liquid, Ansys
CFX uses a continuum surface force (CSF) method to model the surface tension.
Surface tension is an inherent characteristic of material interfaces. It is localized
surface force acting on the interface. Ansys CFX reformulates this surface force into
an equivalent volumetric force in the momentum equation. This force consists of two
components: a normal component to the interface due to local curvature and a
tangential component to the interface due to local variations of the surface tension
coefficient.
Each Ansys CFX module begins with a problem specification. A solution can
be obtained by following these six steps:
1. Geometry
2. Mesh
3. Setup (Physics)
4. Solution
5. Results
6. Verification and Validation
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Figure 4.1. Ansys steps to obtain a solution

4.3 Geometry
ANSYS Design Modeller software provides unique modelling functions for
simulation that include parametric geometry creation, concept model creation, CAD
geometry modification, automated clean-up and repair, and several custom tools
designed for fluid flow, structural and other types of analyses.
Geometry modelling in the ANSYS Workbench environment is highly
automated and also provides users the flexibility to customize according to the type
of analysis or application. The feature-based, parametric ANSYS Design Modeller
software can be used to create parametric geometry from scratch or to prepare an
existing CAD geometry for analysis. It includes automated options for simplification,
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clean-up, repair and defeaturing. Simulation often demands unique modelling
capabilities that typical CAD operations do not require.

Figure 4.2. The step hydraulic installation on the laboratory height, in close circuit
(according to the experimental installation from page 43)

Figure 4.3. Domestic shaft (according to the experimental installation from page 43
and 52). The water quantity inside the tank is known.

The role of the domestic shaft is to calibrate the valve to open at a
predetermined water quantity in function of vid pump capacity. The pump is
calibrated at - 0.6 bar (vacuum, according to experimental measurements, see pg.
57. This value is taken in consideration for numerical simulation.
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Figure 4.4. Vacuum tank, vacuum pump and pressure pump. The role of pressure
pump is to return the water in the domestic shaft. (page 38)

Figure 4.5. ANSYS model realization. In the left side one can observe the plans for
the realization of each element from the installation model.
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4.4 Mesh
Meshing is an integral part of the computer-aided engineering simulation
process. The mesh influences the accuracy, convergence and speed of the solution.
The partial differential equations that govern fluid flow and heat transfer are
not usually amenable to analytical solutions, except for very simple cases. Therefore,
in order to analyse fluid flows, flow domains are split into smaller subdomains (made
up of geometric primitives like hexahedral and tetrahedral in 3D, and quadrilaterals
and triangles in 2D) and discretized governing equations are solved inside each of
these portions of the domain. Typically, one of three methods is used to solve the
approximate version of the system of equations: finite volumes, finite elements, or
finite differences.
Each of these portions of the domain are known as elements or cells, and the
collection of all elements is known as mesh or grid.

Figure 4.6. Discretization in finite element of the model geometry

This discretization is necessary for the partial different equations numerical
integration that mathematically describe the fluid flow in unsteady state.
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Figure 4.7. Discretization in finite element of the vacuum tank and vacuum pump.

Figure 4.8. Discretization in finite element of the domestic shaft

Figure 4.9. Discretization in finite element of the vacuum pipe
Mesh statistics: Number of Nodes: 113302; Number of Elements: 527848
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4.5 Setup
The numerical simulation will be realized in transient regime. In transient
regime it is necessary to specify the simulation time duration of the process and the
time steps. The definition of time steps is important in order to observe the simulated
process in real time. In our case the time steps is considered 0.01 seconds and the
time duration of the simulated process is 6 seconds.
Simplifying hypothesis:
 the multiphase flow is homogenous – the air / water phases have the same
velocity field;
 the access valve of the fluids in the transport pipe is open for 5 seconds;
 the total vacuumed water volume is 30 litres;
 the total vacuumed air volume is 230 litres;
 the pressure in the vacuum transport pipe is -0,6 bar;
 the gravity force is considered on Z axis.

Figure 4.10. Discretization of numerical simulation steps.
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The total simulation time is 6s with the step of 0.1s. To identify the real
evolution of the unsteady flow process the problem discretization is realized at 0.01s
also.
The following initial conditions for the numerical simulation were considered:

 t = 0 s, the initial time step
 Pressure = - 0.6 [bar] – p = *h, the initial static pressure in the domestic shaft
 Water volume = water VF- the liquid volume at t = 0. In the numerical
simulation various values are considered.

 Air volume = 0

Figure 4.11. Initialization of boundary conditions for t = 0 (inlet values for flow,
pressure and volume, it is considered turbulent flow regime).
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Figure 4.12. Initialization of contour boundary conditions (smooth wall – the wall
roughness is neglected, the fluid adhere to the wall).

4.6 Solution

Figure 4.13. Numerical simulation results, can be observed the simulation errors
and solution stability and convergence.
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Figure 4.14. Initial liquid level in the vacuum pipe at t = 0 (is the fluid volume “VF”
considered in the numerical simulation).
In the vacuum tank the liquid volume is constant at 30 litres, at this volume the
connection vacuum valve triggers.

Figure 4.15. Initial liquid level in the vacuum pipe at t = 0 (installation overview).
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The numerical simulation results for t = 1 s. The liquid is vacuumed from
the domestic shaft and flows into the vacuum tank.
The simulated values are:
 Volume of fluid = 52,355 [l]
 Water volume = 9,687 [l]
 Air volume = 42,667 [l]
 Value of Velocity = 3,33 [m/s]
For a transported liquid volume of 30 litres will result in the installation a total
volume of 52,355 l from which 9,687 l is water and 42,667 l is air, the simulated
water/air ratio is 1/4,04. From the experimental dates table 3.2, page 62, result a
water/air ratio 1/4,31 for -0,6 bar pressure. From the experimental dates table 3.3,
page 63, result a water/air ratio 1/4,94 for - 0,6 bar pressure.

Figure 4.16. Flow in the vacuum pipe elbow at t = 1s. Can be seen the motion of
mixture flow water – air.
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Figure 4.17. Flow in the vacuum pipe at t = 1s (overview).

Figure 4.18. Flow in the vacuum installation at t = 1s (overview).
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Figure 4.19. Flow in the vacuum installation at t = 1s (overview).

The numerical simulation results for t = 2 s. The liquid is vacuumed from
the domestic shaft and flows into the vacuum tank.
The simulated values are:
 Volume of fluid = 105,87 [l]
 Water volume = 18,93 [l]
 Air volume = 86,94 [l]
The simulated water/air ratio is 1/4,593.
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Figure 4.20. Flow in the vacuum pipe elbow at t = 2s.

Figure 4.21. Flow in the vacuum pipe at t = 2s (overview).
- 117 -

Reinhold Schluff - Vacuum Sewerage System

Figure 4.22 Flow in the vacuum installation at t = 2s (overview).

Figure 4.23. Flow in the vacuum installation at t = 2s (overview).
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The numerical simulation results for t = 3 s. The liquid is vacuumed from
the domestic shaft and flows into the vacuum tank.
The simulated values are:
 Volume of fluid = 197,25 [l]
 Water volume = 28,15 [l]
 Air volume = 169,1 [l]
 Value of Velocity = 3,33 [m s^-1]
The simulated water/air ratio is 1/6,007.

Figure 4.24. Flow in the vacuum pipe elbow at t = 3s. It is possible to see the mixture
flow
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Figure 4.25 Flow in the vacuum pipe at t = 3s (overview).

Figure 4.26. Flow in the vacuum installation at t = 3s (overview).
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Figure 4.27. Flow in the vacuum installation at t = 3s (overview).
The numerical simulation results for t = 4 s. The valve is closed at 3
seconds and the stabilization of liquid volume process begins. The velocity is
negative and stabilization swings are observed.

Figure 4.28. Flow in the vacuum pipe elbow at t = 4s.
- 121 -

Reinhold Schluff - Vacuum Sewerage System

Figure 4.29. Flow in the vacuum pipe at t = 4s (overview).

Figure 4.30. Flow in the vacuum installation at t = 4s (overview).
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Figure 4.31 Flow in the vacuum installation at t = 4s (overview).
The numerical simulation results for t = 5 s. The stabilization process is
present.

Figure 4.32 Flow in the vacuum pipe elbow at t = 5s.
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Figure 4.33 Flow in the vacuum pipe at t = 5s (overview).

Figure 4.34 Flow in the vacuum installation at t = 5s (overview).
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Figure 4.35 Flow in the vacuum installation at t = 5s (overview).

The numerical simulation results for t = 6 s. The liquid volume is stabilized;
the valve is open and permits to the liquid volume to enter into the vacuum pipe. The
process is run again in unsteady state. One will observe the simulation starts at
28.15 l water (at 3s) – 22,9 l water (at 6s) and 169,1 l air (at 3s) – 138,2 l air (at 6s) at
valve opening and fluids vacuum. From the simulation results the flow velocity has
1,75m/s. from the experimental dates, page 76, results a 3,33m/s flow velocity.
The simulated values are:
 Volume of fluid = 161,1 [l]
 Water volume = 22,9 [l]
 Air volume = 138,2 [l]
 Value of Velocity = 1,75 [m/s]
The simulated water/air ratio is 1/6,034.
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Figure 4.36 Flow in the vacuum pipe elbow at t = 6s.

Figure 4.37 Flow in the vacuum pipe at t = 6s (overview).
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Figure 4.38 Flow in the vacuum installation at t = 6s (overview).

Figure 4.39 Flow in the vacuum installation at t = 6s (overview).
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Figure 4.40. Variation of water volume in the vacuum installation
in considered simulation time of 6 seconds
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Figure 4.41. Variation of air volume in the vacuum installation
in considered simulation time of 6 seconds
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4.7 Conclusions
The mathematical modelling and numerical simulation of the wastewater flow
through the vacuum sewage installation it is possible and achievable. The flow
equation of the viscous fluids through circular pipe in unsteady state movement
regime was considered. The unsteady state movement is considered to be the time
variation of dynamic values that characterized the flow, such as velocity and
pressure.
The flow processes in the vacuum sewage network evolve rapidly, so it is
necessary to impose a discretization of time scale at 0.01 seconds. At the initial time
step, t = 0, in the domestic shaft is a volume of 30 litres – VF is the fluid volume
notation from the modelling process.
The numerical simulation is realized at -0,6 bar depression. At this value the
experimental measurements are realized. In this way the model can be calibrated
and certificated with the experimental measurements (page 57).
In this chapter the ANSYS geometry was created for each element of the
installation. The installation used in the numerical simulation is in close circuit, figure
4.2, is similar with the experimental installation from pages 43 … 46. The domestic
shaft from figure 4.3 is identical with those used in pages 43 and 52 from
experimental measurements with a finite water quantity.
In the numerical simulation was considered the phenomenon of fluid adhesion
to solid wall pipe. The pipe interior roughness is neglected – the formulated
hypotheses are for smooth wall.
At the numerical integration of the movement equations the convergence and
stability of solutions to an acceptable error level were considered.
In the numerical simulation it was considered that the vacuum valve is opened
only 3 seconds. The flow phenomenon was observe on a time period greater than 6
seconds in order to identify the modality to realized the stable level in pipe bends
after the valve is closed.
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The results obtained by mathematical modelling and numerical simulation are
comparable with the experimental ones:

a) from the vacuum valve opening, at 3 seconds 28,15 l water and 169,1 l air are
vacuumed, at 6 seconds 22,9 l water and 138,2 l air are vacuumed, the
quantities diminish because the vacuum valve begin to close;
b)

the flow velocity through the installation at 3 seconds is 3,33 m/s, the
measured velocity in the experimental installation is between 3 and 4 m/s, so
the simulated values is in the measured range;

c) at the time of 3 seconds the vacuum valve is close and the fluid stabilizations
in the pipe bends begin; in process simulation appear negative velocities that
induce oscillations in the pipe bends until they stabilized; at t = 5 seconds the
stabilization process is ended and the water from the pipe bends remained at
unevenly constant level due to the pressure differences;
d) the water/air ratio obtained from the numerical simulation is 1/6,035 identical
with that obtained from the experimental measurements;
e) at t = 1 second will result a total vacuumed quantity of 52,355 l from which
9,687 l water and 42,667 l air – the water/air ratio is 1/4,045; the value is
comparable with the experimental one given in table 3.3, page 63, line II (at a
depression of -0,6 bar it is obtain a water/ air ratio of 1/4,94) or table 3.2 page
62 (at a depression of -0,6 bar it is obtain a water/ air ratio of 1/4,31).
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5. CONCLUSIONS AND PERSONAL CONTRIBUTIONS
Development of an Operation Reliable Vacuum Sewerage System
5.1 Basics of the new development
The findings from the research of the physical proceedings in the vacuum
sewerage as well as the practical experience from the operation of 14 vacuum
sewerage plants lead to the following result:
a. The operation process in a vacuum sewerage is very complex
b. The vacuum valves being presently used can only partly fulfil the
demands if at all due to their construction (no free valve passage). The
electronic control and survey is compulsory necessary.
c. The pipe net needs a better type of laying. The leakage testing of a pipe
net by vacuum is not sufficient. The leakage test at operating plants is
practically not possible.
When laying the pipes often mistakes are made. Here it needs a detailed
practical work instruction.
d. There is urgent need for the construction of pump stations with the
possibility of a sewage conveyance on greater distances (10 to 15 km)
with a manometric conveyor height of up to 10 bar.
e. For a safe and economic operation process as well as the minimization
of staff expenses an electronic control is basic condition.
5.1.1 Different Sewerage Systems
According to the waste water levy law sewage is dirty water accruing in
households or the industry and rain water. According to common or separate
discharge the combined and the separate system can be differentiated.

5.1.2 Combined Sewer System
In the combined sewer system dirty and rain water are discharged in a channel.
This can result in relatively little amounts of waste water polluting large amounts of
rain water which then have to be cleaned with high effort and at high costs in
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sewerage plants. Combined sewer systems should no longer be built anymore also
due to the high pollution of the environment.

5.1.3 Separate System
In the separate system waste water and rain water flow off in separate
channels. This has the advantage that the concentrated waste water can be treated
with little effort at bigger cleaning output.
For the discharge of the waste water in the separate system there are three
procedures:
a. Gravity System
b. Pressure Sewerage
c. Vacuum Sewerage
All three procedures are hardly changeable or substitutable. Often a combination of
all three systems is the most favourable solution. For evaluating, which procedure
can be applicable, profound pre-examinations are necessary.

5.1.4 The Drainage Draft
Many single aspects should be taken into consideration when planning a local
drainage which unfortunately are not always noticed in the necessary dimension.
Checkings and subsequent invoices create avoidable additional work as well for the
drafter as well for the supervising authority. The drafting should be done according to
the working sheet A 101 of the ATV regulations taking DIN 195252 into
consideration. Special care must be taken with the height relation of the present
property sewerage plants. On each property the following marked heights have to be
taken:

Fig. 5.1. Connection without basement
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5.2. Connection with basement

Fig. 5.3. Heights of bridges and streams to be taken

After successful taking of height the layout drawing and the longitudinal cut are to be
drawn.

5.1.5 First Preliminary Decision for the System to be Chosen
With help of the longitudinal cuts and after consulting the soil map in scale 1:5000
with hydrometric layer lines a first preliminary decision can be taken. This shall be
done according to the following aspects:

a. Determination of the location of the pump station for the conveyance of
sewerage in the sewerage plant. Several versions should be taken as a basis
here.
b. Examination of the possible channel gradient in all longitudinal cuts in
direction of the pump station.
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5.1.6 Choice of the System
The choice of the system has to be effected according to two aspects:

a. The technical feasibility.
Should the result be that a channel laying in usual gradient without big depths
(approx. 2.0 m) is possible, the gravity system should be planned.

b. Considering the environmental protection.
There is a difference between laying a channel net in greater depth and
destroying tree roots and cutting water streams and pipes being layed like
telephone cables.

5.1.7 Catchment Area of the Vacuum Sewerage
Basically the catchment area should not be bigger than 4 Kilometres. The
pump station is here to be taken as a central point. The heights at the ends of the
pipe lines should not lie deeper than – compared to the pump station:

at 2,0 km

0,80 m

at 1,5 km

1,20 m

at 1,0 km

1,60 m

at 0,75 km

2,00 m

The depth of the domestic connections has to be considered analogically and to be
considered in the total pipe length. The take over of waste water of greater depths is
only possible at an according air control.

Larger areas are separated in single areas with autonomous vacuum pneumatic
pump stations and connected to pressure pipes. With this the area can be extended
to greater regions.
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5.1.8 Planning example for a local sewerage

Fig. 5.4. Layout
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5.1.9 Longitudinal Cut

Fig. 5.5. Longitudinal Cut
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5.1.10 Avoiding of Mistakes in Planning

Fig. 5.6. Not the geodetic height difference between 1 and 4, or 1 and 3 but the one
between 2 and 3 is essential. It determines the vacuum loss amounts from the
geodetic height difference.

Fig. 5.7. Not the geodetic height difference between 1 and 3, or 1 and 2 but the one
between 2 and 3 is essential. The vacuum loss amounts from its geodetic height
difference.

5.1.11 Pump Stations
The height location of pump stations determine deciding energy costs.

Choice and location and height adjustment of a pump station in a settlement area to
be seweraged can be decisive for the operation and subsequent costs.

Two Examples of the practice:
Community A in Northrhine-Westphalia, 130 inhabitants, ejector pump station,
manufacturing costs approx. 60,000 €.

Community B in Schleswig-Holstein, 130 inhabitants (inh.), vacuum pneumatic pump
station, manufacturing costs approx. 130,000 €.
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Energy costs according to indications of the operator per inhabitant., population
equivalent (pe) / year:

Community A:

60,00 €/inh., pe x 130 = 7800,-- €

Community B:

3,20 €/inh., pe x 130 = 416,-- €

Already after 10 years the higher investment costs of community B annul the
operation cost in comparison to community A. The interest rate was not considered.
But as the sewerage plant is not operated longer than 10 years a calculation
considering the interest rates would make pump station A come off even more badly.

5.2 Components for an operation reliable vacuum sewerage
5.2.1 The Interface Valve

AIR
INTAKE

Material:
PVC, Pressure Level PN 10
blocking:
4-fold

by

rubber

with

abrasion

resistant Shore-hardness

Control: Electro - hydraulical opening
Closing with 260 kg Spring Pressure
Valve Passage: free 65 mm
WASTE
FLUID
FLOW

Sewage conveyance output:
at – 0,6 bar 10 l/s
In the middle of the valve is a mixing
chamber. Sewage and air are mixed
AIR
OUTPUT

here and flow commonly through the
valve.

Fig. 5.8. Interface Valve
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Mix Ratio Water / Air:
at – 0,6 bar 1:2.66
at – 0,5 bar 1:2.07

Air

at – 0,3 bar 1:1.71

Sucking Power by Vacuum

water-airmixture

water

at – 0.6 bar:
= d2 x π/4 x 0.6
= 6.5 x 6.5 /4 x 3.14 x 0.6
= 19.9 ≈ 20 kg

Fig. 5.9. Air Inlet mechanically controlled

Life Endurance of the Valve

In the trial phase the valve was
undertaken 300,000 operations
adding cellulose, paper, cloth,
torpedo Sand and polluted
kitchen waste. After that it still
was vacuum tight and fully
functional.

Fig. 5.10. Cross section test valve 35
The suction amount in a single family house amounts to approx. 30 l per operation,
per day approx. 10 operations, per year approx. 3,000 operations, in 100 years
approx. 300,000 operations. The valve is designed for a theoretical life endurance of
100 years.

35

Picture library R. Schluff
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Mark of the Valve
Each valve is marked by a distinctive own ID-No. The valve works according to a
fixed programme. This can be changed in any way by remote control entering the
ID – No. The following adjustments are possible:
Variable adjustment of the opening time between 7 and 17 seconds
Adjustment of a continuously effected opening interval of the valve between
0.5 and 2.0 hours.
Inserting of one or more E-Mail adresses or fax numbers on which
automatically faults at the valve or at the system indicating
address
time
type of Mistake
are transmitted.

Each valve can be inquired on:

the amount of valve openings
height of the present vacuum in bar

All functions can be executed on the computer in the pump station as well as remote
controlled.

Fig. 5.11. Interface Valve
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5.2.2 The Domestic Shaft
It consists of concrete and is divided into a wet room and a dry room. In the
dry room the domestic valve with pipe connections to the wet room and to the
vacuum pipe are arranged. Additionally a small sucking valve is lead in a pipe to the
pump well. This serves for water to be
sucked in case it enters the shaft. The
electro hydraulic drive is located in a
closed PVC-Container next to the valve.
The sewage gets through the gradient
inlet into the pre hopper of the domestic
shaft. If the pre hopper is filled an
electric sensor located above the wet
room opens the interface valve. During
the opening air streams into the mixing
chamber of the valve, mixes here with
sewage and gets from the valve into the
pipe net as water-air-mixture. The valve
is hydraulically opened and closed with
a spring pressure of approx. 260 kg.
Fig. 5.12. Cross section domestic shaft

The domestic shaft is closed by a
steel cover with one hand grip
through which air can get in.

The shaft is water tight, uplift secure
and

frost

secure.

It

is

pre-

manufactured as a precast plug-in
part and easily to be mounted on the
building site.

Fig. 5.13. Domestic Shaft
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5.2.3 The Pipe Net
Pipe Material for Vacuum Pipes
The pipeline is to be designed of PE-HD Pipe according to DIN 8074-75 in the
diameters d 75, d 90, d 125 and d 160. The connection of the pipes should be
effected by electro-fusion coupler. Bigger pipes can also be mirror-welded. This type
of connection has the advantage of being immediately resilient.
Pipes in PVC-hard should not be used. They have the following
disadvantages:
Adhesive jointing need dry weather with temperatures in the positive range. The
pipes are not immediately resilient after adhesive jointing. If they are not layed
perfectly in the soil pipe cracks can occur. PVC-Pipes with connecting sleeve should
also not be mounted because they are designed as pressure pipe for internal
pressure. The sealing blades of the joint are directed toward the inside in order to
seal by internal pressure.

under vacuum

Fig. 5.14. Sealing blades under vacuum

During the course of time the fins fatigue so that vacuum can get into the pipe
through the gasket. The pipeline turns out to be leaky.

Pipe Material for Pressure Pipes
The use of PE-HD Pipe has to be prioritized. Still any other material can be
used as well.

Determination of the Pressure Level at PE-HD Pipe
With PE-HD pipes the pressure level to be chosen has to be paid special
attention to, because the pipe, depending on temperature and vacuum, tends to
deformation and thus to narrowing of the diameter.
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The necessary pressure level can be seen from the following chart. It has to be paid
attention to a temperature not exceeding approx. 35 degrees.

Temperature (°C)

Fig. 5.15. Acceptable External Pressures resp. Application Limit at Vacuum Pressure
for Pipe Lines made of PE-HD 20

20

Stuttgarter Berichte zur Siedlungswasserwirtschaft Band 140 – University of Stuttgart
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Calculation Example for PE-HD Pipe
Necessary Diameter DN 150
Chosen:
PE-HD Pipe 180 x 10,2 , PN 6
s = 10,2 mm, di = 159,6 mm

Calculation of the Measurement Curve

ri = di/2 = 159,6/2 = 79,80

Curve x = 10,2/159,6 = 0,064

The calculated curve ratio is to low. The calculation is repeated with a higher
pressure level.

Chosen:
PE-HD Pipe 180 x 16,4, PN 10
s = 16,4 mm, di = 147,2 mm

Calculation of the measurement curve

ri = di/2 = 147,2/2 = 73,60

Curve x = 16,4/73,60 = 0,223 = Curve C

Result:
The chosen is also vacuum proof at 35° Celsius.
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PE-HD Pipes are available in
lengths of 5, 6, 12 and 16 m,
at greater lengths also in 20
m.

Fig. 5.16. PE/HD pipes in lengths

Up to DN 100 the pipe can also be pulled endlessly on rolls.

Fig. 5.17. PE/HD pipes endless on rolls 32

32

Picture library Warvin
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Type of laying of the pipe net
Air is a transport measure for the waste water in the pipe net. It is necessary
that the air finds a point of application and does not flow over the water unused. The
required streaming procedure is achieved by arranging high and low points.

The type of laying varies a little according to the pipe diameter.

Note:
Formed

parts

are

not necessary.

Fig. 5.18. Type of laying on flat ground

Note:
Formed pieces are
not necessary.

Fig. 5.19. Type of laying at ascending ground
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If the allowed bending
radius

according

DVGW-G

472

to
is

exceeded, the type of
laying

using

parts

has

formed
to

be

conducted

Fig. 5.20. Type of laying at extreme ascending slope

Protection of the Pipe Line against Frost
The laying of the pipe lines has to be executed without frost. The pipes shall be
placed in the pavement area if possible.

Junction of diverting pipe lines in main lines
The branch of diverging lines in main lines may only be effected under 45 ° as
otherwise the danger of blockages arises. Mounting of splitters for domestic
connections.
Domestic

shafts

shall

generally be connected to the
main line with pipes DN 65.
As far as the main line only
consists of a diameter of DN
65, the connection has to be
one in an angle of 45°.
Fig. 5.21. Junction DN 65 / DN65 18

18

Unterdruckentwässerung Abwasserbeseitigung im ländlichen Raum, R. Schluff
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Fig. 5.22. Junction DN 65 / ≥DN80 18
Fig. 5.23. Mounting of a splitter 35
Main lines ≥ DN 80 can be tied-in rectangular. The connection to the main line has to
be done in the cross-bar or higher. After that the domestic line can direct down
towards the house again.

5.2.4 Barricades in the Building Pit / Inverted Siphon
Important: Never build an inverted siphon with a vacuum line.
The transport of the sewage is effected intermittently. Movement and stoppage
changes. When building an inverted siphon sediments settle in the lowest point and
lead to blockages. Due to building site experience it is known that such blockages
can occur already after one month operating time.

Protective
pipe

Fig. 5.24. The crossing of a stream course must be effected through a bridge
building.

18
35

Unterdruckentwässerung Abwasserbeseitigung im ländlichen Raum, R. Schluff
Picture library R. Schluff
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It can happen, that unknown pipe lines cross the building pit of the vacuum sewerage
in the layer in which the laying of the vacuum pipe was intended.

Fig. 5.25. If there is a barricade in the pipe laying never build an inverted siphon. It
will block

one or two months after putting the lines into operation .

Fig. 5.26. If there is a barricade in the pipe laying, overcome the barricade in short
height jumps, if necessary using formed parts.

Fig. 5.27. Should the barricade not be conquerable, then cross below it and after that
arrange a height ascending.
Note:
Every excessive deviation of a type of laying means a loss of vacuum. A summing up
of the height differences between high and low points amounts to 50% as vacuum
loss in the functioning.
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5.2.5 Pipeline Calculation
The following factors are of significant meaning:
a. Amount and density of the connected inhabitants
b. Amount of water
c. Pipe friction
d. Height difference between highest and lowest point in the
pipeline
e. Type of laying
f. Addition of the high and low points of the type of laying
g. Equity factor of opening the domestic valves
h. Flow rate
i.

Vacuum flow capacity

As the single factors are no constant figure and are subject to permanent changes,
the formula for calculation is hard to develop.
Dimensioning of the Pipeline according to the Proceeding of the
ATV-Workgroup 1.16 5
The dimensioning of the collection lines takes place depending of the number
of inhabitants to be connected resp. the occurrence of sewage that can take 0.005
l/s/Inhabitant (comp. ATV-Worksheet A118). External water does not have to be
considered.
Presently the following useful empiric approaches are applied:
The above mentioned load is multiplied with factor 1.65 (peak load) in order to make
the system capacious for on the one hand similar opening of various valves and due
the comparatively small storage rooms and on the other hand for a later increasing
sewage occurrence.
For the determination of the pipe diameters the corresponding entire system is
divided into calculation chapters (string parts). For these chapters the peak load Q
has to be calculated from the number of inhabitants loading the line = sum of the
sewage occurrence above and including the considered line part.

Q = 0,005 * 1,65 * Inh. ( l/s ) = 0,00825 * Inh. ( l/s )

5

Entwurf eines Arbeitspapiers: Unterdruckentwässerung - KA 2/1985, S. 23ff
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The friction losses are calculated according to the formula of Prandtl – Colebrook
with any roughness value of k b = 0,25 mm. From the values according to Prandtl –
Colebrook (charts and diagrams) and a supposed pipe diameter one has to extract
the according hydraulic gradient for the considered line part. This is multiplied with an
empirically calculated operation factor fb = 1,5. The operational factor considers air
inclusion among others. The friction loss for the corresponding pipe run amounts to:
hr = l * Jr * fb (m).
The sum of the friction losses of the individually considered calculation
chapters from the first line part to the vacuum station shall possibly be between 2,2
and 2,8. This has to be based on the planned aim. Due to reasons of operational
safety the friction losses of branch sewers at the joints in the proposed calculation
method are each added to the corresponding main sewers. If the first calculation
should not be successful the pipe diameters have to be changed in sections and the
calculation has to be repeated.

E = inhabitants

Fig. 5.28. Layout for dimensioning pipe net

5

5

Entwurf eines Arbeitspapiers: Unterdruckentwässerung, KA 2/85 Seite 123ff
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Fig. 5.29. Dimensioning of the pipeline

5

Geodetic height difference 0,30 m

According to the above mentioned example the result from the pipe friction shall be
smaller than 2,80 m. A loss from the height that has to be overcome is not
considered. If this is added and considers the operated vacuum in the pump station,
an even more detailed result can be achieved.
Result of the calculation hr :

2.439

plus geodetic height difference

0.300

hr + hgeo

=

2.739 m

vacuum in the pump station

=

-0.600 bar

minus total loss

=

-0.274 bar

remaining vacuum at end shaft

5

-0.326 bar

Entwurf eines Arbeitspapiers: Unterdruckentwässerung, KA 2/85 Seite 123ff
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At a discharge vacuum ≥ -0.3 bar at the end of a pipeline the operation reliability of
the vacuum sewerage is granted. In the present example also a perfect function of
the last domestic connection is secured. The developed calculation method has
proved to be right where the main part of the houses to be connected are located at
one pipe line and only short pipe lines ramify the net.

Fig. 5.30. For small ramifications and short pipes 18

For bigger ramifications and especially if the areas to be drained are located on
different heights the above mentioned calculation method can no longer grant a
correct function. In such cases the areas are to be separated and to be discharged
by single pipe lines.

Fig. 5.31. For bigger ramifications, long pipes and different heights18
18
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Separation of the piping network in separate catchment areas
The soil works belong to the biggest cost factors no matter if one or two channel
pipes lie in the building pit. A separation into several pipe lines with smaller diameters
can lead to a cost decrease.

Example:
Costs for 1 PE-HD pipe DN 150

50.00 €/m

Costs for 2 PE-HD pipes DN 100

48.00 €/m

For a separate piping network according to the above example the calculation
method can be applied. A separation into several pipe lines does not only offer a
greater operational reliability but also the possibility to operate the entire plant more
energy-saving by different adjustment of the piping network.

Summary
As far as the above mentioned calculation method is used under consideration
of the geodetic height difference, it can be taken as a fact that the system grants a
perfect operation in the pipe diameter as well as in the functioning. Independent of
any calculation result a channel end fixing of approximately 100 m length and no
more than 6 connected houses shall be built in DN 65 due to stream current reasons.

5.3 Control of the piping network in a vacuum seweraged
community for reaching optimum operation conditions
In nearly every community it can be assumed that the height situating of the
community areas are different in relation to the pump station. Another negative
influence is the difference in the length of the pipe lines and different strain of the
single pipe lines. As it can be assumed that the pump station is operated with a
permanent vacuum, an optimal economic use of the system is not given.
In higher strained pipe lines and such draining in a lower located catchment
area compared to the pump station the amount of air to be let in has to be increased.
In low strained pipe lines or such leading down - grade to the pump station the air to
be let in has to be less than in the other pipe lines.
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The control can be effected in two different ways:
a. By a permanent, spacing air inlet
b. By longer opening times of the domestic interface valves

5.3.1 Technical causes for different operation conditions in the pipe lines
The pipe friction is increased at high water and low air ratio and thus the flow rate
is decreased. At high air and low water ratio the pipe friction is decreased and the
flow rate is increased. By a specifically different amount of inlet air the continuous
control of all pipe lines is possible whereas the vacuum pump station is operated at a
steady vacuum.

At permanently repeated air inlet energy is wasted uselessly during the night. But
such possibilities should not be neglected, especially not if in the problematic pipe
lines a preparation of the piping network for sewage conveyance during peak times
shall be done within low loaded times. A precise adjustment and control of the piping
network is only possible through electronically controlled domestic connection valves.
It increases the operational reliability of the system, decreases the costs for
maintenance and reaches the highest possible economic efficiency of the plant.

5.3.2 Avoiding fouling of waste water in long domestic lines
In long domestic lines the waste water exchange in the pipe is only executed
once a day or less, caused by low accruing amount of waste water. At a domestic
connection of 150 m length and a pipe diameter of DN 65 the capacity amounts to:

V =

DN 652 x π
————— x 150 m Length = 497 l
4

Connected inhabitants, for example:
3 persons

= 150 x 3 = 450 l
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For avoiding a fouling of the sewerage the domestic valve can be fitted with an
automatic flush device that executes the flushing according to any time adjustment.
This procedure has furthermore the advantageous side effect that the storage
volume in the pipe increases due to the higher amount of air and the discharge
procedure is speeded up.

5.3.3 Additional air inlet in longer vacuum lines
In long vacuum lines, which sometimes cannot be avoided due to the
connection of wide spreaded living areas, it often results in discharge difficulties. The
practice showed that there is no sufficient air for the water transport. By arranging
time – controlled automatic air inlet valves in street control shafts the claim can be
solved cost – saving and without problems.

5.3.4 Air flushing device in weekend homes and on camping sites

18

In weekend areas and on camping sites houses resp. sanitary houses are not
used during winter time. The sewerage remaining in the domestic shafts and pipe
lines starts to foul. But there are also partly damages due to frost on the components
of the plant. The assembly of special air flushing devices, triggered off by pushing a
button during the last visit of the weekend house helps to avoid the above mentioned
damages and destruction by flushing the pipe lines and plant components.

5.3.5 Gate valves in the piping network
Gate valves with resilient jointing shall be set every 200 to 300 m in the pipe
line in areas in which no splitter is existent. In the splitting lines a gate valve is to be
assembled in the splitter and a gate valve in the main line. The gate valves shall be
designed for pressure PN 10.

5.3.6 Leakage test of the piping network
After finishing of the pipe net including the domestic connection lines the entire
system is to be leakage tested. The test is executed with 3 bar pressure on the entire
system including the domestic connection lines and the valves. The pressure is no

18
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problem for the domestic connection valves as they are designed for a pressure of 10
bar.

5.3.7 Leakage test of the piping network at an operated plant
Should there be the hint for a leakage in an operated plant due to increased
current use the leakage is to be detected as follows:

1. All domestic valves are cut off the current so that they cannot open any more.
2. All pipelines leading into the pump station are pushed.
3. The pipe lines are opened one after another. Due to loss of vacuum the pipe
line with the leakage will be easily detectable.
4. The faulty pipe line is put under pressure of 10 bar from the pump station. The
leakage will then show within minutes.

5.4 Vacuum Pump Station with Hydraulic Conveyance of Sewage
by Pumps in wet position18
Explanation for the building of vacuum pump stations with which sewage is
conveyed by sewage pumps
They are similarly suitable for small and big locations but it has to be considered
that for the further conveyance of the sewage a manometric conveyance height of
approx. 28 m should not be exceeded because otherwise the conveyance output and
the used energy can be too high.

Fig. 5.32. Typical sewage pump chart of a
pump with ducted impeller 33

Q → pump capacity l/min

18
33
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In comparison to the dry positioning the sewage pumps are directly mounted
as submerged engines in the vertical arranged vacuum tanks. The pump is
permanently flushed with water. It pumps from a vacuum area of -0.6 to -0.7 bar
vacuum which is being decreased by the static pressure of the water column being
approximately 2.0 m high on average in the vacuum tank so that a conveyance from
an area of approx. -0.4 bar vacuum is effectively executed. This helps save approx.
20% conveyance costs of the sewage pump.

At least two vacuum tanks are arranged In front of the pump station in the
soil. They shall dispose of a volume of 10 to 12 m3. The useable storage height in the
tank depends on the amount of connected inhabitants. (s. calculation of storage room
page 165). The wall thickness has to be at least 10 mm. They are to be insulated
against corrosion. The insulation test is to be executed with 14,000 Volt.

Fig. 5.33. Pump station with hydraulic conveyance

The arrangement of pumps has to be such that at least one vacuum pump and one
sewage pump operate one vacuum tank. The vacuum pumps have to be connected
by gate valves so that they can mutually operate the vacuum tanks.
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These pump stations have the advantage of conveying sediments from the vacuum
pipes and no deposits of sediments occur. The entire construction is cheap, well
arranged and only needs low maintenance costs. The building of such plants is
recommended.

Fig. 5.34. Top view Pump station with hydraulic conveyance 18

5.4.1 Calculation example for a vacuum pump station in which the
sewage is conveyed by sewage pumps:
Rural community:

300 Inhabitants

Largest line length:

1000 m

Distance from pump station to sewerage plant:

650 m

Height Location of community and pump station:

52.30 m NN

Height of inlet into the sewerage plant:

57.00 m NN

Over ground Structure
Chosen:

1 mounted garage approx. 3.0 x 6.0 m
Static on 4 base points

18

Unterdruckentwässerung – Abwasserbeseitigung im ländlichen Raum, R. Schluff

- 159 -

Reinhold Schluff - Vacuum Sewerage System

Calculation of Vacuum Pumps
Air need = 6 l / Inhabitants / Minute
Necessary air demand:
300 Inh, Inh’ x 6 l / min. = 1800 l / min
1800 l / min x 60 min = 108.000 l = 108 m³ / h

Example 1
For avoiding a provision of high peak current the necessary output is divided
to 2 main vacuum pumps. (s. page 90/91 characteristic curves vacuum
pumps)

Chosen:

Pump 1 Basic load

V 95 = 68 m³ /h

Pump 2 Peak Load

V 95 = 68 m³ / h

Total:

136 m³ / h

Technical Data:
Pump 1:

Driving Speed 1470 U/min
Connection Value 2,1 kW
380 V / 50 Hz

Pump 2:

Driving Speed 1470 U / min
Connection Value 2,1 kW
380 V / 50 Hz

Vacuum reserve pump: like main pump, 1 V 95

Example 2
Chosen:

Main Pump

V 155 =

120 m³ / h

≥

108 m³ / h

Technical Data:
Main Pump 1:

Driving Speed 1450 U / min
Connection Value 3,8 kW
380 V, 50 Hz

Vacuum reserve pump: like main pump , 1 V 155
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Evaluation of the pump choice
Qs, the peak discharge in sewage only takes place twice a day each for
approx. two hours. It can thus be assumed that previously only the basic load
for the disposal is to be operated. Therefore a division into two different pump
sizes, like in example 1, is more favourable and the costs for current are less.
In example 1 only 2,1 kW is necessary for operation of the basic load while in
example 2 it is 3,8 kW.

Interplays of the vacuum pumps
Chosen Example 1
Vacuum Main Pump
Basic Load

Vacuum Main Pump
Peak Load

Vacuum Reserve Pump

Ι__________________________Ι
1 hr. Operation
Main- and Basic Load

1 hr. Standstill

afterwards:

|___________________________Ι
1 hr. Standstill

1 hr. Operation
Main- and Basic Load

Vacuum tanks
Chosen:

2 vacuum tanks with 10 m3 volume each
Tank diameter: 2.0 m

Calculation of the Sewage Pumps
Waste Water Flow:

or

Qs

=

300 x 0. 05 l / s

Qs

=

1.5 l / s

Qs

=

5.4 m³ /h
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Storage Room (Pump Sump)
Useable Storage Room

V=

0.018 x 300 =

V max =
chosen : Useable Storage Room V

=

5.40 m³

V vacuum tank
10,00
——————— = ——— = 5.0 m³
2
2
5.00 m³

≤ V max

Storage Volume per running meter tank
d² x ¶
———
4

x 1.0 m

2.0² x 3,14
————— = 3.14 m³
4

Calculated Storage Height:
Total Storage Volume
5.00 m³
——————————
+ 0.25 m = ——— + 0.25 = 1.59 + 0.25 = 1.84 m
Storage Volume per running meter
3.14
Switch-on Level of Sewage Pump above Tank Bottom

=

1.84 m

Switch-off Level of Sewage Pump above Tank Bottom

=

0.25 m

Conveyance Current:

Qp

≥

Qz max

Qp

≥

1.5 l

Qp

≥

0.0015 m³

=

0,9 m / s

=

Qp
—
v

=

d

=

1,13 √ F

d

=

1,13 √ 0,00167

d

=

1,13 x 0,04

d

=

0.045 m

Pressure Pipe 17
chosen:

v

Pressure Pipe F

0.0015
———
0,9

=

0 .00167 m“

< 80 mm

Therefore a pipe diameter of 80 mm is chosen and a flow rate of v = 1.0 m /s.

17

Abwassertechnik, Hosang/Bischof, b. G. Teubner Stuttgart 1989

- 162 -

Reinhold Schluff - Vacuum Sewerage System

Manometric Conveyance Height hD = hr + hgeo

=

L
v2
— x —— + .,0 m
d
2g

hr

=

650 x 12
0,03 x ———————— + 7.0 m
0.08 x 2 x 9.81

=

0,03

650
—— + 7.0 m = 19.42 m
1.57

hr

hr

hgeo =

57.00 m – 5.,30 m =

hD

19.42m + 4.70 m = 24.12 m

=

4.70 m

Choice of the Sewage Pump
Chosen: ducted impeller pump, diameter 80 mm
For Qp

=

1.5 l / s + 10 % addition = 1.65 l / s

hD

=

24.12 m

Pump according to characteristic curve ducted impeller, diameter 80 mm
Output according to characteristic curve at 24.12 m hD = 7.0 l / s

New calculation of the flow rate in the pressure pipe
Qp
existent v = —— [m/s]
F
0,007
= ——— = 1.4 m/s
0.005
Note:
The flow rate v with 1.4 m/s is too high. The pump manufacturer has to be
contacted in order to adjust the inducer to the required conveyance output.
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Necessary Adjustment:
Chosen flow rate in the pressure line:

v = 1.0 m/s

Qp necessary = F * v [m3/s]
Qp necessary = 0.005 * 1,0
Qp necessary = 0.005 m3/s
Qp necessary = 5.0 l/s

Operation data of the chosen pump:
Engine output P of characteristic line

=

6 kW

Driving speed

=

1450 U/min

Tension

=

380 V

Conveyance current Qp adjusted at hD =

24.12 m = 5 l/s

Vacuum Tanks
Vacuum tanks shall have a usable volume of 10 m3 each. The diameter of the tanks
should not exceed 2.0 m.

Calculation of the Sewage Pumps
The following factors have to be considered in the calculation of the sewage pumps:
Waste water flow

Q

Storage room

V

Conveyance current

Qp

Operation

max i

Pressure pipe

DN

Manometric Conveyance Height

hD

Waste Water Flow Q17
Q = 150 l / Inh / day (compare worksheet ATV, Arbeitsblatt ATV A 118 )
The peak flow Qs in vacuum sewerage plants amounts to 1/8 of the daily amount
according to experiences.
17

Abwassertechnik Hosang/Bischof, B. G. Teubner Stuttgart, 1989
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Q
150 l / Inh / d 150 l / Inh / d
Qs = — = —————— = —————— = 0.005 l / s / Inh
8
8
8 x 3600
or

0.018 m³ / h / Inh

Storage Room V (pump sump)
The storage room height results from the amount of connected inhabitants and the
maximum exposure time of the waste water in the tank. The time of six hours should
not be exceeded here (danger of fouling water).

The longest exposure time of waste water results from Qmin. This is the waste water
flow from the time of approx. 23.00 – 5.00 o’clock. According to empiric calculation it
amounts to approx. 1/5 of Q max.

Qmin =

Qmax
0.005
———— = ———
5
5

= 0.001 l / s / Inh

0,001 x 3600
= ———————
1000

Useable storage room

= 0.0036 m³ / h / Inh

V

= 0.0036 m³ / h / Inh x 6 h

V

= 0.216 m³ / Inh

Restriction:
V max ≤ 50 % of the entire volume of the vacuum tank
Additionally to the useable storage room V a minimum storage height of approx. 25
cm should remain in the tank so that the flushing of the pump flow (inlet) with sewage
is permanently granted and a sucking of the conveyance stream with air is avoided.

Delivery rating
The delivery rating of the pump Qp in l / s has to be higher or equal to the inlet
amount Qz max in l/s.
Qp ≥ Qz max
If extensions of the catchment areas are planned, the corresponding additions have
to be made. The calculation of the pump output results from the inlet amount Qmax
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in dependence of the chosen pressure pipe length and the diameter as well as the
chosen flow rate v.

Operations of Pumps
Sewage pumps should have a break time between the operations.

Experience shows:

Operation max i < 6 / h

As Qs only happens three times a day the pump is having a break nearly the entire
rest of the day anyway.

Due to reasons of safety an addition should be made when choosing the pump
according to the pump characteristic curve. This should not exceed 10 % in smaller
communities and 5 % in larger communities.

Pressure Pipe
The pressure pipe should not be chosen too large due to the high volume of the
static water column. Lentic sewage in non-aerated pressure pipes easily starts to
foul. Therefore the flow rate has to be high enough for sediments not to settle. On the
other hand the pipe diameter must also not be too small due to friction losses.

As a flow rate v = 0.8 - 1.0 m/s is chosen. The measuring of the pressure pipes
depend on Qp.

Pressure Pipe Area

F

d

=

Qp
= —— ,
v

m³/s
[ m² = ——— ]
m/s

4F
√ ——— = 1.13 √ F, [m = √ m²]
π

When choosing the pressure pipe the minimum diameter should not be below 80 mm
(high consistency conveyance, danger of blocking).
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After choice of the pump the pressure pipe has to be re-calculated and the flow rate
has to be determined.
Qp
existing v = —— = m/s
F

This leads to:

Manometric Conveyor Height hD
This is understood as the liquid colum which is readable at the manometer. It
consists of the geodetic conveyor height Hgeo (= Height difference between switchoff level in pump sump, plus strain from vacuum in the tank, approx. 7.0 m and inner
soffit at the pressure pipe outlet) and of the loss height hr due to pipe friction during
conveying (hD = Hgeo + hr). Basically losses by inlet and outlet, bend and fittings
also belong to it but it is enough to only count the energy losses in the straight pipe.

For calculation the loss head hr the formula of
D a r c y – W e i s b a c h with λ according to P r a n d t l – C o l e b r o o k

hr

=

l
λ—
d

λ

=

Loss constant, it decreases with increasing d

*

v²
—
2g

[ m

=

m
—*
m

(m / s2)
———
m / s²

0.03 ...0.025 at d ≤ 500 mm
( detailed finding according to M o o d y - C h a r t )
l

=

Length of the pressure pipe in m

v

=

Flow Rate in pressure pipe in m/s

d

=

Diameter of the pressure pipe in m

g

=

Gravitational acceleration = 9.81 m /s²
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Characteristic Zone DDU 100 ...D
Throttle Curve, --- Lines with same output

Fig. 5.35. Pump characteristic curves 33

Fig. 5.36. Pumps with submersible engine M, Dimensions in mm, weight
Note: After choosing the pump the flow rate v in the pressure pipe
and the manometric conveyance height hD is to be calculated
again according to the technical data of the chosen pump and if
necessary an adjustment of the pump has to be done by the
manufacturer. With these considerable substantial costs can be
saved by a better adjustment.
Fig. 5.37. Supmerged pump 33
33

Brochure Sihi-Halberg
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The Biological Filter
When sucking the sewage from the vacuum lines the vacuum pumps create exhaust
which creates scent emission. The scent can be 100 % eliminated by a biological
filter. The Fig. 5.38. shows a biological filter that had been tested with 2000
connected people. It consists of a concrete box with the dimensions 2.50 x 1.50 x
1.00 m. On the bottom of this box pipe ends of KG – pipe were mounted with
diameter 10 cm, in distances of approx. 30 x 30 cm. On these pipes which served as
base, a PVC-grid with an aperture size of 25 x 25 was mounted. After that it was
covered with a PVC coarse filter pulp.
On this base the filter pulp was put. It consists of shred hardwood. In hot areas
it is useful to install nozzle pipes on the upper edge of the filter in order to avoid
drying-out of the filter pulp at great heat. In the height of the container bottom the
exhaust air to be filtered is let in.
Watering Line
(if necessary)

Filter Pulp

The tests lead to the
following result:
The

exhaust

was

absolutely scentless. After
approx.

one

year

the

bacteria devoured approx.
50 cm of the filter pulp.
The pulp was then refilled.
The trial has been running
for now more than 5 years
and

was

successful.
Exhaust Inlet

Construction:
Concrete, polyester coated

Fig. 5.38. Biological Filter

35

35

Picture library R. Schluff
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Except the refilling of the filter pulb each year there are no further necessary
maintenance works.

5.5 Vacuum Pneumatic Pump Station
It collects the sewage by vacuum and further conveys it pneumatically by
compressed air. With this it is possible to overcome manometric conveyance heights
of approx. 100 m (10 bar) without problems and thus convey waste water over great
conveyance distances of 10 to 15 km without adding relay stations.
5.5.1 Construction of the Pump Station
The vacuum pneumatic pump station consists of a substructure and a ground
structure as mounted part, plug-in mounted. It is dimensioned approx. 3.0 x 6.0 m
and is designed for approx. 300 to 3000 connected inhabitants.
In the substructure the vacuum pumps, compressors, 1 pressure tank as well as
switch and control plants
are located. 3 sewage tanks
are located in the ground
structure. They consist of 8
mm galvanized steel plate.
The number and size of the
vacuum

pumps,

compressors, vacuum tanks
/ sewage tanks depends on
the amount of connected
inhabitants.

Fig. 5.39. Cross section vacuum pneumatic pump station
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Vacuum pneumatic pump stations are basically driven in twin operation due to
reasons of operational safety. They consist of at least 2 vacuum pumps, 2
compressors and 3 sewage tanks. Only 1 vacuum pump and 1 compressor are in
operation so that the costs for peak current are very low.
For avoiding higher construction expenses for the vacuum tanks it should be
committed to two standard sizes.

Size 1:

Dimensions approx.:

Ø

= 1.20 m,

L

= 1.0 m

Ø = 1.20 m,

L

= 2.0 m

Volume ca.: 1 cbm
Size 2:

Dimensions approx.:
Volume approx.: 2.0 cbm

The size and amount of tanks can be taken from the following chart:
300 Inhabitants:

3

x

1 cbm Tank

3000 Inhabitants

3

x

2 cbm Tank

up to

Fig. 5.40. Pump station under construction
35

Picture library R. Schluff
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Fig. 5.41. Pump station substructure 35
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Fig. 5.42. Pumpstation inside

Fig. 5.43. Pump Station – interior

Fig. 5.44. Switchboard

n

Fig. 5.45. Pumpstation view 35
35

Picture library R. Schluff
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5.5.2 Vacuum Pumps
The vacuum pumps evacuate the main vacuum streams until the value adjusted and
readable at the manometer.

With help of pressure controller and the PSC (Programmable Logic Controller) the
vacuum pumps are switched on or off according to need.

The basic load is conducted by a pump. If the vacuum decreases further because
several domestic connections have opened, the next pump switches on up to peak
load. At peak load all pumps run except one. This pump is installed in stand-byoperation for safety reasons just in case one pump fails.

The basic load changes in a half-hour-rhythm between the pumps. Thus it is secured
that all pumps are operational and no pump is strained too much.
5.5.3 Cooling Water Tanks
The vacuum pumps get their cooling and operation water from both cooling water
containers which are located on the left and right side of the vacuum pumps.

5.5.4 Heat Exchanger

A heat exchanger system is
assembled in the lower structure
in the soil which serves to set
down

the

temperature.

cooling
The

water

system

is

connected to the cooling water
containers.

Fig. 5.46. Heat Exchanger
35

35

Picture library R. Schluff
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5.5.5 Extraction of Cooling Water
Approximately half the pumps take the operation and cooling water from the
cooling water containers. One pump each is connected to the cooling water circuit in
the soil and takes care for the corresponding circulation and heat exchange. A
surplus of cooling water or that develops during heat exchanging discharges
automatically approximately in height of the axis of the pumps in free gradient.

5.5.6 Cooling Water Supply
The cooling water supply is effected by a magnet valve which opens, as soon
as the adjusted cooling water temperature is exceeded. The supply amount is to be
adjusted with the needle valve which is located in front of the magnet valve (slow
supply).

5.5.7. Compressors
The compressors create the pressure in the storage tank. If the pressure in the
storage tank decreases, because a blow-off valve was opened, one compressor
switches on in order to get the pressure back to the adjusted value.
The second compressor is installed in stand-by-modus for safety reasons and
in case the first compressor has to be maintained. The operation from load to standby changes through a special switching after 6 hours so that the compressors are
constantly strained and the operating ability is controlled. The pressure from the
control tank (activation of the magnet valves) shall not exceed 4.5 to 5.0 bar
(otherwise switching error).

5.5.8 Functioning (Operation Procedure)
The plant is automatically controlled by the PLC. After switching on the plant
the sewage tank is evacuated up to the pre-adjusted preparation pressure of
approximately 0.20 to 0.35 bar. The preparation is necessary in order to grant a
possibly impact-free changeover in the switching process. The amount of air being
sucked through the preparation–bypass is adjusted by a valve. The adjustment has
to be done in a way that the evacuation of the tank is achieved in approximately 30
seconds. After finishing the preparation the tank is automatically taken into the main
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vacuum operation. The vacuum is increased to -0.6 – -0.7 bar. After the first tank is
filled, it is blown by compressed air. During this time the second tank takes over the
main vacuum operation. After the end of blowing time the collection tank is unloaded
until the tank is pressureless and then re-prepared to -0.20 – -0.35 bar. This interplay
is executed one after the other between all three tanks.
In automatic-operation no actions can be taken on the control of the collection
tanks. Only the vacuum pumps and the compressors remain controllable. If a tank is
put out of operation the interplay is conducted between two tanks.

5.5.9 Supervision and Fault Indication
All operation procedures and control procedures in the pump station are
supervised by the PSC resp. the PC. In case of a fault indication the following
messages are transferred from the pump station:

a. No vacuum
b. No pressure
c. Blackout
d. Vacuum pump temperature too high
e. Compressor temperature too high
f. Fault in sewage tank

The transfer is conducted to an internet address or fax to any named spot.

5.5.10 Operation Interplays of the Sewage / Vacuum Tanks
For evaluation of the possible time intervals of the operation interplays ts of
the tanks it is necessary to calculate the total time ts between beginning of filling,
discharging and re-building of the vacuum.

ts consists of the following factors:
Filling time tf + switching time tu + blow-off time of tanks ta + after blow time tn +
neutralisation time of the pressure ratio tneu + re-building of vacuum in tank tv.
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Filling Time tf
Results from the peak flow Qs (comp. Work Sheet 118 ATV)

Q

=

150 l / Inh / T

The peak flow Qs amounts to 1/8 of the daily quantity for vacuum sewerage plants
according to experience.
Qs

Qs

=

Q
—
8

150 l/Inh/T
————
8

=

150 l/Inh/T
————
8 * 3600

=

=

0.005 l/s/Inh

or
Qs

=

0.30 l/min/Inh

Tank filling time

tf

=

V Tank
————
Qs

Switch-Over Time of Valves tu
For switching over pneumatically controlled valves need a time tu. The total
time consists of the number of valves. The switch-over times of the single valves can
be summarized. From empiric calculations it is shown a tu of 20 seconds.

Blow-Off Time ta for the discharging of sewage tanks
The blow-off time depends on the tank volume V, the necessary flushing
pressure psp for the pressure line and the off-flowing quantity of sewage in the
pressure line Qab in l/s. The quantity of off-flowing waste water Qab results from the
diameter of the pressure pipes and the flow rate.
ta

=

V Tank
————
Qab l/s
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ta

=

V Tank
————
F*v

After-Blow Time tn
After blowing of the pressure line is necessary if the waste water to be
conveyed starts fouling because the time of remaining between inlet and outlet is too
long. The beginning of the fouling process depends on the temperature. The longest
remaining time should not be more than 6 hours as, according to experience, in our
latitudes the fouling process then starts.
The critical point will mostly occur at night. The remaining time is therefore
influenced by Qmin. In larger plants the interplays of the tanks during day time will, in
their mostly very short order, not provide any time for after blowing or complete
blowing of the pressure line. But this is possible at night without problems. The long
break between the next interplay should here knowingly be used in order to conduct
a partly after blowing or complete blowing of the pressure line. This makes more
sense and is more economical than for example measuring the pressure line
according to Qmin.

The necessary and possible afterblow time is to be calculated as follows:
Two load cases are to be examined:
Load Case 1:

Longest remaining time of waste water in the pressure pipe
during day time.

Note:
A continuous occurrence of waste water, distributed over 24 hours, is assumed. The
peak times are neglected as they are only occurring very short.

Remaining Time in Pressure Pipe =

24 :
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d² * π

Remaining Time in Pressure Pipe

=

24 :

(0.15 m³/E/d : ———— * L )
4

The result has to be ≤ 6 hours.

At a higher value it has to be afterblown, blow fed or aerated. The need depends on
length and volume of the pressure line.

Afterblowing means:
After afterblowing of the tank the valve stays open for the necessary time of
afterblowing. This means the air gets into the pressure line through the tank. This will
mostly be possible only in smaller plants (low number of inhabitants).

Blow feeding means:
The compressor only blows the tank empty, the valve between tank and
pressure pipe closes afterwards. The pressure volume stream is controlled and only
flows directly into the pressure line for blow feeding. The blow feeding can be
restricted to a part-length of the pressure line but it can also blow the entire pressure
line free from sewage. In smaller plants this operation will mostly be necessary during
day and night whereas in bigger plants it will be necessary only at night.

Loading Case 2:

Highest remaining time of sewage in the pressure pipe during
night time (Qmin)

Note:
Not the average of the 24-hour-discharge is taken as a basis but the actual sewage
amount occurring during the night. The overlapping of both quantities is neglected.
The pressure pipe has to be completely filled at least once in the course of 6 hours.

Waste Water Flow Qmin * 6h
Remaining Time in Pressure Pipe = ———————————————
Volumen Pressure Pipe (m³)
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At a smaller result the missing amount is to be completed compressed air by 1,0 in %
of the entire filling amount of the pressure line.

Necessary air amount for afterblow (m³) = 1,0 * Volume Pressure Pipe – (Qmin * 6h)

1,0 * d² * π * L
——————— - ( 0.0036 x Inh * 6h)
4

The necessary amount of air is to be distributed to the amount of tank interplays
within 6 hours.

Amount of Tank Interplays

Qmin * 6h
—————
V Tank

Necessary air for each Tank Interplay = 1,0 * Volume Pressure Pipe – Qmin*6h :
Qmin *6h
————
V Tank

Air to be blown out at each tank change
Afterblow Time per Tank filling = ——————————————————
F*v

Neutralisation time of pressure ratio tneu
Results from the reduction of the blowing overpressure in vacuum tanks up to
a pressure ration ± Zero. According to empiric examinations 2 minutes are to be
planned for this.
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Re-establishing of vacuum in tank tv
The re-establishing of the vacuum in the tank depends on the size of tank and
vacuum pumps. According to empiric calculations 40 seconds are to be planned for
this.

5.5.11 Summary of the calculation factors of the interplays of the tanks

ts =

tf + tu + ta + tn + tneu + tv

ta = tf + 0,33 min + ta + tn + 2,0 min + 0,67 min

ts = tf + ta + tn + 3.0 min

Important:

tf ≥ ta + tn + 3.0 min

Pressure air storage time tsp
This is the time difference between filling and blowing time. For calculation of
compressors in connection with pressure heat storage boiler it is important to
calculate the available time for the storage procedure between two blowing
procedures.

This amounts to:

Compressed air storage time tsp =
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5.6 Calculation of the necessary flushing pressure for the
pressure line10
General:
Closed sewage lines flushed with compressed air signify a new development
for the transport of sewage on long distances. The procedure is especially suitable
for connecting outlying sewage areas to central sewerage plants. The compressed
air flushing causes a reduction of the time the sewage remains in the line. After each
pneumatic flush and blow procedure air gets into the line, which on the one hand
serves the conveyance of sewage but on the other hand also hinders the discharge
considerably by developing air inclusions. Although the characteristics of the air
inclusions are partly coincidental the filling levels can be determined which are
decisive for the measurement.

Greater air inclusions accumulate behind the high points in the gradient parts
of the line after one flush. In these parts a gravity flow respectively a partly filled
condition exists. Gravity flow respectively part-filling occurs in all line areas in which
the line gradient (J) is higher than the hydraulic gradient. Assuming stationary
constant conditions in these sections the energy line is parallel to the pipe axis so
that energy losses are higher than in the pipe sections without air inclusions. The
lower discharge capacity resulting in the pipe sections with air inclusions has to be
compensated by an accordingly higher flush pressure. It might be that for the
measurement of the flush procedure also the full-bore condition is deciding.

Starting at a certain flow rate an air discharge is effected in which due to the
flow the entire air inclusion is put into movement and is removed. The formula for the
minimum flow rate at which the line surely aerates itself is as follows:
VK min

=

(0,825 + 0,25 √J) √g * d

(from: Wiesner, Mohsen, Kouwen „Removal of air from water lines by hydraulic means“)

When neglecting the gradient the following minimal flow rates for the single pipe
diameters arise:
10

Arbeitsbericht der ATV-Arbeitsgruppe 1.1.6, Korrespondenz Abwasser 1/1987, Seite 70ff
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1.

2.

3.

4.

5.

DN 80
———
VK min

= (0.825) * 9.81 * 0,08 = 0.75 m/s
═════

DN 100
———
VK min

= (0.825) * 9.81 * 0,10 = 0.82 m/s
═════

DN 125
———
VK min

= (0.825) * 9.81 * 0,125 = 0.91 m/s
═════

DN 150
———
VK min

= (0.825) * 9.81 * 0,15 = 1.00 m/s
═════

DN 200
———
VK min

= (0.825) * 9.81 * 0,20 = 1.16 m/s
═════

During the flushing procedure instationary conditions exist. Furthermore longer areas
develop in which an air-water-mixture exists. Therefore a detailed recording of
discharge is not possible. In the following estimation formula the calculation context
between flow rate v and flushing pressure psp is indicated under the condition of
distinct cutting surfaces between water and air:

v=

2 d (psp + ρ * g * lp * J)
√ ————————————
λ * ρ * lp

d:

Pipe diameter [m]

ρ

Density of water [kg/m 3]

g:
lp:

gravity acceleration [m/s2]
Length of water plug to be
flushed [m]
middle down-grade (in
gradient positive, in
ascending slope negative)
Friction value [-]

J:
λ
Jv

Hydraulic gradient in Full-bore area

Jt

Hydraulic gradient in partly filled area

hman

manometric pressure head

hv

pressure head at complete filling of line

ht

pressure head at chapter-wise filling of line

∆^h

head loss in the entire line at part-filling

∆hv

head loss in the entire line

∆^ht

head loss in line parts with part-filling

∆^hv

head loss in line parts with complete filling

∆z

ground level difference

A flushing rate of v = 1.0 m/s is to be intended.
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5.7 Example for pneumatic sewage conveyance10
Due to the variety of possible situations the problem and solution shall be
exemplary indicated as follows:
General task
The sewage transport line shown in the longitudinal cut (DN 200, l = 2.8 km) shall be
designed for a measured discharge of Q = 20 l/s. The sewage is conveyed with
compressed air, the line partly flushed with compressed air. At the end of the line
there is free outflow under atmospheric pressure. As a detailed finding of the actual
discharge characteristic is not possible, the two most unfavourably load cases are
examined.

Fig. 5.47. Longitudinal Cut through a Sewage Transport Line

Flow Rate at Complete Filling of Line

vv

=

Q
————
π d2/4

=

0.637 m/s

5.7.1 Critical Velocity for the Self-aeration
According to equation:

vK

=

(0.825 + 0.25 √J ) √g * d

for line section 6 with the lowest gradient

10

(J

=

1.0 °/∞

=

vk

=

1.167 m/s > vv = 0.637 m/s

0.001)

Arbeitsbericht ATV-Arbeitsgruppe 1.1.6, Korrespondenz Abwasser 1/87, Seite 70ff
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Thus in no line section a total self-aeration is granted, that means it has to be
reckoned with air inclusions.

5.7.2 Hydraulic gradient at full-bore of line
The hydraulic gradient is equal to the energy line gradient at stationary
constant discharge behaviour that can be assumed here in sections. For an
operational roughness of Kb = 0.25 mm the equation of Prandtl-Colebrook shows at
full-bore of the line an energy line gradient as follows:
JV

=

0.00238

=

2.38 °/∞

If the gradient of a line section is smaller than Jv, the measured discharge can
only be done under pressure. This is the case for line section l6 except for the lines
with gradient (l1, l2, l5 und l8). In the sections l3, l4 und l7 the line down-grade is bigger
than Jv so that here a part-filled-condition is possible and the air inclusions can
maintain themselves.
5.7.3 Pressure head at full-bore of line
Load case 1
With a head loss of ∆hv = Jv * l

= 0.00238 * 2800 = 6.66 m

The pressure head at the entry amounts to:
hv

=

z9 - z1 + ∆hv

= 3.91 m

5.7.4 Pressure head at section-wise partly filling of line
Load case 2
In the sections J < Jv the outflow is effected under pressure. Thus for these areas
counts:
∆^hv =

Jv ( l1 + l2 + l5 + l6 + l8 ) = 3.57 m

In the remaining sections a gravity flow exists so that the following counts:
∆^h

=

∆z3 + ∆z4 + ∆z7

=

7.80 m

The entire pressure head loss then amounts to:
∆^h

=

∆^hv + ∆^ht

= 11.37 m

and the necessary pressure head at the entry:
∆^ht

=

z9 - z1 + ∆^h
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15.7.5 Necessary flushing pressure
After emptying the sewage/ vacuum tanks further compressed air is added
unchanged so that a flushing of the line is effected.
The following equation indicates the velocity with which a water drop flows off:
2 d (psp + ρ * g * lp * J)
v = √ ————————————
λ * ρ * lp

According to psp calculation it results:

psp

=

λ * ρ

lp * v2
———— - ( ρ * g * lp * J
d *2

The demanded flow rate shall
amount tov = 1.0 m/s. The friction
value for this amounts to

λ

=

0,021 according to the graph.
Dependence

between

friction

value and the inner pipe diameter
at a flow rate of v = 1.0 m/s and an
operational roughness of k b = 0.25
mm. Both initial conditions of the
line full-bore and part-filled are
observed:
Fig. 5.48. Friction value 10

For fully filled line in the beginning the following applies:
lp = l = 2800 m and J = (z1 - z9 / l = 0.00098

10

Arbeitsbericht ATV-Arbeitsgruppe 1.1.6, Korrespondenz Abwasser 1/1987, Seite 70ff
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Therefore follows:
2800
1,02
psp = 0.021 * 1000 * ——— * ——— - 1000 * 9.81 * 2800 * 0.00098
0,20
2
psp = 120022 N/m2 = 1.20 bar (load case 1)

For initially part-filled line the following counts:
lp = l1 + l2 + l5 + l6 + l8 = 1500 m und J = (∆z1 + ∆z2 + ∆z5 + ∆z6 + ∆z8) / lp = 0.00337.
The influence of the kept air cushion, that means the changing of its length and the
time-delay until the last water drop has been put into movement are neglected here.

The necessary flush pressure then amounts to:
1500
1,02
psp = 0.021 * 1000 * ——— * ——— - ( 1000 * 9.81 * 1500 * -0.00337)
0,20
2
psp = 128340 N/m2 = 1.28 bar (Load case 2)
chosen flush pressure: psp

= 1.3 bar

5.7.6 Compressors and Pressure Boiler
Compressors have to fulfil different tasks and air outputs each according to the
chosen operational procedure and the chosen operation times.
5.7.7 Different Operation Procedures
a. Blowing out of vacuum tanks
The measuring of compressors is here effected according to the blowing out
pressure (flushing pressure psp), the given tank size V and the chosen blow
out time.
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b. Blowing out of the vacuum tank and afterblow of the pressure line in given
length. The measurement of the compressors is here effected according to the
blow out pressure (flushing pressure psp), the tank size V and the chosen air
cleaning and afterblowing time.

c. Air cleaning of vacuum tank and compressed-air-line on the entire length. The
measurement of the compressors is here effected according to the pressure
(flushing pressure psp), the tank size V, the volume of the pressure line from
entire length and the chosen air cleaning time.

5.7.8 Necessary Volume Stream Vs of Air Output
The air cleaning time of a tank is determined by the flow rate to be reached in the
pressure pipe, the same applies to the necessary air volume flow.

A variety of calculations has shown:
If the filling time of a sewage tank is not considerably longer than its cleaning time,
the arrangement of a pressure boiler is not economical.

The volume stream (air output) necessary for the execution of the different
operation procedures can directly be done by the compressors or with help of a
compressed air store. The store can be filled with compressed air during the storage
time tsp (time after finished cleaning / afterblowing or re-beginning of afterblowing).
This arrangement can be of advantage especially if high pressures and high volume
streams during short blowing time are achieved.

If the filling time of a tank is a longer period of time than the blowing time the
time difference between filling and blowing can be used to fill the storage boiler with
the over pressure of blowing.

The pressure difference between air cleaning pressure and stored
overpressure can be usefully called up for blowing the tanks. The energy to be used
is not decreased here because the output to be reached can be spread over a longer
period of time.
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The substantial expenses for the peak flow of a pump station depend on the
Rules of the EVU, especially on the largest single user. As the choice of vacuum
pumps is inevitably effected according to the use (output in kW) the output of the
chosen single compressor should possibly not be higher than of the vacuum pump
and the achieved total output should be divided to two single compressors. This is
especially important because the stand-by reserve of the aggregate should be 100%
due to safety reasons. For several aggregates it can be assumed that according to
human assumption only one aggregate at a time fails. The stand-by reserve can
therefore be restricted to the disposal of a single aggregate.
Example:
Necessary compressor output 12 KW
Chosen for operation:

necessary spare aggregate:

1 compressor 12 KW

1 compressor 12 KW

5.7.9 Screw-type compressor
The screw-type compressors can be operated at high operation pressures
(maximum operation pressure 13 – 15 bar). The plants are delivered operational
including all safety equipment and connections. The noise emission of the sound
absorbed plants amount to a size of between 68 and 74 dB (A).
In order to simplify the selection process the manufacturers of the compressors have
determined the following pressure steps:
5 bar
8 bar
10 bar
15 bar
and more

Interim values are adjusted by additionally
connecting pressure reducers.
Fig. 5.49. Screw compressor 34

34

Brochure Kaeser compressors
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Compressors

are

characterized

by

different

features.

The

different

manufacturers offer high-capacity and low-capacity, high-maintenance and lowmaintenance and -considering quality- considerably different plants. But special
characteristics are shown by all technically advanced compressors in the same way.
Of all compressors the following shall be averagely achieved:
Air volume flow per KW = 115 l/min (at 20°)
The output is indicated in l/min under normal atmospheric pressure. At higher
pressures the conveyance stream decreases in l/min accordingly. From the following
chart the decrease in % towards the basic output at normal atmospheric pressure
can be seen.

Example:
Compressor output: 300 l/m
at 5 bar

= 78 % of output

300 l/min * 78 %

= 234 l/min

Fig. 5.50. Volumetric Efficiency for One-Level Compressors [%] 34
Note:
All pressure calculations refer to a temperature of 20° C. The compressors are to be
measured according to the volume stream that is necessary for the blowing out of the
sewage tanks.
Important!
The compressor output has – in any way – to be measured in a way that the volume
stream - being necessary for the blowing out of the sewage tanks for the sewage
occurring during the peak times - is sufficient.

34

Brochure Kaeser compressors
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5.7.10 Definition, calculation formulas for compressed air
Air Volume

VL

Volume Stream

VS

Volume Stream, useable

VSn

Vacuum Tank Content

VK

Pressure

PD

Tank filling time

tf

Blow out time

ta

After-blow time

tn

Compressed Air Storage Time

tsp

Volume of the Heat Storage Boiler

VSP

Compressor Output

KP

Necessary volume stream VS, l/min (Compressor output) for blowing out the sewage
tanks:

VS =

Tank Content VK * Pressure PD
————————————
Blow Out Time ta

Compressor Output KP in kW

Number of compressors

=

Volume Stream VS (l/min)
———————————
115 l/m

Volume Stream VS (l/min)
= ————————————————
Compressor Output. (l/min) compressor
or

Number of compressors

=
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According to the calculation of the compressors the storage of compressed air
should definitely be examined. The compressor output in kW is determined by the
relatively short term necessary volume stream for the blow out of the sewage tanks.
The tank filling time is bigger than the blow out time during peak load. Thus there is
the possibility to partly store the necessary air for the blow out procedure during the
differential time between filling time and blow out time with a lower compressor
output.

5.7.11 Calculation of the Compressed Air Storage Time tsp

tsp

=

tf - ta

as long as tsp is ≤ 1 any further examination is needless as the useable storage
time is too low.

5.7.12 Calculation of the Compressed Air Storage Boiler
In operation poor times a part of the compressor can be switched off and a
blow out spare air amount can be operated to a storage tank. The storage of the
spare air amount can thus be effected over a longer period of time and at an
accordingly lower kW-peak current output. Furthermore the operating ability of the
plant is increased.

Calculation of the necessary air volume VL (l) for blowing out the sewage tanks.

VL

=

Volume Stream l/min * Blow Out Time ta

5.7.13 Calculation of the necessary Compressor Output
For the calculation the necessary air volume for the blowing out of the sewage
tanks is distributed to the blow out time and the storage time.
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Air Volume VL
Necessary Volume Stream =
———————————————
(Compressor Output l/min)
Blow Out Time ta + Storage Time ts

5.7.14 Choice of the Pressure Level of the Compressor
The pressure level of the compressor is to be determined according to the
required pressure in the storage boiler.

5.7.15 Pressure in the Storage Boiler
The pressure in the storage boiler has to be higher than the necessary blow
out pressure. It makes sense to choose the storage pressure, if possible, twice as
high as the blow out pressure. But the pressure level of 15 bar should not be
exceeded as otherwise only special manufactured compressors could be used.

5.7.16 Choice of the Storage Boiler
The size of the storage boiler should be chosen according to the local
possibilities. The calculation of the useable storage boiler volume Vspn is as follows:

5.7.17 Useable Storage Boiler Volume Vspn
Storage Boiler Content (l) * Storage Pressure PDs
- Storage Boiler Content (l) * Blow out pressure PDa
or
Useable Storage Boiler Volume Vspn =
Storage Boiler Content (l) * Differential Pressure bar

Calculation of the useable volume stream from the storage boilers

Useable Volume Stream

Compressor Output * Storage Time * tsp
=
——————————————————
Blow Out Time ta
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Volume Stream exist.

=

Volume Stream Compressor + Volume Stream Storage Boiler

5.8 Separation Building Air – Water 35
When conveying the waste water from the vacuum pump stations
pneumatically with help of compressors not only sewage but also air is being
conveyed. The air inclusion develops in the pressure line after the blowing out of the
vacuum tanks because the compressors run further. This does not happen by
coincidence but is being operated consciously in order to achieve a certain amount of
air in the pressure line. Thus the sewage amount is decreased and the flow velocity
is increased. A pulsating effect develops which avoids sediments and high
consistencies.

According to the experience the compressors should run further 2 to 3 minutes
after blowing out the tanks. Sewage and the included air are under the same
pressure conditions. Whereas on the outlet, in the relaxation, the volume of air
amounts

to

a

multiple

compared to the water.
At the end of the pressure

AIR Outlet

line, in front of the inlet of a
gravity system or a sewage
plant therefore a relaxation
building is absolutely to be

Sewage Inlet
Sewage Outlet

arranged.
The separation building is to
be measured in its size
according to the number of
connected pump stations.

Fig. 5.51. Separation Building 35
35

Picture library R. Schluff
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It consists of a container in which the pressure line is set tangentially approx. in half
of the height. On the bottom of the container a gradient drain gutter is to be arranged.
On the cover a discharge nozzle for exhaust is to be installed.

Function:
Sewage and air get in under pressure into the round container. Thus a kind of turbine
effect develops where kinetic energy is eliminated. The sewage falls down and flows
out through the drain gutter while the air escapes upwards through the aeration
nozzle.

The Fig. 5.51. shows a separation building to which a pressure line of six
communities is connected. For single communities a concrete shaft with a diameter
of one meter is sufficient, in which the arrangement of inlets and outlets are to be
done analogously.

5.9 Calculation example for a vacuum pump station in which
the sewage is conveyed pneumatically
5.9.1 Calculation basics:
Rural community, A - village 800 inhabitants (Inh), inhabitant equivalent (Inh’)
Largest Vacuum Line Length approx.

2.000 m

Distance Vacuum Station – Sewerage Plant:

3.800 m

Altitude of the Village and Pump Station:

10.00 m

Altitude of the Sewerage Plant:

38.50 m

Chosen:

Pressure Line DN 100,

v = 1.0 m / s

The village is to be disposed by a vacuum sewerage, the sewerage shall be
conveyed by a vacuum pneumatic pump station.

Structure of pneumatic pumpstation
Chosen:

prefabricated garage approx.
substructure, measurement as superstructure
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5.9.2 Calculation of the vacuum pumps
Air demand = 7.5 l / Inhabitant / min
800 Inh / Inh’ * 7.5 l / min =

6000 l / min

6000 l / min * 60 min

360000 l = 360 m3 / h

=

The necessary total output is distributed to three pumps in order to avoid high peak
currents.
Chosen:

3 x V 155

= 3 * 125 m3

=

375 m3 / h

≥

360 m3

Basic- and Peak Load have to be operated through the pumps. For avoiding high
switch-on currents switch-on delays are foreseen.
Switching Point Pump 1

-0.6 bar

Switch-Off Point

Switching Point Pump 2

-0.6 bar

10 sec. time-delayed
Switch-Off Point

Switching Point Pump 3

-0.58 bar

-0.7 bar

-0.68 bar

10 sec. time-delayed
Switch-Off Point

-0.64 bar

When indicated a local re-adjustment is necessary after observing the interplay
characteristics of the pump.
Technical Data:
Drive:

1450 U / min

Connection Value:

4 kW, 380 V / 50 Hz

Vacuum Spare Pump:

as Main pump, 1 x V 155

Note:
As according to human assumption only one pump at a time can break down, the
spare holding refers to only one pump.
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5.9.3 Operation Interplays of the Vacuum Pumps
1. Hour
Pump 1

Pump 2

Ι________________Ι
│
Basic Load

Pump 3

Pump 4

Peak Load

Standstill

Pump 3

Pump 4

2. Hour

Pump 1

Pump 2

Ι___________________________Ι
│
Basic Load

Standstill

Peak Load

3. Hour
Pump 1

Pump 2

Pump 3

Pump 4

Ι________________Ι
│
Peak Load

Standstill

Basic Load

4. Hour

Pump 1

Pump 2

Pump 3

Pump 4

Peak Load
Standstill
│__________________________________________________│
│
Basic Load
Vacuum Tank
Chosen:

3 Tanks Φ 1.20 m, L = 2.0 m
Useable Content approx. 2.0 m3
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5.9.4 Interplays of the Sewage-/Vacuum Tanks
Fill time tf:

Q

= 150 l Inh. /day

= 150 *

800

Qs

= 0.30 I / min /Inh. = 0.30 * 800

tf:

V Tank
= ————
Qs

= 120.000 l
=

240

2000 l
= ———— = 8.33 min
240

V Tank
Blow Out Time ta: = ————
F * v

ta

102 * 3.14 * 1,0
= 2.00 m : ————————
4

ta

2,00 m3
= ——————— = 254.78 s
0.00785 m3/s

3

= 4.25 min

5.9.5 After Blow Time tn
Load Case 1
Quantity of Waste Water Q (m3)
24 : —————————————
Volume Pressure Line (m3)

Remaining Time in Pressure Line

Remaining Time in Pressure Line

0.10 m2 * 3.14 * 3800
= 24 : [ ( 0.15 m3 * 800) : ———————————]
4
120
24
= 24 : ——— = —— = 5,.97 hours ≤ 6
29.83
4.02

Result:
During the day an after blowing of the lines is not necessary
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Load Case 2
Remaining Time in Pressure Line:
Quantity of Waste Water Qmin (m3) * 6 h
——————————————————— ≤ 1
Volume Pressure Line (m3)
0, 12 * 3,.14 * 3800
= 0, 0036 * 800 * 6 : —————————
4
17.28 m3
= ————
29.83 m3

= 0.58

≤ 1

Result:
During the night (23.00 to 5.00 o’clock) air has to be blown after.
Necessary after-blow-quantity in m3
= 1, 0 * Volume Pressure Line - (Qmin * 6 h)
=

d2 * π * L
1.0 * ————— = 0.0036 * Inh. * 6 h
4

0.102 * 3.14 * 3800
= 1.0 * —————————— = 0.0036 * 800 * 6
4

= 1.0 * 29.83 - 17.28

= 12.55 m3

The after-blow-quantity of air is to be equally distributed to the number of tank
interplays effected between 23.00 and 5.00 o’clock.
5.9.6 Amount of Tank Interplays

=

Qmin * 6 h
17.28 m3
————— = ———— = 8.64
V Tank
2.0 m3
approx. 9 Tank Interplays
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5.9.7 Necessary Air per Tank Interplay (m3)
=

1.0 * Volume Pressure Line - (Qmin * 6 h)

=

1.0 * (29.83 - 17.28)
12.55
——————————-- = ———
8.64
8.64

=

1.45 m3

:

Qmin * 6 h
—————
V Tank

5.9.8 After Blow Time per Tank Interplay (min)

=

Air to be blown after per tank interplay
————————————————
F * v

=

1.27 m3
———————
0.00785 * 1.0

=

3.08 min

= 184.71 s

Result:
During the night time ( 23.00 to 5.00 o’clock ) 3.08 min are to be blown after each
tank emptying.
5.9.9 Summary of the Calculation Factors of the Interplay of the Tank
ts

=

tf + ta + tn + 3.0 min = 8.23 + 4.25 + 0.0 + 3.0 min

ts

=

15.58 min

tf

≥

ta + tn + 3,0 min

8.33

≥

4.25 + 0.0 + 3.0

8.33

≥

7.25 min
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5.10 Calculation of the Necessary Jetting Pressure in the
Pressure Line18

Invert level
Station

Fig. 5.52. Longitudinal Cut through the Sewage Transport Line
The two original conditions, fulfilling and part filling of the line are calculated:

5.10.1 Necessary jetting pressure at load case1 (full-bore)
=

z1 - z10
10.00 - 38.50
———— = ——————— = - 0.01013
lp
3800

=

lp v2
λ * ρ * — * — - (ρ * g * lp * J)
d
2

Psp

=

3800 1.00
0.024 * 1000 * —— * —— - (1000 * 9.81 * 3800 * - 0.01013)
0.10
2

Psp

=

833626 N/m2 = 8.34 bar

J

Psp

5.10.2 Necessary jetting pressure at load case 2 (part-filling)
l1 =

400 m

h =

-

18.00 m

l2 =

500 m

h =

-

24.00 m

l4 =

500 m

h =

-

14.20 m

l5 =

400 m

h =

-

6.00 m

18

Unterdruckentwässerung – Abwasserbeseitigung im ländlichen Raum, R. Schluff
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l9 =
lp =
J =

400 m
2200 m

h =
z =

-

1.90 m
64.10 m

z
- 64,10 m
— = ————— = - 0.029136
lp
2200 m

2200
1, 02
Psp = 0.024 * 1000 * ——— * —— - (1000 * 9.81 * 2400 * -0.029136)
0.10
Psp = 89281 N/m2 =

2

8.928 bar

Chosen Jetting Pressure:

psp = 8.93 bar

5.10.3 Calculation of the compressors

Necessary Volume Stream (l / min) =

Compressor Output (kW)

Tank Content Vk * Pressure PD
————————————
Blow Out Time t

=

2000 l * 9 bar
———————— = 4235 l
4.25

=

Volume Stream l / min
——————————
115 l / min

=

4235
————— = 36.83 kW
115 l / min
approx.

37 kW

Distribution of the necessary output to single compressors considering the single
users known until then (here vacuum pump 4 kW)

Amount of compressors =

Volume Stream l / min
——————————————————
115 l / min * largest single user kW
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=

4235
—————————
115 l / min * 4 kW

=

4235
——— = 9.2 = 9 Compressors
460

Result:
The distribution of the compressor output to separate compressors of 4 kW is not
economical regarding the initial costs as well as the necessary and required space.
The possibility of using pressure storage boilers shall be examined.
5.10.4 Calculation of the compressed air storage boiler
Calculation of the Compressed Air Storage Time tsp
tsp

=

tf - ta =

8.33 - 4.25 min

=

4.08 min

Necessary Air Volume VL for Blowing out the Sewage Tanks
VL

=

Air Volume Flow l / min * Blow Out Time ta

=

4235 l * 4.25 min =

18,000 l

5.10.5 Calculation of the necessary Compressor output

Necessary Volume Stream

=

Air Volume VL
———————————————
Blow Out Time ta + Storage Time tsp

=

18,000 l
———————
=
4. 25 + 4.08 min

2160.86 l / min

5.10.6 Amount of Compressors

Amount of Compressors

=

Volume Stream l / min
——————————————————
Compressor Output l / min per compressor

=

2160.86 l /min
———————
1233 l / min
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5.10.7 Choice of compressors:
2 compressors 11 kW with 1233 l / min volume stream
=

2

x 1233 l / min = 2466 l /min

Chosen Pressure Level 15 bar
5.10.8 Choice of the pressure storage boiler
Chosen:

2 storage boilers with each 1500 l content
V boiler

=

3000 l

Useable Storage Volume:
Vspn =
=

storage boiler content * differential pressure
3000 l * 4.5 bar =

13500 l

Useable volume stream from the storage boilers:

Useable volume stream

=

=

Compressor output * storage time tsp
——————————————————
blow out time ta

2466 l * 4.08 min
———————— =
4. 25 min

2367.36 l / min

Existing volume stream:
Compressor output

2466.00 l / min

Volume stream storage boiler

2367.36 l / min
4833.36 l / min

Excess volume stream:
Necessary volume stream

4235.00 l / min

Existing volume stream

4833.36 l / min
598.36 l / min

Choice of the spare compressor (Stand-by Reserve)
Chosen: 1 compressor, as main compressor with an output of 1233 l / min at 15 bar
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5.11 Monitoring and Controlling System

Fig. 5.53. Monitoring and Controlling System
The following functions shall be fulfilled:
1. Guarantee the operational procedures of the necessary switching process by
computer resp. hardware control in the pump station as well as in the domestic
shafts.
2. Eventually occurring operation errors are to be eliminated by oneself as far as
possible.
3. To give written notice via internet to any named central office regarding
operational errors indicating
Time
Location
Type of Error
4. To minimize staff costs by automatic operation.

For fulfilling the latter mentioned tasks a tailor-made sewerage programme was
developed for the special concerns of the vacuum sewerage. The access is made
from the computer screen of the pump station by a code via internet. The transfer of
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the data to the individual domestic connections is done by a data cable which at the
same time serves for the current supply for the control of the domestic connections.
5.11.1 Sewage Programme 22
Central Sewage System
Address File
Failure Domestic Connection

FAX-No

Pump Station

Operation

Some functions are protected by a password.
X

Password Request
Password Request Pump Station

l
Break

OK

Address file
After selection of the address file it appears for the registration in the following
chapters:
1. New registration
X

New Registration
Neuron-ID
Name
Street/ No.
Location
Pressure Sensor
Central
Text for Contact 1
Text for Contact 2
Text for Contact 3

Break

OK

2. Address amendment
In this menu item the address or ID-No. of a chosen data set can be amended.
22

Sewage programme R. Schluff
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3. Delete
Completely deletes a chosen data set from an address data.
4. Print address list
After completion of the address list the file can be printed respectively made
visible on the screen.

5. Check all domestic connections/domestic shafts

Check
Electronic

Domestic

Connection

000123456789

Neuron ID
Subnet
Node
Break Check

0

This programme item deals with the current status request at all connected
domestic connections and shows if indicated existing faults that are automatically
taken over in to the failure list.
6. Check active domestic connection/domestic shaft
A chosen domestic connection is checked. This item has to be executed after
a new entry or address amendment so that the changes can be taken over
from the programme.
5.11.2 Editing failures

failure

Dom.Conect.
Edit

After clicking on „failure“ and following clicking of „edit“ the following window opens:
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Na
failure Indication

Sw itch On Fi

Date/Time

Open Valve

me

Acknow ledge All Failure

Street / No.

City/ Location

Acknow ledge Active Failure

Print All Failure

Escape

The picture „edit failure“ shows the current failure with kind of failure, date and time of
failure indication, name of the connection user, street, no. and the location.
The following possibilities for editing are available:
1. Switch on Fi
Switch On Fi

The order „Switch On Fi“ re-switches on triggered a Fi-switch.
2. Open Valve
In order to open a domestic valve the corresponding domestic connection has
to be chosen and the order „Open“ has to be clicked.

X

Open Valve

Name
Street/No.
Location
Open

Break

- 207 -

Reinhold Schluff - Vacuum Sewerage System

In the appearing control window the data belonging to the domestic connection is
indicated. In order to open the valve the button “open” has to be pushed. The
button “Break” closes the window without the valve being activated.
3. Acknowledge all failure
Registers the failures as long as they still exist indicating a new date and time in the
failure list. Thus the automatic failure elimination is reactivated, that means that the
amount of tries and the time until sending the failure message is restarted.
4. Acknowledge active failure
Checks if the chosen failure is still existent; if not: same as „acknowledge all failure“.
5. Print all failures
Prints the entire failure list on the printer in the pump station.

6. Escape
Completes the processing of failure of the domestic connections and returns to the
previous window.

5.11.3 Edit Domestic connection
Dom. Connection
Edit

FAX

After clicking „domestic connection“ and „edit“ the following window opens:
Name

Street/ No.

Open

Location

Pressure Sensor

xxx

xxx

xxx

no

xxx

xxx

xxx

no

xxx

xxx

xxx

no

xxx

xxx

xxx

no

xxx

xxx

xxx

no

xxx

xxx

no

Enquire

Opening Time

Escape
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The window „edit domestic connection“ shows the name, street and number, the
location and it indicates if a pressure sensor is built in or not.

The following edit options are possible:
1. Open valve
In order to open a domestic connection one has to chose the corresponding
domestic connection and clicks the order „open“.

The appearing control window shows the data belonging to the domestic
connection. In order to open the valve the button „open“ has to be pushed.
The button “Break” closes the window without activating the valve.

X

Valve Opening

Name
Street/No.
Location
Open

Break

2. Enquire
After choosing a domestic connection and clicking the button „enquire“ a
window is opened in which the number of valve openings done until then is
indicated.

X

Valve Openings

Name
Street/No.
Location

2844

Valve openings

OK
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3. Opening Time
With the order „opening time“ the duration can be adjusted from 7 to 20
seconds (in 1 second-steps) For this the cursor in the entering field has to be
activated. The actual time is deleted with the backslash button and after that a
new time is entered. This is confirmed by clicking “OK”.
If „Break“ is chosen the change will not be applied.

X

Valve opening time

Name
Street/No.
Location
Valve opening time

OK

14

Seconds

Break

4. Interval
The order „interval“ activates a regular opening of the valve, independent from
the occurring water amount.
In order to change the interval time click the left mouse button to the required
interval time and confirm with “OK”. When closing the window by the button
“Break” the change is not adopted.

The basic adjustment is 0h so that the valve only opens if required.

X

Valve Interval

Name
Street/o.
Location

Interval

OK

Break
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5. Pressure Measuring
The order „pressure measuring“ indicates the present vacuum if a pressure
sensor is assembled. The display is updated every 3 seconds.
„OK“ closes the window. If there is no pressure sensor assembled on the
chosen domestic connection a correspondent error message appears which
has to be acknowledged with „OK“.

X

Pressure Measurement

Name
Street/No.
Location

-0,419

Pressure

bar

OK

5.11.4 Fax-Number or Internet address (password protected)
FAX

Pumpstation
Enter
Activate

Up to three telefax numbers resp. websites can be indicated and differently
activated for the error message of the station and the domestic connections.
By clicking the button “OK” the changes are acknowledged; with “cancel” they
are not.

The indicated fax-no. has to be activated by clicking in the programme item
„Choose Fax-No.“ Numbers marked with a hook are active.

required Fax-No
1. Fax-No
2. Fax-No
3. Fax-No

ok

activate Fax-No
02345-789101

02345-789101
04321-678910
04321-123456

04321-123456

cancel

ok
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5.11.5 Pump Station
After clicking „Pump Station“ the following possibilities are available:
Pump Station Operation
Indicate
Adjustments
Special Functions
Joint Addresses
Edit Name
Change Password
►

Indicate
The menu item „Indicate“ shows the pump station on the screen. The display of the
pump station is continuously updated.

Picture of the pump station

1. Checking the current supply

The indicators flash red if an error occurs.
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3. Error Quitt
If an error of a sewage collection tank occurs, the button
„Error Quitt“ flashes. By clicking this button the PLC is
required to re-indicate the faulty function. Thus errors
usually can be corrected.

3. Automatic-/Manual Modus
By clicking the button „manual“ all functions of the pump station can be operated by
mouse click. The current adjustment is marked green. Before the next clicking of
„automatic“ the two tanks not being in operation are to be put into the repair – modus
so that an unintentional tank change is avoided. In the automatic modus the repair
modus can then be unlocked.
4. Main pressure- and main vacuum control
With help of these indications the
existing main pressure resp. the main
vacuum can be taken. For errors the
corresponding indication is pointed
out by red flashing.
5. Switch for Pumps and Compressors
Pump 1
ON

Pump 2

OFF

ON

OFF

Pump 3
ON

OFF

Pump 4
ON

OFF

Operation
Compressor 1
ON

OFF

Compressor 2
ON

OFF

Operation

In this operation block the switches for the vacuum pumps and compressors are
located. Each aggregate can be switched on and off individually. The present
adjustment is indicated by green marked buttons. If an aggregate is disturbed this will
be indicated by a red mark.
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5.11.6 Indication and control of the Sewage Tanks
After pressing the „manual“ button (chapter 3) the functions of the collection tank can
be switched individually. Valves can only be opened after all other valves of this
branching are closed.
By opening the butterfly valve the tank is prepared.
By opening the vacuum valve the tank is put into
operation.
By opening the blow-off valve the tank is being
emptied.
By opening the aeration valve the pressure is taken
from the tank.
Operation condition of the tank:
For opened butterfly valve (Drossel):

white

For opened vacuum valve (Vakuum):

green

For opened blow-off valve (Ausblasen): blue
For opened aeration valve (Entlüften): yellow
For closed valves:

grey

For tank error:

red flashing

By pressing the “repair” (Reparatur) button the tank
is taken off operation (grey).

Adjustments (password protected)
With this menu item the adjustments for the automatic elimination of blockings are to
be done.
Special Functions (password protected)
Joint Addresses (password protected)
In this menu item the ID numbers of the electronic in the pump station are registered.

Edit Name (password protected)
Here the name of the pump station is registered, that appears in the programme
„indicate pump station“.
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Change Password (password protected)
In this menu item the passwords for the operation of the pump station can be
changed and the editing of the address data. For this the existing password has to be
entered once and the new chosen password twice.

X

Change Password

Change passwort for pumpstation
Enter Old Password

l

Enter New Password
Repeat New Password

OK

Break

Operation
With the order „Block Operation“ a password-protected function, that was activated
before by entering the password, for example operation of the pump station, is
blocked again so that before re-using the password has to be entered.
Operation
Block
Deactivate Window
Switching

5.11.7 Summary
The sewage programme differentiates between five groups:
I.

Error indications in the function of the hardware at domestic shafts or pump
station.

II.

Adjustments and changes of the programme by orders to the domestic
shaft or pump station.

III.

Enquiry of different functions or recordings at domestic shafts or pump
station.

IV.

Control and order for execution of functions at the domestic connections or
at the pump station.

V.

Automatic elimination of errors that can occur by overload of the system
with sewage.
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Fig. 5.54. Sewage Programme

22

Sewage programme R. Schluff
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5.12 Job Instruction for the Building Site
5.12.1 Domestic Shaft Assembly– Pipe Laying
A working cycle order is needed for an economic and quick execution of the
building measure. These are described in the following.

street

Fig. 5.55. Pipe trench 40 cm wide 35

Fig. 5.56. Surface repaired

1. The exact location of the domestic
shaft on the site is to be determined and to
be measured.

35

Picture library R. Schluff
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2. All domestic shafts are to be
transported as near (in swinging area of
the

dredger)

as

possible

to

the

assembly location and have to be put
there.

3. All domestic shafts are to be
assembled; the inlet and outlet pipes
are to be protected against incoming
dirt.

4. High and low points for the pipe
laying are to be marked and geometrically
levelled.

5. The depths of upper edge levelled
point to upper edge pipe to be laid are to
be calculated and to be registered in a
field book.
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6. The building pit is to be excavated
approx. 5 cm deeper than the invert level of
the pipe to be laid.

7. After that the high and low points of a
size of approx. 30 x 30 cm are to be created
and to be stamped. The exact height
measuring can easily be measured with help
of the previously marked high points with
help of a water level.

8. The pipe is to be layed and the
remaining bedding

is to be filled with grit

between high and low points.

9. High and low points are levelled by the building manager; its correctness is
determined and written down in the building diary.
H1

T2

H3
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Often it cannot be avoided that due to
working reasons an acceptance test is
necessary but the building inspection is not
present. In this case one can put a pipe end
on the high and low points each and fill the
building site.
Afterwards the site manager can put the
measuring rod through this pipe on the
layed pipe and control the height. This type
of procedure has proven to be very
successful.
Fig. 5.57 Pipes for controlling the pipe laying 35
10. After

laying

the

pipeline the intermediate
connection

between

domestic shaft and layed
vacuum pipe has to be
done.

11. The

data

and

supply cable is to be
drawn into the domestic
shaft and included into the
distribution box. On the
other

side

of

the

distribution box a cable
has to be torn out and
continued with the main vacuum pipe up to the domestic shaft (loop).

35

Picture library R. Schluff
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Fig. 5.58. Scheme of pipe laying between domestic shaft and main vacuum line
5.12.2 Storage Room and Aeration on the Domestic Connection18
It has to be taken care that a proper aeration over the roof is existent in the
house. In front of the domestic shaft the domestic connection line with a length of
approx. 2-3 m is to be extended to a diameter of 20 cm for creating a storage room
for operational faults.

18

Unterdruckentwässerung – Abwasserbeseitigung im ländlichen Raum, R. Schluff
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Fig. 5.59 Connection of domestic shafts

5.12.3 Connection of several houses to one domestic shaft.
The domestic valve have a sucking output of approx. 8 l/s at a vacuum of - 0.4
bar. This corresponds to a continuous flow of approx. 1500 inhabitants. In practice 6
and 9 member family houses were connected and seweraged without any problems.
Furthermore areas with up to 24 houses that were already canalized in gradient
system were disposed through a domestic shaft with a valve.

In Tolk, Schleswig-Holstein, the sewage of a leisure park with up to 5000 daily
visitors is disposed through a shaft with valve. For emergencies a second shaft is
operated parallel. This plant has been in operation for 20 years now.

Technically seen there are no doubts in connecting several houses to a
domestic shaft. The DIN 1986 is to be considered here regarding the cleaning
possibilities.
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5.12.4 Special plants for larger inlets
Restaurants
Many people behave in foreign locations where they feel unwatched like they
would never do in their own 4 walls. Buckets for special garbage are not used; the
blockings that occur during big celebrations are very unpleasant for those having to
eliminate them.

The storage room diameter in front of the shaft should therefore be extended by 20
cm to 5 m length. The domestic valve with a free opening of 65 mm grant a flow
without any problems, but the domestic line has to be layed with at least 80 mm
diameter.
Schools and Playschools
Children throw the most astonishing things into toilets, such as vegetables,
toys, pencils and so on. In front of the domestic shaft a waste water collection shaft is
to be installed in which a screen collects bulky goods.

Fig. 5.60. Domestic shaft with waste water collecting shaft

18

In big schools, more than 1500 scholars, it is useful to arrange a second domestic
shaft parallel.

18
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5.13 Operation and Maintenance
A vacuum sewerage plant of modern building hardly needs maintenance. As
the function of the domestic connection and the pump station is continuously
controlled and eventually occurring faults are indicated in remote, an additional
control is not needed.

a. Domestic Connections
Domestic connections should be checked annually and if needed accumulated
condensation water should be sucked by opening a bypass valve.

b. Pipeline
No plant has ever shown blockings or sediments from normal operation. The
pipeline is free of maintenance. Self-cleaning is guaranteed due to the high flow rate
in the pulsating system.

c. Operation Diary
An operation diary has to be kept in the pump station where costs for current,
amount of water conveyed and cooling water use has to be indicated. With this the
operation costs for the conveyance of each m3 sewerage can be calculated.

d. Maintenance of the Aggregates
Conveyance aggregates and vacuum pumps are to be maintained according
to the rules of the manufacturer. In vacuum pneumatic pump stations the
maintenance words are often limited to once or twice a year oil change in the
compressors that has to be done.

e. Vacuum Writer
Vacuum pump stations should basically be outfitted with a roller belt recorder
that records the vacuum. The specialist can immediately note if a plant runs without
problems and economically or if it is faulty.
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Significant is the curve during
the

night

approx.

between

23.00 and 6.00 o’ clock in the
morning. From the curve can
be seen that at night some
toilets have been used and the
pumps have rebalanced the
vacuum.

Leakages are not notable. The
line is absolutely vacuum tight.

Fig. 5.61. Plot of vacuum writer
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5.13.1 As – completed Drawings
After the pipe laying an as-completed drawing has to be made according to
DIN 2425, part 4. Marking points, like control shafts in the street, domestic
connections and direction changes in the pipeline are to be measured to polygon
points. Sliders are to be marked by information signs, like in the water supply.

5.13.2 Operational Costs
a. Vacuum
The energy needed for the collection of sewage (creation of vacuum) does not
show considerable differences in comparison of several pump stations. It amounts to
0.46 to 0.54 kW/cbm sewage.

b. Conveyance Costs
The conveyance costs vary according to the necessary manometric

Manometric conveyor height

conveyance heights and can be seen in the following chart.

Fig. 5.62. Energy kW/m3 sewage at pneumatic conveyance
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c. Personal Costs
At computer controlled vacuum canalizations the staff expenses are very low.
Example 1
In a big agency in Schleswig-Holstein 1 person takes care of six vacuum plants. This
does not charge his capacity. At the same time he is site manager of the building
yard and has to look after 14 workers.
Example 2
Two area-communities have a common vacuum sewerage. It is maintained by a
regular soldier who gets 300 Euro for this each month.

After comparison with other plants it has to be calculated with a monthly expense of
between 200 and 300 Euro per vacuum plant. It is here useful to execute the
maintenance in combination with the water supply from one source. As operators
mostly fitters with electronic knowledge are suitable.

d. Repair Effort
The repair effort is very low and can be neglected. It should be covered by the
saved capital of the depreciation.
e. Depreciation Allowance
(according to ATV working group 1.12)
Pipeline

80 to 100 years, depending on the accuracy
of the pipe laying

Domestic shafts
Concrete shaft and PVC-parts

50 years (average value)

Valve and control

30 years

Pump station
Building part

50 years

Machines and movable parts

20 years

Sewage and pressure tanks

40 years
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5.13.3 Manufacturing Costs
The manufacturing costs for canal building pit, surface disruption and
restoration can deviate depending on the local situation. The function elements are
hardly subject to fluctuations.
They amount to:
approx.

10 to 50 €/m

incl. control and supervision plant

approx.

3,000 €

Pump Station, ready to be operated

approx.

350,000 €

Pipe costs depending of the diameter between
Domestic connection

5.13.4 Invitation to Tender
The tender of a vacuum sewerage plant should not be done as a systemtender but as a functional tender. The functions of the elements to be fulfilled are to
be described in detail.

5.13.5 Guaranteeing
The guarantee should amount to at least 5 years, better to 10 years.
Exceptions are destructions without third party interference.

5.13.6 Training of Staff
After acceptance of the building activity according to the rules the operation
staff members have to be trained at least 3 weeks in situ (in the plant). The training is
finished when the staff members are able to maintain all plant parts themselves,
operate them and execute the necessary repairs.
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b.
c.
d.

e.

Schluff, R.,H., Absperrorgan für eine Unterdruckleitung, Patent No.
3602971, Bundesrepublik Deutschland, 31.01.1986
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