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EDITORIAL

Pump and compressor manufacturers:
mobile retrieval of technical innovations
Dear customer, dear reader,
There is a wide range of possible uses for pumps and compressors.
Dosing pumps for ecological use in industry, fast and efficient leak
detection on gas supply pipes by spraying with helium or the use of
leak-free and highly available compressors for bio-gas supplies in the
biogas refinery are just three of the applications presented in this issue,
the seventh in the series. Alongside our traditional printed magazine
“Pumps and compressors for the world market” we are moving with the
times with our e-magazine. We have developed this “speaking book”
further since 2014, adding information, video statements and image
films. And now – in line with our readers’ reading habits – the contents
can be retrieved and played on mobile devices.
Dr. Sönke Brodersen

This issue is marked by contributions from expert and committed
authors from our circle of members. They provide information about
technical solutions and new possible uses in the fields of pumps +
systems as well as compressors, compressed air and vacuum technology.
There are also general articles about subjects important for mechanical
engineering, such as standardisation and energy. The authors and
contacts named in the magazine are available for any questions you may
have about the new products and innovations described here.
Alexander Peters

Our clearly structured skills matrix, which as usual is published next to
the specialist articles in the magazine, is arranged according to customer
industries. This allows an effective and fast search for certain manufac
turers, giving readers a good impression and an idea of the comprehensive information available on the VDMA E-Market www.vdma-e-market.
com. This very successful online platform, which includes more than
250,000 retrievable products, allows users to search effectively for
current manufacturers, either on the basis of products and/or individual
applications or areas of use. You can contact the supplier directly by
following the link to the manufacturer’s website or sending an inquiry by
e-mail.
Mechanical engineering and the specialist associations for pumps +
systems as well as compressors, compressed air and vacuum technology
will be exhibiting at trade fairs both in Germany and abroad in 2015
again. Highlights at home include the ComVac, the world’s leading trade
fair for compressed air and vacuum technology, the Achema, international leading fair for the processing industry, and the ISH, the world’s
leading trade fair for bathroom, building, energy and air-conditioning
technology. Abroad, the VDMA will be organising more than a dozen
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EDITORIAL

German pump and compressor manufacturers enjoy
a high reputation worldwide thanks to their capabilities
and problem solving quality.

joint booths (“German Pavilion”) with the focus on water, wastewater,
chemical and petrochemical industries as well as oil & gas. This commitment abroad is our active contribution towards our members being able
to develop new market potentials in good time around the world, and
thus remain competitive.
We are confident that we will be able to optimise our long-standing partnerships for the benefit of the companies in 2015, too.

Dr. Sönke Brodersen
Global Executive Officer Technology KSB AG
Chairman of the
VDMA association Pumps + Systems

Alexander Peters
Managing Partner of the
NEUMAN & ESSER GROUP
Chairman of the VDMA association Compressors,
Compressed Air and Vacuum Technology
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ECONOMIC DEVELOPMENT

Moderate growth
German pump and compressor manufacturers in 2015
Dipl.-Wirt.-Ing. Christoph Singrün and Dipl.-Volksw. Ulrike Mätje
In 2014, the manufacturers of liquid pumps operated slightly below
the turnover level of the previous year, while the manufacturers of
compressors, compressed air and vacuum technology found their
turnover 1 % above the 2013 level. For 2015, pump manufacturers again
expect to see 1 % growth, with 2 % growth in turnover for compressors,
compressed air and vacuum technology.
Liquid pumps:
2014 production on previous year’s level
According to the Federal Statistical Office, the
production of liquid pumps (without hydro
pumps) in 2013 reached € 4.7 bn, which corresponds to slight growth (+3.3 %) over the previous year. Rotary pump manufacturers took the
biggest piece of the cake with more than 40 %,
while manufacturers of oscillating or rotating
displacement pumps accounted for 10 % each.
In the first three quarters of 2014, production
generated € 3.5 bn. This is an increase of 1 %
compared to the same period in the previous
year. The volume for the whole year 2014 is estimated once again at € 4.7 bn.

Price adjusted order intake for Pumps + Systems
Sliding three-month average, based on turnover 2010 = 100
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Source: VDMA

Pumps + Systems 2013
Main exporting countries, percentage shares
Total: 31.3 billion euros
(without hydro pumps)

Germany 16.4 %

Others 28.0 %

The incoming order statistics for liquid pumps
obtained from the VDMA members reflects the
economic situation of German pump manufacturers (figure 1). Demand for 2014 as a whole
showed a slight decline of -3 % compared to the
previous year, with foreign demand declining
rather more (-4 %) than domestic demand (-1 %).
In January 2015, capacity utilisation, which is a
good indicator for the cushion of orders, was in
the “medium” range with 88.8 %. Turnover generated in 2014 was also below the previous
year’s level with a decline of -4 %.

China 12.6 %
Mexico 2.4 %

Germany still export world champion

Denmark 2.5 %
USA 11.8 %

Netherlands 2.9 %
Great Britain 4.6 %
France 4.9 %

Fig. 2

Japan 5.8 %

Italy 8.3 %

Source: Federal Department for Statistics / VDMA

According to the Federal Statistical Office, in
2013 liquid pumps were exported at a value of
€ 5.1 bn. This value shows good growth (+6 %)
compared to the previous year. In 2014, Germany
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ECONOMIC DEVELOPMENT

Pumps + Systems 2013
Germany’s main export markets, percentage shares
Total: 5.1 billion euros
(without hydro pumps)

China 8.3 %
USA 8.0 %

Czech Republic 8.0 %

Others 44.9 %

Russia 6.8 %

Compressors, Compressed Air
and Vacuum Technology:
2014 production reaches previous year’s level

France 6.8 %
Netherlands 3.8 %
Great Britain 3.8 %
Italy 3.7 %
Austria 3.3 %

Poland 2.7 %

Fig. 3

Source: Federal Department for Statistics / VDMA
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has not seen any essential change for the last
two years. By contrast, exports to Africa reached
growth of 25 % again in 2013, following a constant decline in recent years. The key purchasing
countries for Germany in 2013 were China,
the USA, the Czech Republic, Russia and France
(figure 3).
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2014

Source: VDMA

supplied 0.8 % more liquid pumps (without hydro pumps) abroad than in the previous year,
corresponding to an export volume of € 5.2 bn.
And so Germany remains unchallenged export
world champion. In the world trade volume of
around € 31 bn (2013), German manufacturers
account for 16 %, well ahead of China (13 %) and
the USA (12 %) (figure 2).
Europe remains the key sales market for German liquid pumps, accounting for altogether
60 % of exports. After Europe, the second largest
sales market is Asia, although here there has
been a phase of stagnation over the last two
years. In particular, trading with China, which is
meanwhile the largest purchasing country
accounting for nearly half of all exports to Asia,

According to the Federal Statistical Office, compressors, vacuum pumps, compressed air machinery and tools were produced at a value of €
5.3 bn in 2013. This corresponds to good growth
(+8.7 %) compared to the previous year. Turbocompressors have a significant share of production with nearly 40 %, followed by rotating displacement compressors with 17 %, vacuum
pumps with 15 % and parts for vacuum pumps
and compressors with 11 %. In the first three
quarters of 2014, production amounted to
€ 4.0 bn. This is an increase of 1 % compared to
the same period in the previous year. The v olume
for the whole year 2014 is estimated once again
at € 5.3 bn.
The incoming order statistics obtained from the
VDMA members for the overall year 2014 shows
demand to be 3 % above the previous year’s level, due in particular to the good foreign demand,
which compensated for the relatively poor domestic demand (figure 4). The turnover generated for the overall year 2014 was just 1 % above
the previous year’s level.

Germany still no. 1 for exports
According to the Federal Statistical Office,
German manufacturers of compressors, compressed air and vacuum technology exported
goods worth € 5.3 bn in 2013, which is a slight
increase compared to the previous year (+2.3 %).
In 2014, Germany supplied 8.8 % more goods
than in the previous year, worth altogether
€ 5.3 bn.
Germany’s world trade share accounts for nearly
16 % of the total global trade volume, which in
2013 amounted to € 33.8 bn. As in the previous
year, Germany is followed by the USA (11 %) to-
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MEASUREMENT & CONTROL

TREATMENT

DISINFECTION

IMPLEMENTATION

Knows what’s happening...
before it even happens.
X-tremely clever: the new gamma/ X

Pressure too high or air in the dispensing head?
The new gamma/ X automatically detects potential
issues – and fixes them before they can actually
turn into problems.
www.prominent.com/gammaX

X Solenoid-driven diaphragm metering pump
for 2 to 45 l/h at back-pressure from 25 to 2 bar
X Intelligent control electronics
X Without failure-prone sensors
X Integrated timer for timer-controlled metering
X Cavitation detection
X Automatic venting system
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Compressors, Compressed Air and Vacuum Technology 2013
Main exporting countries, percentage shares
Total: 33.8 billion euros
Germany 15.7 %
Others 29.4 %

USA 10.9 %

Great Britain 3.2 %

China 8.9 %

Netherlands 3.3 %
Switzerland 3.8 %
France 4.5 %

Italy 7.6 %

Belgium 6.2 %

Fig. 5

Japan 6.5 %

pressed and vacuum technology from Germany
registered in 2012 declined again noticeably in
2013. In particular the decline in exports to the
USA and Mexico, which had grown constantly
since 2009, has a negative impact on the statistics. Africa has stabilised on a far lower level
than 2011. In the north, there were slight improvements particularly in Libya and Morocco,
while in the south, business was particular good
with South Africa (+7.2 %). China remains the
main purchasing country with 13 %, ahead of
countries such as the USA and France, as in previous years (figure 6).

Source: Federal Department for Statistics / VDMA

“German engineered” pumps
and compressors still in demand
Compressors, Compressed Air and Vacuum Technology 2013
Germany’s main export markets, percentage shares
Total: 5.3 billion euros

China 13.3 %

USA 8.1 %
Others 44.5 %
France 5.9 %
Great Britain 5.6 %
Russia 4.5 %

Netherlands 2.7 %

Fig. 6

Austria 4.3 %
Italy 3.9 %
Spain 3.9 %
Rep. Korea 3.4 %
Source: Federal Department for Statistics / VDMA

German manufacturers of pumps, compressors,
compressed air and vacuum technology remain the
unchallenged export world champions.

gether with China (9 %) and Italy (nearly 8 %)
(figure 5).
Europe remains the key purchaser of German
compressors, compressed air and vacuum technology. 53 % of exports remain on the European
continent, of which 80 % go to the EU. Asia is the
second largest purchasing region. Here development depends crucially on China’s economy,
which took more than half of exports to this region in 2013. In North and also Central America,
the stronger demand for compressors, com-

Defending and further expanding their leading
position on the world market continues to be
the declared aim for the German pump and
compressor industry in 2015. The VDMA supports the companies in their constant efforts.
The “3rd International Rotating Equipment Conference – Pumps, Compressors and Vacuum
Technology” which is going to be held in 2016 is
the VDMA’s event to facilitate greater sharing
between pump and compressor users. The
VDMA also coordinates joint pure research and
is regularly involved in the German pavilions in
the framework of German export promotion activities on highly promising foreign markets.
Topics such as sustainable production and sustainable products are increasingly moving into
the focus of attention. This results in the constant further development of products to ensure they remain competitive on a global scale.
The manufacturers of compressors, compressed
air and vacuum technology are also already involved in projects for “Industrie 4.0”.
Authors:
Dipl.-Wirtsch.-Ing. Christoph Singrün
Dipl.-Volksw. Ulrike Mätje
VDMA associations Pumps + Systems and
Compressors, Compressed Air and Vacuum
Technology, Frankfurt am Main
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Discover the Sulzer
Partnership

Visit us at ACHEMA in Frankfurt, hall 8
booth A71 and at Power-Gen Europe in
Amsterdam, booth 1L47.
Sulzer provides complete pumping systems and service solutions with leadingedge technologies backed by our longstanding expertise in engineering and
innovation.

Dedicated teams of experts work
closely with you to develop the right solutions to match your specific requirements.
Our customized and innovative service solutions for rotating equipment help
to reduce maintenance time and cost, and
improve the efficiency and reliability of your
pumps and compressors.
Contact us to discover your ideal
pumping and service solution.

www.sulzer.com
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ECODESIGN

Ecodesign: the VDMA as reliable
contributor to the legislative process
Dr. Andreas Foerster and Dr. Andreas Brand
In 2012, the legislative process involved with the EU Ecodesign
Directives turned specifically to the energy efficiency of compressors
with the study for lot 31 compressors. The VDMA association
Compressors, Compressed Air and Vacuum Technology has been
giving its members active support in this process already since 2004.
The main objective consists in keeping the VDMA member companies fully informed with current reports about planned
implementation measures.
Since 2004 and with even greater intensity since
2012, the VDMA association Compressors, Compressed Air and Vacuum Technology has been
giving its member companies active support
with regard to the legislative process involved in
the Ecodesign Directive for compressors. The
legislative process is being accompanied by a
top-level work group in the European sector
committee Pneurop, chaired by Dr. Andreas
Foerster, KAESER Kompressoren SE, and the secretariat, represented by Dr. Andreas Brand,
VDMA. The aim is to contribute to a technically

sound regulation for the machines in the focus
of the directive.
This is why compressor manufacturers have
kept a particularly intensive eye on the preliminary study.

•

ENER Lot 31: Products in motor systems
outside the scope of the Lot 30 and the
Regulation 640/2009 on electric motors, in
particular compressors, including small
compressors, and their possible drives

Workflow for the preliminary study

Fig. 1

Pumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2015

Source: VDMA

ECODESIGN

They are involved in open dialogue with the
study authors, the representatives of the European Commission’s Energy Directorate which is
responsible for the study, and the government
representatives of the national Member States.

Workflow for the legislative procedure
The legislative procedure in Lot 31 Compressors
follows the same two-phase workflow as for all
product groups being dealt with under the
Ecodesign Directive. In the first phase, the study
author presents the preliminary study, whose
results then form the basis for the second, more
political phase. While there was still considerable scope for influencing the procedure at the
start, e.g. by contributing technical background
and contexts, such scope shrinks increasingly in
the second phase. Meanwhile, the European
Commission has already compiled a draft for an
implementation measure; while the industry
has been able to comment on the draft for

Solid and
highly flexible
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example in the consultation forum, in the end
the final decision will be influenced above all by
the opinion of the Member States.

The VDMA association Compressors, Compressed Air
and Vacuum Technology gives its member companies
active support with regard to the legislative process
involved in the Ecodesign Directive for compressors.

Workflow for the preliminary study
First of all, the legislative procedure conducted a
24-month preliminary study. During this study,
the Pneurop working group supported the study
author on a large scale by providing technical
know-how for compilation of the reports. At
times, this also involved participation by the
vacuum pump and process compressor manufacturers. Fig. 1 shows the workflow for the preliminary study.

BoWex® HEW Compact combines the benefits of the plug-in BoWex®
system with the elasticity of a highly flexible coupling in a compact design.
High quality and high-performance shaft couplings for any kind of
compressors and vacuum pumps are available from KTR.

www.ktr.com

Pumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2015

14

ECODESIGN

Estimated installed energy consumption rates
for various compressors

Fig. 2

Source: VHK, presentation of the first stakeholder meeting

To begin with, the study author examined a
wide range of compressor types for their possible energy saving potential. Following an initial
comprehensive review, it was decided not to
give any further consideration to refrigeration
compressors (as these are integrated in refrigerators which are already covered by several
ecodesign regulations) or to vacuum pumps
(because of their low energy consumption and
high product diversity).

Fig. 3: Regression curve and minimum efficiency limit value curves illustrated by fixed
speed screw compressors with eBAT (estimated best available technology) and eWAT
(estimated worst available technology)
Source: VHK, final report of tasks 6,7,8, p. 82

Subsequently, the study author narrowed the
focus down even more so only minor attention
will be paid to hobby compressors because of
their limited usage times and resulting low
energy consumption. The same applies to process gas compressors for process air, inert or
dangerous/toxic gases on account of their
extremely high product diversity and the already
high energy consumption efficiency resulting
from 24 h operation (see figure 2).
During the preliminary study, application areas
were then divided into standard air, low-pressure air and oil-free air systems on account of
the differing requirements and performance
parameters, with standard air systems being
paid the most detailed attention. The estimated
energy consumption is on a similarly high level
for all three areas (see figure 2). The study author
then advised the Commission for another six
months while a draft regulation was being written, with the focus concentrating on compressors for standard air applications.

Study results
One essential partial result of the study was its
estimated annual energy consumption of
approx. 174 TWh for all compressors installed in
the EU-27 in the named application areas. This
corresponds to approx. 6 % of the total energy
consumption of all machines driven by electric
motors, amounting to approx. 2,780 TWh.
Given the numerous different use scenarios and
the resulting high product diversity of compressors, the study author put his focus at an early
stage on the comparatively manageable standard air application area, which consists almost
exclusively of oil-injected screw and rotary vane
compressors together with (industrial) oil-lubricated reciprocating compressors. To support the
study author, the Pneurop working group proceeded with an anonymised data survey among
numerous major manufacturers of oil-injected
screw and rotary vane compressors together
with oil-lubricated reciprocating compressors.
This entailed ascertaining the quantities sold in
2011 throughout the EU-27 market in predefined (combined) efficiency and flow rate
classes. Here again, Pneurop supported the
study author in evaluating the survey results
and subsequent model development.

Pumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2015
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All further saving calculations are based on a data
cloud generated by the data survey which shows
the distribution of the isotropic efficiency over the
flow rates or flow rate classes. This resulted in
regression curves that could be used with a displacement factor to derive minimum efficiency
curves in differing degrees of severity (i.e. minimum efficiency depending on the displacement
factor as a function of the flow rate). Taking fixed
speed screw standard air compressors as an example, different scenarios can be seen for minimum
efficiency values referring to a data cloud of efficiency values for various compressors (see figure 3).
Other investigations based on the data survey
revealed that the standard air application area generally only offers limited annual savings potential
through to 2030:

•

•

•

approx. 1–2 TWh/a without a regulation, based
solely on the so-called BAU (business as usual)
scenario, corresponding to market-driven
efficiency improvements by the manufacturers,
involving considerable development resources
a further approx. 1–2 TWh/a through a
regulation with “medium-severity” minimum
efficiency levels. This “medium-severity”
scenario corresponds to a prohibition of approx.
40–50 % of the quantities of standard air
compressors sold in the EU-27 in 2011
altogether about 5 TWh/a in a fictive scenario
that only permits those compressors with the
best available efficiency levels in 2011 (BAT
– best available technology) (prohibition of
approx. 90% of the quantities of standard air
compressors sold in the EU-27 in 2011)

Altogether, the study author analysed six different
scenarios extending from BAU to BAT.

En route to a possible implementation measure
The phase of compiling the preliminary study came
to an end on 6 June 2014 with the publication of
the final report. Since then, the issue has entered
into a more political phase.
Unfortunately, it has transpired in the past that the
political representatives tend to stipulate relatively
strict minimum efficiency requirements even for
product groups with forecasted low saving potential. These fears also apply to the compressors
affected by Lot 31.

➢ World Forum and Leading Show
for the Process Industries

➢ 3,800 Exhibitors from 50 Countries
➢ 170,000 Attendees from 100 Countries

Be informed.
Be inspired.
Be there.
www.achema.de

16

ECODESIGN

At the end of October 2014, a decision-preparing consultation forum was held just on standard air compressors and minimum efficiency
limit values. It was attended by representatives
of the Member States and green NGOs as well
as the Commission and representatives from
industry. Pneurop went into this meeting with
the aim of advocating the BAU (business as
usual) scenario, which should preferably be
called “progress as usual”, given that in the past,
the competition for constantly falling lifecycle
costs has brought about clear efficiency
improvements and will continue to do so in
future, too.
The Commission presented an initial draft regulation for discussion. The minimum efficiency
limits named in the draft correspond to a prohibition of 40 to 50 % of the sold quantities,
referred to the products and quantities sold in
the EU-27 in the reference year featured in the
above-mentioned data survey.
While the green NGOs inevitably demanded
higher limit values, the representatives for the
Member States were divided in their opinion.
Most of the Member States agreed with the
argument that the EU could become a dumping
ground for less efficient compressors. Furthermore, the green NGOs and smaller EU countries
made demands to include oil-free air and
low-pressure air systems in the regulation. In a
further position paper, Pneurop has therefore
requested that comprehensive thorough studies on oil-free air and low-pressure air compressors should be carried out before proceeding
with a regulation, on account of the technical
diversity shown by these systems.
While Pneurop still views BAU as the best option,
it addresses the above-mentioned discussions
and positions by proposing an amended regulation with relatively low minimum efficiency
limit values. Although these would be clearly
below the limit values of the current draft, even
so they would avoid the possible dumping
ground effect stated above. Furthermore, in
accordance with the amended regulation, the
manufacturers would provide standardised and
therefore comparable product information,
which should trigger a knock-on effect towards
enhancing compressor efficiency.

This would seem to be an appropriate way forward, given the low energy saving potential of
the current draft regulation and in relation to
the high workload and investment costs facing
the manufacturers. In the case of ambitious
limit values, there would be an additional need
for effective market monitoring to warrant compliance with the efficiency standards.
On going to print, it was not possible to give any
indication as to how the Commission will react
and what the regulation will look like. Concrete
information in this context cannot be expected
before March/April 2015. In the meantime,
Pneurop is working on the technical clarification
and specification of facts involved in the draft
regulation.

What happens next?
The procedure now goes into an impact assessment stage (by March/April 2015) followed by
the regulatory committee (without direct participation of industry) and the draft legislation,
which is expected to be published by the end of
2015. The October 2014 draft would see stricter
limit values coming into effect on 1/1/2018 and
1/1/2020. The draft allows for a review of the
regulation in maximally five years.
It looks as if the standard air studies will soon be
followed by studies on oil-free air and low-pressure air compressors, possibly before the end of
2015. Synergies will certainly be available from
the previous study. It can be expected that these
studies will not become any simpler because of
the broad range of highly differing technologies
presented by these compressors.
Ecodesign will continue to be a highly significant issue for the compressor industry in future.
Companies that up to now have observed the
process from a distance should be prepared to
take part in this difficult but, in the long term,
hopefully rewarding process.
Authors:
Dr. Andreas Foerster
KAESER Kompressoren SE, Coburg
Chairman Pneurop
Dr. Andreas Brand
VDMA Compressors, Compressed Air and
Vacuum Technology
Pneurop secretariat, Frankfurt am Main
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Third Rotating Equipment Conference in 2016
In autumn 2016, the International Rotating Equipment Conference –
Pumps, Compressors and Vacuum Technology will be held again. For the
third time now, the VDMA specialist associations for Pumps + Systems
and Compressors, Compressed Air and Vacuum Technology as well as the
EFRC (European Forum for Reciprocating Compressors) will unite their
three forums – the International Pump Users Forum, the International
Compressor Users Forum and the EFRC Conference – under one roof.

Christoph Singrün, Managing Director for
Pumps + Systems as well as for Compressors,
Compressed Air and Vacuum Technology,
explains the concept of the event, which will be
held in English, as follows: “In 2016, our event is
going to be even more user-oriented and more
international than in 2012.” Last time round, the
International Rotating Equipment Conference
had around 850 participants from more than 40
countries. The successful mix already tried and
tested is to be optimised further: In addition to
numerous papers on current issues related to
pumps and compressors as well as compressed
air and gas systems, attention will also be turning to vacuum technology again. Experts will
discuss current questions in panel debates. University graduates will have the opportunity to

Quality assurance is
not a matter of luck.

Those interested can visit the conference website www.introequipcon.com for an impression
of the 2012 event and more information about
the next conference to be held on 14th and 15th
September 2016 in Düsseldorf.
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make informal contact with potential future
employers. A technical exhibition will be accompanying the two-day forum again. In 2012, more
than 70 companies showcased the complete
spectrum of pump, compressor, compressed air
and vacuum technology in the exhibition area
of around 700 square metres. The concept of
“meeting points” within the exhibition area is
also being retained. Here, conference attendees
were able to continue discussions on the papers
or find out more about product innovations.
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German mechanical and plant engineering –
a key industry for the fourth industrial revolution
Dr. Beate Stahl
The success of “Industrie 4.0” is directly dependent on the implementation dynamic in industry. That is why intensified research efforts,
uniform norms and standards, effective protection and cooperation
in the industry are essential. With the forum, the VDMA combines
all existing competencies in the sectors and associations, gathers
the requirements of the mechanical and plant engineering sector
regarding Industrie 4.0 and creates platforms for collaboration and
information sharing. In this way, the forum supports users and
providers alike among VDMA member companies to actively shape
the transformation toward the factory of the future.

German mechanical and plant engineering is at
the centre of innovation and technological networks. It integrates the latest technologies in
products and processes, and thereby maintains
its technological leadership. In recent years, the
integration of IT and software has in particular
gained increasing importance. Already approximately 30 percent of the manufacturing costs

for an engineering product are attributable to IT
and automation technology, with this figure
continuing to rise. With Industrie 4.0, IT and
internet technologies will penetrate even more
in products and in the factories. A merging of
the virtual world of IT with the real world of production will take place. In the future, people,
machines, means of production and products
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will contact each other and communicate independently.
Currently, Industrie 4.0 is still in an orientation
and testing phase. German mechanical and
plant engineering companies are beginning to
show examples of their first realised products
and solutions based on initial prototypes and
demonstrators, which frequently come from the
research field. The spectrum ranges from open
and intelligent automation components using
internet technologies in the production, through
to the Industrie 4.0-oriented machinery and
production systems.
The realisation of Industrie 4.0 is not just shortterm – it aims to be a gradual, evolutionary process. In doing so, Industrie 4.0 will provide the
opportunity to open up new potential in industrial production, which will be crucial for success
in the global marketplace. For this, energy and
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resource efficiency, flexibility and customisation,
optimisation of costs and speed are keywords.
Particularly for lot size one, that is important.

Investing in research and development
Research is important in deciding whether the
German industry can establish itself as a leading supplier of Industrie 4.0 solutions in international competition. German mechanical and
plant engineering is well positioned here. In
pre-competitive joint research, German companies cooperate with over 200 national and European research institutes. A variety of platforms
allow the transfer of knowledge from collaborative research and provide insight into the innovation facilities of German universities on the
topic of Industrie 4.0 research. This is how the
transfer of knowledge will succeed from research
and development to the operational shop floor.
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Standards are the key

People are our focus

Industrie 4.0 means communication based on
uniform data. The focus of this is on the networking of companies, plants and components
of manufacturers and customers. A common
communication standard is imperative for the
successful implementation of Industrie 4.0. German standards open up markets. Expert representatives from the German mechanical and
plant engineering industry are actively involved
in the development of these standards. In this
way, product and manufacturing information of
companies, systems and components will be
understood throughout the world.

Not only for security are people of vital importance. Like no other industry, German mechanical and plant engineering stands for the ability
to implement technical knowledge and expertise in highly sophisticated products. This
makes it synonymous for German engineering
craftsmanship – and rightly so, because with a
share of 17 percent, mechanical engineering is
the largest of the engineering employers in
Germany.

Industrie 4.0, this term stands for the fourth
industrial revolution. After mechanization,
electrification and introduction of software
and automation technology into production,
a linking of IT, internet and production
technology shall be realized with Industrie 4.0.

Security as a success factor
The protection of data and technical expertise of
company-wide production processes is essential.
Without security, Industrie 4.0 would be inconceivable. It is therefore important to design the
automated data exchange of networked production systems in a secure and reliable manner, to
control the unique identification of process players and to protect the technical knowhow of
products, processes, machines and equipment. A
VDMA survey among production managers has
shown all too clearly that the risks today are
found to lie with the human factor. Training and
raising employee awareness in relation to security is therefore an important measure.

http://industrie40.vdma.org/en

On the way from automated to autonomous
production, the tasks of employees in the production process will bring about significant
changes. New intelligent operating and assistance systems which support day-to-day work
need new competencies. German engineers and
skilled workers have the best prerequisites here
to meet these requirements.

VDMA supports its members
From the beginning, the VDMA has been closely
involved in Industrie 4.0 and together with the
ZVEI and BITKOM has launched “Platform Industrie 4.0”. The aim of the platform was to further
develop the economic implementation of Industrie 4.0 and to strengthen Germany’s position as
a leading production location.
Industrie 4.0 is therefore not just a topic for
large-scale industry, it must also be economically
viable and beneficial for small and medium-sized
businesses. In order to strengthen and support
the involvement of potential users, who are
largely medium-sized machinery and plant manufacturers in Germany, the Association has
launched the “VDMA Forum Industrie 4.0”. The
forum consists of an interdisciplinary team of
VDMA experts who are viewed as consultants
and service providers. They support VDMA members in the respective fields of action relevant to
Industrie 4.0, including research, standardisation, IT security, production organisation, legal
frameworks and qualification of employees.
Autor:
Dr. Beate Stahl
VDMA-Forum Industrie 4.0
Frankfurt am Main
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Between globalisation and regional diversification:
chemical plant engineering on the upswing
Dr. Thomas Scheuring
Chemical plant engineering is booming. Moreover, it is well positioned to exploit
the creative tension between long-term investments and short-term developments
on the commodity markets, which has revolutionary potential.
Shale gas, sugar, or how about coal? Anyone currently wanting to build a chemical plant is spoilt
for choice since the latest resource revolution is
not a global phenomenon like the transition
from wood to coal to oil. In fact, regional markets are becoming increasingly diversified, in
some cases driven by politics. While coal chemistry is experiencing a renaissance in China and
the US economy is over the top about the shale
gas boom, Brazil and Southeast Asia are searching for potential applications for their renewa-

ble resources, while Europe is vacillating
between the bioeconomy, energy turnaround
and fossil resources. Global chemical corporations in turn are responding to this by diversifying both their technologies and their investments. It is no longer a question of “either – or”,
but of “both”, hence at one site investments in
huge cracking capacities are made, while at
another a joint venture for processing renewable resources is launched.
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This is, of course, good news for plant engineering, since there is no denying it: when the chemical industry does something, it tends to do it in
a big way. Chemical producers such as BASF,
Bayer and Dow have launched huge projects
around the world in places like Ludwigshafen,
Dormagen, Al Jubail and Freeport. Industry
leader BASF has set its sights on increasing
annual turnover from the current level of 74 billion euros to 110 billion euros by 2020. To make
this figure a reality, the company is investing
around 4 billion euros a year in new plants and
equipment. The picture is similar at BASF rival
Dow. The US chemical maker has multiple mega
projects underway. At the Al Jubail site in the
Saudi Arabian desert, Dow, together with the oil
company Saudi Aramco, is building the Sadara
petrochemical complex at a cost of around 10
billion euros. In June, Dow began construction
of an ethane cracker in Freeport, Texas at a cost
of 1.3 billion euros. The plant is expected to produce 1.5 million t/a of plastic and elastomer
products starting in 2017.
Yet this positive development also creates a
whole series of challenges for chemical industry
investors and industrial plant contractors. The
individual projects are growing exponentially.
For the suppliers, this means not only the challenge of making the necessary handling capacities available, but also of shouldering massive
financial risks. This is one of the factors why
extremely aggressive competitors from South
Korea and China were able to snap up a substantial share of the mega projects in the Middle
East. Meanwhile, however, for some companies
this came at a high price. Earnings at South
Korean Daelim were down 90 % year-on-year in
2013. Samsung Engineering reported a loss in
excess of 220 million euros. As a result, the EPC
supplier will be merged with the Heavy Industries shipbuilding unit as of December 1, 2014.
Chinese companies, on the other hand, with a
combination of high risk appetite and attractive
financing concepts are shaking up the market.
Plant suppliers from western industrialized
nations are countering this with new technologies targeting increased productivity. Standardization and modularization are no longer buzz
words mooted at conferences, but are being
increasingly implemented in practice. A study
carried out by VDMA and management consultants Maexpartners indicates that the effective
use of modularization in systems engineering
could reduce costs by an average of 15 %. This

approach could even cut non-performance and
warranty costs by 23 %.
This trend involves more potential than “merely”
cost-cutting. Given the versatility of the resource
base, an increasing number of studies conclude
that the future lies with flexible systems
designed for quick changeover and intelligent
management of fluctuating resource and
energy supplies. Modularized plants could do
just that simply by applying different processes
for production with different feedstocks,
depending on the starting situation.
This may well sound like science fiction today,
but for strategic developers in companies, it is
almost reality. “In future, it will no longer be
considered ideal for a plant to run for over 8,000
hours of continuous operation”, comments Prof.
Martin Strohrmann, chairman of ProcessNet,
the German process engineering platform of
DECHEMA and VDI-GVC. Instead, novel concepts
must allow for fluctuating energy prices and
raw material properties – with wide-ranging
effects extending as far as water and wastewater management. Here, process analytics will
enable the water and wastewater composition
to be recorded in real time and the treatment to
be controlled accordingly.
For the chemical industry and plant engineering
with their traditionally long-term investment
cycles, the current, short-term changes are a
challenge. Just where this is leading to has not
been worked out down to the last detail. What
does emerge, however, is that innovative capacity and thinking outside the box are crucial to
meet the challenges and exploit the opportunities.
More detailed information on current developments in plant engineering is provided in the
ACHEMA Trend Report on Plant Engineering
available at www.achema.de.
Author:
Dr. Thomas Scheuring
Head of Exhibition Congresses
DECHEMA e.V.
Frankfurt am Main
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Even after a full century, the asynchronous motor‘s familiar stator still stands as a perfect piece of engineering.

Photo: KSB

The end of asynchronous motors as pump drives?
Dipl.-Ing. Daniel Gontermann and Dr.-Ing. Manfred Oesterle
As drives for fans, compressors, pumps and other pieces of rotating
equipment, standardised asynchronous motors have achieved
upwards of 90 % market penetration. [1] Now that energy efficiency
is becoming increasingly important, though, their dominant
position is beginning to erode. As far as robustness and price are
concerned, three-phase squirrel cage motors remain unbeatable.
But does this mean that alternative motor concepts actually stand
no chance of gaining appreciable market shares as a universal
drive option?
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Fig. 1: An IE3 asynchronous motor working at its rated load point (in this case at
1500 rpm / 7.5 kW) achieves high levels of efficiency.
(Measured data by Prof. Edgar Stein, FH Kaiserslautern, 2011)

Fig. 2: Even under part-load conditions, synchronous reluctance motors are
marked by very good efficiency (in this case at 1500 rpm / 7.5 kW).
(Measured data by Prof. Edgar Stein, FH Kaiserslautern, 2011)

History
Ever since the first series-produced asynchronous motors were introduced in 1889 by twoyear-old Allgemeine Electricitäts Gesellschaft
(AEG) and their chief designer Michail Dolivo-Dobrowolski, three-phase induction motors with
squirrel cages have ruled nearly all areas of
applications, with servo systems and non-standardised, integrated motors as the sole exceptions. Their still unbroken dominance certainly
is, at least in part, attributable to the fact that
they require no technical expedients for starting
on three-phase power. Since 1890, analogous to
the invention of mobile cellular telephones and
the attendant construction of mobile telephony
networks, numerous countries have established
three-phase supply systems based on the pioneering achievements of Galileo Ferraris and
Nikola Tesla. That, of course, caused the gradual
demise of centralised steam engines in favour of
decentralised and robust asynchronous motors
with DOL starting capability. Development
efforts motivated by competitive forces and a
fascination for new technologies led to a huge
increase in rated power, optimised run-out characteristics, less noise and an increase in efficiency levels of 90 % and more. With the establishment of standardisation committees around
1920, asynchronous motors experienced progressive standardisation, particularly with
respect to their outside dimensions, in order to
make them reliably interchangeable. DC motors
which, thanks to their uncomplicated controllability and despite their higher maintenance
requirement, remained competitive for certain
applications requiring precision control behaviour, were pushed off the market in the 1980s,
when the appearance of quick-response vector
control technology made asynchronous motors
with frequency inverters the option of choice.
Gradually, these motors evolved into a kind of
standard drive that is now available on the
highly contested global market for little more
than its own cost price.

Focusing on efficiency
It was not until 1998 – a good 100 years after
their invention – that a CEMEP-championed,
voluntary minimum-efficiency commitment
was adopted at the European level by manufacturers of asynchronous motors. The main purPumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2015
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pose of the “EFF classes”, as the CEMEP seals of
quality are known, is to make consumers aware
of the difference between such motors and
cheap but inefficient products that contain less
“active materials” (i.e. copper conductors for
electricity and iron conductors for magnetic
flux) for the sole benefit of lower price tags.
Since that voluntary standard was introduced,
motors of the lowest efficiency class (EFF3) have
become close to unsellable. This way, motors
satisfying efficiency class 2 established as economical market standard by 2009 with a market share of more than 80 % [2]. This appears to
constitute the “natural balance” between material input and efficiency. Despite CEMEP’s initiative, the market share of EFF1 motors still
amounted to only 17 % in 2009.

Climate protection for everyone
About 10 years later, the International Electrotechnical Commission IEC promoted the elabo-
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ration of a uniform international system for
identifying the efficiency of standardised asynchronous motors and, in late 2008, adopted the
standard IEC60034-30 with 4 “IE classes” and an
associated, predetermined test standard governing their substantiation. At the same time,

Since its introduction in 1889, the three-phase
alternating current induction motor has
been dominating almost all areas of application
in drive technology.
EU legislation began to focus on three-phase
motors. Extensive studies by the European Commission had shown that electric motors in the
industry, with a share of 49 %, are the largest
single group of electric power consumers [3]. In
pursuance of climate protection objectives, it
therefore was only logical to assume that any
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motors from 7.5 to 375 kW. The latter will
require considerably higher material inputs. The
use of IE2 motors fitted with variable speed systems is accepted as an alternative to the IE3
level. In 2017, the motor range is supposed to be
extended to also cover 0.75 to 5.5 kW. Time and
again, there are controversial discussions on
whether using IE3 motors is economical.

So, are we on course?

Fig. 3: Rotor lamination in a synchronous
reluctance motor patented by Prof. A. Vagati.
(Photo: REEL S.r.l., Ponte di Nanto)

Source: KSB

energy saved among this group of consumers
would certainly have a major leverage effect.
Hence, on the basis of IEC60034-30 and for
implementing Eco design / ErP Directive
2009/125/EC, Commission Regulation (EC) No.
640/2009 (since January 2014 in combination
with Commission Regulation (EU) No. 4/2014)
was adopted. In a first step, it stipulated the
obligatory introduction of IE2 motors and, with
effect from 1 January 2015, prescribes a minimum efficiency level of IE3 for fixed-speed

As various analyses of existing systems show,
many motors are not being operated at their
rated load point, but on the one hand at some
operating point situated far below their respective rated power and on the other hand at shifting operating points. Indeed, the workload of
the average motor in Europe amounts to a mere
60 % of its rated load, [4] Many organisations
concerned with system energy efficiency, the
Deutsche Energie Agentur (dena) for example,
are calling attention to this oversizing problem
and advising users to optimise their systems. [5]
However,
Commission
Regulation
(EC)
640/2009, based on IEC60034-30, only refers to
the rated load point and makes no distinction
for applications with low annual numbers of
operating hours (e.g. drives for fire-fighting
pumps). While an IE3 motor on part-load duty
can be expected to be more efficient than an IE2
motor, permanent operation outside of the
rated load point constitutes a per se potential
for optimisation (figure 2). Naturally but unfortunately, the complexity of the driven processes
makes it impossible to ensure the generally efficient operation of motors by way of a single,
compact directive. As far as the achievement of
climate protection objectives is concerned, it is
therefore more important for consultants and
operators to read and heed the various, much
more comprehensive advisories devoted to the
efficient design of systems and to critically
appraise the pros and cons of different drive
concepts.

What are the alternatives?

Fig. 4: “The synchronous reluctance motor is making a comeback as an IE4 drive“ [9] (shown above with an IEC standard
housing acc. to EN 50347).

For years now, synchronous motors with significantly higher part-load efficiencies have been in
use for applications requiring rated powers up
to about 10 kW. Such drives, however, have the
drawback of lacking DOL starting capability. In
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addition, their rotors usually require magnets of
high power density such as permanent magnets
made of neodymium iron boron. Despite the
fact that magnetic materials often contain only
small amounts of rare earths as admixed material, the overall required volume of material nevertheless makes such motors economically inefficient compared with simple asynchronous
motors with ratings > 10 kW. Moreover, the latter involve much more modest economies of
scale in their manufacture, plus the fact that the
market prices for rare earths, 95 % of which are
being mined under less than optimal ecological
conditions in China, have proven anything but
stable in recent months [6]. The old problem of
synchronous motors requiring soft starters or
frequency inverters as starting aids has now
been extensively solved by hybrid forms of the
asynchronous and synchronous principles. By
installing starting cages in the permanent magnet rotor, an asynchronous run-up with subsequent pull-in can be achieved. In the future, the
already increasing share of controlled drives
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could help synchronous motors weaken the
dominant market position of asynchronous
motors, even without such hybrids. Whenever
the use of an inverter makes sense for a given
application, there is no reason why a squirrel
cage motor should be capable of DOL starting.
The significantly superior efficiency of synchronous motors under part-load conditions (figure 3) means that their obligatory introduction
would certainly and demonstrably reduce CO2
emissions more than would the introduction of
IE3 asynchronous motors.

If it only weren’t for the magnets!?
Another alternative has been available since
1923: At that time, a man by the name of J. K.
Kostko took out a patent on a rotor that always
and perforce remains aligned with the permeability prevailing within the stator field as it varies along spatial axes. Despite its striking simplicity of design, this motor concept lay idle for a
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long time. It was not until inexpensive frequency
inverters became available for stably controlling
such motors, a few percentage points of higher
efficiency became important, and rare earths
came to be regarded as “critical raw materials”
(as recently referred to in a KfW Bank study published in November 2011 [7]) that this technology began to gain favour.

How a synchronous reluctance motor works [8]
While the working principle of asynchronous
motors and permanent magnet synchronous
motors is common knowledge, synchronous
reluctance motors (SynRM) are often confused
with switched reluctance motors (SR) which are
less efficient and rarely start without a jerk. A
synchronous reluctance motor consists of a stator like that of a commercial-type, four-pole
asynchronous motor with distributed windings.
To prevent formation of eddy currents, the rotor
is a laminated core assembly of electrical sheet
steel with a special geometry characterised by
flux-conducting and flux-blocking segments. In
the preferred direction of magnetic orientation,
the core offers minor reluctance, and the magnetic flux is conducted easily through the iron.
At right angles to that orientation, the air-filled
blocking segments impede the magnetic flux.
Cutting the core sheets as described in U.S. patent 5.818.140 by A. Vagati, Turin, of 1998 (figure 3) is advantageous for the radial run-out of
SynRMs. In the presence of three-phase current,
the distributed winding in the stator slots generates a rotary field in the motor’s air gap. Energisation via a frequency inverter enables run-up
from zero to operating speed and variation of
the speed in the course of operation. As soon as
the inverter is switched on, the rotor synchronises and “falls into step” with the rotary field.
An appropriate form of rotor position control in
the frequency inverter ensures that the rotor
does not “fall out of step” again, especially in
response to load changes.

operation. Consequently, for all the many applications in which the rated torque and rated
speed need not necessarily be maintained all
the time, synchronous motors are an attractive
option, even at today’s prices. Another fact is
that any further tightening of the minimum
efficiency requirement toward IE4 or perhaps
even IE5 – as already suggested in IEC60034-30
Ed.2 – would very likely entail a shift in technology in favour of synchronous motors. For rankand-file applications, then, solutions requiring
no magnets certainly would be preferable: solutions like synchronous reluctance motors (figure 4).
Authors:
Dipl.-Ing. (FH) Daniel Gontermann
Head of Product Management
Motors & Drives
Dr.-Ing. Manfred Oesterle
Head of A&D Companies and Associations
KSB Aktiengesellschaft, Frankenthal
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In the long run, it is rather improbable that synchronous motors actually could replace those
“good old” asynchronous motors. It is a fact,
though, that synchronous motors are considerably more efficient, particularly during part-load
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Self-regulating special centrifugal pumps master even the difficult, complex feed tasks
that are often encountered in the chemical and petrochemical industries.

Photo: H.P. Merten

Use of centrifugal pumps in pumping processes
with critical cavitation properties
Dipl.-Ing. Frank Bungartz
Centrifugal pumps are amongst the most commonly used pumps, accounting
for around 80 to 90 %. They are used for pumping a very wide variety of liquids
and LPG. Their functional principle is based on a hydraulic system, consisting
of an impeller, a casing, and the seal and bearing unit. They have been in use
for many years, pumping various media in many industries. Uninterrupted,
safe and reliable operation should therefore be a matter of course. In practice,
however, hydraulic faults such as dry running and cavitation regularly cause
severe damage to pump systems. Particularly in the case of applications with
critical cavitation properties, the selection of an appropriate pump allows
permanently cavitation-free fluid pumping, and an economical and energyefficient solution can be achieved.
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Fig. 1: Pressure curve for normal-priming centrifugal pump

Source: Bungartz

The criteria by which pump systems are selected
in practice are as varied as the requirements for
pumps. When the procurement costs for a pump
are given centre stage in a decision to buy, this
means ignoring the life-cycle costs, which take
into consideration all investment, operating and
maintenance costs. It is more economical if
pumps are optimally designed from the outset.
Whether a new pump is being bought or a
replacement, this requires a precise description
of the pumped product, operating conditions
and detailed information about the pumping
task. Exact specifications regarding the composition, properties and effects of the product to
be pumped are indispensable. Operators are
often unable or unwilling to provide the neces-

Fig. 2: Special centrifugal pump using the V-AN process:
The pumping medium (hydrocarbon) is at its steam point.
Feed rate: 120 to max. 132 m³/h
Delivery height: 75 m
Pump is operated at n=3000 rpm.

sary specifications. This makes operating faults
inevitable. Various manufacturers have begun
working with special pump selection software.
Checklists provided by the manufacturers likewise record the parameters for the hydraulic
selection. A lot is already possible, ranging from
the operating conditions, e.g. application area,
pumped product, flow rate and delivery height,
to support with duty point selection and the
standard processes for duty point adjustment
and performance curve calculation (e.g. for a
more viscous pumped product). This support
generally only applies to standardised processes. Special design features and custom
builds cannot generally be recorded in this way.
Particularly in critical application areas, e.g.
pumping boiling liquids occurring in power
plants or in the chemical and petrochemical
industries, solutions are required for which the
pump technology has been mastered. In practice, damage to pump systems regularly occurs,
together with production downtime, as a result
of cavitation.

Dreaded cavitation
The range of applications with critical cavitation
properties is wide. Fluids particularly at risk
include LPG, hydrocarbons and condensates,
because these are generally at boiling point.
Pumping condensates is a particularly challenging task in industrial processes, but especially in
power plant engineering (figure 1).
What does cavitation mean? Cavitation refers to
“the partial evaporation of liquids in a flowing
system”[1], accompanied by the impulsion of
vapour bubbles in a higher pressure range. A
systematic problem zone for suction centrifugal
pumps is the typical pressure drop at the impeller inlet. A pressure drop to below the vapour
pressure at the impeller inlet causes liquid to
evaporate. This produces vapour bubbles, which
can be drawn along by the flow. These collapse
inside the pump. This is generally announced by
drumming noises, and its effects are destructive: Interruption of the flow and component
defects can result, and it may even become nec-

[1]

J. F. Gülich: Kreiselpumpen –
Ein Handbuch für Entwicklung, Anlagenplanung
und Betrieb. Springer, Berlin, 1999, 2009
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essary to replace the pump. The lower the difference between the suction pressure and vapour
pressure of the pumped product (corresponds to
NPSH of the system in m), the greater the risk of
cavitation. The NPSH value (net positive suction
head) refers to the energy differential between
the total energy level at the inlet cross section of
the pump and the vapour pressure head of the
pumped product. Simply put, the NPSH value is
the negative pressure or pressure drop that the
pump generates in the suction nozzle. This pressure drop is typically expressed in metre liquid
column. The NPSH value of the pump is principally determined by the impeller geometry and
the pump speed. The NPSH value of the system
is determined by the working temperature and
boiling point of the fluid, the water level above
pump intake (liquid level above pump intake),
the atmospheric pressure, and the suction-side
piping. This net positive suction head is
pump-specific, and is connected in particular
with the pump speed. A high speed produces a
high NPSH, and a low speed produces a low
NPSH in the pump. The temperature affects the
NPSH of the system: high temperature = low
NPSH value, as there is only a low pressure difference from the boiling point.
When pumping LPG, which is always at boiling
point, the NPSH value tends to zero. The total
unloading of a tanker truck can be used as an
example. Alongside the delivery height, flow
rate and output requirements, NPSH value is
one of the most important operating parameters for a pump. The manufacturer specifies the
value in the technical documentation. If the two
key figures (NPSH value of the pump and the
system) are within the correct range for a feed
task (e.g. safety margin: NPSHsystem – NPSHpump = 0.5 to 1 m), the feed task can be viewed
as non-critical for cavitation. This means cavitation can fundamentally be avoided if the total
dynamic head is greater than the vapour pressure of the fluid. This is achieved by increasing
the suction head – i.e. the hydrostatic pressure
– to the pump suction side such that there is
sufficient safety clearance between the NPSH
system and the NPSH pump.
It is furthermore important to keep the flow
speed in the suction line low in order to avoid
large pressure drops (guideline value < 1.2 m/s).
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General precautions to avoid cavitation
When using conventional pumps, the tendency
to cavitation can be affected by various measures. In order to generate the necessary hydrostatic pressure, the pumped product must have
a correspondingly high feed inlet towards the
pump. In order to achieve this, a frame can be
built and/or the filling level in the pump reservoir can be controlled correspondingly. If these
approaches are not expedient or practicable, the
normal-priming pump is installed in a basement, or a pump reservoir is installed at an
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CP Pump Systems
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pumping systems.
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Fig. 3: Pumps using the V-AN process continuously and automatically adapt to fluctuating feed rates.

appropriate height. In practice, design interventions are also possible, such as the enlargement
of the vane diameter and a corresponding
reduction of the speed, or optimisation of the
impeller blade entry angle. This has a positive
effect on the NPSH value, as does reducing the
number of vanes, or using double-flow impellers (splitting the feed rate). The disadvantage of
this is that the pump needs to be designed significantly larger than would ordinarily be
required for the pumping parameters. Building
a larger pump sometimes requires the use of
higher quality and more durable materials. Both
approaches generally increase the investment
costs.
In most cases, the approach of reducing the rotation speed is used. Slow pumps are less prone to
cavitation than fast pumps. The greater the circumferential speed at the impeller inlet, the
greater the risk of cavitation. In practice, the
problem is solved by running the pump at slower
speeds (between 950 and 1,450 rpm). A disadvantage of this is that the performance efficiency
of the pump falls at lower speeds. If the pump
additionally has an overdimensioned design, i.e.
it is not operating at optimum efficiency but
rather in the partial load range, the efficiency of
the application becomes even worse.
Summary: when using normal-priming pumps
for applications with critical cavitation properties (e.g. pumping condensates), additional
measures are always necessary to avoid cavitation. These are generally associated with higher
costs (figure 2).

Innovative solutions thanks to
special physical properties
An alternative to the operating mode of conventional centrifugal pumps is offered by pumps
using the V-AN process (AN stands for abnormal). These special centrifugal pumps are
self-regulating. They operate without suction
capacity, i.e. they themselves generate no negative pressure at the impeller inlet. Specially
designed for each application case, they are
manufactured individually or in small series.
One important design detail consists in the
hydrodynamic sealing of the pump. The starting
basis was and still is the problem of how the
transition between the pump casing and the
rotating shaft can be designed so as to remain
tightly sealed. The design approach, which continues to be developed further, utilises a primary
and a secondary seal. The primary seal consists
of concentric vanes on the rear of a conventional
centrifugal pump impeller. As the speed of the
pump increases, the pumped product is driven
outwards by the centrifugal forces. When operating the pump, this prevents the fluid from
coming into contact with the shaft. As a secondary seal, a downstream sealing system is
selected depending on the application, consisting of a stuffing box, a mechanical seal, a lip seal
or a magnetic drive. The downstream seal only
serves for idle state sealing, and during pump
operation, it only comes into contact with the
gas phase of the pumped product. At a minimum speed determined by the design, the seal
during operation can be guaranteed. This hydrodynamic shaft seal works with any type of fluid,
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irrespective of whether it contains solids, is viscous or boiling. This is a component of the V-AN
process (figure 3)
The self-regulating performance of the pumps is
based on the fact that they have “broken the
suction habit”. Between the inlet at the impeller
and the gas phase of the pumped product in the
pump reservoir upstream of the pump, a pressure compensation system is created. This is
dependent on three factors: the first basic
requirement is a vertical pump design; the second is the hydrodynamic shaft seal downstream
of the impeller, as described above; and the
third is that, in addition to the normal connections, such as the suction line and the pressure
port, this process additionally requires the
installation of a gas compensation line downstream of the pump’s impeller. This line is connected directly to the gas phase of the pump
reservoir (because it is a non-suction pump, the
normal word “suction line” is replaced by the
term “feed line”). If the pump reservoir is at
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atmospheric pressure, this leads directly into
the pump casing. As soon as the pump is running, the zone downstream of the impeller is
empty. There is no further pumped product
present. The pressure in the gas phase of the
pump reservoir is equal to the pressure downstream of the dry impeller. Equilibrium is
achieved between the pressure at the impeller
inlet and in the gas compensating line.

Centrifugal pumps are used to convey
a wide range of liquids and liquid gases.

The process engineering advantage is that the
special centrifugal pump using the V-AN process
only requires as much volume as is forced into it.
The necessary pressure is supplied by the hydrostatic liquid column. The pump is designed for
the maximum anticipated volume flow (Qlimit)
(figure 4). When this volume is present, the
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A further special feature of the process is the
continuous self-ventilating effect. If gas gets
into the pumping process, this is also discharged. The pump does not need to be ventilated, and the pumping process is not interrupted by gas in the feed line. The continuous
dry-running protection facilitates long pump
operating periods without liquid. Even during
difficult commissioning phases, intermittent
feed rates and the total unloading of containers,
the highest levels of availability are guaranteed.

Qaus = k A1 2 g Hz

Source: Bungartz

Fig. 4: Characteristic curve for centrifugal pump
of type V-AN. Here, the following applies:

This is advantageous because further cost
blocks can be saved: mechanical or electrical
regulation equipment is unnecessary, and neither frequency converters nor volume flow
monitors are required. The self-regulating
behaviour of pumps that operate using the
V-AN process is completely autonomous.

Fig. 5: The speed (C1) at which a medium emerges from an
open vessel is determined using the Bernoulli equation:
Qab = K · √2gHz · A1 = Qzu
K<1
K = f (pump and speed)

liquid level (HZ) in the pump reservoir rises. The
resultant increase in pressure means that more
liquid is forced into the pump. The pump reacts
directly to this volume. If less liquid follows, the
filling level falls, and the pump draws less from
the reservoir. The minimum filling level that can
be achieved is derived from the horizontal centre line of the pump impeller.
In a manner similar to a siphon, no further liquid
follows (figure 5). The pump impeller rotates
freely in the liquid. The principle follows the formula for free outlet (see figure 4). Here, the feed
factor K considers impact losses at the impeller
inlet as well as other negative influences and is
thus smaller than 1. A1 is the cross-sectional
surface of the pipeline.

Cavitation-free pumping
One fundamental property of the process is the
cavitation-free pumping of a wide range of
media in any operating mode. In normal-priming centrifugal pumps, a systematic pressure
drop occurs at the impeller inlet. Because of the
corresponding spaces above and below the
impeller, the V-AN process has an almost
straight-line pressure curve throughout the
entire pumping process until the pressure
begins to build up (figure 6). The pressure drop
available at the impeller inlet is lower for boiling
fluids than in normal pumping tasks, as only the
suction head is generally available as a differential. When pumping condensates, there is therefore a significant risk of the NPSH of the pump
exceeding the available NPSH value of the system. The non-suction special centrifugal pump
using the V-AN process has an NPSH value of
< 0.1 m.

Typical applications
Under the V-AN process, the special centrifugal
pumps always work cavitation-free. The NPSH
value can therefore be ignored during the system planning stage. The design adaptations of
the pump and the associated advantages allow
the development of numerous properties and
application possibilities. Special centrifugal
pumps using the V-AN process are used for
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Pumping condensate
The positive characteristics of non-suction
pumps stack up in the pumping and collection
of condensates. In contrast to conventional condensate recycling systems, no large reservoir is
required here. The pump draws directly from the
flash tank. With normal-priming standard
pumps with a horizontal design, condensate
flows are collected in collector pipelines and
delivered into a flash tank. This facilitates the
stabilisation and evaporation of the condensates and operates using a min/max control system. High infrastructure costs are required to
get into ranges that do not have critical cavitation properties. These include costs of cooling
the condensate or frameworks, pits etc. Condensate pumps are frequently operated at lower
speeds and overdimensioned at the design
stage in order to avoid cavitation as much as
possible. Amongst other things, this generates
high energy consumption. If the physical properties of pumps mean that they no longer cause
cavitation, they can be dimensioned smaller.
(Pump casing and impeller are designed for the
volume of condensate actually being pumped.)
Operating at an optimum speed (2,900 rpm), it
can achieve large energy-saving effects despite
the open impeller structure.

Application example: Highly efficient gas/
steam cogeneration plant

•
•

Advertisement

pumping mixtures of boiling, solids-laden and
toxic liquids. It is no problem for them to be
installed in pits and in closed, non-pressurised
vessels such as refinery waste containers or vacuum filters, centrifuges, distillation columns,
evaporation plants or septic tanks. The total
unloading of tanks is also a special feature.

Safe pumping
with sealless
submersible pumps
■
■
■

maintenance-free
proven canned motor technology
high availability

Capacity:

max. 1600 m³/h

Head:

max. 1200 m

Motor power:
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Applications:
■ tank farms
■ terminals
■ chemical plants and
refineries
■ gas storage caverns
■ UREA processes
Handled liquids:
■ liquefied gases,
such as LNG, NH3, CO2
■ high volatile
hydrocarbons
■ cryogenic gases

The task: Pumping condensate
from a water/steam cycle
The situation: High levels of turbulence
in the tank and a boiling hot medium

In a power plant process, boiling hot condensates are drained from the water/steam cycle.
These are first delivered into a separator vessel
(a flash tank with high turbulence), and after
appropriate cooling, the condensate then continues to the next process stage and is pumped
HERMETIC-Pumpen GmbH
info.pk@hermetic-pumpen.com
www.hermetic-pumpen.com

INNOVATIONS & TRENDS

Source: Bungartz

36

vapour bubbles are drawn through, no stalling
occurs. Fault-free pumping requires neither a
control system nor a dry-running protection system (figure 7).
In many condensate applications, liquids are
pumped directly out of a vacuum. The procedure
described can also be applied in these cases,
irrespective of whether the vacuum being
pumped from is in the condensate collector,
hotwell or flash tank.

Tank unloading from below
Fig. 6: Pressure curve of the special centrifugal pump using the V-AN process

Source: Bungartz

into a neutralisation vessel. Conventional
pumps require an additional condensate collection tank in order to store condensate virtually
vapour-free. These pumps require an additional
level control system to ensure that the level is
higher than the NPSH value of the pump (NPSHA
> NPSHR +0.5 m). The required headroom could
only be achieved by constructing a pit. The use
of a self-regulating special centrifugal pump
using the V-AN process allows headroom to be
saved. The features of the impeller geometry
and the pressure compensation system at the
impeller improves stability. The pressure compensation system at the impeller inlet avoids
cavitation. Any steam reaching the pump does
not cause any damage. Even where gas and

For unloading LPG or heavy media (e.g. sulphuric
acid) from tanks or boilers, pumps are used in
the petrochemical, chemical and fertiliser industries (figure 8). LPG, e.g. propane or butane, is
stored in vessels with volumes of a few hundred
to several thousand litres. These gases are fluids
at boiling point. They are highly combustible
and form explosive mixtures with air, and containers are therefore emptied from below. The
barrel-type pumps that are used as standard, i.e.
suction centrifugal pumps, are vented by means
of an empty pressure line. In order to achieve
sufficient suction head, they are expensively
installed in recesses in the floor. When the pump
is switched on, the liquid immediately starts
being pumped. As the process progresses, the
liquid level falls and gas is drawn in by the pump.
These gas bubbles reduce the performance and
cause irregular running, and even stalling. This
does not occur with special centrifugal pumps
using the V-AN process which are used for the
total unloading of containers.

Application example: Container discharge

•
•

Fig. 7: Condensate pumps in power plants

Condition for pump selection:
Total unloading
Pumped product: LPG (n-butane)

For an international company that manufactures plasticisers containing oxygen, fine chemicals and polymer dispersions, a special centrifugal pump is used for pumping LPG (n-butane).
The vertical pump is designed for the following
operating conditions: flow rate 100 m3/h; delivery height 100.0 m C.L.. If the impeller is positioned at the lowest desired liquid level in the
feed vessel, the pump can also pump down to
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SIMPLY A CL ASS BETTER:

this level. This self-regulating pump operates
without independent suction capacity. The volume flow rate falls continuously in proportion
to the suction head. It reaches 0 when the liquid
level has reached the centre line of the pump
casing. As soon as a stable liquid level is reached,
the pump flow rate equals the feed flow rate.
Pressure compensation is achieved via the gas
compensation line. After starting, the pump
ventilates automatically; the gas is mixed into
the pumping medium. This method ensures
that no further construction measures are
required for the pumping of LPG. The special
centrifugal pump can be installed at ground
level, next to the tanker truck. The vapour pressure in the tanker truck means that the NPSH
value for the total unloading is almost zero. The
only condition is that the hose connections
must be located lower than the tanker outlet
nozzles. The operational task for the pump was
the total unloading of a container. At the same
time, it was possible to cut the unloading time
in half.

INDIVIDUAL AND
EFFICIENT
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Tank unloading from above
In combination with a suction vessel, the V-AN
process is suitable for the total unloading of
heavy substances such as oleum, sulphuric acid,
tin tetrachloride. With densities of between
1,800 and 2,300 kg/m3, these liquids are difficult
to unload. Once pumping begins, the falling liquid level in the filled suction vessel acts like a piston that is slowly being pulled out. This generates negative pressure. During unloading from
above, the pressure at the highest point of the
loading arm drops almost to the boiling point.
This pressure is the only limiting variable for
pumps operating under the V-AN process. The
physics of the pump means that dry-running
safety is guaranteed at all times, such that the
pumps using the V-AN process can continue
pumping until the container is completely
empty, even after the formation of the first vortices in the container being unloaded. Self-priming magnetic drive or canned motor pumps are
normally not safe to run dry. They need to be
switched off before gas starts getting drawn in.
This requires continuous monitoring. With these
pumps, it nevertheless cannot be avoided that
residual quantities are left in the tanker truck.

Self priming pumps with
short suction time for
contaminated media

Extreme wear
resistant: Type FB
Recessed impeller pump
for highly contaminated
media
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tainment cup means that the vortex losses
occurring with a metallic containment cup are
avoided. The vertical arrangement prevents
product contact with the seal, even if the sealing
gas supply were to fail. Any monitoring systems
required can be installed outside the pit, and are
therefore not located in the potentially aggressive or explosive atmosphere of the container.

Application example:
Refinery waste pump in a sump tank

•

The medium: Crude oil with water and sand

Fig. 8: Tank unloading from below

Extreme media from pits
The typical fields of activity for pumps using the
V-AN process include pumping boiling, solids-laden or toxic liquids. These media are
pumped out of pits or closed, unpressurised vessels such as refinery waste tanks. The magnet-coupled, self-regulating vertical submerged
pump using the V-AN process is ideally prepared
for these problem situations. It also works with
a hydrodynamic sealing and an impeller with
back vanes.

Source: Bungartz

Gas barriers are installed to protect the bearing
unit against the penetration of product vapour.
On the product side, these are designed as single mechanical seals or with depressurised lip
seals. This special pump is hermetically sealed
against the atmosphere by means of a dry-running magnetic drive. The use of a ceramic con-

Fig. 9: Refinery waste pump / sump pump for use in zone 0

Solid particles and the explosiveness of the
crude oil due to its volatile components make
this a challenge. The atmosphere in the pit is
ATEX zone 0. It is only permitted to use pumps
that have been approved for this zone, e.g. the
dry-running submerged pump described above.
Due to its vertical design and the essential monitoring systems, which can all be installed outside the pit, contact between the seal and the
product is prevented, even in the event of a sealing gas failure. The design takes into account
the extremely corrosive and abrasive fluid. This
requires a durable material with high strength.
The pump, which has been in operation since
2010 without any faults, has proven itself with a
super duplex material (figure 9).

Application example:
Oil separator in a refinery plant

•
•

Pumped product: Surface water
hydrocarbon phase
Pump: Dry-running special submersible
pump using the V-AN process, with an
NPSH value of < 0.1

The pump has a submersion depth of 5.5 m, and
was installed in a coalescence separator (pit) in
2009. The feed inlet is positioned very low down.
It must not impede the oil separator. Further
conditions: the area is classified as ATEX zone 1.
The medium, surface water (hydrocarbon
phase), is at boiling point. At a delivery height of
45 m and a flow rate (Q) of 15 m³/h, the self-regulating pump operates with a half-open impeller. The pressure compensation system at the
impeller inlet does not permit the formation of
vapour. Because there is no suction at the pump,
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Infobox: pumps using the V-AN process
Advantages:
• high operational reliability
• self-regulating
• self-ventilating
• unaffected by gas bubbles
• protected against dry-running and reliable
• no pressure shocks due to discontinuous operation
• savings because low structure height and pit not required
• savings because control technology not required
• generous maintenance intervals
• bearing life of up to 32,000 operating hours
• no control system problems at low feed rates
or during discontinuous feed
• robust construction with an extremely long service life
• reduced feed vessels
• sealing technology is simple to implement
• suction pressure in reservoir can be lowered to boiling condition
• low maintenance costs
• long service lives and many years of fault-free operation
Application areas:
pumping and collection of condensates at vacuum filters, centrifuges,
distillation columns, evaporation plants or refinery waste containers
• unloading “heavy” media (density > 1.0 kg/dm³)
• pumping gas-laden media or boiling and solids-laden pumping liquids
• fluctuating feed rates
• total unloading of containers, e.g. tanker trucks

•

Source: Bungartz

the feed rate falls at the same time as the suction head. An NPSH value = 0 would be possible
here. The shaft bearing uses permanently
grease-lubricated rolling bearings, and is located
inside the sealing gas atmosphere of the secondary seal, and is hence not in contact with the
solids-laden pumped product. Safety systems,
which would kick in upon failure of the pump,
are dispensed with entirely. There have been no
faults of any kind to date.

Effect on investment, operating
and maintenance costs
Systems for preventing cavitation are generally
associated with high investment costs. Greater
equipment construction heights and the construction of pits also lead to increased material
requirements. If criteria for optimal pump selection are defined at the planning stage already,
the use of appropriate pumps can generate significant investment savings during the plant

engineering phase. The design and technical
features of the vertical self-regulating centrifugal pumps using the V-AN process make it possible to dispense with expensive construction
measures such as pits, or allow a significant
reduction in overall height. Lower operating
costs (e.g. due to lower monitoring costs) and
low maintenance costs are economical, as are
the many years of service life. Whether for the
total unloading of containers, and particularly
of tanker trucks, or for pumping and collecting
condensates, pumps using the V-AN process
have for many years been successfully and economically deployed both in newly built plants
and when retrofitting existing facilities throughout the world.
Author:
Dipl.-Ing. Frank Bungartz
Managing Director
Paul Bungartz GmbH & Co. KG, Düsseldorf
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Because of circumstances brought about by new energy policies in Germany modern boiler feed pumps
in today’s power stations need to operate much more variably.

Thermal simulation optimises
the design of boiler feed pumps
Martin Üre Villoria, Torsten Johne and Thomas Welschinger
The thermal and mechanical demands on turbomachinery are becoming more
challenging from year to year. Flexibility, optimal designs and tight deadlines
are typical challenges that confront engineering departments in the order-
related project business on a daily basis. An obvious approach to meet these
challenges and do justice to the required technical innovations is to run
computer-aided mechanical-thermal simulations based on the finite element
analysis (FEA). The example of a boiler feed pump for a thermal power plant
shows how modern and accessible methods of numerical structure simulation
(FEA) are being applied to classic designs and design processes and for
visualizing problems, even in projects with tight deadlines.
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Growing demands on high-performance
boiler feed pumps
In the past, the main requirement for typical
boiler feed pump applications was reliability
during continuous operation. Because of circumstances brought about by new energy policies in Germany that are calling for an increasing share of power to be generated from renewable sources such as wind and solar energy,
pumps in today’s power stations need to operate much more variably. Load fluctuations must
be offset with as little dead time as possible.
This requires sophisticated configurations of the
turbomachinery involved and of the overall
design of power stations and an ability to switch
the pumps involved on and off quickly and in a
controlled manner.
Cold-start requirements specified by operators
have led to new design requirements for the relevant assemblies as well as the integration of
sophisticated early warning systems.
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expand more rapidly than the thicker-walled
components. In unfavorable cases, this can
result in complete closure of the running clearances and cause either blockage of the impeller
or increased friction and damage to individual
components. Distortions of the impeller pose an
additional operational hazard. Depending on
the design of the power plant with two to four
boiler feed pumps per block, the failure of one
centrifugal pump can have a significant impact
on the plant’s power output and require further
decisive measures to be taken by the operator.

Simple design methods and
conventional technical solution
Established physical formulas, such as the thermal expansion of bodies, characterize the relative, linear change in length per degree of temperature change and express the relationship of
the values as follows:

Thermal linear expansion

Key challenge
Typical main boiler feed-water pumps are multistage centrifugal pumps designed for power ratings of several megawatts, so that a very high
energy density occurs in the components. The
temperature range of the superheated feed
water is between 160°C and 200°C which is liquid at the prevailing pressures. As in all turbomachines, sufficient clearances are required
in centrifugal pumps between the rotor and stator. These running clearances must be as small
as possible to optimize efficiency by minimizing
volumetric losses due to recirculation of the system fluid, in this case superheated feed water.
Figure 1 shows a typical configuration of a rotating impeller and stationary diffuser or stage casing. The gaps between the impellers and the
races (also called wear rings) require the tightest
clearances in this field of application.
When a centrifugal pump is required to start up
from a cold state, this can in extreme cases
mean that boiler feed water at a temperature of
up to 200 °C will flow through the cold pump,
the structure of which is still at a typical ambient temperature of around 20 °C. The limits of a
simple centrifugal pump design can quickly be
exceeded, as the thin-walled components will

∆l = l_0 ∙ α ∙ ΔT
where:
∆l = relative change in length
l_0 = initial length
α = coefficient of linear expansion
∆T = temperature increase

Applying this formula to an impeller clearance
and given a wear ring clearance diameter of 240
mm (initial length) and a sudden temperature
difference between the rotating and stationary
components of 160 °C and a coefficient of thermal expansion of α = 10.5 • 10-6/°C for 13-percent chromium steel, we get an estimated relative expansion of the rotating part of 0.4 mm.
Taking into account the usual clearances of
around 0.5 mm, depending on the design, and
suitable safety margins, this example already
shows an increased risk of the components
scraping against each other.
The aforementioned example is based on a simplified model approach in which it is assumed
that the rotating component reaches the temperature of the system fluid relatively quickly
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owing to its thin wall, while the stationary component is still at the initial temperature. This
conservative approach permits very straightforward and fast analysis. It is based on steadystate thermal behavior. However, in reality, the
process takes place in a state that is far from
thermally steady. The thick-walled components
also heat up over a reasonably short time, just
more slowly. Hence, these components also
undergo expansion. This model assumption can
therefore quickly lead to costly design measures.
Obvious conventional solutions that can potentially reduce the risk of clearances becoming too
narrow include:

Source: Sulzer Pumps
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•
•
•

Fig. 1: Cross-sectional diagram of the rotor of a boiler
feed pump with rotating wear rings and shaft (red) and
stationary casing with split rings and diffusers (green)

•
Source: Sulzer Pumps

•

Because boiler feed pumps are an essential element of the overall thermal cycle, their efficiency plays a key role. Solution a) inevitably
leads to a loss of efficiency resulting from
increased internal leakage and volumetric
losses. Whereas this approach can certainly be
applied in other centrifugal pump applications,
it is not a viable option in the field of secondary
energy production. One of the governing
requirements of a boiler feed pump as an element in the thermodynamic process of a thermal power plant is to achieve maximum efficiency with minimum internal losses.

Source: Sulzer Pumps

Fig. 2: FEA 2D axis-symmetric model

Fig. 3: Time-dependent cold-start condition (thermal shock)

allowance of greater clearances (a)
use of a pump pre-warming system (b)
material changes to adjust the corresponding coefficients of thermal expansion (c)
design changes to modify the wall thicknesses (d)
improvement in the analytical model (e).

Preheating a boiler feed pump (option b) is common practice and can be compared to a standby
system. In this approach, water is actively circulated through the slowly rotating pump. This
process keeps the pump at a defined temperature approaching the final operating temperature and permits rapid activation without the
risk of component distortions or clearances that
result in components scraping against each
other. However, such a system requires an additional pre-warming loop system with suitable
temperature controls. This must be considered
in the boiler feed system from the beginning,
and increases the investment costs for the
power plant designer, operator or both. Moreover, a cold-start function of the main boiler feed
pump may still be required as an additional
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operational safety feature, even if a pre-warming system has been installed.
Option c) is mentioned only for the sake of completeness and is based on the notion of reducing
the thermal expansion of the thin-walled rotating components by using a material with as low
a coefficient of thermal expansion as possible.
Because material requirements are wide-ranging, and structural mechanical strength and
compatibility with the system fluid, for example, have the same or even higher priority, such
approaches are not applied to boiler feed pumps.
Without detailed analytical models according to
e) or after applying the methods described in
the following section, option d) is very limited in
application or requires elaborate investigations
and tests with simplified prototypes to achieve
technical qualification. Furthermore, there are
limitations to simply increasing the wall thickness of rotating components such as impellers,
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because multistage boiler feed pumps are generally quite sensitive in terms of their rotordynamic behavior. A change in wall thickness
implies a change in mass. Like all turbomachines, high-speed centrifugal pumps are
spring-mass-damper systems that respond sensitively to parameter changes, in this case mass.
Moreover, design changes to an impeller always
have a direct influence on the installation
dimensions of the system as a whole and potentially also on the hydraulic behavior of the pump
itself.
Option e) serves as an introduction to the following section, as a detailed analytical model of
the reduction in impeller clearances due to a
cold start must take into account non-steadystate heat transfer and heat conduction.
Today, the finite element analysis method (FEA)
provides fast access to useful and practical models that are able to deliver optimal solutions
quickly and inexpensively.
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Source: Sulzer Pumps

Fig. 4: Temperature field at 5 s

Source: Sulzer Pumps

Fig. 5: Temperature field at 300 s

Fig. 6: Time-dependent cold-start condition (thermal shock)

Non-steady-tate thermal transient
FEA simulation as a design tool
FEA is an established method for the numerical
structural simulation of multiphysical phenomena and structural behavior. In this method –
depending on the characteristics and requirements of the structure being analyzed – a 2D or
3D geometry produced by CAD (computer-aided
design) is subdivided into a finite number of
small elements, each of which is assigned
appropriate mechanical properties in the FEA
program (see figure 2).
Whereas mechanical FEA models are based on
the relationship between stress, strain and the
elastic modulus (elasticity theory), thermal
models use physical effects and relationships
arising from thermal conductivity, for example,
mass, specific heat capacity or heat conduction.
To investigate the application field of boiler feed
pumps more closely, it is first necessary to define
the task at hand. Besides visualizing temperature changes over time in the relevant components that the hot system fluid heats up
abruptly from a cold initial temperature, the
deformation behavior is also of considerable
interest. Because the time factor must be considered in addition to the geometric characteristics and, indeed, is a crucial factor, this process is
known as a non-steady-state process. The aim is
to investigate which areas of the pump reach
what temperatures at given time intervals and
to determine when a homogeneous equilibrium
state is reached. This would make it possible to
visualize the thermal expansion of all the relevant components – both rotating and stationary
– as a function of time. In this way, it is possible
to show the desired clearance changes over
time. If specified design parameters and safety
factors are exceeded, design changes can be virtually simulated in an iterative process in order
to achieve an optimal design that ensures the
desired cold-start function with adequate operational safety.
Because a multistage boiler feed pump is a
nearly rotationally symmetric design, a 2D
axis-symmetric FEA model of the initial design
was set up. In the FEA model, the physical properties of the structure as well as peripheral conditions such as the initial temperature and heatflow conditions (heat-transfer behavior) were
defined. Areas of the fluid that have a signifi-
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cant impact on the thermal behavior of the system must also be assigned relevant properties.
Important physical properties in this context are
the thermal conductivity and the specific heat
capacity.

Results
In the following example, the customer specified a cold-start (or thermal shock) function. Figure 3 shows the immediate temperature rise of
the system fluid together with the corresponding rotational speeds and flow rates over time.
The specification was that when in the “cold”
(ambient temperature) state, the pump must be
able to pump hot boiler feed water at a temperature of around 190 °C immediately and ramp
up to operational speed within a few seconds.
The pump has a nominal power rating of 13.4
MW at the operating point. It features a six-
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stage design for operation in a thermal power
plant and is driven by a steam turbine. At the
nominal operating point, it pumps over
380 litres per second and generates a pressure
of approximately 300 bars.
The hot pumped feed water is the source of the
heat flow and produces a heat gradient in the
pump. Inside the pump, the wet surfaces take
on the temperature of the feed water through
heat transfer and increasingly heat up. The thinwalled components (mainly the impeller parts)
heat up after a few seconds, whereas the casing,
for example, does not reach operating temperature for around two minutes. This interval represents the critical phase in terms of impeller
clearances. As another important design characteristic, it was determined that the shaft is not
heated through until several minutes after the
impellers (see difference between figures 4 and
5). This is another important analytic design
characteristic where the required shrink fit

Advertisement
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between the shaft and impellers and between
the shaft and balance drum must be ensured at
all times.
It has been found that the impeller clearances
reach a steady state after about two and a half
minutes and that, once design adaptations have
been applied, they meet the cold-start requirements with the required margin of safety. Figure 6 shows an example of the analysis of the
running clearance between the stationary split
rings of each pump stage and the rotating
impeller. The running clearance reaches its minimum after around 5–10 seconds, shortly after
which it increases again.

The finite element analysis method (FEA) delivers
practical solutions for design improvement processes
more quickly and at less expense than real tests.

The stationary rings first expand due to their
thinner wall structure compared to the casing,
exerting radial forces that are only later relieved
by the expanding casing.
In addition to analyzing all non-steady-state
elastic deformations, it was also possible to
determine and assess secondary thermal
stresses in the components. Based on the
stresses determined in this way, we were able to
demonstrate the mechanical integrity and
fatigue strength of the components.

Optimisation possibilities
The analyses led to design changes to the wear
rings and casings that made it possible to design
the pump line so as to meet cold-start (thermal
shock) requirements.
Design improvement processes are characterized by iterative steps, whereby FEA nowadays
provides practical solutions relatively quickly
and inexpensively compared to real tests. However, this requires close cooperation between
various engineering disciplines, including
hydraulic, dynamic, design and mechanical
thermal fields.
A successful project based on the above example is the main boiler feed pump for the Neurath
thermal power plant in North Rhine-Westphalia,
Germany. Thus, if specified by the end user, it is
possible to achieve a high level of flexibility in
the power industry.
Authors:
Martin Üre Villoria,
Head of Engineering,
Sulzer Pumps Equipment UK,
Torsten Johne,
Head of Mechanical Development,
Sulzer Pumps Equipment Winterthur,
Thomas Welschinger,
Head of Design,
Sulzer Pumps Winterthur
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Dosing pumps are used in a wide range of liquid dosing applications.

Photo: Fotolia

Dosing pumps in laboratory and industry:
standardised yet flexible
Dipl.-Ing. Heiko Peer
Dosing pumps are used wherever liquids need to be dosed exactly,
consistently, reliably and safely. Whether in water and wastewater
technology, food and beverage industry or in regenerative energies
and power plant technology - pumps often appear to be marginal
components, yet their impact is indispensable. Thus pumps are
offered in standard solutions and systems. However, it is also possible
to design user and process-specific pumps and dosing systems,
offering the client a high degree of individuality.
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The maximum suction height (geodetic suction
height) is limited by the achievable vacuum, the
local air pressure, the density of the feed material and the flow resistance to be overcome. Displacement machines should not be blocked on
the pressure side, unless suitable measures
have been taken to prevent damage to the
pump, drive unit or lines to the shut-off point
using overpressure protection or similar equipment.

Fig. 1: Pressure peaks on the pressure side without and with pulsation damper

Dosing pumps in laboratory and industry

Source: sera

Dosing pumps are positive displacement
pumps. They supply defined volumes per rotation, stroke or time, regardless of the pressure
conditions at the pump input and output. Positive displacement pumps work by conveying the
feed material in closed volumes. Valves or dampers prevent backflow. The feed material cannot
even flow through the pump in the reverse
direction during standstill, except for in
design-related leaks. Positive displacement
pumps are normally self-priming, which means
that even pumps designed for liquids can usually convey gases for a mostly limited period of
time and can thus establish a sufficient vacuum
for suction.

Dosing pumps are used in a wide range of liquid
dosing applications. Different versions are used
in different sectors of industry for chemicals,
food and environment. A suitable dosing pump
is selected considering the following limiting
conditions:

•
•
•
•
•
•

Dosing material (including concentration,
viscosity, solids content)
Capacity
Discharge pressure
Suction height
General operating conditions
Installation

After the limiting conditions have been defined,
the dosing pump type is selected. For varying
dosing tasks in different sectors of industry,
there are diaphragm pumps and multi-layer diaphragm pumps for low-pressure applications
(up to 10 bars) and piston diaphragm pumps for
medium and/or high pressure applications
(10 to 300 bars).
Pump types vary predominantly in terms of the
design of the displacement hull (diaphragm
design). State-of-the-art technology in diaphragm pumps includes the use of a PTFE diaphragm that is driven directly via connection
rod mounted on a substrate (PTFE, polytetrafluoroethylene, is a semi-crystalline polymer
that is also known by the trade name Teflon).
This diaphragm design can achieve outputs of
up to 3000 l/h with back pressure between
10 and 3 bars.

Fig. 2: Compact dosing
station on wall pallet
(CVD)

Multi-layer diaphragms are available for outputs from 11 to 850 l/h with back pressure of up
to 20 bars. The functional principle is identical
to the diaphragm pump. The diaphragm con-
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sists of 3 PTFE layers, however. Sophisticated
dosing tasks in terms of the degree of certainty
can be achieved using this structure. More stringent requirements for safety are taken into
account by significantly improved diaphragm
lifetimes compared with single-layer diaphragms as well as permanent diaphragm monitoring.
A considerable increase in performance data
from 4 to 1650 l/h and operating pressures of up
to 300 bars is achieved by using piston diaphragm pumps. The movement of the piston,
which is displaced via connection rod, is transferred hydraulically to a multi-layer diaphragm.
This design principle with integrated compensating valve guarantees an exceptional dosing
accuracy and offers an optimal overload protection. This means that this valve primarily ensures
the optimum quantity of hydraulic fluid in the
hydraulic chamber. A positive side effect is that

■

49

the valve limits overpressure in the working
chamber of the pump. Thus the valve opens in
case of too high pressure and allows the hydraulic fluid to flow into the reservoir inside the
pump. During the subsequent discharge, the
compensating valve opens and the absent quantity of hydraulic fluid flows back again.
This type of pump also has a diaphragm comprised of a high-quality, PTFE multi-layer diaphragm system. Diaphragm lifetimes of more
than 10,000 service hours are possible and diaphragm monitoring is part of the standard
equipment.

Precision and safety
The precision of dosing pumps and the associated reproducibility of dosing quantities are
increasingly important from an economic perspective. Firstly, the correct design of the pump

Competent
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•
•
•
•

Constant stroke frequency and stroke length
Constant volumetric efficiency, i.e. uniform
afflux, suction height and discharge
pressure
Uniform feeding medium with constant
temperature, concentration, density and
viscosity
Prevention of disruptive marginal issues
such as cavitation, gas content and foreign
bodies in the feeding medium

When designing pumps, it is advisable to factor
in and install all potentially necessary fittings,
as this can have a positive impact on accuracy
and reliability. These fittings include:
Fig. 3: Caustic soda preparation unit

•

is a prerequisite. This means that the necessary
dosing quantity should correspond to approximately 70–90 % of the pump output. This
ensures that sufficient reserves are available in
both directions and variable dosing quantities
can be dosed with acceptable accuracy.
Secondly, constant operating conditions are a
further prerequisite for the smooth functioning
of a pump. This minimises dosing errors. Constant operating conditions are:

•
•
•

Pressure-loading valves that compensate for
fluctuating backpressure and prevent the
pump unintentionally bringing back the
medium.
Overflow and/or safety valves to protect the
dosing pump, adjacent piping and components.
Pulsation dampers on the suction side
prevent cavitation in the pump.
Pulsation dampers on the pressure side
reduce acceleration pressure peaks, prevent
flow rate pulsations, thus minimising
oscillations in the piping system.

Source: sera

Standardised yet flexible
Various concepts are available to satisfy application and client-specific dosing tasks, taking into
account all necessary fittings. Firstly, dosing
tasks can be performed using a standard configuration. This invariably involves the use of
standardised components, like from a construction kit. All components are mounted on a
mounting plate for wall mounting.
The components can be assembled in a modular
system with regard to the dosing task to be performed. The materials for the pumps and fittings are selected based on materials tables
which reflect the resistance of the materials to
the respective feeding medium. The system
offers the very best in environmental protection,
operational safety and occupational safety
through safety upgrades such as collector trays,
splash guards, leakage detectors or diaphragm
monitoring.
Fig. 4: Compact dosing station on tank (CTD)
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Defined interfaces to connect further lines help
to reduce the installation effort to a minimum.
This ensures a high degree of flexibility and
adaptability in terms of application, paired with
advantages in security and efficiency for standard products. These types of dosing systems are
standard products for outputs of up to 1500 l/h
with back pressure of up to 10 bars.
Secondly, dosing tasks in many fields and sectors of industry are designed, planned and
implemented based on various specifications
for the respective application.

Preparation units for caustic soda
An efficient system solution was developed particularly for use in industries that have a variable
or high requirement for alkaline cleaning agents
such as caustic soda or for countries where a
continuous supply is not guaranteed. This enables the secure and efficient preparation of
caustic soda based on sodium hydroxide (NaOH)
in solid form (pellets, flakes, pearls or powder)
and water.
Approximately 50 million tonnes of caustic soda
are produced annually. The areas of application
for caustic soda are diverse. For example, these
include the neutralisation of acids in broad
areas of chemical processes, the pulping of
bauxite and other ores for manufacturing alu-
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minium, the regeneration of ion exchangers or
cleaning processes in the food and beverage
industry.
The basic system consists of a stainless steel
batching tank, an agitator and a special conveyor that is separate from the batching tank.
The conveyor includes a feeding hopper and a
stainless steel screw conveyor that carries the
particulate matter to the batching tank. With
this structure, the operating personnel are not
in the direct hazard area of the batching tank in
which the particulate matter reacts exothermi-

Dosing pumps are positive displacement pumps. They
supply defined volumes per rotation, stroke or time.

cally with water. The batching tank is available
with capacities of 1000, 2000 or 5000 litres and
with a level indicator with shut-off valve, a temperature display and a pipe safety cage to prevent accidental physical contact.
The feed hopper is also available with a cover as
well as a special suction device for additional
safety. The finished, prepared solution can be
transferred into a larger storage tank either by a
transfer pump mounted on the batching tank or
by transfer equipment installed away from the
batching tank. Furthermore, the entire system
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based on a modular compact dosing system
constructed from standardised components.
The system can be designed with one or two
dosing pumps. In addition to a basic version
with various options, the construction kit offers
a wide range of client-specific options to adjust
the equipment as well as the very best in environmental protection, operational safety and
occupational safety.

Source: sera
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Mixing plant for diluting
concentrated sulphuric acid

Fig. 5: Mixing plant for sulphuric acid

can be partially automated and/or integrated
into existing process control systems by integrating a programmable logic controller (PLC).
A wide range of dosing equipment that can be
optimally adjusted to suit each application is
available to the user for removing the solution
from the respective storage tank and delivering
it accurately to the respective process. This is

Fig. 6: Sulphuric acid dilution process

Source: sera

Another example of an application-specific dosing system is the mixing plant for diluting concentrated sulphuric acid. Sulphuric acid is one of
most technically important chemicals of all and
ranks among the most-produced raw materials.
The chemical is used in various concentrations
in many industrial areas. Its production quantity
is considered – in addition to chlorine – as a
benchmark for the industrial development and
performance level of a country. The annual production volume globally is around 200 million
tonnes, and in Germany around five million
tonnes.
The largest part of the production is used in the
manufacture of fertilisers. As battery acid, 37 %
sulphuric acid is a key component of lead batteries which are used in the automotive industry,
for example in starter batteries. Furthermore,
the chemical is one of the most common raw
materials in chemical laboratories and is used in
many fields, among others in adjusting pH values or as a catalyst.
Sulphuric acid is required in different concentrations for different applications. This is produced
by diluting the 96 % basic product with water.
The dilution of sulphuric acid is accompanied by
a strongly exothermic reaction. Temperatures of
up to approx. 140 °C can occur depending on the
initial concentration. This must be taken into
account when designing a mixing unit, and the
temperature must be dissipated by a cooling
section for the safety of the operating personnel
as well as that of adjacent plant parts. Due to
the high production volumes, precision and
with that precision, the economic efficiency of
the mixing plant lie squarely in the focus of the
manufacturer. The demands on the system are
+/-1 % for density and quantity.
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In the mixing plant, two dosing units convey the concentrated sulphuric acid and the required dilution water. The
volume flows of the pumps are regulated depending on the
desired final concentration. To do this, a density measurement captures the initial concentration of the chemicals and
on this basis, the plant control system determines the basic
setting for the output of the dosing units.
The water and the sulphuric acid are blended in a reactor
with an integrated cooling circuit. This ensures that the
resulting reaction heat is discharged directly at its source.
After the reaction, a batch of up to 5000 l is stored in a charging tank. The concentration is measured automatically while
the tank is being filled. The capacities of the two dosing

Dosing systems are equipped with
extensive measurement, control and
regulation technology.

units are adjusted according to this measurement. In addition, during the production of the various solutions, the production quantities are recorded by a magnetic inductive
flow meter.
At the end, the batches are stored or bottled. Three storage
tanks that can each hold 30 m3 are available for the concentrations of 37 %, 50 % and 70 %. If sulphuric acid is required
and manufactured in different concentrations, these
amounts are poured directly into a delivery container.
The centrepiece of the system is the corresponding controller, based on a PLC S7-1200. All the important parameters for
the preparation of different solutions are recorded and
visualised via a control panel. The production start is controlled by recipes. The dosing units are regulated in relation
to the concentrations. The temperatures are recorded at the
most important points in the reactor and cooling circuit, and
the output of the cooling water pumps is adjusted. An Ethernet interface is available for the connection to the parent
process control. Batch number and material number, concentration and production amounts are logged for later
checks.

Precise and safe with measurement,
control and regulation technology
In order to guarantee process safety and accuracy for client-specific complete dosing equipment solutions, these are
equipped with extensive measurement, control and regulaPumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2015
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Analysis technology provides relevant data
In addition to the measurement, control and
regulation technology (MCR), analysis procedures that deliver the relevant data to the measurement systems are required for control and
regulation. The precise combination of sensors,
controls and dosing pumps plays a prominent
role particularly in chemical dosing.
The solution is also individually tailored to each
application here. The assemblies are used in a
wide field of different applications in water
analysis, for example in the treatment of potable water, swimming pool water and wastewater, in process chemistry and in the beverage
industry.

Fig. 7: Dosing in the regulating circuit:
measurement, dosing, regulation

tion technology and are thus optimally tailored
to the respective client requirements. The use of
the state-of-the-art flow, fill level, control and
regulation technology monitors and controls
the dosing process and thus guarantees the efficient use of chemicals. Controllers can also be
used, for example, for the mixing and preparation of chemicals. All process parameters are
monitored and evaluated and controlled directly
at the dosing system or through a central control centre, as required.

An analysis measuring transducer uses appropriate sensors to measure ph, redox, chlorine,
conductivity and temperature of the REAL values, compares them with the TARGET values and
regulates the performance of the associated
actuators. Thus the dosing pump guarantees
the exact input of chemicals at any point.
Together, the products close the circle of measuring, dosing and controlling.
Author:
Dipl.-Ing. Heiko Peer
Product Manager
sera GmbH, Immenhausen

Thus the communication between the controller and guidance system can take place via the
conventional route, for example, via analogue
signals and floating contacts or complex and
sophisticated systems via the on-site PLC and
the bus.
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Legionella, limescale, biofilms and corrosion in pipes can all be reliably prevented with optimised metering systems.

Photo: ProMinent

Precise metering reduces environmental impact
Dipl.-Ing. Michael Birmelin
Cooling circuits and boiler feed water are used in all branches of industry all
over the world. In circuits like these, corrosion, deposits and the growth of
harmful microorganisms can all result in major damage and unforeseen
system failure. Besides measures to prevent corrosion problems, deposits
or the growth of health-endangering microorganisms must be prevented as
well. For this, the cooling water is conditioned with components optimally
synchronized with each other in such a way that the use of chemicals is
reduced to a minimum. Here, the precise interaction of all components such
as metering pumps, controllers and sensors guarantees fault-free operation
with maximum safety. Solenoid and motor-driven metering pumps, the
heart of a metering system, ensure that metering is reliable and precise.
The reduced use of chemicals and the constantly high efficiency of the heat
exchanger reduce costs and protect the environment.

Pumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2015

INNOVATIONS & TRENDS

Source: ProMinent

56

Fig. 1: Compact, connection-ready metering system with
collecting pan. The system is equipped with a motordriven metering pump and a solenoid diaphragm pump.

Source: ProMinent

In power plants, limescale or corrosion damage
caused by deficient feed water treatment usually results in inefficient boiler feed water operation. In addition to water and energy losses,
this can even lead to steam turbine failure. To
comply with the feed water quality standards
set out in VDI Guideline 2035 and VdTÜV Specifications 1453 and 1454, customised water
treatment systems are developed and manufactured for power plants. To treat boiler feed water
in a power plant application in northern Germany, ammonia solution is used to increase the
pH to above 9. A specially designed ammonia
batching and metering station uses 25 % ammo-

Fig. 2: The metering system with ammonia and alkalising agent tanks meters
additives precisely to regulate the pH in the cooling water circuit. The system is
equipped with a motor-driven metering pump, four hydraulic diaphragm metering
pumps, two plunger metering pumps and an eccentric pump.

nia supplied by the customer and fully desalinated water to produce 4–5 % ammonia solution.
Tailored precisely to the system’s required
capacity, the panel-mounted metering station is
equipped with a 500 litre PE storage tank with
metering container, two diaphragm metering
pumps and a measuring and control unit. When
it came to planning the panel-mounted metering station, all safety aspects were taken into
account. The metering container is in explosion
zone 1, so to maintain the required explosion
protection, the level switch was configured as
an intrinsically safe circuit with switch amplifier.
The possibility of leakage was also taken into
account, and any leaking chemicals are securely
caught in a trough containing the metering station and 500 litre PE storage tank. The design
and the compact, connection-ready construction ensure ease of installation and operation.

Professional treatment
protects against deposits
Here is an example to illustrate the role played
by boiler feed water in a salt mine: In a salt mine
on the Lower Rhine, the miners work some 900
metres underground to extract the ‘white gold’.
Approximately 1.2 million tonnes are produced
each year. You may well think of salt merely as
table salt, but this is not the full story. About a
third of the yield is sold as de-icing salt for use
on slippery roads and pathways. 27 % of annual
output is sold for commercial use. The product is
used, for example, in oil production processes as
a flushing solution for bore holes. Particularly
high-quality products include pharmaceutical
and table salt, for which an evaporation plant is
used for production purposes.
Among other things, a great deal of energy is
required in the manufacture of evaporated salt.
This is supplied by means of steam from a boiler
house located on site. The boiler water must be
treated in order to ensure that the steam generation system operates optimally and the system
is adequately protected against corrosion,
because the materials in the boiler water are
increasingly concentrated during the evaporation process. Failure to meter in chemicals
would lead to the formation of deposits, which
could damage the boiler. The batching and
metering of chemicals is regulated automati-
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cally by a compact metering system. The batching and metering station has been specially customised to the requirements of the production
plant. Sodium hydroxide, sodium sulphite and a
mineral are mixed with demineralised water in
a 500 litre PE batching tank and then metered
into the boiler feed water.
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designed for manual batching. This enables the
operator to switch quickly and easily from automatic control to manual operation. It is equally
straightforward to change the chemicals, as the
concentrates and complete solution are refilled.

Cooling water danger zone
In use: solenoid metering pumps
For the feed water dosing process, the three
chemical concentrates are initially transferred
from 250 litre PE tanks into a metering container
by means of solenoid metering pumps. A central
control unit (PLC) serves to successively select
the concentrate metering pumps and introduce
the specified quantities into the container. From
there, the chemical concentrates are fed into the
batching tank via a diaphragm valve, where they
are carefully mixed with demineralised water. A
motor-driven metering pump with suction
assembly and a capacity of some 120 litres per
hour then pumps the feed water dosing solution into a 999 litre capacity storage tank. This is
equipped with four additional solenoid metering pumps which continuously feed the solution
into the boiler feed water. The pumps are universally controllable. The wear-free solenoid
drive guarantees an exceptionally long service
life even under maximum load.
A further, independent batching and metering
station is used for sodium hydroxide. It is

The following cooling circuit requires high dosing precision because it plays an important role
in the production of industrial gases. Manufacturing industrial gases demands a lot of knowhow. Certain gases, for example, are produced at
temperatures of down to –196 °C. Here, a reliable and powerful cooling circuit is absolutely
essential. In a measuring and metering system
with an integrated corrosion measurement section, constant minus temperatures are achieved
by the prevention of corrosion and sedimentation in the cooling water.
Inert gases are chemically similar to noble metals and, like them, are very slow to react. This is
one of the reasons why they are often used as
blanket gases in industry. The Messer Group
have been producing industrial gases at their air
separation facilities for more than a century.
Inert gases, such as neon, xenon, krypton, argon
and helium, are already present in the air, but
only in very small quantities. 99 % of the air is
made up of nitrogen and oxygen. An air separation system separates the various elements,
thereby extracting the gases from the air.

WANGEN pumps are used in my
wastewater treatment plants,
because robust and reliable
technology is essential.
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Mexico City, Rome or Shenzhen,
rely on Wangen progressing cavity
pumps in our robust WANGEN design.
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VDMA_169x79_EN.indd 1
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Industrial gas production
at low minus temperatures

Protection against corrosion and
sedimentation in the cooling water

At the start of the process, the air is cleaned and
compressed at a pressure of approximately 6
bar. This compression process produces heat
which has to be reduced, as the gas mixture has
to be intensively cooled down until it liquefies.
Heat exchangers lower the temperature – initially to –180 °C to pre-cool the air. Then the gas
mixture is filled into a high separation column
where the temperature continues to fall to
–196 °C. The elements in the air have different
boiling points, and this enables them to be separated from one another: oxygen, for instance,
liquefies at –183 °C. The droplets that form with
the steam fall to the sieve floor of the column,
while the other elements in the compressed air
continue to rise as gases. Argon condenses at
–186 °C, for example.

A powerful cooling circuit is essential for air separation as it produces and precisely controls the
low minus temperatures that are needed. A
panel-mounted measuring and metering system with an integrated corrosion measuring
section controls the cooling water circuit and
prevents the growth of algae, bacteria and fungi
by adding the necessary amounts of biocides
and inhibitors. These can cause corrosion and
sedimentation to form in pipes and heat
exchangers that can consequently reduce the
efficiency of the system, or even worse, damage
the cooling system. It does not take long for a
biofilm to form, particularly in heat transfer
zones. In all processes, it is important that the
correct pH value is maintained.

Reliable measurement of pH value,
conductivity and corrosion

LEISTRITZ PUMPEN GMBH
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The pH values are measured at two points. This
dual pH measurement improves reliability and
guarantees the correct pH value at all times. An
alarm is triggered if the values at the measuring
points should drift apart. The system also monitors conductivity using inductive sensors that
help to ensure virtually maintenance-free operation. This measurement is particularly important, as make-up water has to be continually
added to the cooling water to replace the water
that has evaporated or leaked away. However,
this process increases the salt concentration,
resulting in scaling and corrosion. By measuring
the conductivity of the cooling water by induction, the salt content can be measured reliably
and the system can be bled as required. Corrosion is also monitored using three coupons
placed along the corrosion measurement section.

Diaphragm metering pumps keep
cooling water germ-free
Depending on the measured values, three diaphragm metering pumps release the biocides
chlorine and bromine and an inhibitor into the
cooling water – fully automatically. Based on the
chosen regulated drive technology, these pumps
meter even the smallest quantities with high
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precision and, instead of releasing the feed
chemical drop by drop, they release it into the
pipe in a continuous stream, ensuring that it
mixes well with the cooling water. Suction
lances fitted with level switches are used to convey the feed chemicals from the storage tanks to
the pumps.
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that comes into contact with the chemicals. The
pump speed is adjusted to requirements by a
frequency converter which is connected to the
central control room by PROFIBUS®. Other benefits include the very high metering precision of
± 0.5 % and low-maintenance operation.

Salt water or fresh water?
Reducing costs and protecting the environment
The individual components of the metering system are mounted on a PE panel wired ready for
connection with a drip tray on a stainless steel
stand. By using a customised measuring and
metering system, the industrial gas company
can significantly reduce its costs. Due to the
high quality of the cooling water, less fresh
water needs to be added and much smaller
amounts of chemicals are required. Both of
these aspects not only save money, but also protect the environment – definitely a winning
combination.

The next example illustrates how chemical
additives prevent corrosion on board cruise
ships: Passengers relaxing on board a cruise ship
usually do not think about the mass of technology that ensures their comfort – but actually it’s
fascinating. For example, did you know that a
few decades ago ships’ engines were still being
cooled with sea water? Nowadays, the coolant
of choice is stored fresh water. To prevent corrosion of the metal storage tanks and the pipes

Safety first
The following example shows how hermetically
sealed metering pumps increase process reliability: A large number of high-profile manufacturers, service providers and research organisations have set up home in Leuna, a centre of the
chemical industry, and business thrives between
neighbours as many of the chemicals made here
are used as raw materials by other local manufacturers. One supplier, who uses phosphoric
acid, sulphuric acid and potassium hydroxide,
needed a way to meter these aggressive liquids
safely.
The company opted for a metering system with
four hydraulic diaphragm metering pumps. On
the compression stroke, the diaphragm is moved
solely by the hydraulic fluid and on the suction
stroke, it is assisted by a mechanical coupling.
This combined functional principle allows the
dosing head to achieve exceptional suction
capacity. The pumps deliver between 7 and
100 litres per hour at a back pressure of up to
180 bar. The back pressure is constantly monitored by manometers and if it becomes too
high, the excess pressure is relieved by safety
valves. Extra safety is also provided by the double diaphragm which hermetically seals the side
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Fig. 3: System for precise metering
of corrosion inhibitors

through which the water is pumped, effective
corrosion inhibitors must be added to the water.
This is where metering technology comes in.

Built to last: Solenoid metering pumps

Source: ProMinent

In one case, for example, the liquid corrosion
inhibitors are metered precisely and automatically into the water by four metering systems
based on solenoid metering pumps. The compact systems, fully pre-fitted with suction lance
and cables, connection boxes and switches, are

installed in the engine room, where they take up
minimal space. Controlled by a separate control
system, they ensure that the water treatment
chemical is used in exactly the right amount. If
the level of corrosion inhibitor in one storage
tank falls to a defined minimum, the pumps are
automatically shut down by a float and the system alerts the crew that the tank needs to be
changed. Designed for continuous operation
and aggressive chemicals, the solenoid metering pump guarantees safe and reliable metering. As an added benefit, it also has low energy
consumption.

The benefits: high operational reliability,
cost reduction and low environmental impact
Legionella, limescale, biofilms and corrosion in
pipes can all be reliably prevented with metering systems optimised for cooling circuits and
boiler feed water. The examples described here
show how modern metering pumps and metering systems not only stand up to the tough conditions in the chemical and petrochemical
industries, but also deliver a high degree of
operational reliability in non-industrial applications. With their long service life, they also offer
high availability. Their simple but extremely reliable functional mode reduces energy requirements to a minimum. Rupture-sensing pump
and separating diaphragms and reliable error
detection mechanisms ensure that no chemicals can enter the environment, even in the
event of damage. Precise, needs-based metering
reduces chemical consumption to what is
strictly necessary. Operators benefit in several
ways: through cost reduction thanks to the minimal use of fresh water and chemicals and the
maintenance of consistently high heat
exchanger efficiency. Lower quantities and
reduced energy consumption also shrink the
environmental footprint considerably.
Author:
Michael Birmelin
Marketing Writer
ProMinent GmbH, Heidelberg

Fig. 4: Panel-mounted measuring and metering system with integrated corrosion
measuring section to regulate the cooling water circuit. Depending on the measured
values, the four diaphragm metering pumps with controlled solenoid drive release
the biocides chlorine and bromine and an inhibitor into the cooling water – fully
automatically.
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Progressing cavity pumps are used all over the world on oil and gas fields due to their
technical features, especially pressure-stable conveyance irrespective of the material.

Photo: Netzsch

Major international orders: the medium-sized
companies' intelligent solutions are convincing
Dipl.-Ing. Johann Vetter
Major orders are a godsend for every company, but they can also become a
burden if the in-house structures cannot cope with the increased volume of
work. In oil and gas production, a core market in the pump industry, this factor
is exacerbated by long delivery distances and difficult operating conditions
which the conveying system must withstand. Efficient production and logistics
processes, along with robust pump designs, are therefore needed to meet order
requirements in this sector, and these must be capable of flexible adaptation in
terms of quantities and specifications. Furthermore, service must also extend
from sales through to commissioning and maintenance on site, so as to be able
to ensure the required performance in a sustainable way. It was for instance
possible on this basis for the major project in Australia involving almost
1,300 pumps to be implemented on schedule.
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Fig. 1: At the heart of the system is the rotor-stator structure with its precise mutual tuning. This creates
conveying chambers with the same shape during rotation which ensure protected transport of the material.

Source: Netzsch

The international market for fossil raw materials is growing continuously, albeit slowly.
According to the BP World Energy Review in
2013, daily oil production in the USA alone
increased by 1.1 million barrels a day. The global
extraction of natural gas also grew by 1.1 percent, and the increases in China and Russia were
particularly high. In the process, energy groups
are venturing into areas, parts of which have
hardly seen any development so far, for instance
with offshore gas production off Mozambique,
and trying out new technologies which have
become commercially viable due to rising prices,
including the exploitation of oil sands in Canada
and Venezuela. It is not rare for the machines

Fig. 2: The Surat Basin of East Australia has been opened up since
1985 and is now one of the most important natural gas sources on the
continent. The new QCLNG project alone should supply 8.5 million tonnes
annually as from the end of 2014.

and equipment for these mammoth projects –
particularly pump and conveyor systems – to
come from medium-sized German companies,
because the manufacturing quality and robustness of the systems that are “German engineered” are of crucial importance in terms of
the operating times and thus the commercial
viability of the storage facilities.

Chamber system means smooth conveyance,
even material containing solids
So, progressing cavity pumps have for instance
been proving their worth for years in a really
wide variety of oil and gas fields, both in downhole and uphole sectors, as well as for the subsequent conveying process. The reasons for this
lie above all in the stability of conveyance in
terms of volume and pressure, with this conveyance being achieved to a large extent irrespective of the composition and viscosity of the
material. This is made possible by self-contained
conveying chambers, a key feature of the progressing cavity pump principle: This involves a
helical eccentric rotor which is characterised by
a large pitch and thread depth, turning with an
oscillating rotary motion within a fixed stator.
Its internal thread has a geometry that is precisely tailored to the rotor, but with double the
pitch and double the number of turns offset by
180°, so that chambers of the same shape are
formed between the two components. With the
turning motion, these chambers ensure smooth
transport of the material from the inlet to the
discharge side, without any possibility of it
being affected by shear forces or pulsation. This
is particularly important for mixtures of oil, gas
and water, also known as multi-phase mixtures,
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since emulsions form which can then only be
separated again with a great deal of time and
expense.
In addition, depending on the type, this multi-phase conveying system also handles material with fluctuating solid content and solid sizes
of up to 150 millimetres without any impairment. In general, all drilling products have varying consistencies, and in particular, they contain
different quantities of sand, which in extreme
cases compacts into so-called slugs, plugs blocking any further transmission. With other conveying processes, for instance with centrifugal
pumps, this can lead to conveyance failures,
pressure losses or damage to the structure,
which is why separators are often set up at every
borehole to separate water and sand at the earliest possible stage of the process.
With progressing cavity pumps, these kinds of
precautionary measures are not needed, which
reduces the infrastructure and operating costs
for the entire oil or gas field.

Suitable for use with a variety of material
and in many different conditions
Depending on the size of the pump, the range of
possible conveying capacities goes from a few
millilitres through to 500 cubic metres per hour
at possible pressures of 6 to 48 bars, or in the

Fig. 3: In order to release the so-called coal seam gas, water is first pumped
off to reduce pressure. This process water must be conveyed to treatment
stations so that it can be reused in agriculture.
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high-pressure sector up to 240 bars. In addition,
the modular design, materials and component
versions can be selected and combined depending on the task. This enables all kinds of substances to be conveyed, no matter whether they
are thixotropic or dilatant, lubricating or non-lubricating, aggressive, abrasive or adhesive. Even
crude oil with a dynamic viscosity of more than
50,000 millipascal seconds can be moved without any problem thanks to the chamber principle. The recommended spectrum in terms of
material temperature ranges from –20 to
+200 °C.
These technical advantages mean progressing
cavity solutions are used for projects all over the
world. However, high demand does to some
extent present production and logistics with a
difficult task, because large numbers of systems
have to be manufactured within the shortest
possible timescales and shipped over long distances. In addition, the areas where they are

Gear pumps for chemical, plastics and sweets
industries

WITTE PUMPS & TECHNOLOGY manufactures
precision gear pumps for the plastics, chemical and
sweets industries for over 30 years.
Many years of experience and an optimal choice of
materials make our pump series BOOSTER, CHEM,
POLY and EXTRU so successful and reliable.
Our core business are not only tailor-made special
solutions for specific customer requirements, we also
offer a wide range of standard pumps.
WITTE also provides comprehensive service
packages for gear pumps from other manufacturer.

Lise-Meitner-Allee 20
D - 25436 Tornesch
Tel.: + 49 (0) 41 20 70 65 90
Fax: + 49 (0) 41 20 70 65 949
info@witte-pumps.de
www.witte-pumps.de

used are mostly located in inhospitable regions
or have difficult environmental conditions
which have to be taken into account when
designing the pumps. For example, on an oil
field in the Central Asian Desert, where temperatures of down to –40 °C are the rule, conveying
systems can only work in a stable way thanks to
their own trace heating. Conversely, the multi-phase pumps on an oil field in South Sudan,
where surfaces can heat up to 70 °C during the
day, need roof covers to protect them from the
sun. Experienced teams, continuous coordination at all levels of the company and close consultation with the client are absolutely essential
for the successful implementation of these
kinds of requirements.

Pumps for 200 million litres of water a year
Optimum organisation is particularly important
for major orders like the Queensland Curtis LNG
Project (QCLNG). The operator, the Queensland
Gas Company (QGC), a subsidiary of the British
BG Group, ordered over 1,200 pumps for the initial development phase of this project alone.
These were to be delivered to the Surat Basin in
East Australia via Shanghai, with a throughput
of 30 units a week. The requirement for this
large number of pumps is to be attributed to the
special type of gas deposit in the Surat Basin: it
is so-called coal seam gas, mainly methane
which is to be found dissolved in water at
medium depths of 300 to 800 metres below
ground in the vicinity of coal seams. In order to
release the gas, part of the water is first pumped
off, which leads to a reduction in pressure and
means the methane changes into the gaseous
state. The gas is collected at the wellhead, liquefied again in compressor stations and transported by pipelines for further processing.
According to QGC’s plans, the water arising from
this process, which is after all up to 200 million
litres a year, is intended for use in agricultural
irrigation. However, to do so it must be pumped
to a central collection pan which has a downstream reverse osmosis filter for treatment.
According to the original plans of the Gas Group,
the downhole pumps fetching water up from
the depths were also intended to convey it to
the collection points at the same time. Depending on the site, this involved a distance of up to
eight kilometres. However, this additional load
increased the pressure at the borehole which in

PUMPS & SYSTEMS

turn reduced the gas yield. In 2012, the company therefore decided instead to install a
booster pump in each case at the majority of the
2,000 boreholes in the first phase of construction. In order to ensure continuous operation,
the systems had to be able to convey between
0.2 and 21.2 cubic metres per hour at up to
11 bars, which meant centrifugal and peristaltic
pumps were excluded right from the start due
to the pressure being too high. Centrifugal
pumps were also rejected due to the flow rate
being too great and the solid content of 5 to
20 % sand. Only progressing cavity technology
was capable of meeting all the Gas Group’s
specifications.
After various rounds of technical consultation
which extended over three months, the first 646
units were therefore finally ordered in October
2012, followed by another 618 in May 2013.
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compact design. At the same time, the long
sealing line between rotor and stator on this
version leads to a long service life and high volumetric efficiency.

In oil and gas extraction, “German engineered”
systems score due to their manufacturing quality
and robustness.

Because the water/sand mixture to be conveyed
is not only slightly corrosive, but also abrasive,
the design engineers use particularly resistant
materials for the various components. This
means, the pump housing, the end connections
and all the screw unions are made of stainless
steel which ensures a long service life and low
maintenance expenditure. A highly abrasion-resistant elastomer was accordingly chosen for

Design and material tailored
to application requirements

Innovative Coolant Pumps for
Various Applications
© iStockphoto

As not every borehole is the same and the concentrations of gas can for instance vary considerably, two different capacities were required.
Both types are identical in their dimensions,
however, so that they can, if necessary, be very
quickly changed over on site without any major
modification work. In general, progressing cavity pumps are characterised by a narrow, elongated structure that only takes a small amount
of space. In this application, they are driven by a
hydraulic motor which is flange-mounted
directly onto the lantern of the system, so that
the design remains as compact as possible. The
power is transmitted from there to the rotor via
the shaft by means of a coupling rod. Pin joints
are used as the connection, since these prolong
the service life. There are various models of
mechanical seals to choose from for sealing the
shaft, from single-acting seals with or without
quench provision, through double-acting seals
arranged back to back or in tandem, to cartridge
seals and various special forms. This enables
optimum tailoring to the operating conditions
to ensure the seal has a long service life. However, single-acting mechanical seals are sufficient for use in the Surat Basin. In addition, an L
shape was chosen for the stator-rotor geometry.
This creates larger conveying chambers and
thus enables a high conveyance volume with a
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Fig. 4: To protect the pumps against damage resulting from overpressure,
they were fitted with a bypass: When the pressure reaches 17 bar, a check
valve opens and diverts the water.

Source: Netzsch

the stator. The material of the baseplate to
which the pump is mounted is hot dip galvanised steel, and painted steel is used for the
bypass. This is located directly above the actual
conveying line and was added to the design as a
safety measure: If the pressure in the supply line
exceeds 17 bar, a check valve opens and diverts
the material which enables the load on the system to be reduced and damage to the components to be avoided.

Multiple protection for sea transport
All the pumps are manufactured in Waldkraiburg, Bavaria. The staff’s many years of experience, a stringent process structure and the close
dovetailing of the various operational areas enable even large-scale manufacture there. To safeguard against delivery problems and to increase
flexibility, a second source of supply was qualified for each of the most important key components of the system for this major order. Production was able to settle down at 30 units a week
under these conditions.
The batch size, however, was not determined
first and foremost by the capacity of the manufacturer, but rather by the assembly company
constructing the complex technological frames,
the skids, for the individual well sites. For this,
the pumps are transported by sea to the assembler’s factory in Shanghai, where they are combined with the other system components on
compact frames and then the finished skids are
delivered to QGC in the Surat Basin. The pumps
are specially protected for transport in order to
survive the six-week sea journey without suffering any damage: The systems are conserved by
wrapping them in pairs in aluminium foil which
is hermetically sealed, thus securely sealing the
contents. In doing so, a vacuum is generated in
the packages, and they are also provided with a
desiccant bag which can absorb any fluid that
may get in, in spite of all the precautions. For
protection against mechanical damage and for
easier loading, the twin-packs of pumps are also
placed in solid wooden boxes. This system
meant that all 1,264 conveying systems for the
initial construction phase reached Shanghai
safely and the installation of the corresponding
skids was completed by the end of 2014.

Service branch on the spot reduces downtimes

Fig. 5: The pumps are part of complex technological skids.
The connections enable the use of two different kinds of pumps,
depending on the conveyance conditions.

On-time delivery of the progressing cavity
pumps was just one aspect of this assignment,
however; after-sales service was at least as crucial for the placement of the order. Because the
systems are essential for gas production in the
context of the QCLNG project, any kind of operational disruption has to be avoided. The first
measure taken to ensure this was the holding of
kick-off workshops in the run-up to design and
production on the customer’s premises in East
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Australia and with representatives of QGC in the
production facility in Germany. These served to
provide precise specification of all design and
technical parameters for the pump. They enabled a configuration to be determined in
advance that corresponds to the conditions on
the gas field and guarantees the highest possible level of availability. In addition, in September
2013, the manufacturer’s Australian subsidiary
rented its own facility in Brisbane, the capital of
the state of Queensland, where a comprehensive spare parts warehouse and a well-equipped
workshop for maintenance and repair was set
up. However, the site which was opened in
November 2013 does not just offer spare parts,
but also items that include whole replacement
pumps, heated water tanks and hydraulic power
units (HPUs). This stock allows the pump specialist to schedule necessary repairs on site at
very short notice and to carry them out quickly
and yet sustainably.
The high demands in terms of flexibility of service and maintenance are not least due to the
difficult operating environment of the pumps:
The Surat Basin is part of the Great Artesian
Basin, one of the world’s largest water-bearing
geological formations that is above all characterised by high groundwater temperatures of
between 30 and 100 °C. The water emerging
from the boreholes is therefore also comparatively hot, a heat that is still apparent in the process waters that have to be conveyed to the filter station. Furthermore, the air temperature in
this region sometimes reaches 45 °C and more,
which means an additional stress on the conveying systems. Climate change, which is having
a particularly strong impact on Australia, also
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has to be reckoned with and this will lead to a
further increase in this value in future. More
than 150 temperature records were broken on
the continent just in the southern summer at
the turn of the year between 2013 and 2014.

Progressing cavity pumps are characterized
by a narrow, elongated structure that only takes
a small amount of space.

Furthermore, the engineers do not only intervene when there are defects or upcoming maintenance measures, but also provide support for
the operator on site both before and after commissioning the pumps. This enables the prevention of installation and connection errors leading to damage or to impairment of pumping
capacity. The respective installation sites can
also already be surveyed at an early stage and
prepared for the set-up of the skids, so as to save
installation time and to create the best possible
basis for operating the systems. The input in this
application area alone had amounted to 250
person-days by April 2014.

Communication and coordination
determine project efficiency
Other important factors for the successful
implementation of the project were a clear communications structure which was as simple as
possible and a wide-ranging dialogue with the
client, factors that also apply to similar major

made in Germany
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Fig. 6: 1,264 booster pumps for process water were ordered by QGC for the first phase of development.
Tight organisation of production processes enabled 30 units to be built and shipped every week.

the application themselves, put themselves in
the operator’s shoes and adapt their own pump
technology accordingly. For instance, in the case
of QGC, it transpired that the conditions at the
borehole, such as the Q or p value, may change.
In order to counteract any fluctuations of this
kind, a solution was developed whereby another
pump with the same line connections can be

Source: Netzsch

orders. To achieve this, it is not sufficient simply
to respond to technical queries and other inputs
from the customer quickly and competently, it is
rather a case of going much further than this
and also entering into discussions along with
seeing the systems not just as standalone units,
but as part of the whole complex. The design
engineers and technicians have to understand

Fig. 7: The pumps are delivered by ship from Germany to Shanghai and from there to Brisbane. They are packaged
and secured multiple times in the works in order to survive the sea journey without suffering any damage.
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used. This enables complicated modification
work and thus longer shutdowns to be avoided
where necessary. However, these kinds of
insights as the basis for application-specific production configurations are only arrived at
through good, close relationships, which is why
it should be made as easy as possible for customers to get in touch. The ideal situation is a
permanent contact for a specific project, so that
the client knows exactly who to turn to with
questions, problems and suggestions.

Outlook
Now that the first water-conveying systems
have been started up in the Surat Basin, it has
become clear that the average conveyance volume for each pump is 5 to 18 cubic metres per
hour at a differential pressure of 8 to 10 bars.
The TDS (total dissolved solids) value of the
water that is pumped away is around 6,000 milligrams per litre and the chloride content is
about 4,680 parts per million. QGC’s major natural gas development project is now in its second phase of construction. This is once again
planned to cover 4,000 boreholes and will
require around 1,600 booster pumps. The first of
three order batches for this was placed in April
2014 and 240 of the 392 progressing cavity
pumps ordered had already reached the skid
builder in Shanghai or were on their way there
by the start of September 2014.
Author:
Johann Vetter, graduate engineer
(University of Applied Science)
Manager of CR Project Development,
Customer Relations
NETZSCH Pumpen & Systeme GmbH,
Waldkraiburg

Source: Netzsch

A centralised management structure of this
kind also helps to maintain an overview of production and supply processes and to speed up
workflows overall. This is all the more important
when adherence to time schedules and prompt
communication of important workflow information and documents can influence the whole
progress of the project. With this kind of comprehensive development scheme, responsibility
is not just limited to in-house production and
logistics, because delays also impact on subsequent assembly partners and their shipment
planning as well as on carriers and installers on
site. It is only possible to guarantee adherence
to budget requirements and ultimately the
commercial viability of the whole project when
there is on-time manufacture and comprehensive coordination of all parties involved.
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Fig. 8: The staff of the Australian subsidiary also help out both before and
during commissioning of the pump systems.
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Read more in our online magazine
under www.vdma-verlag.com/puco
Together with the magazine you hold in your
hands, if you go to www.vdma-verlag.com/puco,
you will find our e-magazine with additional
features. The heading “Products & Applications”
provides a user-oriented look at the latest
technical developments, trends and products in
the respective branches – as a brief summary in
the printed version and in greater detail in the
e-magazine with in-depth information about the
respective topics. The flags indicate the languages
in which the articles are available.

Innovation is combined with
tried-and-tested technology in the
new Bungartz submerged pump
The new TMOC DryRun pump combines the
capabilities of the MPATAN pump (suitable for
Zone 0 applications) with the unique DryRun
technology. With its single-stage radial
impeller, the volute-casing pump is securely
insulated against its environment, and works
with a bearing and sealing unit that has no
contact with the pumping medium. This
achieves a permanent dry-running effect.
Read more under www.vdma-verlag.com/puco

Innovative LEWA plunger pumps
LEWA plunger pumps according to API 674 are
used wherever high hydraulic power is needed.
A new generation of pumps with splitted gear
housings significantly facilitates maintenance
and reduces wear. In addition, LEWA now offers
two quintuplex variants and thus, extends the
power range of the plunger pumps.
Read more under www.vdma-verlag.com/puco

GEA Tuchenhagen®-VARIFLOW
centrifugal pumps
Flexibility to fulfill a variety of client demands,
a strong focus on hygienic design, and continuous advances in product development:
Those are the reasons why GEA Tuchenhagen®-
VARIFLOW centrifugal pumps have been
maintaining a prominent position within the
market for hygienic pumps.
Read more under www.vdma-verlag.com/puco
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Read more in our online magazine
under www.vdma-verlag.com/puco

Leistritz introduces a new
screw pump for API applications

Wangen Pumpen establishes
a distribution company in the USA

With the recently released L3MA series of triple
screw pumps, German Leistritz Pumpen GmbH
presents a new series of pumps designed to
comply with API 676 3rd edition. This standard
covers the minimum requirements for rotary
positive displacement pumps for use in the oil
& gas, petrochemical and chemical industries.

A high level of accessibility and personal
communication between customers and
suppliers are of decisive importance for the
corporate success of technical products. For this
reason, Wangen Pumpen has now founded a
sales and distribution company in Wood Dale,
Illinois, USA.

Read more under www.vdma-verlag.com/puco

Read more under www.vdma-verlag.com/puco

Munsch Chemie-Pumpen GmbH
wins Innovation Award 2014

HERMETIC: Canned motor pumps for
new pipeline for pumping liquid gas

On 15 January 2015, Eveline Lemke, Minister
for Economics, Climate Protection, Energy
and Spatial Planning, presented Munsch
Chemie-Pumpen GmbH, Ransbach-Baumbach,
with the Innovation Award 2014 of Rhineland
Palatinate.

As part of a capacity expansion, a new pipeline
is being constructed between the location of a
petroleum-processing company in Gelsenkirchen
and Marl Chemical Park for the purpose of
transporting isobutane mixtures. These C4
combinations are used to process crude oil at
the Scholven Refinery and are used at Marl
Chemical Park for such things as plastics
production.

Read more under www.vdma-verlag.com/puco

Read more under www.vdma-verlag.com/puco
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Read more in our online magazine
under www.vdma-verlag.com/puco

KTR: Perfect power transmission
for all media
Brinkmann Pumps:
Highly efficient immersion pumps
with semi-open impellers
The 37-kilowatt version of the new pump series
STA by Brinkmann Pumps from Werdohl
delivers coolants, cooling oils and cutting oils at
a maximum volume flow, of 4,500 litres per
minute with a delivery head of 30 metres.
These immersion pumps are mounted directly
onto the tank and are immersed together with
the hydraulic system into the coolant.

The certified coupling range for pump drives of
KTR comprises a large number of high-quality
and high-performance shaft and flange
couplings for every kind of pumps. KTR is
pleased to support you with the selection of
the optimum coupling and offer you individual
advice. In this context, KTR″s industry experts
provide for tailor-made development work.
Read more under www.vdma-verlag.com/puco

Read more under www.vdma-verlag.com/puco

Follow-up order for the worldwide
largest FELUWA MULTISAFE pump
Wilo-SiBoost Smart Helix EXCEL:
the trendsetter redefines efficiency
Tailored and needs-based: Wilo’s pressure
boosting system is the ideal solution for fully
automated water supply in residential and
commercial buildings. It guarantees easy
operation, a long service life and complete
operational reliability.

In 2014, commissioning of three sets of the
five-headed MULTISAFE double hose diaphragm
pump was carried out for the use of tailings
transport in a Mexican copper mine. Each pump
handles a flow rate of 750 m³/h at
a pressure of 45 bars over a pipeline length of
6 kilometres.
Read more under www.vdma-verlag.com/puco

Read more under www.vdma-verlag.com/puco
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Read more in our online magazine
under www.vdma-verlag.com/puco

KSB: Mag-drive pump for
process engineering applications
The latest generation of KSB’s Magnochem
mag-drive pumps is available in 52 sizes. The
new series is primarily characterised by high
outputs per size ensuring extremely low energy
consumption.
Read more under www.vdma-verlag.com/puco

URACA: Drinking water pumps
contribute to an environmentally
aware use of water and energy
The latest URACA plunger pumps for drinking
water supply are setting standards: Especially in
respect of energy demand, the machines score
with their high energy efficiency. For example
the supply of higher altitudes with drinking
water.
Read more under www.vdma-verlag.com/puco

Sulzer: Cutting-edge services and
solutions dedicated to improving
operational efficiency
The worldwide consumption of energy
continues to rise unabated and so the need for
improved efficiency as well as new sources of
energy is increasing accordingly. The following
article looks at the challenges facing power
station operators and the potential to improve
the efficiency and reliability of the existing
generator base.

High temperature impeller pump
from Schmalenberger
The THK series is a special design for delivery of
hot liquids with an uncooled mechanical seal. It
is used primarily for circulation of hot liquids in
closed pipes and tank systems. Applications
with high temperatures in the field of energy
production, heat transfer and process technic
set high standards for the construction of the
required pumps.

Read more under www.vdma-verlag.com/puco
Read more under www.vdma-verlag.com/puco
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Applications
Pumps &
Systems

Water supply/wastewater disposal
Sewage engineering
Construction industry
Overhead irrigation
Irrigation
Well
Drainage
Garden
Groundwater conservation/lowering
Cellar drainage
Sewage treatment plant
Agriculture
Seawater desalination
Drainage, irrigation, lifting stations
Swimming-pool technology
Fountain
Deep well
Reverse osmosis
Water treatment
Mine drainage
Water supply
Hygiene/cleanliness
Biochemistry
Brewery
Dosing technology
Injection
Beverage industry
Cosmetics
Laboratory
Dairy
Food industry
Nuclear power station technology
Odorisation
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ABEL GmbH & Co. KG
www.abel.de

l

Alltech Dosieranlagen GmbH
www.alltech-dosieranlagen.de

l l

l

l

l l

l

l l l

l l

l

l l l l

ALLWEILER GmbH
www.allweiler.de

l l l l

l l l

l l

l

l l l l l l

ANDRITZ Ritz GmbH
www.ritz.de

l

l l l l

Apollo Gößnitz GmbH
www.apollo-goessnitz.de

l l

Beinlich Pumpen GmbH
www.beinlich-pumps.com

l l

l

l l l l l l

l l

l

l

l l l

l

l l l l
l l l

l l

l l l l
l

l

l

l

l

bielomatik Leuze GmbH + Co. KG
www.bielomatik.de
ITT Bornemann GmbH
www.bornemann.com

l l

Brinkmann Pumpen K.H. Brinkmann GmbH & Co. KG
www.brinkmannpumps.de

l l l

l l l l l l

l

l

l l
l l

Paul Bungartz GmbH & Co. KG
www.bungartz.com
CP Pumpen AG
www.cp-pumps.com
Crane Process Flow Technologies GmbH
www.cranecpe.com

l
l l

l

l l

DELIMON GmbH
www.bijurdelimon.com

l l

l

l l

l

l l l

l l

l l l

l

l

l

l

Deutsche Vortex GmbH & Co. KG
www.deutsche-vortex.de
DIA Pumpen GmbH
www.dia-pumpen.de

l l l l

l

l l l l

Dickow Pumpen KG
www.dickow.de

l l
l

l
l l l l

l l l l l l l

FELUWA Pumpen GmbH
www.feluwa.com

l l

l

l

Flowserve-Halberg Maschinenbau GmbH
www.halberg.com
Flowserve-Sterling SIHI GmbH
www.sterlingSIHI.com

l l l l

FRIATEC Aktiengesellschaft – Division Rheinhütte
Pumpen / www.rheinhuette.de

l

l l

l l l l
l

l l

l
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Düchting Pumpen Maschinenfabrik GmbH & Co. KG
www.duechting.com
EDUR-Pumpenfabrik Eduard Redlien GmbH & Co. KG
www.edur.com

l l

l

l

l l

l
l

Pharmaceutical industry
Sample taking
Sterile technology
Industry-/chemical industry processes
Tank, container, barrel
Chemical industry
Draining
Gas dehydration
Gas washer
Industrial technology
Surface treatment
Steel construction and vehicle construction industries
Stone, earth and glass industries
Storage tank installation
Textile industry
Environmental technology
Building applications; heating and cooling
Pressure boosting
Fire-fighting system
Building controls and systems
Heating technology
Refrigeration and air-conditioning engineering
Heat-transfer technology
Energy generation
Energy engineering
District heating
Firing technology
Geothermics
Prime movers
Power station technology
Flue gas purification
Petrochemical; Oil
Oil and petrochemical industry
Off-shore technology
Mining; Metallury and rolling technology
Mining
Iron and steel industry
Rolling-mills
Chemical engineering/Process technology
Process engineering
Sugar industry
Oil supply/Hydraulics
Lift manufacturing
Oil hydraulics
Centralized lubrication system
Testing
Hydrostatic (pressure) test
Cleaning
High-pressure cleaning
Pulp and Paper
Paper and cellulose industry
Marine, shipyard technology
Marine, dockyard
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Applications
Pumps &
Systems

Water supply/wastewater disposal
Sewage engineering
Construction industry
Overhead irrigation
Irrigation
Well
Drainage
Garden
Groundwater conservation/lowering
Cellar drainage
Sewage treatment plant
Agriculture
Seawater desalination
Drainage, irrigation, lifting stations
Swimming-pool technology
Fountain
Deep well
Reverse osmosis
Water treatment
Mine drainage
Water supply
Hygiene/cleanliness
Biochemistry
Brewery
Dosing technology
Injection
Beverage industry
Cosmetics
Laboratory
Dairy
Food industry
Nuclear power station technology
Odorisation
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FRISTAM Pumpen KG (GmbH & Co.)
www.fristam.de

l

Gather Industrie GmbH
www.gather-industrie.de

l

l

l l

l

GEA Tuchenhagen GmbH
www.tuchenhagen.de
GEA Wiegand GmbH
www.gea-wiegand.de
GRUNDFOS GMBH
www.grundfos.de

l l

l l

l l l

l l l l l

l l

l l

l
l l l l l l l l l l l l l l

l l

l l

l

l l l l l

l l

l l l l l l

l l

A. Habermann GmbH & Co. KG
www.habermann-gmbh.de
Halm Pumpen + Motoren GmbH
www.halm-pumps.de
HAMMELMANN GmbH
www.hammelmann.com

l

Hauhinco Maschinenfabrik G. Hausherr,
Jochums GmbH & Co. KG / www.hauhinco.de

l

Herborner Pumpenfabrik J.H. Hoffmann
GmbH & Co. KG / www.herborner-pumpen.de

l l

l

l

l

HOMA Pumpenfabrik GmbH
www.homa-pumpen.de

l

Iwaki Europe GmbH
www.iwaki.de

l

Jung Pumpen GmbH
www.jung-pumpen.de

l l

KAMAT GmbH & Co. KG
www.kamat.de

l l

l

l l

l l

l

l
l

l l

l

l

l

l

l l l

l l l
l

l

l l

l

l l l
l l l l l l l l
l

l
l

l l

l

Körting Hannover AG
www.koerting.de

l

l l

l

l

l
l

l

l

l
l

l l l

l

l

l

KRACHT GmbH
www.kracht.eu
KSB Aktiengesellschaft
www.ksb.com

l

l l l l l l l l l l l

l
l

l l l

l

l l

l l l

Klaus Union GmbH & Co. KG
www.klaus-union.com
KNF Neuberger GmbH
www.knf.de

l l

l

HERMETIC-Pumpen GmbH
www.hermetic-pumpen.com
HNP Mikrosysteme GmbH
www.hnp-mikrosysteme.de

l

l l l l l l l l l l l l l l l l l l l l

LEISTRITZ Pumpen GmbH
www.leistritz.com
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LEWA GmbH
www.lewa.de

l l l l l l l

l

Maag Pump Systems GmbH
www.maag.com
Mahr Metering Systems GmbH
www.mahr.com

l l

l l

l

MATO GmbH & Co. KG
www.mato.de
Munsch Chemie-Pumpen GmbH
www.munsch.de

l

NETZSCH Pumpen & Systeme GmbH
www.netzsch.com

l

l
l

l l l

l

l

l l l

l l l l l

Nikkiso-KSB GmbH
www.nikkiso-ksb.com
oddesse Pumpen- und Motorenfabrik GmbH
www.oddesse.de

l l l l l l l l l l l l l l l l

l l l

l

Oerlikon Barmag, Zweigniederl. der Oerlikon Textile
GmbH & Co. KG / www.oerlikon.com/barmag
ORPU Pumpenfabrik GmbH
www.orpu.de

l
l l

l l l l l l l

OSNA-Pumpen GmbH
www.osna.de

l l l l l

PCM Deutschland GmbH
www.pcm.eu

l l

PF Pumpen und Feuerlöschtechnik GmbH
www.johstadt.com

l

Ponndorf Gerätetechnik GmbH
www.ponndorf.com

l

l l l
l l

l

l l

l

l

l

l

l l

l

l

ProMinent GmbH
www.prominent.com

l l l l l l l

l l l

Pumpenfabrik Wangen GmbH
www.wangen.com

l l

l l

Putzmeister Solid Pumps GmbH
www.pmsolid.com

l

l

l l l l l l

l l

l l l

l l

l

l l l l l l l
l

l l

l l l l l

l

l

l

l

l l

l l

l l l l l

l l l l l l l l l l l
l l l l l l l l l l l

l

l

REBS Zentralschmiertechnik GmbH
www.rebs.de
Richter Chemie-Technik GmbH
www.richter-ct.com

l

l

l

l

l l

l

Rickmeier GmbH
www.rickmeier.de
Ruhrpumpen GmbH
www.ruhrpumpen.de

l

l

Schäfer & Urbach GmbH
www.schaefer-urbach.com
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COMPANIES & RANGE OF APPLICATIONS

Applications
Pumps &
Systems

Water supply/wastewater disposal
Sewage engineering
Construction industry
Overhead irrigation
Irrigation
Well
Drainage
Garden
Groundwater conservation/lowering
Cellar drainage
Sewage treatment plant
Agriculture
Seawater desalination
Drainage, irrigation, lifting stations
Swimming-pool technology
Fountain
Deep well
Reverse osmosis
Water treatment
Mine drainage
Water supply
Hygiene/cleanliness
Biochemistry
Brewery
Dosing technology
Injection
Beverage industry
Cosmetics
Laboratory
Dairy
Food industry
Nuclear power station technology
Odorisation
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Schmalenberger GmbH + Co. KG
www.fluvo.de

l

sera ProDos GmbH
www.sera-web.com

l

SERO PumpSystems GmbH
www.seroweb.de
SKF Lubrikation Systems Germany GmbH
www.skf.com/lubrication, www.lincolnindustrial.de

l
l l
l l

l

l

l

l

l

l

l

l l

l l l l

l

l

l

l l

l l l l l l l

l l

l l

l

l

l l

l l

l

l

Spandau Pumpen – Produktbereich der SKF Lubrication
Systems Germany GmbH / www.spandaupumpen.de

l

SPECK Pumpen Verkaufsgesellschaft GmbH
www.speck-pumps.com

l

SPX Flow Technology Norderstedt GmbH
www.spxft.com

l

l l l l l l l

l

l l l l l

l

l

l

l

l

l

l l l

l
l

l l l l l l

STOZ Pumpenfabrik GmbH
www.stoz.com
Sulzer Pumpen (Deutschland) GmbH
www.sulzer.com

l

Sulzer Pumps Wastewater Germany GmbH
www.sulzer.com

l l

Tsurumi (Europe) GmbH
www.tsurumi-europe.com

l l l l

URACA GmbH & Co. KG
www.uraca.de

l

l

l

l

l

l l

l l l l

l

l l l

l

l l l

l

l l l l

l l l

l

l l l l l l
l

l

ViscoTec Pumpen- u. Dosiertechnik GmbH
www.viscotec.de

l

l

l l

l

l

l

l l l l l l l l l

Weller Pumpen GmbH
www.weller-pumpen.de

l

l

Wepuko PAHNKE GmbH
www.wepuko.de

l

WERNERT-PUMPEN GMBH
www.wernert.de
WILO SE
www.wilo.com

l

l

l

l l l l l l l l l l l

l
l

l l

l

l

l

l
l

l

l l

l

l l

WITA – Wilhelm Taake GmbH Pumpen-,
Armaturen- und Regeltechnik / www.wita-taake.de
WITTE PUMPS & TECHNOLOGY GmbH
www.witte-pumps.de

l

Eugen WOERNER GmbH & Co. KG
www.woerner.de

l l

WOMA GmbH
www.woma.de

l l

Xylem Water Solutions Deutschland GmbH
www.lowara.de

l l l l l l l l l l l l l l l l l l l l

l
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Pharmaceutical industry
Sample taking
Sterile technology
Industry-/chemical industry processes
Tank, container, barrel
Chemical industry
Draining
Gas dehydration
Gas washer
Industrial technology
Surface treatment
Steel construction and vehicle construction industries
Stone, earth and glass industries
Storage tank installation
Textile industry
Environmental technology
Building applications; heating and cooling
Pressure boosting
Fire-fighting system
Building controls and systems
Heating technology
Refrigeration and air-conditioning engineering
Heat-transfer technology
Energy generation
Energy engineering
District heating
Firing technology
Geothermics
Prime movers
Power station technology
Flue gas purification
Petrochemical; Oil
Oil and petrochemical industry
Off-shore technology
Mining; Metallury and rolling technology
Mining
Iron and steel industry
Rolling-mills
Chemical engineering/Process technology
Process engineering
Sugar industry
Oil supply/Hydraulics
Lift manufacturing
Oil hydraulics
Centralized lubrication system
Testing
Hydrostatic (pressure) test
Cleaning
High-pressure cleaning
Pulp and Paper
Paper and cellulose industry
Marine, shipyard technology
Marine, dockyard

PUMPS & SYSTEMS
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Liquid ring compressors in flare gas recovery systems

Breaking new ground in liquid ring technology
Dipl.-Ing. Stefan Lähn
The pollutant emission caused by flaring non-used gases
associated with crude oil is one of the major challenges
currently facing the industry, and has far-reaching ecological
and economic consequences. Liquid ring compressors help to
avoid emissions and are increasingly meeting global demands
for energy efficiency thanks to their continued further development. An optimised hydraulic system improves effectiveness,
a design tailor-made for the oil and gas market meets customer
wishes for straightforward service and maintenance.
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So far, more than 250 hazardous substances have
been identified, including carcinogenic substances
such as benzopyrene, benzene, carbon disulphide,
carbonyl sulphide and toluene. Metals such as mercury, arsenic and chromium occur, as do nitrogen
oxides and acid gases such as H2S and SO2. The
waste gases produced during combustion have
substantial effects on the local population. In
developing and newly industrialising countries
with significant oil production levels in particular,
they often lead to serious health problems or even
to the loss of the very basis of life.
In economic terms, flare gas is a valuable resource,
and burning it off represents an economic loss.
Thus, for example, natural gas worth a total of 68
billion US dollars [1] was flared off in 2008. Yet not
only business revenue is lost, the state is also forfeiting taxes which would be due for the natural
gas if it were sold on the market. Developing countries which are heavily dependent on income from
natural resources are particularly affected. Ecological costs down the line and missed income on the
CO2 markets also needs to be added. For this reason, most states are checking how flaring of this
valuable resource can be avoided. For the moment,
however, the flare gas currently being burned off
produces the same amount of emissions as 77 million passenger cars [2].

Making effective use of flare gas
One efficient way of reducing emissions is to make
economic use of the gases associated with crude
oil. Options includes processing these to turn them
into a marketable product, re-injection into the oil
field to improve crude oil production and using
them to produce electricity for the industrial plant
or surrounding towns and villages.

Advertisement

Flaring constitutes an enormous waste of natural
resources and is one of the major factors contributing to global warming, producing 360 million
tonnes of CO2 per year. The contribution of methane emissions to global greenhouse gas emissions
is higher still: Estimates by the Global Methane Initiative 2011 assume that around 1.6 billion tonnes
of CO2 equivalent in the form of methane were discharged into the atmosphere during the production, processing and transport of crude oil and natural gas in 2010. In addition, flare gas and venting
systems release a large number of additional pollutants worldwide.

We love pressure.
No matter what your requirement is – ALMiG has the right solution
for you. From piston- to turbo compressors. From large to small.
From oil-flooded up to 100 % oil-free. Always matching exactly
all your needs.
So take the chance to discover the new ALMiG
compressor generation. It’s worth it.

For more information
www.almig.de/pressure.html
ALMiG Kompressoren GmbH • Adolf-Ehmann-Straße 2
73257 Köngen • Germany • Tel. Sales: +49 (0)7024 9614-240
E-Mail: sales@almig.de • www.almig.de
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Fig. 1: Diagram showing flare gas combustion

Top 20 countries by portion of volume of
natural gas flared off worldwide in 2011
Rank

Country

Natural gas flared
off in billion m³

1

Russia

37.4

2

Nigeria

14.6

3

Iran

11.4

4

Iraq

9.4

5

USA

7.1

6

Algeria

5.0

7

Kazakhstan

4.7

8

Angola

4.1

9

Saudi Arabia

3.7

10

Venezuela

3.5

11

China

2.6

12

Canada

2.4

13

Libya

2.2

14

Indonesia

2.2

15

Mexico

2.1

16

Qatar

1.7

17

Uzbekistan

1.7

18

Malaysia

1.6

19

Oman

1.6

20

Egypt

1.6

Source: http://go.worldbank.org[3]

In the context of a refinery, the flare gas system
is an important safety installation prescribed by
law. Refineries process crude oil by separating
the oil into a series of individual components or
fractions, and then restructure these according
to the given market requirements. The gases
streaming out of overhead collectors, pressure
retention and safety valves are collected and can

be supplied to the heating gas system following
compression in a flare gas recovery station.
Expansion gases that occur in extremely large
quantities when a system is put out of production are flared for safety reasons in order to prevent them entering the atmosphere unburned.
These gases, made up of gas, LPG and naphtha,
are compressed in two stages. Gas and condensate are separated using intermediate cooling
and condensate precipitation, with the liquid
part being discharged. Following the second
compression stage, the gas is cooled again and
the condensate removed from the process. The
compression temperature is kept low in order to
prevent polymerisation of the unsaturated
hydrocarbons. The condensation flows are
routed to a treatment process or fractioned separately. One problem, however, is that there is a
great fluctuation of products used in such systems which often contain a high percentage of
acid gas.
In the past, it was not unusual for a high flare
gas flame to be the trademark of a refinery. Due
to the clear ecological and economical disadvantages, efforts are being made worldwide to stop
the flaring of accompanying gases. Quite often,
there is an infrastructure already available
which makes further utilisation of these process
accompanying gases possible. This can be
achieved by using flare gas recovery systems.
These systems, which generally have a simple
structure and are relatively low-priced, can supply up to 98 % of emissions for further utilisation. This means that flare gas recovery reduces
the risk of harming human health, water systems, agriculture and fishing, and slows down
climate change, too.
Alongside wear and tear, continually changing
requirements are the deciding factors for the
economic service life of systems these days.
Innovative processes, laws and regulations, new
technologies and market conditions that must
be responded to are decisive criteria for the system’s life cycle. Trends in system construction
are moving through modular design towards
mega systems. The “economies of scale” apply
with large systems: They reduce the specific
investment costs. Flare gas recovery systems are
also following this trend.
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At the heart of the gas recovery system is the
compression process which can be achieved
using different types of compressors. Alongside
screw-type compressors and piston compressors, liquid ring compressors are often used.
Machines and components in such systems are
sometimes subject to adverse conditions. From
installations in regions with temperatures down
to two-digit figures below freezing to set-ups in
hot climates with a risk of sandstorm and intensive sun radiation, the whole range of requirements theoretically set out in the usual specifications really can be experienced. Manufacturers have to take special measures to guarantee
the functional safety of the machines.

using this design. Almost all gases and vapours
can be compressed without the machine requiring any sliding parts. Specially adapted materials make a wide application spectrum possible,
and compression is almost isothermal. A double
shaft seal design combined with the compression principle offer the user maximum safety
during the compression of ignitable mixtures as
well as toxic and environmentally hazardous
media. Any fluids within the gas flow can also
be handled easily by the liquid ring machine.
The outstanding features of the machines
include their low sound emissions and low-
vibration running, allowing them to achieve
high operational reliability and low maintenance effort.

How a liquid ring compressor works

The design is simple: an impeller is located
eccentrically within a cylindrical casing. When
the casing is partly filled with operating liquid,
the rotating impeller makes a liquid ring form
due to centrifugal force. The eccentric mounting
of the impeller causes the liquid to enter and

Liquid ring compressors use a liquid ring formed
from the operating liquid as an energy carrier to
compress gases and vapours. This technique
combines features which can only be achieved

THINK GERMAN,
ACT LOCAL.
DO YOU WANT TO GET MORE
OUT OF YOUR RECIP?
REVAMP: THE BEST ECONOMICAL CHOICE TO GET MORE.
Process adaptation or optimization? Whichever parameter needs
to be changed, trust NEA GROUP when it comes to revamp or
modernization of your reciprocation compressor. We have references on hand in all kind of applications with tailor-made solutions.
NEA GROUP can apply its revamp experience to its 11 legacy and
any other brands including risk assessment acc. to CE and ATEX
directives. Revamp with “as-new guarantee”.

NEUMAN & ESSER
NEAC Compressor Service
www.neuman-esser.com

Contact me:
Andreas Hahn
Product Manager Revamp & Modernization
andreas.hahn@neuman-esser.de

NEA GROUP Headquarters in Germany
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Fig. 2: Diagram showing flare gas recovery systems

Source: Flowserve Sterling SIHI

leave every impeller vane over an angle of rotation of about 180° like a piston. The openings in
the control bodies near the liquid ring outlet
make the pumping medium flow into the impeller cell, drawn in by the enlargement in volume.
Near the liquid ring inlet, the reduction in volume compresses the pumping medium which is
pushed out again via a control body. Two designs
are possible here: the inclusion of control openings in flat plate cams and thus feeding and discharge of the gas at the ends, or alternatively via
the cylindrical or conical control bodies with
suction and pressure openings that reach into
the impeller hub. In this case, the gas is routed
through the impeller hub into the impeller cells.
The liquid ring machine is permanently supplied
with operating liquid which leaves the machine
together with the gas after compression, and is
separated from the gas flow by a downstream
separator. The liquid serves as an energy carrier
for compression, it seals the gap between the
rotating parts, discharges the compression heat
out of the machine and lubricates the shaft
seals. Any condensation heat produced is trans-

Fig. 3: Liquid ring compressor

ferred to the operating liquid and can thus be
discharged. In flare gas recovery systems, liquid
ring compressors additionally clean the gas and
save on gas washers further along in the process.
Often, two-stage compressors in “overhung”
design with a shaft seal and compression pressures of up to 15 bars can be found in flare gas
recovery systems. These are two-stage compressors with either two impellers or a two-stage
impeller. The design is based on a rotor which, as
a self-supporting cantilever, is only mounted on
one side. Liquid ring compressors are able to
pump liquids to a limited extent, and they stand
out due to the fact that they can compress hazardous and explosive gases at a significantly
lower temperature level than other technologies.

Breaking new ground in liquid ring technology
The very latest compressor designs have two
impellers while using three-stage compression,
however. A new gas guide, combined with a
two-chamber impeller, replaces the traditional
first compression stage. The innovative feature
is the assignment of different compression
ratios per chamber, whereby the second chamber of the impeller reaches a higher pressure
level without inputting increased rotation
energy via an enlarged diameter into the liquid
ring.
The first impeller is divided into two single-flow
chambers and thus adapts the impeller cell volume to the compression ratio to be expected.
The vanes are curved for optimum energy transfer and have been designed with an increasing
hub diameter for maximum loads in terms of
bending load and intrinsic frequency. Any axial
loads occurring are absorbed by oil-lubricated
bearings. The bearing clearance is kept as short
as possible to prevent shafts bending under any
operating conditions. The generously sized shaft
is made of solid material on account of rigidity
requirements.
Another criterion for the use of liquid ring
machines is the use of service water. Directed
service water supply to each individual compressor stage makes more effective heat dissipation possible and significantly reduces water
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consumption. It is also possible to control the
output temperature by varying the operating
liquid quantity at various points in the compressor without having any significant influence on
the capacity requirement. It goes without saying these days that the mechanical design is
adapted to the application case. In addition to
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the material requirements typical in this environment, the compressors fulfil all the requirements of the NACE Standard MR 0103 and MR
0175 on request, making them suitable for use
with acid gases. The user can choose between a
wide range of different materials. Stainless steel
316L is considered the basis, and many different
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Fig. 4: Inside view of a liquid ring compressor

versions are possible up to highly corrosion-resistant nickel-molybdenum alloys.
Non-destructive testing in compliance with
ASME is standard, the compressors meet API
681 requirements. To avoid complex testing of
welded connections, the machine is manufactured completely without welding seams. This
increases the quality of the reliable manufacturing process and considerably reduces the risk of
stress corrosion cracking. Numerous different
mechanical seals can be fitted.
The design-related adaptation to different gas
compositions can also be achieved. In cone-controlled machines, such adaptation to for example different molecular weights of the intake
gases by machining the opening geometry is a
tried-and-trusted technique. However, modern
manufacturing methods allow machines with
metering ports in the plate cams to be adapted
to the conditions prevalent in the system as
well. The days when the rigid pressure port was
given an optimum design for one compression
ratio are over. Return flow caused by the optimum compression ratio being exceeded or
excessive compression if the compression ratio
is not reached can be prevented during the customer-oriented conception stage for the
machine. Control times of a modern liquid ring
machine are thus variable in terms of functional
limits.

without having to dismantle the complete compressor. No special heavy-duty cranes or special
tools are required, pipes usually remain connected to the machine.

Focus on safety, ease of maintenance
and efficiency
The trend in the use of flare gas recovery systems in refineries is moving towards larger and
larger volume flows. The challenge for manufacturers is not to lose sight of the efficiency of the
compressors in the process, and to present solutions which are easy to service and have a sturdy
design for long-term use. Experience has shown
that efficiency cannot be optimised to any great
extent in liquid ring technology without changing basic hydraulic and mechanical designs to
achieve thermodynamic advantages. Innovative
manufacturers offer liquid ring compressors
with state-of-the-art designs which make economic sense and guarantee a safe compressing
process.
Author:
Dipl.-Ing. Stefan Lähn
Product Management Special Vacuum
Flowserve Sterling SIHI GmbH, Itzehoe

Source references
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Modern compressor design supports customer
wishes for straightforward servicing. Since the
bearings and mechanical seals are arranged
outside the pump, they can easily be replaced
Pumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2015
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Niederndodeleben biorefinery

Leakage-free biogas feeding into biorefinery
Hartwig Alber
Bio energy in the form of biogas as a CO2-neutral energy
source is becoming increasingly important. An efficient
form of use is direct feeding into the public natural gas
grid. At the same time, the storage problem will be 
elegantly solved. However, before biogas can be injected,
a few steps are necessary. Leakage-free and highly-available
compressors are located immediately before the feeder,
which constitute a crucial connection to the grid.
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Fig. 1: Biomethane grid injection station

The fundamental component of both natural
gas and biogas is methane. Biogas derives its
name from its biological origins, in contrast to
the fossil fuel natural gas. What they both have
in common is that they are both becoming more
attractive for the energy market in their prepared form. Preparation for raw biogas entails
removing water hydrogen sulfide and carbon
dioxide. Thanks to cleansing, close to 99 %
methane enrichment is possible. Before feeding, adjustments are made to the calorific value
of the respective natural gas grid. This is how
biogas is supplied to remote consumers themselves.

More energy efficient feeding
Feeding into a public grid, however, has a very
distinct physical advantage. If biogas is solely
used for generating power in a block heat and
power plant, then the energetic use, or the efficiency factor, is often very low. This is due to the
lack of consumers for the waste heat. Up to twothirds of the energy in biogas remains unused.
Biogas replaces natural gas via feeding and
offers energetic versatility for power generation,
heating or even for use as a fuel.

Volume determines profitability
There are a few requirements for creating
grid-compatible biomethane from corn, cereals,
grass silage, sugar beer pulp, liquid manure or
dried chicken manure. Huge investments are
needed in order to truly work in an economical
manner. The lower profitability limit lies at
approximately 250 to 500 Nm³/h of biogas production. A typical biorefinery can be found in
Niederndodeleben (Saxony-Anhalt). It has been
operating since 2009. A second, modern facility
has been operating in parallel there since 2014
with even greater availability and improved
facility and control technology. 9 million euros
have already been invested for the first production line, 11 million were invested once more for
the second one. The facilities combined supply
approx. 1,300 Nm³/h, or 96 million kWh per year
in energy. The average four-person household
consumes 5,000 kWh/a, that is to say the yearly
energy needs of approx. 19,200 households of
this size are covered with renewable, CO2-neutral energy.

Avoiding methane slip
The top priority in overall production is avoiding
methane loss for three reasons:
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•

Climate protection: Methane is a powerful
greenhouse gas and its global warming
potential is 28 times higher than that of
carbon dioxide. Manufacturer guidelines are
accordingly strict. Strict TA Luft (Technical
Instructions on Air Quality Control) and Gas
Grid Access Ordinance (GasNZV) limits apply.

•

Safety: Methane is highly combustible and
reacts explosively with oxygen. Therefore,
any uncontrolled leaks must be prevented.
For instance, the compressors before the
feeders into the natural gas network are in
ex-zone 1.

•

Efficiency: Energetically usable is what the
prepared methane becomes. It is sold to the
operators of the respective public natural
gas networks via contracting. This is why
losses must be reduced as much as possible
during production.
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Different volume flows
A critical moment in production is the start-up
phase, since the bacteria in the bioreactor
require a certain amount of time to multiply
until the microorganisms produce the desired
nominal gas quantity. Once it has started, the
biogas facility mostly runs as a baseload power
station, since the process cannot be naturally
halted easily. All of these pre-requisites create
special requirements for the compressor manufacturer. To better comprehend them, the individual process steps of a biorefinery – inspired
by facility parameters in Niederndodeleben –
will be depicted here.

Example Niederndodeleben
In the beginning, nearby farmers supply approx.
49,000 tons of corn silage, 34,500 tons of beet

Impressive indeed...

But when was the last time that air actually impressed you?
We at BEKO TECHNOLOGIES know all
about the fascination of air because we
know how to use it.
As a partner for compressed-air processing,
we oﬀer compressed air in its purest form:
for safe processes; for ﬁrst-class products;
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Our products and systems are applied to the
processing of compressed air, which is where
we focus on uniting environmental awareness
with the pursuit of eﬃciency. In this manner,
we contribute to the conservation of global
resources and to a reduction in your energy
costs – and we work constantly towards maximum eﬃciency in both.

We make the fascination of pure compressed air
tangible in order to help you transport people into the future.

BEKO TECHNOLOGIES GmbH
Neuss
info@beko-technologies.com
www.beko-technologies.com
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Fig. 2: Compressor plant for biomethane grid injection

pulp, and 11,500 tons of organic fertilizer per
year. These 95,000 tons of renewable raw materials (renewable resource), plant by-products
and organic fertilizer are mixed in fermenters
until homogeneous biomass is created. The proteins, fats and carbohydrates in the plant
by-products break down under hermetical sealing and at an ideal temperature of approx. 40°C
(104°F). The raw biogas created during fermentation is mainly composed of methane and carbon dioxide. In this phase, the methane percentage is approx. 53 %. Yearly raw biogas volume
spans approx. 18 million Nm³. The fermented
substrate can be spread again onto the fields by
the farmers as an organic mixed fertilizer to conclude the cycle of materials. For the aforementioned quantities of harvested silage in Niederndodeleben, this comprises approx. 72,000 tons
per year.

Washing and drying gases
In the next step, washing takes place in the gas
preparation facility with the aid of a pressurized
water scrubber. The main goal is desulphurization and the separation of carbon dioxide (CO2)
and methane (CH4) gases. Sulphur is present in

biogas as hydrogen sulfide (H2S). Biological,
chemical, and absorptive separation processes
are also possible. Pressurized water scrubber is
an absorptive process, since the alkaline and
acidic components in water dissolve relatively
well. The washing solvent particularly bonds the
carbon dioxide and hydrogen sulfide from the
biogas. Pressure increases solubility, which is
why the biogas is compressed. Water is sprayed
from above in the 17 m high absorption column,
while raw biogas is flowing in at the bottom.
The water flowing into the counterflow absorbs
CO2 and H2S. The loaded washing solvent flows
into a flash tank, where it expands to atmospheric pressure, whereupon the bonded carbon
dioxide is re-released and travels outside via a
waste air purification plant. Minimal residual
methane is flamelessly eliminated beforehand
via regenerative thermal oxidation at 800 °C
(1,472 °F). The washing water is cleansed in the
downstream desorption column and then re-directed to the absorption column where the cycle
begins anew. The washed gas is dehumidified in
an absorption drier before it reaches the feed-in
system as biomethane at approx. 40 °C (104 °F).
Since a small amount of methane also dissolves
during the process, which is freed during release,
it is re-fed from the flash tank as a lean gas to
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the raw biogas pending at the front. The inlet
volume flow during pressurized water washing
in the Niederndodeleben biorefinery amounts
to approx. 2,500 Nm³/h and the outlet biogas
volume flow is approx. 1,300 to 1,400 Nm³/h
with methane enrichment at up to 98.5 %.

The Power
You Need.

For this process, the Magdeburg biorefinery uses
a total of four compressors, which are each
operated as a redundant pair: An initial generation at 75 kW and a volume flow of 365 to
780 Nm³/h along with a second generation at
200 kW and a volume flow of 960 to 1,987 Nm³/h.

Preparation and feed-in
Now comes the last and decisive step in the biogas feed-in facility. This is where the prepared
gases are analyzed, the pressure is increased to
grid conditions and, if necessary, odorization
and calorific value adjustment as per the Wobbe
index using propane is carried out. This is necessary so that the biogas meets the public grid
operator’s quality requirements as a “high gas”.

Compressor technology with no leaking gas
In this phase, the compressor technology used is
given special importance. The basic requirement
is a non-gas leaking machine for placement in
ex-zone 1.
The reduntantly-installed compressors are
equipped with a gas-tight engine crankcase,
which is indispensable for leakage-free operation. A leaked gas compressor can be used in
petrochemistry to prevent leaked gas. This is
generally not the case for biogas facilities. A
compressor system without a leaked gas compressor is advantageous from the operator’s
standpoint, because this eliminates one additional machine as a potential source of faults.
When considering the acquisition costs, there is
no difference between a leakage-free compressor and a compressor with a separate leaked gas
compressor. During operation, however, there
are significantly higher costs for the leaked gas
variant, since maintenance, wear parts and
energy are needed for an additional machine
component. And that does not include the extra
space requirements. When taking into consideration the total cost of ownership (TCO), a her-

Utmost efficiency for modern vacuum
processes. Oil free and robust.
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for modern industrial production
processes.
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metically-sealed compressor for biogas operators is cheaper without having to be wary of
technical shortcomings.

Mechanical sealing in lieu of shaft sealing
The new line compressors in Niederndodeleben
have an engine power output of 200 kW. For this
application, mechanical sealing replaces the
otherwise common shaft sealing on the crankshaft. Together with the pressure-resistant
crankcase, it becomes hermetically sealed to
prevent gas loss.

natural gas operators work with a maximum of
PN 25, which is why the compressor was
designed for 26 bars absolute. Downward pressure fluctuations are due to the year’s seasons.
For instance, grid extraction is significantly
higher during the winter heating season than in
summer. The pre-defined standard volumetric
flow is at 1,470 Nm³/h, whereas approx.
1,987 Nm³/h would be possible with the compressors in use, therefore ensuring that any
higher future volume flow would not be
impeded in any way.

Temperature control with chiller

Biogas as a CO2-neutral energy source
is becoming increasingly important.

Avoid tensile forces
The direct-coupled machine does not use a belt
drive. A claw coupling, which can manage without disturbing tensile forces, is used instead.
FEM examinations have shown that having only
one load, torque, on the crankshaft has an economical effect on its longevity. The belt drive
provides a double load due to bending and torsion movements. The belts can never be equally
tensioned and also differ in size. This produces
vibration forces that affect the drive system.
After all, the shaft still has a power requirement
of approx. 45 to 150 kW. Such belt vibrations do
not occur in direct drive. Furthermore, the clutch
bell, which serves as an enclosure for the direct
drive, can be designed in a more stable manner
than the belt drive’s enclosure. This is generally
used for contact protection, which in turn also
tends to resonate again. In conclusion, a coupled
machine exhibits significantly reduced vibration, which is why this kind of drive train was
preferred.

RPM-regulated compressors
Due to vibrations in the volume flow, particularly in the start-up phase, the compressors are
RPM-regulated. The excess pressure ranges from
4.5 bars to 7 bars of overpressure. End pressure
bandwidth represents a specialty. It lies between
11 and 26 bars absolute. In Niederndodeleben,

The specification for the outlet temperature at
the feed-in point was preset to a max. of 40 °C
(104 °F). The cooling systems themselves must
be self-sufficient with regards to cooling technology, since no on-site coolant can be provided.
The parameters for the emerging ambient temperature at the compressor installation site
have been specified at 5 °C to 40 °C (41 °F to
104 °F). At a maximum ambient temperature of
40 °C (104 °F) and an equivalent outlet temperature, the cooler size would be infinite and technically unfeasible. This requirement was met
using a cold water unit, a water chiller. A water/
ethylene glycol mixture circulating in it cools
down the existing gas intermediate and afterstage coolers to an adjustable 20 °C (68 °F). This
creates a sufficient temperature delta. The cold
water unit is located outdoors outside of the
ex-area and is also performance-controlled.

Chiller vs. water re-cooling plant
For this type of cooling, lower coolant temperatures can be made available than in water
re-cooling plants, which are limited by ambient
temperatures, because they can only achieve a
ΔT of approx. 15 °K to 20 °K. Therefore, the gas
temperature would be approximately 55 °C to
60 °C (131 °F to 140 °F) at a water re-cooling
plant with an ambient temperature of 40 °C,
which in the present case would be too high for
grid feed-in. This design makes it necessary to
cool down the afterstage cooler with a cold
water unit as well in order to not exceed the 40
°C (104 °F) limit. Therefore, two cooling circuits
would have to be operated with the corresponding detriments in error rate and costs. A simple
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chiller solution can easily regulate the ambient
temperature to 20 °C (68 °F) with an outside air
temperature of 40 °C (104 °F), which results in a
gas outlet temperature of 30 °C (86 °F) at the
afterstage cooler. A comfortable reserve of 10 °C
(50 °F) is additionally ensured.

Bypass brings necessary flexibility
Equipping a bypass is indispensable for the compressors in a biogas facility’s gas pressure regulation and measurement system. Gas production during anaerobic fermentation is determined by bacteria and is subject to natural
fluctuations. Of course, an effort is naturally
made to produce gas as consistently as possible
by means of optimum conditions in the fermenters, which already exists for the most part
in a broken-in facility. However, the gas quantities are significantly lower when starting up a
facility. Nevertheless, the compressors must
make do with the low quantity. Without regulation, it would simply drain the upstream cleansing stage dry. A bypass control valve has been
installed to prevent this. At Niederndodeleben,
the bypass begins its regulation process when
the volume flow falls below 970 Nm³/h. The
RPM-regulated compressor system is designed
for a minimum volume flow between this lower
value and 1,230 Nm³/h. Any lower and the regulated bypass valve directs a portion of the blow
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from the pressure side back to the suction side.
The volume flow is relaxed once more and flows
through the bypass until the regulation unit
detects that normal values have been reached
again. From an energy standpoint, the recirculation via bypass is not exactly ideal, but this function is nevertheless indispensable for a biogas
system. With this simple and quick bypass valve
solution for capturing decreasing suction pressure, additional expenditures on systems and
undesired, frequent compressor start-up and
shutdown are avoided. The regulation unit
allows for compression of almost 0 to 100 % of
generated gas, thereby offering maximum flexibility.

High compressor availability indispensable
Just as it is difficult to simply start bacterial gas
production, it is also difficult to shut it down.
Once the fermenting process is underway, the
compressor must consistently and reliably transport the gas produced, and thus be available as
well. To ensure this, compressors are redundantly
laid out and operated on an alternating basis.
However, should a breakdown still occur, then
the excess gas must now be flared. Methane, as
a greenhouse gas, must not be released into the
atmosphere in an uncontrolled manner according to the Technical Instructions (TA). The maximum value is at 50 mg/Nm³. Since March 2013,
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the Gas Grid Ordinance (GasNZV) generally dictates that total methane gas slippage from a biogas plant must not exceed 0.2 %. High compressor availability prevents this, and using proven
technology results in solid execution with sufficient reserves, coupled with quick and versatile
service.
Reasons for planned interruptions include preventative replacement of compressor gaskets,
which are mainly made of a PTFE alloy. The recommendation for dry-running compressors
with crosshead guide and spacer is a maintenance interval of approx. 8,000 operating hours
for the gas and oil compression seal fitting in
the lantern. The same applies to piston and
packing rings.

ery times possible. Short delivery times for the
most part is very important to biogas facility
operators, since such projects are often eligible.
A time frame of nine months was initially available for a required facility expansion in Niederndodeleben, which was then suddenly shortened
to five months. Thanks to this modular system,
the right compressor block with the corresponding piston diameter, cooling packages and
standardized periphery components such as a
suction filter, base plate etc. could quickly be
selected from finished modules in accordance
with requirements. The time from inquiry to
tender up to ordering was just one week. Delivery of the matching control unit for the feed-in
unit including design, construction, testing, and
programming was then fully completed in a
timely manner in Niederndodeleben by the
compressor manufacturer.

Two-stage compressor
In order to bring up the biogas that arrives at a
pressure of 4.5 to 7 absolute bars to PN 25
required by public grids, a two-stage compressor is used. As a basic principle, the compression
ratio of approx. 1:5 must not be exceeded in one
stage. At the second stage, the V-shaped compressor block is significantly more efficient and
the resulting forces are less extreme, which has
a positive effect on service life and consequently,
availability. The cylinder units, cylinder cover
and the engine crankcase are made of ductile
casting. This cast iron with graphite cast is recommended by compressor standard DIN EN
1012-1 over gray cast iron due to its improved
toughness.

High availability guaranteed
All in all, the numerous reserves, with their construction, the use of high-quality materials, constructive measures for longevity, and well
thought-out design with a matching maintenance offering, enable availability exceeding
97 %. Ideally, facility builders, upon request,
receive a complete functional unit with precisely matched components, such as a compressor system that is equipped with all the required
monitoring systems and the appropriate control
unit in accordance with the plug & play principle. In this context, it is advantageous when a
manufacturer can help himself using a modular
system. This makes even extremely short deliv-

Due to the fact that the compressor system was
flexibly designed with a standalone cold water
unit for cooling, it offers the advantage of ideal
control. Along with it comes controlling and
securing the oil and cooling water pump, the
cold water unit along with controlling the
start-up relief unit and the bypass and cooling
water regulation valves. Furthermore, the motor
protection unit for the oil pump, cold water
pump and the frequency converter, along with
the thermistors and PTC thermistors, are monitored. Self-sufficient control cabinets are used
for the compressor aggregate in order to also
eliminate control unit redundancy. Data transmission is performed via a profibus connection
directly to the biogas facility’s control room.
Bioraffinerie Magdeburg GmbH supports this
philosophy of longevity as an operator in Niederndodeleben and uses compressor systems by
the same manufacturer both for preparing and
for feeding. Therefore, all services related to
compressors are provided under one roof. Lastly,
operators will devote their attention to biogas
creation. The required compressor technology
should ideally and continuously perform their
task in the background without interruptions.
Author:
Hartwig Alber
Marketing
Mehrer Compression GmbH, Balingen
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Innovations in the compressed air filtration technology contribute substantially
to the improvement of filtration performance and to the reduction of energy costs.

Photo: Donaldson

Focus on differential pressure:
new developments in compressed air filtration
Heiner Carstensen
In European industry, approximately 320,000 compressors consume
approximately 80 billion kilowatt hours per year in the generation
of compressed air. This represents around 10 % of the industrial
electricity demand , costing the industry approximately 6.4 billion
euros at a current electricity price of 8 cents per kWh. On the basis
of the utility power plant mix, the environment is negatively impacted
by 47.2 million tonnes of CO2. Innovations in filtration technology
contributed significantly in recent years to improve the filtration
performance and reduce energy costs. The development work is
focused on filter media characterized by lower differential pressure
at high retention efficiency.
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Compressed air quality classes according to ISO 8573-1
Element

Parameters

Solid impurities

•
•

Moisture
Total oil content (droplets,
aerosols and vapours

•
•
•

number of particles per m3 for
different size classes up to 5 microns
concentration in mg/m³ for
particles up to 40 microns
pressure dew point in °C
residual humidity in g/m3
residual humidity in g/m3

•

if the differential pressure of coalescing
filters for the separation of aerosols and
liquid oil / water units exceeds the limit or
they are longer than 12 months or 8,000
operating hours in use.

The differential pressure of a new filter element
initially rises very slowly. With increasing operating time, the differential pressure rises more
quickly, and then reaches the point at which the
filter element replacement is necessary.

Tab. 1

Compressed air quality and energy costs
As early as 2003, the Fraunhofer Institute for
Systems and Innovation Research (ISI) determined in the study “Compressed air efficiency”:
“It is especially important to achieve the necessary compressed air quality in the area of compressed air treatment. Meeting the requirements of applications is energy and operationally cost-effective. Exceeding or falling below
the air quality requirements result in increased
operating and energy costs. The available potential for savings per subcomponent can amount
up to several thousand euros. Replacing the filter elements within the recommended intervals
can achieve obvious savings and therefore minimize operating costs.”
This statement has not lost anything against
the background of rising electricity prices and
the latest flow rate-optimised filtration technology in terms of its relevance and importance.
For the practice of the compressed air filtration,
this means:

Source: Donaldson

Compressed air filter elements should be
replaced to improve the energy balance,
• if they are not validated according to ISO
12500 and an objective performance
comparison is therefore impossible

Compressed air requirements according to ISO 8573
Maximum number of particles:
• between 0.1 and 0.5 microns
• between 0.5 and 1 micron
• larger than 1 micron

400,000
6,000
100

Maximum pressure dew point

–40 °C (res. humidity 0.11 g/m3)

Maximum oil content

0.1 mg/m3

Tab. 2

The higher the filtration efficiency, the higher
the differential pressure is. This leads to an
increasing energy demand of the compressor.
For each application, it is therefore necessary to
detect the degree of compressed air purity as
accurately as possible, and to check whether all
consumers need the same high quality of
treated compressed air. Assistance here is the
ISO standard 8573-1 (compressed air for general
use – contamination and quality classes) which
has been repeatedly adapted to the growing
requirements and developments over the years.
The standard divides the compressed air into
quality classes (table 1).

A proven standard in mechanical engineering
ISO 8573-1 has proven itself as “tool” in the
compressed air technology - for example, it provides a good indication what quality classes can
be achieved with which treatment components.
Many machine manufacturers also provide the
quality classes in their operating manuals that
should be ensured in the compressed air supply.
Here is an example: If the operating manual
specifies that the compressed air in all three
quality categories (particles, water and oil)
should comply with class 2 according to ISO
8573-1, the user knows the requirements
(table 2). Accordingly, he can select the ideal
treatment components for his requirements.
The question of the compressed air quality,
however, is not to connect individual machines
to the compressed air supply. Rather, the user
requires a general statement for the quality that
should be achieved in the air supply network or
in individual departments to ensure maximum
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availability of the machines and optimal product quality.
This question cannot be answered by ISO 8573-1,
and that is what gave rise to the VDMA Professional Association compressors, compressed air
and vacuum technology to provide the compressed air users with appropriate recommendations.
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Recommendations for control air in the chemical industry
according to VDMA Standard Sheet
Solid contaminants

class 2 according to ISO 8573-1

Humidity at ambient temperature
> 3 °C

class 4

Humidity at ambient temperature
< 3 °C

class 2–3

Residual oil content

class 2

Source: Donaldson
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Tab. 3

Standard sheet provides answers

Environment

Special Engineering

Raw Materials

Machine Construction

Chemistry

The recommendations of the standard sheet are
based on the principle “as much compressed air
treatment as necessary, as little as possible.”
Because, in addition to the technical requirements, the member companies of the Professional Association who created the standard
sheet have also kept the costs from the user perspective in mind. On the one hand, the investment costs play a role: The higher the quality of
compressed air should be, the higher the quality
of the filtration. Even more important are the
energy costs which account for approximately
75% of the cost for compressed air. Therefore,
the recommendation can only be to select the
treatment from the beginning with a view on
this cost factor. This includes the exact dimensioning as well a decentralized treatment to
such consumers that place particularly high
demands on the compressed air: It does not
make sense economically to centrally provide
extremely high quality compressed air for an
entire air supply network if only few consumers
actually need this quality.

Mehrer Anzeige, VDMA Verlag
105 x 146 mm (1/4 hoch), englisch

Petrochemistry

The standard sheet that has already proven
itself as the basis for the work of compressed air
treatment and is currently being revised also
includes the classifications of ISO 8573-1.

vider: Normally, a compressed air treatment system consists of several components (filters or
filter combinations; adsorption dryers (figure 1),
refrigeration air dryer with pre-filters and
after-filters; condensate drainage and condensate treatment) from which the product specialists can individually configure the optimal solution.

Food & Beverages

These recommendations were originally issued
in 2004 with the “VDMA Standard Sheet 15390”,
which – to put it simple – provides the recommended purity class for a variety of applications.
For the control air in the chemical industry, the
standard sheet recommends, for example, the
classifications mentioned in table 3.

Competence in Gas
& Air Compression
Development and application engineering
of oil-free compressor solutions
Manufacturing compressors, compressor packages
and plants – “customized”
Worldwide sales and distribution

The VDMA standard sheet provides the user
with practical support for planning of the treatment components at hand. However, it does not
replace the consultation of the user by the pro-

Service and maintenance of units, packages
and installations
Global wear and spare part service

Mehrer Compression GmbH · Rosenfelder Str. 35 · 72336 Balingen · Germany
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new standard ISO 12500. Leading manufacturers of compressed air filters have adapted to this
standard at an early stage and created, for
example, their own measuring sections to validate the filters according to ISO 12500, thus
creating the prerequisites to make the performance data of the filters comparable. The
results of such measurements are also validated
by independent institutes.

Source: Donaldson

100

Significant reduction in differential pressure

Fig. 1: Adsorption dryer with
pre-filters and after-filters

ISO 12500: the standard
for filter performance data

Source: Donaldson

ISO 12500 is available to anyone who wants to
accept the selection into their own hands, which
enables comparison of filter performance data
based on standardized test conditions. In the
past, this same comparison caused problems,
because there was no uniform system for the
measurement set-up in capturing the performance data of filters. This gap is closed by the

Taking these practical parameters into account,
it is possible to develop a new filtration technology that combines high filtration performance
with a reduction of the differential pressure by
50 % compared to the previous series. The new
filtration technology uses a special structure of
coated high-tech fibres that are processed into a
pleated filter medium with a high separation
efficiency of liquid particles and a high adsorption capacity for solid particles. The multilayer
structure of the new filter media was designed
to result in aerodynamically optimal conditions
and simultaneously, a filter area is available that
is more than 400 % larger compared to wound
filter media. An efficiency of ≥ 99.9 % according
to ISO12500-1 is achieved for the separation of
oil aerosols. The filter performance data according to ISO12500-1 and ISO12500-3 have been
also validated by an independent Institute for
Energy and Environmental Research. This high filtration performance while reducing the differential pressure clearly contributes to increase the
energy efficiency and save resources (figure 2).
The use of the new technology is worthwhile for
the compressed air users: For example, if an air
filter of a certain type is operated for 8,000
hours at a flow rate of 1,000 m³/h with an operating pressure of 7 bars, a reduction of the differential pressure of 190 mbars to 180 mbars
results, measured in the oil-wetted condition.
This corresponds to an annual energy cost saving of approximately € 1,460, assuming an electricity price of 8 cents/kWh.

An economical solution for end point filtration

Fig. 2: Advantages of the new filtration technology

Since it is not economical to centrally provide
extremely high quality compressed air for an
entire air supply network if only few consumers
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•
•
•

Source: Donaldson

actually need this quality, a compressed air filter
was developed for the end point filtration, which
takes over three filtration tasks in one element
(figure 3):
as coalescence filter, it retains oil aerosols
and particles,
as activated carbon adsorber, it removes
oil vapours and other hydrocarbons and
as a high-performance particle filter,
it ensures the achievement of quality
class 1 according to ISO8573-1.

This compact three-stage compressed air filter
offers significant economic advantages at a high
safety standard: The number of filters is reduced,
resulting in lower costs for maintenance and filter replacement. Space is saved, so that integration into machines and apparatus becomes easier. For end-of-pipe solutions in sensitive areas
such as food production, the pharmaceutical
industry and the environmental technology, its
use is as interesting as in the central compressed
air treatment services for up to 110 m³/h. It can
be particularly advantageously used as a compact conditioning unit for small compressors,
for example, to produce pure compressed air in
the simplest way for painting. The step to the
three-stage filter is therefore logical and targets
the cost-effective adjustment of the pressure air
quality to the user profile desired by the users.
Essential for the economic use of this new development is the easy retrofitting due to the low
investment costs: Therefore, in any normal filter
element replacement, the entry into the threestep technology is possible without investing in
a new housing. When comparing the costs for
replacing elements in the usual combination of

Fig. 3: The three-stage filter combines three filters in one.

three filters which are replaced with a new one,
savings between 48 % and 55 % result. A significant reduction in maintenance costs results at a
ratio of 1:3.
For the objective evaluation of the filter principle, it is useful to consider the rules for efficient
compressed air filtration. In the development of
“energy-conscious” filter technologies, the flow
optimisation and selection of the filter media
are key parameters. Also, the handling of the filters during installation and when changing the
filter element is an aspect that is progressively
included in the development of new products.
An example of this is a new generation of filter
housing in which the incoming air is channelled
into the element, and specifically is distributed
on the filter surface uniformly and without
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Fig. 4: Optimised flow of air through
compressed air filter

turbulence. Therefore, the differential pressure
is reduced to a minimum. The optimal air flow
was developed by means of CFD technology
(figure 4). The housings are modular and can
therefore be flexibly adapted to the requirements.

Source: Donaldson

As connection of the housing top to the housing
base, a bayonet lock is used which can be
released and connected by a 1/8 rotation. The
filter element must not be screwed in separately, but it is mounted with the filter bowl, this
also applies to the new three-stage filter ele-

ments. This has the advantage that clearly less
space is required for the filter element replacement.
An electrical differential pressure gauge integrated into the housing enables a continuous
capture of the differential pressure and therefore compares the resulting higher energy costs
with the cost of the filter element. The program
calculates the most cost-effective replacement
time of the filter element and shows the necessary filter element replacement via a light emitting diode (figure 5). The device also offers the
possibility to call up the differential pressure
signal via an analogue interface (4-20 mA). Not
only the filter housing must be flow-optimised,
but also the flow conditions in the filter element
must be manipulated so that the filter medium
will flow uniformly. This is achieved with the
integrated flow guides.

Modern filter technology saves
energy and money
Practice shows that the necessary filter replacement after a maximum of 12 months or 8,000
operating hours is still performed rarely in terms
of energy efficiency. Rather, just often the investment costs are important and not the savings
that can be achieved in terms of the product life
cycle costs and energy efficiency in the selection
of spare and replacement parts. This means:
With filter elements that were developed with
the highest efficiency and lowest possible differential pressure and are validated according to
ISO 12500, the user has an “adjusting screw”
that can clearly reduce the specific energy
demand, i.e. the factor “energy cost per cubic
meter of compressed air”.
The validation of the elements according to
ISO 12500 provides a comprehensive comparison of the performance data. For the user, this
means a long service life of the elements while
maintaining a low differential pressure - the
decisive parameter for energy savings in the
supply of clean compressed air.

Fig. 5: An electrical differential pressure indicator for
differential pressure monitor shows the most economical
time for a filter element replacement.

Author:
Heiner Carstensen
Managing Director
Donaldson Filtration Deutschland GmbH, Haan
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For example, compressed air that has been dried by a refrigeration dryer is used in the powder coating process.

Photo: Kaeser Kompressoren

Compressed air drying:
new technology cuts costs and saves space
Dipl.-Ing. Erwin Ruppelt and Dipl.-Betriebsw. Daniela Koehler
Refrigeration drying is the most important treatment method
for compressed air, yet in the past, it was a relatively energyintensive process, with only limited prospects for the integration
of energy-saving options. Now, however, exciting new thermal
mass technologies enable significant savings when it comes to
providing effective refrigeration drying of compressed air for
compressor systems delivering up to 34 m³/min and also allow
significantly more compact unit design.
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Fig. 1: The new refrigeration dryers feature innovative storage technology that
reduces space requirements by 46 % compared to conventional dryers while also
drastically cutting energy consumption. Annual savings of up to 20,000 kWh can
be achieved based on 6,000 operating hours.

Source: Kaeser Kompressoren

Under normal conditions, ambient air contains
water vapour. The quantity of water vapour the
air is capable of retaining depends on the ambient temperature. When the air temperature
rises, the air’s capacity to absorb water vapour
also increases. The degree to which the air is saturated with water is described as “relative
humidity”. If this normal ambient air is then
taken in by a compressor and compressed, the
proportion of water vapour per volumetric unit
of compressed air also increases. If the temperature of the compressed air then drops, as generally occurs in the compressor’s aftercooler, the
compressed air becomes oversaturated, causing

Fig. 2: Refrigeration dryers typically work year-round in an extremely wide load
range spanning anywhere from 0 to 100 %. Compared to alternative partial-load
systems, the thermal mass systems used in new refrigeration dryers provide
near-perfect adjustment of power consumption requirements during all load
phases.

the excess water to condense – this water is
then termed “condensate”.

More water than expected
The amount of condensate precipitated from
compressed air is often underestimated. Let’s
take the example of a compressor in Germany. It
has a flow rate of, say, 10 m³/min and a working
pressure of 9 bars, takes in ambient air at a temperature of 20 °C with 60 % humidity, the
amount of condensate resulting over a 24-hour
period will total around 140 litres. If the temperature increases to a high of around 35 °C with
30 % humidity, the volume of condensate
increases to 160 l per day. For similar prevailing
temperatures in Asia however, where humidity
is often much higher at around 80 %, the resulting amount of condensate can easily triple this
figure common for Germany.
The compressor itself only compresses the ambient air. If the compressed air is not treated properly downstream from the compressor, the condensate it contains will pass unhindered into the
compressed air system. Subsequent cooling of
the compressed air down to the ambient temperature of the compressed air system causes additional condensate to accumulate on an ongoing
basis. This can result in corrosion of the pipework,
or even damage production machinery, not to
mention potential adverse effects on the quality
of the products being produced. For all of these
reasons, it is therefore crucial to remove the
moisture directly within the compressed air station itself in order to prevent condensate formation in the downstream compressed air system
and reduce the relative humidity of the compressed air down to around 30 %. A range of drying methods is available to treat compressed air,
each being less or more suitable, based on the
requirements of the specific production process
in question. Of the many drying methods available, refrigeration drying is the most common, as
it delivers sufficient performance and compressed air quality for most uses.
Although temperature conditions vary over the
course of the year, refrigeration dryers should
always be designed for continuous performance
under the most extreme conditions in order to
reliably provide the required compressed air
quality, even on the hottest days of the year. This
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means that in terms of their overall drying output, they should be designed to be capable of
reliable operation even if peak temperature conditions were to prevail 365 days a year. Of course,
since this is never the case, more energy must
necessarily be invested in compressed air drying
than is actually required to meet actual demand
– unless the dryers are equipped with technology capable of adjusting their output to actual
daily demand.
If the total energy requirements of a compressed
air system are examined, the process of drying
the compressed air accounts for only around 3 %
of the total, assuming the station is running at
100 % of capacity. If this is not the case and the
compressed air station is only running at partial
load, the compressed air dryer will also be running at less than capacity. This ratio has an especially disadvantageous result when production
facilities are operating with just one or two
shifts, with the dryers left to dry only the compressed air for smaller consumer points or leaks
during periods when production activities are
not required.

Letting dryers run continuously
To ensure reliable compressed air quality, it is
recommended that compressed air dryers run
continuously. Otherwise, the dryer has to be
pre-cooled up to one hour in advance of compressor system start-up, depending on the size.
Ultimately, this means that the more that the
compressors are running at anything less than
full capacity, the greater the energy waste
resulting from a compressed air dryer left running continuously 24 hours per day, configured
to deal with maximum temperatures. Under
such conditions, the energy requirements for
the compressed air dryer can spike dramatically
– and account for up to 20 % of the total energy
required for compressed air production.
Thankfully, refrigeration dryers have benefited
from technical innovations over the years. Up
until the early 1990s, efficient refrigeration dryers featured an air/air heat exchanger, in which
first the cold outgoing compressed air cooled
the incoming compressed air, thereby creating a
kind of energy recovery system. At the same
time, the consequent re-warming process

served to reduce the relative humidity of the
outgoing compressed air to below 30 % and prevented condensate accumulation on the exterior of the pipework carrying the cooler compressed air. After passing through a pre-cooling
phase in the air/air heat exchanger, an air/coolant heat exchanger cooled the compressed air
down to 3 °C in most cases.
The coolant circuit was often equipped with a
“hot gas bypass control” which diverted coolant
back into the circuit when less cooling was
required as a result of low air consumption. This
system resulted in energy loss to varying
degrees, since the coolant compressor was
always running at basically the same output (to
circulate the coolant circuit). The only way to
reduce the load somewhat on the refrigeration
dryer when the compressor was running at partial capacity was to switch off the coolant fan;
this only yielded minor results, however, since
this condenser fan consumed relatively little
energy in comparison to the system as a whole.
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Infobox 1: Refrigeration dryer load

Frühschicht mit Mittagspause

Tagesschicht

Nachtschicht

The load to which refrigeration dryers are exposed does not depend only on
the amount of compressed air flow (grey area), but is also determined to a
significant extent by the quantity of water contained in the compressed air.
Moreover, as the temperature rises, the capacity of the compressed air to
hold moisture increases. Because of the wide range of air volume and temperature they have to deal with, refrigeration dryers typically operate yearround within an extremely wide load range, running at anywhere between
0 and 100 %. The thermal mass system used in new refrigeration dryers
provides extraordinary energy efficiency by matching energy consumption
to demand – to deliver maximum energy savings.
Source: Kaeser Kompressoren

For large systems, i.e. those with a flow rate in
excess of 50 m³/min, a method to adjust refrigeration dryer performance to match actual
demand during periods of lower compressed air
consumption had been known for some time.
This was accomplished using coolant compressors with multiple cylinders which were
switched off individually as appropriate during
partial-load operation. This still remains an
effective option today for obtaining efficient
performance from these large-scale refrigeration dryers during partial-load operation.

The digital scroll method involves modifying the
compression ratio within the coolant circuit, the
speed control regulates the compressor down
by means of the speed. The disadvantage of
speed control is that it is only possible to regulate the coolant compressor within a relatively
small range; it is then necessary to transition
again to hot gas bypass control. This system is
therefore capable of saving only a small amount
of energy during partial-load operation.
With the digital scroll, the conveying volume of
coolant was influenced and adapted to the volume needed for the cooling of the compressed
air by means of the change of the clearance
losses in the scroll coolant compressor. The
advantage of this method is that it allows for a
relatively large control range; but they are technically difficult to implement. Furthermore, in
addition to a scroll compressor to cover the base
load, this method also employs a controlled
scroll compressor which is switched off completely during periods of very low demand.
Buffer dryers were the preferred technology for
compressed air flow rates of less than 20 m³/
min. Some systems relied on a tank, similar to
the way a compressed air receiver works within
a compressed air system, to buffer load fluctuations while keeping the pressure relatively constant and reducing compressor switching to a
minimum. This means, the larger the tank, the
smaller the pressure fluctuations and therefore,
less switching is required. A thermal mass that
is used for the storage of cold energy works in a
similar way. These dryers generally use mineral
materials to store the compressed air. Here, the
term “Mass” implies that the higher the powers
are to keep the switching frequency of a coolant
compressor within economical limits and to
reach a constant pressure point of condensation, the more mass must be used. Furthermore,
heat distribution within the thermal mass
requires precise regulation.

Energy optimisation measures
The mid-1990s saw the development of three
different methods for improving the performance of refrigeration dryers operating with air
flow rates of less than 50 m³/min in partial load:

•
•
•

Thermal mass dryers
“Digital scroll” coolant compressors
Variable-speed coolant compressors

Weight considerations impose certain size
restrictions on these types of compressed air
dryers, although the thermal mass system itself
is essentially ideal. (It involves no mechanical
loads or switching of any type of system, since it
is only necessary to switch the refrigeration
dryer on and off as needed based on compressed
air production, and its operation is extremely
reliable. Moreover, when the thermal mass is
saturated, the system maintains safety reserves
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in order to accommodate short-term overload
periods.) Thermal mass dryers suitable for compressed air capacities of 17 to 20 m³/min weigh
some 850 kilos. Until recently, larger systems
had to be equipped with digital scroll systems
and were precluded from benefiting from the
advantages of thermal mass dryers.
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Infobox 2: Refrigeration dryer system

A solution thanks to new technology

These thermal masses are also known as latent
heat thermal masses owing to their capacity to
store thermal energy virtually invisibly for long
periods with only minor losses and their ability
to accommodate any desired repetition cycle.
Some familiar applications of this technology
include the heat pillows used by some athletes
in winter, as well as cool packs that allow refrigerators to continue to provide cooling during
periods of power failure, and paraffin-filled storage elements in the tanks of solar-thermal systems.
Latent heat thermal masses usually employ special salts or types of paraffin as the storage
medium since these materials can absorb huge
amounts of thermal energy (such as heat of
fusion). When the thermal energy is discharged,
the thermal mass solidifies. During this process,
the thermal mass returns the large amount of
heat it previously absorbed back into the environment. The temperature remains constant
during the transition from one state of matter
to another, since all the heat entering the system is invested in the change of state. Just think

The system functions as follows:
1.	Compressor supplies cold coolant to dry compressed air and cool the
thermal mass.
2.	Thermal mass solidifies, maintaining constant temperature, and channels
significant amounts of heat through the coolant.
3.	Coolant cools the thermal mass until the switch-off threshold is reached.
4.	Coolant compressor switches off.
5.	Thermal mass provides cooling action to dry the compressed air and warms
up as it does so.
6. 	Thermal mass melts, maintaining constant temperature, while absorbing
significant amounts of heat from the moist compressed air.
7. 	Thermal mass warms until a threshold is reached, triggering the compressor to switch on.
Source: Kaeser Kompressoren

of the drink kept cool by ice cubes – at normal
pressure, a mixture of water and ice maintains a
constant temperature of 0 °C. These innovative
refrigeration dryers exploit the analogous principle of liquefying and solidifying for thermal
management purposes.

Source: Kaeser Kompressoren

This hurdle was overcome by a new technology
that entered the market just recently, in 2013: a
refrigeration dryer equipped with a totally different type of thermal mass – a phase changing
material (PCM). Phase changing materials can
store and release vast quantities of energy if
they are harnessed at the precise point at which
they undergo a phase change, such as between
liquid and solid states. These materials work
according to the same principle by which ice
cubes keep a drink cool for an extended period in
the summer. The temperature of the drink
remains constant as long as the ice cubes are
melting in the glass. To change solid ice with a
temperature of 0 °C to a liquid, the same amount
of energy is required as is needed to heat water
from 0 °C to 80 °C.

Fig. 3: Diagram of a refrigeration dryer with hot gas bypass
control (clockwise from upper left): with air/air heat
exchanger, coolant compressor, temperature-controlled
condenser, hot gas bypass and electronic condensate drain.
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At a basic level, these dryers function as follows:
When compressed air requires cooling, from a
starting temperature of 5 °C, for example, the
coolant compressor is switched on. The refrigeration dryer first cools the paraffin to a temperature of around 3 °C while the compressed air is
simultaneously cooling. During this extended
period, the temperature remains constant
because the paraffin is undergoing a phase
change from fluid to solid. Once this process is
complete, the material is cooled somewhat
more, to around 2 °C. The coolant compressor
then switches off the supply current. The compressed air then flows into the heat exchanger,
which is surrounded by the solidified paraffin,
where the air gradually warms the paraffin,
which in turn keeps the compressed air cool as it
changes from the solid to fluid state. This process continues until a set maximum temperature threshold is reached, at which point the
coolant compressor switches on the supply current and the whole cycle begins anew.

Source: Kaeser Kompressoren

Since refrigeration dryers cannot use water as a
medium due to its high expansion factor (a
sealed water bottle will explode when frozen),
the new refrigeration dryers for compressed air
employ a paraffin-based system. This material
offers the dual advantages of having a low
expansion coefficient as well as 98 % better
thermal density than the materials previously
used as thermal masses. This may impose a
range of other design requirements on the dryer,
but, far more importantly, offers distinct advantages. The higher storage density of the PCM
meant that the heat exchanger in the refrigeration dryer could be completely redesigned.
While earlier refrigeration dryers used copper
spiral heat exchangers, the first thermal mass

Fig. 4: Highly efficient scroll
compressor to reduce power
consumption of coolant
compressors

dryers relied on plate heat exchangers. The new
refrigeration dryers, on the other hand, work
with an aluminium heat exchanger that combines these two different heat exchanger systems – an air-air heat exchanger between the
cold, outgoing compressed air and the warm,
incoming compressed air, as well as another
compressed air-PCM heat exchanger. In addition
to energy efficiency advantages, this new dual
heat exchanger design has also resulted in significantly less space requirement. While it was
important to ensure precise distribution of the
PCM within the heat exchanger, the Kaeser
engineers additionally succeeded in equipping
the system with an integrated water separator.
This reduces the amount of pipework required,
thereby minimising the potential associated
pressure losses. The short pipe distances, combined with the integrated water separator, further help with insulation of the system as a
whole. This keeps any heat or cooling losses to a
minimum.

More advantages
Moreover, the recently developed thermal mass
offers further advantages in terms of energy
efficiency. The compact design has allowed
pressure losses to be reduced to a mere 0.15
bars, compared to values of 0.20 bars and more
characteristic of conventional models. The input
energy requirements of PCM thermal mass dryers are also exceptionally low: the system
requires less than 87 watts per m³/min to dry
compressed air. Furthermore, the new thermal
mass technology means that the entire dryer
can be significantly lighter and more compact –
the new units require up to 46 % less installation space and weigh around 60 % less than conventional thermal mass dryers on the market.
These size advantages are made possible by the
ability to achieve a far more compact design.
When the heat exchanger system was redesigned, the entire cooling system received a
design upgrade along with the air heat
exchanger. Now a highly efficient scroll compressor has replaced the previously used reciprocating compressor. The capillary tubes often
used in refrigeration dryers have been replaced
by an expansion valve, a development mirrored
in many other refrigeration dryers today. Clearly
graduated capillaries inject a specific quantity
of coolant; however, this method results in poor
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The refrigeration dryer’s condenser has been
replaced by a micro-channel condenser which
features outstanding mechanical stability and
excellent effectiveness in accomplishing heat
transfer with the cool air. Refrigeration dryer
performance is enhanced still further by this
innovation. The total volume of coolant required
by the systems has been drastically reduced
thanks to the precise dosing system. The total
power consumption of the refrigeration dryer is
50% less than comparable conventional equipment available on the market.
PCM thermal mass dryers can be controlled to
great effect and integrated into a compressed
air system. These refrigeration dryers are
equipped with a microprocessor controller
which regulates and controls thermal mass
operation while also delivering a wide range of
efficient analysis and monitoring functions.
Unit operation is straightforward and intuitive
thanks to a generously dimensioned colour display and language-neutral menu navigation;
the controller also features a memory bank and
error code display functionality while also allowing the user to connect a separate dew point
measurement device. During all load phases,
the refrigeration dryer maintains a stable pressure dew point and keeps coolant compressor
switching to a minimum. The system also
includes a service message feature, P&I diagram
and supports communication with master control systems via alarm contacts. This makes it
easy to integrate the unit into an overall system
involving monitoring, controlling and coordination of the complete compressed air production
process. Connecting a master control system
allows data from the refrigeration dryer to be
analysed, monitored and documented for the
long-term via PC. This makes it possible, for
example, to perform detailed, long-term evaluation of key data to document energy management in accordance with ISO 500001.

Source: Kaeser Kompressoren

filling outside of the design point. To balance
this disadvantage, capillaries require greater
quantities of coolant and higher output from
the coolant compressors. Expansion valves completely avoid this disadvantage because they
can regulate the quantities dynamically,
depending on the load. As a result, significantly
less coolant is required and the coolant compressors can run at a much lower output.

Fig. 5: Diagram of a latent heat
thermal mass dryer with the new
space-saving heat exchanger

The system is equipped with an automatic condensate drain as standard, so that the resulting
condensate can be separated out and subsequently treated in an environmentally-friendly
manner. The valves are highly accessible for
straightforward maintenance, and the condenser can be cleaned with ease. The new refrigeration dryer models are designed to allow for
setup adjacent a wall, further reducing the space
required for the whole compressed air station.

Gateway to further development
The recent development of this new thermal
mass system serves as a gateway that will enable even larger dryers to be equipped with this
innovative thermal mass technology. This will
primarily benefit systems in the capacity range
beyond the technical limits of thermal mass dryers, for which weight and size considerations
have previously made this technology an
impractical option. In the coming years therefore, even more models with greater capacities
can be expected to enter the market. Although
this technology can also be applied to the lower
capacity range, the fact that thermal mass dryers are already an excellent solution in this area
means that the greater capacity range is
expected to be the primary focus of development efforts.
Authors:
Erwin Ruppelt
Daniela Koehler
Kaeser Kompressoren SE, Coburg
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Helium leak detection is used to check smaller leakages.

Photo: Fotolia / Thomas Sztanek

Efficiently checking the leak tightness of thin piping
Dr. Rudolf Konwitschny
After initial installation or maintenance work, quick and efficient leak
detection on gas supply lines is essential for process reliability during
operation. Not only the process requirements will have to be considered,
but also personnel safety, particularly when these lines carry flammable,
toxic, corrosive, or radioactive media. The technology used to check for
leakages is helium leak detection. In long, thin gas lines, such as those
used in the construction of high-purity media supply systems or coil-wound
heat exchangers, leakages are diagnosed by spraying the test object with
helium. Two procedural variants are suitable: spray testing with and
without carrier gas. The following article compares the two methods.
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Efficient leak detection is particularly important
when the media carried contain hazardous substances. An example would be the hydrides of
arsenic and phosphorus, used as tracer gases,
with a maximum allowable workplace concentration of 0.05 to 0.1 ppm. When these gases are
used in the semiconductor or solar industries
for example, the maximum permissible leakage
is specified at a value of 1.0 • 10–9 mbar l/s. The
requirements are similarly strict in the field of
high-purity media supplies, such as in pharmaceuticals or research & development. The leak
tightness requirements in these applications
are about 10,000 times stricter than they are in
the inspection of automotive air conditioning
systems.
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Infobox 1: Theoretical response times in leak detection
The illustration shows the chronological sequence of the signal development in the molecular flow range. The response time is determined by
the equation
τ63 % =

Helium leak detection is the method of choice
for such miniscule leakages. Not only is this testing method highly sensitive, but it is also
non-destructive and, aside from checking for
very small leakages, it is also capable of detecting very large leaks. Using helium leak detectors,
it is possible to locate and to quantitatively
measure leaks in gas distribution lines, tanks,
gas cabinets and all other devices used for storing or transporting gases.

V
____
Seff, He

The aforementioned rise time or time constant of the system is the time
it takes until the 63 % signal maximum is reached. Compared to this, the
signal maximum will only be reached after a so-called equalization time.
The equalization time will be reached, depending on the definition, after
3τ (95 % of the maximum signal intensity) or 5τ (99 % of the maximum
signal intensity).

Source: Pfeiffer Vacuum

Starting in the last century during the 1940s,
helium became established as the foremost
tracer gas. The reasons for this were, among
other things, the harmlessness and the inert
nature of this noble gas. Helium is an approved
additive for foodstuffs and pharmaceuticals.
The tracer gas is available in various purity
grades from balloon gas all the way to a purity
of more than 7.0 (99.999990 %), and can therefore be adapted for a wide range of applications.
High gas purities are used, for example, in the
testing of high-purity media supply lines or in

Infobox 2: Conductance values in a vacuum
In vacuum technology, the flow resistances of flanged-together vacuum
components add up in the same way serial resistances add up in electrical
engineering. Thus, the effective pumping speed at the test specimen is
affected by the fasteners between the leak detector and the test specimen
or the flow resistances within the test specimen itself. This, in turn, affects
the response time (see infobox 1).

Source: Pfeiffer Vacuum
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The flow resistance is also called the conductance value, which has the
dimension of a pumping speed. The conductance is denoted in formulas
with the symbol C. The total conductance value Ctotal can be composed of
the conductance values of multiple vacuum components.
1
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+...
Ctotal
C1
C2
Cn
For high vacuum components, these conductance values are usually indicated in the manufacturer’s catalogs.
Source: Pfeiffer Vacuum

Fig. 1: Helium spray test
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nuclear technologies. The low natural concentration of helium of approximately 5 ppm in the
atmosphere – combined with a sensitive and
selective detection technology – allows for very
low detection limits. As process variants, these
tests are conducted under atmospheric conditions as well as in a vacuum. These variants are
derived from international standards (DIN EN
1779). Furthermore, the supply of helium
derived from natural gas is assured due to the
rising importance of LNG (Liquified Natural Gas)
as a source of energy. Generally, a leak check

Infobox 3: Flow ranges in a vacuum
In vacuum technology, the type of flow does not merely depend on
pressure alone, but on the product of pressure and pipe diameter.
Laminar flow

Molecular flow

Parabolic flow profile

Nondirectional flow
of individual molecules

Will occur when the product of
pressure and diameter is larger
than 0.6 mbar · cm

Will occur when the product of
pressure and diameter is less than
0.02 mbar · cm

p · d > 0.6 mbar · cm

p · d < 0.02 mbar · cm

Empirical formula for the
conductance value evaluation
C = 140 · px

d4
___
l

C=C
 onductance value [l/s]

Empirical formula for the
conductance value evaluation
C = 12,1 ·

d3
___
l

should always be performed as closely as possible to the actual conditions of use of the test
specimen. This means that gas lines working
under overpressure in actual use should also be
pressurized while being checked with helium.
The tracer gas escaping through leaks should be
detected on the outside. Gas lines already
installed are usually surrounded by atmospheric
pressure. This necessitates the use of sniffing
methods, in which a probe is manually guided
around the test specimen to localize leaks, or, to
obtain a quantitative measure, the accumulation of tracer gas is measured in a defined volume around the location to be tested, e.g. a
threaded clamp collar or orbital welding seam.
The natural helium concentration of 5 ppm may
still be increased in the testing room due to the
handling of helium during the leak tightness
check or due to the use of helium-containing
protective gases when welding. Very low detection limits in the range of 10–9 mbar l/s as well as
the extensive and potentially fluctuating tracer
gas background prevent the application of
sniffer methods; testing must be conducted
after evacuating the test specimen in a vacuum.
Therefore, the laws of flow mechanics become
relevant to helium leak checks. High internal
flow resistance by individual test objects can
severely affect the performance of helium leak
detection even in vacuum-based methods. This
applies particularly to long, thin gas lines, such
as those used in the construction of high-purity
media supply systems or coiled heat exchangers.
Leak detection in these pumped down long, thin
pipes is conducted by spraying the test specimen with helium. Two procedural variants are
suitable: spray testing with and without carrier
gas. A comparison of the two procedures is
shown below.

C = Conductance value [l/s]

Leak detection by helium spraying

p=M
 ean pressure in the pipe [hPa]
d = Inside diameter of the pipe [cm]

d = Inside diameter of the pipe [cm]

l = L ength of the pipe [cm]

l = L ength of the pipe [cm]

The conductance value depends on
the mean pressure in the pipe.

The conductance value is
independent of the mean pressure
in the pipe.

The transition range between laminar and molecular flow is
called “Knudsen flow” and is composed of parts of both flow ranges.
Source: Pfeiffer Vacuum

Before the leak test, the test specimen is first
connected to the leak detector and pumped
down. Afterwards, the outer surfaces of the test
specimen are covered with helium, using a precision spray pistol. Helium will enter the test
specimen through any existing leaks and can
then be transported to the detector (figure 1).
When spraying, only small amounts of the
tracer gas should escape into the testing room,
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as uncontrolled clouds that are released could
enter the test specimen at unidentified leak
sites which would increase the background signal of the measurement. When spraying the
outside, it cannot be assumed that the entry
point of the leak channel is one hundred percent
surrounded by the tracer gas. This would, of
course, be desirable for strict quantification,
however, the extra effort entailed in preparing
the test specimen is technically not usually feasible in practice, and is not compatible with the
requirements regarding the maximum test
duration and costs of testing.
The evacuation of the test specimen is accomplished either with a separate pump, or, specifically in leak detectors with a high integrated
pumping capacity, by the device itself. In modern leak detectors, the required vacuum pumps
and detectors – a magnetic sector field mass
spectrometer – are combined within a single
compact housing. The response time of the
measurement is determined by the volume of
the test specimen and the effective pumping
speed for the helium tracer gas permitted by the
test setup (infobox 1).
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Infobox 4: Conductance value modeling of a pipe
In this graph, the conductance value of a pipe with a length of 7 meters
and an internal diameter of 4 millimeters is modeled. This diameter is
typical for gas line systems. A typical specification is 6 (external diameter)
x 1 (wall thickness) millimeters.

The line thus has a conductance value of approx. 1 liter per second at atmospheric pressure. At 0.01 mbar, the fine leak threshold of many commercial
leak detectors, an identical line would only have a conductance value of
0.001 l/s for air, thus, only 1/1,000th of the value at atmospheric pressure.
Source: Pfeiffer Vacuum

Fig. 2: Helium spray test with carrier gas

Source: Pfeiffer Vacuum

Common helium leak detectors achieve their
maximum sensitivity in the so-called fine leak
mode at comparatively low pressures. The maximum test pressure for the most sensitive measuring range is device-specific and lies below
0.01 to 0.5 mbar. When a test specimen is
pumped down from air pressure to a testable
pressure, the naturally occurring 5 ppm concentration of helium in the air is also pumped down.
Normally, the lower the pressure inside the test
specimen gets, the lower the helium background signal will become. This suggests it
would make sense to pump every test specimen
down to the lowest-possible pressure for maximum measurement sensitivity. When long, thin
pipes are pumped down all the way to the final

Source: Pfeiffer Vacuum

The effective pumping speed of helium is determined by the helium pumping speed of the leak
detector used as well as the flow resistances of
the test specimen and the pipe components
used to connect the test specimen to the leak
detector (infobox 2).
In vacuum technology, the flow resistances of
flanged together vacuum components add up in
the same way serial resistances add up in electrical engineering.

Fig. 3: Leak test on a cuboid container with a test leak
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Source: Pfeiffer Vacuum
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pressure of the helium leak detector, there will
be a molecular flow inside the pipe, and the conductance value of the test specimen will become
important. This generally applies to all test specimens in which small diameters are pumped
across great lengths (infobox 3).
In the molecular flow range, the flow resistance
of the pipe is much higher (and the conductance
value therefore lower) than in the laminar flow
range present at high pressures (infobox 4). In
helium leak detection on thin components, the
molecular flow rate is reflected in considerably
increased response times (infobox 1). Furthermore, the signal becomes distorted, the peak
gets wider, and the maximum signal intensity
drops due to a wide velocity distribution of the
gas molecules.

Source: Pfeiffer Vacuum

Fig. 4: Chronological sequence in the leak test with a volume of
1.5 l compared between 2 lines of 6 x 1 mm with lengths of 7 m and 20 m

Source: Pfeiffer Vacuum

Fig. 5: Chronological sequence in the leak test of two lines of 6 x 1 mm
with lengths of 7 m and 20 m with carrier gas

Spray test with carrier gas
In order to achieve short response times combined with high sensitivity in components with
limited conductance values such as pipes, tests
should preferably be conducted in the laminar
flow range. By flushing the gas line with a helium-free carrier gas, tracer gas that might possibly enter the test specimen through leakages
will rapidly be transported to the measuring
instrument. A typical test setup is illustrated in
figure 2. Nitrogen with a purity level of 5.0 has
proven itself as a carrier gas. When high-purity
media supply systems are installed, the on-site
supply with carrier gas at the construction site is
often not operational yet. The use of an additional gas cylinder should be avoided, and argon,
often used as a protective gas in welding, can
also be used as carrier gas. Although this is technically possible, the pressure gauges of the leak
detector may require to be calibrated. In modern
devices, this can easily be done by the operator
on site.

Helium spray test with and without
carrier gas – a comparison
Fig. 6: Comparison of signal recovery rates in the leak test of two lines of
6 x 1 mm with lengths of 7 m and 20 m, with (left) and without (right) carrier gas

Figure 3 shows a typical time-dependent
sequence of a helium leak test as it was conducted in an actual test. The leakage rates
measured are shown in red, and the pressure
curve is shown in blue.
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After auto-calibration (phase I in figure 3) of the leak detector, a cuboid
container with a volume of 1.5 liters is pumped down. Once a background signal of 1.0 • 10–9 mbar l/s (phase III) has been reached, the
background suppression of the leak detector is activated, and the shutoff valve opened to a 1.0 • 10–7 mbar l/s test leak. The leakage rate signal increases within less than 2 seconds. Theoretically, this corresponds
to a response rate τ63 % of 1 second. The chronological resolution of the
software used is 1 second. The helium trapped between the diffusion
element of the test leak and the shut-off valve causes an overshoot up
to a maximum value of 1.9 • 10–5 mbar l/s (phase IV). This behavior is
typical for non-differentially pumped test leaks with a helium reservoir.
When using test leaks with higher leakage values, this overshoot may
even trip the internal protection circuits of the leak detectors. This is
why most commercial leak detection systems pump calibration leaks
differentially, and why they are connected via a three-way valve in common leak detectors – preventing an accumulation of helium. In the
illustrated application, this overshoot can also be prevented by integrating a test leak without a reservoir into the gas line. It can be
observed that the nominal value of the test leak (+/- 10 %) will settle
within 13 seconds of opening the shut-off valve (phase V). If the valve
is closed again, the helium signal will completely disappear within less
than 9 seconds (phase V). After the test is concluded and the background signal suppression is deactivated (phase VII), another auto-calibration (phase VIII) is conducted. The graphs generated with the leak
detector and the corresponding software allow for impeccable documentation of the measured values as a base for quality assurance.
Figure 4 shows the chronological sequence of testing the above-mentioned vessel compared to 2 pieces of pipe with an internal diameter of
4 millimeters and lengths of 7 and 20 meters respectively. In the cuboid
vessel, a background signal of 10–9 mbar l/s is reached within approximately 1 minute. The residual helium content of the air in the gas line
can only be pumped down very slowly due to the high flow resistance
of the pipe, and the background signal stabilizes at a value of
5 • 10–8 mbar l/s. The background signal in the measurement of the
thin line is thus larger by a factor of 50 than that measured in a component with good flow properties. In order to achieve an identical signalto-noise ratio, a corresponding 5• 10–6 mbar l/s test leak is added to the
gas line.
When measuring the cuboid vessel, the leakage rate is indicated almost
instantaneously. The signal rise in the gas line is almost as fast. However, the signal maximum is only reached after 15 seconds (cuboid
2.5 seconds), and the signal stabilizes only after 3.5 minutes (cuboid
13 seconds) (infobox 5).
When the gas line is extended to 20 meters, the time to the first indication of a helium signal lengthens to 80 seconds. Even after 8 minutes
have passed, there is still no stabilization of the nominal leakage rate.
Thereby, the measured value remains below that of the inserted test
leak by a factor of 50 (infobox 6). The recovery time after closing the
test leak valve is 9 seconds for the cuboid and approximately 4.5 minutes for the 7 meter gas line. With the 20 meter gas line, the experiment was aborted without result after 25 minutes (infobox 7).

ASM 340
Best in class leak detector,
using helium and hydrogen
■

■
■

■

Unique capability to detect leaks
starting at 100 hPa
Fastest time to test in its class
Low maintenance due to rugged
design
User friendly and customizable
interface

Everything about
leak detection
leak-detection.pfeiffervacuum.com

Are you looking for a
perfect vacuum solution?
Please contact us:
Pfeiffer Vacuum GmbH
Headquarters/Germany
T +49 6441 802-0
F +49 6441 802-1202
info@pfeiffer-vacuum.de
www.pfeiffer-vacuum.com
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Figure 5 shows the same test specimens with a
carrier gas measurement with an identical scale
as in figure 4. In all subsequent measurements,
a 1.0 • 10–7 mbar l/s test leak is used. The carrier
gas flow is set up so as to have the leak detector
used only just reaches the pressure threshold for
the normal test mode of 0.5 mbar. At 0.5 mbar,
the conductance value of the 20 meter line is
greater by a factor of 5 than the value at
0.01 mbar. This means substantially shorter
measuring times when a carrier gas is used. The
carrier gas flow routes a substantial amount of
the tracer gas from the test leak past the detector. However, the sensitivity reserves of the
detector are more than sufficient to provide evidence with sufficient process reliability. The substantially shorter rise and recovery times signifi-

Infobox 5: Response times – comparison of theory and practice
The conductance value modeling in infobox 4 shows a response time of
21.5 seconds in the molecular-only flow range. The actual shorter response
time measured is a result of the laminar flow proportion.
Vacuum technology calculations are mostly of an estimative nature without
laying claim to mathematical accuracy. The differences observed are a good
example of the difficult nature of calculating the flow in the transitional
range between the laminar and the molecular range, called the Knudsen
flow, with simple empirical formulas suitable for real-life application.
Source: Pfeiffer Vacuum

Infobox 6: Conductance values and response times – a comparison
The following comparison shows the time gain in the response time
when a carrier gas is used, even in relatively short lines of only a few
meters in length.
Line dimensions

Length 7 m, internal diameter 4 mm

Volume

8.8 x 10–2 l

Carrier gas

no

Intake pressure of leak detector

3.3 x 10 mbar

4.5 x 10–1 mbar

Pressure at the other end of the pipe

4.9 x 10 mbar

13 mbar

Mean pressure

0.25 mbar

6.7 mbar

Air conductance value

2.3 x 10 l/s

3.4 x 10–2 l/s

Helium conductance value

4.1 x 10–3 l/s

3.2 x 10–2 l/s

Theoretical response times

21.5 s

2.8 s

cantly expedite testing and also facilitate the
evaluation. In figure 6, the signal recovery times
are summarized graphically. The scale of the Y
axis is logarithmic.
When a carrier gas is used, the rise and recovery
times are short, allowing the clear identification
of potentially present leaks. The use of a test
leak does not merely constitute an in-situ calibration of the leakage rate, but also the determination of the maximum time required for the
measurement. The comparison of the response
times during calibration and during actual
measurement along the length of the test specimen allows the leakage to be located. These
findings are proof that the use of a carrier gas
constitutes an effective process for quantifiable
and reproducible measurements on conductance value-limited components.
The achievable detection limit depends primarily on the residual helium content of the carrier
gas used and the required signal-to-noise ratio.
The residual helium content in nitrogen with a
standard purity level of 99.8 % (nitrogen 2.8) creates a background signal of 3.8 • 10–6 mbar l/s.
Even with background suppression, the evidence of a leakage of less than 5 • 10–8 mbar l/s
will fail. The residual helium content of nitrogen
5.0 creates a background signal smaller than
1 • 10–9 mbar• l/s. With this value, substantially
smaller leakages can be found. The use of an
inert carrier gas also allows leak detection in gas
lines for toxic, reactive, explosive, or flammable
media during initial installation or after maintenance. For standard applications of the
described leak detection method, there are
devices available with integrated, oil-lubricated
or dry backing pumps that ensure a high carrier
gas flow and thereby short response times during measuring. The high switching threshold
between large leakage mode and normal mode
offers maximum flexibility in the choice of testing pressure and sensitivity.

yes
–3
–1

–3

Source: Pfeiffer Vacuum

Test setup
The test setup consists of a leak detector controlled by a PC. As pressure gauges, Pirani tubes
with display units are used at both ends of the
test specimen. The test objects are simulated
with helium-tight compressed air hoses. When
selecting a test leak, the use of a mountable leak
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without a helium reservoir is recommended. By
spraying the leak element or applying with a
balloon, the chronological behavior of a real leak
with a realistic signal rise time is simulated. The
very quick, sudden release of a large amount of
helium, with supposed extremely short response
times similar to those with a test leak with a reservoir, is prevented as well as erroneous interpretations. There are commercial test leaks
available with threaded clamp collars that can
be easily integrated into gas lines. These test
leaks are available with leakage values of
between 10–5 and 10–9 mbar l/s. It is important
when setting up the experiment to minimize all
dead volumes, in order to prevent gas mixing
and the resulting imprecisions in the chronological behavior of the test. An efficient software
package is available for documenting the measurement values. In addition to the measurement of piping for high-purity media supply systems introduced here, the carrier gas can generally be used for testing components with a high
flow resistance. This includes, for example, pipes
for tubular heat exchangers or plate heat
exchangers with tight plate spacing.
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Infobox 7: Signal recovery time
The signal recovery times can be estimated with the following formula:
Td =

V
Q
___
___
x 2.3 x log
Seff
QUG

Td = recovery time [s]
V = volume [l]
Seff = effective flow rate of helium
Q = leakage rate to be determined [mbar l/s]
QUG = background leakage rate [mbar l/s]
In our example, Q is the leakage rate of the test leak and QUG is the
required background leakage rate of 10–9 mbar l/s. When entering the
values, attention must be paid to the fact that the conductance value
of the piping determines the effective pumping speed. Comparison
between the measurement values and the estimations with the
aforementioned empirical formula results in the following values:
Test object

Cuboid vessel

Pipe 7 m

Pipe 20 m

1l

0.088 l

0.25 l

4.6 s

182 s

1.519 s

9s

280 s

> 2.000 s

Theory

N/A

13 s

88 s

Measurement

N/A

10 s

16 s

Volume
Td without carrier gas
Theory
Measurement
Td with carrier gas

Alternative applications
Helium leak detectors are established in various
industrial applications. They include:

•
•
•
•
•
•
•
•
•
•
•

Research & development
Aerospace
Particle accelerators
Low-temperature technologies
Photovoltaics
Power plants
Mechanical industry
Metrology
Refrigeration
Air conditioning
Semiconductor technologies

The overestimation of the signal recovery times is the result of the conductance values entered. The values indicated on the leak detector indicate the
“worst case” with the lowest pressure value. With increasing distance to
the leak detector, the pressure within the pipe rises and the flow resistance
falls. Therefore, the values derived from the aforementioned formula are to
be considered an estimation of the maximum time required.
Source: Pfeiffer Vacuum

Author:
Dr. Rudolf Konwitschny
Technical Support
Pfeiffer Vacuum GmbH, Asslar
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Mechanical vacuum pump systems deployed in connection with steel
degassing plants have been found to be practical, reliable and powerful.

Photo: Oerlikon Leybold Vacuum

Explosion protection for mechanical
vacuum pump systems in steel degassing processes
Uwe Zoellig, Gunnar Groß and Dirk Schiller
Today’s international standards for mechanical vacuum systems are based
on the latest generation of Roots pumps as well as dry compressing screw
vacuum pumps. Degassing plants, in particular those involving oxygen
blowing processes like VOD and RHO processes, for example may produce
potentially explosive offgases depending on how the process is operated.
Equipment with an ATEX approval allows here for safe and cost-effective
solutions in connection with mechanical vacuum pump sets.
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In the course of the last decade, mechanical vacuum pump systems deployed in connection
with steel degassing plants have been found to
be practical, reliable and powerful. Compared to
conventional systems involving steam jet vacuum pumps, these considerably cut operating
costs and CO2 emissions.
Today’s international standards for mechanical
vacuum systems are based on the latest generation of Roots pumps and dry compressing screw
pumps. Moreover, the selection of such modern
mechanical pump solutions allows for exceptional process control capabilities and utilises a
highly reliable design permitting a long service
life of the pumps within the rough environment
of a steel plant. By installing standard pumps in
multiple arrangements, it is even possible to fulfil the highest pumping speed requirements and
this within a competitive pricing framework
(figure 1).
Over the recent years, plant manufacturers and
end users have put more and more effort in to
the analysis of the produced offgases in order to
determine which offgas compositions occur in
the different steel degassing and decarburization processes. Here, special attention was paid
to the occurring flammable gases like carbon
monoxide (CO) or hydrogen (H2) which in connection with oxygen at the right concentration
might give rise to potentially explosive gas mixtures.
Since mechanical vacuum pumps contain rapidly rotating components, these could theoretically become an ignition source. By complying
with the European equipment directive for
explosive atmospheres (ATEX – Appareils destinés à être utilisés en ATmosphères EXplosives)
safe and nonetheless cost-effective solutions
are possible for mechanical vacuum pump sets.
Directive 94/9/EC describes the engineering
requirements as well as the corresponding conformity assessment processes which need to be
applied before equipment or protection systems
are installed in potentially explosive atmospheres (ATEX) inside the European market.
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Risk assessment
The ATEX regulations provide that the end user
be responsible for the safety of the systems
operated by him. He must analyse the planned
degassing process and divide his system into
different areas corresponding to the processes
run in the respective system components. This
relates to the process facilities themselves and
also their surroundings. The end user must
determine whether gas mixtures which are possibly produced within these areas can be explosive, and how likely this is and he must corresponding to the results define explosion hazard
areas (zones). In the course of a typical steel
degassing process, potentially flammable fuels
like CO or H2 are produced. However, the presence of such gases alone does not already mean
that these will present a hazard. Only when the
gas is mixed at the right concentration with oxygen will the gas mixture present a hazard. This
can occur when the concentration of the gases
falls between the value for the lower explosion
limit (LEL) and the value for the upper explosion
limit (UEL).
In a typical degassing cycle, there is no single
perfectly defined fuel/air mixture, but instead
different other inert gases are contained in the
mixture. The values for LEL and UEL are for this
reason only guidance values for the purpose of
determining the dangerousness of the identified gas mixtures.
In addition, the values for LEL and UEL are pressure-dependent; but in the literature, that infor-

Fig. 1: Modern mechanical vacuum pump system for steel degassing
Source: Oerlikon Leybold Vacuum
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Source: Oerlikon Leybold Vacuum

Concentration) respectively the limiting oxygen
concentration (LOC – Limiting Oxygen Concentration). This value defines the limiting concentration of the oxygen below which irrespective
of the fuel concentration no combustion will be
possible. The value for the minimum oxygen
concentration depends on pressure and temperature and is, moreover, dependent on the type of
inert (non-flammable) gas (for example, the
argon which is run in a closed cycle). Some
example data are given in table 1.
Fig. 2: Pressure dependency of LEL and UEL

mation is provided only for atmospheric pressure. Under vacuum conditions, the “explosion
bandwidth” reduces, and below a certain vacuum pressure (minimum ignition pressure) no
gas mixture can be ignited anymore (figure 2).
The literature does not provide any clear information as to the minimum ignition pressure,
and specific data for H2 and CO cannot be found.
Traditionally pressures below 50-100 mbars are
declared as safe ranges. However, newer publications indicate that under certain conditions
an ignition is possible also at lower pressures.
Even when assuming that the degassing plant
operates below the minimum ignition pressure,
the end user must take into account that the
extracted gases are compressed by the vacuum
pump system to atmospheric pressure so that
these then become a source of danger within
the pump or on its discharge side.
A different approach to define whether a gas
mixture is safe, is the use of the minimum oxygen concentration (MOC – Minimum Oxygen

The listed temperature classes and gas type-specific explosion groups are important when
selecting the right devices. Within the scope of
this article, these values are not covered any further.
Since there are technical means of measuring
the oxygen concentration within evacuated
gases, these means are important in connection
with the activities for maintaining safety. When
working with literature data which have been
defined under standard conditions, it is generally accepted to apply a safety margin of at least
40 % in order to account for the safety-related
specific conditions deviating from the standard
conditions.
Depicted in figure 3 is a model-calculated offgas
analysis for a typical VOD process. The gas composition detailed here should be only taken as
example, since in reality it will always deviate
from the calculations.
Hydrogen:
In this case, the H2 concentration varies between
0 and 15 % during the cycle, and is for this reason during the process at times between the LEL
(4 %) and the UEL (75 %). This means that the

Flammability limits for hydrogen and carbon monoxide
CO

H2

Lower Explosion Limit % in air (LEL)

12

4

Upper Explosion Limit % in air (UEL)

75

75

Minimum Oxygen Concentration (MOC)

5.1
3.1 (60 % level)

4.6
2.8 (60 % level)

Auto ignition temperature

605 °C

570 °C

Temperature class

T1 (> 450 °C)

T1 (> 450 °C)

Explosion group

IIB

IIC

Table 1: Flammability limits for hydrogen and carbon monoxide
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Fig. 3: Offgas concentrations during a typical VOD cycle

gas mixture will then be potentially explosive
when the residual gas contains enough oxygen.
Carbon monoxide:
In this case, the CO concentration varies
between 0 and 72 % during the cycle, and is for
this reason during the process at times between
the LEL (12 %) and the UEL (75 %). This means
that the gas mixture will then be potentially
explosive when the residual gas contains
enough oxygen.
Oxygen:
In this case, the O2 concentration varies between
0.6 % and 20 % during the cycle. The maximum
recommended 60 % MOC value for CO is 3.1 %,
for H2, it is at 2.8 %. Since the O2 concentration
therefore at times will be about these values,
there would be enough O2 present to shift the
H2, respectively CO containing gas mixture into
the explosive range.
The end user must now analyse whether the
occurrence of higher CO or H2 concentrations
takes place simultaneously with a high O2 concentration. The example in which the offgas
composition is calculated exhibits between
minute 84 and 92 an O2 concentration of over
3.1 % (60 % of the MOC value); at the same time,
the CO concentration is over 12 %. In the range
between minute 96 and 120, the O2 concentration is over 2.8 % (60 % of the MOC value); at the
same time, the H2 concentration is over 4 %.

In spite of the potential occurrence of these gas
mixtures, one can still not be sure that such gas
mixtures will actually be ignitable under the
specific conditions during the VOD cycle and
within the vacuum pumps. But at least there is
the danger, and in this case, it is recommended
to the end user to introduce active measures to
ensure health and safety.

Potential safety measures
The ideal safety measure would prevent the
occurrence of explosive gas mixtures altogether.
This means that either the fuel or the oxygen
must be avoided. Here, both are not possible for
the following reasons:

•
•

•
•

All systems will have a leak at some place.
The VOD process includes an oxygen
blowing phase and since it is unrealistic to
assume that 100 % of the blown in oxygen
will react with the melt, there will always be
some oxygen in the offgas.
Since the carbon share in the steel will not
fully react to CO2, there will always be some
CO in the offgas as a potential fuel.
Since hydrogen dissolved in the steel shall be
removed, there will also always be some H2
in the offgas.

Alternatively, the end user could dilute the offgas with an inert gas (nitrogen, for example) to
ensure that the fuel concentration will always
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ATEX hazard zones
Zone 0:

The explosive gas mixture is present during
minimum 50 % of the operating time

Zone 1:

Explosive gas mixture is regularly present
(over 30 minutes per year, less than 50 % of
the operating time)

Zone 2:

The explosive gas mixture is rarely present
(less than 30 minutes per year)

Table 2: ATEX hazard zones

ATEX equipment categories
ATEX zone

ATEX equipment category

Zone 0:

Cat. 1

No ignition source
with rare failures

Zone 1:

Cat. 2

No ignition source
with expected failures

Zone 2:

Cat. 3

No ignition source
during normal operation

Table 3: ATEX equipment categories

gas mixture by simply controlling the ignition
sources. Different devices for operation under
these conditions have been defined. The higher
the risk, the less probable it must be that these
devices will become an ignition source.
In line with the ATEX 137 regulations, three different explosion hazard zones have been
defined (table 2).
Depending on the defined zone, the end user
must use devices which are so designed that
they fulfil the special requirements within these
explosion hazard zones. The European directive
94/9/EC (or ATEX 95) defines the following
equipment categories according to table 3.
Depending on the defined explosion hazard
zone, the end user must select the devices so
that these are certified for the corresponding
equipment category to ensure in this way safe
operation in agreement with the standards.

ATEX zone analysis for the VOD cycle
be below the LEL level, or he can ensure that the
oxygen concentration will always remain below
the MOC value. Here, the problems are firstly
with the unknown true concentrations which
occur in practice, but are also due to the fact
that the LEL and MOC literature values have
been defined for “standard conditions” which,
however, are far from the conditions within a
steel degassing plant.
In order to ensure full safety, the end user must
take into account the circumstances which
might occur in the worst case. As a result, the
inert gas quantities which may be needed to
safely dilute the offgas can increase the offgas
quantity easily by a factor of 2 to 10. This would
then necessitate a mechanical vacuum system
the size of which would have to be twofold to
tenfold larger; a dramatically higher investment
which would render any mechanical vacuum
pump system uneconomical.

When considering here the VOD process cycle
calculated by way of the example in figure 3, it is
apparent that in the worst case, the offgas will
attain an explosive concentration during a 32
minute long phase. Not considering additional
idle times of the degassing system and the
pumps during which these are operated without any offgas, this time would amount to max.
approximately 25 % of the entire processing
time. Even when assuming the most favourable
conditions, the explosive gas mixtures would be
present for over 30 minutes per year and corresponding to the aforementioned zone definitions, the operator of the plant would have to
rate such an regular occurrence at times (over
30 minutes per year, less than 50 % of the operating time) as zone 1. The end user is then committed to deploy and use certified equipment
corresponding to the requirements of equipment category 2.

The most pragmatic and economical solution to
ensure safety relies on the European Directive
1999/92/EC (or ATEX 137), in which clear
requirements have been laid down and which is
not dependent on unclear gas compositions and
safety data limits. ATEX was developed for the
purpose of avoiding the ignition of an explosive

External equipment:
When taking into account that inside the degassing plant and inside of all vacuum pumps, vacuum conditions are always present during the
occurrence of flammable gases, then even leaks
cannot cause these flammable gases to escape
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to the surroundings, since there a higher pressure is present. The presence of leaks would
allow ambient air to enter into the devices
which already meet the requirements of a
zone 1. The surroundings of the pumps would
not be affected by such a leak. The use of hermetically sealed mechanical pumps and leak
testing of the static seals on the exhaust side of
the system guarantees that leak tightness is
ensured also for those sections of the system in
which a slight overpressure could occur. For this
reason, it is unlikely that the end user must
define an explosion hazard zone for the surroundings of the vacuum system. Here, normal,
non-explosion hazard protected equipment can
be used.

•
•

EN 60079-0:2009 – Explosive atmospheres
– Part 0: Equipment – General requirements
EN 60079-7:2007 – Explosive atmospheres
– Part 7: Equipment protection by increased
safety “e”

In the course of the risk assessment of these
pumps, all possible ignition sources must be
taken into account. These are mainly:

•
•
•

Hot surfaces and gases caused by compressing the gases and by internal friction
Mechanical sparks caused by contacts
between moving parts or foreign objects
which enter into the pump
Electric sparks caused by live parts within
the pump or by electrostatic discharges
Chemical reactions within the pumps

In addition to defining the explosion hazard
zone, the gas mixture must be classified according to a temperature class and a gas explosion
group. The temperature class defines a minimum surface temperature at which the gas
would ignite itself, whereas the gas explosion
group classifies the different types of gas according to the ignition probability (table 1).

•

VOD process risk assessment summarised

In order to avoid these possible ignition sources,
the following needs to be urgently observed
during design and manufacture of ATEX certified vacuum pumps:

After the plant operators have analysed their
process, it is likely that they will define an explosion hazard zone 1 for the inside of the degassing plant, but no zone for the outside area. For
this reason, a vacuum system for the VOD process in which CO and H2 gases occur must be
certified for ATEX category 2 (inside), temperature class T1 (or higher) and explosion group IIC.
Standard pumps that can fulfil such specifications are available on the market and can be
combined by experienced and certified vacuum
system manufacturers with other inside-ATEX
certified components to build complete vacuum
systems.

Every ATEX vacuum system for steel degassing
plants should be designed in agreement with the
corresponding directives or standards.

•

•

•
Risk assessment of mechanical
vacuum pumps and pump systems
Every ATEX vacuum system for steel degassing
plants should be designed in agreement with the
directives or standards given in the following:

•

Directive 94/9/EC – ATEX equipment
directive
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Such machines exhibit only minimal internal
gaps between the stationary and rotating
components necessitating a meticulous
arrangement of these components to ensure
that even under the most unfavourable
operating conditions assumed, no
mechanical contact will be possible.
Precision during manufacture and
comprehensive quality assurance
measures are necessary to ensure that
the components and the fitted machine
fulfil all requirements.
The pumps must be effectively protected
against overloading so as to avoid
the occurrence of impermissibly high
temperatures.

During the design stage of an ATEX pump system, all possible operating and ambient conditions must be taken into account. In particular
for Roots pumps, this is quite a challenge, since
these need to be carefully protected against
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Fig. 4: Roots pump

thermal overloading during a wide variety of
operating conditions which may be caused, for
example, by excessively high differential pressures. It is the aim to design a system which cannot be overloaded with respect to all possible
operating conditions. The load on the pumps
differs considerably at high inlet pressures (the
Roots pump delivers a high pressure differential,
but operates at a low compression ratio) compared to operation at low inlet pressures (the
Roots pump delivers a low differential pressure,
but operates at a high compression ratio). During none of these operating conditions must the
pump be allowed to overheat.
To fulfil these requirements, a unique control
system was developed which permits the high
differential pressures demanded during pumpdown, but even so provides protection against
thermal overloading during continuous operation. This was attained chiefly by the smart drive
controller with variable torque limiting. The
drive controller system automatically acquires
the current operating conditions and sets motor
torque limits of each pump correspondingly, so
that thermally overloading the system is
avoided, but maximum performance is ensured.
This avoids the necessity of having to use expensive ATEX-compliant pressure or temperature
sensors and reduces, moreover, pumpdown
time considerably.
During pumpdown, the Roots pump (figure 4)
equipped with this system is capable of producing a pressure difference of up to 100 mbars, but
even so it is fully protected against thermal
overloading during all continuous operating
modes. Here, it is not necessary to monitor any
sensors.

Defining the limits of thermal overloading is a
complex task, since different pump combinations and operating conditions need to be tested
also under extreme operating conditions.
The maximum permissible gas temperatures,
the minimum cooling conditions, in particular
conditions like seized rotors, ingress protection
(definition of the level for both entering objects
and humidity protection) as well as ageing of
non-metallic components must be taken into
account in the course of the tests.
Moreover, a number of precautionary measures
must be defined which need to be observed by
the pump operators.
These are among other things:

•

•
•

Use of a suitable filter system preventing the
ingress of excessively large particles into the
pump system, thereby preventing the
generation of sparks.
Use of a gas cooling facility preventing the
gas inlet temperatures from exceeding a
predefined limit.
Operation only with an approved type of oil
that exhibits a defined level of electrical
conductance.

After all necessary tests have been passed, the
documentation needs to be approved by a designated inspecting authority which retains the
documentation for a possible assessment by
third parties.
For screw vacuum pumps, the process is basically the same. Due to the fact that the exhaust
pressure of screw vacuum pumps is always constant (approximately atmospheric pressure), the
diversity of the possible operating points and
protection against thermal overloading is much
less complex compared to Roots pumps.
Through an effective water cooling arrangement and a screw design with effective internal
compression, these pumps do not attain gas
temperatures which might be a possible ignition source for T1 gases like hydrogen or carbon
monoxide.
To avoid ignition sources by the pumps, the
newly developed Roots pumps and screw-type
vacuum pumps (figure 5) exhibit a unique combination of interrelated design characteristics:
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•
•
•
•
•
•
•
•

Hermetically sealed design with leak rates
below 1x 10-3 Pa l/s
No moving seals to the atmosphere
Integrated water cooling permits operation
independent of the ambient temperature
Highly efficient integrated ATEX certified
motor avoids the necessity of a magnetic
coupling
Oversized bearings for an extremely long
service life with maintenance intervals of
up to 40.000 operation hours
Lubricant with antistatic properties to avoid
electrostatic charges within the pump
Inverter with pump overload protection
avoiding the necessity of sensors
Automatic detection of inadequate cooling
Automatic detection of impermissibly high
exhaust pressures (screw pump only)

ATEX system design
High-performance products alone are no guarantee for trouble-free operation of a degassing
plant. Through an inadequate system design,
operator errors are still possible. The vacuum
pump supplier must be in a position to integrate
individual products making for a smart solution
so as to ensure the satisfaction of the user.
Smart solutions include among other things:

•
•
•
•
•

Compact design for the smallest
possible footprint
Flexible design for installation in all
installation spaces
Accessible design for simple operation
and maintenance
Redundant design to ensure the highest
possible uptime for the degassing system
Smart, programmable control systems to
optimise performance and conserve power

Modern vacuum solutions rely on only two different pump types which are combined to three
stage vacuum systems. Such three stage system
designs deliver highest pumping speeds with
lowest power consumption (figure 6).

•
•

Ensure that the combination of ATEX
certified components will not produce
any additional ignition sources.
Ensure that all components are operated
within their specified operating limits.

Besides the vacuum pumps, there is also a variety of components in a vacuum system for steel
degassing which may come into contact with
the explosive gas mixtures like valves, connecting pipes, bellows and sensors, for example.
All these components must be either rated as
being safe (for example, shut-off valves for
which the supplier can issue a corresponding
safety declaration) or which are produced in an
ATEX certified compliant version (for example,
pressure sensors which are available in an ATEX
certified version). Due to the movement of the
dust-loaded gas within the piping, there is the
danger of exposing the piping to static electricity. For this reason, the electrical conductance of
the pipe connections must be measured after
having fitted these and the piping must be sufficiently connected to ground.
The parameter representing the greatest challenge while operating an ATEX certified vacuum
system is, and this must be absolutely observed
by the manufacturer, the limit for the gas admission temperature at each individual pump. For
the Roots pump described, the maximum gas
inlet temperature is limited to 80 °C. To comply
with these operating conditions for the second
stage of the pump system, a gas cooler must be
provided downstream of the third stage. This

Source: Oerlikon Leybold Vacuum

•
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When designing an ATEX pump system, the
manufacturer must fulfil two requirements:

Fig. 5: Design features for ATEX certification

Pumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2015

126

INNOVATIONS & TRENDS

Source: Oerlikon Leybold Vacuum

Mechanical standard pumps have already been
designed with safety in mind and their deployment will not automatically result in an ignition
when explosive gases occur. By the additional
ATEX certification, the end user may, however,
ensure the highest safety level for the protection of his staff and facilities by only a small
investment.

Fig. 6: PID schematic of a typical ATEX vacuum pump set for VOD

ensures that the gas which is heated by compression in the first stage is cooled down reliably
below the 80 °C limit. Temperature sensors
ahead of the pumps of the second stage are
used to monitor the cooling performance of the
gas cooler.
Through removing by design all ignition sources
and through safe operation of all components of
the vacuum system, a mechanical vacuum system can be certified for steel degassing applications in accordance with EN 13463-1:

II 2/- G c IIC T2 Gb

ATEX certification permits highest safety
The use of mechanical pumps results in new
challenges for the steel producers. When the
operator is unsure whether in his specific process, the occurring gas mixtures are ignitable or
not, then he can resolve this problem effectively
with a vacuum system which has been certified
in accordance with ATEX 1, category 2 (inside)
for gases.

The gas mixtures and the ignition possibilities
were described dependent on the respective
type of process, with the VOD process serving as
an example. However, the same considerations
apply to all vacuum processes in which oxygen
is used for forced decarburization like, for example, VD-OB and RHO, or processes with natural
decarburization like Vacuum Carbon Deoxidation (VCD). The offgas compositions and the
point of time at which possibly hazardous emissions occur differ, however, considerably
between these processes. But the described
ATEX-compatible facilities are a solution for all
these processes.
Authors:
Uwe Zoellig, Gunnar Groß and Dirk Schiller
Oerlikon Leybold Vacuum GmbH, Cologne
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Read more in our online magazine
under www.vdma-verlag.com/puco
Together with the magazine you hold in your hands,
if you go to www.vdma-verlag.com/puco, you will find
our e-magazine with additional features. The heading
“Products & Applications” provides a user-oriented
look at the latest technical developments, trends
and products in the respective branches – as a brief
summary in the printed version and in greater detail
in the e-magazine with in-depth information about
the respective topics. The flags indicate the languages
in which the articles are available.

Pfeiffer Vacuum presents its vacuum
solutions as a new online experience
With its new vacuum solutions website, Pfeiffer
Vacuum presents its wide spectrum of products
and their functions in a practical setting. The
focus is to provide a virtual experience of
vacuum solutions. The complete range of
products is demonstrated in films, application
reports and 3D animations.
Read more under www.vdma-verlag.com/puco

BEKO TECHNOLOGIES:
Compact data logger for
compressed air systems
Especially developed for usage in compressed
air systems, the METPOINT® BDL compact data
logger by BEKO TECHNOLOGIES allows for the
connection of 2–4 transducers or sensors.
It can be integrated easily into existing and new
compressed air systems.
Read more under www.vdma-verlag.com/puco
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PRODUCTS & APPLICATIONS

Read more in our online magazine
under www.vdma-verlag.com/puco

NEUMAN & ESSER:
Revamp of a reciprocating compressor
unit for more flexibility

BORSIG ZM Compression:
Centrifugal compressors with
self-manufactured gearboxes

Once the operating conditions of reciprocating
compressors change, revamping is a good
opportunity to make them fit for current
technical specifications and process conditions.
Using the NEA compressor design tool KO³,
NEUMAN & ESSER modernized a hydrogen
compressor in a refinery extremely efficient in
no time.

The level of in-house manufacturing for
centrifugal compressor components was further
expanded. In addition to the already existing
manufacturing of open and shrouded impellers
of up to 800 mm diameter, since 2014, BORSIG
ZM has manufactured one and two-stage
gearboxes for its centrifugal process gas
compressors in-house after successful test phase.

Read more under www.vdma-verlag.com/puco

Read more under www.vdma-verlag.com/puco

KTR: Perfect power transmission
for all media

HAUG Kompressoren AG: Oil-free
and gas-tight “TIG” compressor

The certified coupling range for pump drives by
KTR comprises a large number of high-quality
and high-performance shaft and flange
couplings for every kind of pumps. KTR is
pleased to support you with the selection of
the optimum coupling and offer you individual
advice. In this context, KTR″s industry experts
provide for tailor-made development work.

At the Hannover Messe 2015 and ACHEMA
2015 , HAUG presents the new developed TIG
compressor for the first time. The dry-running
TIG is technically gas-tight, 100 % oil-free and
thanks to its modular design ideal for customer
specific solutions. It is the first reciprocating
compressor worldwide with a contactless
magnetic coupling for up to 110 kW power.

Read more under www.vdma-verlag.com/puco

Read more under www.vdma-verlag.com/puco
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Read more in our online magazine
under www.vdma-verlag.com/puco

A complete vacuum and
compressed air portfolio launched by
Gardner Denver Industrial Group

SIHIdetect –
efficient condition monitoring

By combining our product and application
expertise from across the globe, the Industrial
Group now offers the widest choice of products
and technologies for all vacuum and compressed air applications. Well-known market-
leading brands by Gardner Denver, such as
CompAir and Elmo Rietschle, deliver innovative
and customised solutions from a single source.

Considering the life cycle cost of pumps, it
becomes obvious that cost for maintenance
and repair – besides energy cost – are offering
the biggest potential for savings. Hence it
should be aimed to reduce the repair and
maintenance cost and in addition to avoid cost
for production downtime by utilization of
efficient and intelligent condition monitoring
systems.

Read more under www.vdma-verlag.com/puco

Read more under www.vdma-verlag.com/puco

Optimise industrial processes
with SOGEVAC® pumps by Oerlikon
Leybold Vacuum

ALMiG: Internet-based monitoring of
your complete compressed air station

Oil-sealed rotary vane vacuum pumps are
being used in all areas of vacuum engineering.
In industrial production processes, single-stage
rotary vane pumps from the SOGEVAC range
are well proven with their high reliability and
durability.

In the future, remote monitoring of your
compressed air generation will be even more
simple: with visualization via ALMiG web server
no matter where you are. Operational reliability
thanks to immediate notifications and full
information.

Read more under www.vdma-verlag.com/puco

Read more under www.vdma-verlag.com/puco
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Aerzener Maschinenfabrik GmbH
www.aerzener.de

l

AKG Thermotechnik International GmbH & Co. KG
www.akg-gruppe.de
ALMiG Kompressoren GmbH
www.almig.de

Mechanical engineering

Garages

Pneumatic

l

l

l

l

l l l l

l l l

l

l l l l l

l l l

l

l l l

l

l l l l l l

l

Gebr. Becker GmbH
www.becker-international.com

l l l l l l

l

l l l l

l l l

l
l l l l l l

l l l l l l

l

l l l l

BlitzRotary GmbH
www.blitzrotary.com
l l l l l l

BORSIG ZM Compression GmbH
www.borsig.de/zm
CompAir Drucklufttechnik – Zweigniederlassung der Gardner
Denver Deutschland GmbH / www.compair.com

Handicrafts

l l l l l

Atlas Copco Energas GmbH, Gas and Process Division
www.atlascopco-gap.com

BOGE KOMPRESSOREN Otto Boge GmbH & Co. KG
www.boge.de

l

l

Apex Tool Group GmbH & Co. OHG
www.apexpowertools.eu

BEKO TECHNOLOGIES GmbH
www.beko-technologies.de

l l

l l
l

J. A. Becker & Söhne Maschinenfabrik GmbH & Co. KG
www.jab-becker.de

Workshops

Gas stations (natural gas, LPG)

l

Handicrafts/Workshops

Biogas

Refineries

Petrochemical industry

Oil fields

Natural gas industry

Cleaning (Purging)

ABN Apparatebau Nittenau GmbH
www.abn-drucklufttechnik.de

Oil/Gas

Laboratory

Packaging (except Food)

Breweries

Hygiene

Applications
Process &
Compressed Air
Technology

Food industry

COMPANIES & RANGE OF APPLICATIONS

Medical technology
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Donaldson Filtration Deutschland GmbH
www.donaldson.com

l l l l l l

l

Drumag GmbH Fluidtechnik
www.specken-drumag.com

l l l l l l

l l l l l

FRIATEC Aktiengesellschaft – Division Rheinhütte Pumpen
www.rheinhuette.de

l

l

FST GmbH Filtrations-Separations-Technik
www.fstweb.de

l l l l l l

Gardner Denver Deutschland GmbH
www.gardnerdenver.com

l l l l

l l l

l

CVS engineering GmbH
www.cvs-eng.de

l

l

l

l
l l l

l l l

l l l l l l

l
l

l l l

l

l
l

HATLAPA Uetersener Maschinenfabrik GmbH & Co. KG
www.hatlapa.de

l

HAUG Kompressoren AG
www.haug.ch

l l l

KAESER Kompressoren GmbH
www.kaeser.com

l l l l l l

Körting Hannover AG
www.koerting.de

l

l l

l

MAN Diesel & Turbo SE
www.mandieselturbo.com
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Sand blasting plants
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Road vehicle
Navigation
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Heat recovery

Drives

Drying

Other fields of applications

Starting of engines and power units

Railway vehicle

Vehicles and Navigation

Paint plants

l

Paint plants/Sand blasting plants

Oil field blowers

Coke oven blowers

Blast furnace blowers

Wind channels

Foundries

Foundries/Wind channels

Aerating

l

Sewage plants

l
Sewage plants

Pneumatic dispatch blowers

Bulk handling

Silos

Filling systems

Storage and transport

Textile industry

Woodworking and processing

Construction

Construction/Woodworking/Textile

Fertilizer production

Chemical industry

Chemical industry

Instrument air

Control air

Switchgear
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Mehrer Compression GmbH
www.mehrer.de

l l

l

Nash – Zweigniederlassung der Gardner Denver Deutschland
GmbH / www.GDNash.com

Mechanical engineering

Garages

Pneumatic

Handicrafts

Workshops

Gas stations (natural gas, LPG)

l l l l l l

l l
l

Handicrafts/Workshops

Biogas

Refineries

Petrochemical industry

Oil fields

Natural gas industry

Cleaning (Purging)

Oil/Gas

Laboratory

l l l l l

METAPIPE GmbH
www.metapipe.de
MTA Deutschland GmbH
www.mta.de

Packaging (except Food)

Breweries

Hygiene

Applications
Process &
Compressed Air
Technology

Food industry

COMPANIES & RANGE OF APPLICATIONS

Medical technology
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l
l l

l

l

l

l l l l l

Neuenhauser Kompressorenbau GmbH
www.nk-air.com

l l

NEUMAN & ESSER GROUP
www.neuman-esser.com

l

Parker Hannifin GmbH, Hiross Zander Division
www.parker.com/hzd

l l l l l l

Piab Vakuum GmbH
www.piab.com

l l l l l l

Schneider Druckluft GmbH
www.schneider-airsystems.de

l l l l l l

l

Sera ComPress GmbH
www.sera-web.com

l l l l

l

l l l l l l

l

l l l l l l

l l l

l

l l l l

l
l

l l l

l

l

Ultrafilter GmbH
www.ultraair.de / www.ultra-filter.de

l l l l l l

l

l l l l

l l l

l

WIKA Alexander Wiegand SE & Co. KG
www.wika.de

l l l l l l

l l l l l l

l l l

l
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Instrument air
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Fertilizer production
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Heat recovery

Drives

Drying

Other fields of applications

Starting of engines and power units

Navigation

Road vehicle

Railway vehicle

Vehicles and Navigation

Sand blasting plants

Paint plants

Paint plants/Sand blasting plants

Oil field blowers

Coke oven blowers

Blast furnace blowers

Wind channels

Foundries

Foundries/Wind channels

Aerating

l
Sewage plants

l
Sewage plants

Pneumatic dispatch blowers

Bulk handling

Silos

Filling systems

Storage and transport

Textile industry

Woodworking and processing

Construction

Construction/Woodworking/Textile

Chemical industry

Chemical industry

Control air

Switchgear

COMPRESSORS, COMPRESSED AIR & VACUUM TECHNOLOGY

133

l

l
l

l

l

l
l

l

Pumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2015

ABN Apparatebau Nittenau GmbH
www.abn-drucklufttechnik.de

l

Aerzener Maschinenfabrik GmbH
www.aerzener.de

l l l l l

Apex Tool Group GmbH & Co. OHG
www.apexpowertools.eu

l

Gebr. Becker GmbH
www.becker-international.com

Vacuum Heat Treatment2

Vacuum Metallurgy1

Freeze drying

Ceramics

Paper

Beverage

Textile

Food

Plastics

Pharmaceutical

Petrochemical

l

l l l l l l l l l

l l l l l l l l l l l

l l l l l

CVS engineering GmbH
www.cvs-eng.de

Chemical

Medical

l

Process Vacuum

Air sampling

Conveying

Pick and Place

Printing and Paper Handling

Central Vacuum

Packaging (except Food)

Rough Vacuum

Applications
Vacuum Technology

Energy (Wind, Nuclear, Steam turbines, ...)

COMPANIES & RANGE OF APPLICATIONS

Industrial Vacuum
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l l

l

l

Drumag GmbH Fluidtechnik
www.specken-drumag.com

l

Flowserve-Sterling SIHI GmbH
www.sterlingSIHI.com

l l l

l

l l
l

l

FRIATEC Aktiengesellschaft – Division Rheinhütte Pumpen
www.rheinhuette.de

l
l l l l l l l l l l l
l

Gardner Denver Deutschland GmbH
www.gardnerdenver.com

l

Gardner Denver Schopfheim GmbH
www.gd-elmorietschle.de

l l l l l l l

l

l
l

GEA Wiegand GmbH
www.gea-wiegand.de

l l

l

l l l l l l l l l l l

l l

l l l l l l l l

l

HATLAPA Uetersener Maschinenfabrik GmbH & Co. KG
www.hatlapa.de
HAUG Kompressoren AG
www.haug.ch
HERMETIC-Pumpen GmbH
www.hermetic-pumpen.com
KAESER Kompressoren GmbH
www.kaeser.com

l l l l
l l l l

l l l l l l

Körting Hannover AG
www.koerting.de

l l l l l l l l l l l

l

l l l l l l l l l l l

l

MTA Deutschland GmbH
www.mta.de

l

Nash – Zweigniederlassung der Gardner Denver Deutschland
GmbH / www.GDNash.com

l l l l l

Oerlikon Leybold Vacuum GmbH
www.oerlikon.com/leyboldvacuum

l l

l

l

l l l l l l l l l l l

l l

Pfeiffer Vacuum GmbH
www.pfeiffer-vacuum.de

l l l l l

l

l l l l l l

l l

1 (Metal Degassing, Melting, Re-melting, e-beam welding, casting, ...)
2 (Brazing, Carburising, Nitriding, Quenching, ...)
3 (c-Si, Thin film deposition, Laminating, ...)

l

l l l l

4 f or Semiconductor including focused ion beam systems and electron
beam systems
5 (Driers, Centrifuges, Concentrators, …)
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l

Space Simulation

Scientific Research Laboratories

Government Labs

Universities

R&D

Sample preparation5

MRI and NMR

X-Ray Analysis

Electron Beam systems

Focused Ion Beam systems

Metrology/Inspection/Defect Review systems4

Gas Analysis

Surface Analysis

Leak Detectors

Electron Microscopes

Mass Spectrometers

Instrumentation Manufacturers

Crystal growth (re-melt, …)

Thermal Solar (Solar Water heaters, …)

Photovoltaic Solar3

Solar

Display Coatings (OLED, FED, PDP, SED, …)

Surface Coating (wear protection, decorative, …)

Thin Film Heads

Magnetic Data Storage (HDD)

Data storage (CD, DVD, Hi Def. Disc, ...)

Glass/Web/Optical

Thin-Film Deposition (non-Semiconductor)

Crystal pulling

MEMS

TFT-LCD Displays

Compound Semiconductor

Silicon Semiconductor

Semiconductor Process Vacuum

Electrical (Encapsulation, ...)

Automotive (Dehydration, Charging and Test)

Refrigeration and Air Conditioning

Industrial leak detection

Lamps and Bulbs

TV Tubes

Electron Tubes

Laser Technology
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Piab Vakuum GmbH
www.piab.com
SBS Metalltechnik GmbH
www.sbs-metalltechnik.de

l l l l l

1 (Metal Degassing, Melting, Re-melting, e-beam welding, casting, ...)
2 (Brazing, Carburising, Nitriding, Quenching, ...)
3 (c-Si, Thin film deposition, Laminating, ...)

l

l l l l l l l

Vacuum Heat Treatment2

l

l l

l l

l l

l l

4 f or Semiconductor including focused ion beam systems and electron
beam systems
5 (Driers, Centrifuges, Concentrators, …)

Pumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2015

Vacuum Metallurgy1

Freeze drying

Ceramics

Paper

Beverage

Textile

Food

Plastics

Pharmaceutical

Petrochemical

Chemical

Medical

l

l

VACOM Vakuum Komponenten & Messtechnik GmbH
www.vacom.de
VAKOMA GmbH
www.vakoma.de

Process Vacuum

Air sampling

Conveying

Pick and Place

Printing and Paper Handling

Central Vacuum

Packaging (except Food)

Rough Vacuum

Applications
Vacuum Technology

Energy (Wind, Nuclear, Steam turbines, ...)

COMPANIES & RANGE OF APPLICATIONS

Industrial Vacuum
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Space Simulation

Scientific Research Laboratories

Government Labs

Universities

R&D

Sample preparation5

MRI and NMR

X-Ray Analysis

Electron Beam systems

Focused Ion Beam systems

Metrology/Inspection/Defect Review systems4

Gas Analysis

Surface Analysis

Leak Detectors

Electron Microscopes

Mass Spectrometers

Instrumentation Manufacturers

Crystal growth (re-melt, …)

Thermal Solar (Solar Water heaters, …)

Photovoltaic Solar3

Solar

Display Coatings (OLED, FED, PDP, SED, …)

Surface Coating (wear protection, decorative, …)

Thin Film Heads

Magnetic Data Storage (HDD)

Data storage (CD, DVD, Hi Def. Disc, ...)

Glass/Web/Optical

Thin-Film Deposition (non-Semiconductor)

Crystal pulling

MEMS

TFT-LCD Displays

Compound Semiconductor

Silicon Semiconductor

Semiconductor Process Vacuum

Electrical (Encapsulation, ...)

Automotive (Dehydration, Charging and Test)

Refrigeration and Air Conditioning

Industrial leak detection

Lamps and Bulbs

TV Tubes

Electron Tubes

Laser Technology

COMPRESSORS, COMPRESSED AIR & VACUUM TECHNOLOGY
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Brand name & trade fair register

ABEL GmbH & Co. KG
Abel Twiete 1
21514 Büchen
Phone +49 4155 818-0
Fax
+49 4155 818-499
mail@abel.de
www.abel.de

•
•
•
•
•

ABEL EM – Elektromechanical membrane pumps
ABEL CM – Compact membrane pumps
ABEL HM – Hydraulic membrane pumps
ABEL HMT – Hydraulic membrane pumps Triplex
ABEL HMQ – Hydraulic membrane pumps
Quadruplex
• ABEL HP / HPT – High pressure pumps
• ABEL SH – Solids handling pumps
• ABEL Marine – Marine pumps

SME Mining Show, Denver, USA,
15–18/2 2015
CCE International, Munich, 10–12/3 2015
ACHEMA, Frankfurt, 15–19/6 2015
Extemin, Arequipa, Peru, 21–25/9 2015
WEFTEC, Chicago, USA, 26–30/9 2016
Worldwide participations in trade fairs,
for current trade fairs please visit our
homepage www.abel.de

Alltech Dosieranlagen GmbH
Rudolf-Diesel-Str. 2
76356 Weingarten
Phone +49 7244 7026-0
Fax
+49 7244 7026-50
info@alltech-dosieranlagen.de
www.alltech-dosieranlagen.de

Solution preparation and dosing plants for dry, liquid
and gaseous products, dosing systems for powder
and granulate, metering pumps, dosing stations and
accessories, vacuum dosing systems and chlorine
evaporators, agitators and mixers, standard and
purpose-built thermoplastic process and storage
tanks, control and regulating systems.

Aqua Nederland Vakbeurs, Gorinchem,
Netherlands, 17–19/3 2015
Dresdner Abwassertagung, Dresden,
17–18/3 2015
IFAT, Munich, 30/5–3/6 2016

Gebr. Becker GmbH
Hölker Feld 29–31
42279 Wuppertal
Phone +49 202 697-0
Fax
+49 202 660855
info@becker-international.com
www.becker-international.com

•
•
•
•
•

Comvac, Hanover, 13–17/4 2015
Ligna, Hanover, 11–15/5 2015
Fachpack, Nuremberg, 29/9–1/10 2015
Productronica, Munich, 10–13/11 2015

BEKO TECHNOLOGIES GmbH
Im Taubental 7
41468 Neuss
Phone +49 2131 988-0
Fax
+49 2131 988-900
beko@beko-technologies.com
www.beko-technologies.com

High-quality product and system solutions:
• BEKOKAT catalytic converter for oil-free compressed air
• DRYPOINT and EVERDRY compressed air dryers
• CLEARPOINT compressed air filters
• BEKOMAT condensate drains
• ÖWAMAT and BEKOSPLIT oil-water separators
• METPOINT flow and dew point meters, air quality
control
• Consulting, Engineering, Training, Service

ComVac, Hannover Industrial Fair,
Hanover,
13–17/4 2015, hall 26, booth C 33

ITT Bornemann GmbH
Industriestr. 2
31683 Obernkirchen
Phone +49 5724 390-0
Fax
+49 5724 390-290
info@bornemann.com
www.bornemann.com

We produce Twin screw pumps, multiphase
boosting pumps, progressive cavity pumps and
self priming positive displacement pumps

Vision Pharma, Stuttgart,
19–21/5 2015
OGA, Kuala Lumpur, Malaysia,
2–4/6 2015
ACHEMA, Frankfurt,
15–19/6 2015
BrauBeviale, Nuremberg,
10–12/11 2015

BORSIG ZM Compression GmbH
Seiferitzer Allee 26
08393 Meerane
Phone +49 3764 5390-0
Fax
+49 3764 5390-5092
info@zm.borsig.de
www.borsig.de/zm

• R
 eciprocating compressors for process gases
acc. to API 618 in horizontal and vertical design
up to 17,000 kW and 1,000 bar
• Integrally geared centrifugal compressors for process
gases acc. API 617, chapter 3, up to 12,000 kW
• Compressor valves
• BORSIG BlueLine – control system + machine
protection + condition monitoring for compressors
• Service and spare parts

OGA, Kuala Lumpur, Malaysia,
2–4/6 2015, Hall 9.A, Stand 9107
ACHEMA, Frankfurt,
15–19/6 2015, Hall 4.0, B26
MIOGE, Moscow, Russia, 23–26/6 2015
ADIPEC, Abu Dhabi, UAE, 9–12/11 2015

Donaldson Filtration
Deutschland GmbH
Büssingstr. 1
42781 Haan
Phone 	 +49 2129 569-0
Fax
+49 2129 569-100
CAP-europe@donaldson.com
www.donaldson.com

Donaldson is a leading worldwide provider
of products in the following areas:
• Compressed Air Filtration
• Filters for Sterile Air, Steam and Liquids
• Refrigerant Drying, Adsorption Drying
• Condensate Drains, Condensate Purification
Systems
• Process Air and Gas Processing
• On-Compressor Filtration

Rotary vane compressors and vacuum pumps
Screw compressors and vacuum pumps
Side channel blowers and vacuum pumps
Radial blowers and vacuum pumps
(centralized) Systems

Other worldwide participations
in exhibitions:
www.becker-international.com

Pumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2015

For up-to-date exhibition activities
please visit our website
www.beko-technologies.com

For further fairs please refer to
www.borsig.de/zm

Hannover Messe, Hanover,
13–17/4 2015,
Hall 6 Stand C58
www.donaldson.com
for our current exhibition overview
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DÜCHTING PUMPEN
Maschinenfabrik & Co. KG
Wilhelm-Düchting-Str. 22
58453 Witten
Phone +49 2302 969-0
Fax
+49 2302 969-443
info@duechting.com
www.DUECHTING.com

The DÜCHTING PUMPEN product range mainly
comprises the production of single-stage and
multistage centrifugal pumps, which are tailor-made
in their design and construction to meet the needs
of the customer. Our strengths include designing,
manufacturing, testing and commissioning of our
products. DÜCHTING PUMPEN can offer the right
solution for almost every pumping application.

EDUR-Pumpenfabrik
Eduard Redlien GmbH & Co. KG
Edisonstr. 33
24145 Kiel
Phone +49 431 6898-68
Fax
+49 431 6898-800
info@edur.de
www.edur.com

EDUR offers approx. 60,000 different pumps for
performances up to 500 m³/h rate of flow and
40 bar pump pressure: centrifugal pumps, torqueflow pumps for liquids containing solid, multiphase
pumps for liquid-gas-mixtures/dispersion pumps,
liquid-ring vacuum pumps.

Hannover Messe, Hannover,
Pumpe DE Pumpenplatz,
13–17/4 2015
parts2clean, Stuttgart, 9–11/6 2015
Achema, Frankfurt,
15–19/6 2015
WEFTEC, Chicago, USA,
26–30/9 2015

FELUWA Pumpen GmbH
Beulertweg 10
54570 Mürlenbach
Phone +49 6594 10-0
Fax
+49 6594 10-200
info@feluwa.de
www.feluwa.com

Production Line:
Process and transport pumps for abrasive/aggressive
fluids and slurries
• MULTISAFE hose-diaphragm pumps
• Hose diaphragm piston pumps
• Diagnosis and monitoring systems
• Municipal wastewater pumping stations
• Diagnostic systems
• Pumping stations with solid diverters

Exhibitions in 2015:
www.feluwa.com

FRIATEC AG
Division Rheinhütte Pumpen
Rheingaustr. 96–98
65203 Wiesbaden
Phone +49 611 604-0
Fax
+49 611 604-328
info@rheinhuette.de
www.rheinhuette.de

For sophisticated pumping applications for corrosive,
abrasive and toxic fluids.
• Centrifugal and vacuum pump types in
horizontal and vertical design
• In metal, plastic, plastic-lined and ceramic
materials
• Various sealing systems

Phosphates 2015, Tampa, Florida,
23–25/3 2015
ACHEMA 2015, Frankfurt,
15–19/6 2015
Sulphur 2015, Toronto, Canada,
9–12/11 2015
Worldwide participations in trade fairs, for
current trade fairs please visit our homepage: www.rheinhuette.de/en/exibitions

HERMETIC-Pumpen GmbH
Gewerbestr. 51
79194 Gundelfingen
Phone 	 +49 761 5830-0
Fax 	
+49 761 5830-280
hermetic@hermetic-pumpen.com
www.hermetic-pumpen.com

• Canned Motor Pumps
• Hermetically Sealed Centrifugal Refrigeration Pumps
• Magnetic Drive Pumps
• High Pressure Pumps
• Centrifugal Pumps, single and multistage
• Special Pumps
• Rotary Piston Pumps
• Chemical Gear Pumps
• Displacement Pumps
• Hermetically Liquid Ring Vacuum Pumps

Exhibitions in 2015 visit
www.hermetic-pumpen.com

HNP Mikrosysteme GmbH
Bleicherufer 25
19053 Schwerin
Phone +49 385 52190-300
Fax
+49 385 52190-333
info@hnp-mikrosysteme.de
www.hnp-mikrosysteme.de

Micro annular gear pumps
for fast and highly precise dosage of liquids
• for mechanical engineering, chemistry, life science
• five pump series, including hermetic inert pumps
• low pulse delivery, low shear stress, long service
life, minimal dead volume, small dimensions
• flow rates from 1 µl/h to 1152 ml/min
• specific advice, integrated systems, own filter
series

Hannover Messe, Hanover,
13–17/4 2015
ACHEMA, Frankfurt, 15–19/6 2015
ECCE, Nice, France, 26/9–1/10 2015
Motek, Stuttgart, 5–8/10 2015
Biotechnica, Hanover, 6–8/10 2015
ESCRE, Fuerstenfeldbruck, 27–30/10 2015
Further trade show dates:
www.hnp-mikrosysteme.de/en/news-press

HOMA Pumpenfabrik GmbH
Industriestr. 1
53819 Neunkirchen-Seelscheid
Phone +49 2247 702-0
Fax
+49 2247 702-44
info@homa-pumpen.de
www.homa-pumpen.de

Pumps for sewage disposal, sanitary engineering,
dewatering and drainage:
Submersible drainage water and sewage pumps,
grinder pumps for pressure sewage disposal, sewage
disposal units, drainage water disposal units, condensate pumps, mixers, tank cleaning systems, garden
pumps, electronic booster units, pump control boxes.

For current trade fairs,
please visit our homepage:
www.homapumps.com
We are looking forward to your visit!

KLAUS UNION GmbH & Co. KG
PO Box 10 13 49
44713 Bochum
Phone +49 234 4595-0
Fax
+49 234 4595-7000
info@klaus-union.com
www.klaus-union.com

Pumps: Screw pumps, magnetic drive and shaft
seal pumps for the oil and gas industry, the
chemistry and petrochemistry as well as for the
pharmaceutical and bio industry.
Centrifugal pumps, side channel pumps, multi-stage
pumps, submerged pumps, vertical and propeller
pumps. DIN-EN- and API-685 series and pumps
beyond standard.
Valves: Gate Valves, Globe Valves, Check Valves.

OGA 2015, Kuala Lumpur, Malaysia ,
2–4/6 2015
ACHEMA 2015, Frankfurt, 15–19/6 2015
DIAM 2015, Bochum, 4–5/11 2015

The right solution. For any fluid.

Ugol Rossii & Mining, Novokuznetsk,
Russia, 2–5/6 2015
Achema, Frankfurt, 15–19/6 2015
IDA World Congress ’15, San Diego,
USA, 30/8–4/4 2015
Extemin, Arequipa, Peru, 21–25/9 2015
Our complete Exhibitioncalendar can be
found on www.DUECHTING.com

For more details please visit:
www.klaus-union.com
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KRACHT GmbH
Gewerbestr. 20
58791 Werdohl
Phone 	 +49 2392 935-0
Fax 	
+49 2392 935-209
info@kracht.eu
www.kracht.eu

We at KRACHT, a medium-sized, family-run business,
are a globally active company with 310 employees
working at the Werdohl based head office in Germany
and another 85 members of staff in China, USA
and Hungary. As a manufacturer of gear pumps,
hydraulic motors, high pressure gear pumps, valves,
pump units and flow measurement, we attach
great importance to quality and to satisfy all our
customers’ requirements.

Hannover Messe 2015, Hannover,
MDA – Motion, Drive and Automation
13–17/4 2015
UTECH Europe 2015,
Maastricht, Niederlande ,
14–16/4 2015
Automotive Testing Expo Europe 2015,
Stuttgart,
16–18/6 2015

KSB Aktiengesellschaft
Johann-Klein-Str. 9
67227 Frankenthal
Phone 	 +49 6233 86-0
Fax 	
+49 6233 86-3401
info@ksb.com
www.ksb.com

KSB Aktiengesellschaft is one of the world’s leading
manufacturers of pumps and valves for process
engineering applications and building services, for
water and wastewater management and for the
energy and mining sectors. In addition, it provides
a comprehensive range of services offerings.

For current trade fairs,
please visit
www.ksb.com

KTR Kupplungstechnik GmbH
PO Box 1763
48407 Rheine
Phone +49 5971 798-0
mail@ktr.com
www.ktr.com

More than 50 years of experience in power trans
mission, more than 40 premises throughout the
world, that is KTR. Being a powerful manufacturer
for industrial applications in Power Transmission,
KTR supplies high-quality drive components, brake
systems as well as cooling systems and hydraulic
components to the industrial markets of all five
continents.
KTR – Made for Motion.

Hannover Messe, Hanover,
13–17/4 2015
ACHEMA, Frankfurt,
15–19/6 2015

LEISTRITZ PUMPEN GMBH
Markgrafenstr. 29–39
90459 Nürnberg
Phone 	 +49 911 4306-0
Fax 	
+49 911 4306-490
pumpen@leistritz.com
www.leistritz.com

Leistritz Pumpen GmbH has been producing and
selling Screw Pumps since 1924. Leistritz pumps
have internal or external bearings with single- or
double-flow design. The product range includes
the Type Series L2, L3, L4, L5 with 2 to 5 spindles and
offers solutions for a wide range of applications, for
example the oil & gas as well as chemical industry.

CIPPE, Beijing, China, 26–28/3 2015
Norshipping, Oslo, Norway, 2–5/6 2015
ACHEMA, Frankfurt, 15–19/6 2015
MIOGE, Moscow, Russia, 23–26/6 2015
SPE Offshore, Aberdeen, UK, 8–11/9 2015
Europort, Rotterdam, Netherlands,
3–6/11 2015
ADIPEC Abu Dhabi, VAE, 9–12/11 2015
Marintec, Shanghai, China, 1–4/12 2015

Mehrer Compression GmbH
Rosenfelder Str. 35
72336 Balingen
Phone +49 7433 2605-0
Fax
+49 7433 2605-41
sales@mehrer.de
www.mehrer.de

Established in 1889, Mehrer is one of the oldest and
most traditional compressor manufacturers in the
world and is today one of the leading manufacturers of oil-free piston and diaphragm compressors
for technically demanding tasks. As a partner of the
processing and process gas industries, we are specialized in the fail-safe, economical and completely
oil-free compression of gases, gas mixtures and air.

Biogas Jahrestagung und
Fachmesse 2015, Bremen,
7–29/1 2015
CIPPE 2015, Beijing, China,
26–28/3 2015
ACHEMA 2015, Frankfurt,
15–19/6 2015
MIOGE 2015, Moskau, Russia,
23–26/6 2015

NETZSCH
Pumpen & Systeme GmbH
Geretsrieder Str. 1
84478 Waldkraiburg
Phone +49 8638 63-0
Fax
+49 8638 67981
info.nps@netzsch.com
www.netzsch.com

NETZSCH manufactures positive displacement
pumps worldwide. Designed specifically for difficult
situations, pumps range in size from the industry’s
smallest metering pumps to high-volume pumps
for applications in the oil and gas industry. NETZSCH
supplies NEMO® progressing cavity pumps,
TORNADO® rotary lobe pumps, screw pumps,
macerators/grinders and equipment for custombuilt and challenging solutions.

ANUGA FoodTec, Cologne,
Hall 5.1, Stand C 059
Wasser, Berlin, Hall 4.2
IFAT Eurasia, Ankara, Turkey, Hall 1, D 113
OTC Houston, Houston, USA,
German Pavillon, Stand 4527-19
WOD-KAN, Bydgoszcz, Poland
ACHEMA, Frankfurt, Hall 8.0, Stand C27
POLAGRA-TECH, Pozna, Poland

NEUMAN & ESSER GROUP
Werkstr.
52531 Übach-Palenberg
Phone +49 2451 481-01
Fax
+49 2451 481-100
info@neuman-esser.de
www.neuman-esser.com

Reciprocating compressors and systems of different
construction sizes and designs in compliance
with API 618, API 11P and ISO 8012 as dry-running
or lubricated unit, having a flow rate of up to
100,000 Nm³/h, 10–30,000 kW driving power
and up to 1,000 bar discharge pressure, are the key
parameters of our range of supply. Service centres
at ten locations worldwide will ensure the high
availability of the units.

LNG, Moscow, Russia, 31/3–2/4 2015
77th EAGE, Madrid, Spain, 1–4/6 2015
OGA – Oil Gas Asia, Kuala Lumpur,
Malaysia, 2–4/6 2015
Turbomachinery Symposium,
Houston, USA, 14–17/9 2015
GMC, Austin, USA, 4–7/10 2015
SEG, New Orleans, USA, 18–23/10 2015

oddesse Pumpen- und
Motorenfabrik GmbH
Am Pappelwald 12
39387 Oschersleben/Bode
Phone +49 3949 932-0
Fax
+49 3949 932-463
info@oddesse.de
www.oddesse.de

•
•
•
•
•
•
•
•

Submersible motor pumps
Submersible motors
Propeller pumps
Single- and Multistage centrifugal pumps
Sewage and waste water pumps
Sewage lifting systems
Pressure boosting installations
After sales service

Pumps and Compressors for the World Market with Compressed Air and Vacuum Technology 2015

Further exhibition dates see
www.ktr.com

Wasser Berlin International, Berlin,
24–27/3 2015
IFAT 2016, Munich,
30/5–3/6 2016
SMM 2016, Hamburg,
6–9/9 2016
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Oerlikon Leybold Vacuum GmbH
Bonner Str. 498
50968 Cologne
Phone +49 221 347-0
Fax
+49 221 347-1250
info.vacuum@oerlikon.com
www.oerlikon.com/
leyboldvacuum

Oerlikon Leybold Vacuum offers a broad range of
advanced vacuum solutions for use in manufacturing and analytical processes, as well as for research
purposes. Our core competence centres on the
development of application- and customer-specific
systems for the creation of vacuums and extraction
of processing gases.

OSNA-Pumpen GmbH
Brückenstr. 3
49090 Osnabrück
Phone +49 541 1211-0
Fax
+49 541 1211-220
info@osna.de
www.osna.de

•
•
•
•
•
•
•
•
•

Pfeiffer Vacuum GmbH
Berliner Str. 43
35614 Asslar
Phone +49 6441 802-0
Fax
+49 6441 802-1202
info@pfeiffer-vacuum.de
www.pfeifer-vacuum.com

For 125 years now, Pfeiffer Vacuum has served as
a guarantee for advanced vacuum technology,
high quality comprehensive vacuum solutions, and
first-class service. Our service program extends from
vacuum pumps through measurement and analysis
equipment right up to complete vacuum systems.
Pfeiffer Vacuum has over 2,250 employees worldwide
and more than 20 subsidiaries.   

Pittcon, New Orleans, USA,
8–12/3 2015
DPG Tagung, Berlin, 15–20/3 2015
Hannover Messe, 13–17/4 2015
VTE, Moscow, Russia, 14–16/4 2015
China Glass, Peking, China,
20–23/5 2015
Semicon West, San Francisco, USA,
14–16/7 2015

Putzmeister Solid Pumps GmbH
Max-Eyth-Str. 10
72631 Aichtal
Phone 	 +49 7127 599-500
Fax
+49 7127 599-988
psp@pmw.de
www.pmsolid.de

Complete solutions for transporting and storing sludge
and high-density materials. Applications: • mining and
tunnel construction • energy/co-incineration • sewage
treatment plants • dredging of water sludge • recycling
process of biological or hazardous waste • mineral oil
industry. Services: • planning of conveyance jobs
• consultancy in process-based transportation • deliv
ery of pumps, silos and pipelines with accessories
• assembly, set up and the complete maintenance.

Our current trade fair dates:  
www.pmsolid.com

SKF Lubrication Systems
Germany GmbH
Heinrich-Hertz-Str. 2–8
69190 Walldorf
Phone 	 +49 6227 33-0  
lubrication-germany@skf.com
www.skf.com/lubrication
www.lincolnindustrial.de

• C
 entralised lubrication systems for machinery,
all types of vehicles on- or off-road, construction
and agricultural machinery
• Wheel flange lubrication systems for rail vehicles

EWEA – Offshore conference,
Copenhagen, Denmark, 10–12/3 2015
Hannover Industrie Messe, Hanover,
13–17/4 2015
METEC, Dusseldorf, 16–20/6 2015
EMO, Milano, Italy, 5–10/10 2015
Agritechnica, Hanover, 10–14/11 2015
BrauBeviale, Nuremberg, 11–13/11 2015
EWEA, Paris, France, 17–20/11 2015

J. P. Sauer & Sohn
Maschinenbau GmbH
Brauner Berg 15
24159 Kiel
Phone 	 +49 431 3940-0
Fax
+49 431 3940-24
info@sauercompressors.de
www.sauercompressors.com

Production Line:
Sauer Compressors offers medium- and highpressure compressors for use in the marine, shipping,
offshore and industrial sectors. The modern reciprocating piston compressors for compressing air as well
as neutral and inert gases reach pressures of 20 bar
to 500 bar. For every field of application, individual
solutions are possible.

Hannover Messe, ComVac, Hanover,
13–17/4 2015
ACHEMA 2015, Frankfurt,
15–19/6 2015

Gebr. Steimel GmbH & Co.
Maschinenfabrik
Johann-Steimel-Platz 1
53773 Hennef
Phone +49 2242 8809-0
Fax
+49 2242 8809-160
info@steimel.com
www.steimel.com

Centrifugal pumps
• seawater and
• coolingwater pumps for combustion engines
Rotary lobe pumps
• for Hygienic and food industry
• for Chocolate processing
Gear pumps
• Lubrication units, fuel supply systems,
• bitumen processing, Paint and glue industry

Current fair dates at:
www.steimel.com

Deutsche Vortex GmbH & Co. KG
Kästnerstr. 6
71642 Ludwigsburg
Phone +49 7141 2552-0
Fax
+49 7141 2552-70
info@deutsche-vortex.com
www.deutsche-vortex.com

Deutsche Vortex mainly produces high efficiencydomestic hot water pumps for centralized hot-water
supply in single or multi-family houses. Further
high efficiency-circulators for heating systems are
offered.

expoEnergy Wels, Austria,
25/2–1/3 2015
ISH Frankfurt,
10–14/3 2015, Hall 9.1, Stand F20
SHKG Leipzig,
28–30/10 2015

High-pressure centrifugal pumps
Booster units
Low-pressure pumps • Sewage water pumps
Vertical immersed pumps
Submersible pumps
Submerged wastewater pumps
Self-priming pumps
Piston pumps for domestic water supply
Water purification and treatment

COMVAC,Hanover, 13–17/4 2015
IPACK-IMA, Milano, Italy, 19–23/5 2015
China Glass 2015, Beijing, China,
20–23/5 2015
ACHEMA, Frankfurt, 15–19/6 2015
THERM PROCESS/METEK, Dusseldorf,
16–20/6 2015
PPMA Show 2015, Birmingham, UK,
29/9–1/10 2015

ACHEMA 2015, Frankfurt,
15–19/6 2015,
Hall 8.0, Stand L44
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Pumpenfabrik Wangen GmbH
Simoniusstr. 17
88239 Wangen
Phone +49 7522 997-0
Fax
+49 7522 997-199
mail@wangen.com
www.wangen.com

WANGEN pumps are very successful in a great
variety of pumping duties in industries such as
biogas, agriculture, food, in all kinds of industrial and
municipal applications – whenever reliable handling
of products to be pumped is required: e. g. highly
viscous products, abrasive media, multiphase mixtures, sticky products and even highly dewatered
sewage sludge.

Anuga FoodTec, Cologne,
24–27/3 2015
Achema, Frankfurt,
15–19/6 2015
Agritechnica, Hanover,
10–14/11 2015

WOMA GmbH
Werthauser Str. 77–79
47226 Duisburg
Phone +49 2065 304-0
Fax
+49 20650304-200
info@woma.de
www.woma.de

WOMA is specialized in the development,
manufacturing, sales, service & support of high
pressure pumps and systems for more than 50 years.
• High-pressure plunger pumps up to 4.000 bar
• High-pressure water jet devices and systems
• High-pressure hot water jet devices
• Water tools and accessories
• Service, maintenance and training

Current exhibition dates are
available on our website
www.woma.de
We are looking forward to your visit!

Xylem Water Solutions
Deutschland GmbH
Biebigheimer Str. 12
63762 Großostheim
Phone +49 6026 943-0
Fax
+49 6026 943-210
info.lowarade@xyleminc.com
www.xylemwatersolutions.com/de

•
•
•
•
•
•
•
•
•

ISH, Frankfurt, 10–14/3 2015
Wasser, Berlin, 24–27/3 2015
ISH Nachlese, Dresden, 8–9/5 2015
ACHEMA, Frankfurt, 15–19/6 2015,
SHKG, Leipzig, 28–30/10 2015
BRAU, Nuremberg, 10–12/11 2015

Pumps and pump systems
Booster sets and variable speed control systems
Single and multistage centrifugal pumps
Borehole, submersible & sewage pumps
Heating and inline pumps
Domestic hot water pumps, condensate pumps
UV and ozone disinfection systems
Mixers
For industry, municipalities, resident. & commercial
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VACUUM SOLUTIONS
A one stop source for highest standards
No two vacuums are alike, since the specific requirements are what matters. Together with our customers, we work out
each vacuum solution on an individual basis in line with their needs. This process includes all steps for creating perfect
vacuum conditions. Besides highly sophisticated professional products, we also offer suitable accessories, application
training programs and worldwide service.
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