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Paul Baldetti
President
ITT Industrial Pump Group

In 1999, ITT Industrial Pump Group’s Senior
Management addressed the fundamental purpose of
our business existence.  After much thought and
discussion, a simple tenet surfaced. Our purpose is to
create value.

As a fluid technology company our mission is to
provide solutions that create value for our
shareholders, customers, and co-workers.

All of our mission elements are represented in a
simple equilateral triangle representing the equal
share and importance of our constituents.

To our shareholders, our charge is to 
achieve a minimum operating 
income of 13%, grow our 
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Economic Value Added year over year and continue
to be the market leader in share, technology, and
profits.

To our employees we will do our best to provide a
safe and healthy work environment. We will provide
the training and tools they require to do their jobs
efficiently and completely the first time.

And, most importantly, to our customers, Goulds
Pumps will be your supplier of choice. We will strive
to meet all agreed upon requirements. Goulds
Pumps will provide superior value through
excellence in service, technology, innovation and
quality.

Our mission is being driven deeply into our culture.
More than a sign on a wall, our mission statement
is our handshake.

About our Author and President:

Paul Baldetti was appointed President of the Industrial
Pump Group following the promotion of Bob Ayers to
CEO of ITT Industries’ Fluid Technology, our parent
organization. Mr. Baldetti is responsible for all worldwide
operations supporting the Goulds Pumps, Richter, 
A-C Pump and Vogel product brands. Mr. Baldetti has
extensive experience in the fluid handling world, having
served as President of Burkes Pumps, President of Crane
Pumps & Systems and Crane Valve Group.

Mr. Baldetti holds an MBA from Harvard 
University and a BS degree in Electrical 

Engineering from the University of 
Missouri-Rolla. ■
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New Products

Process Improvement
PumpSmartTM...
Proof Not Promises
Jerry Connolly
Director – New Business Development

Since the introduction of PumpSmart Process
Sytems in the last PumpLines, we have been
touring the world with our demonstration
videos, CDs and product trailers. The response
has been overwhelming. Inquiries are flooding
into our fulfillment center.In less than six
months we are in our third printing of the
CD/product brochures. Web visitors to the
PumpSmart link at www.gouldspumps.com
are running at a 2,400 per month rate and
climbing.

Several of our customers have been so happy
with the results of their PumpSmart installations
that they have graciously agreed to share their
experiences. Below we have documented two
very different processes. The things they have
in common are very positive results and very
pleased process owners. 

Lower Energy and Operating 
and Costs in Hydrogen Plant 
with PumpSmart

Air Products & Chemicals, Inc, is an international
supplier of industrial gases and related
equipment and specialty and intermediate
chemicals. This company, with $5 billion in
international sales recently built a new hydrogen
processing plant in Giesmer, Louisiana. Hydrogen
is produced by several methods, including
steam/methane reforming, dissociation of
ammonia, and recovery from by-product streams
from chemical manufacturing and petroleum
reforming. Hydrogen can be stored and
transported as either a gas or a cryogenic liquid. 

The plant has a closed-loop cooling system.  
Two pumps take suction from a large cooling
tower basin and pump water throughout the
plant to cool the various processes. The water is
then returned to the cooling tower for re-use.

Upon presenting the PumpSmart concept, the
plant’s senior engineering staff quickly saw the
fundamental advantage of the product and
wanted to try it out to verify its performance and
reliability. The cooling tower application at the
new plant required two, 100 hp, Model 3196
XLT 8x10-13 pumps from Goulds. One pump is
equipped with PumpSmart, with the spare pump
set up in a conventional manner without
PumpSmart.  

A Side-by-Side Comparison

On average, the PumpSmart-equipped pump
was drawing approximately 67 horsepower.  
The pump without PumpSmart was drawing on
average approximately 99 horsepower.  The
PumpSmart pump was also running on average
approximately 230 rpm lower than the 
fixed-speed pump. 

The translation into energy savings at about 
6 cents per kilowatt hour is about $12,000 per
year in annual energy savings.

The ability to run the pump at a lower speed also
translates into increased MBTF and maintenance
savings because there will be less wear and tear
on the liquid end components, on the mechanical
seal, and on the ball bearings.  As of the date of
publication, the PumpSmart-equipped pump had
not had a single operational failure. 

Hydrogen is widely used in petroleum
refining processes such as hydrotreating,
catalytic reforming, and hydrocracking. 
It is a raw material for innumerable
chemical processes ranging from the
manufacturing of high-density
polyethylene and polypropylene resins to
the hydrogenation of food-grade oils.
Hydrogen is also used as a reducing gas in
metals processing operations. Applications
in the electronics industry are found in the
manufacture of silicon wafers and
computer chips. Rocket engine fuel is
another major use for hydrogen.

Goulds Model 3196 pump outfitted with PumpSmartTM Process Control System continues to minimize life
cycle costs at hydrogen processing plant.
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New Products

GPM7 Electronic Catalog

System Flexibility

The PumpSmart system also shows additional
flexibility in this application.  Because of possible
leakage, you can’t tap into a lined, mag-drive
pump with a flow measuring device.  The
PumpSmart system allowed GE to connect a
magnetic flow meter that was in the piping to
PumpSmart.  Connolly recalls that, “All we did
was take the connection out of the DCS
(distributed control system) and run it into the
PumpSmart controller.”  Now PumpSmart can
still measure flow and do all of the calculations
that it needs to with flow - using a customer
supplied flow measuring device.

Eric Lauritzen, Principal Mechanical Engineer 
at the GE Waterford facility stated, “The
PumpSmart System has operated fully
satisfactory for over a six month period providing
control to our process while maintaining a stable
discharge pressure despite ever changing
process conditions.”

A second system which is almost the exact
duplicate to this system will have a PumpSmart
system in place in the near future as a direct
result of the success with the first system. GE is
also looking to other applications to employ
PumpSmart technology for maintenance / energy
savings and improved process controls. ■

Good News!

For those of you who have been waiting for the
arrival of the new Goulds Pump Manual, better
known as GPM, it’s here! And it’s on CD-ROM.
From the vibrant protective case to the digitally
clean images, you will love GPM. Over 1000
pages and 110 pump models have been
converted into electronic format. With an
unsurpassed range, GPM7 includes both 
50Hz and 60Hz performance curves. Indexed 
by pump model, type and application, you will
easily navigate your way through the entire
Goulds Pumps product offering. And, there 
are popular models from our sister brands
represented; A-C Pump, Richter and Vogel.

To receive your own copy of GPM7, contact 
your local Goulds Pumps distributor or sales
representative.■

Process Improvement
continued from page 3

Patented PumpSmartTM Control System and Software -
The software, which resides on the controller
microprocessor chip, is the brains of the system,
allowing the pump to monitor and react to any system
condition. The result is significantly reduced lifecycle
costs.
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Material Matters

Corrosion Advantages of
Cast Iron vs Carbon Steel
Stephen J. Morrow
Global Manager of Materials Technology
ITT Industrial Pump Group

The purpose of this article is to explain why
cast iron often provides superior corrosion
resistance to carbon steel in many aqueous
environments. We will also discuss some
velocity related, or erosion-corrosion issues,
which provide insights to this advantage of
cast iron. 

Diffusion Limited Corrosion
Most corrosion processes involving metallic
materials exposed to a conducting electrolyte
have two separate and distinct components: 
the cathodic reaction and the anodic reaction.
The anodic regions are those where corrosion
is actively taking place, and where oxidation
occurs. Reduction occurs at the cathode sites.
Because these reactions occur simultaneously,
electrochemical corrosion cells are created.

Either reaction can be the rate-limiting factor in
the corrosion process.  If the reaction rate at a
surface is high enough, the concentration of
reactants participating in the reaction may be
significantly lower at the surface than in the
surrounding bulk fluid.  In this case, the
physical diffusion of reactants from the bulk
fluid to the surface can limit the reaction, and
the process is considered to be diffusion
limited.  This is typical of general corrosion
observed in cast iron and carbon steel. 

In a similar way, if the corrosion products are
only slightly soluble in the solution, then the
corrosion reaction can be limited by the
dissolution of the corrosion products, and
subsequent diffusion away from the surface.
When corrosion products accumulate on the
surface they act as a barrier, blocking the
corrosion process.  Anything that favors the
build-up of reaction products, or the depletion
of reactants, reduces corrosion rates.
Conversely, anything that causes the removal
of reaction products or the replenishing of the
reactants will increase corrosion rates.

Erosion-Corrosion
Most materials corrode faster when exposed to
flowing liquids.  The phenomenon 
of “velocity-accelerated corrosion” or 

“erosion-corrosion” is well known and
observed in many systems.  The erosion-
corrosion resistance of materials is often
dependent upon the corrosion products that
form on the surface, and the ease in which
they are removed.

The corrosion rates of cast iron and carbon
steel generally decrease as a function of time
because of the build up of surface corrosion
products, which act as a protective barrier.
Corrosion rates usually steadily decrease,
provided these products remain undisturbed.
However, if these corrosion products are
mechanically removed due to entrained
gases, solids, or velocity effects, then
corrosion rates may rapidly increase. 
This leads to accelerated damage and
unacceptable performance of materials in
systems that would otherwise be judged to
be suitable.  When velocity is the mechanism
that disturbs the protective surface layer, the
process is called erosion-corrosion.  In such
cases the corrosion rate is generally
proportional to the fluid velocity.

Advantage Of Graphitic Corrosion
Gray iron is subject to a unique form of 
de-alloying or selective-leaching commonly
referred to as “graphitic corrosion.”  This form
of corrosion is caused by the graphite network
structure that is present in the matrix of the
iron. The potential difference between
graphite and iron establishes excellent
galvanic corrosion cells within the gray iron
surface layer.  Since graphite is more noble
and cathodic to the iron in the matrix, this
results in a porous mass of graphite and iron
corrosion products as the iron undergoes
selective attack.  This initially results in a high
rate of attack of the iron matrix, which slows
as the corrosion products accumulate on the
surface and form a barrier blocking further
attack.  Graphitic corrosion slowly occurs, and
generally only when corrosion activity and
velocity effects are minimal, aiding in the
formation of this protective barrier.

As the iron is selectively leached out of the
matrix, it leaves behind the porous residual
skeletal remains of the graphite network.  
The graphite is present as interlocking
networks of flakes between the iron-rich
ferrite grains. The surface that forms is porous
and weakened showing little-to-no change in
dimensions.

Why Gray Iron Is More Corrosion Resistant 
Than Carbon Steel
This interlocking network of flake graphite
serves to trap corrosion products at the
surface, forming a protective barrier, which is
more difficult to wash away.  Carbon steel
lacks this ability to form the higher strength
graphite-rich barrier network found in gray
iron, and as a result loses its corrosion products
from its surface at a faster rate.  As a result
gray irons generally show better resistance
than carbon steels under mildly corrosive
velocity-accelerated conditions.

Since the interlocking graphitic network is a
result of the graphite flakes, other types of iron
(e.g. ductile or nodular) do not possess similar
superior corrosion resistance, and behave like
carbon steel.  An interlocking graphite network
is necessary to hold the corrosion products
together at the surface.

Conclusion
Therefore, it is found that the corrosion
resistance of gray iron is inherently better than
carbon steel in most natural waters, and other
mildly corrosive environments. Gray cast iron is
less sensitive to velocity-accelerated corrosion
than carbon steel, and frequently shows
superior resistance to mild erosion-corrosion. 
If the iron corrodes more rapidly due to highly
aggressive environments, or if threshold
velocities are high enough to cause velocity-
accelerated corrosion, the entire porous 
mass, including the graphite is removed, and
corrosion occurs with rates similar to that of
carbon steel.

In particular, cast iron base-plates (and other
components such as covers, impellers, casings,
etc) offer superior corrosion resistance
compared to carbon steel because of graphitic
corrosion, which helps maintain the surface
corrosion products.  It is these undisturbed
reaction products acting as a protective barrier
that make the corrosion resistance difference.

Reference
ASM Handbook 9th Ed., Vol. 13, Corrosion.
ASM International, Metals Park, OH, 1987, 
p 133, 568 ■



Tech Talk

Solids Handling Capability
Of Plastic-Lined Magnetic
Drive Pumps

Guenter Naasner
Managing Director
ITT Richter Chemie-Technik GmbH
Kempen, Germany

Further development of plastic-lined
magnetic drive pumps to increase suitability
for solids-handling without the employment
of additional external or internal flushing
measures.

ABSTRACT

Mag-drive pumps with linings of highly 
corrosion resistant plastics are firmly established
in today’s chemical processes. In Europe these
pumps are widely specified as the first choice
and this trend is increasing in the USA. Such
process pumps with liner materials of PTFE/PFA
(polytetrafluorethylene/perfluoralcoxy) and
product lubricated plain bearings of sintered
silicon carbide are nearly universally corrosion
resistant. They can be employed for pressures up
to 19 bar (275 psig) and temperatures of up to
180° C (360° F). 

As pumping services in the chemical industry are
seldom pure and solids free, research has been
ongoing to increase the suitability of mag-drive
pumps on solids-handling services. While current
plastic-lined mag-drive pump designs offer a
certain capability for solids handling, it has been
necessary, in the case of liquids with higher
solids content, to continuously flush the 
mag-drive section with clean liquid, e.g. by 
using filtered pumped liquid or external flushing,
in order to prevent the entry of solids into the
product lubricated bearings and containment 
shell area. These measures often are not
adequate due to certain limiting application
factors:  Liquids which gel or form crusts can
cause clogging of the filter; external flushing
liquids may be incompatible with the liquid
being pumped or their dilution effects may be
equally unacceptable. 

Intensive efforts were undertaken to improve the
compatibility of plastic-lined mag-drive pumps
when handling solids without the need for
additional flushing. This required two basic
design features, namely, a nonconductive
containment shell system (“can system”) and a

product lubricated bearing system which permits
extended dry-running without damage to the
bearings.

For process pumps in a plastic-lined design, a
containment shell system having an inner shell
of PTFE/PFA and an outer shell of carbon fiber
reinforced plastic (CRP) has proven itself. These
systems are already being employed by the
thousands at temperatures up to 180° C (360º F)
and offer burst pressures above 50 bar (725
psig). The dry-run characteristics of silicon
carbide bearings have also been improved so
that dry-run periods of one hour and longer are
possible, depending on speed and load.

If a plastic-lined process mag-drive pump is
provided with these two characteristics, it is then
possible to close the normal flushing holes in the
plain bearing carrier. This will then only allow the
exchange of liquid between the pump chamber
and can chamber, via the diametrical running
clearance of the product lubricated bearings. 
This will ensure that no solids will enter the
bearing gaps or can chamber during operation. 

When filling the pump, the containment shell
chamber fills approximately halfway. During
operation, the remaining air or gas will gradually
escape within a time period of approximately 
20 min. During this time, dry-running of the
product lubricated bearings can occur, but this
will not damage or destroy them because of
their dry-running capability.

During operation of the pump, no pumped liquid
flow is required to cool the containment shell
chamber. The containment shell is nonconductive
and produces no eddy current losses. The only
heat generated is due to viscous friction. 

This heat increase in the drive section was
examined and the factors effecting it were
measured at various speeds, temperatures of the
pumped liquid and ambient temperatures. With
this knowledge, a proper selection of this type of
pump can now be made, without the danger of
unacceptable increases in temperature taking
place in the can chamber.

As a result of this new approach, it is possible to
significantly increase the suitability of plastic-
lined magnetic drive pumps for solids-handling
applications, without requiring additional
flushing.

Introduction

For the delivery of corrosive media with
temperatures of up to 180° C (360° F) in rugged
and demanding chemical processes, plastic-lined
pumps with non-metallic shells are preferable.  
In particular, the use of fluoroplastics as lining
material (Figure 1) offers practically universal
corrosion resistance.[1]

As a result of an increased environmental
consciousness, coupled with the appropriate
regulations, there has been a notable and
accelerating trend in the last several years in 
both Western Europe and the USA, towards
hermetically tight magnetic drive pumps; not
only for corrosive but also for explosive, toxic and
offensive-smelling media. These leak-free pumps
(Figure 2) have no shaft seal, and the electrical
drive motor is connected to the pump shaft via a
magnetic coupling. Between the inner and outer
magnet assembly, a can securely separates the
process liquid from the atmosphere.

6

Figure 1. 
Pump housing and 
3D-impeller of
fluoroplastic with
metal shell/core.
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In the case of process pumps, the can chamber
is separated from the pump chamber by a plain
bearing pedestal. This plain bearing pedestal
carries the plain bearing assembly for the pump
shaft, most commonly silicon carbide. Flushing
boreholes are also provided which allow
process liquid into the can chamber in order to
dissipate developing heat, as well as to cool
and lubricate the bearing assembly.

The liquids to be pumped in chemical processes
are not always pure. They often contain solids,
such as fibers, crystals or salts. Magnetic drive
process pumps of plastic are equipped with
very large gaps (e.g. 2 mm = .08") between
the impeller and pump housing in order to be
able to safely compensate for dimensional
changes from thermal expansion. These large
gaps permit the handling of solids-loaded
liquids, if the percentage of solids is relatively
low and the size of solids does not exceed 
0.3 mm (.012"). Naturally, particular attention is
paid to the type and structure of the solids, in
order to determine how and if they can be
handled by this type of pump.[4]

When the solids content of such pumped liquids
becomes too great, special measures have to be
taken to ensure safe operation of the plain
bearings, and the pump.

Pumping Solids-Containing Liquids 
By Special Measures

There are essentially two special measures
available to flush the chamber, namely the
flushing of the can chamber with filtered
pumped liquid or with external liquid.

Flushing with filtered pumped liquid

In the first case, the medium is bled off at the
discharge nozzle of the pump, cleansed through
a filter (Figure 3) and led, via the plain bearing 

pedestal, into the can chamber. The 
plain bearing pedestal is closed so 

that the external medium which
has been filtered is again fed 

(by the pressure differential) into 
the pump housing, via the bearing clearance.

The main stream in the discharge line flows 
past the face of the filter and continually flushes
it clear. This type of flushing reaches its limits in
cases where the solids in the liquid tend 
to stick or to deposit, which could 
lead to clogging of the 
filter. This sort of flushing 
with the pumped liquid is 
also possible with the 
assistance of a 
cyclone separator 
in the 
bypass, 
at 
which 
point 
the solids 
are separated before 
the medium is fed into the 
can chamber.

External flushing

The second possibility is flushing with external
liquid. In this case, solids-free external liquid is
fed via the flushing connection at the plain
bearing pedestal into the can chamber, in order
to protect the can chamber and the plain

bearings against the intrusion of solids 
(Figure 4). This measure permits the delivery of
media with larger concentrations of solids. It is,
however, necessary that the external liquid
supplied be compatible with the process liquid.
In this case, the flushing liquid must be fed with
a sufficient overpressure in relation to the
internal pressure of the can, and be supplied in
such a quantity to sufficiently cool and flush the
can chamber.

Pumping Solids-Containing Liquids
Without Special Measures

The main topic of this paper is increasing the
solids-handling suitability of plastic-lined
magnetic drive pumps, without employing 
the external or internal flushing measures
described above.  The application of such
pumps can be particularly advantageous when
suitable flushing liquids are not available and
the filtering of the internal process liquid is not
sufficient, or cannot be carried out as a result of
the characteristics of the solids.

Requirements

Pumps for such applications must meet certain
primary requirements.  They must include 
non-metallic can systems which cause no
additional heat generation through eddy
current losses in the liquid, and have bearing
systems which permit extended dry-running of
the rotating unit.[2]

Non-metallic containment shell system

Cans of magnetic drive pumps are essential to
the function and operational safety of these
machines. The cylindrical part of the can lies, in
the case of central magnet couplings, between
the inner and outer rows of magnets. The wall
thickness must be kept thin to ensure a short
magnet distance.

This magnet distance has a major influence on
the magnet volume employed, which in the
case of metallic cans, governs the induced eddy
current losses, and the heating of the medium
inside the can chamber. The stray power from
eddy currents is dependent on the speed, but
not the transmitted power. This means that the
negative effects of heat generation become
particularly noticeable during partial-load 
pump operation.

7

Figure 2. 
Magnetic drive pump made 
of plastic.

Figure 3. Flushing of the
can chamber with filtered
pumped liquid.

Figure 4. Flushing of the can chamber with external
liquid. continued on page 8
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In the case of plastic-lined magnetic drive
pumps, non-metallic can systems are primarily
employed. In this particular case (Figure 5), we
are dealing with a double can system with an
outer can of carbon fiber composite plastic,
which absorbs the forces of pressure, and an
inner unit of PTFE or PFA, which guarantees a
universal corrosion resistance. In the version
shown, monitoring equipment has been
positioned between the cans which, in the case
of damage, is able to detect any leakage.[5]

With such non-metallic can systems, which are
employed in the chemical industry, eddy current
losses do not occur and, therefore, there is no
additional heating of the can or the medium in the
can, which would have to be transported away 
by means of special flushing and cooling circuits.
This is of particular advantage with media
temperatures near their boiling point.

The operating safety of such can systems is
secured up to 16 bar (235 psi) at 180° C 
(360° F); and with special measures, even higher. 
For less demanding applications these features
are often seen as additional safety factors for the
pumps in operation.

Dry-run capability of product lubricated bearings

The plain bearings of magnetic drive pumps lie
in the process liquid and this acts as a coolant
and lubricant. For this reason, when delivering
solids-loaded media, particular attention must be
paid to the plain bearings.

Due to its universal corrosion resistance and high
abrasion resistance, silicon carbide has asserted
itself in the last few years as the material of
choice for plain bearings.

This ceramic material (for plain bearings) is,
however, very susceptible to dry-running. It is
therefore necessary to employ appropriate

measures against dry-running, such as a flow 
monitor, or a filling level indicator if required, 
combined with a motor load guard.

Endangering the plain bearings by more  
dry-running is of more concern with plastic-lined
magnetic drive pumps, as both the outer and 
the inner bearings are embedded in plastic
(Figure 6), which greatly reduces heat
dissipation. Therefore, the starting-point for
developing a solution to this problem is not in
the heat dissipation, but rather in a primarily
substantial reduction of the heat input, by
achieving a lower coefficient of friction in the
bearings.

Developments in the last few years have seen
graphite-coated SiC plain bearings which reduce
the coefficient of friction in the start up phase.
The shortcoming of this coating is its lack of
durability coupled with possible contamination
of the medium.

For SiC plain bearings in process pumps, an
amorphous coating of diamond like carbon
(ADLC) was developed. Under bone dry 
conditions in air, a direct comparison of the
coefficients of friction of plain bearings made 
of SiC and ADLC coated SiC leads to the
impressive result described in Figure 7.

In order to ascertain the effects of this reduction
in the coefficient of friction on the temperature
increase, measurements of temperature were
taken on an axially loaded set of bearings 

(Figure 8) running in air. The results (Figure 9)
clearly show a dramatic increase in temperature
with standard silicon carbide plain bearings,
compared with a very moderate increase in
temperature of appr. 15° C (60 ° F) after 10
minutes dry-running for an ADLC coated SiC
plain bearing.

As a result of this work it is now possible to run
magnetic drive pumps absolutely dry for a
limited period of time with ADLC coated SiC plain
bearings. With wet plain bearings (e.g. following
the emptying of a vessel), the pump can be run
for a longer period of time without additional
cooling and lubrication.[3]

For plastic-lined magnetic drive pumps, enhanced
bearing systems are now available (Figure 10)
whose dry-running capabilities have been
improved to the point where dry-running,
previously a critical factor, represent almost no
problem.[6] Depending on pump size, dry running
capabilities of more than 1 hour are available.

continued from page 7

Figure 5. Non-metallic
can system CRP/PTFE.

Figure 7. Comparison of coefficient of friction for SiC
and ADLC coated SiC plain bearings.
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Figure 6. Regenerative turbine magnetic drive pump made of plastic.
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Trials and operating results

By means of the two features portrayed,

1. non-metallic can without generation of eddy
current losses and, therefore, without the
necessity to flush and to cool the can
chamber in order to transport away the heat
losses, and

2. the improved ADLC coated SiC plain bearings
which, as a result of their modified surface,
also display notably less heat build-up, and
also provide extended dry-running capability,

a new method is shown in which solids-loaded
media can be handled with magnetic drive pumps.

Design

In Figure 11 a plastic-lined magnetic drive 
pump is shown in which the plain bearing
pedestal, meaning the wall between the can
chamber and the pump chamber, is designed
with no flushing boreholes.

The only connection between the two chambers
exists via the plain bearing clearance gaps 
(0.15 mm = .006" diameter difference and 
25 mm = 1" length). This means that the can
chamber is filled via the plain bearing gap, and
the entrapped air can also escape through these
passages into the pump housing.

To drain the can chamber completely, e.g. when
changing the product, for cleaning and
maintenance work, a separate outlet in the plain
bearing pedestal should be used (Figure 12).

Venting the containment shell

The filling process of the can chamber was
investigated in a test series. The can of a magnetic
drive pump was replaced by a glass can and, in a
test set-up in accordance with Figure 13, water
was pumped through in the reverse direction.

Figure 14 shows the filling of the glass can with
the pump at standstill.

Operation of the pump displayed the venting
behavior shown in Figure 15. After a period of
appr. 20 minutes running time at 2900 rpm,
practically all the entrapped air had escaped
from the can chamber.

The plain bearings survived the various phases
of dry-running conditions and the parallel
delivery of air during filling without negative
observations, as a result of the improved ADLC
coated SiC bearing-design.

Influences on the increase in temperature

In the case of the pump design described,
particular attention must be paid to the
temperature increase in the can chamber. This 
results from the existing disc friction as well 
as the plain bearing friction, although the 
plain bearing friction is reduced. In a test, the
temperature increase in the can chamber was
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Figure 9. Temperature increase on dry-running of SiC 
and ADLC coated SiC plain bearings.
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Figure 10. Temperature increase on dry-running of
improved ADLC coated SiC plain bearings.

Figure 8. Test set-up to determine
the bearing temperature when
dry-running.

Figure 11. Plastic-lined magnetic drive pump with 
enclosed plain bearing pedestal without flushing holes.

Figure 12. Drainage of can chamber.

continued on page 10
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compared with the temperature of the medium
flow (Figure 16). During filling, no notable
increase in the “can chamber” temperature 
was determined. Subsequently, there was a
temperature increase of up to 35° C (95° F)
which was brought about by bearing friction and
disc function losses in the can. After 3 hours a
stable condition was observed.

In further tests, the influence of the ambient
temperature and the pump speed on the
temperature development in the can chamber
was investigated for various sizes of pumps
(Figure 17). The influence of the ambient
temperature is not very significant, but has to be
taken into account in individual cases, in order 
to ensure a safe selection of the pump.

The result of this series of tests is a diagram
(Figure 18) which, in a simple and reliable
manner, starting with the temperature of the
pumped liquid, to the ambient temperature and
the operating speed, leads to maximum and
stable temperature in the can chamber.
With such design knowledge, the operating
conditions can be quickly and safely checked 
and the maximum temperature in the can
chamber can be compared with the permissible
temperature values, which take into account 
the vapor pressure of the media.

Trials and operating results

For the following long-term test with solids-
loaded medium, the test set-up chosen is shown
in Figure 19.

In a special mixing vessel, 3% sand by volume
was added to the water. This sand had a
medium grain size of 0,3 mm (.012") and a
hardness of 7 Mohs (750 Knoop).

The pump was started with this mixture and run
under the following conditions:

Q = 5 m3/h;     H = 30 m;     n = 2.900 min-1

= 22 gpm = 95 feet

The can filled itself independently via the bearing
clearance gaps and the pump was run for 100
hours intermittently. During this operation, there
were no malfunctions and the temperatures in
the can chamber increased in accordance with
Figure 16 to a stable value. At the conclusion of
this test, the pump components were checked

and it became obvious that there was no
damage to any of the plastic components, and
that the plastic lined plain bearing pedestal
showed no signs of wear.

For a further test, a recessed-impeller pump
version (vortex pump) was chosen. This type of
plastic-lined magnetic drive pump was
developed as a solution for special applications
in the chemical industry. This includes, amongst
others, applications with a high level of solids,
as well as long-fibered solids and the delivery of
gaseous media.

Additional tests were correspondingly
carried out, using different solid-
materials, sizes and volumes. The
tests were run over 100 hrs and, there
were no problems or damages
observed during operation.

The field tests will be
continued. At present
the suitability of this
solution is being proven in
real field tests, so that magnetic

drive pumps may be employed in the future for
the delivery of solids-loaded media without the
necessity of internal or external flushing provision
of the can chamber.

Conclusion

The trend to hermetically tight magnetic drive
pumps for the delivery of corrosive media is
accelerating. By means of suitable designs 
with enhanced components and materials, e.g.
non-metallic can systems and ceramic plain
bearings with extended dry-running properties, 

it is possible to open up new and difficult
areas of application. The delivery 
of media with higher contents of
solids have in the past, only been

possible with special flushing
measures. Meantime, a method 

of temperature increase
calculation (Figure 18) 
is available, and
provides a clear
selection criteria for
these pumps and the
application in question.

continued from page 9
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Figure 14. Fill of the can chamber at shut-off.
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Figure 15. Fill of the can chamber in operation.

Figure 13. Test set-up to investigate
the fill of the can chamber.
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into the can chamber, therefore preventing
friction particles from the plain bearings from
contaminating the media.

The possibilities of employing plastic-lined
magnetic drive pumps to deliver solids-loaded
(or highly pure) corrosive media have by far not
been exhausted.

Narrative Biography

Guenter Naasner is Managing Director of Richter
Chemie-Technik in Kempen/Germany. As Senior
Engineering Manager and Authorized Officer he has 
10 years experience in Research and Development,
Manufacturing and QA of pumps, valves and
control-valves. He is Diplom-Ingenieur in mechanical
engineering and received a Bachelor degree in
Business Administration from OEKREAL Schools of
Business in Winterthur/Switzerland and an M.S.
degree in Operations/ Logistics from Graduate
School of Business Administration in
Zurich/Switzerland.

Guenter Naasner joined ITT Richter Chemie-Technik
in 1989. He was previously employed by Wilo
Pumps in Dortmund/Germany as Manager of
Research and Development for Pumps and Systems.
He has over 20 years experience with design and
application of canned-motor-, magnetic-drive- and
sealed-pumps. He has published numerous papers
and received over a dozen national and
international patents. 

Figure 18. Diagram to determine the can chamber temperature.

The design version described is not only a
solution for solids-handling suitability.  For the
delivery of super-clean media, e.g. for the
semiconductor industry, there is an ideal
opportunity, by drawing-off small amounts of
liquid from the can chamber, to create an even
lower pressure in relation to the pump housing.
This allows a defined discharge rate to enter
from the pump chamber via the bearing gap
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Figure 17. Test set-up for measuring the can chamber temperature with regard to medium temperature, ambient
temperature and speed.

Figure 16. Temperature increase in can chamber with
regard to medium flow.
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Figure 20. Recessed impeller pump.

Figure 19. Test set-up for the delivery of 
solid-containing media.

continued from page 11
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Inducers Improve Suction
Conditions
Chad Tuttle, Global Marketing Manager –
Chemical & API Markets
ITT Industrial Pump Group

Martin Grohmann, 
Manager – Quality Engineering, Vogel Pump

Typical problems that exist when either poor
or inadequate suction conditions exist are
cavitation, suction loss (loss of prime),
unstable operation, vibration and pre-mature
pump failures.  Performance degradation can
also be evidenced from excessive wear on the
impeller from cavitation damage.

Inducers provide an alternative solution to the
underlying question of how to reduce NPSHR
(Net Positive Suction Head – Required) for a
given pump application thereby eliminating or
significantly reducing the effects of cavitation. 

Inducers also provide a means to pump
entrained air or gas up to 40% and minimize
the effects of the air or gas on pump
performance.   Refer to example later in
article.  A typical centrifugal can pump 
liquids with gas contents of approximately 
6% to 10%.

Traditional  NPSHR & NPSHA (Net Positive
Suction Head – Available) solutions include
the following:

Increase Suction Pressure: One would look
to either increase liquid level in relation to the
pump or lower the pump level relative to the
liquid level.  Typical methods might be to raise
the level of a tank or to use a vertical pump in
a can to increase the suction pressure
available.  Both methods increase the suction
pressure available to suit any given pump
requirement and can be very costly or
impractical to implement.

Install Oversized Pumps: By oversizing the
pump, we reduce the speed for any given 
Q (flow) & H  (Head) value and we reduce the
associated NPSHR value as well.  This solution
calls for larger, more expensive and more likely
less efficient pumps for a given application.
This solution can be costly if significant piping
and wiring changes are necessary, not to
mention the increased energy costs associated
with a less efficient pump.

Install Double Suction Pumps: Double
suction impellers divide the capacity into two
suction inlets reducing the NPSHR for a given
speed.  Double suction pumps tend to be more
expensive than an end suction pump and tend
to be less efficient, particularly the smaller
sizes.  Again, this solution can be costly if
significant piping and wiring changes are
necessary, not to mention the increased energy
costs associated with a less efficient pump.

Utilize Low NPSH Impellers: This solution
requires that the impeller eye area be enlarged.
This reduces the inlet velocity and NPSHR for
the specific impeller design.  This solution
comes with a cost – decreased pump efficiency.
Generally, when designing a low NPSHR
impeller, the design of the impeller requires that
the performance parameters are sacrificed
(Flow, Head and Efficiency) for the gains in
NPSHR. 

Utilize an Inducer: The function of an inducer
is to act as an integral “booster” pump installed
at the suction of the impeller.  The function of
the “booster” is not to participate in the
generation of head, but to provide sufficient
pressure rise upstream of the impeller eye to
prevent or minimize cavitation in the impeller.
Typical inducers are designed to generate
heads of 15 to 20 feet, which permits sufficient
rise of suction pressure before the impeller 
to meet the low NPSHA requirements.  The
pressure distribution along the flow line from
the inducer to the impeller can be seen in
Figure 1.  Even with a considerable NPSHR
value for the impeller, the inducer will maintain
sufficient suction pressure differential above the
vapor pressure, preventing cavitation at the
impeller suction.  A typical inducer can reduce
NPSHR up to 50%.

There are two basic design principles with
inducers: Constant pitch and variable pitch.
The constant pitch inducers are similar to a
regular helical shape while the variable pitch
design is similar to the design of an axial flow
impeller.  Both designs are common and widely
accepted. (See Figure 2)  The photo shows two
fabricated constant pitch inducers.

Since both designs are essentially axially flow
stages, the shapes of the NPSH curves for the
inducers tend to look like a “Saddle.”  ie, at off
BEP flow the NPSHR increases, limiting the
operating range of the inducer. The typical
range of operation of an inducer is 25% of 
BEP to 110% of BEP.  Custom inducers can be
designed for specific applications or a standard
inducer design can be utilized.  Since pumps do
not operate at a single point, it is important
that the inducer operate over a wide range of
flow rates.
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Figure 3.
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The peripheral speed of the inducer should also
be considered when evaluating an inducer.
Experience indicates that operating at
peripheral speeds greater than 100 Ft/S can
induce erosion.  Therefore, it is recommended
when operating at peripheral speeds greater
than 100 Ft/S inducers should be constructed
out of erosion resistant materials.  

Since the inducer performance resembles that
of an axial flow pump with a steep falling 
head – capacity curve and steep rising Hp
(horsepower) curve, additional Hp draw must
be considered.  The typical Hp increase
resulting from the inducer is approximately
10% above the impeller Hp at shut-off
operation.

The typical inducer and pump configuration 
has the inducer mounted on the pump shaft
forward of the eye of the impeller.  This may
require a suction spool piece (See figure 3).
The inducer may extend beyond the suction
flange of the pump which dictates the need for
a spool piece.  If a spool piece cannot be used,
the inducer can project into the suction piping.
The inducer may require modifications to the
spacer coupling for back pullout capability or
worse case; the motor may have to be
removed for back pullout. 

In conclusion, the main advantages of using 
an inducer are:

1) Potentially significant cost savings
(installation, operation & maintenance).

• New installations do not require elevated
tanks or pits for pumps. Simplify site and
system design based on lower NPSHR.

• Existing installations do not require
significant piping or system changes to
install pumps with inducers.

• Installation of a separate booster pump is
not required.

2) NPSHR reduction up to 50% for a given
impeller design.

3) Prevent the damage caused from cavitation.

4) Operation reliability with suction pressure
variations.

5) Operation reliability with vapor pressure
variations due to variations in temperature, etc.

6) Operation with entrained gas or air up to
40% without significant degradation of
pump hydraulics. 

Inducers may be the answer to your 
application problem. A careful analysis 
of your system conditions can 
determine the best way to 
proceed. ■
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Robert H. Manion III, Vice President, 
Global Marketing, Industrial Pump Group.

Successful Applications

Pumping Pulp With 
40% Gas Content

Vogel has had great success in an outstanding
application pumping pulp (consisting of 98%
KCI) with 40% gas content, where the liquid is
closer to a foam than a conventional viscous
liquid. Due to this high gas/foam content all
the well-known viscosity laws do not apply,
which means that a totally different pump
design has to be applied. A conventional
impeller design in an application of this type
would create gas blocking at the impeller eye
area, resulting in an immediate loss of suction.

The Vogel CNOY 300-400 pump is an open
impeller design with a specially designed
inducer. The inducer acts as a booster to feed
the conventional impeller with this liquid and
gas mixture. Due to the low energy transfer
coefficient in an inducer, most of the
separation of gas, and therefore the blockage
of gas bubbles in the water channels, can be
avoided. The open impeller is specifically
trimmed for the high gas content, where the
gas volume percentage is changing with the
pressure. Obviously with high pressure, the
gas volume is considerably reduced. As a

result the impeller has to be designed
accordingly with decreasing net areas in the
water channels.

Before the installation of the pump, the
customer had continuous problems in
circulating the two-phase flow, as a
conventional pump cannot handle more than
6-10% gas content. The real difficulty with this
application can only be appreciated by noting
the fact that the pump has to handle
contamination of up to 210 tons/hour, which
corresponds to approximately 20% slurry
content. This being really difficult in its own
right without the additional problems
associated with the gas content.

In conclusion, liquids with 40% gas content
and 20% slurry have never before been
successfully handled with centrifugal pumps.
The success of the Vogel design has been the
booster action of the inducer and the specific
design of the open impeller. The final key
feature of the application was low speed,
approximately 1000 rpm. ■

Product Shorts

Model 3298 Lined 
Process Pump Named 
Finalist in Product of 
the Year Competition

Goulds Pumps’ heavy duty, 
magnetically driven, lined 
ANSI process pumps, the 3298 Series, was
named a finalist in the Plant Engineering 
Magazine’s Product of the Year competition.
Winners will be announced during Manufacturing
Week festiviites in Chicago, March 13th.  The
3298 handles the most caustic, corrosive fluids
safely, reliably and at a minimum operational
cost. It is available in frame mounted, close-
coupled, vertical in-line and self priming
configurations. Liquid-end parts are lined with 
a thick layer of Tefzel® (ETFE) for universal
corrosion resistance and an impenetrable 
barrier against leakage. ■
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Global Marketing
Manion Named 
Vice President 

We are pleased to announce the appointment of
Robert H. Manion III as Vice President, Global
Marketing for the Industrial Pump Group.  Bob
reports to Paul Baldetti, IPG President.

Bob joined Goulds Pumps in 1981 as a co-op
student and was appointed to a district
engineering position upon graduation.  Bob
handled a series of progressively more challenging
assignments including Sales Engineer, Branch
Manager, Chemical Market Manager and Director 
of Strategic Accounts prior to being named Vice
President of USA Direct Sales in 1998.

He received an Associates Degree in Business from
the State University of New York at Cobleskill, and
a Bachelors Degree in Business Administration
from the Rochester Institute of Technology.  Bob is
currently completing his MBA from R.I.T. ■

Model 3700

Goulds Pumps Enhances
QWIKSHIP Program 

The QWIKSHIP program now features industry
leading, short lead time delivery of all Goulds
Model 3700 API process pumps; any material,
any construction. The Goulds Model 3700 
API-610 8th edition process pump is offered in
29 sizes with deliveries of less than 12 weeks!
The 3700 is designed with severe duty casings
and baseplates, all supported by an unparal-
leled pedestal support system. An API 682 seal
chamber is standard and accommodates most
popular cartridge seals. The 3700 is equipped
with a finned bearing housing to reduce
housing temperatures. An extra large oil sump
further reduces oil temperature thus extending 
bearing life. The 3700 is designed for high pressure/
high temperature services experienced in
demanding hydrocarbon applications. ■



New Houston 
PRO Service Center Opens
Goulds Pumps is celebrating the grand opening of
its newest PRO Service Center. The Houston, Texas
PRO Shop will handle the servicing and repair of
all types of pumps and rotating equipment in the
Southwest United States. The new facility contains
over 30,000 square feet and has four overhead
bridge cranes – capable of handling even the
largest equipment with ease.

A full service facility, the Houston Center, is capable
of all major machining functions.  In addition, it
offers welding, cleaning via sandblasting, steam or
solvent, dynamic balancing and hydrostatic and
non-destructive testing.

Terry McMahon, Global Market Manager of 
PRO Services, stated, "This new facility offers
certified,  experienced technicians and the latest
state-of-the-art equipment assuring our customers
the highest level of service."

In addition to service and repair, the Houston PRO
Services Center provides installation and start-up
assistance, troubleshooting and turnkey service.
Emergency service is also available on a 
24 hour/7 day/week basis.

Houston is the latest in a global expansion of
Goulds Pumps’ PRO Services Group. Greensboro,
North Carolina was recently opened. Venezuela
and Chile will also be opening shortly. ■
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Service Solutions

Doing it Right, 
the First Time
Nick Ganzon
Senior Project Engineer

The most agonizing experience, whether person-
ally or professionally, is having to return some-
thing, which had supposedly been repaired
earlier. It is especially true, when you entrust the
job to the Original Equipment Manufacturer. A
major paper mill customer in the Southeastern
United States was experiencing diffuser vane
failure on one of their primary boiler feed
pumps.  The customer came to Goulds PRO
Services after experiencing a second failure on
the unit that had been repaired by the original
equipment manufacturer. 

During the first failure, damage was quite
extensive. All the diffuser vanes on the first stage
had been broken off or severely damaged.  All
but three diffuser vanes on the second stage
were severely damaged as well.  Most likely due
to time constraints, the OEM service center weld
repaired the diffuser vanes instead of replacing
the diffusers completely.  The OEM attributed the
failures to improper operation of the unit,
operating past the allowable operating region.

The customer re-installed the pump and
commenced operation, while also evaluating
their operating practices.  Later, the customer
noted a seven-fold rise in vibration through his
predictive maintenance program.  Based upon
experience from the prior failure, he suspected
this was due to diffuser vane breakage.  The
customer shut the pump down and was able to
inspect the first stage diffuser using a flexible
borascope, and found one of the vanes broken.
Not satisfied with the previous performance of
the OEM, the customer asked Goulds PRO
Services to develop a repair proposal.

Prior to the award of the project, the customer
and PRO Service engineers discussed the nature
of the failures and potential causes. The 
customer was highly impressed by the 
professionalism of the group and awarded the
rebuild to Goulds PRO Services.

The pump arrived in the Baton Rouge Service
Center and work began immediately.  Engineers

were on site to inspect the components as they
were removed from the pump.  They looked for
obvious signs of mechanical failure and less
obvious signs of flow recirculation.  
They examined the broken diffuser vane and
concluded that it had broken off at the interface
of the previous weld repair and the base material.
The also discovered that all of the repaired
diffuser vanes had significant amounts of material
eroded away from the leading edges.  These
failures were most likely due to improper repair
techniques (weld repair) or improper welding
process (lack of heat-treatment or improper
material type).

They found, etched upon the surface oxidation of the
channel rings, telltale signs of low-flow recirculation
that occurred around the leading edge of the diffuser
vanes.  These indications were documented and
discussed with the customer before the components
were cleaned and sandblasted.  The customers’
operational data was reviewed and found to be
within the published allowable operating region for
the pump.

The most likely cause of the diffuser vane failure
was a result of two factors, hydraulic design and
structural design of the vane.  The etchings upon
the channel ring clearly showed recirculation
around the diffuser vane tip.  The recirculation
was so great in fact; that in some cases it eroded
material from the channel ring.  The customer
data indicated normal operation well above the
published minimum flow of the pump. The
minimum flow of this unit should be much higher
than published by the OEM.

The second contributing factor was the vane
design.  The vane had a relatively high aspect
ratio, tall and thin.  Furthermore, the fillet at the
base of the vane was very small.  The loading
placed upon the vane due to low flow operation
resulted in the vane moving, or vibrating, at a
small scale.  Fretting on the channel ring,
corroborates this theory.  Given time, the
continual movement of the vane resulted in
fatigue failure. An engineer from the PRO Service
group was present during the repair to review
repair procedures and recommendations with the
customer and answer his questions. The customer
was suitably impressed with the overall
coordination and repair.

The pump is back on-line and operating with no
problems. Attention to detail and customer
concerns earned PRO Services high praise. The
fact that the job was done right, the first time, will
earn PRO Services an opportunity on the next job
that comes along at that mill. ■

Send your comments or suggestions to:  
John Beca - ITT Industrial Pump Group, 240 Fall Street, Seneca Falls, NY 13148 or email:  jbeca@fluids.ittind.com
View the latest in pumping technology at:  www.gouldspumps.com




