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Introduction: 

 
The use of coatings to improve centrifugal pump performance and energy 
efficiency has been well known by pump designers and coatings manufacturers 
for many years.  In 1948, A. J. Stepanoff discussed the use and benefits derived 
from porcelain enameling a pump’s wet-end1. 
 
As well, the use of polymeric coatings has been shown empirically to reduce the 
amount of deterioration and extend the useful life of a centrifugal pump’s wet-
end.  In addition to maintaining and optimizing performance, the use of polymeric 
coatings has been shown to improve a centrifugal pump’s energy efficiency and 
subsequently lower the pump’s net energy consumption.2,3  
 
Given that the benefits of coating a pumps wet-end have been known since the 
middle part of the 20th century, in addition to the empirical data supporting the 
claims, one must ask why the use of coatings has not been more widely 
accepted? 
 
There are several reasons which have contributed to this lack of acceptance and 
it is the focus of this paper to bring these factors to light and review how coatings 
can improve both the performance and energy efficiency of centrifugal pumps 
resulting in significant life cycle cost reductions. 
  

 
Performance Degradation in a Centrifugal Pump: 

  
Most centrifugal pumps manufactured utilize cast iron, steel or some other 
metallic alloy for the construction of the various wet-end components which 
include the impeller(s), wear rings and casing.  For these pumps, as soon as they 
are placed into operation, their performance begins to degrade and their 
subsequent net energy consumption begins to increase.   
 
 This occurs as a result of erosion/corrosion and abrasion of the metallic wet-end 
components.  The following efficiency curve has been developed for a clean 
water pump4 demonstrating this loss in energy efficiency over time. 
 
 

                                            
1 Centrifugal & Axial Flow Pumps, 2nd Edition, A.J. Stepanoff – Chapter 10, Page 201 
2 Danish Technological Institute Study on Pump Energy Efficiency, February 2003 
3 Design Factors Affecting pump Efficiency, Darmstadt University of Technology 
4 Study on Improving the Energy Efficiency of Pumps, European Commission, February 2001  
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Chart #1 
As the above chart shows, the typical water pump will lose between 10 to 15 

points of efficiency over a ten (10) year period. The amount of wear, corrosion 
and subsequent degradation of the pump’s performance will be further 

accelerated if the pump is handling a fluid with solids/slurries, higher fluid 
temperatures or is more corrosive than water. 

 
 
This erosion/corrosion process is a function of the fact that all metal components, 
including stainless steels will form a protective oxide layer.  This oxide layer is 
much weaker than the bulk metal underneath.  Due to the flow velocities with in 
the pump’s wet-end, this weak oxide layer is continually removed.   
 
As the oxide layer is removed, another layer forms in it place.  A repeating cycle 
is set-up until a significant amount of material has been removed.  The effects of 
this erosion/corrosion is more pronounced in lower specific speed pumps where 
the developed head is higher and there are abrupt changes in flow direction 
through the wet-end. 
 
The erosion/corrosion process is illustrated in the following graphic. 
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Graphic #1 

Continuous “washing away and abrading” of the weak oxide layer result in a bulk 
loss of material form the surface as well as increases the overall surface 

roughness. 
 
As this process continues over time, the pump’s performance will begin to be 
effected.  The amount of head and flow produced will decrease as well as there 
will be a corresponding loss in efficiency.   
 
As the following picture shows, in addition to the loss of material, corrosion by-
products can accumulate resulting in a roughening of the surface which 
increases drag and energy losses. 
 
 

 
 

Photograph #1 
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This subsequent loss in efficiency results in an increase in the amount of energy 
required per unit volume of flow.  In other words, it will take more watts of power 
to move a unit volume of fluid than when the pump was new and the internal 
surfaces were not degraded.  The following chart shows the impact of this 
degradation on the pump’s performance. 
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Chart #2 

As the above chart shows, as the pump degrades both head and flow are 
reduced which shifts the pump curve down the system head curve.  As well, the 
efficiency of the pump is degraded resulting in high “net” energy consumption. 

 
 
Studies conducted as part of the European Union’s Motor Challenge program 
have shown that a majority of this performance degradation occurs with in the 
first five (5) years of the pump being placed in service.  If unchecked, this 
degradation will continue until significant loss in performance results in total 
failure of the pump. 
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Energy Losses with in Centrifugal Pumps: 

 
Within the wet-end of a centrifugal pump, there are several different sources of 
power loss.  Each of these sources contributes to the overall energy efficiency of 
the particular pump.   Depending on the hydraulic design of the pump, these 
losses vary.  Since some of the losses are design dependent, the pump’s 
Specific Speed is used to delineate the magnitude of the expected loss as well 
as the maximum achievable efficiency level for the category of pump. 
 
Specific Speed is a non-dimensional design index used to classify the pump’s 
impeller as to its type and proportions5 and is calculated as follows: 
 
  

NS = n√Q 
H0.75 

Where: 
 
NS = Specific Speed 
n = Rotational Speed in RPM 
Q = Capacity in either GPM or Cubic Meter per Second at Best Efficiency Flow 
for the largest impeller diameter. 
H = Head in either feet or meters at Best Efficiency Flow for the largest impeller 
diameter. 
 
To convert Specific Speed from English to Metric units, the following formula can 
be utilized: 
 

NSM = NS/51.65 
 

NSM = Specific Speed, Metric Units. 
 
Charts #3 & #4 illustrate the different impeller designs and their corresponding 
Specific Speed6. 
 

                                            
5 GPM2003 Manual, Goulds Pumps, ITT Industries 
6 Hydraulic Institute Centrifugal Pump Standards 
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Chart #3 
 

 
             NS < 4000       4000 < NS < 8000     NS < 8000 
 

Chart #4 
 
 

Depending on the pump’s configuration, end suction or double suction, there are 
four (4) to five (5) contributing factors to the energy loss.  According to work 
published by the Darmstadt University of Technology7, there are four (4) sources 
of loss with in an end suction centrifugal pump, these include: 
 

• Mechanical Losses 
• Volumetric Leakage Losses 
• Impeller Disk Friction Losses 
• Vane Friction Losses 

 
 
 
 

                                            
7 Design Factors Affecting Pump Efficiency, Darmstadt University of Technology 

 - 7 - 



Pump Optimization Utilizing Polymer Composite Coating 
Technology 

According to the work published by Stepanoff8, there are five (5) losses with in a 
double suction centrifugal pump, these include: 
 

• Mechanical Losses 
• Volumetric Leakage Losses 
• Impeller Disk Friction 
• Vane Friction Losses 
• Casing Friction Losses 

 
 
The following chart illustrates the impact of each of these losses based on the 
pump’s Specific Speed. 

 

 
 

Chart #49 
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8 Centrifugal and Axial Flow Pumps, 2nd Edition 
9 Centrifugal and Axial Flow Pumps, 2nd Edition 
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In both pumps, there is also a system related loss which is the result of off Best 
Efficiency Point (B.E.P.) operation.  As a centrifugal pump’s operating point 
moves away from the B.E.P. flow, hydraulic forces surrounding the impeller begin 
to go out of balance resulting in increasing radial loads which results in shaft 
deflection and increased leakage losses.  As well, recirculation at the impeller’s 
suction eye and discharge result in additional losses which can be significant. 
 
The following chart, developed by Stepanoff, illustrates these losses across the 
performance curve of a typical double suction pump. 
 

 

 
 

Chart #510 
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10 Centrifugal and Axial Flow Pumps, 2nd Edition 
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Mechanical Losses 
 
Mechanical losses are associated with the transmission of power through the 
rotating assembly.  Both bearings and sealing devices consume power which 
results in less power reaching the pumps wet-end.  Typically, these losses are 
constant across the specific speed range.  However, when the pump is operating 
a significant way away from the B.E.P., these losses can increase as a result of 
increased radial loads and shaft deflection. 
 
.Volumetric Leakage Losses 
 
Volumetric leakage losses are a result of leakage through the various sealing 
gaps with in the pump’s wet-end such as across the pump’s wear rings.  Leakage 
losses can become significant when the sealing gaps begin to increase above 
original design clearance.   
 
As the following chart shows, a 50% increase in gap clearance results in a 
significant loss in lower specific speed pumps.  While a 50% increase in 
clearance seems large, it should be noted that the typical radial sealing gap in a 
pump is between 0.007” to 0.015” or 0.15 mm to 0.4 mm.  Therefore, a 50% 
increase represents a very small increase in actual gap clearance. 

 
 

 
Chart #611 

                                            
11 Hydraulic Institute Centrifugal Pump Standards, Year 2000 Edition 
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Impeller Disk Friction 
 
Impeller disk friction is the result of fluid friction as the impeller rotates through 
the pumped liquids.  These losses tend to be highest in lower specific speed 
pumps.  The impeller’s surface finish plays a significant role in the amount of the 
loss.   
 
As shown by the following chart, changing the manufacturing method used to 
produce the wet end components from sand casting to investment casting, as 
mush as a 5% increase in efficiency can be demonstrated in lower specific speed 
pumps. 
 

 
 

Chart #712 
 
 
 
 
 
 

 
                                            
12 Hydraulic Institute Centrifugal Pump Standards, Year 2000 Edition  
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Vain Fiction Losses 
 
Friction as the fluid flows through the impeller to the discharge results in losses.  
As with the flow in pipes, smaller flow passages result in greater friction losses.  
This same principle holds true for pump impellers.  At low specific speeds, the 
vain passages become progressively smaller resulting in greater friction loss.  As 
well, the surface finish of the vane passage also contributes to the loss just as it 
does in a pipe. 
 
Casing Friction Losses 
 
Casing friction losses are predominately found in double suction pumps due to 
their increased size as well as the flow path through the suction nozzle to the 
impeller and then from the impeller to the discharge diffuser.  Of interest with this 
loss is that it is greater in higher specific speed pumps.   
 
This is due to the increased contact the fluid has with the casing as the impeller’s 
design transitions from radial/ francis vane to a more mixed/axial flow design.   
Again, surface finish plays a role in the magnitude of the loss. 
 
The above losses are inherent to all centrifugal pumps and result in the overall 
energy efficiency obtainable from a given pump.   
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How Coatings Improve Performance: 
 
Composite coatings will optimize a centrifugal pump’s performance and 
subsequent energy efficiency four (4) ways.  These include: 
 

• Significant reduction in component surface roughness 
• Decreased surface energy resulting less “wetting” of the pump’s 

internal surfaces and subsequently reducing overall friction. 
• Decreased erosion/corrosion resulting is smoother flow passages and 

less friction. 
• Increased resistance to the effects of abrasion in applications with 

solids or slurries resulting in less wear. 
 
 
Surface Roughness: 
 
In pumps with in the specific speed range of 500 to 3000, surface finish can 
significantly impact overall efficiency.  Sand casting will typically produce a 
surface roughness in the range of 200 to 500 microinches RMS.  Investment 
castings will typically produce a surface roughness in a range between 90 to 125 
microinches RMS.  Polymer coatings, when applied properly can result in a 
surface finish in the range of 10 to 20 microinches.  The follow graph shows the 
dramatic decrease in surface finish achievable with a good polymer coating 
system. 
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Chart #8 
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It has been reported by Stepanoff13 that an increase of between 2% to 3% in 
overall efficiency can be achieved by coating a new pump’s wet-end.  The actual 
improvement will be dependent on the pump’s specific speed.  In the work 
completed by Darmstadt University of Technology14, their analysis demonstrated 
a potential increase of over 5% for a new low specific speed pump in an idealized 
situation.  However, practical experience has shown that a range of 1% to 3% is 
more realistic.  
 
 
Surface Energy: 
 
All materials have a specific surface energy.  This energy is associated with the 
molecular bonds at the surface of the material.  If a material has a “high” surface 
energy, water based fluids will be attracted to the surface and “wet” them.  If a 
material has a “low” surface energy, liquids will not be attracted and will tend to 
pull away from the surface.   
 
The following chart shows the various surface energy levels for various materials 
utilized in the pump wet-ends.  As this chart shows, some polymeric coatings can 
have a significantly lower surface energy than the base metal.  This will result in 
less wetting of the surface and lower energy losses with in the pump’s wet end. 
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13 Centrifugal and Axial Flow Pumps, 2nd Edition 
14 Design Factors Affecting Pump Efficiency, Darmstadt University of Technology 
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Chart #9 
Erosion/Corrosion Resistance: 
 
As discussed earlier, all metals will develop a weak oxide layer which over time 
can be “washed” or worn away.  As this process progresses, the bulk surface will 
lose material as well as it roughness and profile will change.  This change over 
time results in increased energy losses. 
 
By utilizing a polymer coating, this process is interrupted as there is no formation 
of a weak oxide layer.  As such then, there is no erosion or wear as a result of 
fluid flow.  The following graphic demonstrates this characteristic. 
 

 
 
 
 

Graphic #2 

Metal 

Metal 

Metal 
Polymer 
Coating 

The polymer coating does not form a weak oxide layer and therefore can not be 
“washed away” under normal fluid flow conditions. 
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Through the use of a polymer coating, the amount of wear, corrosion and 
subsequent degradation of the pump’s performance can be reduced resulting in 
significant improvements in the pump’s overall reliability and energy efficiency as 
shown in Chart #10. 
 
 

1100%%  ttoo  

 
Chart #10 

 
 

Abrasion Resistance: 
 
Abrasion is the process of material removal by a third body with in the flow 
stream.  In pumps which handle solids and slurries, this is the primary cause of 
surface degradation and ultimate failure.   
 
Polymer coating technology can significantly reduce the amount of abrasion 
occurring in a pump.  Since polymer composites are a combination of both a 
“matrix phase” which is the polymer and a “reinforcement phase” comprised of a 
wear resistant material, different levels of reinforcement can be used to achieve a 
specific wear resistance for a given composite system. 
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The following graphics demonstrates this concept. 
 

 

 
 

The white square is magnified below to show the composite matrix of the 
polymer and the reinforcement system. 

 

 
 
 

Graphic #3 
 
The following micrograph shows the composite matrix with a spherical 
reinforcement of an actual polymer composite coating. 
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Photograph #2 
 

Polymer Composites offer two levels of protection to abrasion and wear.  The 
polymer matrix, which is significantly softer than the base metal, resists impact 

damage from particle impingement (impact) on to the surface similar to the 
protection offered by rubber linings utilized in pumps.  Secondly, the ceramic 

reinforcement is significantly harder than the base metal to resist the effects of 
third body abrasion as particle gouge the surface under high flow velocities.  
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The use of a polymer coating technology will significantly improve the 
performance of both new and in-service pumps.  In new pumps, the following 
benefits are derived: 
 

• Increased head and flow performance –  polymer composite 
coatings offer smoother flow passages and less surface energy 
which results in lower friction losses. 

 
• 1% to 3% energy efficiency increase depending on design and the 

pump’s specific speed. 
 

• Longer wear and corrosion life – polymer composites coatings are 
not affected by corrosive fluids as the base metal and they resist 
the effects of erosion/corrosion and abrasion due to the 
reinforcement system utilized in the composite. 

 
The benefits from the use of polymer coatings in pumps which have been in-
service is significantly higher because these pumps have already experienced 
surface degradation resulting in increased energy consumption as well as lower 
overall performance and reliability.  The following benefits will be realized: 
 

• Restoration of pump performance and efficiency – through the 
application of a coating, the pump’s internal surfaces and clearance 
will be restored to “as new” if not improved condition resulting in a 
return to “as new” performance. 

 
• Life Cycle Cost Impact – by restoring the existing asset, significant 

costs will be avoided from purchasing new components.  Also, the 
life of the restored components will be extend beyond that of the 
new “metallic” components due to the inherent properties the 
polymer coating. 

 
• Decrease in “Net” Energy Consumption – the cost of pumping a 

fluid is actually the total energy cost per unit volume of fluid moved, 
(kW/GPM or kW/Cu. Meters per Hour).  By restoring the pump to its 
“as new” or “as designed” operating point, the amount of energy 
required to move the fluid is reduced resulting in “hard dollar” 
saving in reduced energy purchases. 

 
As noted in the introduction, the benefits of coating a pump’s wet end have been 
known for many years.  However, the general acceptance of coatings by end-
users has been less than one would expect based on the benefits derived.  
There are actually three reasons for this: 
 

 - 19 - 



Pump Optimization Utilizing Polymer Composite Coating 
Technology 

 
First, the primary reason why coating have not gain further acceptance by end-
users is simply that past experience has shown that coatings do not work well or 
they “just fall off”.  Studies have shown that 70% of all coating failures are the 
result of poor or misapplication.   
 
Additionally, many different coatings are currently available on the market.  The 
long term wear resistance of these coatings varies widely resulting in inconsistent 
results and a general presumption that the long term wear life of all composite 
technologies can not be achieved.  Obviously, this is not the case.  But, it is the 
perception that many end-users have and must be overcome in order to achieve 
long term acceptance of the technology.  
 
Therefore, to overcome these objections and to reach the true success that is 
possible, coating manufacturers need to offer extensive training and application 
support to the end-user.  Over time with successful applications that are well 
documented, this objection should be minimized. 
 
Secondly, many coatings manufacturers have approached the pumping industry 
at large by promoting energy efficiency and life cycle cost impacts because 
energy costs are the number one driver of overall life cycle costs.  When looking 
at a pumping system’s life cycle cost, the three major contributors, listed in order 
from highest to lowest contributor are: 
 

1. Energy costs 
2. Maintenance & Reliability costs 
3. Initial purchase price 

 
However, this approach has not worked because end-users do not considering 
these factors as their number one priority when purchasing or upgrading pump 
systems.   
 
As part of the European Union’s Motor Challenge Program, several end-users 
were surveyed to determine their priority when purchasing or upgrading pumping 
systems.  The results of this survey are very telling regarding how coating 
manufacturers need to approach the market.  Following are the top three 
priorities of end-users, listed in order: 
 

1. Price, Delivery and Known Name (reputation) 
2. Reliability and Maintenance 
3. Energy Cost (if considered at all) 
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As can be seen from both lists, there is a fundamental dichotomy between what 
the true drivers of life cycle cost are and what end-users are concerned with.   
Therefore, the approach of Pump Optimization focused on improving reliability 
and reduced purchased costs is the approach needed to spur the use of polymer 
coating technologies with energy savings and optimization portrayed as a side 
benefit. 

 
 


