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ABSTRACT:  Evaporators are widely used in the process industry for concentrating liquids. This requires 
an energy source to create the heat necessary for evaporation. A great number of evaporators use the 
technique of Mechanical Vapor Recompression (MVR) for the efficient delivery of the heat for 
evaporation. Some or all of the water vapor generated by the evaporation process is recompressed in a 
gas compressor, and effectively recycled to heat the evaporator. An electric motor typically drives the 
gas compressor. 
 

One original choice of gas 
compressor for MVR evaporators 
was a high-speed, centrifugal 
compressor, operating at rotational 
speeds exceeding 12,000 RPM. See 
Fig. 1. These units require a large 
speed- increasing gear. A simpler 
and more forgiving machine 
emerged in the 1980s, the low-
speed, direct- driven turbofan, 
generally operating at rotational 
speeds below 4,000 RPM. See Fig. 

2. Today, the majority of MVR evaporator designs utilize one or more turbofans as the MVR Unit. 
 
Evaporators with MVR Units were installed in processing facilities for food and dairy, ethanol, 
sweeteners, pulp and paper, wastewaters and other aqueous fluids throughout the 1970s, 80s and 90s. 
The useful life of these MVR Units is roughly 25 years. Consequently, any of these original MVR Units still 
operating today have well exceeded their useful life. This has implications for unit functionality, 
efficiency and safety.  
 
Facilities still operating with these original MVR Units are likely experiencing very high maintenance 
costs, as well as unplanned shutdowns with increased safety risks.  
 
The good news is that new MVR Units are now available with improved performance and more forgiving 
designs. New advancements driven by Finite Element Analysis (FEA) and higher strength materials have 
enabled higher rotational speeds for turbofans used for MVR applications.  
 
Replacement of older and obsolete compressors and turbofans with the current turbofan designs 
frequently offers the added benefit of additional capacity. In every case, a turbofan-based MVR Unit will 
be more forgiving and flexible to operate and far less costly to maintain with lower risk of failure.  

Figure 1 Figure 2 



 
Caloris Engineering White Paper 

MVR EVAPORATOR UPGRADES: HIGH-SPEED COMPRESSOR & TURBOFAN REPLACEMENTS FOR IMPROVED RELIABILITY AND PERFORMANCE 
© 2019 Caloris Engineering, LLC  2 

MVR Evaporator Upgrades: High-Speed Compressor & Turbofan Replacements 
for Improved Reliability and Performance 
 
Background 
 
Mechanical Vapor Recompression (MVR) evaporators have been a popular choice in many processing 
facilities for over 50 years. This is largely because the MVR design is very energy efficient. An MVR 
evaporator requires a gas compressor to take all or part of the water vapor removed from the feed 
stock, elevate its pressure, and recycle this higher pressure water vapor to heat the evaporator. The gas 
compressor is typically driven by an electric motor with electricity as the power source. Some facilities 
with excess waste steam have their compressors driven by a steam turbine. 

There are two key sub-categories of MVR Units discussed herein – those with high-speed compressors 
(single-stage, centrifugal, gear-driven) and those with turbofans (single-stage, direct-drive). In each case, 
the MVR Unit consists of specially engineered rotating machinery requiring regular preventative and 
routine maintenance. The high-speed compressors are more expensive to purchase and implement, and 
they are more complex because of the high rotational speeds requiring a speed-increasing gear box and 
monitoring instrumentation. The high-speed compressor impellers typically operate in excess of 12,000 
RPM.  
 
Turbofans are far less complex, being direct-driven by an electric motor without a gear box. Their 
impellers typically operate at speeds below 4,000 RPM. Both the compressors and turbofans require 
unique precision bearings (either anti-friction or oil-film type), with forced oil lubrication that must be 
monitored for temperature and vibration to ensure safe operation. Some turbofans do have an excellent 
history of long operation with anti-friction bearings. 
 
The rotating elements of these machines are also quite unique because they are large and must 
withstand significant inertial forces during operation. The impellers in particular are manufactured to 
tight tolerance because they operate at high tip speeds where any significant imbalance due to 
distortion or build-up on the impeller will result in vibration, which subsequently leads to inoperability. 
The high-speed compressors have impellers of very special grades of heat treated stainless steel alloys, 
typically milled from a forging. The turbofans have precision welded impellers, also of high-strength 
stainless alloys. 
 
Facilities with MVR evaporators are typically forced to inventory a number of costly capital spares, 
including the complete rotating element. This is the only viable insurance against an unexpected failure 
and months of downtime, since these spares are all special and made to order. High speed compressors 
typically require a significantly higher investment in spare parts to be on hand at a factory than a 
turbofan. 

______________________________________________ 
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Aging Equipment 
 
A great number of MVR evaporators with high speed compressors or turbofans were installed in 
processing facilities during the 1970s, 80s and 90s. The useful life of these MVR Units is roughly 25 years. 
Therefore, any evaporators still operating with the original single-stage, high-speed compressors or 
direct-drive turbofans have well exceeded their useful life. This has implications for unit functionality, 
efficiency and safety. 
 
Facilities still using these original MVR Units are likely experiencing very high maintenance costs, and an 
unacceptable risk of unplanned shutdowns. Most concerning is the risk of catastrophic failure and harm 
to personnel. To make matters worse, some of the original suppliers of MVR Units have discontinued 
operations or have changed ownership, making some of the older compressors and turbofans obsolete 
and unsupported. 
 
Fortunately, there is some good news to share:  
 

1) Turbofan designs have advanced; there are now units available with significantly higher 
performance than the first generation units, and  

 
2) Proven methods have been developed that allow turbofans to replace aging high speed 

compressors while retaining the remainder of the original evaporator and maintaining the original 
performance.  

 
Caloris is able to offer these solutions for many cases! 
 
 
Safety Concerns 
 
The rotating elements of the old high-speed compressors and first-generation turbofans become 
increasingly vulnerable to catastrophic failure when operated beyond their useful life. Such failures have 
in fact occurred at more than one facility. When a rotating element fails, it can result in a violent release 
of shrapnel from the high-speed rotating blades. There is the potential for harm to personnel and 
building damage if this metal debris penetrates the MVR housing into the surrounding area, not to 
mention a significant loss of production.  
 

______________________________________________ 
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Improved Technology 
 
There are two significant opportunities that can be applied to the aging MVR evaporators discussed 
herein. Both are possible because of the fact that turbofans are now capable of operating at higher 
speeds due to advances in the design of the rotating elements. Simply stated, these higher speeds 
translate into more energy delivered to the evaporation process and improved performance of the 
evaporator. This fact makes two important opportunities possible: 
 

1) Replacement of an aging first-generation turbofan with a current design, with the 
potential to improve capacity by as much as 20%, and 

2) Replacement of an aging high speed compressor with one modern turbofan or two 
modern turbofans in series. This option restores the original performance of the MVR 
evaporator with a lower capital cost than replacement of the high-speed compressor in 
kind, and results in a more forgiving and robust evaporator. 

 
Concerning scenario 2), this is a proven concept that offers significant benefits over direct replacement 
of an aging high-speed compressor with a similar unit. 
 
Specifically: 

• Lower initial capital cost 
• Lower operating speeds and more bearing design options 
• Smaller motors 
• No speed-increaser gearbox 
• More stable operation (no surging) 
• More turndown flexibility and smoother start-ups 
• More reliable design, requiring less safety interlocks 
• All stainless steel construction 
• More forgiving operation with respect to vibration 
• Less sensitivity to impeller wear from impingement 
• Allowance for a continuous spray of hot water (typically evaporator condensate) into the suction 

of the impeller to desuperheat compressed discharge vapors and prevent solids deposits on the 
impeller 

• Lower maintenance and spare parts costs  
• A significantly wider gap between the impeller and housing inside wall, with far less sensitivity 

to surge due to variations in suction flow 
 

______________________________________________ 
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Implementation 
 
Replacing an aging high-speed compressor or a first-generation turbofan is initiated by having a Caloris 
process engineer visit the facility to survey the evaporator. Using key information gathered, our team 
will model the evaporator performance and determine the specific performance requirements of the 
turbofan(s) for the process, with or without capacity increase. We subsequently prepare a formal 
proposal to describe the full scope of work, delivery and price. Acceptance of the proposal will lead to 
an organized and professional execution of the project under the guidance of a skilled Caloris Project 
Manager. The project scope typically includes all engineering, equipment delivery to site, installation 
and commissioning services. 
 
Contact Us Today! 
 
Call Caloris at 410-822-6900 or send email to problem.solved@caloris.com to speak with one of our 
process engineers about a potential MVR evaporator retrofit at your facility.  
 
 

mailto:problem.solved@caloris.com
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For more information about how Caloris can help your 
company improve your facility’s processing capabilities, 
visit caloris.com or call 410-822-6900.
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