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In just about every field of endeavor, it appears 
that only a few receive the glory, earn the acco-
lades, generate the headlines, and remain in the 
spotlight. In Hollywood, the leading actors are 

firmly in the limelight. Yet just look at the credits at 
the end of any movie to see how many hundreds or 
even thousands of people contribute. Each one of 
them represents a vital element of the movie- 
making process. 

It’s the same in automotive. Prime-time news 
stories feature the latest Tesla, Lexus, or BMW 
models. But what about the new clutch that revo-
lut ionized gear shift ing? The heat recovery 
system that increased battery life? The bolting 
arrangement that simplified engine maintenance? 
They might merit a slight mention at best. Yet 
these improvements are the ingredients that add 
up to a higher performing vehicle, greater safety, 
improved fuel efficiency, and more. 

And so it is in turbomachinery. A rapid review 
of the listings in our annual Turbomachinery 
Handbook reveals hundreds of suppliers, service 
providers, and manufacturers. Some provide 
repairs, maintenance, and vital services. Others 
offer the components that lie at the heart of 
turbines and compressors, or the auxiliary systems 
that are integral to smooth operation. 

It is to these component and auxiliary system 
vendors that this issue is dedicated. Our cover 
story provides a glimpse into their operations. We 
sampled companies from various parts of the 
supply chain to hear their views on the latest 
trends, how they are coping with the pandemic, 
how 2021 is shaping up compared to last year, 
and new developments. The good news is that 
most are experiencing a healthier year. 

In keeping with our theme, we have articles 
about expanders in gas processing, a couple of 
interesting pieces detailing advances in bearing 
design, and a story on the value of upgrading inlet 
air cooling systems. In addition, a contributed 
article tackles upgrades for aging steam turbines. 

The Vendor Spot l ight shines on El l iot t 
Group. You can read about its many products, 
particularly about the company’s expertise in 

customizing centrifugal compressors for oil & 
gas applications. Our Q & A column comes 
from Sundyne; as well as providing information 
on it s compressors and pumps, it out l ines 
observed trends, how its responding to hydrogen 
compression, and its plans to achieve net-zero 
carbon emissions. 

Further columns take up additive manufac-
turing (AM) and piping loads related to turboma-
chinery. The Myth Busters have an interesting 
take on AM (a.k.a. 3D printing). They believe the 
technology falls within a relatively narrow band of 
application, and that the excitement around its 
possibilities must be balanced by a firm under-
standing of its limitations. Our Turbo Tips 
column delves into the piping that makes up many 
of the auxiliary systems surrounding turbines and 
compressors. Piping and nozzle loads don’t always 
receive the attention they deserve. This column 
aims to change that. 

NEW WEBSITE 
In other news, our website has received a facelift. 
Open turbomachinerymag.com in your browser 
and tell us what you think of the new format. 

Lastly, we have big plans for a series of webi-
nars covering the latest trends and developments 
in gas turbines, compressors, maintenance, and 
repair. Stay tuned for more details. ■

This issue is dedicated to the many component  
and auxiliary system vendors that form 
the turbomachinery supply chain. 

DREW ROBB
Editor-in-Chief

CELEBRATING 
THE SUPPLY CHAIN
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NUCLEAR UPGRADE
GE Steam Power has designed and 
manufactured a 75-inch last-stage blade 
for the 3.2 GW Hinkley Point C nuclear 
power station. Once completed, the Ar-
abelle steam turbine will be the most 
powerful nuclear steam turbine in oper-
ation. The project will have two reac-
tors in Somerset, England. The fully 
assembled low pressure rotor was tested 
at GE’s factory in Belfort, France and 
inserted into a balancing pit designed 
for large turbines. The rotor is set to be 
shipped from Belfort factory to Hinkley 
Point C site in 2021. Last-stage blades 
are part of the low-pressure module in a 
steam turbine generator, which converts 
steam into electricity in a nuclear power 
plant. Longer blades increase efficiency 

of a steam turbine and allow to further 
optimized backpressure.

SFK Bearings are used on the Mars Rover’s robotic arm. 

INDUSTRY NEWS

A GE Steam Power Arabelle steam turbine 
will be used for the Hinkley Point C nuclear 
power station. 

NEW VOITH TURBO CEO
Cornelius Weitzmann, who sits on the 
Board of Management of Voith Turbo, 
is Voith Group’s new president, CEO, 
and a member of the Corporate Board of 
Management. He succeeds Uwe Knot-
zer. Weitzmann joined Voith in 2007. 
Since 2009, he served as managing di-
rector of Voith Paper in Appleton, Wis-
consin, U.S. In 2011, he was named 
president Fabric & Roll Systems (FRS) 
EMEA. Since 2015, Weitzmann has 
been a member of the Board of Manage-
ment of Voith Turbo, responsible for the 
Power, Oil & Gas Division, before he 
took over the management of the Mobil-
ity Division in 2016. Weitzmann studied 
industrial engineering in Karlsruhe 
and Seville. 

SKF GOES TO MARS
The Perseverance Mars Rover is using Kaydon RealiSlim thin-section ball bearings, 
designed and manufactured by SKF Bearings, to collect and handle samples in the 
Jezero Crater during its multi-year Mars mission. The components contribute to the 
rover’s main robotic arm, sample collecting turret, tool-bit carousel, and sample han-
dling assembly. SKF also supplied bearings for the mission’s launch vehicle which 
carried the rover and its lander into space. When it is ready to begin collecting samples 
on the surface, the robotic arm will maneuver into place and the tool-bit carousel will 
whirr into action, deploying tools to drill or abrade material, which will then be collect-
ed by the sample collecting turret (aka “the hand”) and transferred to the sample han-
dling assembly for processing onboard the rover, and eventually a potential return to 
Earth for analysis via a future Mars mission. Kaydon bearings are often customized 
from baseline models for specific customers and commonly used in applications that 
require a balance between strength, weight, size, functionality, and reliability. 

ZERO-EMISSIONS GAS-FIRED 
POWER PLANTS 
8 Rivers Capital, a North Carolina-
based venture capital firm, is planning 
to begin operating a zero-carbon-emis-
sion 280 MW Net Power gas-fired 
power plant in southwest Colorado by 
2025. The project is called the Coyote 
Clean Power Project and will be located 
wi th in  the  Southern Ute  Indian 
Reservation. The company plans to 
open another plant in Illinois with agri-
c u l t u r a l  a n d  p r o c e s s i n g  f i r m 
Archer-Daniels-Midlands. 

8 Rivers Capital engineers invented 
the Allam-Fetvedt Cycle, a specialized 
power cycle that combines natural gas 
with oxygen, instead of air. To drive the 
turbine, it uses supercritical carbon 
dioxide as a working fluid instead of 
steam. Any CO2 byproduct is seques-
tered underground. In addition to the 
turbine exhaust, the cycle can use a heat 
source and uses a turbine inlet tempera-
ture above 800°C (optimally 1,000°C to 
1,200°C) and inlet pressures above 
80 bar (optimally 200 bar to 400 bar). 

The Illinois power plant will store its 
carbon emissions into an existing CO₂ 
well, currently used to store emissions 
from an ethanol production plant. 
Where to bury the Colorado plant’s 
emissions is yet to be determined, but 
8 Rivers notes a nearby CO2 pipeline. 
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INDUSTRY NEWS

MITSUBISHI POWER IN 
THAILAND 
Mitsubishi Power’s first M701JAC series 
gas turbine in Southeast Asia is now in 
operation at a new gas-fired com-
bined-cycle power plant in Thai-
land. The project is part of a joint ven-
ture between Gulf Energy Development 
Public, and Mitsui. The M701JAC is the 
first of eight units ordered that will com-
prise two facilities with a combined out-
put of 5,300 MW. The units have a 25-
year long-term service agreement. 
Construction of the remaining seven 
units has commenced and is scheduled 
for launch of commercial operations in 
2024. Mitsubishi Power will manufac-
ture and supply the gas and steam tur-
bines as well as ancillary equipment, 
while Mitsubishi Electric will provide 
the generators. 

Gas-fired power plant in Thailand. 

GE DIGEST
GE will provide maintenance services and 
a suite of  digital  solutions for the 
upcoming 718 MW combined cycle 
power plant at Meghnaghat, Bangladesh 
owned by Reliance Bangladesh LNG & 
Power, a joint venture between India’s 
Reliance Power and Japan’s Jera. The 
22-year agreement includes equipment 
maintenance on the gas and steam 
turbines, and auxiliaries, and implemen-
tation of plant-wide digital solutions on 
c l o u d  A P M  ( A s s e t  P e r f o r m a n c e 
Maintenance) Health & Reliability, OPM 
(Operations Performance Maintenance) 
Performance Intelligence, and BaseLine 
Security Centre for the contract term. 
The plant will be powered by two GE 9F 
gas turbines, one GE D11 steam turbine 
and three H53 generators. It will utilize 
re-gasified LNG. GE will also provide an 
Advanced Gas Path (AGP) upgrade for 
two GE 9F.03 gas turbines, steam turbine 
refurbishment  a long with control 
upgrades and supply the associated parts.

The United Arab Emirates’ first two, of 
three, GE HA gas turbines have been deliv-
ered, and are currently undergoing 

installation and commissioning works at the 
1.8 GW Hamriyah Independent Power 
Plant. The plant will feature three GE 
9HA.01 gas turbines, three steam turbines, 
six generators and three heat recovery 
steam generators. The Sharjah Electricity 
and Water Authority (SEWA) signed a 
25-year power purchase agreement with 
GE and Japan-based Sumitomo. GE will 
also supply parts, repairs and maintenance 
over the 25-year period. 

GE will supply a 1.2 GW combined 
cycle power plant, the Pulau Indah Power 
Plant in Malaysia, with two 9HA.01 gas 
turbines. The natural gas fired plant will 
enter commercial operations in 2024. GE 
will provide two blocks of 600 MW, each 
including a GE 9HA.01 gas turbine, an 
STF-D650 steam turbine, a W88 gener-
ator and a Once Through Heat Recovery 
Steam Generator (OT HRSG). The 
planned maintenance work will include 
capital parts, major inspections on the 
9HA.01 gas turbines, along with technical 
advisory services, and repairs. Overall 
plant performance will be monitored and 
enhanced with GE’s integrated Mark VIe 
Distributed Control System.

EPA NEW RULE
The US Environmental Protection Agency (EPA) finalized an update to the Clean Air 
Act’s Cross-State Air Pollution Rule, also known as the Revised CSAPR Update. The 
long-awaited rule requires states to immediately reduce nitrogen oxide (NOx) emis-
sions, the largest component of ground-level ozone (or smog) that mostly comes from 
coal-fired power plants and is carried to downwind states. The rule brings Northeast-
ern states into compliance with the 2008 National Ambient Air Quality Standards 
(NAAQS) for ozone. Over one-third of coal plants in the Eastern U.S. have installed 
pollution controls for NOx. Those plants are not subject to the update.

This summer’s emissions from power plants in the seven states, specified in a lawsuit 
that prompted the rule change, will help determine whether those states face additional 
regulatory requirements. The rule change follows years of legislation and litigation over 
states’ environmental responsibilities to one another. The “Good Neighbor” provision 
in the Clean Air Act requires upwind states to consider emissions because it affects air 
quality in downwind states. Power plants in 12 states (Illinois, Indiana, Kentucky, Lou-
isiana, Maryland, Michigan, New Jersey, New York, Ohio, Pennsylvania, Virginia, and 
West Virginia) will now have to reduce NOx emissions by improving and upgrading 
NOx pollution controls, many of which have been in place. 22 downwind states are 

DOOSAN ŠKODA SUPPLIES 
TURKISH PLANT 
Doosan Škoda Power will supply 
a 15 MW steam turbine including ac-
cessories for a planned chemical plant 
in Emet, Turkey. The Etimaden 
EMET Sulfuric Acid Production Plant 
will be in continuous operation for 330 
days a year and the steam turbine will 
generate electricity from residual heat 
for both the plant’s own operation and 
the surrounding area. Doosan Škoda 
Power will supply all accessories along 
with the turbine itself and the compa-
ny’s engineers will also supervise as-
sembly of the unit at the construc-
tion site.

SULLAIR NAMES NEW CEO
Sullair announced that John Randall has 
been appointed President and CEO. He 
replaces Charlie Takeuchi who becomes 

President of Hitachi Industrial Equipment 
Systems (HIES). Randall joined Sullair in 
July 2017 as Chief Operating Officer. He 
oversaw Hitachi’s acquisition of Sullair. 
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INDUSTRY NEWS

SIEMENS ENERGY DIGEST
Siemens Energy was selected by engi-
neering, procurement, and construction 
(EPC) company, Enter Engineering, to 
supply two low-emission compression 
t ra in s  f o r  Pha se  I  o f  the  Gaz l i 
Underground Gas Storage (UGS) project 
in the Bukhara region of Uzbekistan. 
The two trains will help extract up to 20 
million standard cubic meters per day 
(MMSm3/d) of stored gas in the Gazli 
field and pressurize it for transportation 
by pipel ine to  domest ic  users  in 
Uzbekistan and export to China.

Total and Siemens Energy signed a 
Technical Collaboration Agreement to 
study sustainable solutions for CO2 emis-
sions reduction. The collaboration will 
focus on natural gas liquefaction facilities 
and associated power generation. 

The partnership is intended to 
deliver industrial-stage approaches to 
the combustion of clean hydrogen in gas 
turbines, competitive all-electrical lique-
faction, optimized power generation, 
the integration of renewable energy in 
liquefaction plants’ power system, and 
their efficiency enhancement.

Siemens Energy will supply eight 
topside modules for a floating produc-
tion, storage, and offloading (FPSO) 
vessel in an offshore oil field in South 
America. The FPSO is scheduled for 
start-up in 2024. MISC Berhad is 
building the FPSO to expand its fleet of 
14 floating production systems. The 
FPSO is expected to have a processing 
capacity of 180,000 barrels of oil and 12 
million cubic meters of gas per day. 
Siemens Energy will supply two electric, 
low-pressure centrifugal compressors; 
two electric, CO2 compressors; three 
main injection compressors driven by 
Siemens Energy SGT-A35-GT62X gas 
t u r b i n e s ;  f o u r  S i e m e n s  E n e r g y 
SGT-A35-GT30 gas turbines for power 
generation; an E-house; plus all electri-
cals. The topside modules will  be 
designed and manufactured across Asia, 
with main engineering and execution 
activities done through Singapore. 
Packaging for all the rotating equipment 
packages will occur at Siemens Energy’s 
Santa Barbara d’Oeste facility in Brazil. 
The facility will provide support and 
service once deployed.

NAKOSO IGCC PLANT COMPLETE
A consortium led by Mitsubishi Power, a subsidiary of Mitsubishi Heavy Industries 
(MHI) group, has completed the construction of an integrated coal gasification 
combined cycle (IGCC) plant in Iwaki, Fukushima, that was handed over to the 
c u s t o m e r ,  N a k o s o 
IGCC Power GK. 

Mitsubishi Power 
manufactured the core 
a i r - b l o w n  I G C C 
system, including the 
c o a l  g a s i f i c a t i o n 
furnace. The project 
called for creation of 
the world’s  largest 
IGCC configuration, 
roughly twice the scale 
of the Nakoso Unit 10 
(former IGCC demon-
s t r a t i o n  p l a n t ) 
completed earlier. 

The IGCC plant incorporates a high efficiency combined cycle hybrid methodology. 
Coal is gasified in a gasification furnace at high temperature under high pressure; sulfur, 
ash and the like are separated out and removed; and the refined gas is used as fuel to 
drive a gas turbine. In this configuration, the gas turbine is combined with a steam 
turbine that operates using the steam generated by a waste heat recovery boiler fueled by 
waste gas. 

Siemens Energy wil l supply three 
SGT-800 gas turbines to the 260 MW 
Cyf ield Mari combined-cycle power 
plant in the Republic of Cyprus. The 
turbines will operate in a 3x1 combined-
cycle conf iguration. The plant expects 
higher eff iciency levels in its range and 
carbon dioxide emissions 50% lower 
than the current average of electricity 
related emissions in Cyprus. Siemens 
Energy will supply three SGT-800 gas 
turbines, three SGen5-100A generators 
and a 20-year long-term serv ice and 

maintenance agreement. The plant 
anticipates a start to commercial opera-
t ions by 2023 and is projected to be 
on l ine w ith the arr iva l of l iqu i f ied 
natural gas (LNG) on the island. The 
new LNG terminal is currently under 
construction. Until now the island grid 
was almost completely served by heavy 
fuel oil-f ired boilers. As the space for 
wind and solar power is limited on the 
island, the company sees a switch to 
natural gas as key to minimizing sulphur 
oxide emissions and particle emissions. 

20 MW ELECTROLYZER PLANT 
IN QUEBEC
Gazifère, an Enbridge subsidiary, and 
Evolugen, the Canadian operations arm 
o f  Brook f i e ld  Renewab le ,  t oday 
announced plans to build and operate 
one of Canada’s largest green hydrogen 
injection projects in Quebec. The 
approximately $90-million project will 
see a 20 MW electrolyzer plant built in 
the c i ty  of  Gat ineau,  adjacent  to 
Evolugen’s hydroelectric facilities. Green 

hydrogen produced via electrolysis will 
be injected into Gazifère’s natural gas 
distribution network via a new 15-kilo-
meter pipeline connecting the plant to 
the grid. The plant is expected to 
produce about 425,000 gigajoules of 
g reen  hydrogen .  Gaz i fè re  began 
supplying renewable natural gas (RNG) 
in 2020 and intends to become the first 
natural gas distributor on the continent 
to offer an all-green, fully renewable 
energy portfolio by 2050.
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DOOSAN WASTE TREATMENT 
Doosan Škoda Power will supply a 42MW turbine generator 
for the Newhurst Energy Recovery Facility in Leicestershire, 
England, currently under development. The facility will treat 
up to 350,000 tonnes of non-recyclable waste every year. Deliv-
ery of the main components for the project is planned for 
November 2021. After the completion of the mechanical as-
sembly (piping and wiring), engineers will perform individual 
tests, and steam is expected to be brought into the unit for the 
first time in October 2022. The entire facility is expected to be-
gin its operational phase in spring of 2023.

The H25 gas turbine.

PW POWER SYSTEMS IS  
NOW MITSUBISHI POWER AERO
Pratt & Whitney Power Sys-
tems (or PW Power Systems), 
which has been designing, 
building, furnishing and sup-
porting aeroderivative gas 
turbine and geothermal pow-
er systems for decades, is now 
known as Mitsubishi Power 

Aero. In May 2013, United 
Technologies Corporation 
sold PW Power Systems to 
Mitsubishi Heavy Industries 
(MHI). The name change 
makes the company one unit 
of Mitsubishi Power, a subsid-
iary of MHI. 

AMMONIA-FIRED GAS TURBINE 
Mitsubishi Power has begun development of a 40 MW gas tur-
bine fueled by 100% ammonia (NH3). After combustion and 
other testing, Mitsubishi Power is targeting commercialization 
in or around 2025. It will mark the world’s first commercial-
ized gas turbine to make exclusive use of ammonia as fuel in a 
system at this scale. Mitsubishi Power hopes it will help to de-
carbonize small to medium-scale power stations. A challenge 
needing to be addressed with direct combustion of ammonia is 
the production of nitrogen oxide (NOx) caused by oxidation 
resulting from the combustion of the nitrogen component of 
the fuel. Mitsubishi Power is aiming to resolve this issue 
through commercialization of a gas turbine system that com-
bines selective catalytic reduction (SCR) with a newly devel-
oped combustor that reduces NOx emissions, for installation in 
the Company’s H-25 Series gas turbines (output: 40MW class).

ARTIFICIAL INTELLIGENCE SOFTWARE 
C3 AI and Yokogawa Electric signed a multi-year agreement 
for Yokogawa, and its wholly owned subsidiary, KBC, to use 
the C3 AI Suite as a platform to enhance enterprise Artificial 
Intelligence (AI) applications and complement its digital 
transformation solutions and services for industrial custom-
ers. Yokogawa expects C3 AI to help deliver optimized pro-
ductivity for clients, greater levels of industrial autonomy, 
and creation of new business opportunities. The agreement 
enables C3 AI to establish a direct presence in Japan through 
its work with Yokogawa.

ETHOSENERGY CONTRACT 
EthosEnergy has been awarded a five-year turbine mainte-
nance contract for the support of a fleet of gas turbines in the 
UK’s North Sea. The contract includes the support of 37 units 
across 10 offshore production platforms covering a range of 
OEM equipment, including Siemens small gas turbines, GE 
Frame and LM units, and Solar gas turbines. Additionally, the 
scope includes the provision of management and support 
including overhauls, spare parts, field service, and planned and 
unplanned maintenance.

Go find your next opportunity. 

O&M and Asset Management Services

85 Enterprise, Suite 400
Aliso Viejo CA 92656  
(602) 459-1012  
www.ihipower.com 

We got this projectthis project covered.
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COAL HYDROGENATION 
Riverview Energy has committed to 
carbon neutra l it y by 2050 as the 
company plans to open the f irst U.S. 
direct coal-hydrogenation ref inery in 
Dale, Indiana, which wil l produce 
ultra-low-sulfur diesel. With the direct 
coal-hydrogenation process, coal parti-
cles are processed via a carbon-free 
method that does not burn or gasify the 
coal. From there, the part icles are 
hydrogenated in a closed system at 
high pressure and temperature. To 
achieve carbon neutrality, Riverview 
Energy plans to use diverse electric-en-
ergy sources, such as renewable-gener-
ated electricity from regional providers, 
work with contract services that use 
carbon-free methods and sources, 
invest in carbon of fset options, and 
adopt emerging technologies that will 
take the operation to green-hydrogen 
over the next three decades. The 
company plans to build more plants in 
the future w ith it s hydrogenat ion 
process at the forefront.

VELO3D SUPPLIES CHROMALLOY 
Velo3D will supply additive manufactur-
ing (AM) services to Chromalloy, a man-
ufacturing and repair solutions provider 
for gas turbine engine manufacturers 
and operators. The Sapphire AM line 
will be installed at Chromalloy’s manu-
facturing and repair services environ-
ment. Saphire is an industr ial AM 
technology designed for low-volume, 
direct-part replacement of convention-
ally produced parts when demand and 
long-term forecasting are uncertain. 
Velo3D wi l l qual i fy Chromal loy’s 
machine for 3D printing nickel-based 
superalloys, including HastelloyX, which 
is designed for strength and durability in 
high temperature environments. 

Meanwhile, Velo3D is becoming a 
publicly traded company. It is merging 
with Jaws Spitf ire. Completion of the 
transaction is expected in the second 
half of 2021. The company will be listed 
on the New York Stock Exchange 
( N Y S E )  u n d e r  t h e  n e w  t i c k e r 
symbol “VLD.”

Train transporting biomass wood pellets arriving at Drax Power Station.

DRAX POWER CHANGE
Drax Power, a British power generation company, changed plans for its coal power 
plant in North Yorkshire, the Drax Power Station. It will still phase out coal, but 
instead of installing two gas turbines as it initially proposed, it will instead burn 
wood pellets for a bioenergy with carbon capture and storage system (BECCS). The 
plant, opened in 1974, has 2.6 GW capacity for biomass and 1.29 GW capacity for 
coal. Work to build BECCS could be underway at Drax as soon as 2024. By 2027, 
Drax’s first BECCS unit could be operational. It will be the UK’s largest carbon 
capture project. 

As part of the plan, Drax is acquiring Pinnacle Renewable Energy, a Canadian 
wood pellet producer. The deal would double Drax’s own biomass production 
capacity, in line with its strategy to increase self-supply, reduce costs and create 
a long-term future for biomass, paving the way for the deployment of BECCS. Drax 
also sold its four gas power stations. Later, the company announced in its 2020 finan-
cial results that it will not develop high efficiency gas power at the Drax site in North 
Yorkshire. Overall, Drax will focus on renewable generation from biomass and 
hydro. However, the company still plans to develop 1.2 GW of new gas peaker plants 
in the UK.

GLOBAL GRID BATTERY 
STORAGE CAPACITY GROWTH
The global grid battery energy storage 
w i l l  see cont inua l  expans ion and 
declining technology costs as the key 
factors fueling the market, according to 
a recent report entit led “Electr icity 
M a rket  Moder n i zat ion a nd Cost 
Reductions Powering the Global Grid 
Battery Energy Storage Market,” by 
consulting firm Frost & Sullivan. 

As more nations commit to generate 
over 50% of power from renewable 
energy by 2030 and modernize their regu-
lations to accommodate flexible assets, the 
global grid battery storage capacity will 

likely reach 134.6 GW by 2030. The 
market is estimated to generate $15.94 
billion annually by the end of the decade, 
up from $2 billion in 2020.

China and North America are antic-
ipated to be the lead ing reg ions , 
account ing for 46.2% and 32.4%, 
respectively, of the total grid battery 
s torage power capac it y  by 2030. 
Opportunities in Latin America, Africa, 
and the Middle East remain limited. 
Europe’s participation is likely to fall 
from 25.6% in 2020 to 13.3% by 2030 
due to saturation of frequency regula-
tion markets and the lack of a business 
case for other applications.
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TURBO TIPS

PIPING AND 
NOZZLE LOADS
BY AMIN ALMASI

Many effects and factors that may 
have been considered small and 
negligible in ordinary piping 
may become significant for 

piping connected to turbomachinery. 
These factors include radial movements, 
support stiffness, nozzle flange move-
ments, and support friction. 

Thermal movement in the diametrical 
direction is usually ignored in ordinary 
piping systems. But when a restraint is 
needed to control the piping load to the 
nozzle, such movements may be signifi-
cant. Therefore, a realistic analysis of 
piping/nozzle loads should include radial 
thermal movement. Often-ignored radial 
movements may impact some turboma-
chinery piping systems due to their size 
and low allowable nozzle loads.

Take the case of 24-inch (DN600) 
piping for a large turbocompressor. The 
radial movement for a temperature differ-
ence of 200°C is estimated at 0.8 mm. 
Due to piping rigidity, radial displacement 
produces a nozzle moment of about 55% 
of allowable nozzle moment (as per API 
617). This effect is greater as size increases; 
more than 1.1 times allowable nozzle 
moment for a 32-inch (DN800) piping. 

Due to low allowable piping loads, 
support friction also plays an important 
role in piping. Low friction surfaces are 
generally needed at supports and guides 
near machinery. For a support located 
5 meters away from a nozzle, for example, 
the nozzle and the support each carry a 
weight load equivalent to 2.5 m of piping. 
When the nozzle moves, the friction force 
at the support produces a bending 
moment at the nozzle. Even with a fric-
tion factor of 0.1 (the rated value of 
common sliding plates), the effect of fric-
tion force at one support may constitute 
about 35% of the allowable load for 
20-inch (DN500) piping. This moment 

increases with size. Thus, low-friction 
sliding plates are usually needed at 
supports and guides near turbomachinery.

SUPPORT STIFFNESS
When the piping size reaches 20 inches 
(DN500) or more, there are few structures 
that offer effective rigid behaviour restraint. 
The cross-section of the structure members 
is generally smaller than the piping 
cross-section in the range of 24 inch 
(DN600) or more. The effectiveness of 
supports and restraints in providing stiffness 
depends mainly on the framework. 

It is best to include support stiffness in 
a structural analysis to confirm/determine 
nozzle loads. But it is vital to differentiate 
between support stiffness and piping stiff-
ness. Another point to consider is that 
when such support stiffness is included, 
piping stresses and reaction loads are 
usually reduced. The addition of support 
stiffness usually provides more system flex-
ibility and lowers the overall level of stress 
and loads. Therefore, such an inclusion is 
strongly recommended if nozzle loads are 
marginally high. 

Nozzle flange movement is also 
important. The connecting nozzle flange 
moves due to thermal movements in the 
turbomachinery casing. Although they 
may be small, these movements can have 
a significant effect on nozzle loads. This is 
similar to piping radial movements. The 
effect of nozzle movement is especially 
important when restraints are needed 
nearby to control loading. As the casing 
temperature distribution of turboma-
chinery can be complicated, such nozzle 
movements should be provided by the 
manufacturer. Movements estimated from 
arbitrary casing temperature distributions 
and assumed support functions are 
generally inaccurate.

PIPING WEIGHT
Thermal load is difficult to control. But 
weight load is more manageable. This is 
why some codes insist that piping dead 
weight is entirely supported by piping 
hangers or supports. 

There are two main types: rigid 
support and spring (or resilient) support. A 
rigid support can be used only at a loca-
tion that has negligible vertical thermal 
movement. Rigid supports should be used 
whenever feasible as they are simpler, 
cheaper, and more stable. They can 
absorb load fluctuations. However, there 
are many locations where rigid support is 
not possible.

In many piping systems, the first 
support at the discharge piping is gener-
ally the spring type (such as a variable 
spring hanger). Any vertical force will 
create a large overturning moment in any 
overhanging piping configuration used in 
turbomachinery. When there is a spring 
support at the proper location, the spring 
can be selected and adjusted to take piping 
weight away from the nozzle connection. 

If the support is located far away from 
the weight center, there could be prob-
lems. In this case, the piping weight can be 
reduced to near zero, yet the coupling of 
the spring force and weight creates a large 
bending moment on the nozzle. This is 
due to the distance between the spring 
support and the weight centre. This 
moment can be more damaging than the 
piping weight itself. ■

A min A lmas i  i s  a  Char te red 
Professional Engineer in Australia 
and U.K . (M.Sc . and B.Sc . in 
mechanical engineering). He is a 

senior consultant specializing in rotating 
equipment, condition monitoring and reliability.
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VITAL COMPONENTS 
Turbomachinery Components & Auxiliary Systems Loom Large
BY RORY PASQUARIELLO

If only we could plug power lines directly into 
gas turbines, our energy problems would be 
far less numerous. The guts of the plants that 
electrify the world are necessary for a safe and 

reliable power supply. They are just as integral as 
the turbomachinery that lies at the heart of the 
plant. A vast army of component and auxiliary 
system manufacturers supply the sector with 
everything from seals, joints, and f ilters to soft-
ware and sensors.  

Turbomachinery International Magazine 
interviewed many of these vendors about trends 
in the industry as well as the new products and 
services they’re developing. For many, 2020 was 
a rough year. Energy consumption dropped and 
budgets were suspended, leaving plant operators 
with little choice but to defer maintenance and 
upgrades. But 2021 has a much rosier outlook. 
Sidelined projects have been revived. Spare 
parts are in higher demand. The move towards 
carbon reduction is being served by component 
manufacturers via better f iltration and tighter 
seals. With remote monitoring becoming the 
norm, the market for software and sensors 
has strengthened. 

CALNETIX
Calnetix manufactures high-speed permanent 
magnet motor generators, magnetic bearings 
systems, and power electronics. The company is 
particularly attuned to the industry shift towards 
t h e  e l e c t r i f i c a t i o n  o f  d r i v e  s y s t e m s 
for sustainability. 

It is seeing higher demand for integrated 
machinery in applications such as air separation, 
offshore source gas compressors, gas processing 
companders ,  gas storage compressor and 
expanders, compressed air energy storage, super-
critical CO2-based waste heat recovery equip-
ment, and hydrogen compressors and expanders. 
Integrated high-speed machines add value but 
have higher costs. For example, hermetically 
sealing a high-speed compressor requires redun-
dant seals and sealing controls. But integrated 
machines of fer a minimum of a 1% to 2% 

efficiency gain, and the cost of deployment (equip-
ment, installation, commissioning, and field work) 
is lower. 

Calnetix has created a subsidiary, Sapphire 
Technologies, to focus on auxiliary expander 
systems. That unit developed FreeSpin In-line 
Turboexpander (FIT) systems that use magnets 
in a hermetically sealed system to capture the 
energy lost in pressure reduction from natural gas 
and hydrogen applications. 

FIT produces electricity by extracting energy 
from gas pressure let down processes. High-
pressure gas f lows into the FIT and expands 
through the radial turbine wheel. The expansion 
energy is converted to rotational energy, which 
drives the shaft coupled to the permanent magnet 
generator. All rotating components are levitated 
by the active magnetic bearing system, providing 

Cutaway model of the FreeSpin In-line Turboexpander (FIT).

“We will soon see more hermetically sealed drive 
solutions being used in turbomachinery applications,” 
said Venky Krishnan, Vice President of Business 
Development and Business Unit Leader, Calnetix.

Venky Krishnan 
Vice President of Business 
Development and 
Business Unit Leader, 
Calnetix.
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USING LESS AND USING IT SMARTER
With Regal facilities worldwide, we can recertify your Kop-Flex® API-671 specifi ed coupling 
anywhere, at any time, and bring it back to like-new condition, with a typical savings of 
50% compared to new. As part of our journey with a continuous improvement mindset, 
we set targets to reduce our footprint in every Regal location around the world. 

For more information about how we can help with your coupling needs, 
call Application Engineering at 800-626-2120.

regalbeloit.com/KopFlexRecert
Creating a better tomorrow™...

frictionless operation. The generator produces 
electricity and transfers it to the variable speed 
drive (VSD), where the frequency and voltage are 
regulated to match the local grid. After expan-
sion, the gas exits the FIT with the same condi-
tions as the existing downstream gas network.

CDI ENERGY PRODUCTS
CDI Energy Products manufactures polymer 
products and components for the oil & gas, LNG, 
f luid handling, aerospace, power generation, 
ref in ing & pet rochemica l ,  and indust r ia l 
processing industries. It produces materials such as 
elastomers, fluoropolymers, and thermoplastics. 

2020 brought a rethink in operational plan-
ning, plant footprint, and tradit ional of f ice 
structure. This included the relocation of manu-
facturing equipment. 

The company sees 2021 through a much 
more optimistic lens. It has several products and 

mater ia ls in the research and development 
phase. It is about to launch something for the 
well service packing market and hydraulic frac-
turing industry as part of its Tuff Breed line. It 
addresses a major pain point service providers 
face w ith f rac pump ef f ic iency and f lu id 
end failure.

One of the materials in the company’s dures 
brand was recognized in the API 610 Twelfth 
Edition for stationary wear or rotating parts appli-
cations selection. The proprietary thermoplastic 
polymer composite used in dures 200 was devel-
oped to service applications with aggressive acids 
and bases, aromatics, and amines. The dures 
brand also includes the A451 and XPC2, both of 
which were recognized as meeting API 610 stan-
dards for stationary wear or rotating parts appli-
cations. Items produced with dures include case 
and stationary wear rings, impeller and rotating 
wear rings, throat or stuffing box bushings, and 
bowl bushings.  

CDI Energy Products 
produces materials such 
as elastomers, 
fluorpolymers, and 
thermoplastics. 
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Donaldson iCue connected filtration.

DONALDSON FILTRATION 
Donaldson, a manufacturer of inlet f iltration 
systems, has seen plant operators take a greater 
interest in increasing plant optimization as well 
as steps toward cleaner energy product ion. 
That includes increased use of f i lter pulsing 
systems, upgrading to (H)EPA-level final filtra-
t ion ,  a nd i ncrea s i ng power  out put .  T he 
company also reports greater interest in remote 
equipment monitoring. 

The company offers a range of products and 
services, including Turbo-Tek (H)EPA filters (that 
capture more than 99.5% of the most penetrating 
particle size particles), evaporative cooler replace-
ments, pulse system upgrades, and remote moni-
toring. Its iCue connected f iltration service, for 
example, remotely monitors air intake perfor-
mance. It measures f ilter differential pressure 
(dP), static pressure, temperature, and relative 
humidity to help minimize unplanned downtime, 
support efficient maintenance and operation, and 
capture critical compliance data. This technology 
can be helpful in coastal regions or other areas 
where the weather and temperature along with 
plant processes can produce particulates that are 
tough on filters and can wear down equipment. 

FLUID ENERGY CONTROLS
Fluid Energy Controls (FEC) is a manufacturer of 
custom accumulators, and a distributor of fluid 
power products offering pumps, motors, valves, 
f i lters, cylinders, accumulators, and other 
hydraulic components. Joe Cheema, General 
Manager at FEC, said he noticed a slowdown 
dur ing the f i r st f ive to s ix months of the 
pandemic, and watched anxiously as a few 
suppliers closed shop. But the company is now 
much busier than it has been over the past year. 
Little adjustment was needed at FEC other than 
reducing the number of people working in the 
building at the same time.

FEC has been offering variations of current 
products. The company represents manufacturers 
such as Parker, Rexroth, Rineer, Denison, 
Muncie, Barksdale, Ausco, Fairfield, and others. 
Its main product is the LOSA accumulator, a 
specialty accumulator customized for applica-
tions for turbo-compressor, turbo-expanders, and 
emergency lube oil storage for high speed bear-
ings in turbines.

“Turbomachinery is coming back strong, 
especially U.S. manufactured products being 
shipped for overseas projects,” said Joe Cheema. 
“Spare parts are in bigger demand because 
stalled repairs are now going ahead.”  

SCHOCK MANUFACTURING
Schock Manufacturing specializes in the engi-
neering and manufacturing of auxiliary equip-
ment for gas turbines used in power generation, 
oil and gas, and industrial applications. With 
limited in-person inspections during 2020, the 
company experienced a rush of orders once units 
started coming off-line for scheduled outages. It 
has adjusted stock material levels to support 
emergency upgrades.

GE FS7F Exhaust Diffuser upgrade by Schock Manufacturing 
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Voith OnCare.Health 
IOLIS digital 
measurement system. 

Waukesha Bearings’ instrumented polymer-lined journal pad.

Schock’s newest development is an Exhaust 
Dif fuser Liner upgrade and exterior trough 
expansion joint for GE FS7F series gas turbines. 
The diffuser liner requires no maintenance and 
can be quickly installed. 

“With the ageing instal led base, and the 
more frequent cycling of GTs, the aftermarket 
upgrade segment is strong,” said Jeff Cozbey, 
Project Manager at Schock.  

VOITH TURBO
Voith Turbo offers drive solutions and systems 
for industries such as oil and gas, energy, mining 
and metal processing, mechanical engineering, 
ship technology, and rail. Valentin Chocano, 
Retrofit Expert at Voith, foresees the near future 
of the industry to be the Internet-of-Things 
(IoT). Voith has invested heavily in the digital 
transformation of its product portfolio. This 
requires changes in engineering, manufacturing 
processes, supply chain, sales, technical support, 
and services to support new IoT products.

Errors, fai lures, and mistakes caused by 
manual processes, he said, can be eliminated 
through smart process automation (SPA) with 
the help of IoT devices and sensors. Smart retro-
fitting is one opportunity Chocano identified in 
brownf ield areas to increase product iv ity. 
During a standard overhaul of a production 
machine, the analog instrumentation can be 
replaced by smart instrumentation, including 
advanced visualization.

In the summer of 2020, Voith introduced its 
new d ig i t a l  mea su rement  s y s t em ca l led 
“OnCare.Health IOLIS” for variable speed 
f luid couplings. The reliability of an existing 
cent r i fuga l  pump, cont rol led by a Voith 
VSD-l ike S -coupl ing, can be improved by 
upgrading the existing analog instrumentation 
with the IOLIS system. Current status of pres-
sure, temperature, vibration, speed, and other 
paraments is t ransmit ted d ig ita l ly v ia the 
f ieldbus to the Distr ibuted Control System 
(DCS). The visualization of relevant and neces-
sary technical evaluations and diagnostics can 
be displayed remotely on any device within the 
operating network.

WAUKESHA BEARINGS
Waukesha Bear ing s ,  a  d iv i s ion of  Dover 
Precision Components, designs and manufac-
tures hydrodynamic fluid film bearings, active 
magnetic bearing systems and seals for high-per-
fo r m i n g  t u r b om a c h i ne r y  a nd  r o t a t i n g 

equipment in oi l & gas, power generat ion, 
marine, and industrial markets. In response to 
market disruptions, the company is deploying 
remote assistance tools to provide customers 
with real-time insight on engineering drawings 
and support for f ield operations without safety 
concerns or costs of travel.

“The trend toward decarbonization acceler-
ated during 2020,” said Brian Draeger, Director 
of Sales, Waukesha Bearings. 

In 2020, the company moved into a new 
innovation lab in Houston. The lab is being used 
to improve bearing performance, develop mate-
rials for harsher environments, and test new seal 
and damper designs. Polymer bearing tech-
nology, for example, is growing in importance in 
h igh-load appl icat ions l ike gas and steam 
turbines, as well as wind turbines. Polymer-lined 
bearings of fer predictable performance and 
other benefits over babbitt-lined bearings, such 
as greater strength, higher operating tempera-
tures, and super ior tr ibology propert ies at 
start-up. Company engineers have been collabo-
rating on field analysis of polymer-lined tilt pad 
bearing performance and validating monitoring 
t e c h n i q u e s  t o  i n c r e a s e  c o n f i d e n c e  i n 
the technology. ■

Valentin Marcos Chocano 
Enriquez, Retrofit Expert 
at Voith

“If a company wants to be competitive in future, 
it needs IoT solutions,” said Valentin Marcos 
Chocano Enriquez, Retrofit Expert at Voith.
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COMPRESSORS

TURBOEXPANDERS 
Turboexpander Reliability Has Increased Steadily Over The Years 
BY BEHROOZ ERSHAGHI, LOUIS MANN, AND GABE GLYNN

Typical turboexpander plant schematic

The use of cryogenic turboexpander 
t ech no log y  i n  hyd roc a rbon 
processing started in the early 
1960s with the utilization of eff i-

cient near isentropic expansion (the 
method at the time was free expansion 
from a Joule-Thompson valve). For many 
decades now, radial inf low turboex-
panders with booster compressor loads 
have been a favored equipment choice in 
natura l gas process ing. Expander-
compressor (EC) units provide refrigera-
tion for extracting heavier hydrocarbon 
components at the same time as having 
low energy costs. The main applications 
are natural gas liquid (NGL) recovery, 
dewpoint control, liquif ied natural gas 
(LNG) pretreatments, and ethylene and 
petrochemical processes. Refrigeration is 
provided by expansion through a turbo-
expander, and the free shaft power is 
utilized to drive a booster compressor. 

As is the case with other turboma-
chines, turboexpander reliability is a 
p r o d u c t  o f  c o m p o n e n t  d e s i g n , 

manufacturing, design features, control 
systems, and process environments. The 
guid ing requirements for turboex-
panders and centrifugal compressors in 
the petroleum, chemical, and hydro-
carbon gas processing industries are set 
out in American Petroleum Industry 
(API) Standard 617. API 617 specif ies 
that expanders should have a service life 
of 20 years, which includes at least f ive 
years of uninterrupted service. In addi-
t ion, hazard and operabil ity studies 
(HAZOP) and safety integrity level (SIL) 
reviews specify required instrumentation 
to minimize loss of production. 

As a component reliability example, 
magnetic rotor/bearing system reli-
ability is now in the range of 99.5-100% 
over 100,000 hours of operation with 
approximately 10 hours prevent ive 
maintenance every year. The majority of 
larger turboexpanders in gas processing, 
petrochemical, and energy recovery 
units are built to order, including auxil-
i a r y  a n d  c o n t r o l  s y s t e m s .  T h e 

components that are normally custom 
designed for specif ic applications are: 
wheels, inlet guide vanes (IGV), rotor-
bearing systems, and seals. 

The mechanical development and 
the performance of turboexpanders have 
been improved over decades in a number 
of ways, such as with design tools, 
analytical methods, and lessons learned 
from implementations. Robust rotor-
bearing systems, both oil-lubricated and 
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magnetic bearings, can handle a wide range of 
radial and axial thrust loads during normal and 
of f-design operation, as well as unavoidable 
process upsets. A process of continual impeller 
and inlet guide vane f low channel optimization 
ensures a wide operating range with minimal 
performance penalt ies. Addit ionally, recent 
improvements in IGV actuation systems have 
a l l owe d  s mo ot her  pr o c e s s  c ont r o l  a nd 
better stability.  

TURBOEXPANDERS IN INDUSTRIAL 
OPERATION
The cryogenic process is the preferred method of 
separating a heavier hydrocarbon from natural 
gas. The treated gas is isentropically expanded to 
lower the pressure, which results in maximum 
cooling and condensate. The typical single-stage 
turboexpander pres sure rat io i s  4:1,  but 
depending on the applied process it could be as 
high as 14:1. The static temperature is reduced to 
a cryogenic range as energy is removed. This 

released energy is then used to recompress the gas 
feed ing the downstream process . In most 
processes, the turboexpander outlet is in two 
phases, with liquid mass fraction ranging from 
5-20%, and up to 40% in dense phase cases. In 
this system, the expander wheel f low passage 
geometry is designed to handle any amount of 
discharge liquid fraction with no signif icant 
performance penalty. 

The turboexpander feed is from the top of a 
separator, which normally contains a small 
amount of mist carryover. Mist particles are typ-
ically carried out with high gas stream velocities, 
although a high concentration of carryover (>1%) 
and a formation of large radius droplets at the 
turboexpander inlet may result in a high impact 
on the blade tips, which causes erosion in the flow 
path. Erosion will be more severe if there is a 
combination of fine dust in the nucleus of drop-
lets. In order to minimize this risk, process indus-
tries have established guidelines for turboex-
pander inlet separator designs and avoiding liq-
uid slug. 

Oil bearing 
turboexpander 
compressor cross section 

We meet digital change with efficiency and security, while combining more than one and a half centuries of experience in the manufacture of drive 
technologies with digital innovations. Our data-based solutions thus bring decisive added value for our customers: Maximum productivity through 
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A  t u r b o e x p a n d e r  b y p a s s  o r 
Joule-Thomson (J-T) valve is used for plant 
operation during the start-up, shutdown, 
and service period. On the one hand, as a 
free expansion (isenthalpic) J-T valve, the 
outlet stream is not sufficiently cooled for 
liquefaction at reduced pressures. On the 
other, because the turboexpander process 
is isentropic, it provides maximum cooling.   

DESIGN DEVELOPMENTS 
Manufacturers have encountered various 
issues that necessitated design and opera-
t i o n a l  g u i d e l i n e  i m p r o v e m e n t s . 
Examples: Inlet guide vane mechanism 
and control; resonance-free impellers 
avoiding critical excitations; axial load 
increased capacity and control; and 
rotor-bearing system stability.  

A turboexpander variable IGV works 
by converting a portion of process fluid 
head (i.e. 50%) to kinetic energy (gas veloc-
ity). Similar to an efficient control valve, the 
IGV maintains a desired process setpoint 
by regulating the volume flow through the 
expander. In general, IGVs allow efficient 
operation across wide operating ranges, 
while they must also be capable of high reli-
ability in harsh process environments. 

Basic aerodynamic design guidelines 
for IGV segments are uniform flow and 
pressure profile, balanced forces, no flow 
separation downstream of the throat, and 
minimizing the passing frequency wake 
region. Mechanical-related problems were 
formerly related to excessive force or con-
tact stress applied to pins and linkage, and 
a clamping of the plates. These are nowa-
days evaluated during the design process 
phase, which takes into consideration the 
range of process pressures and the selec-
tion of the actuator size. 

Most IGV problems are either: 
mechanical, such as galling; process-re-
lated, such as dust particles and process 
pulsation; or operation issues, such as 
actuator position hunting due to a fine 
control band. Galling wear results in dam-
age to the sliding surface, which in turn 
causes adhesion and high friction. Never-
theless, IGV galling resistance has been 
improved by using materials with dissimi-
lar properties, material treatments, mini-
mizing contact stress between moving 
parts, avoiding deflection of the plates, 

and by applying suitable coatings compat-
ible with the process media. Some of the 
process-related issues include stress corro-
sion cracking in case of sour gas, a high 
concentration of particulates, and hydrate 
formation when the hydrocarbon mixture 
contains water vapor. Operation-wise, 
IGVs are designed for continuous process 
control with desired control band bias. 

However, in some instances an unnec-
essary very fine process control band setting 
results in a hunting of the actuator position. 
This shortens the life of some IGV compo-
nents, particularly if some process contam-
inants are present. Currently, in addition to 
IGV assembly optimum linkage design, 
computational fluid dynamics (CFD), finite 
element analysis (FEA) and metallurgical 
analyses are carried out during the design 
phase. In addition, design and component 
integrity are validated using a stroke test 
apparatus developed for simulating the gall-
ing resistance under applied process pres-
sure forces. 

WHEEL OPTIMIZATION
The converted static pressure to high 
velocity in the IGV assembly is further 
expanded into the wheel, which extracts 
energy and results in high-volume refrig-
eration with additional velocity head 
recovery in the discharge diffuser. Radial 
inflow turboexpanders are 50% reaction, 
which means impeller enthalpy drop is 
about half of the stage enthalpy drop. This 
provides optimized velocity in the stator 
and rotor, and it also minimizes the inci-
dence into the radial blades. For a radial 
stage design with an optimum velocity 
ratio of 0.7, total efficiency is up to, 90%. 

In some applications with high 
enthalpy drop (above 180 KJ/Kg), design 
velocity ratio is a lower value due to the 
mechanical limitation on the turboex-
pander wheel peripheral speed. For a 
given throughput, operating the turboex-
pander at a lower speed or much higher 
head than design will result in lower pro-
duction rates. This could be due to off-de-
sign process conditions or rotor/bearing 
mechanical issues, and high vibration. 
Therefore, rotor/bearing design stability 
is the key to high reliability. 

In addition to stress analysis, the 
mechanical integrity of the expander 

depends on the prevention of high-cycle 
fatigue and avoiding resonance frequen-
cies in its operating range. The basic 
guidelines for wheel performance design is 
to ensure a uniform flow and pressure dis-
tribution, a good leading-edge flow pat-
tern, acceptable blade loading, and no 
flow separation. 

Hydrocarbon turboexpanders require 
a wide operating range. Both the mechan-
ical integrity of the turboexpander wheel 
and the stress loading must avoid creating 
destructive resonance frequencies. For 
example, when the IGV discharge exci-
tation matches a wheel natural frequency 
mode, it will resonate and potentially ini-
tiate a crack. Excitation force will increase 
with a higher fluid density, power and 
Mach number, and flow instabilities, so 
higher harmonic interferences need to be 
considered during the design and final 
tuning stages. 

ROTOR-BEARING SYSTEM
The selection of oil or magnetic bearings 
often comes down to the preference of 
the end-user. The decision is based on 
footprint, oil-free operation require-
ments, oil dilution in case of heavy 
component s  in  the  sea l  gas ,  and 
plant location. 

The required load capacity for the shaft 
support, peripheral speed, process-induced 
cross-coupling effects, and stability is deter-
mined and set by analytical methods. The 
magnetic-bearing stiffness is about seven 

 Turboexpander variable inlet guide vane 
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times lower than the equal-sized oil bear-
ing, and for this reason larger relative mag-
netic-bearing sizes are used to compensate 
for the rotodynamic need. Turboexpanders 
with magnetic bearings have proven their 
rotodynamic robustness over several mil-
lion hours of operation. 

There have been several lessons 
learned from decades of design and oper-
ation of magnetic bearings. Two particu-
larly worth highlighting are the impor-
tance of protecting the rotor-bearing sys-
tem from external factors, such as corro-
sive components in the process gas; and 
choosing the right bearing size while tak-
ing into consideration the process param-
eter influence on the load capacity. 

On oil-bearings machines, lubricant 
type, cleanness, and diluted oil viscosity 
after dissolve gas equilibrium are the 
important factors for reliability. Journal oil 
bearings could be either fixed geometry or 
tilted pad, depending on the peripheral 
speed. Turboexpander oil bearings are a 
combination of journal and thrust bearings 
with a positive automatic axial load control. 

Turboexpander compressor shaft seals 
are a labyrinth type. The purpose of the 
shaft seal is to prevent process gas ingress 
to the bearing housing and to act as a 
shield against the cold process side. Warm 
and dry seal gas with positive differential 
pressure to the process side is injected into 
the seal and vented through the bearing 
housing to the lowest process gas pressure, 
which is normally the booster compressor 
suction. The bearing housing and the oil 
reservoir are pressurized, and the system 
is enclosed with no hazardous gas leaking 
to the atmosphere. For magnetic-bearing 
turboexpanders, shaft-seal clearances are 
two-to-three times larger than equivalent 
oil-lubricated machines due to higher 
bearing clearances. Therefore, in some 
applications, floating ring seals are used to 
minimize the seal gas flow rate. 

In addition to standard machinery 
protection, additional features are built 
into the system that helps categorize this 
piece of equipment as smart and rela-
tively self-controlled (if desired). These 
features include automatic thrust load 
equalizer (ATE) for both oil-lubricated 
and magnetic-bearing set-ups, automatic 
IGV control based on process signals, 
automatic seal gas differential pressure 

c o n t r o l ,  a n d  a u t o m a t i c  b o o s t e r 
compressor anti-surge control. For 
magnetic bearings, more advanced 
control cabinet features are available, 
including remote tuning, a toolbox for 
bearing health check, hot swap back-up 
battery change during operation, and 
two-out-of-three voting on speed.      

EXTERNAL PROCESS FACTORS
The integration of  turboexpander 
systems into the process environment is 
as important as using a perfectly designed 
machine. High reliability is only achieved 
by careful consideration of all external 
factors, including the gas conditioning, 
seal gas selection and the required 
protective materials. For turboexpanders, 
ignoring such factors can result in inlet 
liquid carryover, corrosive components, 
process pressure fluctuations, incorrect 
depressurizations, and incorrect start-ups 
and shutdowns. 

As far as the inlet liquid is concerned, 
and depending on the fluid density and 
drag forces, it is normal for 1-2% liquid by 
weight of mist form when entering the 
casing inlet. It is carried by the expanding 
gas without erosion impact on the blades. 
Fluid velocity in the IGV throat is near or 
over sonic velocity, so large dust-particles 
impact will erode the IGV flow channel 
and affect the wheel blade pressure surface. 

Some of the external factors affecting 
IGV operation are particulates, hydrate 
formation, and a corrosive environment. 
Additionally, hydrates could form in a 
turboexpander when there is free water 
in the process gas. Such hydrates can 
freeze the IGV mechanism and result in 

a loss of control, or they could block or 
collapse the inlet screen mesh, subse-
quently damaging the components. 

In summary, cryogenic turboex-
pander design and operation has signifi-
cantly evolved since the first applications 
of turboexpanders in hydrocarbon 
processing plants in the early 1960s. Yet 
there remain opportunities for improve-
ment in performance, operabil i ty, 
and reliability. ■
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BEARINGS AND 
STABILITY 
New Squeeze Film Damper Bearings Solve Rotor 
Stability Problems
BY HURL ELLIOTT AND HEINZ BLOCH

Although not as common today as in the 
past, problems can still arise when one or 
more of the following shortcuts are taken:

1. Buying new machines and not doing either a 
stability verification test or an ASME 
PTC-10 type 1 test because of (unwise) 
project cost constraints

2. Not following the proper guidelines outlined 
in API 617 and API 684 during design 
audits for new or rerate compressor trains

3. End-user dispensing with design audit validation 
due to (unwise) project budget constraints.

In 2002, the American Petroleum Institute 
(API) 684 issued experience-backed guidelines for 
designing rotor-bearing systems. With their imple-
mentation by both compressor users and manu-
facturers, rotor-bearing stability problem incidents 
became less prevalent than in the past. However, 
when stability issues arise, they can become one of 
the most damaging problem causes. The conse-
quential damage to critically important machines 
is often quite extreme. Extended downtime in 
operating plants can be the result. In view of this, 
and to thoroughly address the potential issues, 
turbomachinery manufacturers have invested in 
modern computer tools. The actions taken by 
competent manufacturers are fully aligned with 
up-to-date versions of the relevant guidelines 
found in API 684. 

The most widely used approach to mitigate 
rotor-bearing stability problem is to install a 
squeeze film damper (SFD) bearing. A typical 
SFD has O-ring components that performs 
three functions:

1. They act as oil seals
2. They provide a centering element for 

the bearing shell
3. They give needed stif fness to 

the bearing assembly

SFD bearings are frequently adopted as the 
main solution to rotor bearing instability; they are 
sometimes favored by compressor manufacturers 
and end users. However, lack of longevity in 
O-rings can reduce reliability (the life expectancy 
of an elastomeric O-ring in SFDs is approximately 
4 or 5 years). 

These O-rings function as a centering compo-
nent for the bearing shell, carrying the full weight 
of the rotor-bearing assembly. If the rotor is rela-
tively light, the O-ring will remain flexible. 
However, heavier rotors will cause the O-rings to 
develop a set (permanent deformation) over time; 
this elastomeric component will, therefore, lose 
some of its mechanical properties.

ARC SPRING DAMPERS 
An ARC spring damper proved to minimize the 
shortcoming of O-rings. Fitting the SFD with an 
ARC spring damper can extend run lengths and 
solve rotor-bearing stability problems as shown in 
this example: 

Figure 1: Casing configuration showing back-to-back impeller arrangement, 
oil seals, and balance piston with shunt.
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The high-pressure casing of a three-casing 
compressor train was replaced to increase plant 
throughput and accommodate new process condi-
tions. Major changes included a power increase 
from 16,500 kW to 27,000 kW, and a molecular 
weight change from 16.4 to 26.8. The new casing 
had similar construction features to the old casing; 
identical oil seals, 5-pad (tilting pad) radial bear-
ings, and a balance piston/center labyrinth seal 
with a bypass (shunt). The machine was designed 
wi th the back- to-back impel ler  arrange-
ment (Figure 1). 

The new compressor casing underwent high 
speed balancing and an API 617 mechanical run 
test without any observed vibration problems. The 
OEM had performed a lateral stability analysis 
during the design phase and no problems were 
found. The stability analysis was done just prior to 
release of the API 617 rotor stability guidelines 
(available since late 2002). That meant that API 
617 guidelines were not followed in this instance. 
Also, because of (risk-inducing) project budget 
constraints ,  no PTC-10 performance test 
was done.

During startup of the plant, the compressor 
train surged and initiated uncontrollable insta-
bility of the high-pressure casing rotor, which 
resulted in a wreck. Following the wreck, vibration 
data showed a predominant sub-synchronous 
vibration at approximately 0.5 x running speed 
(Figure 2).

Upon shutdown and disassembly of the 
compressor, all bearings and seals were found 
damaged. The vibration excursion had exceeded 
internal  c learances ,  reaching as  h igh as 
300 microns. The machine was rebuilt with the 
spare rotor, bearings and seals, but without further 
in-depth vibration analysis. The entire train was 
restarted with new operating procedures intended 
to prevent surge. The compressor was again 
severely damaged during startup. Analysis was 
required to discover underlying causes and imple-
ment lasting solutions.  

Engineers from the OEM and the plant 
formed a team and performed a rotor-bearing 
stability analysis using rotordynamic software to 
determine the rotor’s response to prevailing 
destabilizing forces. Conclusion: the compressor 
was sensitive to destabilizing forces (Figures 3 
and 4). 

Since the journal bearings were already opti-
mized for stability, the investigating team looked 
at other potential sources for the destabilizing 
forces. This included oil seals, impeller eye seals, 
and the balance piston labyrinth (or rotor 
center) seal.

Figure 3: Stability sensitivity analysis results of failed compressor. A positive 
value on the y-axis indicates stability, a negative value indicates instability. 
The kxy values depicted on the x-axis represent the destabilizing stiffness 
caused by the aerodynamic cross-coupled effect of the impellers on the rotor. 
(Results courtesy of BRG Machinery Consulting)
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Software analysis found destabilizing forces to 
be relatively small. The rotor-bearing system 
needed more damping, and the SFD bearing solu-
tion was the quickest available. An SFD bearing 
was designed, tested and tuned to the rotor-
bearing system. O-rings helped keep the bearing 
cage centered. The machine started up success-
fully with the SFD bearing installed. There were 
no vibration problems and the machine survived 
several subsequent surge events without any signs 
of instability (Figure 5).  

Although the SFD bearing proved successful, 
plant engineers pointed out that the O-rings 
would degrade over time due to the load imposed 
by the weight of the rotor bearing assembly. 
A plan was put in place to improve the longevity 
of the SFD: installing an ARC spring damper 
inside each bearing to support and center 
the SFD. 

The ARC spring damper bearing was designed 
by the compressor manufacturer to eliminate the 
load-bearing feature on the O-rings, thus 
improving reliability. The basic SFD oil film 
design was retained. The ARC spring damper was 

made to be soft enough to allow motion, yet 
strong enough to center the bearing cage. The 
ARC spring was also sufficiently robust to avoid 
fatigue failure. 

OEM testing confirmed the validity of this 
design. Further, a design audit study confirmed 
the stability of the rotor-bearing system as 
compared to the existing system. The auditors 
concluded that the overall reliability of the 
machine would be increased since the new 
stability margin exceeded the stability threshold of 
20,000 lb./in, exceeding the existing threshold by 
a factor of 2 whereas it had been 1.5 in the existing 
SFD design.

Figure 4: Level 1 stability experience plot with critical speed ratio (CSR) displayed on the y-scale. CSR is the ratio 
of the maximum continuous speed (MCS) divided by the first undamped critical speed on rigid supports. 
The average gas density is depicted on the x-scale. (Courtesy of BRG Machinery Consulting).

An integral squeeze film damper (SFD) design 
eliminates the shortcomings of the typical SFD 
while combining the capabilities of the ARC spring 
in one integrated bearing.
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Achieving long-term reliable operation by 
combining the traditional SFD and ARC spring 
comes with a minor disadvantage. The overall 
stiffness of the combined centering support 
increased because ARC spring adds stiffness to 
that pre-existing in the O-rings. This combined 
centering stiffness is therefore higher than that of 
the O-rings alone; the combination reduces the 
effective damping of the squeeze film and causes 
the logarithmic decrement to undergo the direc-
tional decrease. 

The stability sensitivity curves depicted in 
Figure 6 are for the original bearings, squeeze film 
damper bearings with O-rings, and squeeze film 
damper bearings with O-rings and added ARC 
spring damper. 

After installing the ARC spring along with the 
SFD bearing, the machine ran for many years well 
beyond the normally scheduled turnaround inter-
vals. As it did so without any instability problems, 
the next logical iteration would be a fully inte-
grated, laser-machined one-piece design (Figure 7). 

An integral squeeze film damper design elimi-
nates the shortcomings of the typical SFD while 
combining the capabilities of the ARC spring in 
one integrated bearing.  It incorporates SFD and 
flexure-pivot tilt pad technologies without using 
O-rings for centering or stiffening of the bearing 
shell. Damping and stiffness of the bearing are 
determined by the design of S-type springs within 
the bearing shell. Specific damper radial clear-
ances are obtained in the shell by using electrical 
discharge machining (EDM) or laser-based 
machining technologies. 
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Figure 7: Integral squeeze film damper (ISFD) bearing with flexure-pivot tilt pads 
(Courtesy of Waukesha Bearings)

Figure 5: Improvement in rotor-bearing stability after an O-ring squeeze-film-
damper was installed (Courtesy of BRG Machinery Consulting)

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

-0.1

-0.2

-0.3

Lo
g 

D
ec

 δ

0.0 5000 10000 15000 20000 25000 30000 35000 40000

Original 
machine

Max clearance

Max clearance

Min clearance

Destabilizing kxy at midspan (lbf/in)

Machine installed 
with SFD bearings

Estimated kxy

Min clearance

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

-0.1

-0.2

-0.3

Lo
g 

D
ec

 δ

0.0 5000 10000 15000 20000 25000 30000 35000 40000

Estimated kxy at rated point

Destabilizing kxy at midspan (lbf/in)

Figure 6: Stability curves for different bearing configurations (Courtesy of BRG. 
Machinery Consulting).

Max clearance

Max clearance

Max clearance

Min clearance

Min clearance

Min clearance

SFD only

SFD + ARC spring

Flexure pivot tilt pad

S-springs
Damper film



www.turbomachinerymag.com May/June 2021 • Turbomachinery International26

TURBINES

Steam turbines have been a staple of indus-
trial facilities for more than a century. They 
enable production processes across a range 
of industries, including oil and gas, real 

estate heating, ventilation, and air conditioning 
(HVAC) chillers, food and beverage, chemical 
processing, and power generation. 

Despite their continued relevance, many facilities 
operate steam turbines that are in need of modern-
ization. Some units were installed 50 or 60 years ago 
with heat rates and reliability levels well below what 
current models can achieve. This may be attribut-
able to a CAPEX-constrained environment, as well 
as concerns about downtime associated with 
installing new units. As a result, some opt for low cost 
partial modernizations or short-term repairs. 
However, this is not always optimal for improving 
the turbine’s long-term performance and reliability. 

One alternative is a footprint solution. The 
turbine and all components are modernized, but 
the dimensions and the positioning of the flanges 
are not changed. This is essentially a replacement 
machine that requires only slight changes to the 
existing base frame or foundation. The current oil 
system, the driven machine, and/or the gear can be 
adapted according to new operating parameters. In 
some cases, no changes are required. The replace-
ment machine’s outer casing can be tailored for the 
process, including using a more modern and robust 
material of construction. Additionally, all stationary 
components are replaced to ensure optimal interac-
tion with the turbine rotor, including the blading. 
This option is often advisable when modifications 
must be made for new operating data or when the 
service life of highly stressed components has been 
exhausted. Investment is typically about 70% of the 
cost of a new unit. Little or no change is required to 
connections and associated turbine systems, thereby 
reducing downtime. 

A phosphoric acid production plant operator for 
example, used this approach to increase plant 
capacity by 25%. The objective was to modernize 
the existing steam turbine (installed in 2006) at a new 
steam condition set to accommodate a revamped 
blower. The operator also sought to improve turbine 
reliability traced to first-stage blading issues. 

STEAM TURBINES 
Options for modernizing aging turbines
BY JASON MATTISON AND CHRIS MAHON 

Murray steam turbine 
footprint solution with 
a modified steam path. 
Similar upgrade options 
are available for other 
turbine nameplates (e.g., 
Dresser-Rand, Worthing-
ton, Westinghouse, 
Delaval, Turbodyne, 
Terry, Ingersoll-Rand, 
Coppus). Courtesy of 
Siemens Energy.  

Dresser-Rand/Murray  
Axial Flow Impulse Type Steam Turbine Performance Curve
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A Murray footprint replacement turbine was 
installed with a revamped steam path and new 
first stage blading. The attachment between the 
blades and the wheel was changed from a t-root 
style to a fir-tree style with greater strength and 
load-carrying capability. The replacement unit 
was built to match all existing interfaces, including 
the foundation and original steam connections 
(inlet, exhaust, supports, and coupling). The 
project took four weeks from shutdown to start-up. 

OTHER OPTIONS
In addition to footprint turbines, other modern-
ization options include:

Blading and seal retrofits: With modern 
thermodynamic and mechanical design software, it 
is possible in some instances to pass more flow 
through a turbine and increase its rated output by 
changing the design of the first stage blades and the 
nozzle plate. 3D modeling software enables OEMs 
to implement new designs with greater predict-
ability and less risk of issues like vibration. 
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Design changes for high exhaust 
wetness:  Waste incineration and 
biomass plants often operate with rela-
tively low live-steam parameters to 
protect the boiler against high-tempera-
ture corrosion. The result is high exhaust 
wetness conditions for the turbine, which 
increases erosion of the low-pressure (LP) 
portion, including the end-stage blades. 
This problem can be addressed by imple-
menting more resistant materials and 
changing end-stage blade geometry to 
increase erosion protection. Hollow 
guide vanes to suction away excess mois-
ture from the exhaust steam are also 
available for certain types of blades.

Redesign of low-pressure (LP 
parts): For operators of condensing 
steam turbines, it may become uneco-
nomical to produce electricity due to 
market changes. A reduction in power 
output or an increase in process steam 
are ways to restore profitability. Options 
range from cutting back/optimizing the 
quantity of  low-pressure steam to 
complete conversion of a condensing 
turbine into a back-pressure turbine. In 
other cases, it may be necessary to 
modify turbine generator sets to be flex-
ible enough to respond to changes in 
loads on the power grid. 

Retrofitting control systems: 
Many steam turbines still use mechani-
cal-hydraulic or older electronic controls. 
Wear and tear on components, and an 
uncertain supply of spare parts can 
impair smooth operation. It is possible to 
modernize turbine controls to ensure 
API conformity. In many cases, remote 
diagnostic services (RDS) can be imple-
mented to enable capabilities such as 
early warning of failures, root cause anal-
yses (RCA), and remote troubleshooting. 

For any steam turbine upgrade 
project, an analysis of the condition of the 
turbine and the entire system is required 
to determine the optimal approach. A 
look at the current and future require-
ments will reveal which systems, compo-
nents, and parts can still be used and 
which will have to be adapted and 
replaced. After a preliminary evaluation, 
a feasibility analysis can be conducted, 
which allows the operator to evaluate the 
costs of retrofits or upgrades for the 
existing turbine(s) and system. 

Jason Mattison is Head of Siemens Energy 
Product Competency Center in Wellsville, NY.  

Chris Mahon is Head of Siemens Energy 
Product Competency Center in Burlington, IA. 
For more information visit siemens-energy.com 
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BEARING 
TECHNOLOGY 
Effect of Eddy Grooves on Tilting Pad Journal Bearings
BY STEPHAN FAULHABER AND ECKHARD SCHUELER

Ti lt ing pad journal bearings are used in 
rotating equipment such as turbocompres-
sors, turbo gears, gas turbines, and steam 
turbines. The development trends for these 

applications create a growing demand for bear-
ings with increased load carrying capacity or 
increased power density. This goal must be 
achieved without an impairment of bearing func-
tionality or operational reliability. 

Conventional bearings have performance 
limits that can be reached or exceeded in turboma-
chinery applications due to different reasons. To 
overcome traditional operational limits, it is often 
necessary to reduce the oil f ilm temperatures. 
Several design optimizations are known. 

A prerequisite for the safe and reliable opera-
tion of bearings is sufficient lubricant film thick-
ness, which basically depends on the occurring 
load, speed, and the selected lubricant. Another 
important parameter to monitor is heat generated 
in the oil. Improved bearing performance takes 
into consideration the maximum temperatures of 
the lubricant and the bearing. Even at high 
speeds and loads, the right design avoids exces-
sive heating of parts of the bearing as well as hot 
spots in the oil film. 

To increase heat dissipation, it is common to 
use features like directed lubrication and pad 
base materials with high thermal conductivity. If 
this approach is insufficient, there are geometric 
options like an increase of the axial length or the 
bore diameter of the bearing. Such changes could 
raise oil demand, power losses, and space require-
ments. In some cases, geometric modifications of 
bearings in operation in turbomachinery are 
not feasible. 

EDDY GROOVES
A major cause of high local bearing tempera-
tures and low heat dissipation is the laminar 

flow regime of the lubricating oil i.e., the lack of 
radial f low velocities in combination with low 
thermal conduct iv ity of the medium. Eddy 
groove technology is a way to solve such heat 
dissipation issues. By disturbing the laminar 
f low regime with grooves, the f low is locally 
converted from laminar to turbulent. The radial 
f low components of turbulence improve heat 
exchange between high temperature loads and 
cooler areas. This makes it possible to push 
performance limits upwards without changing 

Miba 5-Tilting Pad Bearings can be equipped with 
Miba Eddy Grooves.

By disturbing the laminar flow regime with grooves, 
the flow is locally converted from laminar to 
turbulent. The radial flow components of turbulence 
improve heat exchange between high temperature 
loads and cooler areas.
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turbomach iner y.  In some cases ,  reduced 
maximum temperatures may also allow a reduc-
tion in bearing size, which would lead to lower oil 
demand and reduced power losses of the bearing, 
whi le keeping temperatures at an accept-
able level. ■

Stephan Faulhaber is Technical 
Manager at Miba Industrial Bearings 
Germany, a company based in 
Göttingen, Germany that 

manufactures tilting pad journal bearings including 
the Miba Eddy Groove technology. For more 
information, visit miba.com/industrialbearings

Eckhard Schueler is a Senior R&D 
Engineer at Miba. He is the co-author 
of a paper on eddy grooves (Schüler, 
E.; Berner, O. Improvement of 

Tilting-Pad Journal Bearing Operating 
Characteristics by Application of Eddy Grooves. 
Lubricants 2021, 9, 18. https://doi.
org/10.3390/lubricants9020018) 

D≈+1,2MPa

Tilting pads equipped with Miba Eddy Grooves

Miba Eddy Groove application example at v = 100 m/s, Tin = 55 °C and medium oil 
flow rate. With the Miba Eddy Groove modification of this bearing, opportunities 
arise to either use the benefit solely for a temperature reduction by 12K and 
thereby increase the operational safety of the bearing, indicated by point 2A, or 
use the full benefit to increase the bearing load at a constant maximum 
temperature, shown as point 2B. A new point of operation between 2A and 2B 
would result, compared to point 1, in a reduced bearing temperature in 
combination with an increased bearing load.

the general bearing or housing design while 
maintaining or improving reliability and opera-
tional safety.

A n ar t ic le  d i scussed the per for mance 
i mprovement  ga ined f rom eddy g rooves 
(published in 2021, written by Schüler E, Berner 
O.) on a 5-tilting pad journal bearing with a bore 
diameter of 120 mm at a speed range of 50 – 110 
m/s and a load range of 0 – 4 MPa. Temperature 
sensors close to the sliding surface determined 
maximum temperatures. Tests conf irmed a 
significant surface temperature reduction. 

To date, the technology has been experimen-
tally verified on bearings with shaft diameter of 
120 and 500 mm. In addition, the f irst 60 mm 
diameter eddy groove tilting pad bearing was 
installed in January 2021 in an integrally geared 
compressor. The machine is operating and its 
former bearing temperature problems have 
been resolved. 

In summary, eddy groove technology can be 
beneficial for highly loaded bearings that operate 
near their performance limits as a means of 
increasing the reliabil ity and availabil ity of 
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FOG SYSTEM UPGRADES
Reducing Maintenance Costs by Upgrading Aging Inlet Air  
Cooling Systems 
BY THOMAS MEE III

The increase in renewable 
energy production over the 
past decade has raised the 
demand for peaking power. 

This, in turn, is driving demand 
for fog system upgrades to reduce 
maintenance requirements, or to 
bring old, abandoned fog systems 
back into service.

Gas turbine inlet air fogging 
systems became popular in the 
1990s and have remained popular 
ever since. There are thousands of 
systems in use around the world 
today, many of which are now 
several decades old. Older fog 
systems can require a lot of main-
tenance, so upgrading them 
reduces costs over the long term.

Modern high-pressure pumps 
require much less maintenance 
than older pumps. Older ceramic 
plunger pumps can be replaced 
with seal-flushed pumps, which 
can operate for several cooling 
seasons without needing their 
seals changed. Another option is 
to upgrade to water lubricated 
pumps. These pumps are direct-
drive, so there are no drive belts 
to service, and they have no 
crank case oil to replace. They 
can operate 8,000 hours or more 
before requiring maintenance.

S imi lar ly ,  many  o f  the 
Programmable Logic Controllers 
(PLCs) supplied to older fog 
systems are obsolete and are no 
longer supported by the manu-
facturer. These can be upgraded 
to modern PLCs, which can 
often be better integrated with 
the plant Distributed Control 
System (DCS).

Some early fog systems had 
nozzle manifolds that didn’t 
cover the full cross section of 
the in let  duct ,  mean ing as 
much as thirty-percent of the 
air was not fogged. Correcting 
this problem with new nozzle 
l ines can increase the power 
boost by a megawatt or two on 
a large turbine. 

Further, the addition of 
high-pressure filters and auto-
matic drain valves can reduce 
nozzle plugging. If a fog system 
is not used for several days, and 
stagnant water is left in the 
high-pressure lines, biological 
growth can occur, which can 
lead to fog nozzle plugging. 

The  Edward  W.  C la rk 
Generating Station in Nevada is 
an example of a plant that 
decided to upgrade i ts  fog 
systems. The 1.1 GW plant is 
owned by NV Energy and is 
located east of Las Vegas. Its gas 
turbine fleet includes twelve PW 
Power Systems SwitftPac peaking 
units that produce 52 MW each. 
These units were installed in 
2008 with fogging systems from 
Mee Industries included as part 
of the original equipment. 

George Shambo, Senior 
Project Manager for Generation 
at NV Energy said, “our FT8s 
are peaking units and they must 
be available 24/7 to provide 
power when requested from the 
grid operator.” The gas turbines 
are maintained in ready mode. 
This enables them to be started 
when needed. They can reach 
full output in just six minutes. 

The SwitfPacs are operated 
during the May to September 
summer season. Extremely hot 
days are the norm in southern 
Nevada with temperatures often 
reaching over  110°F.  The 
twelve FT8s would suffer a 
combined power loss of more 
than 140 MW if the fogging 
systems were not operational, 
m a k i n g  r e l i a b l e  s y s t e m s 
extremely important. 

Each SwiftPac unit has its 
own fog skid. The skids provide 
high-pressure water to two nozzle 
grids that are located in the inlets 
of each of the FT8 gas turbines 
that comprise the SwiftPac. The 
original skids of fered eleven 
stages of fogging, with enough fog 
to saturate the air on a hot day, 
plus two additional stages that 
gave an additional wet compres-
s ion  power  b o o s t— power 
augmentation that occurs when 
the fog spray evaporates inside 
the compressor. 

Thousands of fogging systems operate around the world. 
Courtesy of Mee Industries.  
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The Clark Generating Station 
upgraded the fogging systems ten 
years later in 2018. The number 
of fogging stages was greatly 
reduced in the upgrade. Shambo 
noted that the plant generally 
needs all possible power immedi-
ately. Therefore, there was no 
need for a sophisticated arrange-
ment of incremental stages of 
fogging. The new skids each only 
offer two stages of cooling. 
“Two stages are more than 
enough for peakers because we 
are either off or full on,” said 
Shambo. “The revised PLC is 
performing very well.” 

Each of the twelve original 
skids had six ceramic-plunger 
pumps.  These pumps were 
replaced with two water-lubri-
cated pumps per skid.  The 
results have been worthwhile, 
according to Shambo. The 
water-lubricated pumps don’t 
need any lubrication and require 
almost no attention. This is a 
welcome relief to the mainte-
nance department. The plant 
went from having to maintain 
72  pumps  wi th  as soc ia ted 
motors, belts and lubrication 
and seal-change requirements to 
only having to take care of 24 
direct-drive pumps.

The original Siemens PLCs 
on each skid were replaced with 
PLCs with upgraded control 
logic. They are programmed to 
receive data from a weather 
station onboard the skid. The 
PLCs operate fog stages to 
maintain saturat ion at  the 
turbine inlets as weather condi-
tions vary. The PLC is tied into 
the plant DCS. 

The maintenance load for 
the fog systems has been greatly 
reduced. Shambo said the old 
pumps, motors, and related 
lubrication systems required a 
lot of babysitting. He had to 
constantly tinker with one skid 
or another and could hardly go 
one day without having to do 
something with the system. 

“The new fogging system is 
saving us about 600 man-hours 
a year in maintenance time, 
helping us to greatly reduce our 
maintenance budget,” said 
Shambo. “In two years of opera-
t i o n  t h r o u g h  d e m a n d i n g 
summers, we haven’t had any 
issues to address with the fogging 
system since the upgrade. It is 
essentially maintenance-free.”  

Shambo explained that there 
is no real pattern to their opera-
tion, beyond high usage during 
summer. But they typically run 
many hours per year and have 
frequent starts. The summer of 
2020 saw the peaking units 
experiencing particularly high 
usage. Shambo reported that the 
turbines and fog systems had 
around 1,000 run hours each, 
and around 42 starts, that year.

“ T h e  M e e F o g  s y s t e m 
provides us with a power boost 
o f  u p  t o  6  M W  p e r  F T 8 
turbine, depending on condi-
t ions ,” sa id Shambo. “Fog 
cooling makes sense for us as a 
cost-ef fective way to produce 
additional power.” 

He added that the system’s 
water  consumpt ion  i s  low 
compared to alternative systems 
such as media-type evaporate 
coolers. This is an important 
point in a region experiencing 
regular droughts. Laws are on 
the books that limit the water 
usage of industrial consumers. 
And in any case, the plant oper-
ates in the middle of a desert. 
Saving water is key and the new 
system is helping the utility to 
keep its consumption low. ■

Thomas Mee III is CEO 
of Mee Industries, an 
Irwindale, CA-based 
company that has been 

developing industrial and 
commercial fogging systems for 
more than fifty years. For more 
information, visit Meefog.com 

 Fog system for an FT8 gas turbine before and after upgrading to 
water lubricated pumps.

Fog system skids such as this are commonplace in power plants 
and industrial facilities. Courtesy of Mee Industries. 
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ELLIOTT GROUP  
Centrifugal and Axial Compressors, Steam Turbines, Power Recovery 
Expanders, Cryogenic Pumps, and Cryogenic Expanders

El l iott Group has a century-long 
legacy of manufacturing rotating 
equipment. Headquartered in 
Jeannette, Pennsylvania, Elliott 

employs more than 1,600 employees at 
32 locations worldwide, with approxi-
mately 900 in Jeannette. Since 2000, 
Elliott Group has been responsible for 
the global turbomachinery operations of 
its corporate parent, Ebara Corporation, 
based in Tokyo, Japan.

Elliott’s dual engineering and manufac-
turing centers in Jeannette, Pennsylvania 
(USA) and in Sodegaura, Chiba (Japan) 
produce rotating equipment including 
centrifugal and axial compressors, steam 
turbines, power recovery expanders, cryo-
genic pumps, and cryogenic expanders. 
These range from machines of several 
hundred horsepower (hp) to over 120,000 
hp.  A network of full-service repair centers, 
field service teams, and sales and support 
offices extends throughout North and 
South America, Europe, the Middle East, 
and Asia.

Company products and technologies 
are broadly targeted toward the energy 
industry. Typical markets for equipment 
include refineries, petrochemical plants, 
liquefied natural gas (LNG) production 
a nd t ra nspor t ,  a nd l iquef ied ga s 
processing. Many of Elliott’s products 
are eng ineered and customized for 
specif ic applications to achieve opti-
mized operating goals such as reliability, 
e f f i c i enc y,  av a i l a b i l i t y  a nd  low 
operating cost.  

“Our clients rely on us to provide 
products that function reliably in very 
challenging operating conditions and 
env i ronment s ,”  sa id K laus  Br un, 
Director of R&D, Elliott Group. 

For example, Elliott manufactures 
some of the largest compressors in the 
world for ethylene plants and refineries. It 
also has the largest f leet of ref inery 

hydrogen compressors in operation of any 
centrifugal compressor manufacturer. 

CUSTOMIZATION VERSUS 
STANDARDIZATION 
Brun noted that all compressors must be 
customized for a given gas, pressure, and 
temperature operating range. As well as 
the desired operating conditions, design 
optimization efforts address the specific 
application, duty cycle, and operational 
environment. However, components 
such as bearings, seals, and instrumenta-
tion rely on standardized designs. As 
much as possible, Elliott utilizes these 
proven components to enhance product 
reliability, reduce operational cost, and 
increase spare parts accessibility. But as 
a typical industrial compressor has an 

expected operational life of more than 
30 years, it is imperative to create the 
ideal design for the desired service.

Standardization has been the tradi-
tional driver for reduced manufacturing 
costs in industry. However, advanced 

Elliott Group headquarters in Jeanette, PA

“Our clients rely on us to 
provide products that 
function reliably in very 
challenging operating 
conditions and 
environments,” said Klaus 
Brun, Director of R&D, 
Elliott Group. 
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design tools and 3-D manufacturing 
technology have rendered this approach 
overly simplist ic. It often results in 
machines that are less than optimal for a 
given application.

“With the widespread adoption of 
advanced manufacturing technologies 
and modern engineering analysis tools, 
the future of turbomachinery design lies 
in customization of machinery for appli-
cations,” said Brun. “Customization of 
each machine for its desired operating 
conditions allows for a product with 
maximum efficiency, range, and life.” 

Based on exacting process require-
ments and specific operating conditions, 
Ell iott custom designs compressors, 
turbines, pumps, and expanders with the 
best efficiency and range for the applica-
tion, while maintaining the robustness 
needed for a long lifespan. As a result, 
many products have been operating for 
more than 50 years. 

COMPRESSORS 
Thousands of Elliott compressors are in 
service around the world in petroleum 
refining, petrochemical processing, cryo-
genic refrigeration, LNG, oil and gas 
production, gas compression, and other 
industr ia l processes. The company 
pioneered refrigeration compression, 
high-pressure casing technology, the 
development of fabricated casings, and 
improved impeller welding techniques. It 
was a lso among the f irst to ut i l ize 
magnetic bearings in critical-service 
centrifugal compressors.

Advances in aerodynamics, rotor 
dynamics, computer ized equipment 
selection, process simulation, and metal-
lurgy, as wel l as custom-engineered 
lubrication, seal, and piping systems 
have been incorporated into the latest 
compressor designs. 

The Elliott centrifugal compressor 
l ine encompasses a wide selection of 

frame sizes and configurations to meet 
pressure, flow, and application demands. 
Its single-stage, overhung compressors 
meet API specif ications and operate in 
continuous service in oil & gas, petro-
chemical, and ref inery applications. 
Multi-stage centrifugal compressors are 

Large centrifugal compressors like this one 
are in service in a great many petrochemical 
facilities around the world. 

Plantwide Condition Monitoring
Proactive. Powerful. Secure.

Contact us at www.bently.com

Bently Nevada’s 60+ years of experience helping customers monitor the health of their machines has 
given us a unique understanding of the challenges in the oil and gas industry and beyond. 

From cyber security and connectivity innovations being introduced in our Orbit 60 hardware platform 
to the expanded capabilities delivered through System 1 condition monitoring software – we continue 
to tackle our customer’s most difficult operational challenges. 

By integrating vibration, process, control, and emissions data within a single platform,  
System 1 brings operational clarity to our energy customers. Our connected condition monitoring 
software platform proactively monitors asset health, enabling smarter plant-wide uptime while 
mitigating safety risks.

At Bently Nevada, our mission is helping energy companies  
intelligently accelerate their digital transformation journey.
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favored for low, medium, and high-pres-
sure services, refrigeration applications, 
and low molecular weight gases

STEAM TURBINES 
With power requirements, steam condi-
tions, and speeds constantly rising, Elliott 
steam turbines are rated for inlet steam 
conditions up to 2000 psig/1005°F and 
speeds up to 20,000 rpm. They range 
from small, 20 HP (15 kW) single-stage 
units, to large 175,000 HP (130,000 kW) 
multi-valve, multi-stage extraction 
condensing units. These units can be 
built to API standards and customized to 
meet exacting specifications.

Elliott YR steam turbines are found 
dr iv ing pumps, compressors , fans, 
blowers, generators, sugar mill tandems, 
cane shredders, paper machine line-
shafts, and other applications. These are 
standard ized models w ith stocked 

components. Single-valve, single-stage 
units are available in frame sizes and 
rat ings up to 5,400 hp (4,027 kW ). 
Mult i-YR units can be deployed for 
improved steam consumption as they 
produce more power without additional 
steam. They can be installed in many 
areas where single-stage steam turbines 
currently operate. They are available up 
to 14,000 hp (10,440 kW). 

There is also a high-speed, high-effi-
ciency multi-valve steam turbine that 
combines the reliability of an impulse-
style turbine with the efficiency of a reac-
t ion-st yle turbine to prov ide h igh 
per formance in a range of ref inery 
services. Designed to API 612 standards, 
the turbine has a small footprint. At 
typical pressure and temperature oper-
ating conditions, ef f iciency is greater 
than 80%. This 13-stage, multi-valve 
turbine serves as a d irect dr ive for 
compressors in oi l and gas-related 

services including hydrotreating, cata-
lytic reforming, alkylation, refrigeration, 
gas boosting, and coking. Its high-speed 
condensing design eliminates the need 
for a separate gear box, reducing the 
amount of mineral oil, cooling water, 
and steam required. 

In addition, Elliott steam turbine 
generators (STGs) support commercial 
energy requirements for continuous or 
standby power up to 50 MW, including 
renewable energy applications and green 
energy initiatives. Elliott’s steam turbine 
designs incorporate industry standards 
such as API 611 and API 612, and 
National Electrical Manufacturers 
Association (NEMA) specifications SM-23 
& SM-24 when required for all new units, 
aftermarket conversions, and re-rates.

PUMPS AND EXPANDERS 
Elliott’s Cryodynamic Products business 
manufactures standard and custom 
cr yogen ic  pumps and ex pander s , 
including submerged electric pumps and 
expanders in liquefied gas applications. 
They are used in onshore and offshore 
solutions for liquefaction, storage, and 
regasif ication for liquefied gas carriers, 
FSRU, FLNG, FSU, LNG bunkering, 
and LNG fueling applications. Company 
f irsts include the f irst submerged cryo-
gen ic expander in 1997,  t he f i r s t 
two-phase expander in 2001, the f irst 
two-phase tandem installation in 2008, 
and the first floating application in 2011.

Submersible electric cryogenic pumps 
have a motor that is submerged in 
oxygen-free cryogenic liquid, removing 
the potential for ignition, and minimizing 
the number of electrical components that 

“With the widespread adoption of advanced 
manufacturing technologies and modern engineering 
analysis tools, the future of turbomachinery design lies in 
customization of machinery for customer-specific 
applications,” said Brun.

This ethylene compressor rotor is being tested at the Elliott test stand in Jeanette, PA. 

A technician verifies dimensional specifica-
tions on a huge Elliott compressor casing. 
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are installed within the hazardous area. 
There is no need for rotating seals, elimi-
nating a source for leaks. This allows the 
design to safely accommodate caustic 
chemicals such as ammonia or methane. 
Moreover, rotating components are 
contained within cas ings  that  are 
submerged within a secondary tank or 
vessel, further protecting personnel from 
potential hazards. 

Cryodynamics equipment is designed 
to operate in l iquef ied gases w ith 
temperatures ranging from ambient 
(warm) to cryogenic. The submerged 
motor operates in a non-conductive 
liquef ied gas. They are available in a 
number of configurations for a variety of 

marine, land-based, floating, and small-
scale applications. 

Cryogenic expanders: The tradi-
tional method to let down pressure in a 
l iquid stream used a Joule-Thomson 
( J-T) valve. Replacing the J-T valve with 
a Cryodynamics cryogenic expander 
improves the eff iciency of the let-down 
process. Depending on the machine, 
cryogenic expanders can increase plant 
eff iciency by 8%, reducing operating 
costs, and increasing LNG production.

The expander consists of an induc-
tion generator mounted on an integral 
shaft. The entire unit, including the 
turbine and generator, is submerged in 
the cryogenic fluid. This eliminates the 
need for dynamic seals, shaft couplings, 
generator support structure, and any 
concern of  poss ible misa l ig nment 
between the turbine and generator. To 
ensure reliability and increase mean 
time between overhauls, they use the 
same thrust equal izing mechanism 
used in Elliott pumps to eliminate axial 
thrust loads, boost bearing l ife, and 
reduce machine wear. They can be 
suppl ied w ith var iable speed tech-
nology together with f ixed inlet vane 
geometry to optimize expander ef f i-
ciency over a range of flows and desired 
pressure reductions. 

At the heart of the system is the 
var iable speed, constant frequency 
(VSCF) controller, which can vary the 
speed of the generator and expander to 
precisely match process conditions. At 
the same time, power is produced at 
constant frequency with unity power 
factor. The low harmonic sinusoidal 
output can then be fed directly back 
into the plant electr ica l system. In 
processes where few operating points 
are expected, cryogenic expanders may 
be suppl ied w ithout the VSCF for 
constant speed operation.

Each expander is fully tested at an 
in-house cryogenic performance test 
facility, simulating actual site conditions. 
Testing can be performed at full speed 
and full power with a variety of liquids 
such as LNG, LPG, or LN2, depending 
on the temperature and specific gravity 
of the service fluid.

The latest innovation in the compa-
ny’s expander line is the upward f low, 
two-phase expander, which allows the 
expans ion of  l iquef ied ga ses  into 
two-phase mixtures within its final stage. 
Harnessing the energy of two-phase 
expansion increases the expander’s 
generator output, reduces boil-off losses, 
and enhances the liquefaction process.

Elliott TH power recovery expander 
turbines convert high-temperature, 
low-pressure flue gas energy into usable 
power. The turbine often is used to drive 
compressors or generators in ref inery 
f luid catalytic cracking (FCC) service. 
Recovery power for these applications 
can approach 50,000 hp (37,300 kW).

FUTURE DEVELOPMENTS 
The company is currently developing a 
number of new products that aim to 
address several energy sector market 
needs rang ing from a lternat ive to 
conventional fossil energy. This work is 
being carried out in a new R&D center. 
The ongoing R&D program is aimed at 
improving existing products as well as 
the development of new products in the 
energy sector for challenging applica-
tions. Several multi-million dollar devel-
opment efforts have been initiated in the 
areas of centrifugal compressors, steam 
turbines, and cryogenic pumps. ■

Elliott provides customizes impellers of all 
size ranges for challenging applications. 

Elliott custom-makes compressors, expanders, and pumps for oil & gas service all over the world. 
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MAINTENANCE & REPAIR

PROTECTING 
EQUIPMENT 
Winterizing Turbomachinery and Protecting Equipment 
From Extreme Weather
BY DEAN MOTL

Power generation plants form the corner-
stone of one of the most important compo-
nents of society’s critical infrastructure. 
The economy relies on the smooth and 

uninterrupted delivery of power. However, the 
impact of extreme weather events threatens the 
industry’s ability to meet the nation’s power 
demands. The aftermath of powerful storms can 
affect large areas for days, weeks, or months. 
Therefore, the subject of w inter iz ing and 
pr o t e c t i n g  t u r b om a c h i ne r y  h a s  g r ow n 
in importance. 

EXTREME WEATHER 
The number of extreme weather events experi-
enced worldwide appears to have risen during the 
21st Century. A study by the United Nations 
Off ice for Disaster Risk Reduction found that 
there were over 7,000 natural disasters in the 
world between 2000 and 2019. There had only 
been sl ight ly over 4,000 such events in the 
previous 20 years. The United States is second 
after China with a total of 467 extreme weather 
events during the last two decades. Power gener-
ating facilities must become better prepared to 
a dd re s s  t he  ch a l l enge s  o f  oper a t i ng  i n 
such conditions.

That was made very clear by the events of 
February 2021 in Texas. An unexpected arctic 
blast froze about 40% of the power generating 
capacity in the state. It took over a week to restore 
power to all affected customers. But this wasn’t a 
freak occurrence as some suggest. Many of the 
facilities that had problems in 2021 also failed 
during a cold weather spell in 2011.

Texas was not the only state impacted by 
extreme winter weather. In late October 2020, an 
ice storm in Oklahoma resulted in the loss of 
power to over 300,000 customers. Hurricanes, 
floods, and extreme heat waves wreak havoc with 

power generation and distribution infrastructure 
throughout the world each year.

Critical components in generating plants need 
shielded from extreme weather and frost. There 
are various techniques that can be employed to 
provide the necessary protection from extremely 
cold temperatures. They include:
• Installation of thermal insulation on exposed 

equipment and pipes
• Customized instrument enclosures to protect a 

device or part from freezing
• Electrical or steam heat tracing systems to 

ensure that fluids traveling in pipes do not freeze
• Freeze protection valves to drain or bleed 

water as temperatures drop
• Continuous f low systems to prevent f luids 

from freezing.

Some of these solutions are expensive. In some 
cases, it may involve the redesign of part of 
the facility. 

Thorough planning and preparedness are 
required to better cope with extreme weather 
events.  An obvious starting point is to investigate 
recent weather-related outages to uncover specific 
steps that would have prevented downtime. In 
addition, it is a good idea to consider worst-case 
scenarios such as extreme heat, cold, or natural 
disasters to better understand the measures that 
should be adopted to be ready for future events and 
anomalies. Winterization requirements must be 
developed and enforced throughout the industry. ■

Dean Motl, Vice President of Business 
Development at IHI Power Services, provides 
operations, maintenance, management, and 
power plant support services to the U.S. 

power generation industry. For more information, visit 
IHIpower.com 

A maintenance 
technician fabricating 
a winterization freeze 
protection enclosure.



REACH TURBOMACHINERY 
BUYERS ALL YEAR LONG.
The Turbomachinery International® Handbook is 
a digital and print source that provides over 100,000 
buyers of turbomachinery technology, products, and 
services worldwide a searchable source of suppliers.

HURRY! DEADLINE FOR  
2022 IS APPROACHING!

To get listed in the online and printed Handbook, go to
WWW.TURBOHANDBOOK.COM

Or contact Bob Maraczi at RMaraczi@MJHLifeSciences.com or (C) 203-513-1073

Benefits of being listed:
• Your company’s contact information and description will be in front 

of industry decision makers 

• Categories provide a cross-index of market segments and related 
equipment and services

• Distributed at EVERY major turbomachinery industry tradeshow, 
conference, exhibition, and group meeting we attend

• 12 months of exposure - the Handbook is used as a 
reference for industry professionals throughout the year

• Immediate Online Handbook exposure for the next two 
years and the ability to update your listing at any time

Already registered for 2021? Make sure to update and renew for 2022!
All listings must be re-submitted annually.

Turbo Handbook 2022 House MAY Ad.indd   1Turbo Handbook 2022 House MAY Ad.indd   1 4/8/21   4:25 PM4/8/21   4:25 PM



www.turbomachinerymag.com May/June 2021 • Turbomachinery International38

Q&A

Joël Heux, Managing 
Director at Sundyne 
International, Dijon, 
France, discusses market 
trends, the best markets 
for pumps and 
compressors, hydrogen 
compression, and 
carbon capture. 

SUNDYNE ALIGNS WITH 
NET ZERO GOALS 
TELL OUR READERS ABOUT SUNDYNE 
AND ITS PRODUCTS. 
Sundyne is one of the few companies that manu-
facture both centrifugal process pumps and gas 
compressors, plus a line of diaphragm compres-
sors. It is headquartered in Arvada, Colorado 
with a large European presence. Sundyne’s prod-
ucts are compliant with API, ANSI/ASME, and 
ISO standards. 

WHAT PUMPS DO YOU OFFER? 
In gas-fired power plants, thermal NOx formation 
occurs at high flame temperatures. It increases 
exponentially with combustion temperature. One 
of the common methods used to minimize NOx 
f o rmat ion  i s  t o  r educe  f l ame  t empera -
ture. Injecting demineralized water (at high pres-
sure) into the flame lowers temperature, reduces 
the local oxygen concentration, and decreases the 
formation of thermal and fuel-bound NOx.  
Sunflo pumps are used in gas-fueled power plants 
for NOx suppression. They are designed for 
high-pressure applications and any type of turbine 
(up to the latest class H or J).

In addition to Sunflo pumps, power plants use 
Sundyne’s line of Line Mounted Vertical (LMV) 
pumps to cool gas turbine intake air, augment 
power output, and improve efficiency (especially 
in hot climates with peak-demand periods). The 
LMV line is designed for high-head, low flow 
applications. With nine models in the line, plant 
operators can find the right combination of 
impeller, diffuser, and inducer geometry needed 
to optimize curve shape, Net Positive Suction 
Head (NPSH), runout horsepower, radial loading, 
and overall efficiency.

LMV and HMP pumps are commonly used in 
high head applications (such as boiler feed water 
used in combined cycle plants).

WHAT ABOUT CENTRIFUGAL 
COMPRESSORS? 
Sundyne centrifugal compressors are often used as 
fuel gas boosters for turbines generating electricity 

in power generation and co-generation plants. 
They require gas pressures in the range of 250-750 
psig.  Interstate pipelines typically transport gas at 
pressures ranging anywhere from 30 to 125 psig. 
Sundyne compressors are used to boost incoming 
gas pressures to the levels required by turbines. 
The requirements for fuel gas boosters in these 
applications include: high efficiency across vari-
able suction pressures and several gas turbine 
operating modes; a small footprint; simplified 
installation, and short delivery times.

WHAT TRENDS HAVE YOU OBSERVED? 
The power generation market is transitioning to 
processes that minimize environmental impact. 
To meet these targets, combined cycle power 
plants are replacing coal-fired plants, as well as 
supporting renewables. 

In oil & gas, producers and ref iners have 
pulled back on CAPEX projects during the 
pandemic. However, we’re seeing opportunities 
to help with conversions and reliability improve-
ments as production levels have changed and 
many turnaround projects have been moved 
forward. We anticipate a rebound in the second 
half of 2021, as demand for oil & gasoline is 
rising. Also, recent winter storms in warmer 
places such as Texas highlight the need for flex-
ible and responsive gas-fired generation systems. 

TELL US MORE ABOUT ONE OF 
YOUR PUMPS. 
Sunflo P-3000 pumps are used for various appli-
cations in power plants. In addition to NOx 
suppression applications, Sunflo pumps are used 
in boiler feed water applications. They feature 
single-stage designs, with optimized suction 
inducer technology that address low NPSH 

Sundyne compressors and pumps are playing 
an increasing role in managing captured CO2 by 
injecting it into capped wells or abandoned mines.



 www.turbomachinerymag.comTurbomachinery International • May/June 2021 39

Q&A

requirements in a way that eliminates pump cavi-
tation. They also feature high-pressure impeller 
technology that del ivers high head. These 
features enable Sunf lo pumps to withstand a 
variety of upset conditions.  

HOW ABOUT HYDROGEN 
COMPRESSION? 
Sundyne compressors are used to compress 
hydrogen for industrial and mobility applications. 
Electrolyzers create hydrogen that needs to be 
compressed for storage, transportation and distri-
bution. H2-powered vehicles are rated for 350 
and 700 bar. Sundyne compressors are used to 
boost gas pressures up to the required level.  

Di-hydrogen is one of the smallest molecules 
on the planet, weighing no more than 2.02 grams 
per mole (ambient air is close to 29 g/mole). The 
amount of work required to compress H2 from 20 
bar to 700 bar is high, compared to a traditional 
mix of hydrocarbon gases. This is one of the 
areas where Sundyne’s PPI compressors excel. 
They’ve been specif ically designed to compress 
hydrogen, serving this market in Europe, Asia 
and the Americas. 

WHEN DO YOU THINK THE HYDROGEN 
MARKET WILL TAKE OFF? 
Since the start of the year, we’ve seen a steady 
increase in the number of hydrogen-related inqui-
ries we get from customers and partners, in the 
United States and in Europe. There’s a long sales 
cycle for this emerging technology. But today, we 
have more units (pumps and compressors) 
currently being evaluated by customers than 
ever before.

Hydrogen Refuel ing Stat ions (HRS) for 
industr ia l vehicles have been prominent in 
Europe for a lmost 5 years .   Each stat ion 
represents an opportunity for two compressors, as 
well as pumps used to move water through the 
electrolyzer and pump chemical additives needed 
to clean and demineralize the water.  

The growth phase we’re seeing in hydrogen 
right now involves industrial vehicles (municipal 
trucks, busses, forklifts, taxis, and delivery trucks) 
that follow a consistent route and return to the 
same hub/refueling station each day. These 
centralized fueling stations are pioneering a dense 
network of HRS over the territories for future 
passenger cars. Currently in Europe, there are 
numerous evaluations taking place with multiple 
stakeholders (auto manufacturers, municipalities, 
and technology suppliers.)  

The process, and the technology put in place 
to refuel these industrial vehicles will be similar 
to what comes next for passenger cars. It is antici-
pated that a meshed network of more than 750 
Hydrogen Refueling Stations will be built in 
Europe by 2025.

HOW ABOUT CARBON CAPTURE? 
One other application where Sundyne compres-
sors are used is CO2 capture and storage. Most 
major energy companies have been Sundyne 
customers for decades. All are committed to 
reducing their carbon footpr int.  Sundyne 
compres sor s  a nd pu mps  a re  p l ay i ng  a n 
increasing role in managing captured CO2 by 
injecting it (in liquid phase or gaseous phase) 
into appropr iate storage faci l it ies, such as 
capped wel l s or abandoned mines. These 
machines also help energy companies re-use 
captured CO2 in the manufacture of fuels, 
carbonates, polymers, and chemicals. ■

The Sunflo P-3000 pump.
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Service and repair locations in 
Texas, California and Pennsylvania

Throttle Trip Valves 
3” - 24” to 2500# Class

Non Return Valves 
4” - 30” to 1500# Class

Designed in accordance 
with applicable codes 

• ASME BPVC Section VIII 
• ANSI B16.34 & B16.5 
• API 611 
• NEMA SM23/24 
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NEW PRODUCTS

DATA DIAGNOSTICS SYSTEM
Voith released a data diagnostics system 
called OnCare.Health Vorecon. The 
system is intended to increase the avail-
ability of the relevant drive trains while 
lowering maintenance costs. It learns, 
monitors, and performs diagnostics in 
real time. By means of typical signal 
patterns, it studies the reference state of 
the machine then continuously moni-
tors, records, analyzes, and evaluates 
signals. Using signal and trend analyses, 
the system predicts the future behavior 
of the machine. Significant changes are 
recognized and reported before an 
alarm is triggered, or a fault occurs. 
When faults arise, their root causes can 

be quickly analyzed and eliminated 
based on the data.

Voith designed the system interface 
to be easily accessible. The user receives 
information about machine behavior 
under various conditions. From the 
data in OnCare.Health Vorecon, a 
monthly service report is generated 
containing performance diagnostics, 
including a servicing and maintenance 
recommendation. This is meant to 
ensure optimal stocking of spare parts 
and al lows service to be scheduled 
based on the machine state rather than 
a fixed cycle.

voith.comThe ABB drone can detect leaks 
 and measure gases.

LEAK DETECTION AND  
GHG DRONE 
ABB has released HoverGuard, an addi-
tion to its ABB Ability Mobile Gas Leak 
Detection System. HoverGuard is an 
Unmanned Aerial Vehicle (UAV)-based 
system that detects, quantifies and maps 
leaks up to 300 ft from natural gas distri-
bution and transmission pipelines, gath-
ering lines, storage facilities, and other 
potential sources. It automatically gener-
ates digital reports that summarize results 
and can be shared in minutes after 
a survey.

The cloud-connected, multi-gas solu-
tion quantifies the three most important 
greenhouse gases (methane, carbon 
dioxide and water vapor) continuously 
while flying. Each greenhouse gas is 
present in the air in different amounts. 
Sourcing individual gases also provides 
information about  environmental 
processes affecting climate and pollution.

Cavity-enhanced laser absorption 
spectroscopy detects methane with 
a sensitivity more than 1,000 times 
higher than conventional leak detection 
tools. This sensitivity and speed allow 
HoverGuard to detect leaks while flying 
at altitudes of 130 ft, or higher, and at 
speeds greater than 55 mph. It can cover 
10-15 times more land area per minute 
by operating on low-cost commercial 
UAV capable of carrying a payload of 
6.6 lbs.

abb.com

HONEYCOMB SEALS
Flexware has developed an inexpensive means of manufacturing honeycomb 
seals making this seal design available to most applications. Abradable honey-
comb shaft, balance piston and impeller eye seals have long been the gold stan-
dard of abradable seals. Honeycomb seals are typically made from thin sheets of 
stainless, Hastelloy or other exotic materials formed into a honeycomb shape and 
then are brazed to a stainless base ring. Application of honeycomb seals has been 
limited due to the costs of manufacturing. 

flexwareinc.com

CNC MILLING MACHINERY
CDI Energy Products has expanded 
service capabilities at its Singapore 
locat ion. With new CNC mi l l ing 
machinery, the Singapore team can 
per for m met a l  mach i n i ng  w i t h 
milling operations onsite. The 5-axis 
indexed mil l ing equipment wil l be 
utilized to machine complex shapes. 
The add it iona l 5 -ax is movement 
al lows for angles and arcs of more 
than 300 engineering-grade plastics 
and high-performance polymers, as 
well as Super 13 Chrome & Inconel 
metallic components.

CNC mi l l ing i s  a subt ract ive 
manufacturing process whereby the 
CNC machine is programmed to 
rapidly mill out complex parts from a 
block of raw material. CDI’s 5-axis 
CNC machines are equipped with 
various toolsets to maximize efficiency 
a n d  p r o d u c t i o n  s p e e d ,  w h i l e 

delivering the quality and reliability 
required of its products. The new 
equipment design del ivers cutt ing 
rigidity coupled with accuracy.

cdiproducts.com

CDI Energy Products released  
a new CNC milling machine
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NEW PRODUCTS

CORROSION AND  
EROSION MONITORING 
Emerson has launched a corrosion and 
erosion monitoring suite that is integrated 
with the Plantweb digital ecosystem 
through the company’s new Rosemount 
4390 series of corrosion and erosion wire-
less transmitters and the Plantweb Insight 
Non-Intrusive Corrosion application. 

This monitors corrosion or erosion 
risk in oil and gas processing. The compa-
ny’s new Plantweb application comple-
ments the existing suite of Plantweb 
Insight applications. When instrumented 
with inline probes, changes in corrosion 
risk can be detected and corrected before 
damage occurs. The Rosemount 4390 
series of corrosion and erosion transmit-
ters leverage WirelessHART for data 
retrieval. The Plantweb Insight Corrosion 
applications allow users to access and 
analyze data from pipe thickness moni-
toring sensors and inline probes.

emerson.com

OVERSPEED PROTECTION 
SYSTEM
Istec, a provider of condition moni-
toring systems and controls, has 
released the SpeedSys 200 over-
speed protection system globally to 
monitor the speed and acceleration 
on rotating equipment. It is designed 
with self-monitoring, galvanically 
separated inputs and outputs, and 
certification. The global launch was 
preceded by a year of running 
successful compliance tests and 
obtaining the SIL 2 certificate.

Istec is developing a series of 
advanced products for speed measure-
ments and protection, including: 
• Istec SpeedMon, which delivers 

advanced speed monitoring func-
tions for conditions like creep, 
underspeed, reverse rotation, 
and standstill. 

• Istec SpeedSen, a SIL-certified 
Hall-effect speed sensor for accu-
rate speed measurements.

• Istec Simulator enables soft-
ware-guided speed simulations for 
proof testing and commissioning 
of speed and vibration protection 
systems. For speed, it supports 
(3-channel) simultaneous signal 
testing to enable full proof testing 
for any voting structure.

istec-corp.com

METRIX PROXIMITY PROBE
Metrix produces a proximity probe 
system that can f it in very t ight 
s p a c e s  a n d  p r o v i d e  a n  A P I 
670-compliant linear measurement. 
The Metr ix Dig ita l Prox imity 
System (DPS) allows the user to 
conf igure any Metrix, or major 
competitor’s, proximity probe and 
cable for target material, probe size, 
and system length. The system 
features crossta lk el iminat ion, 
w h i c h  s h i f t s  t he  o s c i l l a t i on 
frequency of the DPS unit, so it is 
different from the adjacent probe, 
preventing crosstalk interference.

metrixvibration.com

TAG-IT
Rega l  Be loit  re lea sed t he Tag-It 
program for asset management. Part of 
the Regal internet of th ings ( IoT ) 
offering, this creates a path for contin-
uous faci l ity improvement with an 
MRO procurement process. In addi-
tion, users can add Perceptiv diagnostic 
services and remote monitoring. The 
Perceptiv intelligence platform is an 
interconnected matrix of digital solu-
tions bundled with the Tag-It program 
for asset management for maintenance 
and procurement teams. It enables users 
to reduce maintenance time, streamline 
the procurement process, and achieve 
inventory objectives by integrating data 
silos. Users can manage everything in 
one place using the Perceptiv intelli-
gence IoT platform. 

regalbeloit.com

HIGH-SPEED MOTOR
Building on specialized turbo pump and 
compressors  technology,  Yaskawa 
Environmental Energy and The Switch 
have developed motors paired with 
drives for cost and size advantages in 
powers of 300 kW to 1.5 MW and speeds 
of 6,000 to 15,000 rpm. The solid rotor 
motor eliminates the need for a gearbox, 
which allows the application to reach 
h i g h e r  s p e e d s  a n d  a v a i l a b i l i t y . 
Mechanical problems associated with 
gearboxes are no longer an issue while 
fewer components also reduce the need 
for extra parts and maintenance. 

Machine builders can enjoy high 
system efficiency due to the possibility of 
creating direct-drive solutions while the 
solid rotor construction provides high 
mechanical strength and stability. It is 
also more compact and lighter in weight, 
requiring up to 50% less space than a 
conventional design. Each solid rotor 
motor is paired with a matching variable 
frequency drive to create a package for 
ease of use. 

yaskawa.com

Oil Mist Separators
for your rotating equipment

Reliable · Effi  cient · Low-maintenance
• 99.9% filtration efficiency for oil mist

• Quality of lube oil remains constantly high

• long-term stability of filter cartridges

• 1-5 mg/m³ residual oil after filtration

• customized design for every Oil Mist Separator

Franke-Filter gmbh
Wiedhof 9
31162 Bad Salzdetfurth
Germany

         +49 (0) 5064 9040
         info@franke-filter.com
         franke-filter.com

         
         info@franke-filter.com
         franke-filter.com

Oil Mist Separators
for your rotating equipment

Reliable · Effi  cient · Low-maintenance
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MYTH BUSTERS

MYTH: ADDITIVE 
MANUFACTURING IS 
THE ANSWER FOR 
EVERYTHING
BY KLAUS BRUN & RAINER KURZ

For the last 15-20 years, additive 
m a nu fa c t u r i ng  (A M )  or  3D 
printing has been widely hailed as 
the best thing since sliced bread. 

This optimism has turned to irrational 
exuberance in the turbomachinery 
industry, where AM is supposed to solve 
complex geometry fabrication problems, 
lower manufacturing costs, and reduce 
lead t imes of cr it ica l components. 
Unfortunately, to date many of the 
promises of AM have yet to be realized. 
There appears no clear path forward to 
address some of the apparent limitations 
of this manufacturing technology. 

Industrial centrifugal compressors 
use fairly standardized casing, sealing, 
and rotor support elements, but their 
internal f low path can be performance 
optimized for a specif ic application. 
Thus, their impellers appear at f irst 
glance to be ideal candidates for AM 
technology, which favors one-off custom-
ized fabrication. 

This is especially true for modern, 
complex-geomet r y  3D i mpe l ler s . 
S i g n i f i c a nt  a er o d y n a m ic  de s i g n 
improvements due to advanced compu-
tational fluid dynamics (CFD) and finite 
element ana lys i s ( FEA) tools have 
changed the shape of impellers from 
traditional, simple 2D to highly f low-
shape, curved 3D geometries. The move 
from 2D to 3D compressor impeller 
geometries happened in parallel with a 
slow industry transition from two-or 
three-piece construction to single-piece 
construction, using either welding or 

brazing to combine the compressor hub 
and shroud. Single-piece impellers can 
usually handle higher-stress loads than 
two-piece impellers and also reduce 
fabrication quality flaws. 

For most modern impellers that have 
complex internal geometries and are not 
cast, fabrication techniques typically 
require f ive-axis machining for large 
i mpe l ler s  or  e lec t r ica l  d i scha rge 
machining (EDM) for smaller geometries. 
AM has shown promise for the manufac-
turing of smaller impellers, but most 
commercially available AM machines are 
limited in size and cannot handle impellers 
larger than about 20 inches in diameter. 
Closed impellers add complexity to AM 
methods as most metal additive processes 
do not build in free space. The bridging of 
the cover between impeller blades requires 
temporary internal supports to provide a 
base to build upon. These supports have to 
be removed during post-processing. This is 
difficult due to the limited access resulting 
from the small size and complex geometry 
of the impeller.

The most common, commercially 
available AM method for printing metal 
compressor impel lers is laser metal 
sintering using a metal powder bed (also 
called selective laser melting, direct laser 
melting or laser powder bed fusion). A 
laser acts as a localized heat source to 
melt and fuse meta l powder into a 
desired 3D shape, using sequentially 
layered metal powder. This technology 
has rapid ly advanced over the last 
10 years and can be utilized with many 

of the standard metals, such as steels and 
advanced nickel alloys typically used for 
compressor impellers

The indust r y focus on add it ive 
manufacturing has been largely focused 
on nickel-based and titanium alloys that 
cost more than $50 per pound and are 
utilized for specialty applications. Most 
components within turbomachinery are 
manu factured f rom carbon s tee l , 
low-alloy steel, or martensitic stainless 
steel. While it is possible to additively 
manufacture components from these 
alloys, it is typically more cost-effective 
to machine them from wrought material. 
Add it ive manufacturers have ver y 
limited experience with carbon steels 
and stainless steels, and powder is not 
readily available for these alloys.

Additive manufacturing 
(AM) is basically a niche 
manufacturing technology 
between casting and 
subtractive manufacturing. 
So far, the potential of AM 
for compressor 
manufacturing has been 
much more promise than 
actual reality.
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The printing process of a typical 
small impeller will usually take several 
days, sometimes weeks, depending on 
the speed of the AM printer, the shape, 
and the desired printing quality. 
Internal support structures will usually 
have to be added to the impeller model 
to maintain shape integrity during the 
sintering process. The programming of 
AM printers is not an automated 
process and requires special operator 
skills and experience. 

After completion of the printing 
process, there is usually signif icant 
post processing and testing required. 
Removal of internal support struc-
tures can be complex and labor-inten-
sive, particularly due to the fact that 
printed components are often manu-
factured from t itanium or n ick-
el-based alloys. The removal of the 
internal supports often results in 
ridges and internal passage imperfec-
tions that require post-machining, 
EDM, acid bath, or abrasive slurry 
extrusion for removal. Surface finish 
is usually grainy and rough, and the 
quality depends on the speed of the 
printing process and metal powder 
grain size. External surfaces require 
machining and grinding to improve 
surface f inish. This all adds to lead 
times and costs. Current estimates are 
that for a typical AM manufactured 
impeller, about 60% of the cost comes 
from post-processing and test ing, 
rather than from the printing itself.

Due to the nature of the printing 
process there is an increased chance 
of surface cracks or internal voids 
with AM. Surface testing such as dye 
penetrant and internal crack/void 
detection using CT scans or x-rays is 
usually required. Also, on a typical 
compressor impeller, geometric toler-
ances are about 3-5 times higher than 
similar impellers fabricated using 
EDM or f ive-axis machining. These 
increased manufacturing tolerances 
increase proportionally with the size 
of the AM impeller.

The original promise of AM was 
that “anyone” can pr int a piece 
without any special training required 
as long as they have the appropriate 
metal printer. This led to the idea that 

one could print compressor impellers 
and other spare parts at distributed 
local repair shops, avoiding transport 
logistics, long shipping delays, and 
reducing the overa l l  lead t ime. 
However, the rea l it y i s  that for 
current AM machines, specialized 
operators are required; and the post 
processing steps such as support mate-
rial removal and surface machining 
still require qualified machinist and a 
well-equipped machine shop. 

Clearly, AM has the potential to 
solve many problems in the future 
inc lud ing mak ing it  poss ible to 
provide aerodynamically and struc-
tural ly opt imized geometr ies for 
higher head and higher efficiency, or 
allow for faster and local “as-needed” 
manufactur ing, reduce manufac-
turing times. New methods are begin-
ning to address some of the shortfalls, 
and AM’s capabilities are likely to 
expand in the years ahead. But the 
current state-of-the-art still limits AM 
to small and specialty geometries in 
the compressor industry. AM is basi-
cally a niche manufacturing tech-
n o l o g y  b e t w e e n  c a s t i n g  a n d 
subtractive manufacturing. So far, the 
potent ia l of A M for compressor 
manufacturing has been much more 
promise than reality. ■
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HIGH-PERFORMING
TURBOMACHINERY
requires

HIGH-PERFORMING
BEARINGS

Waukesha Bearings is a proud part of Dover Precision Components

Waukesha Bearings® custom engineers 
bearings for optimized performance in individual 
operating conditions. Exacting loads, speeds, lubricants 
and ambient temperatures of modern turbomachinery are met 
with specialized thrust and journal bearing designs in a range of 
proven materials.  

Our decades of experience and ongoing development create 
solutions that extend equipment operating limits and 
improve reliability.

Whatever your challenge, choose Waukesha Bearings for 
performance you can trust.

www.waukeshabearings.com/performance

Copper-chrome backed pads and polymer-lined pads can 
increase bearing load capacity and improve effi ciency.




