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My grandfather was an engineer. He 
retired from his last position at a 
Rolls-Royce facility in East Kilbride, 
Scotland.  He was part of a long 

tradition of Scottish engineers. A similar tradition 
exists in the USA. But the percentage of engineers 
out of the total number of graduates has been in 
decline for some time in some nations. In the 
U.S., it is down to about 6%. And that is not a 
good thing for the overall health of the society. 

More than a decade ago, Ernst Frankel wrote 
in the MIT faculty newsletter about how engi-
neering education in America had changed 
dramatically. As well as a general decline in the 
number of mechanical, civil, electrical, chemical, 
and aeronautical engineering graduates, he 
observed a change in curricula away from 
infrastructure, the environment, and traditional 
engineering problems onto high technology and 
complex scientific developments. He conceded 
that the latter areas were important, but they 
should not replace traditional engineering.

Meanwhile China and India graduate almost 
an order of magnitude more engineers each year 
than the U.S. Erst highlighted the lack of stellar 
engineering achievements in recent years in 
contrast to earlier breakthroughs such as the 
Empire State Building, the Golden Gate Bridge, 
and the Apollo space program. One consequence 
he mentioned was the state of roads, rail networks, 
the electric power grid, ports, airports, and other 
essential infrastructure. He ended by urging MIT 
to give more emphasis to engineering disciplines. 

In this issue, therefore, we celebrate engineers. 
Our cover story details the latest advances in 
design and engineering software. We hear from 
companies such as Concepts NREC, Southwest 
Research Institute, Advanced Design Technology, 
Dassault Systems, Siemens, and SoftInWay on 

what their software can 
now do. Many of these 
companies are involved in 
the design and engineering 
of the latest rockets, 
aerospace engines, and the 
most efficient turboma-
chines. They are helping 
solve problems such as how 
to safely introduce more 
hydrogen into turbines and 
compressors. They are 
addressing some of the big 
problems that stand in the 
way of a sustainable future. 

Another lengthy feature 
by Mark Sandberg, PE, 
discusses equations of state 
and the impact of thermo-
dynamic property accuracy 
on compressor perfor-
mance. Such data is central 
to turbomachinery and 
should be known by many 
more people. 

The rest of the issue 
includes stories about 
control systems, dry gas 
seals, and turboexpanders. Once again, a strong 
engineering theme runs through these articles. 
That trend continues with the contributions of 
our columnists. The Myth Busters tackle the 
mistakes that can be made in how the mis-engi-
neering of piping can place undue strain on 
compressors. The Turbo Tips column on gearing 
explains when gears should and should not be 
included in turbomachinery configurations. ■

DREW ROBB
Editor-in-Chief

CELEBRATING 
ENGINEERS

My grandfather worked for Thermotank 
Engineering and Rolls-Royce. 

The percentage of engineers out 
of the total number of graduates 
is in decline. 
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INDUSTRY NEWS

LNG BOOM DRIVEN BY EUROPEAN AND ASIAN DEMAND 

A combination of factors has contributed 
to a boom in the U.S. liquefied natural 
gas (LNG) market, and in LNG produc-
tion in general. Key elements include 
high global natural gas prices, low stor-
age levels in Europe and elsewhere, and 
demand for gas in Asia. The result is bet-
ter and longer-term LNG contracts.

In December of 2021, the U.S. be-
came the top global monthly producer of 
LNG and is set to rise to the top for 2022 
overall, ahead of Australia and Qatar. Big 
jumps in LNG prices in Europe and Asia 
fueled by cold winters, shortage of supply, 
and rising geopolitical tension are playing 
into the hands of the U.S. LNG market. 
Should this state of affairs continue, look 
for more and more U.S. gas to be lique-
fied. Why? LNG appears to offer U.S. 
producers higher and more stable prices, 

as well as eliminating the uncertainty on 
the home market. Stiffening regulation at 
home seeks to reduce the use of natural 
gas in power generation and in home ap-
pliances. If long-term contracts are avail-
able overseas, it could see many taking 
that option. One consequence could be 
generally higher energy prices in the U.S. 
while plenty of cheap energy is exported 
to more lucrative markets. 

For 2021 overall, a large share of 
Europe’s supply of LNG originated in the 
United States,  Qatar, and Russia. 
Combined, these three countries accounted 
for almost 70% of Europe’s total LNG im-
ports. The United States became Europe’s 
largest source of LNG in 2021, accounting 
for 26% of all LNG imported by European 
Union member countries (EU-27) and the 
United Kingdom (UK). USA was followed 

by Qatar with 24%, and Russia with 20%. 
In January 2022, the United States sup-
plied more than half of all LNG imports 
into Europe for the month.

Exports of LNG from the United 
States to EU-27 and the UK increased 
from 3.4 billion cubic feet per day (Bcf/d) 
in November 2021 to 6.5 Bcf/d in 
January 2022. 

Supply challenges in the European 
market have led to rising regional prices 
for natural gas. Historically, spot natural 
gas in Europe has traded at prices lower 
than LNG spot prices in Asia. In recent 
months, however, natural gas prices in 
Europe have closely tracked LNG prices 
in Asia. On some days, the natural gas 
price in Europe has exceeded the LNG 
price in Asia, attracting higher volume of 
flexible LNG supplies to Europe. 

Source: Graph by the U.S. Energy Information Administration, based on data from the International Group of Liquefied Natural Gas 
Importers (GIIGNL) annual liquefied natural gas trade reports (2010–2020) and CEDIGAZ (2021)

CAPSTONE DIGEST 
Recent Capstone Green Energy orders: 

Capstone’s southern U.S. Distributor Lone Star Power 
Solutions has contracted with a remote data center in Louisiana to 
provide a 5-year rental of a Capstone C1000S microturbine sys-
tem. This is the second C1000S to be commissioned at this remote 
data center. This customer is located on an oil and gas well and 
handles large volume blockchain and cryptocurrency mining.

Capstone’s Japanese distributor Kanamoto has secured a 

contract to provide seven C65 microturbine systems to a 
Japanese firm in the chemical industry. This company already 
has 44 Capstone C65 CHP systems installed and operating. 
The new systems will replace seven units that have reached 
80,000 hours of continuous service. Waste heat produced by 
the microturbines will be captured and used for drying process-
es required by the chemical plant. The units are expected to be 
commissioned in July 2022. 
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INDUSTRY NEWS

RANSOMWARE DISRUPT OIL SUPPLIES

As a sign of things to come, hackers have 
now found a way to disrupt vital oil ter-
minals at ports in Europe. These termi-
nals suffered a malware incursion which 
locked down some systems. The ports af-
fected were in Belgium, Germany, and 
t h e  N e t h e r l a n d s .  T h i s  i n c l u d e d 
Hamburg, Ghent, Antwerp-Zeebrugge, 
and Rotterdam. 

The result was a disruption of opera-
tions at oil terminals that prevented tank-
ers from being able to deliver energy 
supplies. This occurred at a time when oil 
prices were rising sharply. 

A German company known as 
Oiltanking confirmed that it had been 
“the victim of a cyber incident affecting 
(its) computer systems,” said the compa-
ny in a statement. “All parties are con-
tinuing to work towards a return to 
normal operations at all our terminals as 
soon as possible.”

After cybercriminals gained access to 
systems, they sent a communication to 
the victims telling them that they could 
regain access if they paid a ransom. This 
type of attack, known as ransomware, has 
become increasingly common over the 
past year. According to the  2021 Annual 
Data Breach Report by the Identity 
Theft Resource Center (ITRC), 1,862 
data compromises were found in 2021, 
up from 1,108 the previous  year. 

Ransomware-related data breaches have 
doubled in each of the past two years. 
Researchers predict that at the current 
rate, ransomware attacks will surpass 
phishing as the number one root cause of 
data compromises in 2022 (phishing is 
where an email scammer tries to tempt a 
user to click on a malicious link or attach-
ment or reveal confidential information).

This isn’t the first time that ransom-
ware has struck the oil & gas field. In 
2021, Colonial Pipeline in the USA was 
locked out of its systems by ransomware. 
The likelihood that such attacks will con-
tinue to strike the sector this year. And 
that the power industry, too, could find 
itself in the ransomware crosshairs. 

The ITRC study noted that compro-
mises have increased in just about every 
sector with manufacturing and utilities ex-
periencing the largest percentage increase 
in 2021, up 217% compared to 2020. 

“The number of breaches in 2021 
was alarming,” said Velasquez. “Many of 
the cyberattacks committed were highly 
sophisticated and complex, requiring ag-
gressive defenses to prevent them. If 
those defenses failed, too often we saw an 
inadequate level of transparency for con-
sumers to protect themselves from identi-
ty fraud. There is no reason to believe the 
level of data compromises will suddenly 
decline in 2022. As organizations of all 
sizes struggle to defend the data they 
hold, it is essential that everyone practice 
good cyber-hygiene to protect themselves 
and their loved ones from these crimes.”

A new study offers help in proofing up 
oil & gas systems. The “Linking the Oil and 
Gas Industry to Improve Cybersecurity 
(LOGIIC)” program announced the re-
lease of a new study report entitled, 
“SBOM Study: Managing ICS Software 
Risks to Oil & Gas.” In 2021, LOGIIC 
conducted a study to understand how a 
software bill of materials (SBOMs) and 
other vendor capabilities can be used to 
manage cybersecurity risks to industrial 
control systems (ICS) software that may be 
introduced from third-party components 
that are part of vendor solutions. The study 
included discussions with oil and gas indus-
trial control system vendors to understand 
and analyze the current state of SBOM de-
velopment and utilization. 

KOREAN ORDER FOR SIEMENS ENERGY HL TURBINE 
Siemens Energy has received another or-
der to deliver its HL-class power plant 
technology to South Korea. The equip-
ment will be used in the Eumseong Unit 
1 combined cycle power plant (CCPP), 
which will be built in Eumseong in north-
western Chungcheongbuk-do Province. 
The CCPP will be built in place of a pre-
viously planned 1 GW coal-fired power 
plant that was cancelled following a 
change in the South Korean govern-
ment’s environmental policy. 

The switch will reduce CO2 emissions 
compared to a similar coal power plant. 
The client is Korea East-West Power, a 
subsidiary of KEPCO. The new plant is 
scheduled to be commissioned in late 

2024. Eumseong Unit 1 is the first of two 
planned CCPP units and will have an in-
stalled electrical capacity of 571 MW. 
The power plant is designed as a sin-
gle-shaft unit that will operate on re-gas-
i f ied l iquef ied natural  gas (LNG). 
Siemens Energy’s scope of supply in-
cludes a SGT6-9000HL gas turbine, a 
SST-5000 steam turbine, a SGen-3000W 
genera tor ,  and  the  SPPA-T3000 
control system. 

The order also includes a long-term 
part management contract for the gas 
turbine, technical field advisory services, 
and digital services including diagnostics 
services, continuous performance optimi-
zat ion,  and compressor condit ion 

performance-monitoring that will im-
prove asset utilization, reliability, and 
availability while also reducing operating 
and maintenance costs.

Siemens Energy SGT6-9000HL gas turbine. 
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INDUSTRY NEWS

3D PRINTING FAVORED BY 
YOUNGER GENERATION 
3D printing (aka additive manufactur-
ing) has been growing steadily in use 
in the power generation and oil & gas 
sectors over the last few years. It is 
commonplace for some small turboma-
chinery components to be printed us-
ing metal l ic powder. However, the 
technology cannot be said to be in 
broad usage throughout the industry. 
While the big OEMs and some spe-
cialty shops are using it heavily, the 
bulk of maintenance, servicing, and re-
pair operations have yet to adopt it. 
But that might be about to change. 

A new study by Primary Research 
Group, “Survey of American College 
Students, 2022: Use of 3D Printers,” 
looked at how many and which students 
are using 3D printers at their colleges, 
or other locales, and how much they are 
using them. 46% of students majoring in 
engineering/ mathematics/computer 
science have used a 3D printer. With 
about half of new engineering grads 
with an orientation toward additive 
manufacturing, they are going to be-
come advocates for the implementation 
of the technology. The availability or 
lack of availability of 3D printers may 
well exert an influence on their employ-
ment preferences.  

SWRI TESTING NATURAL GAS AND HYDROGEN TRANSPORTATION 
Southwest Research Institute (SwRI) has upgraded its test 
equipment to allow for testing the effects of transporting nat-
ural gas and hydrogen blends in the same pipeline. The latest 
capability will help clients research hydrogen-based solutions 
to understand if infrastructure for greenhouse gases can be 
transitioned to handle more sustainable resources.

“To avoid the complexity of dealing with pure hydrogen, 
the industry is exploring alternative methods to transport hy-
drogen gas,” said SwRI Research Engineer Swanand Bhagwat. 
“Blending small quantities of hydrogen with natural gas is one 
of the most viable alternatives.”

This blend would require only minor modifications to the 
operation and maintenance of existing natural gas pipeline net-
works. Several U.S. companies are already testing the viability 
of transporting hydrogen blends in their pipelines. Leak detec-
tion is an essential ingredient. 

“To simulate the leaks of blended gas and measure the per-
formance of leak detection systems originally developed for 
methane/natural gas, we decided to add a mobile flow loop to 

our inventory of test capabilities,” Bhagwat said.
The flow loop currently operates inside a 60,000-square-

foot outdoor complex used to conduct fluid dynamics research 
and develop and test flow components. The facility comple-
ments a suite of test facilities and laboratories dedicated to eval-
uating instrumentation, equipment and devices for the oil and 
gas industry. 

SwRI upgraded the facility’s fittings and piping to stainless 
steel to make them more compatible with hydrogen and reduce 
hydrogen embrittlement. Other additions include a purging 
line for leak inspection as well as a purge box around the facili-
ty’s hydrogen flow meter and nitrogen purging lines to remove 
traces of hydrogen from previous tests.

The updated facility can now simulate leaks of natural gas/
hydrogen blends over a range of flow rates consistent with typi-
cal field conditions. The test facility can also simulate blended 
gas leaks for various hydrogen concentrations including 100% 
methane and 100% hydrogen releases. Custom modifications 
can also be made to meet clients’ specific needs.

ATLAS COPCO DIGEST 
  Atlas Copco Gas and Process will be supplying CO2 compression equipment to 

one of Europe’s most ambitious renewable biofuels plant projects. The equipment 
will be used in an 820,000-tons-a-year biofuels facility, located at the Shell Energy 
and Chemicals Park Rotterdam, the Netherlands. Once completed, the facility will be 
among Europe’s largest for the production of sustainable aviation fuel (SAF), renew-
able diesel, and renewable naptha made from biowaste.

In addition to fuel production, the project encompasses carbon capture and pipe-
line transport of CO2. This requires compression to a pressure of 42.5 bar by the 
Atlas Copco Gas and Process’ five-stage turbocompressor. The machine is designed 
to compress 43.5 t/h. Expected to start production in 2024, the new facility will pro-
duce low-carbon fuels such as renewable diesel from waste in the form of used cook-
ing oil, waste animal fat and other industrial and agricultural residual products using 
technology developed by Shell. As part of its strategy, Shell is currently transforming 
more than a dozen refineries into five energy and chemicals parks. 

Atlas Copco has agreed to acquire Pumpenfabrik Wangen, a German manu-
facturer of progressive cavity pumps used for transferring fluids mainly in the bio-
g a s  a n d  w a s t e w a t e r 
sectors. The company also 
manufactures twin-screw 
pumps used in sectors like 
food and beverage and 
cosmetics. The acquisition 
is expected to be complet-
e d  du r i n g  t he  s e c ond 
quarter 2022 and is sub-
ject to regulatory approv-
als. The acquired business 
wi l l become part of the 
Power and Flow division 
w i t h i n  A t l a s  C o p c o ’s 
P o w e r  T e c h n i q u e 
Business Area. 

Atlas Copco 5-stage 
CO2 compressor .
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GE DIGEST 
Carbon capture, utilization, and storage (CCUS) is one pathway to lowering carbon 
emissions from power generation to near-zero levels. A new GE-led project includes 
collaboration with Southern Company, Linde, BASF, and Kiewit. GE Gas Power 
will develop a front-end engineering design (FEED) study with technology and con-
trol concepts to integrate Southern Company subsidiary Alabama Power’s James M. 
Barry Electric power plant with Linde’s Gen 2 carbon capture solution based on 
BASF’s OASE blue gas treatment technology. The resulting study will serve as a 
template for lowering carbon emissions for other 7F gas power plants worldwide. 

The project is receiving federal funding from the U.S. Department of Energy. 
The goal for commercial deployment is 2030. 

GE announced the appointment of Scott Reese as CEO of GE Digital. He suc-
ceeds Patrick Byrne who will continue at GE as CEO for the onshore wind business 
at GE Renewable Energy.

Reese joins GE from Autodesk where he was executive vice president, product de-
velopment and manufacturing solutions.

Seven companies have formed the alliance aiming to establish a low-carbon and 
hydrogen industrial hub covering Ohio, Pennsylvania, and West Virginia. The goal 
is to help decarbonize the industrial region by focusing on hydrogen utilization and 
carbon capture, utilization and storage (CCUS). The member companies include 
GE, EQT, Equinor, Marathon Petroleum, MPLX, Mitsubishi Power, Shell 
Polymers, and U.S. Steel.

The Carbon Capture and Storage Association (CCSA in the UK, has welcomed 
two new members; GE and Doosan Babcock.

CHEVRON LUBRICANT SERVICES 
Chevron Products has launched the 
Keep Clean Preferred Vendor Program 
to provide customers with the tools and 
services to make the most of their lubri-
cants. The program recommends ven-
dors  who of fer  too l s  to  enhance 
lubricant-reliant operations for small, 
medium, and large enterprises after 
products are purchased. From storage 
and handling, to sampling tools for fluid 
analysis, Keep Clean Vendors aid orga-
nizations with their maintenance and lu-
brication needs. Vendors are selected 
based off requirements for quality sup-
pliers who can provide the resources 
and knowledge to keep lubricants clean 
once delivered and in-service.

A quality lubrication program re-
quires a holistic approach ranging from 
how lubricants are purchased, stored, 
and handled throughout a facility. By 
starting clean with Chevron Isoclean 
Certified Lubricants, monitoring with 
the LubeWatch Fluid Analysis Program, 
and staying clean with the Keep Clean 
Preferred Vendor Program, organiza-
tions can increase uptime and extend 
component life.

FRANKE-FILTER CERTIFIED FOR 
ENVIRONMENTAL SYSTEM 
Franke-Filter has received ISO 14001 
certification for its environmental man-
agement systems. The aim was to imple-
ment the environmental policy set by 
the management, which entails a volun-
tary commitment to optimize environ-
mental protection measures in the 
company. This includes the systematic 
recording and compliance with all legal 
and official requirements, as well as the 
recognition and evaluation of opportu-
nities and risks.

Company founder Manfred Franke 
developed a process in which oil mists are 
extracted, filtered, and returned to the 
environment as clean air. Oil mist is cre-
ated on all oil-lubricated rotating ma-
chines, such as turbines, generators, 
compressors, and motors where an oil 
reservoir is used. The oil separated by the 
filter elements is returned to the lubricat-
ing oil system without any loss of quality. 

VOITH BECOMES SOLE OWNER OF ELIN MOTOREN  
Voith Group has owned a 70% stake in 
ELIN Motoren for almost two years. 
Now the remaining stake is being ac-
quired by Voith parties agreed on the ac-
quisition of the remaining stake. The 
acquired company has about 1,000 em-
ployees and manufactures electric motors 
and generators in small series as well as 
individualized solutions for industrial 

applications. In this area, the company 
focuses on electric machines, motors in 
the low-voltage, medium-voltage and 
high-voltage range, and generators, in 
particular for wind energy and decentral-
ized energy generation. It serves the 
wind energy, plastics, tunnels and min-
ing, oil and gas, plant construction as 
well as power plants.

Barry power plant in Alabama.
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MITSUBISHI DIGEST 
The world’s aggregate demand for fossil 
fuels isn’t due to peak until 2027. The 
technical challenges embedded in a tran-
sition away from fossil fuels will require 
innovation, creativity, and collaboration 
across industries and geographies. The 
emergence of hydrogen infrastructure is 
an important element of the transition. 

Mitsubishi Power is investing heavily 
in alternative technologies for hydrogen 
and renewable energy sources. It is creat-
ing an in-house structure for systematic 
validation of the hydrogen value chain 
from production to power generation. 
Hydrogen production and storage equip-
ment will be added to its existing valida-
tion facility at the Takasago Machinery 
W o r k s  i n  J a p a n .  T h e  T a k a s a g o 
Hydrogen Park will support commercial-
ization of hydrogen gas turbines by 2025.

The goal is to enhance product reli-
ability through steady demonstration 
testing at in-house facilities, with valida-
tion using large-frame JAC class turbines 
and small to mid-sized H-25 class tur-
bines. The target is for gas turbine emis-
sions to be reduced to zero carbon while 
maintaining low NOx levels. 

The world’s largest long-duration re-
newable energy storage operation is 

taking shape in Delta, Utah. When com-
plete, the project will feed two major 
transmission lines supporting the electrical 
grids in Utah and California and be capa-
ble of distributing 1 GW of energy. Since 
1986,  the s i te  has  hosted a large 
coal-burning power plant. Mitsubishi 
Power will supply hydrogen-capable gas 
turbines that are expected to come online 
in 2025. The turbines are currently capa-
ble of running on a mixture of 30% hy-
drogen and 70% natural gas. The 
company plans to run them on 100% hy-
drogen in time to meet the state’s net zero 
goals. As hydrogen-fueled power produc-
tion ramps up, the hydrogen will have to 
come from somewhere, creating the need 
for  another  key  technology.  The 
Advanced Clean Energy Storage project 
sits on top of a geological salt dome in 
Delta, Utah, where Mitsubishi Power is 
partnering with Magnum Development 
to produce and store green hydrogen.

Mitsubishi Power has also partnered 
with Entergy to create a viable hydrogen 
hub. Using Entergy’s 1,700 miles of hy-
drogen pipelines, the partnership will in-
crease hydrogen’s footprint on the Gulf 
Coast. The company is also partnering 
with Bakken Energy in the Midwest on 

another clean energy hub. The partner-
ship will produce hydrogen from natural 
gas using carbon capture, utilization and 
sequestration (CCUS) technology. 

Mitsubishi Power Europe will mod-
ernize and automate Stockholm Exergi’s 
largest combined heat and power plant  
(CHP). The Kraftvärmeverk 1 plant will 
be able to handle biofuels and reduce 
emissions levels. The project scope in-
cludes upgrading the boiler and control 
systems, and installation of low NOx 
burners. This retrofit will extend opera-
t ional  l i fe  for  20 years  and fu l f i l 
Stockholm’s immediate need for in-
creased heat and power generation in 
cold seasons. This plant conversion to 
biofuel enables the city to move towards 
its fossil-fuel-free goal by 2030. 

Mitsubishi Power Amer icas has 
s i g ned a  purcha se  cont rac t  w it h 
HydrogenPro for an initial delivery of 
40 electrolyzers. The HydrogenPro elec-
trolyzer system will use wind and solar 
energy to produce green hydrogen by 
splitting water into hydrogen and oxy-
gen through electrolysis. The green hy-
drogen will be stored and used for power 
g ener a t ion ,  t r a n s por t a t ion ,  a nd 
industrial applications.

WAUKESHA MAGNETIC BEARINGS CERTIFICATION
Waukesha Magnetic Bearings has achieved ISO 45001:2018 
Occupat iona l Hea lth & Safety (OH&S) Management 
Systems Certif ication. The company is now certif ied in 
three dif ferent ISO standards, including ISO 9001:2015 
Quality, ISO 14001:2015 Environmental and now ISO 
45001:2018. 

ISO 45001:2018 is an international standard focused on 
health and safety with a goal of ensuring companies have a safe 
and healthy workplace for all employees and visitors. This new 
standard is used to establish an effective OH&S management 
system for preventing work-related injury and illness, as well as 
improving health and safety performance.
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TURBO TIPS

SHOULD GEAR UNITS 
BE USED OR AVOIDED?
BY AMIN ALMASI

For nearly all turbomachinery appli-
cations, operators prefer to utilize a 
direct-driven configuration and 
avoid gear units. But there are 

special cases where gear units should 
be used. 

Following an initial evaluation such 
as a driver speed match analysis, vendors 
or consultants sometimes inform opera-
tors or purchasers that there is no way to 
avoid the use of a gear unit in a specific 
turbomachinery train. In high-speed 
turbomachinery applications, some 
vendors offer a conventional electric 
motor with a gear unit. This has been the 
case particularly for high-speed centrif-
ugal compressors. This is considered by 
some as an unjustified bias against high-
speed, direct-drive electric motors. The 
use of such motors should be evaluated 
more closely. The risk and possible oper-
ational issues of modern high-speed, 
direct-drive electric motors are usually 
less than the problems and issues associ-
ated with gear units.

For low-speed turbomachinery trains, 
the use for a gear unit can easily be 
avoided. Proper driver types could be 
selected for machinery options to avoid 
high-speed drivers for low-speed driven 
equipment. Steam turbine drivers, 
though, should usually be limited to direct 
drive applications. For example, a high-
speed steam turbine driver for a low-speed 
compressor or pump using a gear unit for 
speed-match is usually a poor decision. 
Such a complicated configuration can 
potentially cause many torsional, dynamic 
and operational issues. 

Gas turbine models should be selected 
to facilitate the direct drive turboma-
chinery arrangement. Aeroderivative gas 

turbines usually offer direct-drive trains 
compared to frame type gas turbines 
which could only be used in limited 
speed ranges. 

GEAR UNITS 
There are tens of thousands of gear units 
that operate over long periods of time in 
a wide range of sizes and power-ratings. 
There are also many gear units for high-
gear ratios (above 10), and high-speed 
applications such as high-speed drivers. 
Risks, operational issues, and high 
capital/operational costs associated with 
gear units have been accepted as fact in 
many plants. But operators have experi-
enced operational issues, painful installa-
tion/commissioning procedures, delays 
in commission/start-up, numerous 
unscheduled shutdowns, high cost, and 
other risks associated with gear units. 
Because of these issues, there is a growing 
feeling that gear units should be avoided, 
if possible. 

What is the optimum turbomachinery 
configuration? It is always best to mini-
mize the number of machinery pieces 
mounted on a turbomachinery train. 
That means, eliminating gear units if 
possible. Doing so, reduces capital, oper-
ational, and maintenance costs. 

Some gear-unit manufacturers and 
supporters blame poor application engi-
neering or inadequate maintenance as 
the reason operators have problems with 
their gear units. But this does little to 
lower the relatively high failure rates and 
issues being experienced with gear units. 

Here are a couple of examples from 
my own experience. They concern inte-
grally geared compressors driven by 

high-speed steam turbines using interme-
diate gear units for speed reduction. In 
such a train, the speed of high-speed 
steam turbine is first reduced in the inter-
mediate gear reduction. This is used to 
dr ive the main input  shaf t  of  the 
compressor. The speed is then increased 
in the integrally geared train for each 
compressor casing. 

Such a configuration presents ineffi-
cient and problematic operation. The 
speed reduction followed by a speed 
increase presents considerable losses in 
the train. It also leads to constant wear 
and other problems. Such a configura-
tion mandates fixed speed operation of 
the steam turbine. Instead, this arrange-
ment can be replaced with a more effi-
cient variable-speed steam turbine, 
direct-driven compressor configuration. 
This raises the efficiency, reliability, and 
operational flexibility of the train. 

It is true that gear units are needed 
for many turbomachinery trains. They 
should be used in cases where other 
options are not available. But the risks 
and potential problems associated with 
gear units should always be considered. 
Gear units can be eliminated in many 
turbomachinery trains. Gear units should 
only be used in turbomachinery trains 
that other direct drive solutions cannot 
be employed. ■

Amin Almasi is  a Chartered 
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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DESIGN AND 
ENGINEERING 
SOFTWARE 
Areas of Innovation Include the Cloud, AI,  
Tighter Integration, And Rocket Design
BY DREW ROBB

Design and engineering software lies back of 
every aspect of turbomachinery and facility 
layout. These tools are used to figure out 
how to increase efficiency, heighten perfor-

mance, lower costs, decrease emissions, and find 
the best way to arrange and integrate equipment 
and systems. 

There are a great many trends and influences 
impacting this slice of the market. And the vendor 
community has risen to the challenge. Let’s hear 
from the experts: 

CONCEPTS NREC
Concepts NREC offers a suite of software tools 
starting from preliminary design through full 3D 
computational fluid dynamics (CFD), finite 
element analysis (FEA) and 5-axis machining of 
turbomachinery. Together, the software is called 
the Agile Engineering Design System.  New for 
2022 is CyCAL, which allows the design of 
turbomachinery within a larger system and 
includes thermodynamic cycle analysis. CyCAL 
will be a new platform to bring together all tools in 
a single user environment.

“Engineers need to look at many aspects of a 
design in addition to the aero/hydrodynamic 
performance of the primary flow path,” said Peter 
Weitzman, President, Software Division of 
Concepts NREC. “A successful designer needs to 
simultaneously consider off-design performance, 
secondary (leakage, bleed, injection) flow, rotordy-
namics, and product life.”  

In addition, it is not enough to look at the 
turbo components in isolation. Every piece of 
turbomachinery sits inside some larger system to 
accomplish a specific thermodynamic cycle. If the 

cycle/system layout is decided first and imposed 
on the turbomachinery designer, then optimal 
system performance may not be achieved. The 
turbomachinery needs to be designed concur-
rently with the cycle/system to achieve competi-
tive product performance.

Design trends are receiving a lot of impetus 
lately from the launch industry. The most critical 
part of a rocket engine is the turbopump, and 
designers of engines needs to design the engine 
cycle and turbopumps as a single system. 
Customers in the rocket industry want better soft-
ware  to  accommodate  eng ine  cyc le  and 
turbopump design, and these improvements are 
becoming avai lable  to  anyone des igning 
turbomachinery.

“Our latest software releases have really been 
about moving beyond design point performance 
of the primary flow path,” said Weitzman. “We 
have added capabilities to design and analyze 
secondary flow in leakage paths for all classes of 
turbomachinery. CyCAL provides optimized 
cycle/system design and analysis capability.” 

SOFTINWAY
The SoftInWay AxSTREAM platform is a fully 
integrated design, analysis, and optimization soft-
ware solution for turbomachinery propulsion and 

Advances in rocket and 
aerospace design 
software are bleeding 
over into the 
turbomachinery industry 
as a whole. Courtesy of 
Concepts NREC

“A successful designer needs to simultaneously 
consider off-design performance, secondary 
flow, rotordynamics, and product life,” 
said Peter Weitzman, Concepts NREC
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power generation systems. The software includes 
advanced meanline/streamline, CFD, and FEA 
solvers, as well as thermodynamic cycle and 
hydraulic network modeling, rotor dynamics anal-
ysis and AI capabilities. Additionally, users can do 
true clean-sheet design through its generative 
design solver which can automatically create a 
design space and narrow down the design intent 
without introducing too much designer bias into 
the equation. This can help engineers make deci-
sions about how many stages a machine should 
have, what the optimal configuration is, and other 
key thermodynamic and geometric decisions 
before having to go through meanline analysis or 
later stages in the design process. 

Valentine Moroz. Chief Operating Officer, 
SoftInWay has observed some definite trends on 
the simulation side. 

“We’re seeing a push towards integrated 
end-to-end solutions both by means of internal 
development and through partnerships/acquisi-
tions between small software venders and large 

companies,” he said. “We’re also seeing the 
industry trend towards use of digital twins, AI, 
and high-performance computing (HPC).”   

Within the turbomachinery industry, Moroz 
added, there are three main development 
strategies: 
1. Complete clean sheet design for novel applica-

tions (especially in areas such as hydrogen, fuel 
cells, electric vehicles, etc.) where there is no 
in-house expertise.

These images show the CFD and velocity vectors of the inside of a rocket turbopump design. Courtesy of Concepts NREC.

“When a project kicks off without a clear 
understanding of the engineering intent across all 
teams, it often will lead to conflicting ideas about 
the project requirements across management, 
the technical team, and the financial team,” 
said Valentine Moroz, SoftInWay. 
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2. Trimming and scaling to adjust existing 
designs to fit into a new design application (the 
focus here being a reduction in development 
time, cost, and risk). 

3. Throwing as much computing power as 
possible at older designs to try and maximize 
optimization.
It is important to fully understand the objec-

tives of a design project before beginning.
“When a project kicks off without a clear 

understanding of the engineering intent across all 
teams, it often will lead to conflicting ideas about 
the project requirements across management, the 
technical team, and the financial team,” said 
Moroz. “It is important to establish the engi-
neering intent early on to understand what tools 
you actually need to make your project a success.” 

ADVANCED DESIGN 
TECHNOLOGY (ADT)
The TURBOdesign Suite by ADT is an inte-
grated platform for the development of turboma-
chinery systems, starting from meanline design 
and covering 3D blade design using inverse design 

technology with automatic optimization capabili-
ties. Inverse design is a unique design method to:
• Satisfy the turbomachinery requirements from 

the first iterations (e.g., compressors pressure 
ratio, head in pumps or pressure rise in fans);

• To rapidly develop high efficiency blades, 
using blade loading as an aerodynamic design 
input parameters which correlates with 
performances;

• Accurate surrogate models with small design 
matrix, requiring up to two orders of magni-
tude less computational costs compared to 
conventional direct optimization methods;

• Develop general design know-how by under-
standing the blade loading requirements for 
product series and similar applications;

“Some of the main market drivers are an overall lack 
of skilled turbomachinery design engineers 
in the industry compared to a growing 
demand,” said Professor Mehrdad 
Zangeneh, ADT.

AxSTREAM by SoftInWay.
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• A three-dimensional design approach ideally 
suited for additive manufacturing.

Over the past few years ADT has enhanced its 
software to facilitate design exploration and opti-
mization at various stages of the design workflow 
and across all turbomachinery applications. This 
includes development of integrated design explo-
ration, optimization and ML/AI loops starting 
from a handful of basic requirements such an 
engine log line for example, and development of 
automated design, analysis and optimization 
workflows for 3D blade design / volutes linked 
with 3D CFD/FEA and multiphysics. In addition, 
direct interfaces and couplings with major CAE 
systems are available for integration within 
existing design environments and facilitating data 
transfer across programs. Finally, interactive, 
machine learning-driven user guidance during the 
design process provides feedback based on live 
user input parameters.

Maturing turbomachinery components and 
systems efficiency levels combined with tougher 
competition and stricter regulatory requirements 
are driving the search for designs that offer higher 
efficiency, particularly across multiple areas of the 
operating conditions that coincide with the life-
cycle operations of the system. Smaller and more 

compact turbomachinery packages, too, are 
required to reduce weight and material costs in 
electrification and high-volume productions. 

“Some of the main market drivers are an overall 
lack of skilled turbomachinery design engineers in 
the industry compared to a growing demand,” said 
Professor Mehrdad Zangeneh, Managing Director 
of Advanced Design Technology. “In addition, 
development of new products required for decar-
bonization which asks for novel system cycles and 
product configurations.”

SOUTHWEST RESEARCH INSTITUTE 
Southwest Research Institute (SwRI) manages the 
Numerical Propulsion System Simulation (NPSS) 
Consortium. The NPSS software is an engineering 
simulation and design environment that enables 
engineers to develop customizable system models. 
Applications primarily include aerospace systems, 
engine models for aircraft propulsion applications, 
thermal management systems, liquid rocket 
propulsion systems, and energy generation 
systems. It comes with a library of standard 
models and components. SwRI manages the 
l icensing and sales of the NPSS software. 
Additionally, its engineers provide engineering 
services for developing custom NPSS models, or 

Interface picture of the TURBOdesign Suite by Advanced Design Technology.
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designing engineering systems for a wide portfolio 
of propulsion and energy related systems.

Charles Krouse, NPSS Consortium Manager 
at Southwest Research Institute (SwRI) said that 
customers, these days, are increasingly interested 
in (1) electric/hybrid-electric propulsion systems, 
(2) high-speed propulsions applications, and (3) 
interfaces between modeling tools. The trend 
towards electric and hybrid-electric propulsion 
systems, for example, is being driven primarily by 
environmental concerns. Although aircraft 
propulsion only accounts for a small percentage of 
total carbon emissions (2-3%), emissions reduction 
targets are approaching quickly, especially for the 
slow-changing aircraft industry. Furthermore, as 
the general population sees significant progress in 
industries such as renewable energy and electric 
cars, they are beginning to point fingers at the 
aircraft industry for not adopting environmentally 
friendly technologies. 

The market for high-speed propulsion applica-
tions is being driven by factors such as the hyper-
sonic arms race, supersonic business jet startups, 
and the billionaire space race. With the threat of 
hypersonic weapons from potential adversaries, 
the U.S. government is investing in hypersonic 

weapons. Supersonic jet companies, on the other 
hand, are being funded by private investors. 
There seems to be a convergence of technologies 
that has promised to make supersonic flight 
affordable, and startups such as Boom Supersonic, 
Hermeus, Spike Aerospace, and others are racing 
to beat the incumbents such as Lockheed Martin. 

Krouse added that the trend towards robust 
interfaces is being driven by the growing number 
of specialized engineering tools, increasing 
computational capabilities, and requirements for a 
heavier focus on model-based design practices. 

“As computat ional capabil it ies increase, 
eng ineers are able l ink mult iple subsystem 
models together and simulate more complex 
models of whole aircraft systems,” said Krouse. 
“However, linking subsystems models together 

“As computational capabilities increase, 
engineers are able link multiple 
subsystem models together and simulate 
more complex models,” said Charles 
Krouse, SwRI.

SwRI offers NPSS software for simulation and design. 
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“Innovation is driving legacy home-grown 
tools to adapt, which is difficult to do with 
legacy programming methods,” said Jeff 
Erno, Dassault Systèmes. 

between tools requires signif icant computer 
science expertise to understand the underlying 
computer architectures.”   

NPSS software was traditionally modelled 
turbomachinery systems. Since turbomachinery 
applications are now commonly coupled with 
electric/hybrid-electric systems, the organiza-
tion has added the capability to model electric 
systems in NPSS software, including compo-
nents such as motors, generators, inverters, and 
resistors. This capability will be available in its 
next release. 

SwRI has also developed a supersonic propul-
sion model as part of an internal research and 
development effort. The purpose of this project 
was to develop improved capabilities for modeling 
critical components, such as the combustor, inlet, 
and isolator in high-speed air-breathing propul-
sion applications. Additionally, the organization 
developed a system to demonstrate the transition 
from subsonic flight to supersonic flight, using a 
turbine-based combined cycle (TBCC). 

Advances have been made, too, in the area of 
interfaces. Recently, SwRI developed APIs for 
NPSS to interface with python and java computer 
languages, which are in addition to the existing 
interfaces to standard languages such as C/C++ 
and Fortran. This allows NPSS users to complete 
their development work in their preferred 
programming language and communicate with 
the NPSS simulation environment. 

In addition, SwRI has been working to resolve 
some of the challenges connected with additive 
manufacturing (AM). The AM process can some-
times create anomalies such as voids that may lead 
to fatigue crack formation, growth, and fracture.  
Customary integrity analysis methods for conven-
tional materials have significant limitations for 
AM applications.

However, a zone-based probabilistic damage 
tolerance (PDT) methodology is a promising 
framework for the assessment and certification of 
AM parts. This approach calculates the proba-
bility of fracture due to the formation and growth 
of fatigue cracks at material or manufacturing 
anomalies. The component is subdivided into 
different zones each having different properties, 
such as material properties, non-destructive 
inspection (NDI) probability of detection (POD), 
and anomaly distributions. The Darwin software 
developed by SwRI provides practical implemen-
tation of zone-based PDT methods.

Originally developed to address rogue material 
anomalies in titanium rotors for aircraft engines, 
Darwin has expanded to address a range of integ-
rity threats. It is used, for example, to ensure the 

structural integrity of conventional safety-critical 
components in turbomachinery. NASA and the 
FAA are actively funding research at SwRI to 
evaluate the wider use of Darwin for AM applica-
tions and to enhance its capabilities towards 
this goal. 

DASSAULT 
When asked what trends he had observed, Jeff 
Erno, Expert Solution Architect, Dassault 
Systèmes named three: A need for integration 
between geometry (CAD) and analysis (CAE); 
home-grown design and analysis solutions (due to 
lack of commercial off the shelf or COTS soft-
ware), that were needed in the 1980s and 1990s to 
be competitive, are needing an upgrade and 
possibly a rewrite from legacy FORTAN and C 
programming methods; and demand for collabo-
ration and storage for analytical results.

“Innovation is driving legacy home-grown 
tools to adapt, which is difficult to do with legacy 
programming methods,” said Erno. “Older more 
manual methods aren’t cutting it.”

The company has adjusted to these trends via 
geometry and analysis methods ported into a 
single, unified platform, promoting fast rerunning 
of analysis to evaluate performance as the design 
changes. Such changes are incorporated into 
Dassalt’s SolidWorks, Catia and Simulia lines. 
Such tools offer geometry and analysis integrated 
associatively allowing replay when the design 
changes. In addition, platform-based collabora-
tion allows designers to work with other designers 
and with analysts to evaluate performance. 

SIEMENS 
Rahul  Garg ,  Vice  Pres ident ,  Indus t r ia l 
Machinery, Siemens Digital Industries Software, 
has observed a movement towards improved 
renewable energy adoption to ensure turboma-
chinery grows progressively more energy efficient. 
This includes adopting new fuel types; adjusting 
their operations for cleaner output; and using inte-
grated cloud software to source, manage and store 
their turbomachinery solutions. 
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“Companies are leveraging tech-
nology to solve complex issues that arise 
across the machine lifecycle to continu-
ously improve their processes,” said 
Garg. For instance, some companies 
utilize simulation software that leverages 
a digital twin. This digital twin can help 
them foresee thermal and dynamic defor-
mations and address the problem before 
it arises in late-stage development.” 

A major impetus for these trends is 
digitalization. The benefits include 
augmented cross-domain collaboration; 
project data reuse for faster order fulfill-
ment; enhanced machine development 
via the use of a digital twin; improved 
lifecycle service maintenance through 
digital twin and low-code tools; and task 
automation enabling greater time to 
devote to functional projects. 

To that end, Siemens developed its 
cloud-based Xcelerator portfolio to help 
clients respond to turbomachinery 
trends and tackle market demands. The 

company is actively enhancing this 
cloud approach to simplify adoption 
through pre-conf igured industry 
processes, capturing experience inside 
templates. Xcelerator offers various 
design, analysis and engineering solu-
tions. Xcelerator products can integrate 
with other engineering tools. ■

Siemens cloud-based Xcelerator. 

“Companies are 
leveraging technology to 
solve complex issues that 
arise across the machine 
lifecycle to continuously 
improve their 
processes,” 
said Rahul 
Garg, Siemens 

Connect with us
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SOFTWARE & CONTROLS

Control systems for gas turbines, steam tur-
bines and compressors have become more 
complex. They now incorporate emis-
sions-based algorithms (such as DLE and 

DLN), model-specific diagnostic routines, safety 
certified protection logic, and cybersecure firewall 
programs in recent years. This increased complex-
ity is part of the reason why more turbomachinery 
owners are asking control manufacturers to pro-
vide long-term support services for their installed 
control systems. This is becoming an emerging 
trend in the market. Plant owners are requiring 
turbomachinery control manufacturers to provide 
long-term support for installed contol systems.

High employee turnover coupled with 
increased control system complexity is forcing tur-
bomachinery owners to question how best to sup-
port their plants and turbomachinery long term. 
Some refinery and petrochemical owners, for 
example, demand that control manufacturers sign 
long-term service contracts before allowing the 
control system to be installed.

A long-term service contract with the turboma-
chinery control manufacture is seen as a way for 
plant owners to reduce yearly personnel training 
expenses, ensure they have access to control system 
specialists and the latest versions of hardware, soft-
ware, and cyber-security protection. It eliminates the 
need to train plant personnel on control systems. 

Long-term service contracts for turbomachinery 
controls typically include requirements for many dif-
ferent levels of support, including emergency phone 
support, email support, remote computer support, 
local technician services, revision control support, 
and plant personnel training services.

Depending on the plant’s network security 
requirements and applicable regulations, remote 
support can be as simple as plant personnel 

sharing their computer screen via Teams or 
Zoom. Alternatively, it can be as sophisticated as a 
secure remote link where a remote support team 
can log into a system, monitor, troubleshoot, and 
perform software patch updates as required. In 
such an environment, plants need cybersecurity 
expertise and protection. With these types of 
OEM-provided services, the plant is assured that 
service engineers are routinely trained on the lat-
est system algorithms, network configurations, and 
cybersecurity patches. They also have access to 
factory experts to resolve system problems.  

Most turbomachinery owners also require the 
control manufacturer to provide some level of local 
support to ensure quick response in the case of sys-
tem failure or emergency event as well as provide 
periodic training to plant operators and engineers. 

DIRECT 
TURBOMACHINERY 
CONTROLS
Service Provider Contracts Provide Remote and On-Site 
Maintenance and Support of Turbomachinery
BY RICH KAMPHAUS 

The outsourcing of the management of turbomachinery controls is becoming more common. 
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Where turbomachinery availability is key for criti-
cal processes and plants, 24/7 access and response 
time by a local service engineer is a usual require-
ment. Depending on the plant the local service 
engineer(s) may be required to spend a certain 

number of days in the plant and to be on-call.  
As control manufacturers are continually mak-

ing improvements to their products, many plants 
are now including hardware, software, and cyber 
security revision control within long-term service 
contracts. This inclusion ensures that the control 
manufacture is routinely updating the control sys-
tem with the latest version of control components, 
software programs, and security logic.

Responding to this emerging trend, Wood-
ward provides long-term support services to tur-
bomachinery owners globally, assisting them to 
keep plants operational and control systems up to 
date. Woodward offers a range of remote and site-
based services, for all of its turbomachinery prod-
uct lines. It is open to customizing service 
contracts for each plant’s support requirements. ■

Rich Kamphaus Global Sales Director for Steam Turbine 
and Compressor Markets at Woodward, a provider of 
control systems for the turbomachinery, aerospace, 
industrial, military, power generation, and transporta-
tion markets. For more information, visit woodward.com   

Woodward offers long-term support services for 
installed control systems. 
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COMPRESSORS

Knowledge of centrifugal compressor ther-
modynamic performance is critical to ini-
tial acceptance and, once installed, periodic 
or continuous health monitoring to ensure 

that the operation is consistent with the original 
design expectations. The accurate determination 
of this performance is dependent upon a number 
of factors. These include uncertainties associated 
with measured parameters of pressures and tem-
peratures, composition of gas mixtures, and the 
calculated thermodynamic properties that are 
derived from these parameter measurements. 

Industry standards, ASME PTC 10 and the 
ISO equivalent, ISO 5389, define some funda-
mental compressor performance measures that 
are universally accepted to describe their thermo-
dynamic behavior. The polytropic work (or poly-
tropic head) represents the useful work that is 
applied to the gas to raise its pressure from suction 
to discharge conditions. It is expressed by the fol-
lowing equation based upon the work of Schultz 
and the definition of a polytropic process for an 
ideal gas:

This equation shows that the polytropic work 
(Wp) is only dependent upon the compressor suc-
tion and discharge values of pressure (P), tempera-
ture (T), specific volume (v), and the gas molecular 
weight (MW). The average polytropic exponent, 
n, included in these relations is also derived from 
these parameters. These properties are all 

available from some equations of state for the gas. 
However, the polytropic work (useful work) does 
not represent the total amount of work required 
by the compression process. 

An additional amount of work known as the 
lost work is consumed to raise the gas from suction 
to discharge pressure. Lost work manifests itself as 
an increase in the thermodynamic property of 
entropy of the gas or gas mixture and an addi-
tional increase in temperature above what would 
be expected for only the useful work also known as 
an isentropic process. The combined useful and 
lost work result in an increase in the total energy 
of the gas, also referred to as the increase in the 
thermodynamic property of enthalpy. Thus, the 

COMPRESSOR 
PERFORMANCE
Impact of Thermodynamic Property Accuracy on 
Compressor Performance
BY MARK R. SANDBERG

Figure 1: Multi-Section Compressor on Factory Test Stand
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ratio of the polytropic work to the total enthalpy 
increase of the gas defines the polytropic efficiency 
of the compression process.

All thermodynamic properties needed to cal-
culate compressor performance can be derived 
from three progressively complex thermodynamic 
models. These three models are illustrated in 
Table 1. The simplest, a perfect gas, requires only 
the pressure, temperature and gas molecular 
weight to obtain the specific volume, or its recip-
rocal the gas density, and the polytropic work. 
The enthalpy and entropy are calculated using 
constant values of the specific heat for a given gas 
or gas mixture and the temperature differential 
from suction to discharge of the compressor.

As the gas behavior becomes more complex, 
the perfect gas model needs to be modified with 
the addition of the specific heats becoming a func-
tion of the temperature. This results in a more 
involved functional relationship with temperature 
needed to calculate the enthalpies and entropies 
required. An added parameter, the gas compress-
ibility factor Z, is also introduced but its value is 
held at unity with the specific volume derived 
being equal to that of the perfect gas relation.

The most complex thermodynamic model is 
the real gas model. Table 1 includes a compress-
ibility factor, Z, which is a function of both the 
pressure and temperature with a more complex 
calculation of the specific volume than the simpler 
models. Additionally, the specific heat parameters 
are also functions of both pressure and tempera-
ture, resulting in more difficult relations needed to 
calculate the resulting enthalpies and entropies.

A more visual comparison of the enthalpy 
behavior of a gas is available through the exam-
ination of a pressure versus enthalpy diagram for a 
substance. Figure 2 is such a diagram for pure 
methane. The red isotherms which display near 
vertical linear characteristics at low pressures and 
higher temperature values reflect ideal gas behav-
ior. These isotherms demonstrate increasing cur-
vature at higher pressures which indicates 
progressive real gas performance with influences 
of both temperature and pressure present. A per-
fect gas would display consistent deviations in 
enthalpy for equal deviations in temperature and 
this is approximately noted at the lowest pressure 
levels and moderate temperatures where the 
changes in specific heat with temperature 
are minimal.

Although perfect and ideal gas relations may 
be limited in their application to given pressure 
and temperature conditions, it is assumed that real 
gas relations are valid across a broad range of con-
ditions including ideal gas conditions. The 

Table 1: Thermodynamic Model Comparison

Thermodynamic Model Specific Volume  
(Gas Density)

Specific Heats  
(Enthalpy and Entropy)

Perfect Gas v = RT/P Cp and Cv are constants

Ideal Gas v = ZRT/P 

(Z = 1.00)

Cp and Cv are functions of only 
temperature

Cp = f (T)   Cv = f (T)

Real Gas v = ZRT/P

Compressibility factor is a function of 
both temperature and pressure

Z = f (T,P)

Cp and Cv are funtions of both 
temperature and pressure

Cp = f (T,P)   Cv = f (T,P)

corresponding values of specific volume (com-
pressibility factor), enthalpy and entropy are more 
generally applicable when compared to the sim-
pler perfect and ideal gas thermodynamic models.

REAL GAS EQUATIONS OF STATE
A substantial number of equations of state (EOS) 
have been developed over the past century to 
describe the thermodynamic behavior of sub-
stances, including several particularly focused on 
the vapor phase. The ideal gas EOS is generally 
applicable to simple molecules at low pressures 
due to the limited interactions between the parti-
cles that are relatively sparsely distributed in rela-
tion to one another within an arbitrary volume. 
As pressures increase and the gas molecules 
become more populated within a fixed volume 
and complex in both geometry and electro-mag-
netic polarity, the resulting attractive and repul-
sive forces impact the ability of the ideal gas EOS 
to accurately describe the thermodynamic behav-
ior. Under these more challenging conditions, 
more complicated relations are needed to ade-
quately predict the gas properties. Although gen-
erally expressed as a single compressibility factor, 
Z, applied to the ideal gas EOS, the equations 
behind the determination of the compressibility 
factor and other, associated properties can be 
quite complicated. 

Six selected real gas equations of state will be 
included in the following comparisons due to their 
typical application with gas compression. They can 

Knowledge of centrifugal compressor thermodynamic
performance is critical to initial acceptance and
operation consistent with the original
design expectations.
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be separated into the four major categories pro-
vided below along with some historical perspective:

1. Cubic Equations of State
The van der Waals EOS was one of the first pro-
posed beyond the ideal gas EOS. Subsequent 
improvements to the van der Waals equation 
included the Redlich-Kwong (R-K), Soave, and 
the Peng-Robinson (P-R) EOSs, including a num-
ber of others. These became known as cubic 
equations of state due to the fact that they 
expressed the pressure in terms of a cubic rela-
tionship to the specific volume. Alternatively, the 
compressibility factor could also be expressed as a 
third-degree polynomial which could be solved 
explicitly. The R-K EOS included only two com-
ponent specific parameters that were derived 
from the critical pressure and temperature of that 
component. The Soave and P-R EOSs included a 
third parameter that was named the Pitzer acen-
tric factor which was experimentally determined 
and further accounted for molecular polarity and 
non-sphericity.

Observations demonstrated that the cubic 
equations of state provided estimations of the 
compressibility factor that were offset from experi-
mental values across a wide range of pressure and 
temperature conditions. Peneloux initially pro-
posed a volume-translation method for the Soave 
equation of state that addressed this shift. Several 
other volume translation methods have been pro-
posed for cubic equations of state. The method 
proposed by Jhaveri and Youngren has been 
included here as applied to the P-R EOS and is 
designated as the VTPR EOS for comparison.

2. Virial Type Equations of State
A more complex equation of state was proposed 
by Beattie-Bridgeman that included higher 
order specific volume terms and was considered 
to be more accurate than the cubic equations of 
state at the time. Benedict, Webb and Rubin 
proposed an expansion of this relation and 
Starling added additional terms which resulted 
in the BWRS EOS with a total of eleven empiri-
cally derived constants for each gas component, 

Figure 2: Pressure-Enthalpy Diagram for Methane
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three more than its predecessor. Although sig-
nificantly more complicated than the cubic 
equations of state, these thermodynamic models 
claim increased accuracy.

More recent variations of this class of equations 
of state offer additional accuracy but include more 
than thirty empirically derived constants for indi-
vidual gas components. The actual Virial Equation 
of State is a similar power series expansion with 
constants that are a function of temperature.

3. Corresponding States Principle 
Equations of State
The Corresponding States Principle (CSP) is 
based upon the fact that different gases demon-
strate similar thermodynamic characteristics when 
the pressure and temperature are normalized with 
their respective critical values. A number of alter-
nate versions of various equations of state have 
also been developed using the normalized 
(reduced) pressure and temperature as variables. 
Probably the most accurate of these was devel-
oped by Lee and Kesler and later modified by 
Plöcker, known as the Lee-Kesler-Plöcker (LKP) 
EOS. It is based upon the BWRS EOS using 
“simple” fluid and “reference” fluids combined 
with the Pitzer acentric factor for the selected gas 
or gas mixture.

While not being included in this comparison, 
there are some notable generalized CSP equations 
of state that can be utilized with reasonable 
expected accuracies. A generalized equation of 
state is one that does not require a detailed gas mix-
ture composition but rather simply a presumed 
hydrocarbon mixture molecular weight and mole 
fraction compositions of the sour/acid gas compo-
nents of nitrogen, carbon dioxide and hydrogen 
sulfide. The hydrocarbon mixture molecular weight 
is used to calculate values of pseudo-reduced values 
of pressure and temperature. Two of the more 
accurate generalized CSP equations of state are 
those developed by Dranchuk-Purvis-Robinson 
and Dranchuk-Abou-Kassem. These are typically 
used in oil and gas production applications where 
detailed gas mixture compositions are not known or 
variations are expected.

4. Helmholtz Energy Equations of State
A recent and stated highly accurate new form of 
an equation of state is the one developed by the 
Groupe Européen de Recherches Gazières 
(GERG). It is based upon the Helmholtz free 
energy which is a function of the internal energy 
and entropy of a substance and one of the 

Figure 3: Equation of State Comparison for Typical Natural Gas.

Figure 4: Equation of State Comparison for Carbon Dioxide.
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Similar to the virial family of equations of state, it 
is dependent upon a large number of empirically 
obtained constants for each of the included 
gas components.
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EOS ACCURACY
The accuracy of any equation of state for a given 
single component gas or gas mixture can be vali-
dated by comparing its predicted compressibility 
factor (or specific volume) over a range of pres-
sures and temperatures against laboratory mea-
sured values. There is a substantial amount of this 
laboratory generated PvT data available in the 
public technical literature. Usually, it is in the 
form of specific measured data points along iso-
therms across a range of pressures. This existing 
data may be utilized to verify the accuracy of 
a given equation of state proposed to evaluate 
a compressor application with the same or compa-
rable single component gas or gas mixture. 
However, unique gas compositions may benefit 
from the generation of more specific experimental 
PvT data for the intended range of operating con-
ditions. A number of laboratories exist that are 
capable of generating this data.

One example of an accuracy evaluation is pro-
vided in Figure 3 for a typical natural gas mixture. 
It is approximately 90% methane, 3% ethane, 
1.5% propane, 1.7% carbon dioxide, and 1.7% 
nitrogen by volume. The experimental data was 
collected along a 170oF (76.7C) isotherm and 
a pressure range from atmospheric to 6000 psia 
(413.7 Bara). The experimental data points are 
provided as black triangles. Curves for the six dif-
ferent equations of state evaluated are included 
and designated in the legend.

The cubic equations of state display the largest 
deviations from the measured data. It should be 
noted that the volume-translated Peng-Robinson, 
VTPR EOS, shows improved agreement. The 
remaining equations of state demonstrate very 
good agreement with the experimental data. One 
final observation that should be highlighted is the 
good agreement with all equations of state. The 
exception is the R-K EOS at pressures below 
approximately 500 psia (34.5 Bara) along this iso-
therm. This is due to the behavior of this mixture 
at the lower pressures approaching those of an 
ideal gas at this relatively moderate temperature.

A second example is presented in Figure 4 for 
pure carbon dioxide across an increased pressure 
range up to a maximum of over 18,000 psia (1241 
Bara). Good agreement is once again demon-
strated for most of the equations of state evaluated 
with the largest deviations evident for the simpler, 
cubic equations of state.

These two figures are fairly representative for 
a large number of gas mixtures. But it is prudent to 
have a discussion between the equipment manufac-
turer and end user concerning the most appropri-
ate equation of state to utilize for a specific 

application. As noted previously, if there is not ade-
quate shared experience for unique gas mixtures, it 
may require the development of a program to 
empirically determine PvT data for the mixture 
and evaluation against a number of different equa-
tions of state to determine the most accurate.

The volumetric behavior of the gas is demon-
strated through a comparison of PvT data and an 
equation of state. However, it is not obvious how 
this translates to other thermodynamic properties 
such as the internal energy, enthalpy and entropy. 
The perfect and ideal gas models described above 
state that these properties are related to the spe-
cific heats with the ideal gas model having the spe-
cific heats also being a function of the temperature. 
Experimental determination of specific heats is 
achieved through the use of a calorimeter, where 
an amount of energy is added to a thermally iso-
lated gas sample and the increase in temperature 
is measured. A perfect gas would result in constant 
values of the measured specific heats over succes-
sive tests at different initial temperatures. But an 
ideal gas would reflect a temperature 
dependent value.

The real gas thermodynamic model is based 
upon the assumption that the specific heats are 
functions of both temperature and pressure. 
Although calorimeters exist that can measure spe-
cific heats at elevated pressures, most of this data 
has been derived from equipment that is designed 
to operate at relatively low pressures. Analyses of 
these real gas thermodynamic functions show that 
they can be expressed as the sum of the ideal gas 
value and an isothermal term that is a function of 
the pressure. This additive pressure dependent 
term is often referred to as the departure, or resid-
ual, function. 

Further mathematical evaluation can express 
these departure functions in terms of the com-
pressibility factor which relates the value of the 
departure function to the value and accuracy of 
the compressibility factor. A few investigations 
into the accuracy of the departure functions as 
related to the predicted accuracy of the compress-
ibility factor have confirmed this relationship. It is 
therefore plausible to assume that equation of 
state accuracy in the prediction of the compress-
ibility factor can be extended to these additional 
thermodynamic parameters.

Consistent use of a common equation of state 
should be utilized for compressor design and 
performance prediction.
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Figure 5: Polytropic Work for Low Pressure Natural Gas.

EQUATION OF STATE IMPACTS ON 
COMPRESSOR PERFORMANCE
It follows that equation of state differences in pre-
diction of compressibility factor and the associated 
thermodynamic parameters may also influence the 
calculation of compressor thermodynamic perfor-
mance parameters. These differences can readily 
be illustrated by comparing calculated polytropic 
work and efficiency for the various example equa-
tions of state based upon a common set of suction 
and discharge pressures and temperatures. 
Representative performance curves are first 
selected from actual applications with comparable 
gas compositions and suction conditions. One of 
the evaluated equations of state is designated as the 
baseline and discharge pressures and temperatures 
are calculated for defined suction conditions at a 
number of points along the baseline performance 
curves. These sets of suction and discharge pres-
sures and temperatures are then utilized to calcu-
late polytropic work and efficiency for each of the 
equations of state. They are also used to plot per-
formance curves, essentially in the same fashion as 
would occur in the case of acquired test data.

Baseline data included in the following com-
parisons was determined using the GERG EOS 
due to its demonstrated minimal deviation from 
published PvT data. Two examples are presented 
with both based upon the typical natural gas com-
position defined previously. 

The first example addresses the comparative 
performance of a low-pressure case with a com-
mon suction pressure of 100 psia (6.89 Bara) and 
temperature of 100oF (37.8C). Discharge pres-
sures range from approximately 208 psia (14.34 
Bara) at higher inlet volumetric flows to 273 psia 
(18.82 Bara) at low flows near surge. Seven spe-
cific operating points were evaluated and are pre-
sented in Figures 5 and 6. Polytropic work is 
plotted in Figure 5 versus an arbitrary range of 
inlet volumetric flow rates. Good agreement is dis-
played between the various equations of state.

Although there appears to be more deviation in 
the polytropic efficiency than the polytropic work, a 
closer look at the scaling in Figure 6 also confirms 
good agreement between the different equations of 
state. These results could lead one to believe that 
there are insignificant differences based upon the 
choice of an equation of state. However, it should 
be recognized that there was little deviation in pre-
dicted compressibility factor in this range of pres-
sures in Figure 3. Gas properties within this range 
of pressures and temperatures are near ideal with 
compressibility factor values near unity and with 
minimal differences between suction and discharge 
conditions between the equations of state.

Equation of State Impact on Polytropic Work
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Figure 6: Polytropic Efficiency For Low Pressure Natural Gas.
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Using a similar procedure to predict discharge 
pressure and temperatures from defined suction 
conditions and a selected baseline polytropic 
work and efficiency curves, a comparison of cal-
culated polytropic work and efficiency character-
istics can be developed for the chosen set of 
equations of state. Figure 7 provides these curves 
using a common suction conditions of 2000 psia 
(137.9 Bara) and 100oF (37.8C) with discharge 
pressures ranging from 4349 psia (299.8 Bara) to 
5553 psia (382.9 Bara) as determined with the 
GERG EOS.

Good agreement is evident among the more 
complex, virial type equations of state in compari-
son to obvious deviations with the cubic based 
equations of state. Significant deviations are noted 
for the R-K EOS across the entire inlet volumetric 
flow range, whereas the amount of deviation is 
decreased for the P-R EOS and minimized fur-
ther for the VTPR EOS. This behavior lends 
credibility to the proposition that equation of state 
compressibility factor accuracy also translates to 
reduced uncertainty in the prediction of compres-
sor performance.

An equivalent evaluation of the polytropic effi-
ciency is presented in Figure 8 for the higher-pres-
sure case. Once again, greater deviation from the 
baseline is evident for the cubic equations of state. 
However, it is noted that the VTPR EOS displays 
greater deviation than the P-R EOS. This appar-
ent shift in efficiency is due to the differences in 
the prediction of the enthalpy of the gas mixture 
at suction and discharge conditions, specifically 
the departure enthalpy term which is also a func-
tion of the compressibility factor. Recall that the 
efficiency is the ratio of the polytropic work to the 
enthalpy rise from suction to discharge conditions.

These examples demonstrate that the choice of 
equation of state used to estimate the thermody-
namic properties can impact the calculation of 
recognized compressor performance parameters, 
particularly as gas conditions progressively depart 
from ideal gas behavior. A robust equation of state 
should adequately predict both ideal and real 
gas conditions. 

While these examples address a representative 
gas composition and set of operating conditions, 
the results may not apply to all potential applica-
tions. An evaluation of the most accurate equation 
of state for a specific application should be com-
pleted to ensure the most accurate estimates of 
compressor performance parameters are obtained. 
It should be noted that the gas power required for 
the different equations of state at a common inlet 
volumetric flow rate shows less deviation across 
the wide range of conditions. This is due to a 

Figure 7: Polytropic Work For High Pressure Natural Gas.
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Figure 8: Polytropic Efficiency For High Pressure Natural Gas.
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cancelation of compressibility factors between the 
polytropic head and flow rate relations, but does 
relate to a difference in mass flow rate for a com-
mon value of volumetric flow rate.
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RECOMMENDATIONS
The information provided in this article leads to the 
following recommendations with respect to the 
application of a given equation of state in the evalu-
ation of compressor thermodynamic performance.
1. Equipment supplier and user, or user’s repre-

sentative, should discuss and agree upon the 
most appropriate equation of state for a spe-
cific application. This should be determined 
prior to equipment purchase commitment and 
utilized for both compressor and compression 
facility design activities.

2. If adequate information is not available to support 
the use of a specific equation of state, a program 
should be initiated to collect PvT data for the spe-
cific gas/gas mixture across the anticipated pres-
sure and temperature range of the application. 
This should be followed by an analysis of various 
equations of state to establish the most accurate.

3. Consistent use of a common equation of state 
should be utilized for initial compressor design 

and performance prediction, any planned 
ASME PTC 10 Type 1 (full pressure, similar 
gas composition) factory testing, field testing, 
and longer term operational compressor per-
formance monitoring.

4. Given that factory ASME PTC 10 Type 2 
testing is normally performed with inert 
gases at near ideal gas conditions, use of a 
common equation of state may not be neces-
sary due to minimal deviations in thermody-
namic properties. ■

Mark R. Sandberg, P.E. is the owner of 
Sandberg Turbomachinery Consulting. For 
more information, read the paper

“A More Comprehensive Evaluation of Equation of State Influences on 

Compressor Performance Determination,” at https://oaktrust.library.

tamu.edu/bitstream/handle/1969.1/166804.

Read more?
Hover your phone’s 

camera over the smart 
code for more contents.

LIKE NEW FOR LESS

With Regal Rexnord facilities worldwide, we can recertify your 
Kop-Flex® API-671 or other standard-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 Rexnord location around the world. 

For more information about how we can help with your coupling needs, 
call Application Engineering at 800-626-2120, or talk to a spcialist at:

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

Regal Rexnord, Creati ng a bett er tomorrow and Kop-Flex are are 
trademarks of Regal Rexnord Corporati on or one of its affi  liated companies.
© 2016, 2022 Regal Rexnord Corporati on, All Rights Reserved.  MC21067E • Form# 10042E



www.turbomachinerymag.com March/April 2022 • Turbomachinery International32

COMPONENTS & AUXILIARIES

Invented in the mid-20th century 
and typically equipped in process 
gas centrifugal, dry gas screw 
compressors and expanders, dry 

gas seals (DGS) are the preferred gas 
lubricated dry seal solutions available 
on the market. They have become 
the standard for new machines. 

DGS are robust, simple, consumes 
less power, and are more efficient in 
reducing leakage than their predeces-
sor. Various configurations such as tan-
dem with and without an intermediate 
labyrinth (Figure 1), single (Figure 2), 
and double (Figure 3) are available & 
shall be selected based on process 
requirements. In this article, we discuss 
the various DGS failure modes and 
how they should be addressed: 

PRESSURIZED HOLD/STANDBY
Pressurized hold, also called set-
tle-out condition, occurs when the 
compressor remains at a standstill, 
but the casing is pressurized. If an 
alternate process gas lacks sufficient 
pressure and flow, process gas enters 
the seal cavity through the process 
labyrinth and contaminates the pri-
mary seal. This causes seal damage 
when the compressor is restarted. 
Minimum ambient site temperature 
also must be considered as the seal 
will be at the same temperature 
during standstill condition, which 
will cause the process gas to condense 
and deposit on seal face grooves.

To avoid this kind of failure, the 
seal gas must be supplied with the required 
pressure even during a blackout. An alter-
nate supply of seal gas should be consid-
ered when gas is not available from the 
compressor discharge. But it should not 
change the composition of the process gas. 
A seal gas booster should be considered 
when alternate gas is unavailable.

START UP OR COMMISSIONING
The cause of the majority of DGS fail-
ures is contamination. This happens 
mostly during commissioning by not 
following OEM recommendations and 
best practices. Seal gas panel compo-
nents including piping are properly 
cleaned and flushed with air, end 

connections are blinded and dis-
patched to the site. 

However, site situations are always 
different. The piping upstream of the 
console must also be cleaned thor-
oughly including interconnecting pip-
ing between the console and the 
compressor. Corrosion inhibitors must 
be removed. The seal gas supply tem-
perature dew point margin must be 
higher than or equal to the recom-
mended value as per API. 

Failure to do any of the above 
will lead to contamination followed 
by degradation of the lift-off effect, 
friction between the static and rotat-
ing faces, parts deformation, O-ring 
extrusion, heat generation causing 
thermal shock on the rotating seat, 
and eventually failure of the rotating 
and or static rings.

NORMAL OPERATION
Although a DGS is less susceptible to 
failure during continuous normal 
operation, it may happen due to upset 
conditions leading to contaminated 
seal gas supply or condensate forma-
tion as a result of pressure drop across 
conditioning equipment. The flow 
velocity requirement across the pro-
cess labyrinth varies depending on the 
process gas, usually 5 m/s. High 
velocity must be considered for some 
processes. If available pressure is not 
enough, consider installing a seal gas 
booster which will keep pressure at 
the seal cavity higher than on the 

process side. 
Ensure that a properly sized coalesc-

ing seal gas filter is installed which will fil-
ter out particles above 3μm. The gap 
between rotating faces is 3-5μm (a human 
hair is 70μm). Additional requirements, 
as per the recent API 692 code, should 
be considered as necessary.

DRY GAS SEALS 
Addressing DGS Failure Modes 
BY BHUSHAN NIKAM 
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SEPARATION SEAL FAILURE.
A separation seal, also known as a barrier 
or tertiary seal, is located in between the 
DGS and the bearing box. Its purpose is 
to avoid lube oil ingress from the bearing 
to DGS side during normal operation 
and minimize process gas flow to the 
bearing side in the event of DGS failure.

Flow consumption is much less than 
the secondary side. But depending on the 
type of seal applied, enough flow is neces-
sary to avoid oil ingress to the DGS side. 
Nitrogen is typically used but dry air can 
also be supplied if the process allows it 
and does not create an explosive mixture. 
On the other side, high flow is not desir-
able as it may over-pressurize the lube oil 
reservoir. The vent line must be checked 
regularly and any oil traces should be 
drained and rectified.

REVERSE PRESSURIZATION
Reverse pressure occurs when down-
stream pressure is higher than the 
upstream supply pressure. If specified, a 
seal should be designed for reverse differ-
ential pressure as recommended by API. 
This must be confirmed by the DGS ven-
dor as well. During reverse pressuriza-
tion, contaminated gas or liquid droplets 
can travel from the flare vent line back to 
seal faces resulting in O-ring dislodging, 
loss of performance, and subsequent risk 
of seal damage. 

A differential pressure control valve 
with PDIT can be applied to avoid these 
issues. If not, necessary arrangements 
should be implemented so as not to 
reverse pressurize the DGS. Confirm 
flare line minimum, normal, and maxi-
mum pressure with the customer. Ensure 
DGS leakage gas does not create an 
explosive mixture with other hazardous 
gases in the flare.

RAPID DEPRESSURIZATION
The compressor casing may be depres-
surized after shutdown in case of over-
haul, emergency shutdown, planned 
maintenance, or as per process require-
ments. DGS O-ring material must be 
chosen based on depressurization rate. 
Consult with seal vendors if the decom-
pression rate is different a standard 

application. If special considerations 
aren’t given to the selection of O-rings, 
they can be subject to explosive decom-
pression due to rapid depressurization. 
Additionally, the decompression rate 
must be selected right at the basic design 
stage. Special attention must be given to 
avoid the Joule Thompson effect based 
on gas composition. This can lead to 
condensation of the gas and the process 
side may be exposed to Minimum 
Design Metal Temperature (MDMT). If 
material is not selected according to 
MDMT, the subject material may fail.

CONDENSATE OR LIQUID  
FORMATION
Gases and air have dew points which vary 
based on pressure, temperature, and 
type of gas (Figure 4). The gas used as a 
seal gas from the compressor discharge 
undergoes reduction in pressure and 
temperature which causes condensation. 
Similarly, when the dew point tempera-
ture is achieved, condensate forms. 
Eventually, droplets travel through the 
rotating and stationery seal faces where 
they will create a blistering effect result-
ing in failure of the seals faces.

The solution is to follow the rule of  
chemistry and perform a dew point 

analysis. The designer should check gas 
properties from the compressor datasheet 
and reconfirm these with the client as 
smaller changes in composition can affect 
the dew point. Plot the dew point line for 
possible cases, calculate the dew point, 
and check its margin from the supplied 
temperature. The delta T should be 
equal to or higher than that recom-
mended in API. If  the margin is less, gas 
conditioning will be necessary to keep the 
gas dry as it passes through the seal 
gas system. 

Only the most likely failure scenarios 
are addressed here. But DGS failure can 
be caused by various factors depending 
on the site situation. ■

Disclaimer: These views are solely those of the 
author based on personal experience. He assumes 
no liability or responsibility for any use of this 
information. Users should always reach out to 
OEMs and industry professionals as needed.

Bhushan Nikam is a Project Engineer 
for a major turbomachinery equip-
ment manufacturing organization. He 
holds bachelor’s degree in Mechan- 

ical Engineering from university of Pune, IN. He 
can be reached at nikambb007@gmail.com

Figure 4. A typical phase diagram. Courtsey:Wikipedia
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A turboexpander is a high-speed centrifugal 
rotating equipment item that chills an 
expanding gas and converts the gas’s pres-
sure energy into mechanical work. The 

turboexpander can also drive a brake compressor 
or an electric generator. Turboexpanders are used 
in NGL Plants to liquefy all the ethane from the 
sales gas and recover most of the throttled poten-
tial energy as work (Figure 1).

Gas expansion in a turboexpander produces 
more liquefaction due to its ability to reach a lower 
chilling temperature, as the process is almost isen-
tropic. Then the gas enters a demethanizer column, 
which separates the methane from the other heavy 
hydrocarbon ends such as ethane, propane, and 
butane. This design is provided to recover all the 
propane and heavier components while achieving 
an optimum ethane recovery of 99+%. 

The overhead product of the demethanizer is 
cold residue gas, which is routed to a cold box 
heat exchanger, before the gas is compressed by 
the compressor end of the expander/ compressor, 
where the gas is boosted in pressure. It then flows 
to the battery limits, before feeding the sales 
gas compressors. 

While in either ethane recovery or ethane 
rejection mode, the process can be run in what is 
known as Joule-Thompson (J-T) mode, as well 
through the use of a bypass line, which is usually 
used during startup and shutdown of the machine. 
In this mode, the expander/ compressor is com-
pletely bypassed. Instead, vapor feed to the 
demethanizer is routed through a bypass valve 
around the expander (Figure 2). Due to the 
expander being bypassed, the compressor must 
also be bypassed as no power is supplied to it. 
Rather than flowing through the compressor to 
the battery limits, the stream flows through a 
bypass line fitted with a check valve to prevent 
backflow. While operating in this mode, it is possi-
ble to adjust the operating conditions, such as 
increasing the operating pressure of the demetha-
nizer column to maintain the desired product 

quality. However, a loss in product recovery 
should be expected. 

STONEWALL CONTROL 
Normal natural gas liquids (NGL) recovery plants 
use an inlet flow to control the gas being depres-
surized to the demethanizer operating pressure, 
using the expanders or partial/full J-T bypass 
valve. The inlet flow is controlled by two separate 
flow controllers, one for the expander inlet guide 
vanes and one for the J-T valves. While operating 
parallel turboexpander-compressor trains, one 
train may trip out of operation due to a fault. If 
the plant’s production needs to be kept high while 
one turboexpander-compressor is down, this is 
usually accomplished by operating with one tur-
boexpander-compressor and one JT-valve. The 
speed override controller and low select is usually 
included by a compressor control vendor to take 
control of the inlet guide vanes to prevent 

TURBOEXPANDER 
PROTECTION 
Applying Stonewall Control to a Turboexpander 
BY TARIQ H. AL-ALSHAIKH & TALAL AL-RASHIDI

Figure 1: Turboexpander with Active magnetic bearing. Courtesy of Atlas Copco-
Mafi Trench 
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unnecessary overspeed trips due to flow controller 
action. During this event, the compressor side of 
the turboexpander will go to the stonewall region 
as the flow from the demethanizer overhead will 
be directed to one compressor instead of two as 
the other one tripped. The compressor operation 
in stonewall will be sustained unless back pressure 
is created downstream of the compressor outlet. 

Note: The stonewall region is when a compres-
sor operating point moved to the right of the per-
formance curve at its minimum head in which any 
additional flow or system resistance reduction will 
not cause any flow increase. Moreover, the com-
pressor will experience stonewall when the gas 
velocity increased until it reaches the sonic veloc-
ity of Mach 1. 

Applying stonewall control to compressors is 
rare and not as prevalent as it is for surge control. 
However, it is advisable for high-speed compressors 
to control their operation in the stonewall region. 

If the compressor is operated in the choke 
region, it generates turbulence and vibration that 
can excite the natural frequency of the impeller and 

a sudden increase in axial thrust that the magnetic 
bearings will not be able to counterbalance, result-
ing in possible damage to the compressor, thus trip-
ping the unit. Therefore, it is advisable to control 
the compressor away from the stonewall region by 
applying corrective control action to move the 
operating point out of the choke very quickly. 

CASE STUDY 
An NGL plant that has two turboexpanders operat-
ing in parallel, faced a reduction in production. 
Management decided to switch to a different oper-
ating mode that used one turboexpander-compres-
sor train operating along a JT-valve. The 
turboexpander tripped due to high radial vibration 
(unbalance). The other turboexpander was started 
and ran alongside the JT-valve. After running for 
approximately 12 hours, the second turboexpander 
train also tripped on high radial vibration. Neither 
turboexpander could run at normal operating 
speed, as they tripped on high unbalance vibration 
if the speed slightly exceeded the minimum. 

Figure 2: Parallel turboexpanders with segregated bypass lines around the inlet and outlet of the units/
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Their operation was shifted back to two turbo-
expander trains operating in parallel, but at mini-
mum speed to avoid tripping. When time allowed 
to inspect the machines, it was found that both 
compressors had broken a piece of the leading 
edge of one of the vanes. After investigation it was 
concluded that both turboexpander compressors 
ran in the stonewall region, which caused over-
loading that excited impeller natural frequency 
and high vibration. 

Subsequently, this led to fatigue failure at the 
leading edge of the compressor vanes causing the 
severe unbalance and tripping of the train. The 
conclusion was to modify the control system setup 
to keep the turboexpander-compressor away from 
the stonewall region. 

Although some control system suppliers 
utilize a suction anti-choke valve at the com-
pressor suction side, this control scheme did 
not work effectively. When the suction anti-
choke valve tried to prevent the compressor 
flow from pushing it to stonewall, the suction 
anti-choke valve was counteracted by the 
demethanizer controller trying to maintain 
constant pressure. As a result, the compressor 
anti-choke valve was bypassed, and hence did 
not protect the compressor from operating in 
the stonewall region. 

A proposed control modification requires a dis-
charge anti-choke valve as it will provide the proper 
control by increasing the speed of the turboex-
pander and decreasing the J-T-valve flow. 
Preventing the turboexpander compressor from 
going into the stonewall region is achieved by creat-
ing back pressure on the compressor discharge that 
is already preset at a certain flow in the compressor 
control system. The rest of the flow coming out of 
the demethanizer overhead will be directed to the 
inlet of the sales gas compressors through a bypass 
line upstream of the suction side of the compres-
sors. This yields to a slight increase in the demetha-
nizer pressure, which is within its design. Moreover, 
the turboexpander speed is increased to its maxi-
mum possible setting, to allow for the brake com-
pressor to stay within its designed operating range 
and keep it away from the stonewall region. 

Any turboexpander control strategy to avoid 
operation in stonewall region should include 
the following: 
1. Monitor the brake compressor flow, pressure 
ratio, discharge pressure, and expander inlet pres-
sure and speed. 
2. Monitor the demethanizer pressure changes for 
possible flow upsets. 
3. Replace the compressor inlet anti-choke valve 
with a discharge anti-choke valve, thus increasing 

the head required and keeping some of the load on 
the turboexpander. The discharge valve will allow 
increasing turboexpander speed while keeping the 
compressor away from the stonewall region. 
4. Control the Q (Flow)/N (Speed) ratio to keep 
it over 110% of surge Q/N value to avoid oper-
ating in surge, and also keep it under 95% of 
stonewall Q/N value to avoid operating in the 
stonewall region. 
5. If the flow gets close to surge, open the com-
pressor recycle valve. It is also advisable that the 
recycle line is equipped with a light duty cooler 
that can be used to eliminate any overheating if 
recycling continuous for an extended period. This 
prevents overloading of sales gas compressors. 
6. If the flow reaches the stonewall region, 
increase the turboexpander to maximum speed 
(approximately 105% of rated speed) by adjusting 
the variable inlet guide vanes. This change limits 
the tendency to move into the choke region and 
pushes the compressor away from the stonewall 
region. It also maximizes the flow through the tur-
boexpander and thus minimizes the flow through 
the J-T valve. 
7. If additional flow is required, partially open the 
JT-valves while monitoring the flow in the com-
pressor, this must be done gradually under close 
monitoring of compressor Q/N and speed. And 
open the flow control valve to flare on the inlet of 
the brake compressor, to reduce the flow to the 
compressor, preventing it from reaching the 
choke limit. 

Employing a discharge anti-choke valve — in 
the turboexpander-compressors operating in par-
allel — is an essential safeguard against inevitable 
operation in the stonewall region upon the trip of 
one of the turboexpanders. ■

Tariq H. Al-Alshaikh is a Senior 
Engineering Consultant on 
compressors, expanders and steam 
turbines for Saudi Aramco. He holds 

an M.S. degree in fluid dynamics from the 
University of Southern California. 

Talal Al-Rashidi is a Compressor and 
Steam Turbine Engineer. He holds an 
M.S. degree in Mechanical 
Engineering from Drexel University, 

USA. For more information, visit Aramco.com 
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CRYOGENIC PROXIMITY SYSTEMS 

As the popularity of natural gas has 
increased for heating and power genera-
tion, there has been strong demand for 
production and transportation of natural 
gas throughout the world. To transport 
natural gas around, it is liquefied using 
cryogenic processes to around -162°C and 
its volume is decreased by 600 times at 
LNG facil it ies to allow for safe and 
economic transportation, predominantly 
using LNG  tankers.

Cryogenic processing of natural gas 
(mainly methane) is done in LNG liquefac-
tion plants wherein the unwanted compo-
nents (carbon dioxide, nitrogen, water, and 
a range of other unwanted components) 
are removed, and the heavier hydrocar-
bons separated prior to liquefaction and 
transportation. During this cryogenic 
processing, turbo expanders are used to 
remove energy from the LNG system and 
produce power at the same time. 

Various machine trains are used in 
LNG plants during cryogenic liquefaction 
and compression processes. Vibration 
monitoring of these important machines is 

the most effective way of ensuring they 
are functioning efficiently and have no 
unscheduled downtime resulting in a 
loss of revenue.

Metrix Vibration provides the 
vibration monitoring systems which 
can enable LNG plant personnel to 
effectively monitor the machinery used 
in the cryogenic processing of natural 
gas. This includes the refrigeration 
trains, turbo expanders, and other 
rotating and reciprocating equipment 
used at the plant.

Metr ix  Cryogenic  Proximity 
Systems are rugged and easy to install. 
These proximity sensor systems provide 
interchangeable parts, prevent cross talk, 
adjust pulse height to improve phase 
trigger and speed performance, provide 
high pressure feedthroughs, and have 
many other enhancements. IT is a 9, 10, 
12 or 18-meter system that is designed to 
take advantage of the Metrix Digital 
Proximity System. 

Environmental Ratings
•  -192°C (-313°F) for MX8030 probes and 

MX8031 cables
•  System lengths – up to 12-meter for posi-

tion and vibration
•  System lengths – up to 18-meter for speed
•  Fully LNG submerged triaxial probe and 

cable systems
•  2 to 5 probe systems
•  6-pin and 10-pin high pressure feed-

throughs available
•  Feedthroughs 150 bar (2175 psig) – 203.4 

N-m torque (150 ft-lbs)

MetrixVibration.com 

 LNG tanks 

TRANSMITTERS FOR HAZARDOUS AREAS

Sensonics has added IECEx and UKEx 
certification, alongside ATEX certification, 
for its Senturion X DNX803 series trans-
mitters. These upgraded shaft vibration and 
axial position transmitters are approved for 
installation and use in hazardous areas with 
potentially explosive atmospheres (gases) or 
dusts. The DNX8031 (shaft vibration) and 
DNX8033 (shaft position) proximity probe 
transmitters are suitable for above ground 

applications when used in conjunction with 
Sensonics XPR eddy current type prox-
imity probes and XEC cables.

These 4-20mA loop powered modules 
provide easy integration with either the 
local machine PLC or a plant wide DCS 
since it’s powered through the safety 
barrier measurement loop. All signal 
processing is carried out within the unit 
providing an output current proportional 

to either peak-to-peak shaft vibration or 
relative position to the probe face. The 
module permits the adjustment of both 
gain and offset for ease of calibration to 
suit the application. Smaller pumps, 
centrifugal air compressors, motors and 
fans will particularly benefit from the 
upgraded DNX803 series. 
Sensonics.co.uk

WOODWARD SPEED 
SENSORS 
New SIL certifiable MPU speed 
sensors are now available for instal-
lation in ordinary or hazardous 
locations to sense turbine speed. 
These Woodward speed sensors are 
designed for use in SIL-3, SIL-2, or 
SIL-1 (safety integrity level) rated 
turbine safety systems.  When 
applied with a SIL rated logic solver 
and final element, users can easily 
create an overspeed safety instru-
mented function (SIF) which meets 
the required safety integrity level for 
the specific application. As these 
variable-reluctance (VR) speed 
sensors do not utilize active compo-
nents, they have a low failure rate, 
making them ideal for use in safety 
systems requiring long system life 
and low probability of failure on 
demand (PFD) values. Contact your 
local Woodward representative for 
more information.
Woodward.com

MPU speed sensors by Woodward.
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Applications are invited for the position of a

University Professor for Thermal Turbomachinery  
(successor to Prof. Dr. F. Heitmeir)

at the Institute of Thermal Turbomachinery and Machine Dynamics of Graz 
University of Technology (TU Graz), Faculty of Mechanical Engineering and 
Economic Sciences. It is planned to fill this position (m/f/d), pursuant to Sec. 
98 of the Austrian University Act 2002, as from October 1, 2023. The position 
will be based on a permanent employment contract, as defined under the 
terms of Austrian civil law, with Graz University of Technology.

Applicants should be excellently proven in the field of thermal turbomachinery 
through professional practice and scientific activity, and represent the 
subject internationally in research and teaching. In addition to the design, 
simulation and testing of turbines, the focus of the professorship is extended 
to environmentally friendly and resource-saving energy and aircraft systems. 
It is planned to develop this professor’s position into a key for the faculty’s 
new aviation focus. The position should also act across departments at TU 
Graz and within the TU Austria University Initiative in large-scale cooperative 
projects.
 
Graz University of Technology aims to increase the proportion of women, and 
therefore qualified female applicants are explicitly encouraged to apply. Graz 
University of Technology actively promotes diversity and equal opportunities. 
People with disabilities who have the relevant qualifications are explicitly 
encouraged to apply.

Candidates should submit their detailed application in a digital form at the 
latest by May 22, 2022 (date and time of email timestamp) to the Dean of the 
Faculty of Mechanical Engineering and Economic Sciences, Graz University 
of Technology, Inffeldgasse 23/I, 8010 Graz, Austria, email address: 
dekanat.mbww@tugraz.at. 

Further information and the mandatory application form sheet are available at 
https://www.tugraz.at/go/professorships-vacancies/.

The Dean: Univ.-Prof. DI Dr. Franz Haas                       www.tugraz.at

Graz University of Technology

ELLIOTT HYDROGEN 
COMPRESSOR 

Elliott Group has developed a configurable 
compressor arrangement designed to 
enhance operational flexibility in hydrogen 
applications. The Flex-Op compressor 
arrangement allows for improved reliability 
and accessibility to the rotating components 
and incorporates Elliott’s expertise in 
hydrogen compression. 

“Hydrogen compression requires a large 
number of compression stages to achieve a 
reasonable head for a very light gas,” said 
Dr. Klaus Brun, Elliott’s Director of 
Research and Development. “With the 
Flex-Op arrangement of three to four 
casings, up to 40 impeller stages can fit into a footprint that tradi-
tionally only fit up to 10 stages. This shrinks the linear footprint of 
the compressor section from 40 feet or more to about 10 feet and 
offers up to four times the compression capability within the 
approximate linear footprint of one compressor.” 

In the Flex-Op arrangement, individual compressors can be 
run in series or in parallel, or both. This is achieved with three to 
four centrifugal compressors arranged about a single multi-pinion 
gearbox. Each rotor is connected to its own pinion via a flexible 
shaft coupled to the central gear, which means the rotor speeds 
can be individually optimized for aerodynamic efficiency. Elliott’s 
barrel casing configuration, coupled with the single multi-pinion 
gearbox, allows the entire assembly to be powered by a motor 
with a variable frequency drive (VFD) or a motor in conjunction 
with a variable speed drive (VSD) for speed control. 

The Flex-Op arrangement has many advantages over recip-
rocating or high-speed centrifugal compressors. It uses standard 
Elliott designed compressors and impellers, and is compact and 
easy to maintain and repair. It can engage or disengage 

individual compressors, switch between series and parallel opera-
tion, and run each compressor at different speeds. Most impor-
tantly, for pure hydrogen compression, the process gas is safe 
from risk of oil contamination. Finally, the Flex-Op design is not 
limited to hydrogen applications. It is also suitable for energy 
storage and other process compression and refining applications. 
Elliott-Turbo.com

Elliott Flex-Op Compressor 
arrangement with VSD

SCALE REMOVAL 
Scale removal is an important maintenance activity on heat 
exchangers and other industrial water handling equipment. 
Over time, calcium carbonate from hard water builds up on the 
surfaces of pipes and heat exchangers, reducing water flow and 
heat-transfer efficiency. Harsh minerals and organic acids like 
muriatic acid are sure to solve the problem quickly but pose 
safety hazards due to high corrosivity. 

To achieve fast-acting scale removal on a safer level, Cortec 
has introduced EcoClean Scale and Rust Remover HP, which 
competes with some of the safer fastest-acting products on the 
market. It is an industrial strength product to periodically clear 
away scale buildup on all water-contacting equipment surfaces in 
a variety of industrial systems. It also removes corrosion on 
multiple metal types and contains powerful corrosion inhibitors 
to counteract the aggressiveness of acids on metals. 
cortecvci.com
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MYTH: A COMPRESSOR 
IS A PIPE ANCHOR
Every compressor is connected via two or 

more nozzles with flanges to its suction, 
discharge, and side-load piping. These pipes, 
due to flange misalignment or thermal pipe 

expansion/contraction, can exert significant loads 
on the compressor flanges. Flange loads, in the 
form of directly acting static and dynamic multi-di-
rectional forces and moments, can cause excessive 
strain on the nozzles, deflection of the casing, shaft 
misalignment, and even excessive stress on the 
equipment and foundation bolts.

For very stiff compressor casings, excessive 
flange loads usually result in shaft misalignment 
between the compressor and the driver since the 
loads ultimately must be carried by the skid 
bolting – the less stiff interface between the foun-
dation and the dynamic equipment. For lighter 
compressor casings with lower stiffness, critical 
internal c learances between rotating and 
stationary components can be affected. In these 
cases, flange loads on the nozzles can lead to 
internal casing or bundle deformation and failure 
of single-digit-mil clearance components such as 
dry gas seals and bearings. They may even result 
in impeller rub. 

Compressor vendors often use multiple times 
the allowable NEMA or API requirements as their 
design standard. These requirements include 
NEMA SM-21, the subsequent NEMA SM-24 
and the calculation method published in Appendix 
E of American Petroleum Institute 617. A 
common multiplier is 3.0 times API 617 (equal to 
5.55 times NEMA) as allowable load limits. 
Similarly, API flange load limits are equal to 1.85 
times NEMA. Although NEMA is a steam turbine 
standard, it is commonly used for flange load 
calculations on other rotating machinery. 

Alternatively, rather than relying on the some-
what arbitrary use of fixed multiples of API or 
NEMA, many vendors ask the equipment end 
user to supply pipe flange loads for review and 
approval prior to design and fabrication of the 
equipment. However, it is often difficult to accu-
rately predict flange loads before final construc-
tion of the compression piping system. Though 
good pipe design software is commercially avail-
able, as-built construction errors and pipe installa-
tion misalignments are common.

Regardless, the aim of both the vendor and 
the user of rotating machinery should be to 
design equipment and piping that reduces the 
actual load on the compressor nozzles and casing. 
The compressor should not be an anchor point 
for poorly designed piping. Compressors are 
expensive and complex dynamic machines that 
are not intended to take the function of relatively 
inexpensive pipe supports/loops or correct for 
piping system design errors. API 617 states, “The 
design of each compressor body must allow for 
limited piping loads on the various casing nozzles. 
For maximum system reliability, nozzle loads 
imposed by piping should be as low as possible 
regard less of  the compressor ’s  mach ines’ 
load-carrying capability.”

Rather than imposing unreasonable flange load 
requirements, the piping designer should either fix 
the piping to reduce unnecessary weights and 
thermal expansion loads or include additional pipe 
support structural members or thermal loops. The 
compressor is a finely aligned machine already 
subject to a range of internal dynamic loads. Any 
excessive external static loads from pipe misalign-
ment have the potential to lead to operational/
maintenance problems and long-term damage. 

But reality in the field is often unpredictable 
and does not always follow the wishes of the 
compressor and piping layout designer. We have 
seen cases where the piping was so poorly aligned 
with the compressor flange that a large bulldozer 
was required to pull the pipe to get the flange bolt 
holes to align.

These static loads – and any further thermal 
expansion/contraction loads – imposed on the 
nozzle should be corrected by fixing the piping 
system rather than forcing the compressor to 
become a static structural node of the system. In 
other words, instead of imposing expensive flange 
load requirements on the compressor vendor, 
piping design and installation should aim to 
reduce these loads. It is generally cheaper to build 

The compressor should not be an anchor point for 
poorly designed piping.
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pipe supports,  structures and loops than to redesign 
a compressor or hope that stress on the compressor casing 
doesn’t affect alignment and internals. Remember that the 
more stress applied on the nozzles, the more difficult alignment 
with the driver becomes, and the more stress the skid and foun-
dation bolts must carry. 

Obviously, there are some cases where minimizing flange 
loads is difficult – in space-limited plants or where the founda-
tion is flexible. On an offshore platform or marine vessel, for 
example, it is often difficult to eliminate all relative movement 
between the compressor and the interconnected piping. But 
even in these cases, good engineering practices, such as three-
point mounts and sub-skids for added stiffness, should be used 
to minimize skid deflections and associated nozzle loads.

Compressors will always be required to handle significant 
nozzle flange loads. That is the nature of fitting and intercon-
necting pressurized machines into a complex piping system. 
However, the current industry trend of asking manufacturers 
to design compressors with higher and higher flange loading 
capabilities runs counter to good engineering practices. It is 

more efficient and less costly to focus on the proper design of 
the piping to reduce flange loads than making the compressor 
a pipe anchor. ■

Klaus Brun is the Director of R&D at Elliott Group.  
He is also the past Chair of the Board of Directors of 
the ASME International Gas Turbine Institute and 
the IGTI Oil & Gas applications committee.

Rainer Kurz is the Manager of Gas Compressor 
Engineering at Solar Turbines Incorporated in 
San Diego, CA. He is an ASME Fellow since 2003 
and the past chair of the IGTI Oil and Gas 
Applications Committee.

Any views or opinions presented in this article are solely those of the authors and do not 

necessarily represent those of Solar Turbines Incorporated, Elliott Group, or any of 

their affiliates.

Defining the Standard for 
Electric Discharge Protection  

for Five Decades

• Manufacturer of Sohre shaft earthing brushes

• Exclusive North American distributor of 
Cestrion degaussing machines

• Provide on site consultation and degaussing 
services at your location

Florence, Massachusetts, USA
Ph: +1.413.267.0590

sales@sohreturbo.com
www.sohreturbo.com

SOHRE TURBOMACHINERY®
by Shaft Current Solutions



Atlas Copco Gas and Process is well prepared to support 
our customer’s business and process requirements – especially 
through H2 Production, Usage and Transportation. Building on decades 
of experience in hydrogen-rich processes, Atlas Copco Gas and Process centrifugal 
turbocompressors and turboexpanders enable many critical 
processes in hydrogen, new energy markets and beyond.

Powering the 
energy transition

www.atlascopco-gap.com

Hydrogen
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Hydrogen
Transportation

Hydrogen
Usage


