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There have been plenty of dire predictions 
issued in recent years about the state of the 
natural gas industry: Falling turbine sales, 
municipalities banning new gas appliances, 

rising natural gas prices, and governments issuing 
statements (no matter how unrealistic) that they plan 
to phase out gas by 2030. 

Yet the industry remains a key enabler of the 
global economy. Here are a few facts: 
• Natural gas, stored in massive tanks, reservoirs, 

and pipeline networks, is the largest manmade 
store of energy in the world. 

• The total daily capacity of gas pipelines world-
wide is around 120 million barrels of oil equiv-
alent (boe), according to Statistica. 

• The U.S. pipeline network contains 37 million boe.

Liquefied Natural Gas (LNG), the subject of 
our cover story, plays a growing part in the world-
wide supply of natural gas. As such, it has evolved 
into a another major source of natural gas storage. 
• There are more than 700 LNG vessels 

currently sailing the seven seas. 
• Their capacity is over 100 million cubic 

meters, up from 35 million cubic meters 
in 2016. 

• There are now scores of LNG import and 
export terminals around the world. 

• The top ten LNG facilities hold 328 million 
metric tons. 

• The switch from coal to natural gas is creating 
higher demand for LNG, as are Russian 
sanctions 

It  i s  no wonder, then, that the vendor 
community is investing heavily in the develop-
ment of new LNG turbomachinery. The likes of 
Elliott, Siemens Energy, Mitsubishi Compressor, 
Rotof low,  F S -E l l iot t ,  and M A N Energ y 
Solutions are innovating on the LNG front. You 
can read all about it in our cover story. They 
also discuss trends in LNG such as compressor 
optimization, more use of HRSGs in tandem 
with LNG infrastructure (they decrease plant 
energy consumption per ton of LNG produced), 
plenty of onshore and nearshore LNG decar-
bonization initiatives, as well as the dif ferent 
ways they are tackling challenges related to 
LNG production, transportation, utilization, 
and project development.

Big Issue
We start 2023 with a large issue. As well as our 
LNG cover story, we have a wide selection of 
varied content. Elliott Group has authored a story 
on the ASME Power Test Code (PTC-10) and 
how it should be used to correctly measure 
compressor performance. Saudi Aramco, the 
largest oil and gas producer in the world, sent in a 
case study about a continuous catalyst regenera-
tion plant (CCR) at one of its refineries. It exam-
ines compressor trip mitigation and recycle gas 
compressors operating in parallel at 50% capacity 
f eed ing  hydrogen  to  the  CCR.  As  each 
compressor had a different head, this complicated 
start-up and shutdown sequences. 

Our vendor spotlight shines on Riverhawk. 
This manufacturing and engineering firm has 
been in the business for three decades. It is both 
an original equipment manufacturer (OEM) and 
aftermarket supplier of stud/bolt tensioning tools, 
diaphragm, and disk pack couplings, coupling 
accessories, torque management solutions, and 
installation tools for the couplings used by OEMs 
and end users. Our Q and A column features an 
LA Turbine executive discussing turbomachinery 
utilization in LNG liquefaction, as well as 
company products, key industry trends, and 
projections for the future. 

As for our regular columns, the Myth Busters 
address methane leakage, making the point that it 
is an economic imperative of the industry to 
address it, as well as an environmental issue. 
Turbo Tips gives a rundown of hydraulic systems 
and valves, offering tips for more efficient opera-
tion. Lastly, we have a large news section as well 
as a couple of pages of new products. ■

DREW ROBB
Editor-in-Chief

LNG is the Bright Spot

Natural gas is the largest manmade store of energy 
in the world.
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The major steps involved in carbon capture, utilization, and storage (CCUS). IDTechEx.

CCUS MARKET SET FOR GROWTH

A report by IDTechEx expects the global 
carbon, capture, utilization, and storage 
(CCUS) capacity to reach 1.8 gigatonnes a 
year by 2043. CCUS is especially useful in 
industries such as energy, chemicals, 

cement, and steel production. The sector 
is moving away from full-chain projects to 
multi-user, shared infrastructure networks. 
Developers are investing in a CCUS ‘as-a-
service’ model by linking nearby CO₂ 

emitters through a collection hub and 
then transporting the CO₂ to clusters of 
storage or utilization sinks. For more, refer to 
IDTechEx’s report “Carbon Capture, Utilization, 
and Storage (CCUS) Markets 2023-2043”. 

CAPSTONE DIGEST
Capstone Green Energy continues to 
expand the microturbine market with 
an increase in sales and equipment 
rentals. Microturbines provide a sig-
nif icant performance advantage over 
reciprocat ing eng ines in locat ions 
where traditional gas turbine installa-
tions are difficult or infeasible. One is a 
1.6 MW unit for an oil production site 
in Southern California. Two 65 kW 
systems were also sold to an upstream 
oil & gas company. The company’s 
Energy-as-a-Service (EaaS) rental con-
tracts pushed to 39 MW. Capstone ex-
pects it will reach its 50 MW target 
by March. 

SHELL ACQUIRING ECL BUSINESS OF PANOLIN
Shell is acquiring the Environmentally 
Considerate Lubricants (ECLs) busi-
ness of the Panolin Group. This in-
cludes hydraulics, gears, universal 

tractor transmission oils, biodegrad-
able engine oils (HDEO), turbine oils, 
chainsaw oils and greases for machine 
lubrication.

GE DIGEST
GE has an H-Class gas turbine order from Eneva, a natural gas operator in Brazil. 
GE will supply a 7HA.02 gas turbine for Eneva’s new Azulão reserve power plant. 
For the new 350 MW Azulão power plant, GE will provide a GE 7HA.02 gas tur-
bine powering a H65 generator for flexibility in managing grid fluctuations. 

Linden Cogen in New Jersey is installing the MeeFog cooling system on a GE 
7EA gas turbine to replace an older evaporative cooling system. It has eight cool-
ing stages and an operating pressure of 2,000 PSI. It is equipped with water-lubri-
cated pumps that do not require oil or drive belt replacement. 

GE Gas Power and Shell Global Solutions are pursuing ways to reduce the carbon 
emissions of Shell’s LNG supply projects. The largest source of emissions in an LNG fa-
cility stems from firing natural gas in the power generation and mechanical drive gas tur-
bines. One way to decarbonize LNG production is to use hydrogen as a low carbon fuel. 

The Sharm El Sheikh Power Plant successfully blended hydrogen on a GE 
LM6000 aeroderivative gas turbine. It is the first time that GE’s LM6000 gas tur-
bine is running on hydrogen-blended fuel in Africa. NTPC Ltd. and GE Gas 
Power are looking at hydrogen (H2) co-firing blended with natural gas in GE’s 9E 
gas turbines installed at NTPC’s Kawas combined-cycle gas power plant in 
Gujarat, India. The plant is powered by four GE 9E gas turbines operating in a 
combined-cycle mode and has an installed capacity of 645 MW. 

GE Gas Power is working with Korea’s DL E&C and its subsidiary, Carbonco 
to explore carbon capture technology with natural gas combined cycle plants in 
Asia and Oceania. 

HYDROGEN PILOT PROJECT 
EnBW and Siemens Energy are using 
hydrogen in future power plants. One 
pilot project is the EnBW district heat-
ing power plant in Stuttgart-Münster, 
Germany. Two SGT-800 gas turbines 
from Siemens Energy drive the installa-
tion. Each has an output of  62 MW and 
a downstream waste heat recovery sys-
tem. Three coal-fired boilers on-site are 
being replaced.

INDUSTRY NEWS
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ROLLS-ROYCE EASYJET 
Rolls-Royce and easyJet ran the first modern aero engine 
on hydrogen. The ground test was conducted on an early 
concept demonstrator. The test took place at an outdoor 
test facility at MoD Boscombe Down, UK, using a con-
verted Rolls-Royce AE 2100-A engine. Following analysis 
of this early concept ground test, the partnership plans a 
series of further rig tests leading up to a full-scale ground 
test of a Rolls-Royce Pearl 15 jet engine.

 The KA series sees a lot of business in  
the wastewater treatment market. Howden.

HOWDEN KA44SV/KA66SV BLOWERS
Howden is supplying four KA compressors to the Central 
Wastewater Treatment Plant, responsible for cleaning 330 
million gallons of water every day in Nashville. The order 
includes two KA44SV-GL315 and KA66SV-GL400 
blowers. KA turbocompressors provide oxygen in the aer-
ation process, enabling reclaimed waste to become fertiliz-
er at its biosolids facility. 

 Demonstration unit for the hydrogen aero  
turbine engine. Rolls Royce.
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Per-year combined-cycle natural gas plant capacity increases. Energy Information Administration.

Petronas and Baker Hughes  
signing ceremony. Baker Hughes.

Emerson’s operational support services 
will help Equinor to optimize 

production efficiency and reduce 
energy consumption and emissions 

from the Martin Linge platform. Photo 
credit: Jan Arne Wold & Øyvind 

Gravås/Equinor.

MORE NATURAL GAS PLANTS   By Timothy Lukac

Natural gas in combined cycle gas turbine 
(CCGT) plants is gaining traction, accord-
ing to the US Energy Information 
Administration (EIA). Spikes in new LNG 
construction for the US have been on a 
steady rise since 2020. The report shows a 
forecast of more combined cycle plants 
coming online through to 2027 than in re-
cent years, impressing a renewed interest in 
its utilization as a prime mover for com-
bined cycle natural gas turbine facilities.

The spike from 2003-2004 is from a 
Bush-era initiative greatly promoting 

the use of cleaner natural gas and coal. 
The Department of Interior at the time 
was very interested in increasing its use 
and providing better energy security to 
the United States. Recently, we have 
seen a bigger push from the other direc-
t ion, with renewables tak ing center 
stage, and traditional fossil-fuel burn-
ing enterprises taking a hit. There’s a 
resurgence in new construction in cor-
respondence with demand, suggesting 
green technologies cannot stand on 
their own. 

FLOWSERVE AIDS HAWAII
Flowserve is being contracted to supply vertical turbine pumps to McMillen Jacobs 
Associates for its design, engineering, and construction services on the West Kauai 
Energy Project (WKEP). Their vertical turbine pumps support the hydropower and 
pumped storage components of the project. 

BAKER HUGHES DIGEST
Baker Hughes (BH) and Petronas are collaborating on industrial and oil and gas artifi-
cial intelligence (AI) technologies. BH will share its best practices in the areas of indus-
trial asset management, standards, processes and change management.  The partners 
aim to develop and optimize Petronas assets, operational processes, and business opera-
tions. BH has a new service contract for maintenance and monitoring of turbomachin-
ery equipment operations at Coral Sul FLNG off the coast of Mozambique. BH is also 
providing remote monitoring and diagnostics services. The agreement supports the per-
formance of the rotating equipment at Coral Sul FLNG under pre-determined metrics, 
such as reliability of compressors and efficiency of gas turbines. 

EMERSON DIGEST
Emerson is signing a five-year frame-
work agreement with Equinor to pro-
vide operational support services to 
the Martin Linge platform in the 
Norwegian North Sea. The service 
agreement covers maintenance and 
upgrades of the control technology, 
software, and instrumentation. 
Martin Linge contains around 260 
million barrels of oil equivalent. 

Emerson is par tner ing w ith 
Braskem Idesa to provide digital au-
tomation technologies and engineer-
ing services to meet performance 
metrics. Braskem Idesa is a joint ven-
ture between Brazil-based Braskem, 
a producer of thermoplastic resins, 
and Grupo Idesa, who deals with 
petrochemicals in Mexico. The ulti-
mate goal is emission reduction. 

U.S. annual capacity additions from combined-cycle natural gas turbine plants 
(1990-2026)
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 Examples of work done by the company. Toufa CNC.

72 TURBOEXPANDER PROJECT
Sapphire Technologies is partnering 
with Tallgrass to install over 72 turboex-
pander systems within 3 years. Evolve 
Energy is developing a process control 
for the natural gas pipeline network. 
Evolve will provide integration services 

for Tallgrass, and power generated by 
Sapphire’s turboexpanders will be used 
in Evolve’s data centers. This is believed 
to be the single-largest supply agreement 
for  t u rboex pander s  sold into t he 
midstream sector.

TUOFA CNC MACHINING COMPANY
Tuofa CNC Machining delivers mechanical parts manu-
facturing across a wide range of industries as a one-stop-
shop for metal parts. In addition to custom OEM 
manufacturing and CNC machining services, the company 
is offering 3D printing, sheet metal fabrication, and various 
other machining services under one roof. The factory in-
cludes 50 CNC lathes, 26 CNC milling machines, 22 
Swiss-style high-speed precision CNC lathes, and five 
5-axis CNC machine tools. tuofa-cncmachining.com

ENOGIA BIOGAS ORDER
ENOGIA has a contract for the supply 
of ORC modules and associated services 
for €6.5 million. Prior to placing the or-
der, the company was testing an ORC 
module coupled with a biogas engine for 
more than a year. ORC modules will be 
installed in the world’s largest anaerobic 
digestion plant. The modules will be 
used to recover the heat from the cool-
ing circuits of biogas genset engines. 
Electricity produced will be recycled on 
site to reduce draw from the grid.

ATLAS COPCO DIGEST

A t l a s  C o p c o  i s  o p e n i n g  a 
Massachusetts facility dedicated to 
R&D for semiconductor manufactur-
ing. Suzhou Since Gas System was 
obtained, specializing in on-site gas 
generation for industries including 
metals, petrochemical, marine and 
electronics. For their pump business, 
a Chandler, Arizona plant began op-
erations. It provides remanufacturing 
and assembly of vacuum pumps and 
other essential equipment. Edwards, 
part of the Atlas Copco Group, is 
building a new manufacturing facility 
for dry vacuum pumps in Tennessee 
– as well as a manufacturing facility 
in South Korea. On compressors, the 
Swedish giant acquired Vector, 
based in Poland. The company spe-
cializes in sales, installation, and ser-
vice of compressed air systems. 

GROWTH OF MEXICAN  
OIL & GAS
New Fortress Energy (NFE) is part-
nering with Comisión Federal de 
Electricidad (CFE) on several fronts. 
These include expanding and extend-
ing NFE’s supply of natural gas to 
multiple CFE power generation facil-
ities in Baja California Sur, sale of the 
135 MW La Paz power plant by NFE 
to CFE, the creation of a new floating 
liquified natural gas (FLNG) hub off 
the coast of Altamira, Tamaulipas. 

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
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The processing facility at Tegentour in 
Salah, Algeria is part of the deal. BP.

MITSUBISHI DIGEST
ExxonMobil and Mitsubishi Heavy 
Industries (MHI) are joining to deploy 
MHI’s CO2 capture technology as part 
of ExxonMobil’s capture and storage 
(CCS) solution. The joint effort builds 
on the Kansai Mitsubishi Carbon 
Dioxide Recovery Process (KM CDR) 
developed by MHI and KEPCO. 
Mitsubishi Power signed a Long-Term 
Service Agreement (LTSA) with 
Damietta LNG (DLNG). Under the 
terms of the agreement, Mitsubishi 

Power will undertake the parts, repairs, 
and services for five Mitsubishi Power 
H-25 gas turbines installed at the facili-
ty. MHI Asia-Pacific (MHI-AP) and 
JERA Asia are looking to establish a 
100% ammonia direct combustion 
power  p lant  on  Jurong  I s land , 
Singapore. A joint study will be con-
ducted, where a 60MW class gas tur-
bine combined cycle plant fueled by 
100% ammonia will produce car-
bon-neutral electricity. 

BP DIGEST
BP is selling its upstream business in 
Algeria to Eni, including its interests in 
the gas-producing In Amenas and In 
Salah concessions. The In Salah Gas 
joint venture has developed seven gas 
fields in the Southern Sahara, approxi-
mately 1,200 kilometres south of Algiers.

BP Trinidad and Tobago delivered 
first gas at the Cassia C, an offshore 
compression platform. Cassia C is ex-
pected to produce, at peak, about 200-
300 million standard cubic feet a day 
of gas. 

BP successfully loaded the first LNG 
cargo from Mozambique’s offshore 
Coral Sul FLNG facility. Under its long-
term contract, BP will purchase 100% of 
LNG output from Coral Sul FLNG 
which has the capacity to produce up to 
of 3.4 million tonnes of LNG per year. 

DOOSAN ŠKODA DIGEST
Doosan Škoda Power (Doosan) is sup-
plying a 20 MW steam turbine genera-
tor for a steam power plant in Thailand. 
The order is for a single-casing steam 
turbine with a gearbox and generator. 
This steam turbine is part of a 74 MW 
steam-gas cycle facility. Doosan is help-
ing Elektrárny Opatovice (EOP) replace 
a TG3 steam turbine. The new con-
densing steam turbine provides 65 MWe 
to 140 MWt, including all auxiliaries. 
Doosan has experience in applications 
for steam-gas and fossil power plants, 
cogeneration, nuclear and solar power 
plants, biomass incineration plants, 
waste-to-energy plants, and more. 

ROTOFLOW GLOBAL HUB
Rotoflow is opening a new Solutions 
Center in the Qingpu district of 
Shanghai, China to serve the tur-
bomachinery needs of customers 
throughout Asia. The new Solutions 
Center is equipped with diagnostic, 
testing, balancing, and machining 
equipment. It will also be used to build 
new equipment for HPN Plants and 
support Air Products equipment.

CALNETIX IN SPACE 
Calnetix worked with NASA to devel-
op a system that includes a compact 
in-line blower on active magnetic 
bearings (AMBs) and an integrated 
hybrid dual controller to drive the 
blower. Calnetix’s Momentum in-line 
blower is designed to drive the airflow 
through the system in a microgravity 
s p a c e  e n v i r o n m e n t ,  i . e . ,  t h e 
International Space Station (ISS). 

GTUSERS CONFERENCE 2022
End user presentations and discussions consisted of numerous case studies and 
noteworthy lessons. Some noteworthy topics were Advanced Gas Path 
Experience, 330H Generator Issues, LS2100e and EX2100e DFE Upgrades, 9FB 
Compressor Blade Liberation Failure at 70KFFH and 500FFS, and much more. 
GE prepared comprehensive and technical lectures to cover questions and orga-
nized breakout sessions for detailed conversations covering the F9FA/FB unit. 
Registered users can view all conference presentations at GTUsers.com

GTUsers 2022 acted as a staging ground for the most important developments in the 
F9FA/FB. GTUSERS.com
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Hydraulic Actuator Tips 
How to operate and troubleshoot hydraulic systems 
for turbomachinery.
BY AMIN ALMASI

Hydraulic systems and hydraulic actuators 
are robust, reliable, and high performance 
compared to other types of actuators and 
systems. This column reveals useful guide-

lines for hydraulic systems and hydraulic actua-
tors. They offer stiff stroke and operation. 
Well-constructed hydraulic actuators are dust-
tight, and usable in challenging environments. 

HYDRAULIC SYSTEMS & ACTUATORS
There are a variety of types and models of 
hydraulic actuators and systems used in turboma-
chinery. In hydraulic systems, fluid pressure can be 
changed to supply different force or torque. This 
permits more operational flexibility. Linear actua-
tors, hydraulic pistons, and cylinders are popular. 
Hydraulic linear actuators are usually available as 
double acting or spring return cylinders. 

Hydraulic motors or hydraulic drives are used 
in different applications. They provide high 
torque and a wide speed range using a compact 
motor package. Controls are relatively simple, as a 
valve handles the flowrate and direction of the 
hydraulic fluid to the hydraulic motor. 

OPERATIONAL CONSIDERATIONS
Hydraulic fluids are practically non-compressible 
inside of hydraulic systems. Therefore, high perfor-
mance, stiff actuation and operation is attainable. 
Efficiency of a hydraulic system is relatively low, as 
heat is generated in normal operation. Initial cost 
will likely be less than an all-electric drive. 
Therefore, operating expense and maintenance 
should be factored in when considering the applica-
tion. There are advantages such as ease with area 
classifications, smaller sizes, lighter weight, and 
more which favour hydraulic actuators for specific 
turbomachinery applications. In these cases, higher 
load necessitates a hydraulic solution. 

There are different control options and valve 
types for hydraulic system management. However, 
there are limitations, as the pressurized fluid must 
be controlled and routed to actuators. Control 

options therefore may be l imited in some 
hydraulic systems, creating problems related to 
piping and fluid. There may be environmental 
concerns in some systems. For instance, the possi-
bility of impacts to piping and tubing, and leakage 
of hydraulic fluid. Leakage is a common problem 
afflicting hydraulic systems. This risk requires 
evaluation and mitigation.

Another major concern is dirt, debris, and 
foreign matter  in  the hydraul ic  sys tems. 
Components for hydraulic actuators require close 
machining tolerances to maintain effective seal 
characteristics. An important component of 
hydraulic actuators is excellent filtration. If done 
improperly, frequent maintenance is required. 
Repairs can be difficult, as any foreign material in 
the hydraulic piping or lines can cause damage 
due to very close tolerances. 

RELIABILITY, SAFETY & RISKS
Risk management, safety, and reliability are 
important considerations in hydraulic systems. 
There is some risk due to tight tolerances in 
hydraulic actuators or devices. For instance, in the 
event of fire, the actuators may not operate 
correctly. The hydraulic fluid used in many 
hydraulic circuits has a relatively high thermal 
expansion rate, and the tubing or piping system will 
have to be protected from possible fire or thermal 
shocks. Because positive displacement pumps are 
used in the hydraulic systems of turbomachinery, 
relief valves are needed. Due to possible thermal 
expansion, it is necessary to size such a relief valve 
set to combat thermal over-pressurization. 

Incorrectly sized valves, control items, or 
control valves can result in erratic operation, 
leading to instability. These include operational 
problems, vibration, and consequently, wear on 
devices, valves, and their trims. The force or torque 

Leakage is a common problem afflicting 
hydraulic systems.
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of hydraulic actuators should always be greater 
than the force required to operate the mechanisms 
in the turbomachinery. Ample margins are encour-
aged. When an actuator is fully stroked, it should 
overcome any breakout force or torque, and 
internal friction experienced by various sealing 
components. Undersized hydraulic actuators lock 
or work sluggishly in these situations. 

During commissioning and start-up, it’s likely 
the hydraulic system contains dirt and debris in 
the piping, tubing, etc - even after f lushing the 
lines. Flushing might not be effective, permitting 
damage from foreign matter. Tight tolerances must 
be factored into risk assessment. Well-planned, 
multi-stage flushing generates 100% cleanliness of 
the hydraulic circuit. If there is damage in a 
hydraulic device due to foreign matter or debris, 

it’s not enough to simply change the damaged 
device. The entire hydraulic system should be 
re-evaluated, have its filtration system and cleanli-
ness improved, and re-flushed again. There should 
be a thorough investigation as to where dirt or 
debris came from, and why the filtration systems 
or previous f lushing was ineffective. Multiple 
re-f lushing cycles may be required to ensure a 
complete clean of the hydraulic system. ■

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.

Backed by over 160 years of heritage and 
a presence in 35 countries, we specialize 
in engineering for the future. Our team 
designs, builds, installs and services 
highly engineered fans, compressors, 
heat exchangers and turbines, with 
related high-tech equipment and 
software. We enable our customers’ 
vital processes while developing world-
class, durable technology for optimal 
performance in a safe, sustainable and 
cost-effective future.

Howden is a global 
leader in mission critical 
air and gas handling 
technology.
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Companies in the power generation and 
energy sectors are adapting to recent 
changes in the landscape. Some segments 
of the market are taking them on better 

than others. One success story is that of LNG. 
Expanding infrastructure for LNG requires 
increased compressor optimization to handle 
higher volumes of gas more reliably. HRSGs, too, 

COVER STORY

LNG Sparks  
Turbomachinery Growth
Modularization, renewable natural gas, and decarbonization are among 
key trends spurring growth.
BY TIMOTHY LUKAC

Single shaft horizontally split compressor casings, such as the above, are suitable for 
boil off gas trains. Courtesy of Siemens Energy.

“Special attention is required for 
the compressor aerodynamic 
path design and its integration to 
the overall LNG plant to meet 
performance requirements.” said 
Patrice Laporte, Siemens Energy.  

are in greater demand since they decrease plant 
energy consumption per ton of LNG produced. 
Onshore and nearshore LNG applications are 
adapting to decarbonization initiatives. These and 
other trends are discussed below to highlight the 
various ways companies are tackling challenges 
related to LNG production, transportation, utili-
zation, development, and decarbonization.

SIEMENS ENERGY
Patrice Laporte, Vice President of Sales 
Compression Americas, Siemens Energy, outlined 
how the company offers high-speed reciprocating, 
process reciprocating, and centrifugal compres-
sors. Driven by the shifting energy map of Europe 
and the Inflation Reduction Act in the U.S., the 
market currently sees significantly increased 
demand for LNG, CO2, and hydrogen. For CO2 
applications, integrally geared compressors are 
seeing an increased need to modularize the pack-
age to reduce lead times. The hydrogen market is 
also picking up. Generally, the entire gas value 
chain is driving higher demand. 

 One of the most significant use cases for com-
pressors is in refrigeration. For main refrigerant 
(MR) applications, compressors increase the pres-
sure of the refrigerant employed to meet process 
conditions. Depending on the technology 
employed, normal operating conditions have pres-
sures that can go approximately above 60 bar/870 
psi and temperatures as low as -30 °C/-22°F. This 
machinery operates continuously and is the largest 
power consumer and operating expense contribu-
tor in an LNG plant. Special attention is required 
for the compressor aerodynamic path design and 
its integration to the overall LNG plant to meet 
performance requirements. Boil-off-gas (BoG) 
involves pressurizing vapor byproduct through a 
compressor that is developed throughout the LNG 
process and storage units. For this use, LNG 
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vaporizes through expansion and heat input with 
temperatures as low as -160°C/-256°F. Emissions 
are one of the top priorities in the conversation of 
plant operations.

There is debate abut using e-LNG compres-
sion trains over gas turbines to support emission 
reductions efforts and decarbonization solutions, 
particularly for onshore and nearshore LNG. 
Smaller-scale solutions at 2 MTPA and lower are 
becoming more prevalent due to faster project 
duration from the final investment decision (FID) 
to first LNG production, said Laporte. Further 
implementation of Voltage Source Inverters (VSI) 
versus Load Commutated Inverters (LCI) drives 
helps reduce inter-harmonics. It should be noted 
that power limitations of large VSI drive systems 
are becoming less of an issue and will soon be 
comparable to LCI. Variable Frequency Drive 
(VFD) systems allow speed control during opera-
tion and transient events. Electrical drives are 
advantageous as they enable independent power 
and speed manipulation, extending operational 
capabilities.

ROTOFLOW 
Rotoflow has a significant stake with turboma-
chinery utilization in LNG. The company’s 
ETAC high-pressure turboexpander line pro-
vides refrigeration for air separation and lique-
faction facilities around the world. The expander 
compressor has impeller sizes of 3.5” to 22” and 
power from 4 to 14,000 kW. However, larger 
impellers and powers have been adapted. The 
largest impeller deployed by Rotoflow to date has 
a diameter greater than 50”, said Bradford 
Jeanes, Rotoflow Proposal Manager, New 
Equipment & Product Technology. 

Jeanes called attention to the promise of small-
scale LNG. Rotoflow’s ETAC-16R high-pressure 
compander products are used in a variety of LNG 
facilities, whether land based or floating vessel.  
One project currently underway is the manufac-
turing of a large number of high-pressure turbo-
expanders for an LNG producer in Qatar. 
Rotoflow’s compander is part of its small-scale 
LNG (ssLNG) peak-shaving product offering.  
The ETAC-7R, 8R, and 10R frame models are 
typically used in peak shaving applications to 
meet demand spikes. LNG can be seen as the bal-
anced choice between environmental and effi-
ciency considerations, said Jeanes. Demand for 
clean fuels such as LNG is high right now and for 
the foreseeable future, he added. 

Other ways Rotoflow works with LNG are 
through its ssLNG product line. It offers 

nitrogen-based refrigeration cycles with an estab-
lished reference base. Rotoflow is partnering with 
Air Products’ LNG business, providing new 
frame solutions (EC-30s and EC-40s) for ssLNG 
plants. Rotoflow sees LNG as a keystone in devel-
oping lower carbon, cleaner energy, without com-
promising production capabilities.

FS-ELLIOTT 
FS-Elliott offers centrifugal compressor products 
used in support of LNG production. Its PAP Plus 
compressor product line is used in LNG and similar 
applications, according to Dominic Sarachine, 
Product Manager, Engineered and Air Separation, 
FS-Elliott. The company’s design philosophy advo-
cates accessibility while meeting specific industry, 
customer, and site requirements. 

The PAP Plus compressor has a completely 
removable air-end and horizontally split gearcase 
design. Customization is one of its prime 

“The largest 
impeller 
deployed by 
Rotoflow to date 
has a diameter 
greater than 50”, 
said Bradford 
Jeanes, Rotoflow.

Several Rotoflow compander models have been 
marinized or specifically tailored for coastal or offshore 
applications, as seen in this FLNG facility, to withstand 
the harsh and corrosive saltwater environment. 
Courtesy of Rotoflow.
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MAN ENERGY SOLUTIONS
Christian Brotel, Head of Sales Industries, 
Midstream at MAN Energy Solutions touched on 
the versatility of LNG in meeting new emission 
requirements. Some of MAN’s most popular 
compressor models are horizontally split (RH) or 
barrel-type (RB). These centrifugal compressors 
are used in chemicals, exploration, production, 
industrial gases, and more. The models cover a 
wide range of flow rates along with high discharge 
pressures. The modular configuration includes 
predesigned and customizable centrifugal com-
pressor packages.

One special offering of MAN is in Factory 
LNG. The company’s solution is a small-footprint, 
modularly scalable liquefaction technology based 
on the HOFIM emission-free compressor, which 
allows liquefying natural gas locally for storage, 
transport, and further use in marine, power, and 
heat generation applications. Through a fleet of 
cryogenic transport tanks, LNG can be trans-
ported over long distances by truck or train to 
enable the provision of energy to or from isolated 
regions. LNG links populations or industries with 
energy sources across distances where pipeline 
transport is not available or not feasible. 
Adaptability is part of why natural gas remains 
one of the world’s top energy resources.

One way LNG is being produced is in the pro-
cess of biogas refining. Brotel expects that the 
market share for biogas will grow. Utilizing 

advantages. The product line provides continuous 
compressed air for instrument air, plant, and pro-
cess air compressor applications in LNG plants. 
Compressor capacities start at around 1,000 cfm 
(35 m3/min) and reach up to 25,000 cfm (700 m3/
min). Steady and reliable compressed air is needed 
to curtail unplanned downtime, said Sarachine. 
PAP Plus compressors also accommodate site-spe-
cific needs, including human factors engineering 
(HFE) requirements, or hazardous area require-
ments for operator and plant safety. Operating 
conditions always need to be considered. 
Advances in technology mandate continued eval-
uation of site productivity capabilities.

Sarachine noted that LNG plants tend to 
reach high operating efficiencies while working at 
rated conditions. These capabilities depend on 
practical aerodynamic and mechanical design 
expertise. LNG today is more focused on equip-
ment performance across wider operating condi-
tions when designing and operating plants, he 
said. This improved efficiency can contribute to 
emission reduction. Achieving a broader flow and 
pressure range while maintaining the greatest 
efficiency does not necessarily require new impel-
lers, casings, or motors. Simply utilizing the latest 
advances in control system technology can 
broaden the operating range of a machine. For 
example, FS-Elliott’s Regulus Control System 
offers an energy advisor system to provide opera-
tors with recommendations on improving effi-
ciency and a data-driven predictive maintenance 
module to notify when restorative actions are 
necessary. Web-based remote monitoring pro-
vides a look at compressor health. It’s all part of 
the bigger conversation on digitalization, paving 
the way for increasingly accurate and effective 
measurements. 

“LNG is now 
focused more on 
equipment effi-
ciency across 
wider operating 
conditions when 

designing and operating plants. 
This improved efficiency can con-
tribute to emissions reduction,” 
said Dominic Sarachine, FS-Elliott.

 This compressor package for a Middle Eastern oil refinery features an instrument 
rack with transmitters for local monitoring and a walkway platform for maintenance 
access. Also included are fan-cooled air-to-air heat exchangers for cooling between 
compressor stages. Courtesy of FS-Elliott.
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Factory LNG technology at large organic waste 
collection sites, biomethane – or renewable natu-
ral gas (RNG) – can be liquefied from biogas. 
Biogas or biomethane can be used for combined 
heat and power (CHP) operations or converted 
into electricity.

When considering the flexibility to connect 
existing gas consumers with new or remote 
energy sources, including the growing renewables 
sector, further LNG development seems logical. 
However, there are other factors at play. A boom 
will require the adaption and expansion of gas 
transportation and storage infrastructure. The 
focus on electrification and emission reduction of 
compressor equipment means HOFIM and 
MOPICO hermetically sealed compressors will 
see more action, according to Brotel.  

MITSUBISHI HEAVY INDUSTRIES 
COMPRESSOR 
Mitsubishi Heavy Industries (MHI) Compressor 
(MCO) was established in 2010 as a dedicated 
compressor company under MHI. Takashi 
Niiyama, Group Manager, Project Development 
Group, Business Development Division at MCO, 
highlighted the company’s work in energy transi-
tion related markets, such as carbon capture and 
storage (CCS), carbon capture and utilization 
(CCU), blue and green ammonia, and hydrogen. 
The technology used evolved within the conven-
tional fields of ammonia and urea, ethylene/pro-
pylene, and propane de-hydro plants. MCO 
produces large compressor casings with consistent 
rotor stability. Multi-shaft integrally geared com-
pressors are also available in the MCO portfolio, 
seeing frequent use in CCS and CCU. 

Barrel-type (RB) compressor by MAN Energy Solutions.

“New require-
ments are lead-
ing to alternative 
approaches in 
operation and 
execution in the 

LNG compressor market”, said 
Takashi Niiyama, MCO.

Illustration of a refrigerant compressor driven  
by a 120 MW dual shaft gas turbine. Courtesy of 
MCO Compressor.

MCO designs and manufactures LNG mixed 
refrigerant (MR) compressors according to licensor 
requirements. For large LNG liquefaction trains, it 
offers MR compressor packages utilizing the H-100 
gas turbine. This grants variable speed operation in 
a twin shaft design and simplifies plant configura-
tion and start-up, said Niiyama. Full load string 
tests are done at their Hiroshima facility before 
shipment to minimize equipment nonconformities. 
As for mid-scale & small-scale LNG trains, MCO 
can offer an e-motor drive solution. MCO supplies 
auxiliary compression services at LNG facilities, 
such as EFG, booster, and regen applications. 

“LNG links 
populations or 
industries with 
energy sources 
across distances 
where pipeline 
transport is not 
available or not 
feasible”, said 
Christian Brotel, 
MAN Energy 
Solutions. New requirements bring about alternative 

approaches in operation and execution in the LNG 
compressor market, said Niiyama. For example, 
minimizing site work from a construction stand-
point and decarbonization trends. Looking ahead, 
the number of projects adopting modularization 
philosophies and/or applying e-motor driver in 
MR compressor strings is increasing. 
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Recently, a series of tests were performed at 
a Saudi Aramco refinery continuous cata-
lyst regeneration plant (CCR) to examine 
compressor trip mitigation. Two recycle 

gas compressors operating in parallel at 50% 
capacity feed H2 to the CCR. Each compressor is 
rated for 6 MW, with a maximum continuous 
speed of 6,200 rpm. They enable hydrogen-rich 
gas circulation in the reactor circuit. A steam tur-
bine (K-400B) and a variable frequency drive 
(VFD) electric motor (K-400 A) act as drivers. 
Each compressor had a different head, so the 
start-up and shutdown sequences were compli-
cated, and required special consideration. Steam 
turbine tripping necessitated a total plant shut-
down since it could not be restarted while the 
motor driven compressor was running. K-400B 
trips lasting longer than four hours and led to total 
plant shutdown or 60% capacity operation.

BACKGROUND
Uncovering design limitations of the CCR com-
pressors during commissioning indicated major 
operational issues for the CCR plant. The current 
engineer-procure-construct (EPC) design called 
for a start up of the steam turbine driven compres-
sor (K-0400B) prior to start up of the motor driven 
compressor feeding H2 to the CCR. This wasn’t 
reflected in any of the process licensor or 
EPC documents.

During normal unit capacity, K-400B can’t 
start while J10-K-400A is online, as K-400B can’t 
develop pressure at idle speed. Upstream pressure 
of the J-10-E-410 (reactor effluent air cooler) 
would be almost 2.8 barg while K-400A is run-
ning, and lead to K-400B going into surge with 
the existing piping layout (Figure 1).

Idling mode with 1,500 rpm is required for the 
compressor turbine KT-0400B prior to increasing 
the turbine speed to its minimum 4,200 rpm. It 
cannot be carried out when K-0400A is in opera-
tion, since a compressor head with 1,500 rpm is 

Resolving Recycle Gas 
Compressor Challenges
Dynamic simulation of compressor anti-surge system demands special care.
BY TALAL RASHIDI, TARIQ AL-ALSHAIKH & HASSAN HAMDHI

Figure 1: Schematic of H2 recycle gas compressors. Courtesy of Saudi Aramco.
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not sufficient to overcome the required discharge 
pressure developed by the reactor effluent and 
recycled gas flowing through the effluent condens-
ers. The anti-surge spillback line is taken from the 
individual compressor discharge and connected 
upstream to reactor effluent condenser E-0410. 
With K-0400A running, pressure drop is created 
through E-0410, E- 0411A/B, and the associated 
piping. It was too high for K-0400B under idle, 
and thus, shall be lower than the achievable dis-
charge pressure at 1,500 rpm. 

For any Reformer Reactor Circuit, an H2 
recycle gas compressor system pressure is gov-
erned by the naphtha liquid feed. Reactor circuit 
pressure drop and recycle gas pressure is largely 
determined by hydrocarbon flow, rather than 
compressor speed. This means while K-0400A is 
running, altering its speed will not influence the 
reactor circuit pressure drop as much as the 
liquid feed. 
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MITIGATION PLAN
By starting K-400 B first, idling operation can be 
performed before increasing turbine speed. After 
reaching minimum turbine speed on compres-
sor-B, compressor-A starts. Afterwards, liquid 
hydrocarbon is introduced to the reactor. If com-
pressor-B is tripped for any reason, several solu-
tions can alleviate the issue of common tie-in of 
the compressor’s recycle line to the effluent con-
denser, mitigating operational limitations. 

One route involves continuing turndown 
operation only with compressor-A, until problems 
with compressor-B can be resolved. Once com-
pressor-B is fixed, idling operation of the com-
pressor-B turbine can commence. Next, shut 
down the unit by stopping the feed; then shut 

down compressor-A. With intermediate storage 
tanks, the upstream/downstream units can con-
tinue, so impact on the aromatic production 
should be limited. The upstream naphtha hydro-
treating (NHT) will continue to run by sending 
hydrotreated naphtha to the hydrotreated naph-
tha storage tank. 

Another is to provide a new recycle line from 
the compressor discharge to flare so that the com-
pressor-B’s discharge can be depressurized to 
atmosphere. Hydrogen rich gas would be vented 
and lost to flaring (Figure 2).

A third choice is installing a new recycle line 
from compressor-B’s discharge to the compressor 
common suction before the split to the compres-
sors. This ensures compressor-B operates inde-
pendently from compressor-A during idling, as 
both compressors have a dedicated loop (Figure 3).

SOLUTION EVALUATION
Both the first and second options ended up being 
excluded. One leads to major process interruption 
and requires extensive effort to shut down and 
restart the plant. Number two extrudes high levels 
of hydrogen rich gas to the atmosphere.

Option three was deemed the best solution. It 
provided higher operational flexibility, is less 
harsh on the environment, and only requires 
minor piping modifications. To eliminate com-
pressor-B surge during turbine idling operation, 
the discharge pressure of compressor-B must be 
depressurized and equalized to the suction pres-
sure. This is achieved by providing a new line, 
bypassing the reactor effluent condensers. With 
low-speed idling, the temperature rise through 
compressor-B is marginal, and the required flow 
rate is small compared to the gas flow rate circu-
lated with compressor-A. Idling operation can be 
done without temperature escalation at compres-
sor-B’s discharge, as long as the discharge gas is 
combined with gas from the separator (compres-
sor-A). Here, no additional spillback gas cooler is 
required (Figure 4). 

COMPRESSOR EVALUATION 
The differential pressure across J10‐E‐0410, 
J10‐E‐0411A/B and the associated piping is 
expected to be approximately 0.2-0.25 bar under 
50 % operating load, as per a system hydraulics 
simulation. According to the performance curve 
provided by the compressor vendor, the allowable 
pressure differential between compressor suction 
and discharge in the idling mode (1,500 rpm) is 
limited to 0.14 ‐ 0.20 bar. Raising the idle speed 

Figure 2: New line to depressurize compressor-B to flare during idling.  
Courtesy of Saudi Aramco.
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 Figure 3: Proposed piping modifications to enable idling. Courtesy of Saudi Aramco.
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Figure 4: Compressor performance curve at different proposed idling speed. 
Courtesy of Saudi Aramco.
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was needed to meet differential pressure of  0.2 bar at 50% 
load. The compressor and steam turbine vendor proposed up 
to 2,200 rpm for idling compressor-B, which is near the critical 
speed of  the train. This wasn’t possible, as the steam turbine 
would trip due to high vibration near the critical point. 
Pressure drop across the loop means pressure upstream the 
condenser will not be overcome.

Whenever a compressor trips, the plant operation tends to 
maintain maximum production from the other compressor, 
which can handle up to 65% of  the plant’s capacity. This adds 
an additional required discharge pressure to be developed by 
compressor-B, increasing the differential pressure across E-410 
and E-411 to approximately 0.3 bar. Compressor surge tends to 
occur during idling mode when the compressor J10‐K‐0400A is 
running. Figure 5 shows how this modification adds more opera-
tional flexibility, as it allows compressor-B to work independently 
from the other compressor during idling speed.

Plant management approved Option 3. Moving ahead, 
more plant flexibility is expected without the need to shut down 
the plant. Now, the steam turbine compressor will be reset if  
tripped. Although plant design undergoes several review cycles, 
important aspects of  the design could possess greater limita-
tions for plant operation. Special attention must be paid during 
dynamic simulation of  the compressor anti-surge system and 
startup scenarios to prevent downtime costs. 

Saudi Armaco is a Saudi Arabian-based petroleum and natural gas 
company. Its focus is on generating value across the hydrocarbon chain 
through energy production, chemical refinement, carbon management, 
and research and development. Visit aramco.com to learn more.

Figure 5: Proposed piping modification for compressor-B. 
Courtesy of Saudi Aramco.
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ASME Power Test Code (PTC)-10 estab-
lishes standards and rules for conducting 
tests that determine compressor thermody-
namic performance at specified operating 

conditions. The primary goal of thermodynamic 
performance measurement is to estimate some kind 
of reference or ideal work input, actual shaft work 
input, and resulting thermodynamic efficiency. 
However, such estimation requires measurement of 
many other quantities. PTC-10 has attempted to 
provide standardized methods to measure relevant 
quantities and calculate the performance. 

Since the first version of PTC-10 was pub-
lished in 1935, it has been periodically reviewed 
and revised to provide updated testing standards 
as compressor applications have become more 
diverse. While the 1935 and 1949 versions pro-
vided initial guidance for compressor performance 
measurements, it was the 1965 version that started 
addressing real gas behavior in performance mea-
surements. An examination of the versions start-
ing from 1965 until now reveals how the code’s 
compressor performance measurement has 
evolved over time and may continue to evolve.

1965 – The previous two versions of the code 
depended mostly on ideal gas laws and generally 
assumed the test was conducted at the site installa-
tion. This revision attempted to address the grow-
ing field of compressor applications using 
non-ideal gases, and to make provisions for the 
use of multistage compressors with sidestream 
injection and extraction flows. It established man-
ufacturing shop procedures for testing gases that 
differ greatly from the specified gas at the com-
pressor installation site. Some of the concerns 
addressed included: permissible variations in gas 
properties between the substitute gas and the 
actual contract gas, the process to obtain reliable 
thermodynamic properties of the gases, and con-
version of test performance values to the guaran-
tee or specified values. 

New terms added in the Definitions section 
include volume ratio, machine Mach number, and 
machine Reynolds number. The surge limit was 
added to the list of quantities to be determined by 
the performance test. Surge and methods to detect 
it during a test are also described. This code also 

How PTC-10 Has Evolved
Improving compressor performance test accuracy.
BY KAPIL PANCHAL AND WILLIAM HOHLWEG 

introduced a new method for classifying tests based 
on the test gas and the thermodynamic properties 
at the design point test conditions. 

Three test classes were defined. Which test 
class is conducted depends on whether it was per-
formed at specified gas conditions, or on a substi-
tute gas at different operating conditions. Class I 
tests are made with the specified gas at the con-
tract speed, inlet pressure, and inlet temperature 
within the allowable departure (%) limits. Class I 
tests should be used wherever feasible. Class II 
and Class III tests are conducted at different oper-
ating conditions from the specified and/or other 
gases, depending on the amount of departure of 
the gas properties from perfect gas laws. The code 
defines limits that are referenced to both the spe-
cific heat ratio and the compressibility functions. 
The Class II tests lie within the specified limit val-
ues, while the Class III tests fall outside those lim-
its. If these limits are exceeded by either the test or 
specified gas at any state point along the compres-
sion path, then the formulas designated in the 
code for “real gases” must be used to calculate the 
performance parameters.

Both Class II and Class III must meet the lim-
its in Table 1 at the design or guarantee operating 
point. Mechanical losses cannot exceed 10 percent 
of the total shaft power at the test conditions.

Table 1 : Class II and Class III limits

Test Variable % Design Value

Min Max

Volume ratio, Q1/Q2 95 105

Inlet volume flow/speed 96 104

Machine Mach # 0 to 0.8 50 105

Machine Mach # above 0.8 95 105

Re# below 200,000 (cent) 90 105

Re# above 200,000 (cent) 10 200

Re# below 100,000 (axial) 90 105

Re# above 100,000 (axial) 10 200
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Figure 1. Multistage compressor with sidestreams

This version of the ASME Power 
Test Code warns that those setting up 
the test conditions need to verify the 
accuracy of the gas properties they are 
using. If the properties are not reliably 
known, then the test does not comply 
with the code. Uncertainties in the over-
all calculations should be evaluated 
prior to the test to determine if the pro-
posed test will meet the required accu-
racy. This is the first time the concept of 
uncertainty analysis was included in the 
test code. However, the code does not 
include a method to calculate the 
uncertainty.

The code also requires that compres-
sors with liquid-cooled diaphragms be 
tested on the specified gas using Class I 
tests only. Descriptions of the various 
compressor test arrangements and their 
associated flow meters are included (like 
previous versions of the code), along 
with several drawings. For the first time, 
square-edged orifice plates are listed as 
acceptable flow meters. Reference is 
made to PTC 19.5 (4-1959) for obtain-
ing their associated flow coefficients or 
K. Also, several types of flow straighten-
ers are described.

This code revision adopts a new 
method for calculating polytropic work 
(head), developed for use with “real” 
(non-ideal) gases, and introduces the 
term, polytropic work factor in the head 
equation. Another new procedure was 
added for adjusting the tested perfor-
mance to the specified as a function of 
the ratio of test to the specified machine 
Reynolds number. 
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The method was derived from one 
established for axial compressors, since at 
this time, there was little published test data 
on the Reynolds number effect for centrifu-
gal compressors. Therefore, to be conserva-
tive, the efficiency correction was reduced 
to about half of the axial correction. 

The polytropic head is also corrected 
by the same ratio of specified to test effi-
ciency. It was not uncommon for com-
pressor manufacturers to apply only half 
of the resultant efficiency correction to 
the test due to the magnitude of the full 
correction, and possibly because of some 
skepticism from the compressor pur-
chaser. The 1965 code also provides 
examples of Class I, II, and III tests, with 
detailed calculations showing test values 
converted to specified conditions.  

1997 – Up to 1965, the average time 
between code revisions was 15 years. 
Thirty-two years later, the 1997 revision 
was published and is 195 pages, more 
than twice the length of the 1965 version, 
including 100 pages of sample calcula-
tions. The code committee reaffirmed 
this version in 2009, and then again in 
2014. In it, the basic list of parameters 
determined from the performance test 
has grown to include: quantity of gas 
delivered, pressure rise produced, head, 
shaft power required, efficiency, surge 
point, and choke point.

This edition of the ASME Power Test 
Code includes more detailed explanations 
of the procedures and their associated sam-
ple calculations. The main changes are: dis-
cussion of uncertainty analysis, a new 
performance correction method based on 
the Reynolds number, requirements for the 
treatment of sidestream flows, definition of 
the allowable departures of machine Mach 
number and Reynolds number from speci-
fied in the form of graphs, revision of the 
test class or type of test to two (Types 1 and 
2), and requirements for multipoint tests.

The code committee wanted to demon-
strate how measurement error could propa-
gate to the final calculated results, and that 
such an analysis before the test can help in 
choosing instrumentation and methodol-
ogy. The degree to which uncertainty anal-
ysis may be applied to any test depends on 
the specific test objectives. Based on this, 
the code makes no firm requirements 
regarding the use of this analysis and 
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advises addressing this issue prior to the test. 
Although these calculations can be complex, the 
1997 code considers that personal computers now 
allow for the associated equations and procedures to 
be programmed and solved rapidly. PTC 19.1 is ref-
erenced for providing step-by-step calculation proce-
dures for performing an uncertainty analysis.

By the mid-1970s, both manufacturers and 
many end users of centrifugal compressor equip-
ment acknowledged that the code correction to effi-
ciency based on the Reynolds number was too 
large. As a result, the committee adopted a new 
method based mainly on Wiesner’s work with some 
simplification for ease of application. However, 
some end users prefer the ICAAMC method, and 
have asked that it be applied for their performance 
tests instead of the recommended one.

Because of the many petrochemical processes 
requiring multi-section compressors with injection 
or extraction side streams, the 1997 code tried to 
provide better guidance for test procedures under 
these circumstances. It gives clear specifications for 
the allowable range of variation of sidestream to 
upstream volume flow rate ratio. These limits are 
especially important for Type 1 tests at site where 
only conditions at the compressor flanges (internal 
data not available) are normally measured. Type 2 
tests are commonly performed at the manufactur-
er’s facility where internal pressure and tempera-
ture instruments can be installed. The code only 
requires the temperature to be measured internally 
to allow calculation of both the upstream section 
head and efficiency, and the internal mixed tem-
perature of the downstream section inlet. Internal 
pressure is not required to be measured and is 
allowed to be estimated based on the sidestream 
flange pressure. It also warns to be cognizant 
during the test of the flow stream temperature dif-
ferences, which could cause thermal stratification.

For tests requiring multiple points from choke 
flow to surge flow, the same equivalency rules with 
respect to volume ratio, Mach number ratio, and 
Reynolds number ratio apply at each point. Also, 
the same sidestream to upstream volume flow 
ratio tolerances apply at off-design points, unless 
otherwise specified prior to testing. Multipoint 
tests are now quite common, and typically follow 
the recommendation of five points to define the 
necessary performance curves. Purchasers of vari-
able speed compressors often will require addi-
tional test points at alternate speeds to define a 
surge line. Determining choke flow was a new 
addition, and an explanation is included on how 
to achieve it on test. However, depending on the 
compressor and test loop arrangement, a clear 
definition of choke flow may not be possible. 

Thus, it is important that the purchaser define this 
requirement well in advance of a test. This allows 
the testing facility to investigate the best means to 
achieve choke flow or to define the highest flow 
possible based on the test loop system resistance.

CONCLUSION
PTC-10 has evolved with both changes in tech-
nology and with design and testing of various 
compressor configurations. It has been almost 25 
years since the last version of the code. The limita-
tions of the current version, including its accuracy 
in evaluating centrifugal compressor thermody-
namic performance have been discussed, and the 
need for an upgrade debated.

Many methods have been proposed for correc-
tion of performance prediction based on deviation 
of Reynolds number from nominal conditions. 
This includes a unified method for correction of 
the effects of the Reynolds number, size, and 
roughness. Such changes in both the performance 
calculation and correction method should lead to 
a more accurate compressor performance result 
and are expected to find a place in future updates 
of the ASME PTC-10 code. 

Kapil Panchal, Engineer V Compressor 
Aerodynamics, Elliott Group, a compres-
sor manufacturer based in Jeanette, PA. 
For more information, visit www.Elliot-

Turbo.com

William Hohlweg, retired, Elliott Group. 
For more details on the references and 
equations related to this article, please 
email info@elliott-turbo.com 

Figure 2. Multistage compressor cross section with measurement locations for 
various quantities
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VENDOR SPOTLIGHT 

Riverhawk is a manufacturing and engineer-
ing firm that’s been in the business for three 
decades. It is both an original equipment 
manufacturer (OEM) and aftermarket sup-

plier of stud/bolt tensioning tools, diaphragm, and 
disk pack couplings, coupling accessories, torque 
management solutions, and installation tools for the 
couplings used by OEMs and end users. In addi-
tion, it provides custom probes, sensors, seismic 
transducers, and torque meter systems that mea-
sure vibration and displacement. 

Vendor Spotlight: 
Riverhawk 
BY TIMOTHY LUKAC

The company a full service one-stop shop for 
diaphragm couplings. In addition to supplying a 
new or replacement coupling, it provides all of the 
installation tooling for the many different shaft 
end configurations, such as pushers, ring/plug 
gages, pump kits, fittings, and more. Beyond new 
couplings and installation tools, a coupling repair 
service is also available. 

“We also offer numerous shaft end accessories 
and torque management solutions to improve 
equipment reliability that can be implemented on 

The World Turns to Elliott.
C O M P R E S S O R S  |  T U R B I N E S  |  C R Y O D Y N A M I C S®  |  G L O B A L  S E R V I C E

Customers choose Elliott for unmatched 
performance and reliability, supported by a 

renowned global service network and regional 
response. Who will you turn to?

n Learn more at www.elliott-turbo.com

Turn to 
Elliott Group 

for a partnership 
you can trust.
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couplings manufactured by other couplings sup-
pliers,” said Cal Laclair, Business Development 
Representative at Riverhawk. 

Additionally, Riverhawk offers a large catalog 
of standard tensioners and related hardware. 
Those working on GE Frame gas or steam tur-
bines will be familiar with its legacy yellow or the 
latest enhanced orange guarded tensioners that 
are designed for load coupling bolts.

HYDRAULIC COUPLINGS
Riverhawk specializes in the use of hydraulics. The 
Hydraulic Shrink Disc is an API 617 compliant 
coupling accessory. It features clamp technology 
that replaces traditional hub-to-shaft installation 
methods. The clamp goes on the outside diameter 
of the hub that slides onto a shaft with a loose fit. 
Hydraulic pressure is pumped into the clamp which 
introduces squeezing force, creating an interference 
fit. Once the desired interference is achieved, the 
clamp is held mechanically in place with retention 
screws and the hydraulic fluid is released back into 
the pump, securing the hub to shaft. 

“The Hydraulic Shrink Disc has been our 
stand-out offering since its inclusion into the fifth 
edition of API 617 in high performance coupling 
applications,” said Laclair. “It provides a good 
return on investment in terms of cost, time, 
and safety.”

The Crosshead Nut is another well-known ten-
sioning product exclusively offered by Riverhawk. 
A modified version of its traditional Hydraulic 
Tensioned Nut, the Crosshead Nut was designed 
as an alternative method of tensioning for the 
cross-head to piston rod connecting joint within a 
reciprocating compressor. The hydraulic 
Crosshead Nut is API 618 compliant and has been 
used by OEMs since 2010.  

“It is a significant upgrade over torque jam nuts 
or multi-bolt jack nuts due to the use of hydraulics 

instead of torque to achieve uniform and repeatable 
loading,” said Cal Laclair, Business Development 
Representative at Riverhawk. 

Laclair noted that the company possesses an 
entire instrumentation line that is available for 
customers. Back in the 90s, Riverhawk acquired 
the Indikon Instrumentation Company and 
shifted manufacturing and distribution to Upstate 
New York. Instrumentation product offerings 
include vibration probes and sensors, seismic 
transducers, and torque meters systems.

TURBOMACHINERY MARKET TRENDS
Crude oil prices have remained high for some time 
now, with positive implications for certain corners 
of the turbomachinery industry. According to 
Laclair, end users are committing to work which 
was previously put on hold during the COVID-19 
pandemic with turnaround times and maintenance 
schedules extended. “With crude oil prices still on 
the higher end, we foresee not only an increase of 
business from rescheduled turnarounds, but an 
increase in capital spending programs lower crude 
oil prices would not normally support,” he said.

Overall, the coupling business at Riverhawk is 
doing well. In addition to inspection, repair, and 
calibration of tooling, Riverhawk offers global 
onsite maintenance, training, and supervisory ser-
vices. Examples include the installation and 
removal for Frame 7 couplings bolts, taper bored 
hydraulic hubs, and on-site tooling inspection. Its 
field reps are ready to travel rapidly to anywhere 
in the world. More field service support offerings 
are planned for the near future. 

Meanwhile, the company is pushing into new 
geographies to increase its reach. While mostly 
operating in the oil & gas, petrochemical, and 
power generation industries, Riverhawk has dipped 
its toes into automotive, mining, and agriculture. 

For more information, visit riverhawk.com. 

The Crosshead Hydraulic Tensioned Nut from Riverhawk 
is an alternative method of clamping for the crosshead 
joint in a reciprocating compressor. Riverhawk

“We also offer 
numerous shaft 
end accessories 
and torque 
management 
solutions to 
improve 
equipment 
reliability that 
can be 
implemented on 
couplings 
manufactured 
by other 
couplings 
suppliers,” said 
Cal Laclair, 
Riverhawk. 

Riverhawk’s Hydraulic Shrink Disk is being 
implemented by several OEMs and end users
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Troy O’Steen is Director 
of Sales at L.A. Turbine. 
He details what the 
company does in the 
turbomachinery space, 
some industry trends, 
and projections for the 
future of LNG.

TELL OUR READERS ABOUT L.A. TURBINE.
L.A. Turbine provides turboexpander-compres-
sors for use in small-scale LNG applications. The 
knowledge and experience from LNG applica-
tions is being applied to new turboexpander 
designs for clean energy solutions involving hydro-
gen liquefaction. Chart, our parent company, pro-
vides liquefaction solutions. These run all the way 
from the smallest liquefiers collecting and repur-
posing bio-methane to large-scale units. Chart’s 
involvement in natural gas liquefaction enables 
much collaboration between our companies. 

WHAT DOES L.A. TURBINE BRING TO 
TURBOMACHINERY?
This year marks our 20th anniversary working 
with turbomachinery equipment. Our product 
range features a wide range of applications with 
specific use cases. L.A. Turbine also provides tur-
boexpander-compressors for use in small-scale 
LNG applications.

CAN YOU SPEAK ON 
TURBOMACHINERY PROJECTS L.A. 
TURBINE IS CURRENTLY INVOLVED IN?
L.A. Turbine is currently building a two-stage 
turboexpander-compressor unit to support 
Chart’s Nitrogen Refrigeration Cycle 
Liquefaction System project at an existing U.S. 
LNG peak shaving facility. This project will see 
the replacement of the original plant built with 
modernized liquefaction. The configuration 
includes two L.A. Turbine L2000 turboexpand-
er-compressors with one expander acting as a 
warm unit, the other as a cold unit. The 

Boosting 
Turbomachinery 
Utilization in LNG 
Liquefaction Processes

turboexpander is coupled to the compressor as 
part of the nitrogen loop. 

Another is an expansion of the Atlanta Gas & 
Light LNG facility in Cherokee County, which 
will double the facility’s liquefaction and storage 
capacity. The project includes the installation of a 
second tank, allowing Atlanta Gas Light to store 
and access gas during peak periods. Construction 
is currently underway and will be completed in 
phases over the next three years, including the 
expansion of their adjacent liquefaction produc-
tion facility. LNG is growing in areas where 
inclement weather events are common, such as 
the Southeastern US, to alleviate grid instability.

WHAT ARE SOME TRENDS IN  
THE LNG MARKET?
Up until recently, the large-scale LNG market on 
liquefiers or export/import shore size facilities has 
seen little to no activity. Large-, mid-, and small-
scale opportunities have increased due to macro 
tailwinds influenced by geopolitical and economic 
factors. Previous financial hurdles and lengthy 
approval cycles are reduced, with plant develop-
ment and construction hurrying. There is signifi-
cant activity among power and public utilities 
looking to upgrade aging plants along the coasts 
especially within mid-Atlantic and Northeastern 
states. In the last decade, request for quote (RFQ) 
activity amounted to two to three a year with typi-
cally one plant awarded annually. Now, it has 
increased to eight to ten a year with three to four 
awarded annually. For mid-scale LNG, due to 
Europe’s need to import LNG, there are opportu-
nities to bring liquefaction capacity to support 
LNG production, transport, and storage.
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HOW DOES LNG IMPACT GRID STABILITY?
Although population growth has slowed, the resi-
dential demand for electricity is increasing. Add to 
this heightened awareness among consumers and 
demands for safeguards to ensure availability and 
access to energy sources due to recent blackout 
and shutdown events. Utilities must ensure energy 
availability and access to the populations they 
serve. Investments are needed primarily in 
upgrades and replacements. Upgrades are often 
planned in the form of expansion. However, LNG 
facilities typically endure a lifecycle of 40 to 50 
years with proper maintenance, and replacement 
is ultimately critical to grid sustainability. 

WHERE IS LNG HEADED?
Until recently, natural gas was predominantly liq-
uefied in expansive base-load facilities, with an 

exception being smaller peak shavers that are 
deployed during periods of high load. However, 
with modular mid-scale designs, instead of a single, 
large custom-built facility, total plant capacity can 
be achieved through a series of replicable modules. 
Chart refined the small-scale liquefaction model to 
provide a feasible solution for production and dis-
tribution of smaller volumes of LNG, enabling 
power delivery to off-grid locations. Additionally, 
this provides an alternative transport fuel for trucks, 
ships, and locomotives. The ability to move LNG 
to wherever it is needed is the key. The LNG mar-
ket for carrier ships, for example, is growing so fast 
that shipbuilders are unable to fulfill orders. As a 
result, vessels are being retrofitted to accommodate 
increased demand. 

For more information, visit chartindustries.com

For over 40 years, Atlas Copco Gas and Process 
has engineered solutions to help customers 
prepare for tomorrow by designing, building, and 
servicing turbomachinery across a diverse variety of 
applications worldwide.  
 
Dedication, commitment, and a constant vision for 
innovation enables our customers to handle today’s 
pressures while creating sustainability for the future. 

Cut The Carbon
with end-to-end 
turbomachinery solutions

www.atlascopco.com/cut-the-carbon
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NEW PRODUCTS

PLANT MAINTENANCE SOFTWARE

TMMonitor plant maintenance soft-
ware shows what drives outage deci-
sions. It utilizes efficient parts 
rotation and risk management. The 
software makes updating mainte-
nance data, inventory control, and 
planning of  inspections more 
straightforward. Multiple plants and 
t u r b i n e s  c a n  b e  l i n k e d  t o 
TMMonitor. The main features are 
ful l  turbine and maintenance 
history, complete data with inspec-
tion reports and service bulletins, 
and parts tracking. gasre.com

AGILE ENGINEERING DESIGN SYSTEM 
Concepts NREC is updating the Agile Engineering Design System v2023.0 soft-
ware for Computer-Aided Engineering (CAE) and Computer-Aided 
Manufacturing (CAM) specialized for turbomachinery. The new MAX-PAC 
CAM software version delivers surface milling capabilities to build and mill arbi-
trary surfaces that are not part of the bladed configuration. 

Concepts NREC has improved all CAE codes with a focus on secondary flow paths 
including seals, swirl breaks and pump-out vanes. conceptsnrec.com

Howden’s ExVel Composite turbofan is 
optimized for glass production due to its 

carbon fiber construction. Howden

Micro 
Motion 
1600 from 
Emerson

HOWDEN’S NEW TURBOFAN 
Howden’s new ExVel Composite turbofan 
features a carbon fiber composite impeller. 
It’s not susceptible to cyclic fatigue failure 
like metallic impellers, which reduces 
unplanned downtime. Weight is much less 
than stainless steel, which makes the 
turbofan consume less energy and reduce 
load and wear to connected components 
like bearings and couplings. 
howden.com

MICRO MOTION 1600 
CORIOLIS TRANSMITTER
Emerson’s Micro Motion 1600 Coriolis 
Transmitter is an Ethernet solution 
designed to be a scalable for facilities 
wanting to transition to remote flow data 
collection, monitoring, and configuration. 
The device uses Power over Ethernet 
(PoE) or a separate direct current (DC) 
power input. The transmitter is equipped 
with a multilanguage four-line local oper-
ator interface (LOI) and a suite of software 
solutions including smart meter verifica-
tion, data historian, concentration 
measurement and advanced phase 
measurement. emerson.com

FREUDENBERG SPIDERMAXX
Freudenberg Filtration Tech-nologies’ spiderMaxx cassette filters offer intake filtra-
tion for gas turbines, compressors, power plants, and oil rigs. The filters are EPA 
(Efficient Particulate Air) class, feature an increased dust holding capacity, and have 
a service life 25 percent longer than previous renditions. The leakproof casting of this 
filtration solution features high dimensional stability and resilience. The concentric 
spider web design of the casting distributes fluctuating variable mechanical loads that 
occur during operation. 
freudenberg.com

Rheonik has over 20 years of 
experience with H2 flow measurement. 

RHEONIK H2 FLOW METERS
Rheonik RHM04 and RHM10 flow 
sensors for hydrogen service now come 
with fully welded internals to provide assur-
ance from leaks. The company specializes 
in H2 flow measurement systems. Supply 
chain challenges prompted them to release 
a new version without seals.

Internal meter tubing is beam welded 
directly to the top plate, making the flow 
path completely free of seals from inlet to 
outlet. Enclosure covers are now remov-
able to facilitate repair more easily 
compared to previous models. 
rheonik.com
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Myth: Methane Leakage 
Cannot Be Avoided
Much was made in the news about the 

greenhouse gas emissions (GHG) caused 
by last year’s Nordstream pipeline act of 
sabotage. Although these greenhouse gas 

emissions were certainly highly undesirable, the 
total amount of natural gas released was actually 
less than what is released on a monthly basis by 
some of the less concerned oil producing nations. 
The Intergovernmental Panel on Climate Change 
has found that even if the world cuts emissions by 
the rate governments have promised, the goal to 
limit global warming to 1.5°C (2.7°F) around the 
year 2050 will still ‘more likely than not’ be missed. 

In recent years, methane emissions have come 
into focus. Natural gas has a global warming 
potential that is about 20-35 times higher 
(depending on who you ask) than that of carbon 
dioxide, so there is justifiable reason to insist on 
the reduction of natural gas emissions, especially 
since they are a waste of a useful fuel source. 
Methane produces a stronger greenhouse effect 
than the same amount of CO2, but methane lasts 
in the atmosphere for only about one decade. This 
explains two things: 1) the wide range of multi-
pliers for methane’s global warming potential and 
2) the attractiveness of methane reduction, since 
(unlike CO2 reduction) the effects of methane 
reduction will be felt much faster.

Natural gas’s principal constituent is methane 
which is considered a strong GHG. According to 
the U.S. Environmental Protection Agency, only 
about 30% of methane leakage in the U.S. is 
caused by the oil and gas industry. The rest is 
attributed to agriculture, landfill, and other mostly 
biological sources. 

There are many avoidable, unavoidable, and 
accidental emissions points for methane in the oil 
and gas production and value stream, and there is 
significant misunderstanding about them among 
the public. Natural gas emissions from oil or gas 
production can be divided into accidental leakage, 
incomplete combustion (unburned hydrocarbons), 
and/or intentional blowdowns/releases. These 
emissions account for approximately 3-4% of total 
U.S. greenhouse gas emissions on an equivalent 
carbon dioxide basis but are potentially much 
higher in other oil producing countries. To 
provide some clarity, we list the natural gas point 

leakage sources and discuss the potential for their 
reduction or elimination. 

LEAKAGE SOURCES
By far the largest segment of methane leakage in 
in the oil and gas industry occurs in the upstream 
production process, which accounts for at least 
half methane emissions (according to some publi-
cations the number is substantially higher). The 
big three sources here are production venting, 
leakage, and gas gathering compression. While 
leakage and venting are mostly accidental or 
safety related and, thus, can be reduced through 
improved operations practices, leakage from gas 
gathering compression is more complex.  

Gas gathering reciprocating compressors are a 
major source of methane emissions since it is diffi-
cult to eliminate a gas leakage path from the 
process gas cylinder to the piston rod. Abradable 
packing seals made from polymers are commonly 
used to minimize leakage. However, these tend to 
wear over time so that leakage can become exces-
sive unless they are frequently changed. Several 
studies indicate that nearly a third of upstream 
methane emissions come from leakage through 
reciprocating compressor rings and packings. The 
majority of this leakage, as well as unburned hydro-
carbon production, is associated with smaller 
upstream machines in gas gathering duty which are 
often operated in unmanned compressor stations 
with little supervision or control. More frequent 
maintenance and better condition monitoring 
could reduce this very significant source of methane 
emissions. But these requirements would add cost 
and could reduce availability. A viable alternative 
in many cases is to convert to centralized gas gath-
ering compression stations using larger centrifugal 
compressors rather than many small units. 

In midstream gas transportation and down-
stream gas processing applications (including LNG 
production), most methane emissions are related to 
blowdown venting, valve leakage, and a smaller 
percentage to compressor leakage. Blowdown and 
venting may be reduced by better safety tech-
nology, reduced maintenance intervention, and 
blowdown avoidance devices. However, most of 
these events are compressor station safety driven 
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and cannot be completely avoided. Reciprocating 
compressors in the midstream segment also leak 
but tend to be larger and better maintained than in 
the upstream segment. 

Finally, centrifugal compressors are common in 
pipeline and refinery compressors. Their leakage is 
primarily caused when outdated wet oil seals are used. 
Modern dry gas seals on centrifugal compressors dras-
tically reduce methane leakage. Because of this, few 
centrifugal compressor manufacturers still offer 
compressors with wet gas seals. Dry gas seal systems 
could certainly be improved since they are still some-
what sensitive to contamination and sometimes fail.  

BLOWDOWNS
As noted, GHGs (due to facility blowdowns) are a 
significant contributor to the total industry GHGs. 
Blowdown situations may be caused by mainte-
nance requirements related to safety or due to false 
sensor readings. Some of these could be eliminated 
using improved alarm/shutdown sensor systems, 
increased sensor redundancy, more frequent 
inspections, and generally through higher machine 
reliability. Also, few compressor installations utilize 
continuous measurement leak detection. But the 
technology, especially optical sensor based, is tech-
nically feasible and commercially available to a 
limited extent. Pressurized hold is a potential alter-
native to full station blowdowns for extended shut-
down periods. But the equipment must be designed 
to stay in pressurized hold for extended periods of 
time and must be able to start from a pressurized 
hold. These decisions require a good understanding 
of plant safety and maintenance practices and 
improved operator personnel education. Finally, 
blowing down into low pressure gas storage tanks, 
or utilizing a thermal oxidizer (flare) rather than a 
cold stack for non-safety related shutdowns, should 
be considered to reduce methane emissions. 

It’s also important to note the often-advertised 
conversion of natural gas to blue hydrogen does not 
significantly help to reduce methane emissions. In 
almost all cases, the blue hydrogen is produced at 
the back end of the oil and gas value stream, i.e., all 
methane losses are already incurred in the process 
by the time of the gas conversion.

Technologies exist to reduce methane emis-
sions of centrifugal compressors to zero. Modern 
centrifugal compressors with dry gas seals avoid 
uncontrolled methane emissions, so the methane 
leakage can be gathered and recompressed back 
into the pipeline. The technologies exist and are 
commercially available. Furthermore, dry gas seals 
have been developed that avoid any methane 
leakage, but they would leak nitrogen. Some 

jurisdictions see nitrogen as a regulated leakage 
too, even though the atmosphere consists of 78% 
nitrogen, and nitrogen is inert under atmospheric 
conditions. While reciprocating compressor manu-
facturers are also developing technologies to 
prevent methane emissions, these may be more 
difficult and costly to implement.

Emissions from the energy industry are being 
regulated; since methane is valuable, the loss avoid-
ance of methane in production, transport, and 
combustion also has positive side effects on the 
industry. One of the dangers is that relatively small 
contributors (such as the leakage from dry gas seals 
or the practically negligible unburned hydrocarbon 
emissions from modern gas turbines) are pursued 
with the same vigor as large contributors, thus 
slowing the effort. However, methane emissions are 
not the exclusive problem of the energy industry. 
The majority of methane emissions are produced 
by landfills and the agricultural industry.

Machinery emissions of methane are often a 
function of the amount of maintenance or safety 
interventions when methane must be blown down. 
Thus, the effort of the industry to use digital solu-
tions to reduce shutdowns will also reduce 
methane emissions. Technologies that allow 
keeping units pressurized during shutdowns that 
are not maintenance-related are already in place.

This Myth Buster column went over potential 
for methane leakage reductions from the natural 
gas energy infrastructure. The incentives are 
obvious. Leaked gas is revenue lost and green-
house gas produced. But most importantly, to 
avoid future government environmental regula-
tory intervention, the industry should be proactive 
in voluntarily implementing as many of the above 
methane leakage reduction technologies as is tech-
nically feasible and commercially viable. 

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.
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Mechanical Dynamics & Analysis (MD&A) can extend the service life of gas turbine components 

whose OEM service limit has passed or whose configuration is no longer suitable to operate. 

Significant savings can be realized by opting for lower-cost repaired spares instead of new parts.

Our experts at the San Antonio Service Center combine years of experience with state-of-the-art 

equipment to deliver the right solutions to you.

PARTS  |  SERVICES  |  REPAIRS

MD&A’s San Antonio Service Center 
6948 Fairgrounds Pkwy 
San Antonio, TX 78238

Ph: +1-210-256-5000 
www.MDAturbines.com

Read three case study examples at www.MDAturbines.com/Clinic
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