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DREW ROBB
Editor-in-Chief

I just heard the disappointing news that PowerGen 
International in Orlando in December has been 
postponed. At times like this, trade publications 
such as Turbomachinery International are the pri-

mary way to reach your peers and your customers. 
Accordingly, we have stepped up our efforts to assist 
the industry to make it through these unusual times. 
Our days are peppered by video chats with OEMs and 
aftermarket suppliers to discuss industry trends, com-
pany news, potential contributed articles and how we 
can help them to get their message out. 

We have established a strong webinar program to 
provide a forum for companies to communicate 
important issues and discuss their products and ser-
vices. These webcasts are attracting large audiences. 
The Q and A portions at the end always generate far 
more questions than we can possibly cover. 

On the content side, we have beefed up our online 
presence via newsletters, blogs and LinkedIn posts, 
and have expanded our print coverage. Which brings 
us to the current issue. 

The cover story concerns gas turbine inlet air filtra-
tion. We surveyed the market leaders in this field to find 
out what is new, what trends are emerging and the dif-
ferent products they offer. They told us about improved 
filtration technology to deal with challenging environ-
ments as well as how the different filter classifications 
can be used to fit a variety of environments, owner pref-
erences, equipment ages and price points. In the 
absence of traditional booth visits at trade shows, ven-
dor roundup articles like this offer an opportunity to 
find out about the latest products and services available. 

We took a similar approach to our steam turbine 
feature, interviewing almost all manufacturers about 
their available products, features, materials and capa-
bilities. There is far more technical development in 
this area than many realize. Gas turbine innovation 
garners most of the headlines. Yet steam turbines have 
quietly evolved to fit the modern age. These machines 
remain an essential element of the power industry.  

Filling out the book, we have stories covering top-
ics such as: 

• Evolution of dry gas seals (DGS): It delves into 
sealing pressure, temperature range, face contact, 
leakage and oil migration as some of the challeng-
ing areas for DGS technology and how these are 
now being addressed. 
• Wet compression: This article gives perspective 
drawn from more than twenty years of experience 

in saturating inlet air with fog and allowing it to 
enter the compressor to boost performance. 
• Controls market rebound: Research from analyst 
firm ARC Advisory Group predicts that the tur-
bomachinery controls marketplace is set for a 
swift rebound. 
• Compressor train replacement: A petrochemical 
facility in the Middle East underwent a major 
upgrade to improve reliability and performance
• Myth Busters: They debunk the idea that gas tur-
bines don’t belong on commercial ships
• Turbo Tips: Should you use pneumatic or hydrau-
lic actuators in turbomachinery? 

Trade show blues 
PowerGen International has been pushed back from 
December of 2020 to late March of 2021. For many, 
it would have been their only chance to visit a trade 
show over the course of the entire year. 

It seems strange that we cannot hold such gatherings 
yet in many areas we can safely visit the supermarket, 
grocery store, shopping malls, beaches, restaurants and 
parks. Surely somebody can figure out how to hold an 
event complete with social distancing, use of masks and 
hand sanitizers. 

Due to ongoing health concerns, attendance will 
inevitably be lower – but that just makes it easier to 
organize. Understandably, many potential attendees and 
those at highest risk will avoid these shows. But with 
people cooped up in their houses for half a year, more 
than a few will want to get out and see the world again. 
Undoubtedly, some large corporations will forbid 
employee travel or trade show participation. But there 
are plenty of vendors desperate to showcase their wares. 

With conference centers bleeding money for many 
months, it shouldn’t be too difficult to convince them to 
offer deals for expanded spaces. Instead of huge exhibit 
halls, hold a series of smaller themed exhibits in sepa-
rate rooms, each with a defined number of attendees 
controlled by someone at the door (much like in many 
retail outlets). The same can be done for seminars and 
sessions. Rather than one session with 200 people, hold 
4 versions of the same one over the course of a morning, 
each with a maximum of 50 (or whatever the permitted 
number may be). Keynotes can follow the same pattern. 

It doesn’t seem impossible to solve. All it needs is 
someone bold enough to try it. In all likelihood, enough 
exhibitors and attendees would show up to make it 
worthwhile. How about it? ■

FILTERS, STEAM TURBINES 
AND TRADE SHOW BLUES

TURBOSPEAK
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Hydrogen test
A multidisciplinary team, led in part by 
GE Research, is working to cut the design 
and validation process in 3D printed tur-
bomachinery components from 2-to-5 
years down to 1-to-2 years. Advanced 
Research Projects Agency (ARPA-E), a 
part of the U.S Department of Energy, is 
funding development of software and stan-
dards to accelerate 3D printing design and 
prototyping. The agency has granted $1.3 
million to a consortium of GE, the PARC 
subsidiary of Xerox and the Oak Ridge 
National Laboratory (ORNL). The teams 
believe they can cut the timeline for 
designing and validating 3D printed com-
ponents by two-thirds.

3D printing allows engineers and 
designers to print complex metal parts 
straight from a computer file. Traditionally, 
this kind of manufacturing has meant cast-
ing parts from molten alloys or pounding 
them out on forging machines. Additive 
manufacturing layers metal particles and 
fuses them with lasers. This creates stron-
ger, lighter and more intricate pieces.

It’s not unusual for parts development 
to take up to five years and require up to 
30 prototypes. Under the ARPA-E pro-
gram, the plan is to compile a database of 
materials that could be used in 3D print-
ing. Researchers will also look at laser 
speed, airf low, and levels of energy 
applied in layering. ORNL supercomput-
ers will speed up prototype design by 
modeling variables such as thermal pro-
file, stresses and strains. A trial project 
will redesign the GT shroud to direct air-
flow into the hot section using fewer parts 
and a weight reduction. 

3D printing breakthrough  
Velo3D, a metal additive manufacturing 
(AM) provider, is releasing a new produc-
tion process for parts in Hastelloy X, a 
nickel-based alloy suitable for laser pow-
der-bed fusion (LPBF) process. The 
material is resistant to corrosion cracking 
and oxidation. Hastelloy X is most often 
used to manufacture parts in gas turbines 
for combustion-zone components due to 
its high temperature strength.

Air mobility and power generation 
company, Sierra Turbines, recently part-
nered with Velo3D to print a prototype 
for its 20 kW microturbine engine with a 
unicore in Hastelloy X. They aim to print 
95% of the engine through metal AM. 
Velo3D’s SupportFree process reduces 
the need for support structures for com-
plex passageways, shallow overhangs and 
low angles. A non-contact recoater means 
intricate cooling passageways and fuel 
delivery channels can be created to 
achieve high-output fluid transmission 
and electrical power.

The company also announced that a 
1-meter tall system will be available in 
Q4 2020. For the first time with laser 
powder-bed fusion, meter-tall parts can 
be printed without support structures.

The unicore of a 20 kW microturbine, 
being developed by Sierra Turbines was 
3D printed on a Velo3D Sapphire metal 
system. 

MAN cuts
MAN Energy Solutions expects to cut 
$450m and 4,000 jobs as part of a restruc-
turing meant to achieve viability in the 
long term and transform the company 
into a solutions energy provider. Stagnant 
sales as a result of the Covid-19 helped 
spur the changes. The cost-cutting mea-
sures are hoped to make the company’s 
operations more flexible. The goal is to 
achieve an operating margin of 9% and 
improve the company’s cash and liquidity 
position by 2023, while considering eco-
nomic conditions.

Some outlets reported that MAN’s 
parent company, Volkswagen, was con-
sidering selling the company. However, 
the most recent statements indicate that 
MAN and Volkswagen have reached an 
understanding and that no shift in own-
ership is imminent.

Voith commissioning 
Voith commissioned the first two VECO-
Drives at a coal-fired power station in 
China. The two systems have been run-
ning reliably for over 6,000 hours, 
improving efficiency, and decreasing 
noise and vibration. Various indicators 
such as temperature, vibration and pres-
sure were measured and confirmed to be 
within a safe range. Additionally, the team 
measured a power transmission efficiency 
of the complete speed regulation system 
of approximately 97%. 

The two VECO-Drives have passed all 
necessary tests for Guangzhou China 
Resources Thermal Power and were put 
into operation. The variable speed VECO-
Drive increases input speed and generates 
a high output speed that drives the com-
pressor or pump. Frequency controlled 
servo motors are used together with a 
superimposing planetary gear to adjust the 
output speed according to process demand.

Elliott consolidation
Elliott Group today announced plans to 
close its Packaging Solutions operations 
in Belle Vernon, PA by the end of 2020. 
It will consolidate design engineering 
and manufacturing operations for unit 
packaging and auxiliary systems with its 
primary Engineered Products business 
in Jeannette, PA. The decision is viewed 
as a necessary step to sustain Elliott’s 
auxiliary products portfolio while reduc-
ing the fixed costs associated with main-
taining a separate, stand-alone opera-
tion. Elliott is phasing out operations at 
the Belle Vernon Facility as open orders 
are completed. New orders for unit pack-
aging and auxiliary systems will be 
done through Jeannette. 

Afghan power plant  
Only about 34% of Afghanistan’s 37 mil-
lion people have access to grid electricity. 
Those connected to the grid suffer from 
frequent blackouts lasting up to 15 hours. 
The signing of a new deal aims to address 
this issue. The project will boost the coun-
try’s domestic electricity generation by up 
to 30% while reducing reliance on 
imports as well as diesel-generated power. 

The 59 MW Mazar-e-Sharif gas-to-
power plant in northern Afghanistan 
will be implemented by Afghan Power 
Plant Company in partnership with HA 
Utilities of Egypt. It will use gas from 
the Sheberghan gas fields. It is expected 
to generate around 400 GWh of electric-
ity annually. Regional utility DABS will 
buy the power generated from the plant.

Concepts NREC expansion 
Concepts NREC is a provider of tur-
bomachinery design, development, test-
ing and manufacturing, as well as design 
and manufacturing software. It is expand-
ing its network of software and engineer-
ing solutions and sales support. Recent 
growth steps include the addition of a 
European sales office, a CAM software 
partnership in Switzerland, and sales rep-
resentation in Turkey, to meet the rapidly 
changing needs across industries and in 
several regions around the world.  

The relationship with Euklid, 5-axis 
gear machining pioneers headquartered 
in Switzerland, provides Concepts NREC 
customers in North America and China 
with sales support for GearCAM, a gear 
tooling and milling software package for 
specialized gear industry techniques and 
optimized gear cutting strategies. 

INDUSTRYNEWS
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GE digest
GE announced completion of a major 
inspection project in Shenzhen Baochang 
Power Supply’s Baochang Power Plant in 
Shenzhen, China. It addressed the aging 
parts of the two GE 9E gas turbines (GTs) 
at the 360 MW plant. Inspection of all 
300+ detachable parts included the large 
axial, rotor, hot gas path, compressor, 
combustion and air inlet system. The ini-
tial schedule of 35 days was extended to 
69 days due to the customer’s expanded 
work scope and a 14-day quarantine 
before the project commenced. Engineers 
from GE and FieldCore implemented 
measures to ensure safety.

GE’s Advanced Gas Path (AGP) 
upgrade will be installed on two GTs pow-
ering the Reliance Bangladesh LNG & 
Power’s 718 MW combined cycle power 
plant (CCPP) in Bangladesh, scheduled to 
open in 2022. Built by Engineering, Pro-
curement, & Construction (EPC) group 
Samsung C&T, the Meghnaghat power 
plant will be powered by two GE 9F GTs, 
one GE D11 steam turbine (ST) and three 
H53 generators. The plant will utilize 
re-gasified liquified natural gas (LNG) 
fuel. The contract also includes control 
upgrades and parts supply. Once imple-

mented, the AGP upgrade will help in 
delivering up to 6.7% increase in power 
output, up to 3.3 % improvement in heat 
rate, up to 2% increase in efficiency, and 
extending the maintenance interval up to 
32,000 hours.

GE announced an order from DS 
Smith Paper Italia for GE’s LM6000PF 
aeroderivative GT and a seven-year ser-
vice agreement for its paper mill located 
in Lucca, Italy. The mill is currently pow-
ered by two of GE’s aeroderivatives, one 
of which was modernized in 2015. The 
additional GE unit will help DS Smith 
increase efficiency by 2% and reduce 
emissions, while assuring steam supply 
for an industrial process. GE’s LM6000PF 
includes the latest dry low emissions 
(DLE) technology. 

GE Gas Power has enhanced the effi-
ciency and performance of ADNOC Refin-
ing’s General Utilities Plant in Ruwais, 
United Arab Emirates (UAE) by installing 
the MXL2 upgrade on a GT13E2 GT. The 
project was completed within six months. It 
increased output by 10.7 MW using the 
same amount of fuel. The MXL2 upgrade 
allows operators of GT13E2 GTs to achieve 
up to a 1.5% increase in combined cycle effi-
ciency and extends inspection intervals up 

to 48,000 equivalent operating hours (EOH). 
GE Marine has delivered its first new 

lightweight LM2500 composite GT mod-
ule to Austal USA for the future USS 
Santa Barbara (LCS 32). This module, 
certified by the United States Navy in 
2019 after receiving MIL-S-901D shock 
qualification, provides a 5,500-pound 
weight savings (50% wall weight reduc-
tion) and 60% quieter enclosure. GE is 
supplying 38 LM2500 GTs to Austal USA 
for LCS Independence variants up to LCS 
38. Like all the Austal USA-built LCS, the 
future USS Santa Barbara will be pow-
ered by two GE LM2500s arranged in a 
combined diesel and GT configuration 
with two diesel engines.

GE announced that the Techint’s Norte 
III CCPP in Mexico has started commer-
cial operation using four GE 7F.04 GTs 
paired with four GE H33 generators and 
two STs from Toshiba. Under the terms of 
the agreement, GE will operate and main-
tain the 907 MW plant, located in Ciudad 
Juárez for the next 25 years. GE will pro-
vide digital solutions, including GE’s 
Asset Performance Management and 
Operations Optimization solutions to pre-
dict and reduce unplanned downtime and 
improve plant productivity. 

INDUSTRYNEWS
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Hydrogen turbine
Baker Hughes and Snam have completed 
testing of the world’s first hybrid hydrogen 
turbine designed for a gas network. The 
test paves the way to implement adoption 
of hydrogen blended with natural gas in 
Snam’s current transmission network 
infrastructure. The test took place at Baker 
Hughes’ facility in Florence, Italy with a 
Baker Hughes’ NovaLT12 GT. The turbine 
will be installed by 2021 at Snam’s com-
pressor station of Istrana, in the province 
of Treviso, Italy. Once installed, the 
NovaLT12 will compress and move hydro-
gen fuel blends through Snam’s transmis-
sion network of pipelines and use the same 
fuel to power itself.

Snam operates a natural gas storage 
capacity of 20 billion cubic meters. 70% 
of its pipelines have hydrogen-ready 
pipes. By blending 10% hydrogen into the 
total annual gas capacity transported by 
Snam, it is estimated seven billion cubic 
meters of hydrogen could be introduced 
into the network each year. 

The Baker Hughes test facility in 
Florence, Italy tested a NovaLT12 gas 
turbine running with 10% hydrogen.

Capstone digest 
Capstone Turbine distributor DTC Ecoen-
ergia signed a Factory Protection Plan 
(FPP) long-term service contract for 1.6 
MW of Capstone microturbines installed 
in Mexico at an automotive parts manufac-
turing facility. Commissioned in 2015, the 
Capstone microturbines are used for peak 
shaving and power generation. This cus-
tomer operates 6.6 MW of Capstone 
microturbines installed at 4 of their 32 
manufacturing facilities in Mexico. The 
FPP provides scheduled and unscheduled 
maintenance. 

Capstone distributor Cal Microturbine 
has closed a follow-on sale of a C600 Sig-
nature Series (C600S) microturbine from a 
Southern California oil and gas producer, 

which is expected to be commissioned this 
fall. This adds 600 kW to the customer’s 
Capstone fleet. The microturbines, fueled 
by minimally processed wellhead gas, will 
produce electricity and provide prime 
power for the end-user’s Southern Califor-
nia location and on-site equipment. 

Capstone secured an order for a C600 
Signature Series microturbine (C600S) 
from the Russian Ministry of Sports to be 
installed at the Churapcha Institute of 
Physical Culture and Sports. The unit is 
expected to be commissioned in the Fall of 
2020. The natural gas-fueled C600S pack-
age will be installed at the Institute’s new 
on-site energy center to power the campus. 
Gas boilers will be installed to provide 
heating in a CHP solution. 

Siemens digest  
Siemens Gas and Power will supply three 
SGT-300 GTs, three mechanical-drive SGT-
300 GTs, and three Datum centrifugal com-
pressors for the Petronas Kasawari Gas 
Field Development Project in the South 
China Sea, offshore Sarawak in Malaysia. 
The three SGT-300 units will have dual-fuel 
capability and a capacity of 7.9 MW. They 
will power the offshore Central Processing 
Platform that will process and export the 
natural gas, as well as living quarters and 
electrical utilities for all process systems 
and wellheads. The SGT-300 mechanical 
drive GTs directly drive the compressors 
that deliver gas to the LNG complex. The 
units will be delivered in 2023.

Siemens Energy will supply 20 com-
pressor trains for a gas project for Saudi 
Aramco’s Hawiyah Unayzah Gas Reservoir 
Storage (HUGRS). Siemens’ centrifugal 
compressor systems will enable operators 
to manage surplus gas volumes to meet sea-
sonal demands. The plant includes a gas 
injection facility with a capacity of 1,500 
million standard cubic feet per day 
(MMSCFD) and a withdrawal facility capa-
ble of processing up to 2,000 MMSCFD of 
gas. Siemens Energy will supply the 
required 20 compression trains. Ten trains 
will be built for the injection portion of the 
plant, and another 10 trains will be used for 
the withdrawal portion of the plant.

Siemens Energy received the order from 
Samsung Engineering, who was awarded 
the EPC contract for the entire project. 
Located east of Saudi Arabia’s capital, 

Riyadh, the project includes a plant to take 
surplus pipelines gas in the winter months 
and inject it into an existing depleted field. 
From here, it can be withdrawn when 
needed to meet high summer demand.

Siemens Energy has launched the 
Future of Storage initiative with aim of 
creating efficient energy storage systems 
to compensate for the fluctuating feed-in 
of renewable energies and stabilize the 
grids. A team of experts is being formed 
that covers all available energy storage 
technologies, from batteries to thermal and 
thermo-mechanical energy storage sys-
tems. Siemens Energy entered into a long-
term partnership with the Norwegian tech-
nology company EnergyNest. The start-up 
is a supplier of thermal energy storage sys-
tems. They aim to jointly offer modular-
ized and standardized thermal energy stor-
age systems for industrial customers. Ener-
gyNest has developed a heat battery that 
can be charged with renewable energy or 
with waste heat and can discharge com-
pletely renewable steam directly into 
plants when required. 

Siemens Energy is building a CCPP 
for specialty chemical company Evonik in 
Marl, Germany. Consisting of one SGT-
800 GT, one SST-400 ST, and two gener-
ators, the plant will produce power and 
heat with 90 MW of electrical capacity 
and 220 megawatts of MW. It will go into 
operation in 2022 replacing a backup gas 
power plant. Siemens Energy is also sup-
plying the SPPA-T3000 control system 
and has a long-term service agreement.

Ansaldo contracts
Ansaldo Energia has been awarded EPC 
and LTSA (Long Term Service Agree-
ment) contracts for the design, supply, 
installation and servicing of an open-cycle 
power plant with installed power of 300 
MW in Marbach, Germany for Energie 
Baden-Württemberg. The Marbach 4 plant 
will be equipped with an AE94.3A GT, the 
related generator and the auxiliary systems. 
The plant will be operational by late 2022.

The consortium between Shanghai 
Electric Group and Ansaldo Energia has 
signed a contract with North West Power 
Generation Company for the design, pro-
curement and construction of an 880 MW 
CCPP to be built in Rupsha, Bangladesh. 
The plant will be based on two GT26 GTs 
units, which will be manufactured at the 
Ansaldo Energia plant in Genoa. In addi-
tion to the turbines, Ansaldo Energia will 
supply the related generators, auxiliary 
systems and on-site support activities for 
the construction and commissioning. 
Shanghai Electric Group will be mainly 
responsible for local construction and the 
steam turbine generator.

Doosan digest
Doosan Heavy Industries & Construction 
has signed a cooperation agreement with 
Korean Western Power. They seek to 
jointly develop a Korean standard CCPP 
model that is competitive in the market 
home and abroad, and collaborate to 

develop overseas markets. Doosan had 
previously signed a GT supplier agreement 
with Korea Western Power in 2019 for the 
Gimpo Combined Heat & Power (CHP) 
Plant. As part of this, it secured the oppor-
tunity to conduct a demonstration run of 
the large GT it had developed. 
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Ovation installation
By installing Emerson’s Ovation technol-
ogy at its Redbud CCPP, Oklahoma Gas 
and Electric (OG&E) gained the ability to 
cold start each unit 25 to 35 minutes 
faster. Located in Luther, Oklahoma, the 
Redbud plant comprises four identical 1 X 
1 units generating a combined output of 
1,230 MW. The plant began commercial 
operation in 2003 outfitted with controls 
from nine vendors. This patchwork of 
control systems presented challenges.

Emerson replaced the ST controls as 
well as static excitation and vibration 
monitoring systems with its Ovation plat-
form. In addition, Emerson performed ST 
mechanical retrofits to eliminate single 
points of failure and provide faster 

response. With the upgraded and tuned 
controls, along with the redundant 
mechanical design, the turbines can reach 
setpoint quicker. 

Emerson also replaced heat recovery 
steam generator (HRSG) and balance-of-
plant (BOP) controls at each unit and inte-
grated the auxiliary boiler, water treat-
ment, eff luent de-ionization and duct 
burner controls into the Ovation system. 
Tied together on a single network, each 
unit’s Ovation system interfaces with 
OEM combustion turbine controls for 
supervisory monitoring and control. 

Previously, plant personnel had to mon-
itor multiple process and alarm screens 
from different vendors. By paring down 
thousands of control sheets to hundreds 
and implementing consistent logic, graph-

ics and alarm philosophies across the entire 
plant, greater visibility was gained into 
plant processes. Work for all four units was 
completed during a 16-week outage.

The Redbud plant installed the Emerson 
Ovation system. 

Photovoltaic record
The cumulative output of photovoltaic 
solar power systems currently installed 
worldwide was around 627 GW in 2019. 
115 GW was added in 2019, which was 
more new capacity installed than in any 
previous year, according to the Renew-
ables 2020 Global Status Report. Over the 
last 10 years, worldwide photovoltaic out-
put has increased by 2,626%. The share 
price of solar companies is also rising. 

Close to 40 countries around the 
world now have at least 1 GW of solar 
installed. China accounts for around one 
third of the worldwide total. Next come 
U.S., followed by Japan, Germany, 
India, Italy, Australia and UK.  

Vericor test
Vericor Power Systems concluded the first 
field test of 1,000 hours with the TF50F 
dual fuel GT on a direct-drive hydraulic 
fracturing application. The test for BJ Ser-
vices had no gas turbine-related incidents 
or unscheduled downtime. Various chal-
lenging operating conditions and fuel 
switching while at power were also tested 
successfully. Hardware inspection on the 
turbine after the field test showed no wear 
on any of the parts, the company said. The 
core of the TF50F was derived from a 
Lycoming GT and enhanced for hydraulic 
fracture applications. Vericor used a newly 
developed engine controller during this 
field test to match the required power from 
the frac pump.

AI drive train
Digitalization, artificial intelligence (AI) 
and machine learning have been built 
into a drive train made up of two core 
products made by Siemens LDA US. A 
15,250 hp Simotics motor and a compan-
ion Sinamics Perfect Harmony GH180 
water-cooled, medium-voltage drive 
have been shipped. They include the 
Veros Foresight hardware and software 
solution from Veros Systems and are 
integrated with onboard Sidrive IQ 
drive-train analytics. The drive train 
will be installed at the Deer Park Refin-
ery, a 2,300-acre facility on the Houston 
shipping channel to the Gulf of Mexico, 
and co-owned by Shell Oil and PEMEX, 
Mexico’s state-owned oil company.

Veros Foresight uses artificial intel-
ligence and machine learning to moni-
tor the performance health of the drive 
train components without employing 
any sensors on the rotating assets them-
selves. It continuously evaluates the 
electrical current and voltage waveform 
signals to provide predictive health 
monitoring of motors and other driven 
assets, such as pumps, fans and com-
pressors. Target applications include 
electrical submersible pumps (ESPs), 
both onshore and offshore, mudline 
pumps, compressors, and centrifugal 
fans and pumps. Veros Systems, based 
in Austin, Texas, developed algorithms 
that learn how motors typically perform 
and alarm when they see an upcoming 
electrical or mechanical issue. 

Emerson/MHPS collaboration
Emerson and Mitsubishi Hitachi Power 
Systems Americas (MHPS) have joined 
forces to develop digital technologies, 
software and services. The goal is to opti-
mize performance and reliability, enable 
predictive and AI-driven maintenance 
strategies, and automate operational deci-
sion-making. The partnership will focus 
on North American power plants operat-
ing with MHPS GTs or STs. 

Emerson’s Ovation automation solu-
tions will work in tandem with the 
MHPS-Tomoni digital platform with both 
companies exploring areas together such 
as: advanced sensing; thermal, process and 

equipment modeling and diagnostics; 
advanced control; analytics; pattern recog-
nition; remote monitoring; digital twin; 
automated workflows; and AI-driven pre-
dictive maintenance.

One area of collaboration is to build 
and deploy plant simulation for the Inter-
mountain Power Plant Renewal project. 
It will leverage Emerson’s digital twin 
technology, MHPS high-fidelity GT and 
ST models, and advanced analytics. The 
simulation software will receive data 
and operate in parallel with the plant’s 
integrated control systems and other 
enterprise platforms to support commis-
sioning and training.

RMS/NDTL partnership
Rotating Machinery Services (RMS) and 
the Notre Dame Turbomachinery Labora-
tory (NDTL) have entered into an agree-
ment whereby NDTL will provide testing 
services for equipment refurbished and 
redesigned by RMS.  It is common to 
require mechanical testing at the conclu-

sion of a machine overhaul. The first 
machine tested at NDTL was an AC 
Compressor 200L OFS compressor. The 
partnership will enable future testing of 
RMS’ full range of service offerings 
including single stage/multistage centrif-
ugal compressors, axial compressors, 
expanders and STs.
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The choice between pneumatic and 
hydraulic actuators is dependent 
upon the application. Both types 
have been used in different tur-

bomachinery systems.  
Both types of actuator are methods of 

applying fluid power. Pneumatics uses an 
easily compressible gas such as air or a 
suitable pure gas. Hydraulics uses a rela-
tively incompressible liquid such as 
hydraulic oil. 

Hydraulic applications commonly use 
pressures from 50 to 350 Barg and special-
ized hydraulic systems may exceed 400 
Barg. Pneumatic systems, on the other 
hand, use operating pressures far lower 
than those used by hydraulics (somewhere 
between 6 to 14 Barg). 

Considering operating pressure range, 
hydraulic systems are more compact with 
a higher power-to-weight ratio. Pneumatic 
systems, therefore, require larger actuators 
than hydraulic systems for the same load 
(although in many cases pneumatic actua-
tors are still smaller than electrical ones). 
Despite this, pneumatic systems offer spe-
cific benefits which make them better 
options for certain applications. 

Simplicity of design and control is one 
advantage of pneumatic systems. Mecha-
nisms and actuators are easily provided 
using standard pneumatic cylinders, valves, 
actuators and other components. They 
operate via simple controls (often very sim-
ple on-off logic). Although there has been 
some standardization of hydraulic systems, 
they are usually designed and assembled 
for each application. 

Pneumatic systems usually have long 
operating lives and require little mainte-
nance. As the gas is compressible, equip-
ment is less subject to shock damage. The 
gas absorbs excessive force, whereas the 
liquid in hydraulic systems directly trans-
fers force. Although accumulators and 
other types of storage/intermediate vessels 
have been used in hydraulic systems; the 
stored energy is limited. 

Additionally, there is a very low chance 
of fire in pneumatic systems compared to 
hydraulic oil. Gas viscosity is virtually 
negligible with pneumatic systems.

How about first costs? The first cost of 
an air/gas circuit is less than a hydraulic 

circuit, but their operating costs can be 
higher. Compressing atmospheric air to a 
nominal working pressure requires a lot of 
power. Thus, pneumatic actuators are usu-
ally expensive to operate. Air/pneumatic 
actuators, for example, are one of the cost-
liest components to operate. On the other 
hand, air-driven actuators are usually qui-
eter and safer than their hydraulic coun-
terparts. Lower noise is generated primar-
ily due to the power source (air compres-
sor system) being installed remotely from 
the turbomachinery.

As air is compressible, a pneumatic 
actuator cannot hold a load rigidly in place 
in the way that a hydraulic actuator can. An 
air-driven device can use a combination of 
air for power and oil as the driving medium 
in order to overcome this problem. But this 
combination adds cost to the circuit, and is 
only used in special applications. 

Further, pneumatic systems are usu-
ally cleaner than hydraulic systems. Leaks 
in an air circuit do not cause housekeep-
ing problems. However, such leaks can be 
expensive 

Speed of response 
Pneumatic systems use compressible gas; 
for this reason, a pneumatic system is 
slower in responding to loads, especially 
sudden output loads, compared with 
hydraulic systems. Similarly, torque or 
force requires time and output motion to 
build-up. Responses to sudden output loads 
often show initial overshoot. 

That’s why much more complex pneu-

matic networks and systems are usually 
required to develop stable responses in 
closed-loop systems. On the other hand, 
there are no harmful shock waves analo-
gous to the transients, which can occur in 
hydraulic systems, and pneumatic system 
components last comparatively longer.

The low stiffness of pneumatic systems 
is another indicator of relatively long 
response time. Resonances can occur 
between the compressible gas and equiva-
lent system inertias at lower frequencies. 
Even the relatively low speed of sound in 
connecting lines contributes to response 
delay, adding to the difficulty of closed-
loop stabilization. Fortunately, it is possible 
to construct sophisticated pneumatic sys-
tems to achieve stabilization. Such means 
of pneumatic stabilization are commer-
cially available and are important elements 
of closed-loop pneumatic control systems. 

Pneumatic system control is almost 
exclusively accomplished by valves, which 
control the flow from a pneumatic pressure 
source. Low-pressure outlet ports should 
be large enough to accommodate the high 
volume of the expanded gas.

One issue with some pneumatic sys-
tems is caused by sluggish pneumatic 
actuators. This can limit the control band-
width of actuated systems. Too often, 
speed of response in pneumatic systems 
is an issue and should be taken into 
account for circuits and applications 
which require fast response. 

Overall, gas compressibility makes 
pneumatic systems one or two orders of 
magnitude slower than hydraulic systems. 
Thus, there are applications where 
hydraulic systems were used instead of 
pneumatic systems purely on the basis of 
speed of response. ■

PNEUMATIC VERSUS HYDRAULIC 
ACTUATORS IN TURBOMACHINERY 
BY AMIN ALMASI

Pneumatic systems 
offer specific 

benefits which make 
them better options 

than hydraulic 
systems for certain 

applications.

Amin Almasi is a Char-
tered Professional Engi-
neer in Australia and 
U.K. (M.Sc. and B.Sc. 
in mechanical engineer-
ing). He is a senior con-
sultant specializing in 

rotating equipment, condition monitoring 
and reliability.
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The filtration of gas turbine inlet air 
has always been important. But its 
profile has been raised as more 
becomes known about filtration effi-

ciency, the need to filter out small particu-
late and the role of filtration in overall tur-
bine performance.   

Vendors such as AAF, Donaldson, 
Camfil, Freudenberg Filtration, Mann+ 
Hummel, Gore and Eagle Filters have been 
working to improve the quality of their fil-
ters, to provide higher levels of protection 
in any environmental conditions, and to 
design complete systems that reduce main-
tenance requirements while filtering out 
harmful elements. 

They note trends such as the develop-
ment of better hydrophobic (tending to 
repel water) media, greater attention on the 
prevention of salt and hydrocarbon inges-
tion, and a wider range of filtration options 
to suit different budgets, performance 
objectives, and equipment or retrofit needs.

Donaldson 
The Gas Turbine Systems division of 
Donaldson provides engineered filtration 

solutions for all environments and most 
air intake and lubrication systems for gas 
turbines, industrial compressors, and gen-
erator sets. Donaldson Turbo-Tek Car-
tridge Filters use an Er|W|P rating system 
instead of capture efficiency, as measured 
by MERV ratings. It also tests for water-
tightness and pulsability, and rates on a 0 
to 5-point scale: 

• Efficiency (Er0 to Er5) – what pro-
portion of airborne contaminates does 
it capture?
• Watertightness (W0 to W5) – how 
does it handle high humidity and 
moisture?
• Pulsability (P0 to P5) – How readily 
do the filters in self-cleaning systems 
recover peak performance after pulsed 
with compressed air?
These attributes differ from one filter 

to another. In combination, they drive 
operating costs and performance under 
specific environmental conditions. Don-
aldson’s filter line can be divided into 
three categories:

Base medias are economical options 
that consist of cellulose and synthetic 

fibers. They are moisture-resistant with a 
high watertightness rating; however, they 
have a lower capture efficiency rating (Er1 
– Er3) and do not provide (H)EPA-level 
efficiency. 

Performance synthetic range of medias 
offer F9/MERV 15 efficiency, combined 

BETTER FILTRATION =  
BETTER PERFORMANCE  
THE ROLE OF INLET AIR FILTRATION IN GAS TURBINE  
PEFORMANCE AND EFFICIENCY
BY DREW ROBB

Filter houses and filtration methods are receiving 
more attention these days as facilities seek to 
reduce maintenance requirements and extend 
the lifespan of their turbomachinery assets. 
Courtesy of Camfil Power Systems.

Donaldson Turbo-Tek H20+ filters 
primarily serve coastal, harsh or corrosive 
environments 
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with a P5 pulse recovery rating. This 
option is for users not needing a high cap-
ture efficiency but are dependent on strong 
pulse recovery in desert or arctic environ-
ments, for example, where there is expo-
sure to dust, snow, and ice buildup, or sud-
den episodes of heavy loading.

Premium (H)EPA filtration captures 
over 99.5% of 0.1p penetrating particle size. 
Turbo-Tek H20+ is the most watertight 
option, rated Er5|W5|P1. Its synthetic media 
acts as a barrier to water. It is suitable for 
coastal environments, stopping salts and 
other corrosive water-soluble contaminants. 
Turbo-Tek (H)EPA Pulse has surface-load-
ing blended media with a rating of 
Er5|W1|P4. The P4 pulse recovery rating 
and high Er5 efficiency rating are best for 
deserts or areas with a high dust load that 
depend on a strong pulse recovery.

Cassandra Light, Manager of Gas Tur-
bine Systems for the Americas and APAC, 
Donaldson Company, gave the example of 
a plant on the humid Australian coast using 
Turbo-Tek H20+ filters. The air was laden 
with sea salt and smoke from nearby brush 
fires, yet filter life rose from 18 months to 
48 months with 0% loss in compressor effi-
ciency, stable differential pressure across 

the filters (DP), clean blades, and elimina-
tion of on-line water washes of the filters. 

“A site in a harsh environment in 
China with a high volume of hydrocar-
bons has increased filter life from one 
year to nearly three years and has elim-
inated water washes (on-line or off-line) 
altogether,” said Light.

In addition to filtration for gas turbine 
air intake systems, the Donaldson Gas 
Turbine Systems Quick Lock Yoke filter 
retention system ensures secure installa-
tion and reduces filter changeout time. 
Light said that in a test, the time required 
for filter replacement could be reduced by 
a little less than half. 

AAF 
AAF International offers a wide range of 
filters. It recently launched the DuraSh-
ield S filter cartridge to protect gas tur-
bines and reduce compressor fouling, as 
well as cold and hot end corrosion. The 
DuraShield S has a high MERV 15 (F9) 
initial efficiency that provides sustainable 
performance over its operational life.

Other features include a high dust 
holding capacity, low pressure drop and 
cartridges that act as a water barrier, 
withstanding high humidity, mist, fogs 
or rain. This means differential pressure 
(dp) can remain predictable and stable 
and dp spikes are not a concern. 

The company provides an online 
platform to help customers determine the 
best filtration approach for their plant. As 
well as the geometry of the filter, it takes 
into account climate, environmental and 
operating conditions, high humidity, 
extreme temperatures, coastal and off-
shore locations, and other variables such 
as the presence of hydrocarbons, dust 
and gas turbine mode of operation. 

“There is no one-size-fits-all 
when it comes to filtration,” 
said Stuart Blackburn, AAF.

“A higher efficiency rating can 
be justified if increased output 
offsets the cost of a slightly 

increased pressure drop, 
whereas lower efficiency can 

sometimes be more cost-
effective in the long run,” said 
Cassandra Light, Donaldson. 
“Similarly, watertightness 

might outweigh efficiency in 
coastal areas, but not in arid 
locations, where exposure to 

corrosive ocean air is unlikely.”
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Stuart Blackburn, Product Manage-
ment Director at AAF International, noted 
a change in attitude recently to address the 
disparity that often occurs between 
onshore and offshore filtration systems. In 
the onshore environment, higher grades of 
filtration are well adopted but are not found 
as frequently offshore. Yet the offshore 
environment must deal with salt, which if 
untreated will drastically reduce the effi-
ciency, performance and life of any GT.

Camfil   
Camfil Power Systems offers a full range 
of pre-filters and final filters for turboma-
chinery applications. This includes bag fil-
ters, panel filters, compact filters and car-
tridge filters. Efficiency ranges are avail-
able up to H13. In addition, the company 
provides complete air inlet systems includ-
ing filter houses, acoustics and ventilation 
(enclosures and silencers), environmental 
protection such as anti-icing systems, air 
treatment systems (inlet cooling and heat-
ing), weather protection (hoods, louvers/
mist eliminators and insect/bird screens), 
ducting and retrofit services. The company 
also offers engineering laboratory services, 
site analysis, CamLab (on-site mobile engi-
neering laboratory), remote monitoring, 
training, life cycle cost analysis (LCC), 
installation and filter change and perfor-
mance optimization.  

CamGT compact filters, for example, 
are engineered for extreme environments. 
They are designed for EPA efficiency to 
boost power by minimizing degradation 
while maintaining a low, stable pressure 
drop. New features increase equipment 
availability, reduce corrosion risk and 
improve fuel consumption and carbon 
footprint. 

Hydrophobic media and a double-sealed 
construction eliminate the risk of dissolved 
contaminants passing through the filters. 
The filter construction offers a more open 
face geometry and the aerodynamic grid 
redirects exiting air to reduce pressure 
drop. In addition, drainage has been 
improved on the latest models. 

The latest generation includes three 
models. The CamGT 4V-300 (12” depth), 
the New CamGT 3V-440 (17”), and the 
CamGT 3V-600 (24”). CamGT filters are 
offered from ISO ePM1 75% (F7) to E12 
efficiency and fulfill standards for effi-
ciency, burst strength and water repellency. 
Camfil offers a value rating feature on its 
website to help evaluate filtration effective-
ness and economics. 

“This line is designed for all environ-
mental conditions including extreme con-
ditions of humidity, salt, and heavy pollu-
tion that threaten gas turbine perfor-
mance,” said Marc Van den Eynde, Vice 
President at Camfil Power Systems. 

He offered some general advice on filter 
selection: Efficient Particulate Air filters 
(EPA) static filters are well-suited for wet, 
salt-laden or coastal/offshore environments. 
Pulse filters are recommended for dusty 
environments with low humidity. Depend-
ing on location, application, construction, 
ambient conditions, and particulate type/
amount, the filter solution could vary from 
one stage to multiple stages with a variety 
of filter options. 

Camfil is introducing a service that 
digitizes the coupled performance of the 
inlet system and GT. Known as Power-
Eye, it digitally monitors inlet system and 
GT metrics to provide trend analysis and 
forecasting. Ambient aerosol and weather 
conditions, current pressure drop, turbine 
load and heat rate are some of the metrics 
that can be analyzed to determine such 
things as future power output, and an 
optimized schedule for off-line compres-
sor washes or filter replacement.

Freudenberg  
Gas turbine air filtration solutions from 
Freudenberg Filtration Technologies 

address areas such as particle removal, pre-
vention of compressor fouling and corro-
sion. The Viledon hydroMaxx coalescing 
filter repels moisture at the pre-filter stage. 
The Viledon T-60 is a pre-filter used by 
turbine and turbocompressor OEMs for its 
dust holding capacity. The Viledon eMaxx 
is a final filter that protects equipment to 
the E10-E12 HEPA range. For systems 
using a cartridge or canister-type filter, the 
Viledon GTS double cylindrical filter 
offers high performance dust holding 
capacity and optimized pulse jet operation. 
It uses a nested design; one cylinder fits 
inside the other, reducing storage and ship-
ping volumes. Besides filter elements, the 
company provides engineering staff for fil-
ter house construction, retrofitting, or 
modification to existing installations.  

Mark Arsenault, USA Turbomachinery 
Sales Manager for Freudenberg Filtration 
Technologies, emphasized the capabilities 
of the Viledon hydroMaxx. It can convert 
any single-stage filter house into a multi-
stage filtration system, is equipped with a 
clip-on system that allows close coupling 
to the intermediate or final filter in one fil-
ter wall, and drops out moisture before it 
causes problems in the inlet system. It also 
sheds snow and ice from its leading edge, 
preventing blinding and allowing air to 
pass through.  

Mann+Hummel 
Mann+Hummel, headquartered in Ger-
many, offers a range of high-performance 
air filtration solutions. It recently launched 
new products for all stages (coalescing 
stage, pre-filtration and final filters) and 
introduced pulse jet cartridges.

“One of the greatest 
challenges in turbomachinery 
filtration applications is water 
carry through or saturation of 
the filter elements,” said Mark 

Arsenault, Freudenberg.

“Proper filtration can have a 
positive impact on CO2 

emissions by improving the 
heat rate of a plant,” said 

Marc Van den Eynde, Camfil.

Camfil’s CamGT 3V-600 filter 

COVERSTORY
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The Aircube Pro Power S and Nano-
class Cube Pro Power S for GTs are 
designed to meet the extreme operating 
conditions found, for example, on oil plat-
forms at sea. They provide low pressure 
drop, high burst pressure and a high dust 
holding capacity (DHC). The media that 
Mann+Hummel developed in cooperation 
with a partner is water and salt repellent. 
Testing showed a burst resistance of 
35.000 m3/h above a pressure of 8.000 Pa.

“The air filter market for this applica-
tion has been dominated so far by micro 
glass fiber media, which has disadvan-
tages such as sensitivity to mechanical 
stress and low water resistance,” said 
Mohammed Asif, Business Development 
Manager, Middle East & Africa, Man-
n+Hummel. “The synthetic media in the 
Aircube and Nanoclass Cube offer higher 
resistance to mechanical stress than glass 
fiber media and stable high efficiency 
during operation.” 

He has noticed a trend toward the 
adoption of greater filtration efficiency on 
each stage, often using EPA filters at the 
final stage. This may increase pressure 
drop, but better air filtration efficiency 
improves overall GT efficiency of the gas 
turbine, he said. It also heightens perfor-
mance in challenging environments such 
as offshore.

The water repelling Viledon hydroMaxx 
pre-filter from Freudenberg. 

“Using EPA filters, operators 
can see greatly reduced 

maintenance costs as a result 
of a much cleaner engine, 
quantified by less frequent 

inspections, reduced 
shutdowns, and higher 

availability,” said Mohammed 
Asif, Mann+Hummel.

The Aircube Pro Power S and Nanoclass 
Cube Pro Power S from Mann+Hummel.

Introducing  
Our All New…

gradientlens.com/V3     800.536.0790         

With it’s new Micro HD 
video camera, and custom-
engineered image processor,  
the 4 and 6 mm Hawkeye  
V3’s  simply deliver the best 
image quality of any borescope  
on the market today under 
$15K! Video footage, and still 
images, captured by the V3 HD 
are crystal clear, with vibrant, 
lifelike colors. 
Made in USA
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Gore  
W.L. Gore & Associates offers Gore E-12 
HEPA Turbine Filters. They are available 
in an array of pulse-cleanable and static 
operational mode cartridge and panel 
configurations to fit into existing filter 
houses. All Gore Turbine Filters contain 
Gore’s 3-layer synthetic composite with a 
depth loading layer, hydrophobic ePTFE 
membrane, and strong pleated backer for 
long life, low pressure drop, and protec-
tion from airborne contaminants, salt 
ingestion and hydrocarbons.

The company plays in multiple mar-
kets across the globe including power 
generation, oil & gas production, refining 
and LNG. In particular, it does well in 
environments where maintaining opera-
tional effectiveness is critical such as 
applications without backup options or 

built-in process redundancies. 
“In applications where the user does 

not have the option to shut down their 
equipment, the filter’s job is to protect the 
turbine from particulate damage, to 
remove particles that would reduce its 
efficiency and to allow the turbine to 
remain online until the operator is able to 
perform their scheduled maintenance,” 
said Paul Vierra, Regional Sales Manager, 
at W.L. Gore & Associates. “All Gore 
solutions for gas turbines are all high effi-
ciency E-12 HEPA filters.”

Gore Turbine Filters accomplish high 
particulate capture capacity. The filter must 
have the dynamic capability to function in 
varied applications which can be anything 
from coal dust from a nearby deposit to 
fine metal powder from a wrecking yard 
next door. HEPA E12 efficiency means that 
the media can pick up fine dust the eye 
cannot see. Studies show that sub-micron 
sized particles in the atmosphere account 
for a large majority of particulate count 
when compared to the number of larger 
than micron-sized particles. It is these 
sub-micron particles that are missed by tra-
ditional filtration technologies. By captur-
ing these particles, the end user can keep 
its compressor clean and avoid perfor-
mance degradation or shutdowns. 

Vierra also touts the effectiveness of 
his company’s filters in water manage-
ment. Poor water management leads to 
water build-up on the surface of a filter 
that will eventually blind the surface so 
air cannot pass. This results in inlet dif-
ferential pressure spikes, load reduction 
and sometimes shutdown. Gore filters 
remove water from the inlet airstream, 
which can contain a number of dissolved 
elements including salt and other corro-
sives. Eliminating these from the air-
stream prevents harmful particles from 
contacting turbine parts. 

“We have seen a push by OEMs to 
adopt HEPA technologies for this reason,” 
said Vierra. “Effective water management 
means filters must be able to continue to 
operate while blocking large amounts of 
moisture from rain, fog and mist.” 

His advice to users is that the filtration 
selection process begins with knowing 
your environment. He also recommended 
a full return on investment analysis that 
includes an estimate of the total cost of 
filtration over the lifetime of the turbine. 
The plant must balance media costs, 
replacement costs, frequency of replace-
ment and filtration effectiveness against 
risk such as lost production, increased 
operational costs and/or capital costs from 
damaged turbine parts. 

Eagle Filters 
Eagle Filters produces GT inlet air filtra-
tion products ranging from coalescers to 
HEPA final filters. They come in all forms 
and shapes with various connection meth-
ods to fit in any inlet house. The company 
can also upgrade filtration without having 
to modify inlet house structures using 
two-layer cartridges and snap-on attach-
ment methods for square filters.  

TurboMaster cartridge/canister type 
HEPA grade filters have a two-stage struc-
ture enabling filter houses to be upgraded 
to two-stage filtration. Both stages operate 
independently providing longer service life 
and predictable end-of-life behavior. 

TurboMaster can be equipped with a 
prefilter sock that further improves ser-
vice life by effectively making it a three-
stage filter in a single cartridge/canister 
slot. The company produces its own filter 

“It can be challenging to 
convince the O&M manager to 

invest $100,000 more for 
better filters from an annually 

decreasing budget even though 
that investment results in $1 

million in additional income for 
the operations manager,” said 

Pertti Sundberg, Director of 
Sales at Eagle Filters.

TurboMaster filters from Eagle Filters offer 
several layers of protection 

“With the macro trend towards 
sustainability and green 
energy, the move to high 

efficiency air intake filters 
continues,” said Paul Vierra, 

Gore. “HEPA filters support this 
goal by eliminating turbine 

efficiency loss from fouling, 
reducing fuel consumption and 

minimizing emissions.”

The Gore range of E-12 HEPA filters.
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Filtration needs vary depending on 
the environment. Here are some of 
the site conditions to look out for:  

High particulate, industrial 
areas: Refineries and areas of heavy 
traffic generate tiny hydrocarbon par-
ticles. HEPA filtration is recom-
mended. In the presence of sticky 
hydrocarbons, prefilters are needed to 
extend the lifespan of HEPA filters.

High particulate, desert areas: 
Coarse sand can block first-stage fil-
ters after sandstorms. Pulse cleaning 
and pre-filters are among the options 
offered by vendors. 

Salty coastal line: Anywhere 
within 50 miles of the coast can suf-
fer from salt particles, but especially 
near the sea. Salt particles are small 
and demand adequate prefiltration to 
protect HEPA filters. 

Offshore platforms: Salt and 
hydrocarbons are the primary chal-
lenges offshore. Recent studies show 
offshore facilities often require stron-
ger filtration than has traditionally 
been implemented. 

High humidity: Humid environ-
ments should opt for hydrophobic fil-
ter mater ial, with the moisture 
removed in multiple stages. 

“Organic material such as cellu-
lose will absorb moisture and swell, 
increasing the dp as the media 
becomes blocked,” said Sundberg. 
“Also, the wet tensile strength of 
organic materials is typically much 
less than the dry tensile strength. 
Weak wet material with high dp is the 
most common cause of filter ruptures.”

Environment impacts filtration 

media with no membranes in the filtration 
structure for better salt durability.

“Our fully synthetic product range pro-
vides excellent protection against humidity 
and salt,” said Pertti Sundberg, Director of 
Sales at Eagle Filters. “Our three-stage 
HEPA filtration offers excellent cleanliness 
and high GT efficiency without the need of 
on-line or off-line washing to regain the 
GT output lost to degradation.”

The company’s website features a GT 
degradation estimator. It takes into 

account the difference in turbine perfor-
mance before and after off-line washing, 
as well as annual operating hours to deter-
mine the MWh lost each year. This helps 
users determine if their current method of 
inlet air filtration is sufficient.

For desert environments, Eagle Filters 
offers a way to address sand blockage of 
first-stage filters after sandstorms and the 
high average lifetime dp of pulse filters 
which can lead to loss of GT output. It’s 
large surface panel prefilters can be replaced 

quickly after a sandstorm, enabling a plant 
to run with static filters throughout the year 
at much lower lifetime dp.

The bulk of GT wear and tear may be 
caused by foreign particles entering via 
inlet air system as a result of poor filtration. 
But Sundberg noted the challenge inherent 
in convincing plants to invest in better fil-
tration. Budgeting for HEPA-grade filter 
upgrades, he said, can be far less common 
than paying far more for the turbomachin-
ery damage caused by particulate. ■
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W et compression consists of spray-
ing atomized water into the com-
pressor of a gas turbine engine. 
It is usually done after the air has 

been fully humidified by fogging, evapo-
rative cooling with a media-type cooler or 
by chilling the air to below the ambient 
dew point temperature. The heat of com-
pression causes the water droplets to evap-
orate inside the compressor where they 
provide an inter-cooling effect. This 
reduces the work of compression. Since the 
compressor consumes less power, more 
power is available at the GT output shaft.

A gas turbine compressor consumes 
half or more of the work produced by the 
expansion turbine. Therefore, an increase 
in compressor efficiency can produce a 
significant rise in the power output and 
fuel efficiency of a gas turbine. The added 
mass flow of water also causes a power 
increase. But this is small compared to the 
power boost resulting from the reduced 
work of compression.

History  
Wet compression has been around for 
many decades. The first gas turbine that 
produced useful shaft power (built by Nor-
wegian inventor Jens William Elling in 
1903) used two, three-stage axial compres-

sors with inter-stage water injection. Wet 
compression was also used in developing 
extra thrust during takeoff for both com-
mercial and military airplanes from the 
late 1930s through the 1970s. The first pat-
ents for wet compression for industrial gas 
turbines date back to the 1940s.

More recently, NASA has funded 
research into the use of water injection into 
aero engine compressors to reduce NOx 
emissions from commercial aircraft during 
takeoff. Such systems also reduce hot-sec-
tion temperature for the same thrust, thus 
potentially decreasing engine maintenance 
costs. This has led some researchers to 
suggest the use of wet compression for 
takeoff and the climb to cruising altitude. 

In 1996, Mee Industries installed a wet 
compression system at the Ralph Green 
Power Station in the U.S. as part of an 
EPRI capacity enhancement program. The 
system cooled the inlet air and injected an 
“overspray” of liquid water at a rate of 
about 0.5% of the air mass flow. The wet 
compression system produced a 6% 
increase in power for the GE-7EA turbine. 

Nearly one third of the more than 1000 
MeeFog systems installed on gas turbines 
around the world in the past 30 years were 
specifically designed to provide additional 
spray for wet compression. However, a fog 

system designed only for evaporative cool-
ing can also be used for wet compression if 
it is operated when ambient conditions 
don’t allow for full evaporation of the fog 
spray. Wet compression systems typically 
have water flow rates from 0.5% to 2.5% of 
the gas turbine inlet-air mass flow rate—
about 20 to 90 gpm for a 7EA turbine, or 
as much as 156 gpm of a large F-class.

Watson Cogen   
One of the early adopters of modern wet 
compression systems was the Watson 
Cogeneration Plant in Southern California. 
It installed four wet compression systems 
in 1998 and continues to use fogging for 
most of the year.

Watson Cogen is headquartered in Car-
son, about 15 miles south of downtown Los 
Angeles. The owners of the plant are Mar-
athon Petroleum and NRG. Watson pro-
vides high-pressure steam and electricity 
to the Carson Refinery, as well as electric-
ity to the grid. The refinery is California’s 
largest. It produces gasoline, diesel fuel, jet 
fuel and anode-grade coke. In addition, the 
facility produces the gas powering Watson 
Cogen’s turbines.

The plant has four natural gas-fired GE 
7EA turbines, each rated at 83.5 MW 
(ISO). Exhaust gases from these turbines 

A MULTI-DECADE PERSPECTIVE  
ON WET COMPRESSION  
BY THOMAS MEE

MeeFog wet compression pump skids serving a combined cycle plant. 

TURBINES
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feed a duct-fired heat recovery steam gen-
erator, which generates both high- and 
medium-pressure steam. Around half of the 
high-pressure steam goes to the refinery. 
The rest is sent to two Dresser Rand steam 
turbines powering electric generators. 

Watson’s Principal Engineer, Steve 
Ingistov, an ASME Fellow, has steadily 
introduced improvements, innovations and 
upgrades to the facility which boosted out-
put from an initial level of 385 MW up to 
425 MW. The gas turbines were originally 
supplied with once-through evaporative 
coolers. When operated at their design flow 
of 200 gpm, excessive water carry over 
resulted in compressor blade erosion. To 
address this issue, the plant upgraded the 
first seven rows of compressor blades to 
Carpenter 450 stainless steel.

Fogging added 
The original fog systems at Watson were 
designed to provide 16 gpm of fog spray, 
which represents 0.35% of the air mass 
flow, or about 16°F of cooling. The fog sys-
tems were intended to provide evaporative 
cooling downstream of the under-perform-
ing evaporative coolers, plus wet compres-
sion fogging. 

The nozzle array was installed down-
stream of the inlet air silencer panels. Fog 
that didn’t evaporate in the inlet duct, 
entered the compressor where it provided 
a power boost. On cool and humid days, 
nearly all the fog failed to evaporate in the 
duct. It entered the compressor as wet 
compression spray.

In 2010, Ingistov removed the once-
through, 150 gpm evaporative coolers, in 
part due to regulatory pressure to reduce 
the amount of water consumed. He relo-
cated the nozzle arrays upstream of the 
silencer panels, with the fog nozzles 
aligned so they sprayed into the gaps 
between the panels. The new nozzle arrays 
spray 30 gpm of fog, which equates to 30°F 
of cooling, or 0.67% of the air mass flow, 
for the GE 7EA turbines. 

Watson Cogen is close to the Pacific 
Ocean so it tends to be cooler and more 
humid than inland Southern California. 
Hot summer day conditions are given as 
92°F dry bulb, 68°F wet bulb. It is possible 

to get about 23°F of evaporative cooling on 
a typical hot day. 

Ingistov uses fog aggressively to 
achieve the greatest output. Since 2010, he 
has been operating all the fog nozzles 
whenever the ambient temperature is above 
50 °F (nearly 24-hours a day, year-round). 
During cool and humid days and nights, 
most of the fog spray fails to evaporate in 
the inlet air duct and enters the compressor. 
On warm, dry days, most of the fog evap-
orates before entering the compressor, so 
most of the power boost is due to evapora-
tive cooling. Evaporative cooling gives 
about twice the power boost of wet com-
pression per mass-unit of spray. 

Ingistov conducted a controlled exper-
iment to compare media-type evaporative 
cooling with fogging. The evaporative 
cooler was removed from Unit 4 and 
replaced by a fogging array with a flow 
rate of 30 gpm. Performance measure-
ments over several months demonstrated 
that for the vast majority of days, Unit 4 
with only fogging outperformed the other 
units which had the evaporative coolers 
and the original 16 gpm fogging arrays. 
Under certain conditions, the evaporative 
coolers added almost no power.  With the 
new system, when it is cool and the rela-
tive humidity is high, the evaporative 
cooler gives almost no power boost, while 
fog continues to boost performance 
through wet compression.

Taking into consideration the water 

consumption and the test results showing 
fog to offer a greater long-term perfor-
mance boost, a decision was made to 
remove the rest of the evap coolers and 
replace them with fog nozzle arrays.

The facility has ran only the 30 gpm 
MeeFog systems for fogging and wet com-
pression for nearly a decade. According to 
Ingistov, “during 20 years of operation, the 
MeeFog wet compression system has not 
caused blade erosion,”  ■

Thomas Mee III is CEO 
of Mee Industries, a man-
ufacturer of inlet air fog-
ging and wet compres-
sion systems with more 
than 1000 installations 
around the globe. For 

more information visit MeeFog.com

MeeFog nozzles produce tiny droplets 
that stay suspended in  the airstream 

T = temperature, S = entropy, P = pressure. 
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Learn how IGVs can 
boost power savings  
by 10% or more
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STEAM IS HERE TO STAY 
DEMAND GROWS FOR SMALL- AND MEDIUM-SIZED STEAM TURBINES
BY RORY PASQUARIELLO 

W herever heat is available and 
there is a demand for power, 
you are likely to find one of tur-
bomachiner y’s oldest  and 

world-changing inventions – the indus-
trial steam turbine (ST). The technology 
has come a long way since its first modern 
manifestation in 1884, persisting through 
every market boom and bust. 

Until 2016, coal’s fall from grace and the 
growing share of renewables on the grid had 
caused the ST market to contract. But 
growth and stability have returned. Demand 
is returning for small- and mid-sized com-
bined cycle power plants (CCPP), combined 
heat and power (CHP), petrochemicals, bio-
mass and concentrated solar power (CSP) 
solutions. All include an ST element. 

With sales recovering, globalization is 
another trend noted by ST OEMs. Most 
have established joint ventures with cus-
tomers and suppliers across the world, 
which helps turbine companies boost mar-
ket share, decrease costs, and gain access 
to new business.

Innovation in STs may not be fast paced 
when compared to the developmental prog-
ress made in the gas turbine field. Neverthe-
less, OEMs such as Mitsubishi Compressor, 
Doosan Škoda Power, Siemens Energy, Fin-
cantieri, Triveni Turbine, Baker Hughes, 
Howden, Ansaldo Energia, Elliott, GE Steam 
Power and MAN Energy Solutions, among 
others, have made strides in performance 
optimization, reduction of carbon emissions, 
improved efficiency, start-up speed/flexibil-
ity and in raising steam parameters. 

Turbomachinery International Magazine 
interviewed several of these OEMs to find 
out the latest trends dominating the steam 
turbine sector. They offer a diverse set of 
market insights.

MCO 
Mitsubishi Heavy Industries Compressor 
(MCO) said its steam turbines are used pre-
dominantly in the petrochemical market. 
Particularly for ethylene plants of 2.0 million 
tons per annum (MMTPA) and above, the 
company has developed 20” longer blades to 
allow a wider variability in operating range. 
It has also developed STs designed for 
capacities of 3.0 MMTPA. As a result, its 
machines can now provide up to 140 MW to 
drive the cracked gas compressors (CGC) 
that are central to ethylene plant operations.

Overall, MCO offers API 612-compli-
ant ST packages ranging from 3 MW to 
140 MW. In conjunction with other MHI 
group companies, the company also serves 
the power generation market.

In recent years, MCO has focused on 
enhancing the operational efficiencies, reli-
ability and maintainability of its ST pack-
ages, according to Tomohiro Mori, Appli-
cation Engineer, at MCO. They are capable 
of automatic operation. The sequence from 
start-up to shut down is controlled by the 
programmable logic controller (PLC).

One of the company’s most popular 
models is the 9EH. “9” indicates the frame 
size (basic diameter of the control stage is 
approx. 900 mm). “EH” refers to the con-
densing turbine with an extraction pressure 
that controls the turbine under high-tem-
perature and high-pressure conditions. It is 
typically used with a cracked gas compres-
sor in ethylene plants.

In addition, the 9EH model addresses 
higher plant capacity. It can handle steam 
at very high temperatures (566°C/1050°F) 
and pressures (150barg/2133psig). It also 
provides improvements in energy con-
sumption: the extraction steam from a 
cracker gas compressor steam turbine is 
used as the inlet steam for the refrigerant 
compressor ST.

Doosan Škoda Power
Doosan Škoda Power has been around for 
more than 100 years. Its STs range from 3 
MW to 1,200 MW, and serve gas, solar bio-
mass, and other segments. It is especially 
competitive in the medium-sized ST mar-
ket. The company’s turbines are single-cas-
ing, high-speed units, either condensing or 
back-pressure, in a compact configuration. 

The DST-V is a variable-speed driven 
turbine that an output of up to 35 MW. The 
largest model of that line (up to 80 MW) is 

the DST-S10, a power generation synchro-
nous ST running at 3,000/3,600 RPM with 
steam parameters up to 165 bar and 580°C. 

The company’s primary market has tra-
ditionally been Europe and Latin America, 
but it is expanding into Southeast Asia and 
the Middle East. 

Siemens Energy 
Siemens Energy claims to have the largest 
share of the steam turbine market. It offers 
units from 10 kW to 1,900 MW. The com-
pany noted an uptick in demand since 2016, 
with biomass and waste-to-energy applica-
tions growing, especially in sectors such as 
cement, metal and mining, chemical or pulp, 
and paper. Decentralized power generation 
and CHP are additional areas of growth. 

“Overall, we see a steady and healthy 
business with industrial steam turbines,” said 
Tannas Tsakiris, Vice President for Sales 
Industrial Steam Turbines, Siemens Energy, 
adding that Siemens has found a stable mar-
ket in STs ranging from 5 to 250 MW. 

Siemens units are typically tailor-made 
for customer needs using a modularized 
building block system. The company acts as 
a consultant to optimize the whole energy 
system beyond the turbine generator set. 

“We analyze boundary conditions, the 
water steam cycle, space availability, and 
the necessary extractions for process steam 
to provide a turbine package/system that 
fits the required and requested needs,” said 
Tsakiris. 

Fincantieri
Fincantieri, an Italian company known for 
shipbuilding, develops STs used in oil 
refineries, paper mills, sugar mills, petro-
chemicals, waste-treatment, biomass, CHP, 
food production, cement works and steel 
plants. Its STs are available with power 
outputs of up to 50 MW, steam inlet condi-

A charge gas compressor drive steam 
turbine from MCO for a 1.8 MMTPA 
ethylene plant. 

Doosan Škoda’s medium-sized steam 
turbines have been its bread and butter. 

TURBINES
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tions of up to 140 bar/540°C, and rotational speeds of 3,000 to 
13,000 rpm. The lineup includes condensing, backpressure, con-
trolled extraction, multi-stage, multi-valve, single-stage, and sin-
gle-valve turbines.

Fincantieri’s most popular steam turbines are the THR and 
TVR series, with a maximum capacity of 4.4 MW. They have a 
simple construction, high reliability and moderate cost. The tur-
bine wheel, with a single stage or a Curtis stage plus a second 
impulse stage, is assembled overhanging the pinion shaft, creating 
a compact geared turbine unit. The steam exhaust (directed axi-
ally) allows easy positioning on the floor. A modular system 
breaks its turbines into various subassembly units.

Triveni Turbine
Indian steam turbine manufacturer Triveni Turbine has an 
installed base spanning 70 countries and generating over 13 GW. 
The company is capitalizing on a growing demand for refurbished 
turbines and after-market solutions to meet changing conditions, 
such as growth in size and scale, or aging machinery. 

Triveni Refurb, the repair arm of the company, services older 
generation and third-party turbines. It offers efficiency upgrades to 
help customers avoid the purchase of a new unit. Its turbines range 
up to 30 MW. It primarily serves South and Central America, India, 
Middle East, Africa, Russia, Turkey, Europe and South East Asia.

Triveni’s turbines have a steam inlet temperature of up to 
545°C and an inlet pressure of up to 120 bars. The company can 
provide straight condensing, bleed condensing, extraction con-
densing, double controlled extraction condensing, injection con-
densing, axial condensing, reheat condensing, backpressure steam 
turbines. straight backpressure, extraction backpressure, and bleed 
backpressure. 

The most popular models are the TST2018, TST1150 and 
TST2150IR. They typically serve process cogeneration, sugar 
cogeneration and the cement waste heat recovery market seg-
ments. The TST2018 is an extraction condensing turbine that gives 
process steam through extraction and power for captive use, aimed 
at the CHP market. The TST1150 is a back-pressure model used 

for process steam and power. TST2015IR is an injection condens-
ing turbine used mainly in cement and waste heat recovery.

Howden
Howden steam turbines range from 100 kW to 15 MW. Some are 
focused on the mechanical drive market such as its API611 mod-
els. Others are more appropriate for power generation applications. 
They operate at inlet pressures from saturated steam at 10 bar to 
overheated steam at 131 bar/530°C. Discharge pressures range 
from 0.06 bar abs up to backpressure applications at 45 bar.

Howden Mono and Twin turbines are available for power gen-
eration. They favor an integrally geared overhang design. One 
benefit is nozzle group valve control that enables higher efficiency 
at part load operation.

Triveni’s TST2018 is an extraction condensing turbine that 
offers process steam through extraction as well as power. 
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regalbeloit.com/KopFlexRecert
Creating a better tomorrow™...
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For Twin turbines, Howden configures 
two overhang turbine casings with one 
integral gear. This setup allows for higher 
performance, good part load behavior and 
precisely controlled extraction pressure. 
All turbines can be equipped for automated 
quick start without pre-heating.

Recently, Howden has been working 
on digitizing its steam turbine operations. 

“Digitized operation will facilitate pre-
dictive maintenance, optimize steam tur-
bine efficiency and improve operability,” 
said Dr. Matthias Schleer, R&D director 
for Steam Turbine Products at Howden.

Ansaldo Energia
Ansaldo Energia offers large ratings for 
reheat applications suitable for supercriti-
cal and ultra-supercritical conditions, as 
well as compact modules for smaller rat-
ings and single- and two-cylinder model 
for non-reheat thermal cycles. It also caters 
to district heating and cogeneration appli-
cations. They are available in a back pres-
sure or condensing configuration.

The lineup includes the RT-30, a 150 
MW to 1,000 MW steam turbine for reheat. 
The MT15, MT20, and MT10, all for non-re-
heat applications, range from 40 MW to 350 
MW. The GT is the company’s geothermal 
model with capacity from 40 MW to 150 
MW. Steam turbine retrofits are available. 

Baker Hughes
Baker Hughes offers condensing and 
back-pressure units, multiple extractions or 
injections, single- or double-flow configu-
rations, axial or radial exhaust, and base-
plate and concrete mounted solutions. 
These STs range from 2 MW to 150 MW, 
with steam inlet pressures of up to 140 bars

SC/SAC/SNC/SANC series models have 
impulse and reaction blades for high effi-
ciency over a wide range of operating con-
ditions. A modular design enables customi-
zation to meet steam-cycle needs. MP/
MC/P/C series units feature an impulse 
design with a simple architecture and easy 
maintenance requirements. Reliable and 
compact, this series is suitable for small 
power generation, boiler feedwater pump 
drivers, and marine applications.

Elliott
Elliott STs serve industries such as oil and 
gas, chemical and petrochemical, pulp and 
paper, power generation and food process-
ing. As power requirements, steam condi-
tions, and speeds continue to rise across the 
industry, Elliott has developed units to meet 
changing operating conditions. They are 
rated for inlet steam conditions up to 2,000 
psig/1005°F and speeds up to 20,000 rpm.

Elliott STs range from 20 HP (15 kW) 
single-stage units to 175,000 HP (130 MW) 
multi-valve, multi-stage extraction con-
densing units. They are customizable and 
can be built to API standards. 

Single-stage YR series units are known 
for operat ing in harsh condit ions.  
Multi-YR (MYR) turbines combine the 
reliability and parts interchangeability of 
the YR turbine with the power and effi-
ciency of multi-stage turbines. MYRs pro-
duce more power without additional steam 
and can be installed in areas where sin-
gle-stage STs are currently operating. 

Multi-stage (or multi-valve) STs are 
another core component. Designed to API 
612 standards, they have a small footprint 
and offer high efficiency. Under typical 

operating conditions (600 psig/750°F) they 
provide more than 80% efficiency. They can 
also operate under high-pressure/high-tem-
perature conditions (1300 psig/ 905°F). 

Elliott also offers ST generators for 
on-site generation with standby power of 
up to 50 MW, including renewable energy 
applications and green energy initiatives. 

GE Steam Power and Gas Power
41% of the world’s combined cycle, 30% of 
fossil, and 50% of nuclear plants are said to 
be powered by GE STs. They span all 
fuels, outputs from 100 MW to 1,900 MW, 
and accomodate various site, operational, 
steam cycle and application needs. 

GE makes fossil STs such as its STF-D 
Series; combined cycle units, such as its 
STF-A650 and the STF-D600 for reheat; 
and its Arabelle nuclear steam turbine. The 
STF-A650 has an 85 MW to 300 MW out-
put. The STF-D600, a two-casing, dou-
ble-flow low-pressure section, combined 
cycle steam turbine, has a capacity ranging 
from 180 MW to 700 MW. 

GE’s STF-D Series is a modular product 
platform for utility reheat STs in the 100 
MW to 1,200 MW range. The STF-D Series 
is designed for main inlet conditions up to 
650°C (1200°F) and 330 bar (4786 psi) and 
reheat temperatures up to 670°C (1238°F). 

MAN
Steam turbines from MAN Energy Solu-
tions can be used for mechanical drive or 
power generation applications. With a 
power range between 1 MW and 180 MW, 
they can be scaled for special process and 
customer requirements. 

These STs are used in waste-to-energy, 
biomass, geothermal, CSP and industrial 
power generation applications like waste 
heat recovery. Moreover, the same technol-
ogy is applied to new solutions for power 
generation such as expansion of methane, 
carbon dioxide or air.

Its small and medium units are among 
its most popular. The MST040 operates 
between 3 MW and 15 MW at 140 bar inlet 
pressure and 540°C. MAN offers five oth-
ers with the same inlet pressure and tem-
perature, but higher power outputs, maxing 
out at 180 MW for the MST120 series. ■

GE’s STF-D Series is a modular product platform for utility reheat steam turbines in the 
100 to 1,200 MW power output range.

MAN Energy Solutions steam turbines 
serve power ranges between 1 MW and 
180 MW.

Baker Hughes’ SC/SAC Series are 
single-flow turbines that use both 
impulse and reaction blades.

Ansaldo Energia’s GT geothermal steam 
turbine.
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COMPRESSOR TRAIN 
REPLACEMENT 
A SUMMARY OF EFFICIENCY AND RELIABILITY OPPORTUNITIES
BY MARIO MACERO

Machinery capital cost for the 
acquisition of a compressor train 
can be significant. Engineering 
efforts, therefore, must not be 

spared when it comes to updating technol-
ogy and maximizing reliability while con-
trolling capital cost.  

Overall costs are impacted by the num-
ber of compressor casings needed to achieve 
the required pressure ratio, the gas mole 
weigh, flow and materials. Driver selection 
also plays a key role in lifecycle cost, and is 
guided by the required reliability and con-
trollability as well as the availability of 
power, steam or gas to feed the main driver.

The crude oil stabilization process at 
the Saudi Arabian facility being discussed 
generates a large amount of light and heavy 
mixed gases that are compressed down-
stream for subsequent separation and 
recovery in natural gas liquid (NGL) plants.

One of the compressors trains installed 
in the large stabilization oil plant handles a 
complex chemical composition gas with 
abundant content of heavy gases including 
propane, butane and pentane isomers. The 
average mole weigh of the mix is 42 with 
the compressor operating at 19,000 HP. 
The compressor handles a heavy mix gas 
and boosts pressure from 1 to 33 bars.

The train was installed in the early 
1970s. Through the years, the train 
required extensive maintenance. Inspec-
tions to the hot gas path of the gas turbine 
revealed damage to combustion liners, 
nozzles and blades, as well as issues with 
the hydraulic starter, instrumentation fail-
ures and casing ovality (deviation from 
being completely circular). Further recur-
ring issues included failures in the seal oil 
seal of the compressors, vibration and 
instability due to the presence of riveted 

impellers in the compressor rotor. The sit-
uation was complicated by a diversity of 
instrumentation in the gas turbine and 
train components such as bearings, seals, 
proximity probes, temperature and pres-
sure gages, and control valves.

The new compressor train had to meet 
design conditions requires compressing 
99400 ACFM (actual cubic feet per min-
ute) from 1 Kg/cm2 abs (absolute pressure) 
to 33 Kg/cm2 abs. To achieve such a pres-
sure ratio, the first casing is a double suc-
tion compressor with six impellers, and the 
second casing consists of a two-stage com-
pressor and a back-to-back rotor with five 
impellers. The first casing pushed the gas 
to the second casing without cooling. 
Therefore, from a process standpoint, the 
first compression stage is completed in the 
second casing. This means that two addi-
tional impellers are needed in the second 
casing to compress the gas before deliver-
ing it to the intercooler. Finally, there is a 
gearbox between the first and second com-
pressor casings to increase speed from 
4,800 to 7,100 RPM.

Compressor configuration 
The configuration for the new compressor 
is a back-to-back rotor with five and four 
impellers per stage, similar to Figure 1. The 
technology improvements observed in the 
new design rely on several factors. Mathe-
matical modeling and CFD tools were used 
to develop an improved aerodynamic 3D 
design for the impellers with high flow 
coefficients allows a more appropriate pro-
file in the vanes. This is especially useful in 
the configuration of the first two impellers. 

In the early 1960s, the first tilting pad 
journal bearings application in compressor 
began operation to solve instability prob-
lems. At that time, operating speed was 
limited to prevent oil whirling and oil whip. 
Researchers gradually spread a better 
understanding of vibrational phenomenon 
and rotordynamics. As a result, enhanced 
dynamic features were incorporated into 
compressor design based on advances in 
rotor dynamic and lateral analysis.  

Finally, advances in manufacturing 
enable automated CAD-CAM tools to 
machine complex designs, especially in 
small coefficient impellers with a tip width 
smaller than 15 mm. Development in laser 
sintering powder and the electron beam 
welding process have cleared the way for 
the production of smaller impellers, as 
required in injection compressors with dis-
charge pressures above 5,000 psi. Some 
manufacturers have extended these capa-

New compressor train being installed at a 
site in Saudi Arabia

Figure 2: Polytropic efficiency vs. impeller flow coefficient in centrifugal impellers.
Figure 1: New compressor rotor assembly. 
Courtesy of Siemens/Dresser Rand. 
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bilities as high as 14,500 psi (1000 bars).
Flow coefficients for compressors typ-

ically range from 0.01 to 0.16. The first 
stage impeller of the new compressor train 
has a flow coefficient of 0.09. At the second 
stage, the flow coefficient drops to 0.02, 
which limits the efficiency in the second 
stage below 80 % as a consequence of den-
sity changes in the first stage (Figure 2). 

There is an inherent reliability enhance-
ment in the compressor due to a reduction 
in the footprint of components such as the 
gearbox, compressor casing, dry gas seals 
(DGS) and bearings, as well as improve-
ments in the anti-surge system with 
enhanced depressurization during emer-
gency shutdown.

The materials used in the compressor 
includes 17-4 PH impellers (good for pre-
venting of stress corrosion cracking in sul-
fide environments), fluorosint interstage 
labyrinth seals and a stainless steel-clad-
ded casing. A substantial reduction in foot-
print was achieved via the new design. 

The aerodynamic design of the com-
pressor had a type II test according to 
ASME PTC 10 test code rules. This is done 
using a nonexplosive inert gas. Typically, 
the gas molecular weight in the test is higher 
than the real service gas. This enables lower 
equivalent test speeds and a lower power 
requirement for the driver. The new com-
pressor’s performance was successfully 
tested with Freon 134a. The total absorbed 
power was 2.5% lower than expected.

Anti-surge system 
A dynamic analysis was performed to 
assess the system needed to prevent surge 
(Figure 3). Many factors were discovered 
which impacted the selection of the anti-
surge system. Aggressive reverse flow was 
discovered that derived from a high-pres-
sure ratio (10-1) in the first stage. Addi-
tional reverse flow was found at the dis-
charge side of the first stage once the sec-
ond stage antisurge valve diverted the gas 
to the suction side. Further, sudden pres-
surization at the first stage suction pre-
vented activation of the pressure relief 
valve during emergency shutdown. Blow 
off valves were installed at the discharge 
sides of the stages to depressurize and pre-
vent damage in the compressor, static 
equipment and pipes located at the com-
pressor suction side (Figure 4). 

Steam turbine driver
Limitations in the existing gas turbine 
forced operation at a fixed speed to limit the 
temperature at the exhaust side and to keep 
steady load (load sharing was not available). 
This condition required the compressor to 
recycle during periods of instability. Fortu-
nately, the plant generates excess steam, 
which drove the decision to select a steam 
turbine as a driver. 
The existing sin-
gle-shaft gas turbine 
was replaced by an 
eight-stage impulse 
steam turbine. 

The new steam turbine includes a dual 
control valve to allow start-up without the 
use of a combined trip and throttle valve, 
and brush seals in the external labyrinth to 
reduce steam leaks to the gland condenser. 
The steam turbine is an 82% isentropic effi-
ciency back pressure machine. Construction 
materials include ASTM 470 for the rotor, 
ASTM A-565 for the first stage blades and 
AISI 403 for second- to eighth-stage blades. 

Overall, the exceptionally high-pres-
sure ratio for a single casing machine trig-
gered special challenges to design an opti-
mal compressor and a corresponding anti-
surge system. The resulting single casing 
compressor directly driven by a back-pres-
sure steam turbine is expected to start 
operations in first quarter 2021. ■

Figure 3:  First stage behavior during shutdown without 
depressurization.

Figure 4:  First stage behavior during shutdown with blow-off 
valves at both stages.

M a r i o  M a c e r o  i s  a n 
Engineering Consultant for 
Rotating Equipment at 
Saudi Aramco, a Saudi 
Arabian mult inat ional 
petroleum and natural gas 
company based in Dhahran, 

Saudi Arabia. For more information, visit 
SaudiAramco.com 
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Service and repair locations in 
Texas, California and Pennsylvania

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

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

Designed in accordance 
with applicable codes 

• ASME BPVC Section VIII 
• ANSI B16.34 & B16.5 
• API 611 
• NEMA SM23/24 
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CONTROLS MARKET SET FOR 
SWIFT REBOUND 
BY DREW ROBB 

A new report form ARC Advisory 
Group on turbine monitoring and 
controls finds it to be a dynamic seg-
ment ripe with product innovation. 

It reveals that the overall worldwide market 
for controls for all three turbine types (gas, 
steam, water/hydro) was just over $1 billion 
in 2019. There is expected to be a dip in 
2020, but by 2024, the market will have 
grown to a little short of $1.5 billion.  

“The impact of Covid-19 pandemic and 
other trends such as a slowdown in China 
and continued pressure on oil and gas 
prices caused ARC to forecast a decline in 
revenues in 2020,” said Tim Shea, Senior 
Analyst, ARC Advisory Group. “We antic-
ipate a recovery in most countries starting 
in earnest in Q4 and into 2021 and beyond. 
The market will continue to grow at a 
steady growth rate as more customers 
replace legacy turbine control systems to 
improve operational performance and 
increase energy efficiency.” 

The turbomachinery monitoring & 
controls industry has evolved from a field 
comprised of isolated specialists to a tech-
nology with much wider adoption across 
different industries and applications. 
Advances in data quality, software pro-
cessing, and ease of use continue to 

increase the value proposition for end 
users, added Shea.  He said market drivers 
include growing demand for energy, an 
increased focus on energy efficiency, 
greater demand for products derived from 
chemical, petrochemical and manufactur-
ing processes requiring mechanical drive 
of compressors or pumps.  

The movement from analog or mechan-
ical controls to digital technology, for 
example, has enabled operators to realize 
greater operational performance with 
fewer resources via remote monitoring, 
predictive maintenance, asset management 
and lifecycle optimization. 

New software and software platforms 
have enabled enhanced functionality with-
out necessarily requiring “rip and replace” 
of current technology. This has also had 
the benefit of reducing the amount of hard-
ware that needs to be replaced while avoid-
ing a complete rewrite of all code. The 
cloud, too, is gradually invading the tur-
bine controls space. 

“While still a relatively nascent market, 
ARC expects demand for cloud deploy-
ments to grow as users realize the benefits 
of scalability, and enhanced analytics capa-
bilities for turbine and balance of plant 
real-time visibility and flexibility,” said 

Shea. “Of course, this all depends on 
robust cybersecurity.”

He believes smart wireless sensors are 
the tip of the spear in any digital roadmap. 
Wireless sensors support easy scalability, 
lower costs, access to more remote loca-
tions, and an optimized form factor rela-
tive to wireline.

“The benefits offered by newer tech-
nologies for turbine monitoring and con-
trol include greater performance, energy 
efficiency, and output, as well as improved 
turbine uptime and availability, and 
reduced maintenance costs,” said Shea. 

Many suppliers offer new monitoring 
& controls solutions that incorporate 
advanced analytics or remote monitoring 
and services designed to help owner-oper-
ators and end users to optimize turbine 
performance, improve energy efficiency, 
lower costs, and optimize their process 
operations. Shea has advice for both sup-
pliers and users: Suppliers should develop 
strategic plans that ensure value proposi-
tions that justify higher pricing; users 
should seek out suppliers willing to invest 
sufficient time, resources, product develop-
ment, customization, support, and training 
necessary to enable successful deployment 
and operation of the turbine and its optimi-
zation during the life of the project. 

“Demand for turbine monitoring & 
controls service-based solutions is expected 
to outpace that of hardware and soft-
ware-based solutions over the forecast 
period as a growing number of operators 
and end user firms decide to outsource 
some or all of the turbine monitoring & 
controls,” said Shea. “Demand for ser-
vice-based revenues will be most heavily 
concentrated in the U.S.”Figure 1: Turbine Monitoring & Controls Market – Millions of Dollars. 

Remote monitoring of turbomachinery is 
growing in popularity. Courtesy of MHPS

2019 2020 2021 2022 2023 2024
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Oil & gas investment
Although the oil & gas segment has been 
experiencing a recent downturn in oil 
prices, the impact on turbine monitoring 
& controls aftermarket/retrofit solutions 
was somewhat muted. This was due to the 
continued demand from the midstream 
segment. This segment relies heavily on 
mechanical drive for compression to 
transport hydrocarbons to the end user in 

the form of electricity, gas heating or air 
conditioning, or even natural gas-powered 
vehicles. The more recent severe adverse 
impact of the COVID-19 pandemic on 
demand for oil and a plethora of supply 
created the perfect storm that caused near 
record declines in oil prices. This has 
affected sales of solutions designed to ser-
vice upstream and midstream customers. 
However, the decline has not been severe. 

Simultaneously, though, the chemical 
and petrochemical markets, especially in 
the U.S., have seen increasing demand due 
to cheaper feedstock. In addition, there has 
been growing demand for plastics and 
other materials and products that rely on 
chemical or petrochemical derivatives. 
This had had a positive effect on demand 
for on-site power and mechanical drive for 
compression, and associated controls.

“Demand for mechanical drive for 
compression is strong in the refining space 
as low oil prices have helped increase mar-
gins,” said Shea. 

In the upstream and midstream oil and 
gas segment, investment continues to go 
into the digitalization of rotating equipment 
control such as in compressor and pump 
stations. ARC Advisory Group research 
shows that only 18% of asset failure is age 
related. The other 72% could be addressed 
by proactive or predictive maintenance. 
However, a shortage of trained personnel 
resources challenges many firms. 

ARC Advisory Group noted services 
such as mCloud AssetCare that collects 
data from assets and moves it to the cloud. 
It uses artificial intelligence to detect 
issues and provide guidance to help asset 
owners optimize performance. ■

Digital and augmented reality controls ease the maintenance burden.  
Courtesy of Regal Beloit

Mitsubishi Chemical Advanced Materials is the Leading 
Global Supplier of Thermoplastics

/ Mitsubishi Chemical Advanced Materials has 
improved the efficiency in the turbo compressors 
by 1% - 3% with the use of thermoplastic labyrinth 
seals.             

mcam.com | @MCAMconnect |    
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Most compressors purchased today 
are delivered with dry gas seals. 
Overall, they have provided 
increased compressor reliability, 

improved safety and reduced process gas 
loss. As a result, users continue to extend 
the range of applications using dry gas seals. 

As seal manufacturers develop their 
understanding of dry gas seal essentials and 
identify root causes for failures, design 
changes are delivering an improved product. 
This includes more elaborate seal support 
systems for dry gas seals. 

Sealing pressure
Critical factors for achieving higher sealing 
pressures are seal ring material, secondary 
sealing elements and the secondary 
dynamic sealing system. Tungsten carbide 
and carbon graphite are often used for seal 
rings in many dry gas seals. However, the 
flatness of a carbon graphite stationary ring 
is difficult to maintain with larger rings at 
higher pressures and temperatures. Newer 
seal designs extend the seal’s pressure, tem-
perature and speed range by using silicon 
carbide seal rings. Improved processes for 
manufacturing silicon carbide has extended 
these parameters even further.

Secondary sealing elements are another 
important feature for accomplishing higher 
pressures.  They seal against the compres-

sor’s seal cavity, rotor and internal loca-
tions within the seal (Figure 1). O-rings 
were traditionally used for these elements, 
but voids in the material allow gas seepage 
into them. When pressures exceed approx-
imately 800 psi, reducing pressure around 
the O-ring too quickly causes the trapped 
gas to expand before it can escape. This 
produces ruptures and blistering on the 
O-ring, preventing it from sealing again. 
This is referred to as explosive decompres-
sion. With 90 durometer (a standard for 
hardness measurement) Viton (a synthetic 
rubber and fluoropolymer elastomer), it 
typically occurs at decompression rates 
greater than 300 psi/minute. To overcome 
this challenge, polytetraf luoroethylene 
(PTFE) secondary sealing elements are 
used. PTFE is impregnated with other 
materials, adding additional features to 
produce the r ight seal mater ial for 
high-pressure dry gas seal applications.  

With secondary sealing elements man-
aged, another concern is the dynamic sec-
ondary sealing system (Figure 2).  This 
system allows the non-rotating seal ring 
to move axially and maintain an effective 
gap between the seal ring faces. The 
major components in the dynamic second-
ary sealing system are the dynamic seal-
ing element and the balance sleeve.  

When pressure is applied to the bal-

ance sleeve, the sleeve diameter shrinks. 
This increases the clearance between the 
seal ring inner diameter and sleeve. A bal-
ance sleeve that changes minimally as 
extreme forces are applied prevents extru-
sion from occurring. Using a material 
with high compressive strength such as 
tungsten carbide minimizes these changes 
in balance diameter. 

Temperature range
Applications as low as -94°F and as high as 
482°F commonly use dry gas seals. The 
standard 90 durometer Viton O-rings 
employed for secondary sealing elements 
are rated for temperatures between approx-
imately -40°F to 380°F. Special O-ring 
material or PTFE sealing elements are 
used to extend that range.

Just as with pressure, the balance 
sleeve expands and contracts with tem-
perature changes. The usual industry 
design incorporates a large clearance 
between the balance sleeve and the non-ro-
tating seal ring inner diameter. When the 
seal is cold, however, sealing element 
extrusion can occur. As the seal tempera-
ture rises, insufficient clearance can lock 
the seal ring and lead to failure. Designs 
for cold applications incorporate smaller 
clearances, which increase as the seal 
cools. But this can also lead to extrusion. 

DRY GAS SEALS EVOLVE 
DGS ADVANCEMENTS ADDRESS SEALING PRESSURE, TEMPERATURE 
RANGE, FACE CONTACT, LEAKAGE AND OIL MIGRATION 
BY GLENN SCHMIDT 
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The best approach is to construct the 
balance sleeve from a carbide material to 
provide a much smaller clearance change 
as seal temperature changes. The thermal 
expansion coefficient between tungsten 
carbide and silicon carbide is much closer 
compared to silicon carbide and 410 stain-
less steel – the typical material combina-
tion. An additional tungsten carbide ring 
supporting the dynamic sealing element 
further eliminates clearance changes no 
matter how extreme the temperature 
change. This design manages temperature 
ranges from -94°F to +482°F or more.

Face contact 
It is detrimental to operate any mechanical 
seal with no sealing media between the seal 
ring faces. This causes face contact and 
leads to a seal failure. Pumps in tank farms 
are often run dry for extended periods and 
these seals continuously fail. To manage 
this problem, a process was developed to 
grow a layer of diamond on seal ring faces. 
This layer greatly increases pump seal life. 
This same technology was applied to dry 
gas seals to manage face contact.  

Dry gas seal ring faces are in contact 
when inadequate pressure is applied to the 
seal rings or when a compressor is rotated 
at speeds below 500 rpm. When a ratch-
eted compressor or one operating on a 
turning gear are operated, no seal gap is 
produced or the sealing media is absent 
between the seal faces. This leads to con-
tact operating modes.  

Even when the compressor is pressur-
ized, the secondary seal still has the possi-
bility of insufficient pressure, leading to 
face contact. For silicon carbide seal rings, 
diamond-like carbon (DLC) is applied to 
the faces. This permits contact operation 
for small time increments. Seal rings made 
of tungsten and carbon graphite are more 
forgiving and can operate for longer peri-
ods in contact. The downside to this com-
bination is that the carbon graphite face 

wears as contact occurs, producing carbon 
dust. When in contact with dry nitrogen, 
the graphite face wears even quicker and 
generates more carbon dust. This has some 
impact on the flatness of the seal ring face, 
and negatively impacts seal reliability. The 
dust collects in the grooves and around the 
dynamic sealing element, contributing to 
premature failure.

To effectively manage long periods of 
face contact, a diamond coating is applied 
to the seal ring faces (Figure 3). This 
increases seal life due to its hardness, low 
friction coefficient and heat dissipation. 
These traits prevent any detrimental effects 
when seal ring faces operate in contact.

Leakage
There are many factors contributing to 
seal leakage. Seal size, operating speed, 
operating pressure, operating temperature 
and seal media are dictated by the appli-
cation and the compressor. Groove geom-
etry, seal ring material, and seal gap are 
all part of seal design and controllable or 
changeable by the seal manufacturer. 

Dry gas seals typically have unidirec-
tional spiral grooves. Manufacturers have 
identified the spiral groove as the best for 
producing a stiff gas film to prevent con-
tact between seal ring faces. Through 
finite element analysis and programming 
developed to determine how groove 
geometry effects seal leakage and gap 
generation, a bidirectional groove has 
been developed. It produces the lowest 
leakage, with the higher film stiffness and 
reliability. If a compressor has been 
turned backwards inadvertently, this can 
damage or destroy unidirectional seals. A 
bidirectional seal eliminates this concern. 

A 2-dimensional groove formed in the 
seal face is the most common profile used 
in the industry (Figure 4). This produces 
an edge around the groove that traps 
debris. As debris builds, the groove 
becomes ineffective at producing a suffi-
cient gap and gas f ilm stiffness. A 
3-dimensional groove with an angled 
groove profile, on the other hand, allows 
debris to flow through it without impacting 
groove effectiveness.  

Dry gas seals typical operate with a 
three- to four-micron seal gap. This pro-
vides safety to prevent contact between 
seal ring faces due to any seal ring defor-
mation. If the gap is too small and contact 
occurs, the seal ring faces are damaged, 
and failure can result. 

Part of a dry gas seal factory test is 
opening it after the completed testing to 
check that no marks are visible on the seal 
faces. This verifies that there is an ade-
quate gap and gas film stiffness to man-
age any seal face deformation within the 
designed operating range. The reduction 

of seal ring deformation is achieved by 
manufacturing it from silicon carbide. 
This allows for a reduced seal gap. Using 
diamond as the coating to dissipate heat 
generated in the seal gap also reduces seal 
ring deformation. The combination of a 
rigid seal ring, a 3-dimensional, bidirec-
tional groove and a diamond coating, 
results in the lowest achievable dry gas 
seal leakage. 

Separation seal
Liquids must be kept away from a dry gas 
seal to work effectively. As f luid film 
bearings lubricated with oil are next to the 
seal, it is crucial to ensure no lube oil 
enters the seal. Process gas, too, must not 
enter the bearing cavity. A separation seal 
addresses these issues. 

Figure 2: Dynamic secondary sealing 
system.

Figure 3: Diamond coated seal ring. 

FRANKE-Filter GmbH
Wiedhof 9 · 31162 Bad Salzdetfurth · Germany
+49 50 64 904-0 · www.franke-fi lter.com

• Filtration effi ciency of 99.99% at 0.1 microns
• Quality of lube oil remains constantly high
• 30,000 hours of continuous operation
• 1-5 mg/m3 residual oil after fi ltration
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Originally a split labyrinth was used. Air or nitrogen is 
injected into the middle of the labyrinth, so no lube oil migrates 
into the dry gas seal and process gas is directed out the second-
ary seal vent. Labyrinths were robust, but didn’t always prevent 
oil in the dry gas seal or process gas in the lube oil system. Car-
bon ring seals were a better fit, but experienced similar chal-
lenges to labyrinths. Carbon rings also had a lower mean time 
between repairs than the dry gas seal. 

A coaxial barrier seal (Figure 5) was developed to overcome 
separation seal shortfalls. This end face seal eliminates the direct 

flow path from the lube oil cavity to the dry gas seal cavity or 
visa-versa. Reliability, lifespan and safety are all improved while 
reducing separation seal gas consumption.

Sealing media
It is not always possible to prevent liquids entering or forming 
in a seal. Process gas, for example, can be exposed to ambient 
temperature and can drop in pressure and temperature as it flows 
from the compressor supply takeoff, through the seal gas supply 
system and across the seal faces. Exposure to these conditions 
can cause a component in the gas to change its phase to liquid. 
Seal failures have occurred due to phase change.   

Gas conditioning is incorporated into seal gas supply sys-
tems to prevent liquid from entering the dry gas seal. But this 
adds to operating costs. Ideally, a seal should function even 
when liquid is present. Liquid, though, takes more energy to 
sheer than gas. Sheering produces heat. Heat, in turn, deforms 
the seal faces, which causes contact. This creates more heat and 
face deformation, which leads to a seal failure. Additionally, 
when a compressor stops, liquid between the seal rings creates 
a bond. High torque is required to break this bond. This can 
damage a seal ring.

A seal design to work effectively with a dual phase gas must:  
• Reduce torque to break the liquid bond
• Reduce seal ring impact forces from drive and anti-rota-
tion pins
• Reduce heat generation
• Prevent heat buildup.

3-D grooves reduce the torque required to break the liquid 
bond between seal rings. Flexible or soft torque anti-rotation and 
drive pins reduce impact forces that damage a seal ring. Dia-
mond coated silicon carbide reduces heat buildup and conducts 
it away. Incorporating these features enables a seal to operate 
with gas, dual-phase gas and liquid. The only requirement of this 
new seal design is for the sealing media (gas, dual phase gas or 
liquid) to contain no larger than three-micron particles. This pro-
vides a user reliable seal operation. ■

Glenn Schmidt is Senior Sales Director for Tur-
bomachinery Solutions at EagleBurgmann, a man-
ufacturer of dry gas seals and other sealing, cou-
pling and expansion joint products. For more infor-
mation, visit EagleBurgmann.com

Figure 5: EagleBurgmann CobaSeal 
Coaxial Barrier Seal.Figure 4: Grooves in a rotating, two-dimensional ring.
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GAS TURBINES, HYDROGEN AND 
ENERGY STORAGE     

Drumi Bhatt, Senior Director of Market 
Intelligence and Strategy, Mitsubishi Power 

Tell our readers about  
Mitsubishi Power
Mitsubishi Power was formerly known as 
Mitsubishi Hitachi Power Systems. The 
company continues to provide power gen-
eration and storage solutions. We offer a 
full range of 50 Hz and 60 Hz gas tur-
bines, from aeroderivatives between 30 
MW and 140 MW to heavy duty turbines 
between 40 MW and 560 MW.  All of our 
gas turbines will be hydrogen-enabled to 
help meet the decarbonization goals for 
the power sector. In addition, our power 
islands include steam turbines tailored to 
maximize output and efficiency. And our 
energy storage solutions allow for the 
safe storage of alternative green fuels 
such as hydrogen.  

What is your most  
popular model? 
Our most popular model is our J-Series 
advanced class turbine, which has a sin-
gle turbine output range of 330 MW to 
425 MW. With over one million operating 
hours, it best serves our base load utili-
ty-scale clients that need a blend of reli-

ability and efficiency. The J-series can 
can use a mix of 30% hydrogen and 70% 
natural gas. We are committed to creat-
ing turbines that can run on 100% hydro-
gen by 2025. 

What are some of the biggest 
trends you have observed with 
regard to gas turbines?   
It’s all about creating a future-proof gas 
turbine while ensuring flexibility to man-
age the grid. As the trend towards decar-
bonization continues, customers do not 
want to buy a gas turbine package that 
may become obsolete in 20 years when 
and if regulations demand 100% renew-
able power on the grid. We’ve been antic-
ipating this need for a while, which is why 
our J-series turbines can already use a 
30% hydrogen mix, with the goal of being 
able to convert those same turbines to 
100% hydrogen gas turbines in the near- 
to medium-term future. 

Tell our readers briefly about 
MHPS-Tomoni. 
We are creating the building blocks of the 
world’s first autonomous power plant, 
T-Point 2 using the MHPS-Tomoni digital 
suite. This digital platform enables 
advanced analytics and control systems to 
improve efficiency, generating more elec-
tricity with less fuel. The technology mon-
itors and optimizes every aspect of a power 
plant’s operation; and the processing 
capacity of the algorithms uses a wealth of 
information to monitor performance, make 
continuous improvements to the power 
plant, and conduct predictive analysis.

Is T-Point 2 open?   
T-Point 2, our grid-connected validation 
facility featuring the M501JAC gas tur-
bine and MHPS-Tomoni, began opera-
tion in Takasago, Japan earlier this year 
and officially opened in July 2020. By 
creating our second owned power plant, 
we’re continuing to validate our newest 
products on our dime and in real utility 
scale operations. This ensures our prod-

ucts are thoroughly vetted and protects 
our customers. The plant is also an 
important step in achieving our goal of 
building the world’s first autonomous 
power plant. This provides real-world 
operating experience for our digital solu-
tions so again, we’re not testing on our 
customers. This means that we’re able to 
bring both an operator and an OEM 
mindset to the development of custom-
ized digital solutions. 

What are you doing in energy 
storage?  
As part of our strategy to help our custom-
ers decarbonize the power grid, we are 
investing heavily in energy storage. With 
more customers setting targets to be carbon 
neutral in the coming decades, short dura-
tion and long duration storage will play a 
key role. We recently announced a project 
with the Hecate Grid to supply battery 
energy storage systems totaling 20 MW (80 
MWh) at Johanna 1 and Johanna 2 in Santa 
Ana, CA. We will service the project under 
a 10-year long-term service agreement.

We’ve also made strides in long dura-
tion storage using green hydrogen. We’re 
developing the Advanced Clean Energy 
Storage (ACES) project in Delta, Utah. 
And we’ve been issued full notice to pro-
ceed for the hydrogen-powered 840 MW 
gas turbine combined cycle Intermountain 
Power Project.  

What’s next?   
Many customers have more coal retire-
ments planned in what we consider Phase 
1 of power grid decarbonization: retiring 
coal-fired power plants and replacing them 
with a combination of renewable power 
and natural gas. But for some power sector 
customers, Phase 1 has already played out. 
In California, for example, almost all coal-
fired power generation has already been 
retired. So the question is what comes 
next? We believe that Phase 2 will be to 
replace natural gas with a combination of 
renewables and short- and long-duration 
energy storage.  ■

Q&A
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Vibration monitoring
Vibration condition monitoring can only 
provide the full benefit when the correct 
measurement technique is applied. 
While industrial vibration sensors offer 
broadband performance suitable for most 
machines, it is the signal processing that 
makes the difference. Furthermore, the 
right hardware provides a range of mea-
surement algorithm options to maximise 
the return on investment and future 
proof the installation. Typically, the 
higher cost of more sophisticated vibra-
tion monitoring systems offering this 
type of flexibility can be difficult to jus-
tify for smaller machinery. 

Accordingly, Sensonics has devel-
oped the DN26 G3 protection monitor to 
provide a more suitable stand-alone 
monitor to complement its range of rack-
mounted products. The dual channel, 
mountable unit provides monitoring of 
bearing vibration, shaft vibration or 
shaft position with programmable signal 
conditioning and with a range of mea-
surement algorithms and sensor options. 

Special protection options include 
slow rotation vibration monitoring down 
to 0.2Hz and narrow band filter measure-
ments for specific vibration signatures. 

In addition, the DN26 G3 offers a dedi-
cated speed monitor channel which can 
also be utilised as a phase reference for 
further harmonic analysis of the vibra-
tion signals. The sensor interface is pro-
grammable to accept IEPE type acceler-
ometers and velomiters, proximity 
probes (API 670 standard), and active/
passive speed probes. Three alarm relays 
are available as standard (expandable to 
up to seven relays via a digital interface). 
The unit is available with Ethernet com-
munications as standard.

Sensonics.co.uk

Gas detection  
NevadaNano is partnering with Black-
line Safety to modernize combustible 
gas detection systems. NevadaNano’s 
line of microelectromechanical systems 
(MEMS)-based gas sensors, the Molec-
ular Property Spectrometer (MPS) 
flammable gas sensors, are integrated 
into Blackline’s portfolio of cloud-con-
nected G7 connected safety wearables.

NevadaNano MPS sensors monitor 
environments for the lower explosive 
limit (LEL) levels of the 12 most com-
mon combustible gases, delivering a 
reading for individual gases and gas 
mixtures. The MPS sensors also deliver 
a lower cost of ownership than tradi-
tional catalytic bead and non-dispersive 
infrared (NDIR) sensors. The sensors 
are immune to poisoning and readings 
don’t drift. Blackline’s G7 uses data 
from the sensor to create interactive 
visualization in Blackline Analytics. 
Refinery personnel can see where 
hydrogen was recently detected where 
it wasn’t previously. 

NevadaNano.com 

Sensonics DN26 G3 protection monitor

New Starrett digital micrometer A new high-pressure seal gas booster 
from John Crane.

John Crane releases three seal-related products 
John Crane has launched three new prod-
ucts – a seal gas booster, a seal gas filtra-
tion system, and a pusher seal for refined 
and light hydrocarbon products. The com-
pany released some of these new products 
as a solution to secondary seal contamina-
tion and hang up. The Type 8628VSC, and 
both new versions of the Type 8648VRS 
(for flashing and non-flashing hydrocar-
bon duties) use a non-pusher secondary 
seal (NPSS) device. They include a pri-
mary seal combination for flashing and 
non-flashing hydrocarbons (8648VRS), a 
non-contacting secondary seal capable of 
full pipeline pressure in failure conditions 
(8628VSC), and NPSS made f rom 
non-compressible flexible elastomer elim-
inates secondary seal hang-up.

Three new filters have also been 
released as part of John Crane’s Flow 
Conditioned Filter (FCF) seal gas filtra-
t ion system. The new FCF Series, 
designed with a combination of new flow 
conditioning technologies, deliver up to 
50% lower pressure drop at start up and 
in operation. It has a reduced footprint 
with no impact to gas flow. It complies 
with API 692 filtration requirements for 
contaminants of 1 micron and smaller at 
efficiencies of 99.9%, coalescing perfor-
mance down to 0.005 ppm for improved 
centrifugal compressor reliability and 

operational efficiencies
In addition, the company launched its 

high-pressure GCU (Gas Conditioning 
Unit) Seal Gas Booster designed to sup-
port dry gas seals on turbo compressors. 
It generates a pressure differential 
between the supply gas and process gas 
across the faces to keep the seal faces 
clean. For any application where external 
seal gas/alternative seal gas is not avail-
able, the booster will provide a reliable, 
automatically triggered source of clean, 
dry process gas. In addition, the booster is 
good match for any installation where API 
692 requirements apply, as the necessity 
for seal gas boosters as best practice is 
repeatedly noted throughout the standard.

Johncrane.com  

Digital micrometer  
L.S. Starrett has introduced more than 
100 electronic digital micrometers with 
new features for improved ergonomics, 
functionality and productivity. To with-
stand the harshest shop elements 
including coolant, water, chips, dust 
and dirt while retaining tool integrity, 
the new micrometers include an IP67 
level of protection on sizes 0 - 4” and 
on various application-specific models. 

The new electronic micrometers 
offer upgraded electronics, a longer 
battery life, an advanced locking mech-
anism and a large LCD display. They 
are equipped with RS232 output for use 
with data collection systems.  

Starrett.com

NEWPRODUCTS



Asset management 
Yokogawa has release its Sushi Sensor, 
an OpreX Asset Management and Integ-
rity wireless solution, with AI analytics 
via GA10 software for Industrial Internet 
of Things (IIoT) plant asset management 
applications. It addresses online collec-
tion of equipment data across facilities 
via wireless sensors for early equipment 
anomaly detection. The Sushi Sensor 
combined with AI GA10 sof tware 
detects early signs of abnormal operating 
characteristics. With a free smartphone 
app for easy set-up and configuration, 
users can place hundreds of Sushi Sensor 
devices into service across a facility.

The Sushi Sensor, with LoRaWAN 
(Long Range Wide Area Network) com-
munication technology and analytics is 
approved for operation in hazardous 
areas. Via LoRaWAN, a low power, 
wide area network with up to ten times 

the range of other IoT wireless net-
works, the Sushi Sensor communicates 
digitized measurements to Yokogawa’s 
analytics environment.

Yokogawa.com

Inlet air filters
Camfil Power Systems has released its 
latest generation of the CamGT product 
line featuring hydrophobic, low, and 
stable pressure drop air inlet filters 
designed to boost turbomachinery per-
formance. The filters are engineered for 
extreme environments where turboma-
chinery is threatened by high humidity, 
salt-laden air, heavy pollution or fine 
particulates. They are designed for EPA 
efficiency to boost power by virtually 
eliminating degradation while main-
taining a low and stable pressure drop. 

New features include pleating tech-
nology that permits a more open face 
geometry and an aerodynamic grid that 
redirects exiting air, reducing pressure 
drop. A new drainage vane design 
improves drainage, while hydrophobic 
media and double sealed construction 
eliminate the risk of dissolved contam-
inants passing through the filters. This 
eliminates corrosion risks, as well as 
reducing fouling. The filters retain their 
original vertical pleat and rigid one-
piece front frame and supporting grid.  

The new generation includes three 
models. At E10 efficiency, the CamGT 
4V-300 has a reduced initial pressure 
drop, now at 200 Pa. The CamGT 
3V-440 features pressure drop perfor-
mance for its depth range, initially at 155 
Pa. The CamGT 3V-600 has an initial 
pressure drop at 135 Pa.

Camfil.com 

Scan-to-CAD 
Digital analysis and physical testing are 
becoming increasingly integrated in the 
pursuit of optimized product design and 
development. With the release of its 
VGStudio Max version 3.4 software, 
Volume Graphics has added features that 
help designers and manufacturers cap-
ture and interrogate product data to 
improve final quality. 

When there’s no 3D CAD model 
available, its Reverse Engineering Mod-
ule provides a suite of capabilities. It can 
generate surfaces from a CT scan or 

model. This generates design models 
without the need for a CAD designer or 
reverse-engineering specialist. It can gen-
erate and archive 3D CAD models of leg-
acy parts, as well as update those models 
in which the actual part or tool deviates 
from the master CAD model. This auto-
mates the creation of digital twins of indi-
vidual parts and allows for validation of 
the model-to-part relationship. 

VolumeGraphics.com

Data acquisition system  
ESC | Spectrum, has released the Stack-
Vision 6.11 data acquisition system 
(DAS). It meets the needs of air contin-
uous monitoring compliance and keeps 
electric power and petroleum customers 
on top of compliance status and trends 
with a real-time set of tools and displays. 

This latest release provides enhance-
ments in usability, efficiency and pro-
cessing speed.

Envirosys.com  

CamGT inlet air filters from Camfil 

The hyperMILL mirror function shortens 
calculation time.

CAD Software
Open Mind Technologies has introduced 
the latest version of the hyperMILL 
CAD/CAM software suite. It offers users 
enhanced features for 3D and 5-axis 
machining, such as the hyperMILL 
Automation Center Advanced option. 
Plunge-milling cycles have been added 
for machining cutting edges. Material is 
removed by plunging movements to 
reduce vibration and improve surface 
finish, especially helpful for machining 
edges with steep walls. When 5-axis 
machining, undercut areas can also be 
reached by specifying the lateral inclina-
tion on the tilted tool. By specifying a 
distance, circular or linear movement 
profile, the tool is optimally retracted 
from the part. 

Due to an enhanced mirror path func-
tion, users have shorter calculation times 
and improved process reliability. The 
mirror path function enables mirroring of 
previously calculated toolpaths so the 
machining direction is also mirrored to 

make climb milling a conventional mill-
ing process. hyperMILL retains the orig-
inal mirror function where toolpaths for 
symmetrical components are recalculated 
based on mirrored geometry data.

openmind-tech.com



Digital monitoring for couplings 
Voith extended its range of OnCare.
Health monitoring solutions to include 
a system for industrial fan and pump 
drive trains. It employs sensors and 
connected components to increase 
availability. Further, it monitors operat-
ing data as well as use in IoT applica-
tions such as predictive maintenance.

OnCare.Health IOLIS (IO-Link 
Instrumentation System) offers opera-
tors of pumps and fan drive trains a way 
to facilitate equipment handling along 
the drive train while laying the founda-
tion for Industrial IoT functions. It 
achieves this by means of a system of 
smart sensors. They allow for quick data 
transfer, as the signal is output digitally 

with no need for conversion. Operators 
gather insights into the machine status 
and maintenance requirements. By bas-
ing decisions on real-time data, they can 
initiate maintenance operations and pre-
vent errors and downtime. 

OnCare.Health IOLIS integrates into 
existing bus-controlled drive trains. 
Since it only requires a single signal line, 
minimum wiring is needed from the 
master module to the control room and 
within. Its interfaces are standardized to 
ensure compatibility and maintenance 
without the need for special training.

Voith.com

Cybersecurity system  
The threat of mega cyberattacks target-
ing critical infrastructure is worsening, 
according to a joint study conducted by 
the Ponemon Institute and Siemens that 
surveyed energy industry executives. It 
found that 67% of respondents believe 
the risk level to industrial control sys-
tems over the past few years has substan-
tially increased because of cyber threats. 
61% of respondents said their organiza-
tion’s industrial control systems protec-
tion and security was not adequate.

In response, SparkCognition and 
Siemens are collaborating on a cyber-
security system, DeepArmor Indus-
trial, fortified by Siemens, which pro-
tects endpoint, or remote, operational 
technology (OT) assets by leveraging 
artificial intelligence (AI) to monitor 
and detect cyberattacks. It will deliver 
antivirus, threat detection, application 

control, and zero-day attack preven-
tion to endpoint power generation, oil 
and gas, and transmission and distri-
bution assets.

“Cyberattacks on the energy indus-
try are on the rise in volume and in 
sophistication, and they increasingly 
threaten companies’ physical safety and 
security, business operations, and the 
critical infrastructure that powers com-
munities throughout the world,” said 
Leo Simonovich, Head of Industrial 
Cybersecurity at Siemens. “Many 
energy companies with remote, end-
point assets have struggled to defend 
their environment because they either 
lacked the visibility to detect, or the 
agility to mitigate, cyberattacks that 
threaten operational technologies.”

 
Sparkcognition.com 

High-speed motor   
Yaskawa Environmental Energy/The 
Switch is introducing motors paired 
with drives. The solid rotor motor elim-
inates the need for a gearbox, while 
allowing the application to reach higher 
speeds and availability. Mechanical 
problems associated with gearboxes are 
no longer an issue. Fewer components 
also reduce the need for extra parts and 
maintenance. The solid rotor construc-
tion provides mechanical strength and 
stability. It is more compact and lighter 
in weight, requiring up to 50% less 
space than a conventional design. 

Each solid rotor motor is paired with 
a matching Yaskawa GA700 drive. It 
can be used in applications such as fans 
and turbo blowers, vacuum systems, 
turbo generators, compressors for 

industrial air gas and chillers as well as 
turbo pumps. 

The solid rotor motor is available 
from 100 kW to 630 kW of power and 
rotating speeds from 6,000 rpm to 
20,000 rpm. Operating voltages range 
from 380 V to 690 V. The air- or liq-
uid-cooled motors come in three differ-
ent frame sizes: 250, 280 and 315. As an 
example, the power output from a typi-
cal two-pole asynchronous motor with 
a 315 mm shaft height is approximately 
200 kW, whereas the new standalone 
high-speed motor from Yaskawa Envi-
ronmental Energy / The Switch triples 
the power output to 630 kW. 

 
Theswitch.com 
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T he commercial shipping industry 
has generally avoided gas turbines 
for primary propulsion and onboard 
elect r ic power needs, turning 

instead to reciprocating engines, which 
have a history of operating on low-cost 
liquid fuels. Ships’ crews have experience 
working on these engines, and operations 
and maintenance staffing and infrastruc-
ture tend to be centered around them.  

Sweeping emissions rules imple-
mented in 2020, however, are changing 
the marine landscape. The International 
Maritime Organization is working toward 
the carbon-reduction standards laid out in 
the 2050 Paris Accord. The industry is 
under pressure to identify clean fuels to 
meet these goals. The low-grade fuels 
reciprocating engines burn generate NOx 
emissions as well as sulfur oxides, partic-
ulates and heavy metals. Meeting stricter 
emissions standards while continuing to 
run reciprocating engines will signifi-
cantly increase operating costs for com-
mercial shipping operators. To support 
low emissions, liquif ied natural gas 
(LNG) is becoming a key marine fuel due 
to increasing availability and clean com-
bustion. In addition, LNG carriers (i.e., 
tankers that carry liquefied natural gas) 
are becoming more popular.

Gas turbines provide a clean, cost-ef-
fective alternative to reciprocating engines 
under these conditions. The arguments 
against gas turbines — often focused on 
efficiency, fuel suitability, costs and noise 
— are based on outdated perceptions. 
Today’s turbines already serve marine 
applications like offshore platforms and 
floating production storage and offloading 
(FPSO) vessels. 

Concerns about using gas turbines are 
often centered around efficiency require-
ments for clean combustion air, fuel suit-
ability and noise. Since we find gas tur-
bines abundantly in other types of marine 
applications, like offshore platforms and 
FPSOs, the question is certainly admissible 
as to why gas turbines are not used in com-
mercial shipping.

Today, gas turbines are significantly 
more efficient than the available types used 
15 or 20 years ago, and provide superior 
durability and reliability. They can be 
installed as combined cycle, or combined 
heat and power systems. Combined cycle 
systems for gas turbines are more efficient 
and smaller than similar systems for recip-

rocating engines due to the higher turbine 
exhaust temperatures. To optimize effi-
ciency, the systems should be sized to 
match the operation profile of the ship.

Additionally, today’s air inlet systems 
use considerably improved technologies 
that have brought about lowered opera-
tional costs. Despite the higher air 
throughput of gas turbines, compared to 
reciprocating engines, modern air filtra-
tion media and construction technology 
effectively removes particulate, water and 
salt from the air, thus reducing engine 
fouling and performance deterioration. 

The use of heavy liquid fuels, like 
heavy fuel oil (HFO) still favors recipro-
cating engines, but these are the very 
fuels that become less desirable due the 
environmental impact. If an owner runs 
High Sulfur HFO, they will need to install 
scrubbers in the exhaust system. These 
scrubbers are expensive both to install 
and to operate. This reduces any advan-
tage of running on so-called cheaper fuel. 

LNG has become a viable alternative 
marine fuel. LNG is more economical 
than HFO. It creates significantly less 
harmful emissions, such as NOx, partic-

ulates, sulfur, unburned hydrocarbons or 
heavy metals. This is particularly true for 
LNG tankers, where some of the trans-
ported LNG is available as boil-off gas.  

Gas turbine lifecycle costs are compa-
rable to those of reciprocating engines, 
especially considering that the higher 
power density, lower weight and reduced 
space requirement of gas turbine installa-
tions allow for higher payload. Addition-
ally, air inlet systems on today’s gas tur-
bines help lower operational costs. Despite 
a higher air throughput than reciprocating 
engines, modern gas turbine air filtration 
media and construction technology effec-
tively collect particulate, water and salt, 
therefore reducing engine fouling. In addi-
tion, the lower maintenance needs of gas 
turbines require fewer crew.

Therefore, it is surprising that we don’t 
see a greater interest in gas turbines for 
electric power and propulsion for LNG car-
riers, cruise ships and other commercial 
shipping. Being turbomachinery people, 
we’re looking forward to seeing more gas 
turbines in commercial shipping services. 
Maybe we will see a similar situation as 
when, in 1894, the first (steam) turbine 
powered ship, the Turbinia, ran circles 
around the more conventional ships of the 
Royal Navy. 

We would like to acknowledge the help 
from Paul Bullara, Camfil Power Systems, 
and Jim Bertsch, Solar Turbines. ■

Meeting stricter 
marine emissions 
standards while 
continuing to run 

reciprocating engines 
will significantly 

increase operating 
costs for commercial 
shipping operators. To 
support low emissions, 
LNG is becoming a key 

marine fuel due to 
increasing availability 
and clean combustion.  
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HIGH-PERFORMING
TURBOMACHINERY
requires

HIGH-PERFORMING
BEARINGS

Waukesha Bearings is a proud part of Dover Precision Components

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

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

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

www.waukeshabearings.com/performance

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



Find out how Atlas Copco Gas and Process can help  
you handle the pressure at atlascopco-gap.com

27 MW Mixed-refrigerant Compressor

PROCESS CENTRIFUGAL 
COMPRESSORS

Expander Compressor for NGL recovery

PROCESS AND ENERGY 
RECOVERY EXPANDERS

+ AFTERMARKET SOLUTIONS AND UPGRADES

Gas Screw Compressor

PROCESS SCREW 
COMPRESSORS

Handle  
the Pressure
Tight budgets. Shrinking timelines. Growing expectations. 
They challenge us to transform industrial ideas into 
solutions that help you thrive under pressure. Depend 
on Atlas Copco Gas and Process to design, build and 
service turbomachinery for the industrial gases, power 
generation and hydrocarbon industries.

What sets us apart

Reliability  
& availability
8,000+ reference machines 
running in process gas 
applications worldwide. 

Flexibility  
& efficiency
10–15% efficiency 
increase, thanks to 
advanced technologies 
perfectly matched to 
your process needs. 

Custom aero,  
standard package
CAPEX and OPEX savings 
with our standardized 
solutions that offer 
optimized aerodynamics 
and pre-engineered 
package components. 
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