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16 GE 7EA user group zeroes in on oil 

analyis and selection
Battery health and longevity, lube oil var-
nish, generator reliability, filter house
best practices, Dry Low NOx (DLN) and
combustor refurbishment are just a few
of the topics under review.
By Drew Robb
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According to one customer, this conver-
sion project provided 25% savings over
aftermarket parts while utilizing the
excess inventory of gas-only end covers
and secondary fuel nozzles.
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22 New turbines: Siemens and 

Pratt & Whitney 
Siemens launched a 37 MW GT while
Pratt & Whitney Power Systems
announced the imminent arrival of the
long-anticipated FT4000 gas turbine
which is derived from the PW4000 tur-
bofan jet engine.
By Drew Robb
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24 Burning a mixture of H22 and 

natural gas
In response to a request from The Dow
Chemical Company, GE developed a
fuel-blending system allowing a hydro-
gen/natural gas fuel to be burned in a
7FA Gas Turbine with the DLN2.6 com-
bustion system.
By Jeffrey Goldmeer and Tommy Rozas
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26 Largest-ever crowd visits 

PowerGen
Among the highlights were: a keynote
by Mitsubishi Power Systems covering
the changing energy mix and the rising
importance of combined cycle plants;
how modern turbines are being modi-
fied to deliver more flexible generation;
a newly introduced combined cycle con-
figuration; changes to a Heat Recovery
Steam Generator (HRSG) to overcome
steam cycle limitations; and aggressive
plans to introduce more competition
into the spare parts business.
By Drew Robb
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30 LNG transfer pumps: 

improving operation
High suction performance pump inducers
are critical to a number of industrial and
aerospace applications where the required
pump inlet pressure is near the vapor pres-
sure of the liquid to be pumped.
By Kerry Oliphant
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32 Improving turbine control 

and information visibility
Jim Rudolph, President of Industrial
Turbomachinery Systems at Woodward,
discusses emerging trends in rotating
equipment control and safety, as well as
how suppliers address the needs of
equipment owners.
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33 Using a tandem drive for 

centrifugal fans
A tandem drive for centrifugal fans com-
prises two drives: a medium- or high-volt-
age motor and a steam-driven turbine. A
medium- or high-voltage motor serves to
start up the centrifugal fan, since steam
from the boiler houses may not be avail-
able at the start-up of the plant.
By Joachim Schurmann

MMaaiinntteennaannccee
34 Addressing varnish problems

Operators at a large South Eastern U.S.
power utility with seven GE Frame 7
turbines began to notice varnish
buildup in their tanks. They heard that
other companies were experiencing
significant varnish issues with the same
turbines at 8,000 run hours.
By Ray Gomes
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Much has changed over the fifty years
of our existence. So we’ve been
digging into our history and dis-
cussing how the magazine has

evolved to stay in tune with a dynamic
industry. We thought it was time to more
closely define who we are today.

Turbomachinery International is the
premier technical publication covering the
latest turbomachinery technologies, their
implementation, maintenance, upgrades
and controls. The focus is on gas turbines,
centrifugal compressors and closely related
equipment.
Over the next issue or two, we’ll expand

upon this and adjust that statement based on
feedback from readers. We’ll also be con-
ducting a survey online in the near future
which will give you some questions to
answer and enough space to enter your sug-
gestions, likes and dislikes.The whole point
of this exercise is to provide the content that
best serves your needs.

Historical perspective
As we begin the new year, let’s look back on
our history. Our founders G. Renfrew
Brighton and R. Tom Sawyer began a publi-
cation entitled Gas Turbine International in
1960, at a time when gas turbines (GTs)
were a recent innovation. While steam tur-
bines had reached relative maturity, the GT
was only getting started and was little used
in the power generation and oil & gas
(O&G) industries. Thus the magazine
stressed GTs in a wide range of zones,
including aviation, nuclear, marine, chemi-
cal, pulp & paper and automotive.
Another important element of historical

perspective is that this magazine was created
primarily as a technical information source as
opposed to being a business or promotional
organ. R. Tom Sawyer was a highly respected
engineer. Indeed, his name is on a coveted
annual award by the ASME’s International
Gas Turbine Institute (IGTI) given to an indi-
vidual who has made important contributions
to advance the purpose of the gas turbine
industry and to IGTI over a substantial period
of time. According to the IGTI website, “The
award was established in 1972 to honor R.
Tom Sawyer who, for over four decades,
toiled zealously to advance gas turbine tech-
nology in all of its aspects.”
The first issue of Gas Turbine

International illustrated the vision of the
founders. As well as GTs for industrial use,
early day coverage was big on aviation. The
first issue showcased such items as a run-
down of the many different ways in which
turbines were being used and the manufac-
turers responsible, the harnessing of a GT in
furnace blowing, the maintenance record of
GTs in real-world applications, and the lat-
est uses of turbines for marine propulsion

and jet engines. Thus it can be concluded
that the magazine was very much a techni-
cal information source on the broad appli-
cation of gas turbine technology. Tom
Sawyer himself dedicated the magazine
with a goal “to put the gas turbine across.”
Granted, business coverage is always

included in the magazine. After all, the busi-
ness side was a key aspect of the initial
vision. G. Renfrew Brighton brought busi-
ness savvy to the magazine. But this maga-
zine was first, last and always a source of
technical information on gas turbines for
engineers, plant managers, manufacturers
and business executives. So that’s our her-
itage and we are proud of it.

Shift of focus
Since those pioneering days over 50 years
ago, there has been some widening and a lit-
tle narrowing of focus that should be under-
stood. In the seventies, the magazine title
changed from Gas Turbine International to
Turbomachinery International.
As gas turbines became more established

in the power sector and began to gain serious
ground in O&G, chemical, pulp & paper and
other industries, it made sense to broaden
our coverage to incorporate other aspects of
turbomachinery. Turbines, compressors and
closely related ancillary equipment, as well
as instrumentation and control systems, and
maintenance fell within our scope. In the
words of G. Renfrew Brighton in the July-
August 1977 edition:
“The time has come however to integrate

our present and future activities with a more
descriptive title . . . a title that places the tur-
bine in its proper prospective in the role of
energy conversion systems.”
So who are we today? The key word to

understand is “turbomachinery.” We deal
with all things relative to turbines and
rotating (centrifugal) compressors. This
statement gives the best rendition of our
reason for being. Our next editorial will
expand upon this theme by detailing what
we cover (and why), where we focus,
evolving areas that will gain greater atten-
tion and an attempt to make a clear cut
statement of the value we bring to the read-
ers and the field as a whole.
Please look out for the forthcoming

online survey which will be posted on
www.turbomachinerymag.com. But don’t
wait. Send in your comments right away.
We are particularly interested in what
you think we should cover in the various
areas of the energy landscape including
steam, hydro, renewable and nuclear. We
would also like to hear from old timers
who were around in the early days to see
how we have done in unearthing the
vision of the founders and forwarding it
to posterity. TI
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Voith/BHS technology day 
Late last year, Voith/BHS held a technology
day in Sonthofen, Germany. Some 95 turbo-
machinery experts were present, represent-
ing OEMs, engineering companies and end
users from industries such as oil & gas,
petrochemicals, industrial gases and power.
An initial presentation focused upon the
company’s gearing capabilities. 
Wolfgang, Sautter, Managing Director of

Voith Gears, talked about the steady
advances in power, speed and pitch line
velocity over many decades (See chart). 
“The future will be about combinations

of higher power, speed and efficiency,
while lowering oil consumption and noise,”
said Sautter. 
He called attention to an integral gear

that Voith provided for a mega project used
for purified terephthalic acid (PTA is used in
the production of plastic bottles and cloth-
ing) in China. This 4,600 mm shaft offset
model transmits around 50,000 kW. Known
as the WGC5-460TZ, its five compressor
pinions are driven by a steam turbine and an
electrical motor supplied to MAN Turbo
AG. According to Sautter, it currently is the
largest gear unit ever built. 
Using a ballpark figure for technical fea-

sibility, Sautter said, the following levels can
be achieved: 
• Parallel Shaft Gears: 140 MW or 30,000 rpm
• Integral Gears: 50 MW or 60,000 rpm
• Epicyclic Gears: 40 MW or 80,000 rpm 
“Even a few years ago, one also couldn’t

imagine that the 50 MW limit for integral
gears would be passed,” said Sautter. “The
demands upon gearbox manufacturers from
OEMs will continue to rise, but it is hard to
predict where it will be in 5 or 10 years.” 
In addition, Sautter covered Voith’s

power distribution gearbox which operates

on the power-split principle to lower stress
levels while operating at higher power/speed.
The company views this as a possible solu-
tion to future demands, but also to some cur-
rent applications for parallel shaft and
epicyclic gear units which are reaching their
technical limits. 
“A likely application for power distrib-

ution gears is gas turbine driven centrifu-
gal compressors where both high power
and high speeds have to be transmitted,”
said Sautter.
Andreas Saenger, Area Manager,

Gears and Components at Voith BHS, pre-
sented on bearing design development
and compared BHS Ultra Cool Bearing to
tilting pad bearings. Modifications to the
BHS Lemon Offset Bearing (additional
cooling holes, copper chrome backing
material, and special oil pockets) led to
the Ultra Cool Bearing. 

Saenger compared the geometries
between tilting pad bearing and the new
BHS offering. BHS claims that tests and
operational experience prove a lower tem-
perature, a lower oil flow and higher effi-
ciency at given loads and journal velocities
with its bearing design compared to other
manufacturers 
This shows the behavior of the BHS ultra

cool bearing in lower oil temperatures even
at the very high end of loads, demonstrating
its suitability for demanding applications. 
“The benefits are less power loss, higher

efficiency, lower temperatures, reduction of
oil changes, lower oil consumption and
reduction of total cost of ownership,” said
Saenger. “In addition, BHS Cool Bearings
supply higher relative bearing/system
damping for synchronous and non-synchro-
nous vibrations.”

(Continued on p. 10)

The grand opening of Siemens’ Charlotte
Energy Hub Expansion Project took place
last November in North Carolina. By
adding gas turbine (GT) manufacturing
capabilities at this site, Siemens now has
one centralized facility for the manufac-
ture of GTs, steam turbines, compressors,
electric generation equipment and the ser-
vicing of the fleet.
At a total investment of $350 mil-

lion, the company added a 450,000
square feet GT production plant for a
total of one million square feet. This site
is designed to operate 24/7. 
“This gas turbine facility represents

the expansion of our U.S. manufacturing
footprint, and an incredible opportunity
for increasing American exports and cre-
ating skilled jobs in the region,” said
Randy Zwirn, President and CEO of

Siemens Energy. 
This means that Siemens no longer has

all its GT manufacturing capabilities cen-
tered in Berlin. As such, GTs can be man-
ufactured at either site for both 60-Hz and
50-Hz markets as
demand dictates.
Charlotte will primar-
ily produce GTs for
the Americas and
other 60-Hz markets
while Berlin is the
main production hub
for 50-Hz gas turbines
destined for Europe
and other areas.
When the factory is fully operational

in the spring of 2012, it will be capable of
producing 38 units per year, including the
latest SGT-8000-H models. At the end of

the grand opening, Siemens officially
shipped the first GT built at the plant —
an SGT6-5000F that is now on route to
the 250 MW La Caridad 1 combined
cycle power plant (CCPP) in Sonora
State, Mexico. This site will be owned by
Grupo Mexico and will be used to supply
power to an existing copper mine. 
Scheduled to go online in 2013,

Siemens is providing a turnkey project
including GT, SST-900 steam turbine,
SGEN6-1000A generator, HRSG, all
electrical, balance of plant, SPPA-T3000
instrumentation and control equipment,
and a long-term service contract. 
Grupo Mexico just made a second order

for an SGT6-5000F for its La Caridad 2
Project. Similar to the first CCPP, it is a
turnkey deal. These plants will help the
company reduce power costs by 40%.  TI

SSiieemmeennss  eexxppaannddss  CChhaarrlloottttee,,  NNCC  EEnneerrggyy  HHuubb

Randy Zwirn

Chart: Steady gearing advances in power, speed and pitch line
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France to get a
FlexEfficiency 50 plant
Electricite de France (EDF and GE
announced plans to jointly develop the
first FlexEfficiency 50 plant to be connect-
ed to a national grid. The combined-cycle
plant will be located at Bouchain, an exist-
ing EDF power plant site in northern
France, and will produce 510 megawatts.

It is expected to achieve greater than
61% efficiency at base load, based on GE
test data. The turbine will be built at a man-
ufacturing facility in Belfort, France.

GE’s FlexEfficiency 50 plant
includes: a 9FB turbine; 109D-14 steam

turbine that runs on the waste heat pro-
duced by the gas turbine; a W28
Generator, a Mark Vle control system;
and an HRSG. It will be able to transition
from a dead stop to full load in 28 min-
utes. Part load efficiency better than 60%
can be maintained down to 85% load.

With this announcement GE is
attempting to differentiate itself from
Siemens — first to announce 60% com-
bined cycle efficiency at its demonstra-
tion plant in Irsching, Germany. GE is
highlighting the number of orders it has
for its FlexEfficiency technology, as well
as its test capabilities. According to Paul

Browning, president and CEO of GE
Energy’s Thermal Products business, the
company now has seven orders for
FlexEfficiency units.

“Other 60%-plus announcements are
site specific,” said Browning. This EDF
plant is scheduled to be GE’s first opera-
tional FlexEfficiency example when it
opens in 2015. Siemens, meanwhile, has
one unit running at 60% plus efficiency and
supplying power to the German grid in
Bavaria, as does Mitsubishi in Japan.
Clearly, this is destined to become one of the
most competitive zones within the turboma-
chinery sector in the coming years.

GE to build first IGCC plant
in South Korea
GE has been selected by Korea Western
Power Co. for the first integrated gasifica-
tion combined cycle (IGCC) power plant
to be built in South Korea. The 300 MW
facility includes a 7F Syngas Turbine, a
D11 steam turbine, an HRSG and a Mark*
VIe integrated control system (ICS). GE
also will provide 10 years of maintenance
services for the facility.

Dresser-Rand acquires
Synchrony . . .
Dresser-Rand has acquired Synchrony,
Inc. The transaction closed in January
2012. Synchrony products included
active magnetic bearings (AMB), high
speed motors and generators, and power
electronics for rotating machinery. Under
the agreement, Dresser-Rand will acquire
Synchrony for approximately $50 million
net of cash acquired.

. . . and invests in center of
excellence for rotor repairs
Dresser-Rand is expanding its Turbine
Technology Services facility in Houston,
TX, to include a center of excellence for
F-class rotor repair. Dresser-Rand
Turbine Technology Services currently
has 88,000 square feet under roof.

The facility provides repairs on mature
and F-Class frame industrial gas and steam
turbines and includes in-house coating
capability, automated 5-axis laser welding,
a metallurgical laboratory, a high-capacity
vacuum and conventional heat treating
facility, and a machine and weld shop. The
new F-class rotor shop will add an addi-
tional 24,000 square feet with a 75-ton
crane and 50 feet under hook, adequate for
F-class rotors up to Frame 9.

Rolls-Royce wins gas
turbine order
Rolls-Royce has won an order for gas
turbine and compression equipment for
the Tapis oil and gas field, offshore
Malaysia. The equipment will be uti-

(Continued on p. 12)
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lized by ExxonMobil Exploration and
Production Malaysia to expand and
extend the production of the field. The
order includes two Rolls-Royce RB211-
GT61 gas turbines, each driving twin
Rolls-Royce RCB and RBB multi-stage
barrel gas compressors.
Each gas turbine compressor set will

produce 27MW of power, enough to
deliver up to 390 million standard cubic
feet of natural gas per day. Rolls-Royce
will begin to deliver equipment in the
third quarter of 2012, supporting the
operator in developing the long-term
potential of the Tapis field.

Elliott taps Art Titus as COO
Art Titus, former
Director of Sales &
M a r k e t i n g ,
Engineered Products,
has been named
Chief Operation
Officer, succeeding
Tony Casillo, who
retired in December
after 36 years with
the Elliott Group.
Titus plans to strengthen the partnership
between the Elliott and parent company,
Ebara Corp., and double the size of the
Elliott business by 2015.
Toshihiko Miyashita succeeds Art Titus

as VP of Engineered Products. Mr.
Miyashita has worked for Ebara for 36
years in various positions supporting the
Elliott brand.

MAN pens contract with Shell
Shell selected MAN Diesel & Turbo for
provisioning of rotating equipment and
services. One six-year Enterprise
Framework Agreement (EFA) was
signed for the supply of new compres-
sion equipment for Shell locations
worldwide and another five-year frame-
work agreement was signed for the sup-
ply of aftermarket parts and services for
existing rotating equipment.

Ansaldo steam turbine order
Ansaldo Energia has been awarded a
contract in Egypt worth about EUR 90
million. The order is for the supply and
assembly of two 280 MW steam tur-
bines, related generators and auxiliary
systems for the combined-cycle power
station in Giza North (on the outskirts of
Cairo), managed by the Cairo Electricity
Production Co., a company owned by
the Egyptian Electricity Holding Co, the
state power company.

Siemens lands SGT-750 order
Siemens Energy has received the first
order for its SGT-750 industrial gas tur-
bine (See p. 22). The purchaser is

Kassel-based WINGAS GmbH, a joint
venture of the BASF subsidiary
Wintershall and the Russian company
Gazprom, which operates a Germany-
wide natural gas pipeline network. The
turbine, with a rating of 36 MW, will be
deployed in the landfall station of the
Nord Stream pipeline in Lubmin.
The Nord Stream pipeline, which in

the future will link Europe with the
large natural gas reserves in Siberia,
will end at Lubmin near Greifswald in
Germany. The SGT-750 turbine will be
deployed in a cogeneration plant at the
landfall station, where the electric
power generated will be fed into the
grid. The heat from the SGT-750 will
reheat the pipeline gas and restore it to
the temperature needed for further dis-
tribution, compensating for the Joule-
Thomson effect which causes cooling
of the gas during a pressure drop.

U.S. base for manufacturer
KST-Turbine Components, GmbH, a ser-
vice parts manufacturer based out of
Berlin, Germany, has opened an office in
Charlotte, NC to provide services direct-
ly to North American customers. KST is
specialized in manufacturing all major
gas and steam turbine components such
as segment/labyrinth seals, burning
chamber components (nickel alloy),
valve assemblies, couplings, special con-
nectors, shafts and bearings in single-
piece production.

MHI ships M501J turbine
Mitsubishi Heavy Industries (MHI) has
shipped the first commercial-use unit of
the M501J from its Takasago Machinery
Works in Takasago, Hyogo, to the Himeji
No.2 Power Station of Kansai Electric
Power Co., Inc. The M501J has achieved
an inlet temperature of 1,600ºC.
Six units are slated to go on-stream

progressively between October 2013 and
October 2015.

Capstone’s Nigerian deal
Capstone Turbine Corporation has
received an order for C1000 and C200
microturbines for use at a large Nigerian
pharmaceutical company. Capstone dis-
tribution partner, Makon Power Systems
LTD, will supervise the installation and
provide commissioning and ongoing
aftermarket support for the system.
“This order represents Makon Power

Systems’ second multiple-unit order and
first purchase of Capstone's C200 and
C1000 products,” says Ademola Ajakaye,
Makon's Chief Operating Officer. “The
microturbines will be used to provide
power and thermal energy for the manu-
facturing process, improving the efficiency
of the plant and its carbon footprint.” TI
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All centrifugal compressors have at
least an impeller and a diffuser.
But why include a diffuser when
it is the impeller that does all the

work and gives all the total pressure and
total temperature rise? Furthermore, the
diffuser always adds some total pres-
sure loss, which always reduces the
total efficiency.

The reasons for the diffuser are several:
• Diffusers recover kinetic energy,

which is excessive at impeller exit
• Diffusers regulate flow (a good

impeller may operate at low flow by
matching to a low-flow diffuser)

• Diffusers can be a significant
structural element

• Diffusers can match the flow to
the next element (set the velocity
triangles)

• Diffusers may “clean up” the flow
field (more steady and uniform)

• Diffusers can reduce radial side
loads

• Diffusers may potentially reduce
noise and vibration
The reader might also wish to review the

author’s article “Focus on Diffusion”
(Turbomachinery International, July/August
2008, p. 26).

The first item above is the key point:
Compressor impellers produce too
much kinetic energy and not enough
static pressure. We must therefore con-
vert some of the kinetic energy by dif-
fusion over to static pressure by allow-
ing a greater flow area, hence lower
velocities and higher static pressure.

Recall that the work input is given by
Euler’s turbomachinery equation:

Wx = U2CƟ2

Therefore, the values of CƟ2 will be

quite high and the value of C2
2 entering

the diffuser will thus be much higher
still. This must be diffused down to an
acceptable level. Diffusion is achieved
by conservation of linear or angular
momentum, the latter being the case for
a vaneless diffuser.

Two examples of industrial diffusers
are shown in Figures 1 and 2. Figure 1 is
a channel or straight centerline diffuser,
and it recovers kinetic energy and trans-
forms it into static pressure rise by using
a simple area increase to reduce velocity,
and hence, static pressure is recovered by
the Bernoulli principle.

Figure 2 illustrates a three-row air-
foil diffuser which works with the
same basic principle, but now the area
increase is also brought about by
changing the mean flow angle as well.
Each diffuser can work well, and it is

not uncommon to recover more than
70% of the kinetic energy as a static
pressure rise.

The graph shows the effect of good
diffuser matching to achieve low-flow
operation; all cases in the graph are with
the same impeller. This case is for a low-
volume, gear-driven, centrifugal com-
pressor using a pressure ratio of 3.5 for
the last stage; the same impeller can be
used quite well from a flow rate of about
0.5 down to about 0.2 and perhaps even
further with additional development. This
represents a flow reduction of about 60%.

Seven major attributes were listed at
the top of this article; several of these
have been illustrated with the chosen
examples. Further details are available
in the author’s textbook on centrifugal
compressors (Japikse, D., Centrifugal
Compressor Design and Performance,
Concepts ETI, Inc., Wilder, VT, 1996).
In the next article for this series we will
look at the optional elements and learn
how they also leave their mark on stage
performance.

Author
Dr. Japikse will be teaching
several weeklong seminars
in 2012. “Experimental
Techniques for
T u r b o m a c h i n e r y
Development”, is the first,
on March 19-22, 2012 in
White River Junction, VT.
He will also be teaching
some courses in SE Asia as
well. Please visit
www.ConceptsNREC.com/education.

TI
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Graph:  Achieving low-flow operation

Figure 1. A common channel diffuser Figure 2: Compressor with three rows of
airfoil diffusers
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DREW ROBB

The GE 7EA User Group met in early
November in San Antonio, Texas.
Some 100 users gathered to discuss
all things related to the 85.1 MW

MS7001EA turbine, which can accommo-
date a wide range of fuels, including natur-
al gas, distillate oil, naphtha, crude oil and
syngas. With more than 900 units in ser-
vice, the 7E/EA fleet has accumulated over
20 million of hours of service.
Battery health and longevity, lube oil

varnish, generator reliability, filter house
best practices, Dry Low NOx (DLN) and
combustor refurbishment were just a few of
the topics under review. User discussion
and questioning was encouraged by Pat
Myers, plant manager at AEP’s Ceredo
Generating Station in Huntington, West
Virginia, and a member of the 7EA User
Group steering committee.

Eliminating varnish
The event kicked off with a day focused
on reliability. Initial talks centered on a
major turbomachinery issue — varnish.
David Kirkwood, Business Development

Manager for Insight Services, spoke for
much of the first morning on the importance
of proper lubrication maintenance. He cov-
ered the basics of oil analysis testing and
advanced fluid study beyond routine analy-
sis, such as the analyses of varnish potential
and filter debris.
Dow Chemical followed with a pos-

sible solution to varnish issues. Instead
of using mineral oils or
Polyalphaolefin (PAO) synthetic oils,
which are both hydrocarbon-based, the
company is promoting Polyalkylene
Glycol (PAG) synthetic turbine fluids
as a non-varnishing lubricant for gas
and steam turbines. This approach has
been used for years in metalworking
fluids, fire resistant hydraulics, com-
pressor and gear oils, and is now catch-
ing the eyes of the turbomachinery sec-
tor, said Govind Khemchandani,
Senior Technical Specialist at Dow.
High temperatures are believed to be

one of the key factors leading to oxidation,
said Khemchandani. Petroleum-based oils
and synthetic hydrocarbons degrade at high
temperatures due to oxidation, which cre-
ates decomposition byproducts of high
molecular weight and the agglomeration of

salt contaminants. This is what forms an
insoluble varnish that adheres to surfaces.
“Varnish leads to trips,” he said. “Yet tradi-
tional tests are incapable of detecting the
onset of varnish.”
PAGs, on the other hand, are less likely to

produce varnish. With PAGs, every third
atom is oxygen, and this provides polarity
that promotes their non-varnishing capability.
With PAGs, degradation products may exist,
but they do not agglomerate and remain in
solution rather than being deposited onmetal
surfaces as a varnish. “PAGs also have a
lower coefficient of friction than hydrocar-
bons,” said Khemchandani.
Hemade the distinction between foaming

of lube oil and aeration. The former is not an
issue, he said, as the foam dissipates.
Aeration, on the other hand, means that
micro-bubbles remain trappedwithin the fluid
and this heightens oxidation of the lube oil.
“PAG fluids can absorb water with-

out degradation,” he said. “Hydrocarbon
lubes can’t.”
PAGs, it turns out, can absorb significant-

ly more water, at least 7,500 ppm without
issues compared to 500 ppm for convention-
al mineral oil-based turbine lubricants.
Since 2007, Dow Chemical has convert-

ed eight gas turbines to the use of PAGs. All
fluid monitoring conditions track well. The
“last chance” filter showed no gelling,
deposits or varnish after three years of con-
tinuous use in GE 7 FA gas turbines.
Khemchandani advised users to clear

their systems before the switch, to minimize
residual contaminants and pre-existing var-
nish.This approach has been applied byDow
to four sites using a variety of gas turbines.
(See page 34 for more on varnsh)
Some sessions dealt with rotor break-

down and reassembly during outages,
while others delved into the intricacies of
the 7EA exhaust system. W. Howard
Moudy, Director of Service Management
for National Electric Coil, however, con-
centrated upon generator reliability.
The primary factors affecting reliability,

he said, include the unique design charac-
teristics of each machine, its age and condi-
tion, history, operational and operator
actions (cycling, loading, trips, restarts,
synchronous condensing, motoring, and so
on), as well as environment, external events
and acts of God.
The smart approach is to formulate a

maintenance plan and carry it out system-
atically. “A lot of people work out a fine

maintenance plan and then file it away,”
said Moudy. “A great plan is worthless if
you never execute it.”

Generator concerns
He also said that generators have changed
dramatically over the last 30 years.
Generator insulation systems have shifted
from asphalt to polymer systems, and coil
geometry has evolved. The generators are
being cycled more, and they are produc-
ing more power out of the same footprint.
These changes have lead to increased
incidences of partial discharge, spark ero-
sion, and stator end winding vibration,
looseness, and resonance issues.
Moudy expressed that some areas of

Reliability Centered Maintenance (RCM)
are more applicable or valuable than others
but certainly some aspects are well worth
implementing. For instance, many users
only consider one failure pattern — years
of dependable service followed by the onset
of deterioration and end of life.
RCM, on the other hand, describes six

possible patterns of failure. Moudy found
the Bell Pattern most illuminating
because it better illustrates fleet data pat-
terns with some early failures followed by
a long period of reliability then late in the
cycle, increasing failures.
He advised users not to get so

wrapped up in methodology that they for-
get the basics: Starting with general char-
acteristics (name plate) and the opera-
tional characteristics and idiosyncrasies
of each generator. Make the best use of
online monitoring tools for temperature,
vibration, and other characteristics. A
visual inspection by experienced person-
nel is in most cases the most cost effective
tool. Findings should be documented in
the outage report and any areas of concern
investigated further.
The importance of keeping accurate

and thorough records was pointed out
along with the need for trending key

GE 7EA USER GROUP ZEROES IN
ON OIL ANALYSIS AND SELECTION
OTHER TOPICS INCLUDED GENERATOR RELIABILITY, BORESCOPES AND FILTRATION
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Figure 1: How can blade
damage like this be

prevented? 
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information. Raw information is helpful
to understand the past or where you may
be, but trended information offers great
insight into where you are heading.
When generators are manufactured,

the OEMs usually retain and rarely share
specific manufacturing data that are nec-
essary for other companies to be able to
address higher level maintenance, repair,
rewind, overhaul, and uprate functions.
Moudy suggested that when units are
opened up, owners should consider giving
access to companies (other than the
OEM) to collect data. By doing so, own-
ers are no longer tied to just one source,
the OEM, and they also will benefit from
access to generator technical solutions
other than just what the OEM has to offer.

7EA Achilles’ heel
On the education side, the talk laid out a
variety of places that users can go to learn
about their machines such as vendors, man-
uals, instruction book, past outage reports,
trended information, user groups, technical
papers, conferences, IEEE and websites.
Following Moudy’s mantra about

looking often, Rod Shidler of Advanced
Turbine Support, outlined his company’s
borescope findings based on the past
year’s inspections — an annual feature at
the 7EA user meeting.
He took Moudy’s message a step fur-

ther by saying that it was a mistake to rely
only on vibration as an indicator of
machine health. By the time those vibra-
tions are apparent, it may already be too
late to avoid major damage.
Most users do at least an annual

borescope inspection, said Shidler. If you run
turbines, you need to look at them. “If you
live by vibration, you will die by it.”
Shidler’s 7EA report covered the clashing

of stator vanes and rotor blades as a major
issue; instances of inlet guide vane (IGV)
damage; shim migration; R17 blade move-
ment; compressor rotor blade to case rubs,
leading to liberations; and cracking, R2 tip
liberation, transition piece cracking, and
more (Figure 1).
Shidler advised users on how to keep

costs down and turbomachinery availability
up: Do a shim map and monitor/trim the
shims if they are migrating; check final
cleanliness after an outage to prevent inges-
tion of tools and other material; if the 7EA is
running a lot, switch from annual to bi-annu-
al inspections; and perform a baseline
inspection of new parts and then again a
month before warranty expires to avoid the
discovery of issues when the OEM is no
longer accountable.
“The Achilles’ heel is the compressor,

where we are seeing a lot more clashing
in the 7EA fleet,” said Shidler.
“Therefore, it is wise to put your mainte-
nance dollars where they are most needed

— by looking often at the compressor.”
Several talks centered on the combus-

tor — a more important issue as the U.S.
Environmental ProtectionAgency contin-
ues to choke down NOx emission limits.
Jeff Benoit of PSM briefed users on the
potential impact of the new Cross State
Air Pollution Rule (CSAPR) legislation,
aimed at reducing heavy levels of ozone
that are apparently being transported
from the Midwest into the Northeast.
After some back and forth, power pro-
ducers have been given until 2014 to be
in compliance with published NOx quo-
tas. “This seems to impact peakers the
most,” said Benoit, “especially mature
Frame B & E machines.”
Instead of installing an SCR that may

prove to be costly and force significant facil-
ity redesign, he suggested a combustor
upgrade. PSM offers its ultra-low emission
LEC-III combustion system, which can
achieve sub-5ppmofNOx over the premixed
combustion load range with low CO. This is
achieved by improved cooling and mixing
features, a pilotless secondary fuel nozzle and
a transition piece redesign.
Benoit, recommended a combustion

inspection interval of 24,000 hours or
900 starts. To date, over 40 GTs globally
are equipped with this technology and
have run up a combined 800,000 fired
hours/9,000 starts.
Other vendors had different ideas. Mike

Gabriel of Gas Turbine Efficiency (GTE;
now part of Wood Group) suggested tuning
the DLN combustor to ensure emissions
compliance and to extend hardware life.
Tuning has value when a turbine experiences
significant changes in ambient conditions,
shifts in fuel composition, or when new (or
refurbished) combustion hardware is
installed (as well as power augmentation), he
said. Types of tuning included liner tuning
and software tuning.
He provided a chart on the relationship of

NOx and CO emissions. Generally speaking,
the former rises with “time at temperature”
while the latter declines.Thus there is a sweet
spot where both types of emissions can be
kept in compliance (Figure 2).
“In tuning, you are balancing combus-

tor dynamics, flame stability, NOx and
CO,” said Gabriel. At base load, it is
mainly NOx that is being tuned by adjust-
ing the fuel split between the primary and
secondary nozzles. In that case, CO is
typically not much of an issue. At part
load, however, adjustments for CO are
typically also required.
The combustor theme continued with a

joint presentation by Robert Farthing of
TransAlta Services and John Bottoms of
Liburdi Turbine Services. In 2011, TransAlta
had three GE 7EAs operating at two co-gen
plants in Alberta and Saskatchewan
(Canada).These units operated on natural gas

under base load (2,035°F firing temperature)
conditions with DLN1 combustion systems.
Since they came online in 1999,

TransAlta performed combustion inspections
on a 12,000-hour basis. One of the combus-
tion sets achieved five service intervals with
additional life remaining as a result of the ser-
vice strategy used under the terms of the
agreement with Liburdi Turbine Services.
“We have far exceeded OEM recommended
repairs for theTransitionPiece (TP), liner and
fuel nozzle assemblies by refurbishing them
in this manner,” said Farthing.
To monitor and predict component life of

components, Liburdi removes sample materi-
al in a non-destructive manner and examines
metallurgically the basematerial structure, and
the coating performance aspects. This is done,
for example, at hot spots on the TP or liner to
determine the extent of oxidation and aging.
“If the coatings are lasting well and the base
metalmicrostructure is fine, thenwecan refur-
bish,” said Bottoms. “We also add advanced
coatings such as aluminide coatings to reduce
oxidation levels where possible.”
GE, too, got in on the DLN act. GE was

allocated an entire afternoon of closed-door,
user-only sessions at the conference to go
over 7EA-related Technical Information
Letters (TILs), clashing, NERC testing
requirements, controls upgrades, rotor life
management, and the latest component
updates for the 7EA. This included data on
DLN, high-load premix transfer and an
enhanced Stage 2 bucket.

Fuel system upgrades
The final morning of the 7EA User Group
event continued the rapid pace, with valve
automation and fluid detection on the
agenda. Paul Boeckerman, a Sales
Engineer at Young & Franklin of Fort
Collins, CO, began with a short presenta-
tion on fuel system upgrades. He explained
some of the reasons for varnish problems
in the Frame 7 E and F fleet.
“By sharing the lube oil sump for

hydraulic control oil duty, varnish created by
the bearings gets into the hydraulic controls,”
said Boeckerman. “At the same time, these
turbines rely on sensitive hydraulic servo
control valves for the fuel valves and inlet
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Figure 2: There is a relatively
narrow sweet spot where both
NOx and CO fall within
emissions limits
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guide vane actuators.”
Young & Franklin developed a way to eliminate the servo con-

trol valves for many fuel valves by leveraging electrically powered
actuators that use no control oil. By then installing a separate
hydraulic power unit with its own sump to support the remaining
hydraulic equipment, no lube oil varnish can get to the controls. The
electric actuators and hydraulic power units (HPUs) have been uni-
formly successful on more than 100 CTs for more than 10 years.
On the maintenance side, Young & Franklin recommends tear-

down inspections at 24,000 equivalent operating hours to look for
signs of accelerated wear, and a time-zero overhaul to as-new war-
ranty condition at 48,000 equivalent operating hours.
Schuyler McElrath, of Jansen’s Aircraft Systems Controls,

(JASC), followedwith a harrowing story of awater-leak incident that
damaged turbomachinery to the tune of $14.5 million. JASC has
developed a smart fluid monitor to prevent such occurrences.
Customer programming determines the system response. The flow
can be shut off at .1 gpm increments up to 1 gpm.Alerts are sent to
the operator. “This is an easy way to prevent thousands of gallons of
water from dumping into expensive systems,” he said.

Air filter roundtable
The last afternoon of the 7EAUser Group featured a lively round-
table with representatives fromWLGore, Donaldson, Pneumafil,
American Air Filter, Braden Manufacturing, Integrity Power
Solutions, InletAir, TVS Filters, TDC Filters, Gulf Coast Filter
and Camfill Farr.
While Myers of the 7EA Steering Committee continually

prompted users to ask questions during the three days of sessions,
this was one forum where the entire room became animated.
Question after question was fired at the filter manufacturers and
distributors. Myers, though, was never far from the spotlight,
recounting stories from his own experience.
One time, for instance, a leak had caused rust and paint to flake

into the filter house which got into the machine. He also noted that
filter houses are usually out of the way and hard to get to. “If you
don’t put in stairs to the filter house, nobodywill pay any attention,”
he said. “You can buy the best filter in the world but if it isn’t sealed
up tight, stuff will get through.”
Panelists handed out a heap of good advice related to filters,

maintenance and saving money. If filters are not tightly installed,
they are not sealing the filter house. If you can spin them, material
will get into the compressor. Bolts need to be tightened and peri-
odically replaced. Filter life depends on usage, number of annual
hours and other factors.
Therefore, going by a set number of years is not always the

best index — being conscientious with maintenance and
inspection assures longer life. Pre-filters are generally advis-
able as they prevent large particles or insects from getting to
the main filters. And if moisture is prevalent, a pre-filter, mist
eliminator or coalescer should be deployed. Sub-micron partic-
ulate sticks to the media and won’t easily come out. Washing
the filters doesn’t really work. At end of life, however, a spike
in pressure drop will be observed.
Not surprisingly,HighEfficiencyParticulateArrestor (HEPA) fil-

ters were a hot topic (Nov/Dec10, p. 18). Some users asked if they
really needed themwhile others asked about trends.The general con-
sensuswas thatEurope had already adoptedHEPAand that this trend
was taking root in NorthAmerica.
One manufacturer said that not everyone needed the highest

levels of filtration as that would drive up costs. Peakers, for
instance, probably do not need to use HEPA, he suggested. If the
environment is dirty or the compressor is fouling, though, it might
be cheaper to install better filters than to suffer performance degra-
dation, or add outages to clean the compressor.
Formore information on theGE7EAUserGroup or annual con-

ference, visit http://ge7ea.users-groups.com. TI
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CHRIS GARRETT

A recent project involved the instal-
lation of six Frame 7 Dry Low NOx
(DLN) 1.0 Dual Fuel units in
Venezuela. After determining that

the lead time to supply all of the required
sets would not meet schedule demands, a
decision was made to convert the fuel
nozzles from a gas-only unit to a dual-
fuel configuration.

The resulting re-engineering project uti-
lized new sets of dual-fuel end covers and
secondary nozzles. The fuel nozzles were
disassembled down to their smallest com-
ponent. The details of the parts were laser
scanned and dimensionally inspected to
create 3D models which were converted
into SolidWorks 3D modeling software to
allow for the virtual model to be manipulat-
ed. This re-engineering phase took three
weeks to complete.

Utilizing 3D models, the parts were re-
assembled in the computer to ensure prop-
er fit up before manufacture. Part drawings
were created to facilitate the procurement
of everything required for manufacture,
inspection and delivery within six weeks of
project start date.

Primary end covers
An early challenge was how to introduce
an atomizing air cavity into the gas-only
end cover. The initial consensus was that
this would easily be achieved as the dual-
fuel nozzles would already have this cavity
installed. However, closer review of the
covers revealed that the gas passage on the
gas-only end covers was installed on the
cold side of the end cover whereas this pas-
sage is located on the hot side of the dual
fuel end covers. The position of the cavity
overlapped the location of the atomizing
air passage of the dual fuel covers, leaving
it impossible to install a passage similar to
the dual fuels.

To address this problem, designers used
3Dmodeling to identify the best location to
install the new passage that would not affect
the minimal wall thicknesses of the internal
passages nor would it reduce the cavity
cross sectional area.

Unfortunately, the chosen location of
the gas passage on the cold side also posed
an issue for mounting the fuel blocks (dog
bones). The fuel blocks’ mounting bolts
would now pass directly into the gas pas-
sage. This was overcome by deepening the
passage and installing isolation blocks.

As part of the modification/conversion,

designers looked to minimize nozzle boss
braze cracks. These cracks are caused by
thermal stresses induced by the captive
mid-section of the boss. This boss has
lower and upper braze joints (Figure 1).
During operation, the thermal expansion of
the mid-section causes the upper braze joint
to crack. The condition was eliminated by
constructing the insert out of two pieces.
Each of the two parts has only one point of
retention, thereby reducing the stresses typ-
ically experienced.

Gas-only end cover and
secondary nozzles
During the processing of the end cover,
it became necessary to remove a small
amount of material across the entire
surface to ensure the new boss’ were
perpendicular to the end cover mount-
ing face. Removal of this material,
however, meant that the liquid core
would now insert too far into the atom-
izing air cone and impinge on the water
injection holes. This condition was cor-
rected by installing welded shims under
the fuel blocks allowing for inter-
changeability of the modified end cov-
ers hardware and all other DLN1.0 dual
fuel end covers. (Figure 2)

Issues arose too with regards to the con-
version of the secondary nozzles. Initial
design changes included the installation of
the liquid and water inlets, and replacement
of the blank liquid cartridge with a live one.

After further review of the main
body, it was discovered that in order to
prevent trapped air in the liquid passage,

the housing has a cross channel passage
installed from the liquid passage into the
flame scanner port. To prevent liquid
fuel from entering this passage, design-
ers engineered a way to separate these
passages by inserting and brazing a
sleeve between the ports.

This required the removal of the flame
scanner inlet pipe to gain access to the area
identified as the best location for this
sleeve. Since there would be no access to
the sleeve after assembly, the properties of
Gold Nickel Palladium brazematerial were
harnessed so the part sleeve joint would
outlast the useful life of the original design.
After this modification was completed, the
secondary conversion was as straightfor-
ward as initially anticipated.

According to the customer, this conver-
sion project provided 25% savings over
aftermarket parts while utilizing the excess
inventory of gas only end covers and sec-
ondary fuel nozzles. Similar conversion
projects for the GE Frame 7FA(+e) and
S/W 501F units have been embarked upon.

All six 7FA Gas Turbines at the site are
now capable of operating on blended fuel.
To date, these units have accumulated more
than 5,100 fired hours on blended fuel.

Authors
Chris Garrett is Fuel
Systems Manager at
ProEnergy Services, an
integrated service provider
to the energy sector. Tel
660.829.5100 or visit
www.proenergyservices.com
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7FA DUAL-FUEL NOZZLE CONVERSION
THE FUEL NOZZLES WERE CONVERTED FROM GAS ONLY TO A DUAL-FUEL CONFIGURATION
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Figure 1: Two Piece Boss Configuration

Figure 2: Shim Installed in Cold
Side of End Cover
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DREW ROBB

This year’s PowerGen conference
featured a number of big announce-
ments on the turbomachinery front.
Siemens launched a 37 MW GT,

showcasing it in a surround-sound dome
in the exhibit hall. And Pratt & Whitney
Power Systems announced the imminent
arrival of the long-anticipated FT4000 gas
turbine which is derived from the
PW4000 turbofan jet engine.

Siemens SGT-750
With a capacity of 37 MW, the SGT-750
has been released to close the gap in the
Siemens portfolio, which previously
jumped from 5 to 50 MW. It can be
employed for power generation and as a
mechanical drive. In the latter use case,
this twin-shaft turbine can reach an effi-
ciency level of 40%. The SGT-750 can be
used for peak or baseload operation, and
like all recent Siemens releases, it can
accommodate fast startup and cycling.

According to the company, offsite main-
tenance work accounts for 17 days of down-
time over a 17-year span.

“This is achieved by utilizing a spare gas
generator, since the SGT-750 package is
designed for a 24-hour gas generator
exchange,” said Anders Hellberg, the SGT-
750 Product Manager.

Scheduled maintenance stops occur at
34,000 and 102,000 hours for two days each,
with a major 5-day overhaul in between at
the 68,000-hour mark, and additional days
for borescope inspections. The rotors utilize
axial blade grooves for easy replacement.
Long-life tilting pad bearings have been
incorporated. Rotor balancing can be
accomplished on site without the need for
disassembly.

Easy access for borescope inspection is
another feature. “A new design method
using Studio 3D visualization enabled ser-
vice personnel to offer valuable input on the
accessibility of the working environment,”
said Hellberg.

Instead of all-new design and parts from
scratch, the company selected proven com-
ponents from other Siemens GTs. It comes
with a dry low emission (DLE) combustion
system with dual-fuel switchover capabili-
ties. Temperature monitoring of the blades is
done using infrared. The turbine spins up to
6,100 rpm and comes with two variable
guide vanes.

“This is the first Siemens gas turbine
where the best technology has been used,

taken from our whole range, 5 to 375
MW,” said Hellberg. “The package has a
great deal in common with the SGT-
600/700 package.”

The compressor is a 13-stage axial flow
machine with a 24-to-1 pressure ratio. It is
built up from a number of electron-beam-
welded disks. The intermediate shaft is
welded onto the compressor and the two
gas-generator turbine disks are bolted onto
the intermediate shaft. The low pressure sec-
tion is manufactured in low alloy steel.
Inconel 718 is used for the disks in the high
pressure section.

The compressor section uses a conven-
tional horizontally split design, while the
remainder of the unit uses vertically split,
single-piece, circular stator components.
The reason for this is to eliminate loss of
circularity and keep aerodynamic losses to
aminimum. These sections can be removed
as modules for permiting easy access and
simple maintenance.

Horizontal split design
“A horizontal split design means that the
upper compressor casing can be lifted off for
maintenance inside the gas turbine enclosure
and single blades/vanes can be exchanged if
needed,” said Hellberg. “The electron beam
(EB) welded rotor where the disks are weld-
ed together is very stable in operation with
low vibrations since the disks can't move.”

The combustion chamber system con-
sists of eight cans with double-skin serial-
cooled design, and eight transition ducts of
double-skin parallel cooled design, suitable
for both liquid and gaseous fuels. The can
design is said to provide for excellent main-
tainability and exchangeability.

The power turbine is a two-stage axial-
flow turbine, aero-dynamically connected to

the gas generator. The first stage (stator with
guide vanes) is cooled by a combination of
internal convective cooling and film cooling
whereas the second-stage (rotor assembly
bolted to the compressor rotor) is cooled by
internal convective cooling.

Siemens predicts a marked increase in
demand for gas turbines with ratings
between 35 and 40 MW up to 2020.

“Since the power from a GT is reduced
at hot ambient temperatures, the SGT-750
is optimized at these temperatures,” said
Hellberg. “Today’s engines in the 30-35
MW class have a heritage from the 20-30
MW class, where growth has been constant
for the last few decades.”

Siemens is offering a complete package
for the SFT-750. The GT is mounted on a
foundation frame with single-lift capability,
with a skid split between driver and driven
equipment. Driven equipment can also be
located on a concrete foundation for onshore
applications. The lubrication oil system is
installed inside the GT package.All the aux-
iliary systems, except for the liquid fuel sys-
tem, the water injection system and the fire
extinguishing system, are mounted on the
base frame.

Siemens SGT-750 specs
Fuel Natural Gas
Frequency 50/60 Hz
Electrical efficiency 38.7 %
Heat rate 9,296kJ/kWh (8,811

Btu/kWh)
Turbine speed 6,100 rpm
Compressor pressure ratio 23.8:1
Exhaust gas flow 113.3 kg/s (249.8 lb/s)
Exhaust temperature 462° C (864° F)
NOx emissions 15ppmV
(with DLE, corrected to
15 % O2 dry)
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P&W FT4000 SwiftPac
Anewaeroderivative industrial gas turbine is
arriving on the scene. The FT4000 SwiftPac
is based on the widely utilized PW4000 tur-
bofan aircraft engine, which has flown for 26
million hours on more than 850 engines for
the Airbus A330 and Boeing 777. This new
GT will be available for simple cycle, com-
bined cycle or cogeneration.

“In terms of price, power output, effi-
ciency, emissions and availability, we’re
confident that the FT4000 SwiftPac will be
an attractive solution for utilities and power
providers,” said Peter Christman, presi-
dent, Pratt &Whitney Power Systems.

The company incorporated modular
design features and lessons learned from
its FT8 SwiftPac and MobilePac prod-
ucts. Intended for use as in peaking and
base-load power, it will be sold either as
a 60 MW single engine or a 120 MW
dual engine.

The FT4000 utilizes a modified core
compressor and turbine from its aero parent.
However, it maintains more than 90% part
commonality with the PW4170 and
PW4090 jet engines. The package will
include wet compression as a means of
power augmentation.

Currently in development, the company
anticipates the first prototype will be avail-
able in 2013, and full scale production will
be underway by 2014.

“In the early 1960s, Pratt & Whitney
was the first to look at the aerospace fleet
and see how we could redesign those
engines for industrial applications,” said
Chuck Levey, vice president of Pratt &
Whitney Power Systems.

He explained the sequence of action on
this new model. Engineers first took the
PW4000 compressor and optimized the
flow to match industrial turbine speed and
torque requirements.

With that accomplished, they then
designed the power turbine to take the
thrust energy and convert it to rotational
energy connected to a generator. The lube
oil, fuel oil and control systems were also
redesigned and packaged to operate safely

in a power plant.
“Aircraft engines start and stop a lot, so

aeroderivatives are good at that,” said Levey.
“This machine will be good for load follow-
ing and will offer simple cycle efficiency
greater than 41%.”

The company has very high hopes for
this new machine. “The FT4000 has eco-
nomic advantages on a dollars per kW
basis and will directly compete with the
LMS100,” said Levey. “At 120 MW, it
will also compete with the E-class, but be
more flexible.”

Alliance with Wood group
But PowerGen wasn’t all about new tur-
bines for Pratt & Whitney Power Systems
(PWPS). The company also presented a
new alliance withWood Group GTS for F-
class services. Both companies will jointly
service the GE Frame 7FA industrial gas
turbine aftermarket.

GTS has an exclusive 10-year license
for sale and distribution of PWPS manu-
factured combustion hardware, hot gas
path components and repair services. GTS
will gain access to parts which will
enhance its ability to support power plant
owners and operators via long-term main-
tenance agreements.

The relationship is exclusive in North
America and Saudi Arabia for GTS to use
PWPS parts. Other zones are not included
in the deal. At the same time, PWPS is not
restricted from directly selling parts and
repair services on what it calls a transac-
tional basis.

“If you just want a part or repair, Power
Systemswill do it,” said Levey. “But for bun-
dled services for repair contracts, lifecycle
management and so on, we would serve
those customers via GTS.”

PWPS, then, prefers to stick to its core
competency of part manufacture and repair
manufacturing. This arrangement enables
the company to leverageWoodGroupGTS’s
expertise in lifecycle management.

“Our agreement builds on the successful
collaboration between GTS and PWPS sup-
porting aero-derivative machines,” said Peter

Christman. “The F technology market
demands a comprehensivemaintenance solu-
tion, and through partnership with GTS, we
are able to meet this need. The combination
of PWPS’s engineering, new part manufac-
turing and repair technology and GTS’s ser-
vice experience and risk management strate-
gies is a compelling proposition.”

Mitigating F-class risk
As with the Chromalloy announcement (see
p. 28), the lure of the F-class aftermarket has
proved to be a powerful draw. Of the over
1000GEF-classmachines in operation,70%
are 7FAunits.Aswell as servicing its F-class
clientele via maintenance actions, GTS can
now add parts and repair into the mix.

“This package provides a truly indepen-
dent and high quality solution for F tech-
nology units to mitigate the technical and
commercial risk of turbine operation,” said
Mark Papworth, CEOWood Group GTS.

Frank Avery, president of power plant
services at Wood Group GTS, laid out his
company’s service credentials. We have
18,000 MW of long-term contracts and
another 12,000MW falling within its opera-
tions and maintenance services scope.

“Our core capabilities are the servicing
of GE GTs from Frame 5 to Frame 9
machines, as well as 7FA,” saidAvery. “7FA
operators demand choice so this alliance
provides a viable OEM alternative and a
means for users to control future costs.With
many existing service agreements expiring
over the next several years, this presents a
big opportunity.” TI
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JEFFREY GOLDMEER AND TOMMY ROZAS

GE 7FA gas turbines equipped with
Dry Low NOx (DLN) combustion
systems are often deployed in 100%
pipeline natural gas applications.

Although natural gas is available, industri-
al and petrochemical sites sometimes pre-
fer to use process gases produced on-site
to reduce plant operating costs. These
facilities produce hydrogen-containing
process gases (known as off-gas) as a by-
product of the main plant chemical
processes. Some users desire to reduce nat-
ural gas consumption by blending a per-
centage of the process off-gas with their
main natural gas supply.
In response to a request from The Dow

Chemical Company, GE developed a fuel-
blending system allowing a hydrogen/nat-
ural gas fuel to be burned in a 7FA Gas
Turbine with the DLN2.6 combustion sys-
tem. Until its development, the fuel speci-
fication for this combustion system did not
allow for hydrogen to be included in the
fuel composition.

Fuel blending challenges
The Dow Chemical Company approached
GE about the possibility of operating a set
of gas turbines at one of its petrochemical
plants on a blend of process gas and nat-
ural gas. The first step in this process was
a series of feasibility tests in GE’s com-
bustion test facility in Greenville, SC, to
determine the capability and limitations
of the current DLN2.6 combustion system
to burn a fuel blend of natural gas and
hydrogen. These tests were performed at
full pressure, temperature and flow, simu-
lating field conditions.
Parameters monitored during the tests

included NOx and CO emissions, as well as
combustion dynamics. These tests demon-
strated that the DLN2.6 combustion system
is capable of operating with up to 5% H2
blended with natural gas.
Based on these feasibility tests, the engi-

neering team designed an off-base system,
capable of blending the process gas with the
natural gas.The system is composed of instru-
ments for measuring fuel flow and gas com-
position as well as valves for controlling flow.
Given that a top motivation for fuel

blending is to reduce natural gas consump-
tion, it is critical that the control system
maintains operation on the blended fuel.
Key design elements of the fuel blending
system to enable this capability include:

• GE’s Mark VI turbine control algo-
rithms, integrating process-gas fuel blend-
ing controls and turbine protection software
• Continuous monitoring of the fuel,

including the hydrogen content of the blend-
ed fuel, to ensure it stays within the defined
operating envelope.
These design elements allow the sys-

tem and the gas turbine controls to adapt
to varying amounts of hydrogen fuel,
while protecting gas turbine components
and enhancing performance. The controls
can handle non-methane hydrocarbons in
addition to hydrogen. This is important as
some chemical processes contain small
amounts of ethane or other higher hydro-
carbons in addition to hydrogen.

Installation and start-up
The hydrogen fuel blending systems were
delivered to Dow’s Plaquemine petro-
chemical facility in Plaquemine, LA. This
site has four GE 7FA turbines operating in
a combined cycle configuration. They pro-
vide internal power for the facility, and are
available to the local grid during peak
power periods. Until this upgrade, these
units operated solely on natural gas.
The blending systems were installed on

a platform specifically built for this equip-
ment; the four blending systems are shown
in Figure 1. This allows the natural gas
header to be connected to the fuel blending
systems, one for each turbine, resulting in
four separate fuel streams.
First operation on blended fuel took

place in May, 2010. The nominal blended
fuel compositionwas 5.6% hydrogen equiv-
alent (by volume), which includes hydrogen
plus other non-methane hydrocarbons.

A performance validation performed on
the turbine included acquisition of perfor-
mance at base load, before and after conver-
sion. Data collected included output, emis-
sions, and combustion dynamics.
Combustion dynamics, as measured by

instruments in the combustion chambers
during operation on blended fuel, were
lower than natural gas acoustics over most
bands and within normal limits. NOx emis-
sions, while operating on the blended fuel,
showed no measurable change in output.
These 7FA turbines, it was concluded, are
operating like any others in the fleet.
All four 7FAGas Turbines at the site are

now capable of operating on blended fuel.
To date, these units have accumulated more
than 5,100 fired hours on blended fuel.

Authors
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Manager, GE Power &
Water.
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Figure: Fuel blending system installation
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DREW ROBB

The Annual PowerGen conference
drew a highest ever attendance of
over 20,000 attendees to Las Vegas
in December — a sign that a market

recovery is becoming a reality. Those in
attendance were served up 40 sessions,
200 speakers and 12 separate tracks. A
seemingly never ending exhibit hall con-
sisted of 1,200 exhibitors from all corners
of the globe.

Among the highlights were: a keynote
by Mitsubishi Power Systems covering
the changing energy mix and the rising
importance of combined cycle plants;
electric vehicles and how they will influ-
ence electricity load; how modern tur-
bines are being modified to deliver more
flexible generation; a newly introduced
combined cycle configuration; modifica-
tions to a Heat Recovery Steam
Generator (HRSG) to overcome steam
cycle limitations; and aggressive plans to
introduce more competition into the
spare parts business.

The morning keynote featured David
Walsh, Senior Vice President, Service &
Manufacturing, at Mitsubishi Power
Systems, America. In his analysis of the
market, he highlighted the fact that as
much as 25% of the U.S. coal-fired fleet
is in jeopardy due to environmental regu-
lations. That was good news, he said, for
the gas turbine (GT) industry which was
destined to expand more than any other
sector of the power industry in the com-
ing decade. “With the EPA moving for-
ward steadily, it’s going to mean a lot of
gas,” said Walsh.

How about renewables?
He noted that surveys of the top five U.S.
utilities demonstrated that renewable
assets will generate 7% of their total port-
folio in ten years compared to 5% today.
What is the reason for such a modest
jump for renewables in the face of over-
whelming regulatory favor?

“Rate payers will force us to find the
most cost effective solutions we can,”
said Walsh.

He showed himself to be an enthusi-
astic promoter, not just of his own com-
pany, but of the GT in general. He laid
out the build out of Mitsubishi manufac-
turing plants in the USA and pointed out
that there are now four OEMs serving the
large scale gas turbine market in North

America compared to two in the nineties.
That showed a healthier side to the indus-
try as companies such as Mitsubishi have
come to the USA and set up shop.

Walsh informed the audience that
manufacturing of the company’s G class
turbine would begin on U.S. soil during
the early part of 2012. Eventually, that
will be followed by J frame turbine man-
ufacturing in the USA.

Another theme was how far the indus-
try had come in a decade or so. The
largest turbine available has shifted from
around 100 MW up to over 300 MW.
Mitsubishi, for example, offers a 327
MW model. The Mitsubishi M501J oper-
ates at 61.5% efficiency and has a turbine
inlet temperature of 1,600°C.

According to Walsh, the J-class unit
operating at the T-point plant in Japan has
already exceeded 3,000 actual operating
hours (OH) and 58 starts. The first engine
for Kansai Electric has been delivered with
commercial operation scheduled in 2013,
and 12 orders already in hand for sites in
Asia. Meanwhile, the company continues
to work on achieving a turbine inlet tem-
perature goal of 1,700°C.

Mitsubishi is involved in several large
combined cycle plants which will utilize
these massive machines – at a scale Walsh
said is necessary to meet future needs.
FPL’s 3600 MW West Country Energy
Center, as well as Georgia Power’s 2700
McDonough Plant and 2400 MW
Mystic/Fore River Generation Stations
were examples he cited as being the wave
of the future in terms of GT plant potential.
The FPL site is the largest combined cycle
power plant in the USA and uses
Mitsubishi M501G operating at 58.3%

efficiency.
“These super large gas turbine plants

are a glimpse into the future,” said Walsh.
“A few years ago, plants of this size were
only possible for steam and nuclear
applications. Our J-class technology will
take this trend in plant size even further.”

He ended by challenging the audience
to get the word out on the value of the gas
turbine in today’s energy landscape. He
felt the industry needed to do a better job
of informing the public of the efficiency
and emissions record of the GT.

Flexible gas-fired generation
Another theme of the conference was
flexible gas-fired generation. Speaker
after speaker noted that legislative
momentum made abundant wind and
solar on the grid inevitable.

Siemens Energy pushed the value of
having plenty of combined cycle gas-
fired turbines on the grid to ramp up and
down as renewable resources ebbed and
flowed during the day. Siemens was one
of many vendors at PowerGen touting the
rapid ramp up and low emission creden-
tials of their latest turbines. Its Flex Plant
30 design can maintain emissions rates
below 5 parts per mission while it is
ramping down.

“In most areas, renewables have the
right of way onto the grid,” said Bonnie
Marini, Director of 60 Hz Product Line
Marketing at Siemens. “Our biggest chal-
lenge is ramping down other power
sources to deal with renewables coming
onto grid suddenly.”

While Mitsubishi favors high-temper-
ature technology, Siemens has taken a
different approach with its SGT-8000H
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which brings together the best of Siemens
andWestinghouse for the first time in one
turbine, said Marini.
“The SGT-8000H is not high temper-

ature and is not single crystal,” said
Marini. “It has a couple of rows of direc-
tional solidified blades but that’s all.”
The company uses single crystal

blades in some 50 Hz machines, but not
in 60 Hz. Marini cited cost and repair dif-
ficulties as two of the reasons behind this
decision on 60 Hz. Another factor, she
said, was that Siemens prefers to stick
with proven technologies and optimize
them. The H-class, for example, has the
same firing temp as the G-class but is
more efficient. At its Irsching 4 plant in
Germany an 8000H in combined cycle
mode has been tested at 60.75% efficien-
cy and has achieved 11,000 OH.
“We don’t say that this engine will

beat 60% efficiency; it already did it,”
said Marini.
While the 8000H is new, the SGT6-

5000F has been the workhorse of the
Siemens 60 Hz fleet. The latest version of
this engine has what the company is call-
ing shaping power. This brings the capa-
bility to add another 20 MW on a hot day.
The term “shaping” is a marketing term
which relates to the shape of a graph
showing load patterns — whether a rapid
ramp-up curve to accommodate wind and
solar coming onto/off the grid, or a rela-
tively flat output dealing with small
changes in ambient conditions.
“We have made the front stages of the

SGT6-5000F compressor larger to gain
more mass flow and hence peaking
power,” said Marini. “You can use this
extra capacity to load follow renewables.”
So far, the company has sold 50 mod-

els with shaping power. Great River
Energy’s Elk River 11 plant includes a
Siemens SSC6-5000F turbine which
takes only 12 minutes to start up. It has
been operating since 2009. Other plants
under construction using this Siemens
GT, said Marini, include the GenOn
March Landing plant and the City of El
Segundo, which is building a Flex Plant
10 that will be online in 2013.

Baseload woes
Other turbine manufacturer and utility
presenters drew attention to the fact that
renewables had completely changed
decades-long power patterns. In the past,
baseload power was provided by coal and
nuclear resources. With these types of
plants under fire or being phased out,
renewables were now beginning to be
counted on for baseload power. That
meant that baseload was no longer flat, as
it had been traditionally.
Gas turbines, therefore, are now the

medium of choice to pick up the slack in

the absence of large-scale affordable
energy storage technology.
“Renewables are driving the market

for flexible gas-fired generation,” said
Steve Rose, Vice President of Conceptual
Engineering at U.S. independent power
producer NRG Energy. “With 90 GW of
non-hydro renewables called for by 2025
in existing state Renewable Portfolio
Standards (RPS), it requires 45 GW of
gas firming. Most of it will be rapid
response combined cycle plants as EPA
regulations are moving the market away
from simple cycle.”
That poses a problem for coastal sites

that have traditionally relied on once-
through cooling, which has fallen afoul
of the EPA via section 316 (b) of the
Clean Water Act. Similarly, wet cooling
via towers can cause emissions chal-
lenges. “An air-cooled CCGT is a good
option for coastal sites facing 316 (b)
restrictions,” said Rose. “For existing
plants, however, redoing the cooling is
almost impossible.”
He added that the two best available

air-cooled rapid response CCGT products
are the Siemens Flex-Plant 10 and NRG’s
design based on the latest 10-minute start
GE 7FA units. NRG is erecting two Flex-
Plant 10s at a coastal site in El Segundo,
California. They consist of a 265MW1x1
rapid start SGT6-5000 F(3) turbine with a
single-pressure, unfired HRSG, industrial
ST and an air cooled condenser.
NRG has developed its own solution

for this situation, which it is patenting.
Called NRG CC-Fast, it is a 275 MW 1x1
rapid start CCPP that will use the GE
7FA.04 at an NRG site in Astoria, New
York, along with a single-case condensing
STG with a 2-pressure duct-fired HRSG.
GEA EGI’s Heller System provides a
direct contact spray condenser and air
cooled tower. According to Rose, this sys-
tem is capable of a 10-minute start to 75%
load and has minimal water consumption
compared to the Siemens approach.

“The steam turbine exhaust is mixed
with cooled condensate from the dry tower
in a direct contact spray condenser,” said
Rose. “The condensate is recirculated
through the dry tower where heat is reject-
ed via aluminum fin tube panels.”
This Astoria site has been using mul-

tiple, small Westinghouse units as well as
Pratt & Whitney TwinPacs. During the
first phase, the older Westinghouse peak-
ers are being removed. The second phase
will eliminate the TwinPacs. The result
will be replacing 425 MW of simple
cycle power with 1.1 GW of CCPP with
a much better heat rate and much lower
levels of emissions.

Breaking the steam-gas link
Gordon Smith, chief consulting engineer
at GE Energy Global Projects Operation,
explained the firm’s approach to rapid
response plants. Conventional Combined
Cycle Power Plants (CCPPs) limit load
rates on startup, he said, so it is neces-
sary to break the link between the gas
turbine and the steam turbine so that the
steam cycle is not restricting gas turbine
ramp up. “GE has developed proprietary
technology with our combined cycle
offerings to overcome these startup limi-
tations. This approach accomplishes the
rapid start without needing additional
steam venting, thereby keeping water
consumption down.”
One key, he added, is a rapid

response-qualified drum type Heat
Recovery Steam Generator (HRSG)
which is supplied by several HRSG sup-
pliers. Before acceptance for rapid
response use the vender’s design is exten-
sively reviewed and analyzed by GE for
this startup duty.
GE also uses terminal attemperators

outside the HRSG to manage steam tem-
perature. Past attempts to use this tech-
nology have suffered due to wear and tear
since the attemperators protruded into the
steam path and this led to excessive main-
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tenance and repair. To get around this, the
company selected a design with minimal
intrusion into the steam path, resulting in
better durability. Extensive control logic
protection and additional instrumentation
insure water overspray is avoided. GE’s
rapid response CCPP includes an inte-
grated controls architecture including
streamlined plant startup sequencing and
one push button start capability.

One of the benefits of this technology is
an improvement in startup emissions. “In a
conventional CCPP, the gas turbine has a
hold on ramp up at low load,” said Smith.
“After an eight-hour shutdown, with the
GE rapid response power plant, the start-up
time is less than 30 minutes compared to a
conventional power plant start-up time of
60 to 70 minutes. GE’s rapid response
technology allows the gas turbine to quick-
ly get to a lower emissions operating mode
resulting in 85% less startup NOX and at
75% less startup CO,” said Smith.

Chromalloy parts strategy
Carlo Luzzatto, the new president of tur-
bine part and repair vendor Chromalloy,
chose PowerGen to announce his arrival
at the helm and to brief the press on where
the company is heading. Its new Tampa
facility, for example, is now accomplish-
ing ceramic core production and casting
of turbine blades, and it is adding a Palm
Beach Gardens, Florida, engineering cen-
ter of excellence and headquarters which
will be ready in Q1 2012.

Viewing the market, he was confident
that a recovery had started, although most
of the gains he’s noticed were in Asia. He
also commented on the changing operating
pattern with gas turbines transitioning from
relatively few starts per year to many. They
are starting and stopping multiple times
and running for only a short time as
opposed to all day or all week, he said.

“If you look at Spain, renewables
supply most of the baseload power and
the GT’s there are running only 15% of
the time, down from more than 50%,”
said Luzzatto.

Specific to the aftermarket, he said

that every aspect of the GT service busi-
ness amounts to somewhere between $16
and 17 billion per year, approximately.
He qualified this by saying that this num-
ber may not include upgrades to turbines
and replacements of the fleet. So the
actual total may be as high as $20 billion
annually. This figure includes aeroderiva-
tives but not mechanical drives.

Luzzatto highlighted the fact that spare
parts comprise the largest slice of the main-
tenance pie. For the F-class, for instance,
spare parts account for 68%, repairs 18%
and field service 14%. Chromalloy con-
ducts repairs and offers parts, but rarely
gets involved in field service. It owns a tur-
bine services company in Glasgow,
Scotland, which includes field services, but
Luzzatto said it is a minor part of the busi-
ness and he has no plans to grow that.

“Less than 20% of our business cur-
rently is industrial, and the rest is aero-
space,” said Luzzatto. “But we have been
involved in the industrial section for 40
years and plan to be far more present in
the energy field.”

On the part repair side, Chromalloy has a
history of dealing extensively with Siemens
and TurboCare, although Ansaldo and GE
have agreements, too. He sees major oppor-
tunity in the parts business for Chromalloy.

“If OEMS have bottlenecks in their
supply chain we have huge opportunities
to sell direct to plants,” said Luzzatto.

He’s talking about the non F-class fleet
primarily, as OEMs tend to focus on servic-
ing their latest F-class equipment. OEM’s,
too, are protected by long-term agreements.
But many owners of F-class turbines have
either reached or will soon reach the end of
their original service
a g r e e m e n t s .
Chromalloy’s large
new casting foundry
in Tampa is going to
include F-Class cast-
ing, added Luzzatto.

“The biggest part
of the annual $16
billion in GT ser-
vices is the F-class,”

he said. “One year’s averagemaintenance is
four times more for the F-class than the E-
class. That’s a good opportunity.”

Chromalloy is picking its battles and
only going into markets where it feels it
can succeed. It has a deal in place with
GE, for instance, on aerospace and on the
aeroderivative side. In these areas, it sells
to the OEM rather than going direct to the
user. It also is not going to attempt to re-
engineer all the parts for every GT, only
those that the company feels represent the
best business opportunity.

Single crystal blades are an example
where Luzzatto said there are only a few
casting players competing in the industry.
Similarly, when it comes to salvage and
recovery of existing parts, he added that
there are few outfits attempting this.

Viable parts alternative
But a viable parts alternative hits right at
the heart of the OEM bottom line. That’s
why it has been observed that some
OEMs have been cutting the cost of their
parts in an effort to retain the market.
Luzzatto accepts this as a necessary part
of the business even if it means fewer
sales for his company. In the end, it’s the
users that benefit.

“It is very difficult to raise prices after
you drop them,” said Luzzatto. “But when
the market recovers, the OEMs will focus
on new turbine sales, not spare parts.”

He endedwith a briefing on how the shift-
ing operational patterns of GTs impacted part
design.When turbines were expected to have
only 50 starts per year, parts were designed
mainlywith creep inmind.Nowthat thenum-
ber of starts has shifted to 200 or more per
year, these same parts are exposed to farmore
thermal stress than designers anticipated. In
response, OEMs are reducing maintenance
intervals. But that isn’t a popular solution
among users.

“We are looking at designing coat-
ings and base materials for that specific
multiple-start duty,” said Luzzatto.
“This could become a game changer.
We are already discussing this opportu-
nity with customers.” TI

Siemens SGT5-8000H

Carlo
Luzzatto
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KERRY OLIPHANT

High suction performance pump induc-
ers are critical to a number of industri-
al and aerospace applications where
the required pump inlet pressure is

near the vapor pressure of the liquid to be
pumped. These include boiler feed pumps,
aircraft fuel pumps, space vehicle propellant
pumps and liquefied natural gas (LNG)
transfer pumps.

Moving natural gas efficiently from
production sites to where it is used, for
instance, requires LNG transfer pumps that
can drain more LNG from storage tanks. In
space applications, high suction perfor-
mance inducers can reduce launch costs
through lower propellant tank weight, and
increased propellant feed system stability
and robustness.

The inducer’s role is to raise the pres-
sure of the liquid to a sufficient level so that
downstream components can pump the
process liquid to the required pressure with-
out cavitation. Cavitation occurs when the
local pressure inside the pump drops below
the fluid vapor pressure. At this point, a
vapor cavity forms, usually on the blade
suction surface just upstream of the inlet
throat, which leads to three debilitating
effects on a pump:

• Reduction in head rise of the entire
pump when the vapor cavity approaches the
size of the inducer inlet throat

• Blade damage from the collapse of the
vapor cavity in higher pressure flows

• Transient instabilities in the pump from
the interaction between the flow and the
vapor cavity. These transients can lead to
blade structural failure or can incite instabil-
ity and failure in the pumping system and
surrounding structures.

Critical factor
Inlet pressure is a critical factor in deter-
mining the likelihood of cavitation. An
inlet pressure well above the vapor pres-
sure is desirable to reduce or eliminate
cavitation. However, in many cases, high
inlet pressures are not practical.

For example, LNG transfer pumps oper-
ate at low pressures when the storage tank is
nearly empty to extract as much LNG as
possible. Space launch vehicles are weight
limited, and higher tank pressure means
more weight, which impacts launch costs. In
these systems, it is desirable to keep the inlet
pressure as close to the vapor pressure as the
pumps will allow.

The net positive suction head (NPSH)

is the parameter used to judge a pump’s
capacity to pump without cavitation. This
is typically defined as the inlet total head
minus the vapor head of the propellant
where the pump experiences a 3 to 5%
loss in head rise. This point is used
because it is a good balance between oper-
ating at the lowest possible inlet pressure,
while still maintaining a safe distance
from the total head breakdown point. In a
typical pump, the head rise falls off rapid-
ly, soon after the 3 to 5% head breakdown
point. In addition, there are often large
flow instabilities associated with head fall-
off above 5%, which can cause structural
failures in high power applications.

Pumps able to operate at lower values
of NPSH are more resistant to cavitation
and have higher suction performance.The
NPSH of a pump is dependent upon the
impeller geometry, flow rate (Q), and
rotational speed (N). To reduce the num-
ber of independent parameters and to
compare different pumps, it is common
to combine the NPSH, flow rate, and
rotational speed into a non-dimension
group called the suction specific speed
(Nss) defined in Equation 1 below.

Common usage in the United States is to
use units of rpm, GPM, and feet, and to
drop the acceleration of gravity constant
which results in a dimensional parameter
that is still used as if it were dimension-
less. This parameter is often called
NssUS and differs from the dimension-
less parameter by a constant scale factor.

Figure 1 shows a plot of NssUS ver-
sus inlet flow coefficient for test data
from a variety of pumps at their design
point from high-flow coefficient to low-
flow coefficient.

Demanding applications
High-flow coefficient pumps are com-
mon in many industrial applications and
have NssUS values below about 20,000.
Low-flow coefficient pumps are used in
aerospace or demanding industrial
applications that require very high suc-
tion performance with values of NssUS
in the range of 25,000 to 65,000. One
observation from Figure 1 is that the
suction specific speed is inversely pro-
portional to the flow coefficient.

At high-flow coefficient, the variation
in suction specific speed with flow coeffi-
cient is somewhat flat, and suction perfor-
mance changes are mostly seen through
changes in the blade thickness and shape
near the leading edge. Because of this,

PPUUMMPPSS

LNG TRANSFER PUMPS: IMPROVING OPERATION

Figure 1: Suction specific speed versus inlet flow coefficient for a wide range of pumps.
The pumps on the right are typical industrial-type pumps, while the pumps on the left
are low-flow coefficient, high suction performance inducers.

HIGH SUCTION PERFORMANCE PUMP INDUCERS CAN ELIMINATE CAVITATION

30 Turbomachinery International • January/February 2012 www.turbomachinerymag.com

Concepts NREC:CAREB 05-09.qxd  2/17/2012  8:28 AM  Page 30



designers often fail to recognize the influ-
ence of design point flow coefficient on
suction performance, and efforts to signifi-
cantly raise the suction performance of
high-flow coefficient pumps are often not
successful. As the flow coefficient drops
below approximately 0.20, the influence of
flow coefficient on suction performance is
much more pronounced.

A theoretical curve of suction specific
speed versus flow coefficient is shown in
Figure 1. It is a synthesis of two techniques
that have been widely used, depending on
the flow coefficient of the pump. At low-
flow coefficients below 0.15, designers use
Brumfield’s criteria to estimate an appropri-
ate flow coefficient to achieve a required
level of suction specific speed. Brumfield’s
criteria are a reflection of the tradeoffs
between the bulk inlet flow velocity, flow
angle and blade tip speed on the suction
specific speed.

The data in Figure 1 track the theory
pretty well, with the variance probably due
to specific blade shapes and thickness
variations that play a role in the suction
performance, but are not accounted for in
the theory. At high-flow coefficients, the
theory transitions into using an empirical-
ly determined blade cavitation coefficient
that is dependent upon the shape and
thickness of the blade near the leading

edge. The match of test data to the theory
in this region will be dependent upon the
blade cavitation coefficient that is used.

Low-flow coefficients
Researchers have investigated inducer
design at low-flow coefficients using theo-
retical analysis and water rig testing.
Initial efforts focused on blade design
methodologies for improving suction per-
formance in the range of flow coefficients
(0.06 to 0.12) needed for high-suction per-
formance. Modest success was achieved in
raising the suction-specific speed above
the theoretical optimum shown in Figure
1. However, it became apparent that any
significant increase in suction perfor-
mance would require a reduction in flow
coefficient. The problem is that there is a
kind of stability barrier at a flow coeffi-
cient of approximately 0.06.

When approaching this point and
below, it is difficult if not impossible to
design an inducer that does not exhibit inlet
backflow and cavitation-induced instabili-
ties, especially if the inducer is required to
operate at a low-flow, off-design point. As
the flow coefficient decreases, the inlet rel-
ative flow angle as measured from the tan-
gential direction decreases as well, and the
blade angle must decrease with it. At low
tangential blade angles, the inlet becomes

highly sensitive to small changes in inci-
dence angle, and the flow is more suscepti-
ble to stall and inlet backflow.

To overcome the stability barrier,
researchers focused on inlet cover treat-
ment devices to stabilize the flow at low
flow coefficients. Several variants were
built and tested, and the most successful
incarnation improved the stability of low-
flow coefficient inducers around the current
stability barrier.

Efforts are ongoing to move the stabili-
ty limit, shown in Figure 1, further to the
left, using computational fluid dynamic
(CFD) simulations.

Two-phase, time-dependent calculations
were made on various configurations at dif-
ferent inlet pressures to simulate the cavita-
tion head break down characteristics of an
actual pump rig test. Figure 2 shows plots of
vapor volume fraction contours in the com-
putational domain at four inlet pressures.
The normalized suction specific speed
changes from 0.1 to 1.0, with the normaliza-
tion factor as the suction specific speed at the
5% head breakdown point.

At 10% of maximum normalized Nss,
there is significant vapor forming on the
blades, which is typical of all inducers —
cavitation inception always occurs well
before head breakdown.

At the intermediate levels, there is a
vapor cavity just upstreamof the inducer that
is probably due to the interaction of the sta-
bility control device with the upstream flow.
This upstream vapor cavity does not appear
to have any impact on the inducer suction
performance or stability. At the 5% head
breakdown point, there is vapor cavity
blockagewithin the inducer blades, as is typ-
ical for other inducers. In this case, it is run-
ning stably at a flow coefficient well below
the current stability limit, and the head
breakdown is at a much higher suction-spe-
cific speed than the current state of the art.

The next phase of development will be
testing to gather information on head, effi-
ciency, and cavitation performance, with
particular attention paid to high-frequency
pressure measurements to show the stabili-
ty characteristics of the technology. After
water rig testing, development efforts will
focus on testing in applicable fluids, such as
LNG and liquid hydrogen.

Author
Kerry Oliphant is
Aerospace Program
Manager/Corporate Fellow
at Concepts NREC, a com-
pany that provides turboma-
chinery design, engineering
services, manufacturing and
CAE/CAM software. For
more information, go to:
www.ConceptsNREC.com

TI

Figure 2: Plots of vapor volume fraction for two-phase,time-resolved computational fluid
dynamics simulations of an inducer/stability control system. The simulations start at
high inlet pressure and progress to lower inlet pressure, or higher Nss values.
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IMPROVING TURBINE 
CONTROL AND INFORMATION VISIBILITY
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What are some of the
trends you’re seeing, rela-
tive to the needs of rotat-
ing equipment end-users?
We’re seeing more end-users looking for
complete, fully integrated systems - con-
trols, actuators, valves, and so on, - to
optimize operations, lower total cost of
ownership, improve safety and increase
uptime. Historically, the market’s been
striving toward more efficient and cost-
effective operation, of course. What’s dif-
ferent today is a growing interest in inte-
grated systems that communicate and
share data seamlessly with the distributed
control system (DCS), thereby simplify-
ing troubleshooting and support. 

Do you see any impedi-
ments to implementation
of digital controls?
We’re seeing a trend where operators are
striving to capitalize on the digital tech-
nology to gain visibility to the wealth of
information available from the turbine or
compressor controller. An issue now is the
overload of non-critical information,
which can impede safe equipment opera-
tion if not prioritized correctly. 

We’re developing solutions that deliver
appropriate data (actionable knowledge, not
dozens of random data points open to inter-
pretation) where it’s needed, when it’s need-
ed and with the correct priority. This can
mean delivering automatic, data-informed
correction in milliseconds, when safety of
personnel and equipment are at stake.

Technology is also changing how and
where rotating equipment is being operated,
managed, and supported.  The human-
machine-interface (HMI) is a key area where
technology is changing our market.
Through internet and wireless communica-
tions, plant operators and OEMs can now
monitor, operate, manage, and in some cases
even repair equipment remotely, decreasing
production losses and support costs.  

Are new safety and secu-
rity standards affecting
the way suppliers do
business? 
Absolutely. These days, you have to go
beyond the development of systems that
address guidelines such as the cyber-secu-
rity standards of the North American
Electric Reliability Corporation (NERC),
and the Federal Energy Regulatory
Commission (FERC). The new require-
ment is to become expert in understanding
and interpreting such standards. This is the
only way to adequately support OEMs and
end-users as they work toward compliance.
Our response, therefore, has been to invest
in training our existing personnel and hir-
ing experts to address this trend.  

Take the subject of safety. We are
observing some confusion in today’s market
with regard to safety certification.
Understandably, we’re seeing requests for
quotes (RFQs) in which end-users are spec-
ifying more than they need (thus over-
spending) in an attempt to ensure compli-
ance with difficult-to-interpret standards.
Suppliers who become experts in safety
standards, such as those of the American
Petroleum Institute (API) and the
International Electrotechnical Commission
(IEC), are able to partner with rotating
equipment users and OEMs to execute
right-sized projects (from both the engineer-
ing and cost perspectives) that meet safety
certification requirements.

What about marine envi-
ronment standards?
As more petrochemical plants begin to
utilize floating production storage and
off-loading (FPSO) vessels, the trickle-

down requirement for our industry is to
create products and components that are
suitable for installation and operation
within the marine environment. 

Close proximity of equipment and the
harsh environment associated with such
vessels provide considerable challenges
for manufacturers. As a result, our design
teams work closely with marine listing
agencies like Lloyds,  Det Norske Veritas
(DNV), and ABS to ensure we meet the
required marine standards.

How is Woodward
responding?
We are constantly working with OEMs,
partners and end users to refine our
portfolio of turbomachinery optimiza-
tion and process solutions. The latest
product in our ProTech PLC line, is
ProTechTPS. This is a safety PLC with
integrated overspeed protection. In
response to the needs of the market,
this device is IEC61508 SIL-3 certified
and it adheres to API612 as well as
API670 guidelines.

Other recent products: 
Micronet Plus — a flexible DCS address-
ing the rigorous requirements of prime
mover control applications, such as gas,
steam and hydro turbine control, as well
as diesel and gas engine control. 

Woodward’s Graphical Application
Programmer (GAP) — Windows-based
software that allows control engineers to
create block format application programs
for a number of Woodward control sys-
tems. This self-documenting software
allows engineers to custom design a con-
trol system for any application. 

NetSim — a simulation environ-
ment for GAP-generated control soft-
ware that produces a virtual test stand
on a desktop or laptop. This saves time
and money by checking the operation
of the application and finding problems
before going to the field. 

Varistroke-I — an integrated, lin-
ear, electro-hydraulic actuator for
operation of steam turbine control
valves or valve racks. TI

Jim Rudolph,
President of
Industrial
Turbomachinery
Systems at
Woodward, dis-
cusses emerging
trends in rotating
equipment con-
trol and safety, as
well as how suppliers address the
needs of equipment owners.
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RAY GOMES

Operators at a large South Eastern U.S.
power utility with seven GE Frame 7
turbines began to notice varnish
buildup in their tanks. They heard that

other companies were experiencing signifi-
cant varnish issues with the same turbines at
8,000 run hours. Before a serious varnish
issue could arise, they decided to try a dif-
ferent approach to varnish control.

GE was aware of the varnish problems
being caused by using group II lubricating
oil and had offered advice in a Technical
Information Letter to all GE turbine users.
GE TIL 1528-3 described the issue and rec-
ommended that users add either an
Electrostatic Precipitator (EP) or a Balanced
ChargeAgglomeration (BCA) system.

This utility decided to add nine BCA
systems, seven on gas turbines and two on
steam turbines. Oil analysis and operational
results on these turbines have been closely
tracked since January 2005.

Charged particles
BCA charges the particles in oil with a pos-
itive and negative high voltage in two sepa-
rate flow paths. The charged particles are
allowed to mix in a single flow path. Due
to electrostatic attraction in the mixer the
particles, some as small as .01 microns,
stick together and agglomerate. The result-
ing large particles are then easily filtered
out. The cyclical nature of the BCA-based
cleanup is achieved by the purifier cleaning
the oil of contaminants and varnish, fol-
lowed by the oil cleaning themachine inter-
nals which saturates the oil with more con-
taminants, which are then cleaned.

In reality, it took several months to fully
clean varnish-covered spool valves and tank
walls.When these internal components were
finally clean of all varnish, contamination
levels fell dramatically (Chart).

In 2009, the thrust bearing on one unit
was opened for inspection. The internal sur-
faces of the bearings, seals and thrust bear-
ing components were all found to be free of
varnish buildup (Figures 1 & 2). By com-
parison, a unit in another plant with no
purification system was covered with a
heavy orange varnish buildup after four
years of operation.

The first three of the turbines are at
50,000 run hours and approaching their
tenth year in operation. They have never
had an oil related shutdown or a servo
valve failure due to varnish. Some
experts claim varnish can only be
removed at oil temperatures under 40°C
with electrostatic-based purification sys-
tems. Although located in a semi-tropical
location, the oil in these GE 7FA turbines
rarely goes below 40°C yet all varnish
has been removed.

These turbines recently completed
their first tear down. The journal bearings
showed no wear and no varnish buildup.
The tanks, however, did have a small patch

of varnish on one pipe. It was later deter-
mined that the high voltage power supply
had failed in this purifier.

Improved lube oils
Lubricating oil manufacturers have devel-
oped new additives that can hold varnish
in suspension longer, so that it is less like-
ly to buildup. They guarantee the oil for
15 to 20 thousand run hours. These plants
have already achieved 50,000 run hours
on the original oil. The oil’s remaining
useful life determined by Rotating
Pressure Vessel Oxidation, ASTM D2272
(RPVOT), a test for remaining antioxi-
dants, is around 70% in all seven turbines.

As a result, this plant has avoided two
or three oil changes. This adds up to sav-
ings of 2.5 to 4 million dollars across the
plant in oil change costs for a relatively
small initial investment. And, since the
remaining life of the oil is still around 70%
it will last many more years.

Author
Ray Gomes, CEO of
ISOPur Fluid
Technologies, has an EE
Degree from the
University of Rhode Island
where he worked in Ocean
Engineering and Ship
Analytics in charge of
hardware design for simu-
lation systems. Prior to
ISOPur, he was VP
Techology at Hi-Tech
Extrusion.
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ADDRESSING VARNISH PROBLEMS
BALANCED CHARGE AGGLOMERATION RESULTS IN 50,000 HOURS OF LUBE OIL OPERATION 
ON GE FRAME 7 TURBINES

Figure 2: Turbine Journal Bearing at
50,000 Hours and No Varnish Buildup
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Chart: Oil Analysis at 48,000 Hours vs. New Oil
* Conoco Phillips’ Ultra Clean Turbine Oil ISO Particle Count

Figure 1: Thrust Bearing at
7 Years of Operation
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JOACHIM SCHÜRMANN

Manufacturers often invest in two
parallel production lines to ensure
there is no interruption of output
when one line is being maintained

or repaired.A tandem drive is a way to avoid
that additional investment.

A tandem drive for centrifugal fans com-
prises two drives: a medium- or high-voltage
motor and a steamdriven turbine.Amedium-
or high-voltage motor serves to start up the
centrifugal fan, since steam from the boiler
houses may not be available at the start-up of
the plant. As soon as sufficient steam is on
hand, the plant switches to the steam turbine.

These drives can switch over automati-
cally, without interrupting the production
process from one drive to the other.
Changing from the electric motor to the
steam turbine calls for the steam turbine to
be brought up to the rated speed of themotor
through speed regulation. When a defined
differential speed between the two drives has
been reached, the turbine takes over and the
electric motor can be switched off. The elec-
tric motor is removed from the shaft unit via
an overrunning one-way clutch.

Coupling configuration
The reverse, switching from turbine drive to
the electric motor, is more technically chal-
lenging. It is true that relatively simple fre-
quency-controlled motors could be used for
medium- and high-voltage. But these are
cost-intensive compared to motors with
direct on-line starting. In this case, a special
coupling configuration is used which limits
the torque peaks to a defined,maximum-per-
missible torque (Graphs 1 & 2). This rules
out damage to the drive and shaft assembly.

Typical processes where combustion air
and flue gas fans with tandem drive are used
are ammonia, methanol, hydrogen and syn-
gas plants.A hydrogen/steammixture is con-
verted into a mixture of H2, CO and CO2 and
a remainder of CH4 using a steam reformer.

The overall reaction in the steam reformer
is strongly endothermic and thus requires heat
input. The necessary reaction heat is provided
by burners which are arranged in the furnace
ceiling between the tube rows.A combustion
air fan must supply the required combustion
air to the steam reformer burner.The flowvol-
ume necessary for the combustion air can,
depends on the size of the plant. It can be up
to 550,000Am³/h.

Downstream of the combustion air fan,
the combustion air is preheated to the required
temperature by the burners. Combustion air is
added in excess of the stoichiometric require-

ments to ensure complete combustion. The
released heat is mainly transferred to the
process in the reformer tubes, while the waste
heat is carried with the flue gas at about
1,050°C to a horizontal heat exchanger.

The waste heat is utilized in the convec-
tion bank as far as possible, for example:
• Generating and super-heating steam
• Preheating the hydrocarbon/steam
mixture for the steam reformer
• Preheating and evaporating process
condensate
• Preheating the hydrocarbon feed
• Preheating the combustion air
Finally, the flue gas is exhausted through

the stack to the atmosphere by means of a
flue gas fan.The flue gas flowvolume can be
as much as 1,000,000Am³/h.

By designing centrifugal fans with inde-
pendent drives, it is possible to carry out
maintenance work on the drive which is not
in service while the plant is in operation.
Overrunning one-way clutches, among other
things, are used for this purpose to ensure
reliable operation. The numerous design reg-
ulations for centrifugal fans and their individ-

ual components in accordancewith standards
such as API 614, API 670, API 671 or API
673 are met byVenti Oelde for couplings, oil
systems and machine monitoring systems as
well as for instrumentation, control valves,
manometers, and so on.

Technical Data
Operating flow volume 927,000Am3/h
Differential pressure 8,800 Pa
Mechanical design 350°C
Drives 3,300 kW
Rotating speed 1,192 rpm

Author
Joachim Schürmann, a certi-
died mechanical engineer, is
a project manager at
Ventilatorenfabrik Oelde
GmbH.Venti Oelde plants
and components are used
for collecting, handling and
filtering of air, vapours,
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solids.
www.venti-oelde.com
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USING A TANDEM DRIVE FOR CENTRIFUGAL FANS
A WAY TO LOWER INVESTMENT IN PETROCHEMICAL AND OIL & GAS FACILITIES
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Graph 1: The simulation shows the torque characteristic when the electric motor takes over

Graph 2: Torque characteristic when the fan drive changes over from the steam turbine
to the electric motor
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Coupling turbine trains
The Rotalign Ultra MultiCoupling fea-
ture allows the alignment of up to seven
machines in a train to be measured
simultaneously, with a single quarter
rotation (or less) of the shafts. This saves
time and resources when aligning turbine
trains on the critical path in an outage, or
machine trains with gearboxes that are
difficult to turn.
www.ludeca.com

Turbine lowers NOx
Kawasaki Gas Turbines-Americas
announced the world's first commercial
operation of a new low emissions tech-
nology from Kawasaki and Catalytica
Energy Systems, Inc., which has been
retrofitted at a gas turbine co-generation
facility at the Sonoma Developmental

Center in Eldridge, CA. The core of the
system is a 1.4 megawatt Kawasaki
M1A-13D that has been rebuilt to accom-
modate the new Xonon Cool Combustion
system from Catalytica, which employs a
catalytic combustor that achieves less
than three parts per million of NOx.
www.kawasakigasturbines.com

Digital flow computer
Krohne, Inc has released the Summit
8800 Digital Flow Computer, which
features a touch screen graphic display,
as well as performance, handling, and
interoperability improvements over
standard flow computers. It can used in
metering oil, gas, wet gas, steam and
water; bulk chemicals batching; heat
exchanger metering and logging; and
metering production processes.
www.krohne.com

Heat-of-compression dryers
Ingersoll Rand has announced a line of
heat-of-compression (HOC) dryers.
The dryers turn wasted heat into useful
energy, resulting in clean, dry, oil-free
air at a fraction of the cost of tradi-
tional desiccant dryers. By using heat
produced during the compression
process, Ingersoll Rand HOC dryers
can deliver instrument-quality air

using approximately the same energy
as a 150 watt light bulb.
www.ingersollrandproducts.com

Ultra cool bearings
Voith Ultra Cool Bearings have a heat
conductivity six times higher than that
of other materials. Cooling channels
ensure faster heat conduction by reduc-
ing the heating of the oil that comes into
contact with the bearing surface. The
Ultra Cool Bearings are offset journal
bearings. The interior shape of two off-
set half-shells affix the shaft, particular-
ly at light-duty or idling speed.
www.voithturbo.com

Carbon-graphite pump parts
Metallized Carbon Corp. announced the
availability of custom vanes, rotors, and
end plates for use in rotary vane pumps
used in pumping liquids and gases. The
carbon-graphite components are well suit-
ed to pumping liquids with poor lubricat-
ing qualities, strong chemicals that attack
metals, and to pump air, vacuum, combus-
tion products and gasoline vapors.
www.ipsenusa.com

Sprayable ceramic coating
Henkel has introduced a two-part,
sprayable ceramic coating designed to pro-

NNEEWW  PPRROODDUUCCTTSS  &&  SSEERRVVIICCEESS

Rotalign product
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tect metal surfaces on industrial equipment
from wear, abrasion and corrosion.
Packaged in a reusable dual-cartridge dis-
penser, Loctite Nordbak 7255 Sprayable
Ceramic Coating is sprayed onto metal
components to create low-friction surfaces
that improve equipment efficiency. The
coating can be used on tank linings, mixing
vessels, pump housings, impellers, chutes,
troughs and centrifuge components.
www.henkelna.com

Machining energy parts
Mag’s modular HMC 1250/1600 Series is
engineered for high-precision machining of

aerospace, power generation, pump, valve,
and off-road equipment The high-torque
spindle is suited for hard-metal cutting,
while the live spindles extend W-axis reach
by up to 800 mm (31.5 in), enabling deep
cavity milling to high precision with shorter,
more rigid tools.
www.mag-ias.com

Corrosion resistant LED
Magnalight.com announced the addition
of an explosion proof LED light with
non-metallic housing for applications
where high resistance to corrosive envi-
ronments is needed. The HAL-CRNM-

LED7W LED light fixture features the
combination of a high output LED lamp
to provide more light than 100 watt
incandescent lamps.
www.magnalight.com

Easier field inspections
The Iplex Ultralite is a palm-sized video-
scope that can facilitate field inspections
in areas with limited access or cramped
space. With its durable body and crush-
resistant insertion tube the Ultralite
weighs only 1.5 lb (700 g). The ergonom-
ic instrument, with its lithium battery, fits
snugly into the palm of your hand and
comes with a range of interchangeable
optical tip adapters. And the bright LED
mounted on the tip adapters clearly illu-
minates targets. The scope tip instantly
responds to the articulation control and
approaches targets precisely, enabling
fast, efficient inspections. Observed
images can be stored in a connected SD
or SDHC card as high-quality JPEG still
images and MPEG-4 movies.
www.olympus-ims.com

Ingersoll Rand controls
Ingersoll Rand has released Xe-Series
Rotary Compressor Controls for the R90-
160ne Nirvana VSD Premium Efficiency
and the R90-160n Nirvana VSD
Efficiency rotary screw air compressors to
optimize plant efficiency. The Xe-Series
control is a more convenient and reliable
monitoring system that provides a win-
dow into all vital compressor data. The
Xe-Series controller debuted last year on
the Ingersoll Rand R55-75ne Nirvana
VSD Premium Efficiency and R55-75n
Nirvana VSD Efficiency rotary screw air
compressors and is now available on the
larger systems.
www.ingersollrandproducts.com TI

Xe-Series Rotary Compressor Controls
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There is currently an ongoing discus-
sion in the compression industry
about the advantages and technical
differences of tandem compressors

with multiple compressor cases versus
back-to-back or other type of multi-com-
partment single-case compressors.

Process requirements for centrifugal
compressors often result in compression
in several sections. There are various rea-
sons for that:

• High compression ratios
• Process gas streams at different
pressure levels
• Process gas off-takes
• Requirement for gas treatment at
intermediate pressure levels
• Requirement to operate sections
either in series or in parallel, to
increase the operating range
• Intercooling to avoid high dis-
charge temperatures, or to reduce
the power requirement
• Process conditions require different

operating speeds for the compressors.
While these requirements can be met

with separate compressor bodies (multi-
case), it is often desirable and some-
times cost effective to combine the duty
in a single compressor body. In this
case, the body may contain several com-
pression sections.

In general, these sections are set up
to operate in series, but there are also
compressors where the sections can
operate in series or in parallel and allow
for side-streams. From the outside, this
becomes apparent as a compressor with
more than two nozzles.

Frequently, these machines are
referred to as back-to-back compressors.
However, there are actually different
ways of accomplishing multiple section
machines: The impeller inlets in two sec-
tions can either point into the same direc-
tion, or in opposite directions. The former
are often referred to as compound

machines, while the latter are, indeed,
back-to-back machines.

These configurations show differ-
ences in thrust load, leakage, behavior in
series and parallel operation, nozzle
design, emergency shutdown behavior,
and impeller interchangeability.

In back-to-back machines the thrust
loads of the opposing impellers can
almost cancel each other out. Straight
through machines will require a balance
piston for this purpose.

Since the rotor lateral movement is
largest in the center, a back-to-back
machine may incur significant leakages
across the separation seal between the sec-
tions when the sections are operated in
series, because the division seal sees about
half the overall machine pressure ratio. On
the other hand, a compound machine
would see about half the overall pressure
ratio across the division wall seal, when
the sections are operated in parallel.

Dealing with axial thrust
Axial thrust is typically the result of dif-
ferent pressures on the front and back of
the impeller, resulting in a rather large,
net force towards the inlet side of the
compressor. In a back-to-back machine,
this axial thrust can be almost completely
balanced due to fact that about half of the
impellers face in opposite direction from
the other half.

A compound machine achieves thrust
balance using a balance piston on the
shaft. Thrust balance has to be checked
carefully, especially if the machines are to
be operated in series and parallel mode, or
if the intermediate side-stream shows large
fluctuations during operation.

In particular in back-to-back machines,
axial thrust load considerations can reduce
the flexibility of the machine compared to
two independent compressor bodies. In
situations where an emergency shutdown
must be initiated, these machines often

require a hot gas recycle valve to avoid
thrust bearing damage if the sections
unload at different rates.

While multi-compartment machines,
such as back-to-back or compound, may
appear as an elegant and initial cost-
effective solution to complex flow prob-
lems, careful consideration of all operat-
ing conditions must be undertaken to
avoid unforeseen risks in off-design
states. There are clearly some applica-
tions where a conventional tandem multi-
case solution can provide advantages
over multi-compartment solutions.

With a new year upon us, we’d like to
hear from you about any myths you’d like
us to bust. What popular misconceptions
are there out there, you think should be
exposed? What “everybody knows . . .”
turns out to be false and you’d like us to
point it out. Send your thoughts to the
magazine editor and we’ll take up the
best ones in future columns.
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