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(54) PROCESS FOR TESTING A COMPRESSOR OR A COMBUSTOR OF A GAS TURBINE ENGINE 
USING A LARGE COMPRESSED AIR STORAGE RESERVOIR

(57) A process for testing a combustor or a compres-
sor of a gas turbine engine, where a large volume of
compressed air is stored in a large reservoir of at least
10,000 m3 such as an underground storage cavern, com-
pressed air from the storage reservoir is passed through

an air turbine to drive a compressor to produce high pres-
sure and temperature compressed air, and where the
compressed air can be discharged into a combustor and
burned with a fuel for testing of the combustor under sim-
ulated conditions of a real gas turbine engine.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is related to and claims priority
to U.S. Patent Application Serial No. 14/934,219, filed
November 6, 2015, entitled PROCESS FOR TESTING
A COMPRESSOR OR A COMBUSTOR OF A GAS TUR-
BINE ENGINE USING A LARGE COMPRESSED AIR
STORAGE RESERVOIR, which application is continua-
tion-in-part of and claims priority to U.S. Patent Applica-
tion Serial No. 14/008,308, filed November 13, 2013, is-
sued as U.S. Pat. No. 9,200,983, entitled APPARATUS
AND PROCESS FOR TESTING AN INDUSTRIAL GAS
TURBINE ENGINE AND COMPONENTS THEREOF,
which application is a National Stage entry under 35
U.S.C. § 371 of and claims priority to International Appli-
cation No. PCT/US2012/029231, filed March 15, 2012,
which application is related to and claims priority to U.S.
Patent Application Serial No. 61/468,771, filed March 29,
2011, U.S. Patent Application Serial No. 61/561,956, filed
November 21, 2011, U.S. Patent Application Serial No.
61/569,378, filed on December 12, 2011, U.S. Patent
Application Serial No. 61/587,022, filed January 16,
2012, U.S. Patent Application Serial No. 13/108,029, filed
May 16, 2011, and U.S. Patent Application Serial No.
13/410,051, filed March 1, 2012, the entirety of all of
which is incorporated herein by reference.

STATEMENT REGARDING FEDERALLY SPON-
SORED RESEARCH OR DEVELOPMENT

n/a TECHNICAL FIELD

[0002] The present invention relates generally to an
apparatus and a process for testing a component of a
gas turbine engine, especially for a large aero gas turbine
engine, and for a process for testing a large industrial
gas turbine engine that requires large flow capacity and
pressure ratios.

BACKGROUND

[0003] A large frame heavy duty industrial gas turbine
(IGT) engine is typically used to drive an electric gener-
ator and produce electrical energy. These engines can
produce over 200 MW of electric power. An IGT engine
will have a compressor with multiple rows or stages of
rotor blades and stator vanes, a combustor with multiple
can combustors arranged in an annular array (also re-
ferred to as a can annular combustor), and a turbine with
multiple rows of rotor blades and stator vanes. An aero
engine typically has an annular combustor instead of mul-
tiple can combustors arranged in an annular array as in
the IGT engines.
[0004] The single largest hurdle to introducing new
technologies into large frame power generation gas tur-
bine engines or aero engines is the risk that the new

technology may fail during operation of the engine and
result in tens of millions of dollars in equipment damage
and possibly the cost of replacement electricity during
the down time of the power plant. Thus, an owner of one
of these engines is very reluctant to allow for the use of
the engine in testing a new technology. As a result, it is
very difficult to introduce new technologies into a utility
power generation plant. Therefore, most power genera-
tion manufacturers have test facilities to test, to the extent
possible, the individual components prior to going into
production. Unfortunately, the cost of test facilities and
running the tests prohibits extensive testing and usually
only allows for initial issues to be discovered prior to in-
stallation of a new gas turbine engine at the utility site.
[0005] The complexity and difficulty of testing a large
IGT engine as a whole or testing a part or component of
the engine is very high. When a large engine is tested,
the power generated by the test must be dissipated. One
method of dissipating the energy produced is to drive an
electric generator and dump the electrical power pro-
duced. One method of dumping the produced electrical
power is to supply the power back into the electrical grid.
However, this can be complicated and can cause signif-
icant issues with the electric power company. Since the
engine testing might only last for a few hours, supplying
this large amount of electricity to the grid for a few hours
and then stopping makes it very difficult for the electric
power company to manage available energy, especially
if the power suddenly stops due to a problem during the
test which trips the gas turbine engine offline.
[0006] The cost of testing aero engines or large frame
engines may also be problematic. In some IGT engine
test beds, instead of using an electric generator to supply
the resistance load, a water break or electrical heater
resistors can be used to dissipate the load produced by
the engine. These means of dissipating the load have
advantages over the electrical power production de-
scribed above in that the disturbance to the electrical grid
is not produced. However, the disadvantage is that all of
the energy produced is lost.
[0007] In a power plant that uses an IGT engine to drive
a generator and produce electrical power, the electrical
power required by the local community cycles from high
loads (peak loads) to low loads, such as during cool days
or at night. One process to match electric supply with
demand of an electrical power plant is to make use of
compressed air energy storage (CAES) system. At low
loads, instead of shutting down an engine, the engine is
used to drive a compressor instead of an electric gener-
ator to produce high pressure air that is then stored within
an underground cavern such as a salt mine cavern. A
large amount of compressed air is collected and then
used to supply the engine during the peak loads.
[0008] When testing a gas turbine engine such as a
large industrial engine or an aero engine or a component
of one of these engines, the engine or component needs
to be tested at different operating condition other than
just the steady state condition. Engine partial load con-
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ditions must be tested, and doing so requires different
fuel and compressed air flows. Also, the loads on the
engine vary during the testing process from a full load at
the steady state condition to partial loads. Thus, the
amount of energy dissipated varies during the engine
testing process.
[0009] Further, each of the components of an engine
requires testing. The compressor, the combustor or the
turbine can be tested as a separate unit from the engine.
For example, in the testing of a combustor, a large volume
of compressed air at high pressure (15-100 bars) must
be supplied to the combustor, where the compressed air
is burned with a fuel during testing. One or more com-
pressors are required to produce this large volume of
compressed air. Thus, a large electric motor with a power
output of 20-200 MW and greater is required to drive the
one or more compressors. Thus, testing of combustors
requires a large capital expense and maintenance re-
quirements.
[0010] When a component of a large industrial or aero
gas turbine engine is to be tested, such as a combustor
module, a turbine module, or a compressor module, the
entire engine is operated just to test that one component
module. The entire engine is required to be operated in
order to produce the conditions required to test that com-
ponent module. Thus, it is very costly to test a single
component module in a gas turbine engine when the en-
tire engine is to be operated. Also, during operation of
the gas turbine engine for testing one of the component
modules such as a turbine module, a load is connected
to the turbine in order to create a resistance during the
testing process. As described above in the entire engine
testing process, this load is typically lost or difficult to
dissipate.
[0011] In testing of a compressor module, the com-
pressed air produced during the testing process is wast-
ed due to the high cost of storing the compressed air for
future use. Thus, the energy produced in the testing proc-
ess of a compressor module is also wasted.
[0012] Airfoils of high Mach number aircraft are also
difficult to test. An airfoil that requires a high Mach number
of air flow for testing is typically supplied with compressed
air from a compressed air storage tank that is relatively
small and very heavy in construction to withstand the
high pressures involved in this kind of testing. Because
of the limited size of the compressed air tank, the testing
period is on the order of a few seconds, which limits the
accuracy of the test data and the types of data that can
be measured.
[0013] Recently, several gas turbine Original Equip-
ment Manufacturers (OEM’s) have indicated a need for
combustion research capability that far exceeds the flow
capacity and pressure ratios of existing facilities. This
requirement for new combustion research facilities is mo-
tivated in the first instance by the need to design more
environmentally benign gas turbines producing much re-
duced greenhouse gas emissions using hydrogen or, in
the interim, blended hydrogen fuels. This requirement

coincides with the rust-out of existing OEM combustion
research facilities and the need to relocate existing facil-
ities away from urban areas.
[0014] There is a pressing market requirement for a
combustion research facility having significantly in-
creased air mass flow rate and compression ratios than
currently existing facilities. The combustion research ca-
pacity and capability sought is necessary for next gen-
eration industrial gas turbines that will employ much high-
er pressure ratios than today’s engines and will burn a
variety of gaseous and liquid fuels with ever reducing
greenhouse gas emissions. Hydrogen produced from en-
vironmentally benign coal gasification is a key green tar-
get for the US government, based on extensive USA coal
reserves and energy security agenda.
[0015] The National Research Council Institute for Aer-
ospace Research (IAR) Gas Turbine Laboratory (GTL)
already performs similar combustion research and tech-
nology demonstration. The GTL research and technolo-
gy demonstration concerns both conventional and alter-
native fuels but at lower pressure ratios and air mass flow
rates than are required for future technology develop-
ment, demonstration and validation. The minimum facility
air mass flow rate and operating pressure ratio that would
be sufficient for this facility is 150 lb/sec at a pressure
ratio of 60:1. This requires a compressor drive power of
80 MW, although redundancy would be a highly desirable
facility attribute. The Compressor Institute design stand-
ard dictates that no more than 40 MW of compressor
capacity be driven by one shaft. Therefore, at least two
40 MW gas turbines would be required, however, it may
be prudent to use more than two drive gas turbines to
enable cost effective delivery of less than one engine
size class. A test facility of this size is estimated to cost
around $200 million. A more desirable facility capacity
would provide 300-550 lb/sec of air at a minimum pres-
sure ratio of 60:1, but would require a compressor drive
capacity of around 150 MW. A full capacity facility would
deliver 550 lb/sec of air at the 60:1 pressure ratio, but
with a capital investment in excess of $600 million.
[0016] Transient blow down testing is a technique that
has been used for many years in aerospace testing. This
technique is used to reduce the size and cost of com-
pression and vacuum pumps required to develop the re-
quired testing conditions. For example, a compressor can
be run for days or longer to fill a tank to very high pressure
and/or a vacuum chamber to very low pressure. The gas
is then released for testing. Depending on the mass-flow
required during the test, the actual test time can vary from
milliseconds up to many minutes. While the cost of the
compression and vacuum equipment is kept low using
the blow down facility idea, the cost of the pressure and
vacuum tanks become very large. In fact, some of the
largest high pressure tanks available for testing to create
very high Mach number flows are found at NASA Langley,
rather than at private facilities.
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SUMMARY

[0017] An apparatus and process for testing a large
aero or industrial gas turbine engine or a single compo-
nent of an engine, where the engine testing facility is
established close to a compressed air energy storage
(CAES) facility or to an underground cavern that can store
compressed air so that the engine during testing can sup-
ply the underground compressed air storage reservoir
with compressed air, or the underground compressed air
storage reservoir can supply the engine or component
module testing facility with compressed air for the testing
of an engine or an engine component module such as a
compressor module or a combustor module or a turbine
module.
[0018] For testing of an IGT engine, the turbine is con-
nected to drive a compressor so that the load from the
engine during testing is used to drive the compressor to
produce compressed air that is then stored within the
storage cavern or CAES facility for use in peak power
production later or for other engine testing requirements.
Thus, no disruption to the electric grid is produced, and
no energy from the engine testing is wasted. Com-
pressed air from the storage cavern or CAES facility can
be burned with a fuel to produce the hot gas stream for
testing within the turbine, and the turbine can be used to
drive a compressor to resupply the storage cavern or
CAES facility for later use.
[0019] In the testing of a single engine component,
such as a combustor or a turbine, the large volume and
high pressure compressed air can be supplied from the
CAES facility or storage cavern for use in testing the com-
ponent. Therefore, a large capital investment in equip-
ment and a building is not required since the infrastruc-
ture already exists at the CAES power plant.
[0020] Because of the use of an underground CAES
facility or storage cavern for the supply of compressed
air for testing the IGT engine or component module, a
much smaller compressor is required for producing the
compressed air than in the prior art engine test facilities.
If a CAES facility is not available, the engine or compo-
nent module testing CAES facility can be located near
an underground cavern (such as a salt dome) or large
geologic cavern that can be used to store the compressed
air. The compressor can be one-tenth of the size normally
required to supply this large of a volume of compressed
air since the smaller compressor can be operated for a
longer period of time (for example, 72 hours) to supply
the required volume and pressure of compressed air in
the reservoir of the CAES or testing CAES facility. Thus,
the cost of equipment will be much lower since the larger
and costlier compressor is not required to produce this
large of a volume and pressure of compressed air for the
testing process. The storage caverns facility can also be
used to store gaseous fuels such as CH4 or H2 in the
underground cavern or mine such as an old salt mine.
[0021] A high Mach number test can also be performed
using the CAES facility or storage cavern to store a vac-

uum (a negative pressure in relation to atmospheric pres-
sure) within one of the caverns or mines. The large vol-
ume of low pressure (vacuum) air can be used to vary a
downstream pressure for the high Mach number testing
of vehicles or engines in a wind tunnel with a low capital
equipment cost. The testing facility can be connected to
a high pressure cavern upstream and to a negative pres-
sure cavern downstream in order to produce a very high
pressure differential for the test facility in order to test an
aero component. Or, instead of a vacuum chamber the
lower pressure at the outlet of the test object can be sub-
jected to an ejector using the compressed air from the
underground storage reservoir to produce a lower pres-
sure.
[0022] For testing an industrial or aero gas turbine en-
gine, the engine is connected to drive multiple compres-
sors each producing different pressures and each being
connected to a separate underground reservoir to hold
the compressed air at different pressures. One reservoir
might be used to store relatively low pressure com-
pressed air, a second reservoir might be used to store
medium pressure compressed air, and a third reservoir
might be used to store relatively high pressure com-
pressed air. When a testing phase requires a certain
pressure of air, the reservoir with the minimum pressure
can be used instead of wasting pressurized air that re-
quires decreasing of the pressure.
[0023] The cost of the storage volume has always lim-
ited the test time available from blow down tests and
mass-flow rate during the test time. Currently known
methods and facilities have always used relatively small
manmade tanks for storing the high pressure air or the
vacuum. Currently existing storage tanks with a diameter
of around 50 meters can store a low pressure gas. For
high pressure gases, a cylinder tank made of carbon fiber
of about 36 inches in diameter can store up to 200 bar
of pressurized gas. The present invention is to use a man-
made solution mined cavern to form a very large under-
ground cavern to store highly compressed air for aero-
space and gas turbine engine testing or component mod-
ule testing. A geographic salt dome cavern can be thou-
sands of time larger than the largest manmade tank and
built using solution mining at a small fraction of the cost.
The use of a single or multiple salt dome caverns or sim-
ilar geographic cavern to store and release gases to and
from a series of different cavern pressures can signifi-
cantly reduce the cost of aerodynamic wind tunnel and
gas turbine engine or component module testing. The
caverns can be mined at various depths to be best adapt-
ed to meeting the storage pressure range requirement
of a particular cavern. In addition, flow conditions previ-
ously thought unaffordable and therefore never previous-
ly available to the industry for testing can now become
part of the standard test protocol.
[0024] The underground compressed air storage res-
ervoir and the test facility for testing a gas turbine engine
or a component of an engine includes a non-vitiating heat
exchanger to preheat the compressed air from the res-
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ervoir to produce non-vitiated compressed air for use in
a test component such as a combustor in order to more
accurately test the component. The heat exchanger can
be electric or use fuel and air to produce a hot gas that
does not mix with the compressed air from the reservoir
in order to preheat the compressed air to the required
temperature and pressure for testing the component
without decreasing the oxygen content of the com-
pressed air.
[0025] In another embodiment of the present invention,
the non-vitiating heater can be replaced with an air tur-
bine that is driven by compressed air from the under-
ground storage reservoir, where the air turbine drives a
real compressor that will produce the required com-
pressed air at the design pressure and temperature that
is burned with a fuel in a combustor for testing of the
combustor. A compressor can also be tested with this
design in that the air turbine is used to drive the com-
pressor during the testing phase.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] A more complete understanding of the present
invention, and the attendant advantages and features
thereof, will be more readily understood by reference to
the following detailed description when considered in
conjunction with the accompanying drawings wherein:

Figure 1 shows a schematic view of a large gas tur-
bine engine test facility using an underground com-
pressed air reservoir of the present invention.
Figure 2 shows a schematic view of a compressed
air energy storage facility with a large frame heavy
duty industrial gas turbine engine located nearby for
testing of the engine or for testing a component of a
gas turbine engine of the present invention.
Figure 3 shows a schematic view of a turbine com-
ponent of an engine for testing according to the
present invention.
Figure 4 shows a schematic view of a compressor
component of an engine for testing according to the
present invention.
Figure 5 shows a schematic view of a combustor
component of an engine for testing according to the
present invention.
Figure 6 shows a schematic view of an aero vehicle
or aero component within an air tunnel for testing
according to the present invention.
Figure 7 shows a schematic view of an engine testing
facility of the present invention with a thermal heat
storage device.
Figure 8 shows a schematic view of an engine testing
facility of the present invention with three separate
compressed air reservoirs to hold different pressures
of compressed air.
Figure 9 shows an embodiment of the present inven-
tion in which a non-vitiated air heater is used to pre-
heat the compressed air from the cavern prior to en-

tering a test component.
Figure 10 shows an embodiment of the present in-
vention in which an electric heater is used to preheat
the compressed air in the figure 9 embodiment.
Figure 11 shows an embodiment of the present in-
vention with a non-vitiated air heater that uses a fuel
to preheat the compressed air for the figure 8 em-
bodiment.
Figure 12 shows an embodiment of the present in-
vention for a high Mach number test in which the
preheated air from the non-vitiated air heater in figure
11 is further heated by direct injection of a fuel into
the high temperature compressed air.
Figure 13 shows another embodiment of the present
invention where compressed air from the storage
reservoir is supplied to a heater to produce non-viti-
ated air that is delivered into a combustor.
Figure 14 shows a variation of the test facility of figure
in which a high Mach number heater is used between
the non-vitiated compressed air heater and the com-
bustor that is to be tested.
Figure 15 shows another embodiment of the present
invention in which a test facility can test a component
such as a combustor at high altitude where the pres-
sure of the air is low.
Figure 16 shows another embodiment of the present
invention in which the test facility is used to test a
component such as a combustor at a cold environ-
ment.
Figure 17 shows another embodiment of the present
invention in which the test facility is used to test a
compressor under normal operating conditions.
Figure 18 shows another embodiment of the present
invention in which the test facility is used to test a
compressor under a cold environment such as high
altitude.
Figure 19 shows another embodiment of the present
invention in which the test facility is used to test a
turbine under warm air conditions.
Figure 20 shows another embodiment of the present
invention in which the test facility is used to test a
combustor at full load conditions.
Figure 21 shows another embodiment of the present
invention in which the test facility is used to test a
turbine at high altitude conditions.
Figure 22 shows another embodiment of the present
invention in which the facility is used to testing a tur-
bine at high altitude conditions where the turbine
drives a generator as the load.
Figure 23 shows another embodiment of the present
invention in which an air turbine is used to drive a
compressor to produce high pressure and high tem-
perature compressed air for test of a combustor.
Figure 24 shows another embodiment of the present
invention in which an air turbine is used to drive a
compressor for testing of a compressor.
Figure 25 shows another embodiment of the present
invention in which the test facility is used to test a
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component such as a full-sized aircraft in a wind tun-
nel.
Figure 26 shows a test facility according to one em-
bodiment of the present invention using a storage
reservoir such as an underground salt dome to pro-
vide long duration, full scale combustor, augmenter,
and hypersonic propulsion system tests.
Figure 27 shows a CAES (Compressed Air Energy
Storage) test facility of the present invention with a
cave fill process that includes a number of compres-
sors and intercoolers and an after-cooler formed in
series flow that discharges into the cavern.

DETAILED DESCRIPTION

[0027] A test facility and a process for testing a turbine
or combustor component module for an industrial or aero
gas turbine engine is shown in figure 1 in which com-
pressed air stored within a large underground cavern is
used to supply the high flow rate and pressure required
for testing an engine or component module under normal
engine operating conditions. The engine or component
module test facility includes a small compressor 11 (small
in relation to the compressor used on the actual gas tur-
bine engine in which the combustor is being tested), an
electric motor (or a gas or diesel powered engine can be
used) or a small gas turbine engine 12 to drive the com-
pressor 11, an underground compressed air storage res-
ervoir 13 to store compressed air from the compressor
11, an air pressure regulator valve 14 to control the pres-
sure released from the underground compressed air stor-
age reservoir 13, an air heater 15 to heat the compressed
air flowing from the reservoir 13 to a temperature that
would normally be passed into the combustor of the ac-
tual engine, a fuel source 17 such as natural gas to be
burned with the compressed heated air, a combustor 16
that is to be tested, a hot exhaust gas cooler 18 to cool
the hot exhaust gas from the component that is being
tested, and an exhaust and silencer 19 to discharge the
combustor exhaust. The heater 15 is a non-vitiating heat-
er that will produce heated compressed air at a proper
temperature for testing in which the oxygen content is at
a normal range for atmospheric air.
[0028] The compressed air storage reservoir 13 can
be a pre-existing underground storage facility such as an
emptied salt cavern, or can be formed from a salt mine
using a solution to create a cavity within the salt mine
capable of storing compressed air for engine or compo-
nent module testing. Or, if the engine testing facility is
located at a CAES facility, the storage reservoir for the
CAES facility can be used as the compressed air source
for the engine or engine component testing. The storage
reservoir 13 must be capable of storing enough com-
pressed air at a high pressure and high flow rate so that
the combustor can be properly tested. The smaller com-
pressor 11 can be much smaller (such as around one-
third the size of one of the larger compressor used in the
prior art test facilities). Instead of a compressor that cost

$10-100 million, the smaller compressor used in the
present invention would only cost around $1-10 million.
Also, since the storage tank 13 can be filled over a long
period of time, the smaller compressor 11 can be oper-
ated for several days to fill the reservoir 13 with enough
compressed air for the next test to be performed.
[0029] The pressure regulator valve 14 controls the re-
lease of the compressed air from the storage reservoir
13 that will flow into the combustor 16 or test article for
testing. Because the compressed air released from the
storage reservoir 13 is relatively cold air, the air heater
15 will heat the compressed air to the normal temperature
that would be discharged from a required temperature
for testing of the combustor or the turbine or other com-
ponent that is to be tested. Using a fuel to directly heat
the compressed air would supply heated compressed air
but at a lower oxygen content.
[0030] The test facility of the present invention can be
used to test combustors of modern day engines that use
the can-annular combustor or the annular combustor or
silo combustors. Aero engines typically use an annular
combustor while industrial engines use an annular ar-
rangement of can combustors commonly referred to as
a can-annular combustor. In the can-annular and annular
combustors, to reduce the requirement of flow for testing,
these combustors are tested by using only a small section
of the combustor because of the symmetry. However,
some error is produced even when testing of only a sec-
tion of the combustor. To produce a full and accurate test
of the combustor, the entire combustor must be tested
for flow. For the silo type combustor, this combustor can-
not be sectioned so that a portion of the combustor can
be flow tested that would represent the entire combustor.
To test the silo type combustor or the aero annular com-
bustor, the entire combustor should be flow tested and
therefore a high flow rate is required. With the tremen-
dous storage capability of the underground storage res-
ervoir system of the present invention, full testing of the
combustors of any type can be performed using the re-
quired high flow rates and pressures without the high
cost of the large compressors used in the prior art engine
testing facilities and at much longer testing periods.
[0031] The combustor testing can be performed with-
out burning a fuel in the combustor, or can be tested
under normal operating conditions by burning the fuel as
normal within the combustor by injecting the fuel through
the injectors and into the combustor to be burned with
the compressed air from the storage tank 13.
[0032] With the combustor test facility of the present
invention, even an older combustor from an older engine
can be tested in order to improve the combustor perform-
ance. The older engines that used the silo type or annular
type combustor would be idea for use with the much lower
priced testing facility of the present invention. Modifica-
tions to the combustor can be done and then tested at a
lower cost such that modernizing these older combustors
would be cost effective.
[0033] An apparatus and process for testing a large
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industrial or aero gas turbine engine or a single compo-
nent module of an engine, where the engine testing fa-
cility is established close to a compressed air energy stor-
age (CAES) facility so that the engine during testing can
supply the CAES facility with compressed air, or the
CAES facility can supply the engine testing facility with
compressed air for the testing of an single engine com-
ponent is shown in figure 2. Figure 2 shows a CAES
facility (includes the components identified by reference
numbers 41-46) which is located next to a large under-
ground cavern or old salt mine 13 that can be used for
storage of compressed air. The test engine may be a
large industrial gas turbine engine with the components
identified by reference numbers 21-24, that is, a com-
pressor 21, a combustor 22, and a gas turbine 23 to pro-
duce mechanical work that is used to drive a compressor
24 to fill the cavern with compressed air. The compressor
24 provides for a load to the engine during testing. At low
demand for electrical power, the power plant can be used
to drive a compressor 24 to produce compressed air to
be stored within the underground reservoir 13. Therefore,
unlike in the prior art, the load is not wasted but converted
into compressed air for storage in the reservoir 13. At
peak demand, the stored compressed air is then supplied
to the power plant for later use. Air line (a) represents
compressed air being discharged from the reservoir while
air line (b) represents compressed air being delivered to
the reservoir 13. Air line (c) represents a lower pressure
air such as from a vacuum or an ejector. A valve 35 is
used to prevent compressed air from discharging from
the reservoir 13 and back out through the compressor 24.
[0034] An IGT engine testing facility is located adjacent
to the CAES facility (or cavern) so that the load from the
engine that is being tested can be used to produce com-
pressed air for storage in the CAES facility, and the CAES
facility can be used to supply compressed air (or a vac-
uum) to the engine testing facility. With this association,
the overall efficiency of both the engine testing facility
and the CAES facility will be improved. A lower pressure
can be produced using a storage reservoir with a vacuum
or a storage reservoir with compressed air connected to
an ejector that will be described below in more detail.
[0035] For testing of an IGT engine (figure 2), the gas
turbine 23 is connected to drive a compressor 24 so that
the load from the engine during testing is used to drive
the compressor 24 to produce compressed air that is
then stored within the CAES facility for use in peak power
production later or for other engine testing requirements.
Thus, no disruption to the electric grid is produced, and
no energy from the engine testing is wasted. Com-
pressed air from the CAES facility can be burned with a
fuel to produce the hot gas stream for running the CAES
plant or for testing within the turbine, and the turbine can
be used to drive a compressor to resupply the CAES
facility for later use.
[0036] Another benefit of the testing facility of figure 2
for large engines using the compressed air energy stor-
age reservoir 13 is that the reservoir 13 functions as a

load damper in the case when the gas turbine engine
trips.
[0037] The air storage reservoir 13 can be made very
large in order to allow for a large industrial or aero gas
turbine engine to be tested for a long period of time such
as a few days and thus store the energy as compressed
air. The compressed air produced during this long period
of testing can then be used for process generation or
other industrial applications in addition to power gener-
ation.
[0038] Also seen in figure 2, the CAES testing facility
can also include an electric motor/electric generator 43
to drive a compressor 41 through a clutch 42 to resupply
the reservoir 13 with compressed air. Or, the compressed
air stored within the reservoir 13 can be used to drive a
turbine 46 through a clutch 44 which drives the electric
generator 43 to produce electrical energy. An optional
combustor 45 can be used to burn the compressed air
from the reservoir with a fuel and produce a hot gas
stream that is then passed through the turbine 46 to pro-
duce electric energy from the generator 43.
[0039] In the testing of a single engine component,
such as a gas turbine in figure 3 or a compressor in figure
4 or a combustor in figure 5, the large volume and high
pressure compressed air can be supplied from the stor-
age reservoir 13 of the CAES facility for use in testing
these large gas turbine engine components or as a load
on the test article such as the compressor 24 that can
resupply the storage reservoir 13. Therefore, a large cap-
ital investment in equipment and a building is not required
since the infrastructure already exists at the CAES power
plant. In figure 3, compressed air from the storage res-
ervoir 13 is used to drive the gas turbine 23 for testing.
An optional combustor can also be used to produce the
hot gas stream and passed through the turbine to recre-
ate a normal operating condition. A compressor 24 driven
by the gas turbine 23 during testing can be used to pro-
vide a load on the turbine 23 during testing that will also
produce compressed air that can be resupplied to the
reservoir 13. A heat source 51 can be used to heat up
the compressed air coming from the cavern 13. Com-
pressed air from the reservoir can be used to drive an air
turbine 23 that then drives the compressor 24 that will
produce compressed air at a high pressure and a high
temperature for testing a combustor 22 with the proper
pressure and temperature of the compressed air without
having to heat the compressed air from the reservoir 13.
This design will eliminate the need for a non-vitiating
heater.
[0040] In figure 4, a compressor is tested under normal
operating conditions for a long period of time. The com-
pressor is driven by a motor, such as an electric motor
31, and compresses air that is then stored within the com-
pressed air storage reservoir 13. In figure 5, a combustor
22 is tested using compressed air from the storage res-
ervoir 13. Fuel is mixed and burned with the compressed
air within the combustor 22 for the test process.
[0041] Because of the use of an underground CAES
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facility for the supply of compressed air for testing the
IGT or aero engine or components, a much smaller com-
pressor is required for producing the compressed air than
in the prior art engine test facilities. The compressor can
be one-third of the size normally required to supply this
large of a volume of compressed air since the smaller
compressor can be operated for a longer period of time
(for example 72 hours) to supply the required volume and
pressure of compressed air in the reservoir 13 of the
CAES facility. Thus, the cost of equipment will be much
lower since the larger and costlier compressor is not re-
quired to produce this large of a volume and pressure of
compressed air for the testing process.
[0042] The CAES facility can also be used to store gas-
eous fuels such as CH4 or H2 in the underground cavern
or mine such as an old salt mine. The gaseous fuel can
be compressed along with air and then used, for example,
to test a combustor by passing the compressed air and
the fuel into a combustor and ignited. The resulting hot
gas stream is then passed through the gas turbine for
testing.
[0043] A high Mach number test can also be performed
using the CAES facility to store a vacuum (figure 6) within
the cavern or salt mine. The large volume of negative
pressure (vacuum) air or from an ejector can be used to
vary a pressure for the high Mach number testing of ve-
hicles or engines in a wind tunnel with a low capital equip-
ment cost. A second reservoir, such as reservoir 31 in
figure 2, can be used to store a vacuum (31 in figure 2)
that can be used for testing a component in a wind tunnel
as seen in figure 6. Or, the reservoir storing compressed
air can be used to operate an ejector that will produce a
lower pressure at the downstream side of the test article.
Compressed air can be supplied to an inlet end of the
tunnel from the storage reservoir through line (a) and a
negative pressure (vacuum) can be supplied on the outlet
end from the vacuum reservoir 31 or ejector through line
(c). The negative pressure reservoir 31 can be created
by using a vacuum pump to draw air out and produce the
negative pressure. The vacuum pump can also be small
and run for a long period of time to fill the vacuum reser-
voir 31 with negative pressure for testing purposes. The
negative pressure in the vacuum reservoir 31 can also
be produced by pumping hydrogen or oxygen into the
reservoir 31 and then pumping hydrogen or oxygen into
the reservoir to combustor the oxygen and hydrogen mix-
ture to produce water and a very low pressure that results
from the conversion of a gas to a liquid. To produce the
required low pressure for certain testing, a vacuum pump
can then be used to further decrease the vacuum reser-
voir pressure.
[0044] With the present invention, the large amounts
of high pressure air required for full scale testing of large
components such as a large industrial or aero gas turbine
engine can be performed and at lower costs than in the
prior art. Also, engine components such as a combustor,
a compressor or a gas turbine can also be tested. Full
scale aircraft testing can also be performed using a vac-

uum generated within the CAES facility to produce a high
Mach number flow over the vehicle or part. The CAES
facility currently operated in McIntosh, Alabama or
Huntsdorf, Germany would be an ideal location to locate
the large engine test facility of the present invention. How-
ever, any large volume underground reservoir from a salt
mine or a coal mine could also be used to store high
pressure compressed air that could be required for test-
ing of the engine or a single component of an engine. At
the McIntosh, Alabama CAES facility, a source of hydro-
gen production is available and could then be used for
testing of hydrogen combustors.
[0045] Figure 7 shows another embodiment of the en-
gine testing facility of the present invention in which a
thermal heat storage device 36 is used to store heat from
the hot compressed air produced in the compressor 24
that would pass into the storage reservoir 13 and dissi-
pate therefrom after time due to heat transfer from the
hot air to the cooler walls of the storage reservoir 13.
Heat from the hot compressed air is stored in the thermal
heat storage device 36 and then passed into the colder
compressed air that is discharged from the reservoir 13
prior to be used in the testing process.
[0046] Figure 8 shows another embodiment of the en-
gine testing facility of the present invention in which mul-
tiple compressed air reservoirs are used with each res-
ervoir holding a different pressure. The gas turbine en-
gine (which includes a compressor 21, a combustor 22,
and a turbine 23) drives a low pressure compressor 24,
a medium pressure compressor 25, and a high pressure
compressor 26. Each of the compressors 24-26 is con-
nected to a separate compressed air storage reservoir.
The different pressures are for use in different compo-
nents or phases of operation of a component or of an
engine during all phases of testing. For example, a low
pressure reservoir 13 could be used to store compressed
air at 5 to 10 bars, the medium pressure reservoir 28
could be used to store compressed air at 10 to 30 bars,
and the high pressure reservoir 29 could be used to store
compressed air at 50 to 100 bars. The use of the different
pressure reservoirs improves the efficient of the testing
facility in that high pressure air from the 50 to 100 bar
reservoir is not required for use in the low pressure testing
component of around 5 bar in which the pressure must
be decreased from the high pressure to the low pressure
prior to use in the component to be tested. Also, the figure
8 embodiment can also be used to produce different
loads during the engine testing process. When a low load
is required, the engine can be used to drive the low pres-
sure compressor 24. When a high load is required, the
engine can be used to drive the high pressure compres-
sor 26. Or, a combination of compressors can be driven
at the same time to provide even higher loads to the en-
gine.
[0047] In another embodiment of the underground salt
mine, a brine solution can be stored and used to drive
an electric generator and produce electrical energy. If
water was used in a salt cavern, the water would dissolve
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the salt walls of the cavern and function to melt away at
least a portion of the cavern surface. A salt brine solution
that is saturated with salt will not dissolve away the salt
cavern walls. Also, another advantage our using brine
instead of water is that when it is fully saturated with salt
it has a specific gravity of 1.2 compared to water, there-
fore providing 20% more power for the same size equip-
ment. Two caverns are used with different elevations so
that a large pressure difference can be used for power
production. For example, a first cavern would be located
at 500 feet below the surface while a second cavern
would be located 1,500 feet below the surface to produce
a pressure head equal to 1,000 feet. The saturated salt
brine solution could be pumped from the lower cavern
during low power demand and into the higher elevation
cavern for storage until peak demand. At peak demand,
the brine solution can be allowed to flow down and into
the lower cavern through a turbine (such as a Francis
turbine) that will be used to drive an electric generator
and produce electrical energy. Because of the higher
specific gravity (compared to water) more power can be
extracted from the brine solution.
[0048] In another embodiment, instead of a salt cavern
with a salt brine solution, a petroleum storage cavern can
be used for pressure head to drive the turbine and electric
generator. Salt caverns are currently used for the US
strategic petroleum reserve. The pumped storage facility
could them be used for storage of fluid height potential
energy for daily use and chemical energy long term emer-
gencies. The stored fuel or oil in a storage reservoir can
be used to drive the turbine and electric generator. Fuel
or oil in one reservoir can be pumped to a higher elevation
during low demand and then discharged into a lower res-
ervoir through a turbine to drive the electric generator
during peak demand.
[0049] In another embodiment, the power from a large
gas turbine engine during testing could be dissipated and
stored by pumping a liquid (such as a brine solution) be-
tween two different elevations of caverns. For example,
the turbine would be used to drive a pump that will pump
a brine solution from a lower level cavern up to a higher
level cavern to dissipate the energy being produced by
the engine. Then, the brine solution can be passed
through another turbine from the higher elevation to the
lower elevation to drive the turbine and an electric gen-
erator connected to the turbine to produce electrical pow-
er. The turbine can be connected to a Francis turbine
through a speed reduction gear for pumping the fluid up
to the higher elevation cavern or storage reservoir. The
same or a second Francis turbine is then used to drive
the electric generator when the liquid flows down to the
lower elevation cavern.
[0050] Figure 9 shows an embodiment of the present
invention used to test a component of a gas turbine en-
gine, such as a combustor or a gas turbine using com-
pressed air from the underground cavern or reservoir 13.
In order to properly test a component of a gas turbine
engine such as a combustor, the compressed air that

enters the combustor and is burned with a fuel must enter
the combustor at the pressure and temperature that
would normally be produced by a compressor operating
with the gas turbine engine. Since the compressed air
that is to be used for the testing of the combustor is sup-
plied from the cavern 13, this air must be preheated to
the desired testing temperature. However, this preheated
air must not be burned with a fuel prior to entering the
combustor because the compressed air would have less
oxygen content than from the compressor of the engine.
Thus, a non-vitiated compressed air must be used in
which no combustion has occurred. Otherwise, the test-
ing of the combustor would not be an accurate simulation
and thus the results would be unreliable. Therefore, the
relatively cool compressed air from the cavern 13 is pre-
heated by a non-vitiating heater 62 that burns a fuel with
atmospheric air that is passed over a closed tube in which
the compressed air from the cavern is passed in order
to transfer heat to the compressed air and produce a hot
high pressure compressed air that is then delivered to
the test component 63, such as a combustor. With the
hot compressed air entering the combustor, a fuel can
then be burned to simulate the gas turbine engine and
test the combustor under real conditions. A flow control
valve 61 is used to control the amount of compressed air
delivered from the cavern to the preheater 62. A pressure
control valve 64 is used to control the pressure in the test
component 63. The exhaust 67 from the test component
can be injected with water 66 to cool down the exhaust
prior to discharge from the test facility.
[0051] Figure 10 shows an electric heater 65 that can
be used to preheat the compressed air from the cavern
13 to produce the non-vitiated compressed air for use in
the testing component 63 instead of the fuel burning with
air. For example, the electric heater 65 may be used in
the system shown in figure 9 instead of the heater 62.
[0052] Figure 11 shows an embodiment of a non-viti-
ated compressed air preheater 62 that is used in the
present invention of figure 9. Compressed air from the
cavern 13 at 2,000 psi and 200 degrees F enters the
preheater at a first inlet 71 and flows toward the outlet
72. Compressed air also from the cavern 13 enters a
second inlet 73 of the preheater at 2,050 psi and 200
degrees F and flows toward a section where a fuel is
injected to burn with the second flow of compressed air
to produce compressed air at 3,000 degrees F. This hot-
ter compressed air at 3,000 degrees F is then used to
preheat the first flow of compressed air (that is, flow from
the first inlet 71 to the outlet 72) from 200 degrees F to
2,100 degrees F that exits the preheater at 72. The sec-
ond flow 74 is discharged to the atmosphere at 75. The
pressures and temperatures displayed for figure 11 are
for a certain size aircraft engine component but can be
at different pressures and temperatures, depending on
the component to be tested.
[0053] Figure 12 shows an embodiment of the non-
vitiated compressed air preheater that is used for a test
in which the compressed air must be further heated to a
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temperature such as 2,800 degrees F. After exiting the
preheater at 72, the non-vitiated compressed air at 2,100
degrees F is burned with a fuel to produce a temperature
of 2,800 degrees F at the outlet 76. It is very difficult to
heat air past around 1,500 degrees F with an externally
fired heater due to high pressure gradients across the
heater tubes and high temperature of the tubes. The test
facility of the present invention allows for temperatures
of 2,100 degrees F for non-vitiated air and 2,800 degrees
F for partially vitiated air. Since the flows 74 and from 71
to 72 are both at high pressure, the surface area of the
heat exchanger tubes or tube can be greatly reduced
compared to a conventional natural gas heater in which
the hot gas is at atmospheric pressure. The tube life is
also increased since the pressure gradient across the
tube wall is reduced.
[0054] Figure 13 shows another embodiment of the
present invention where compressed air from the storage
reservoir 13 is supplied to a heater 62 to produce non-
vitiated compressed air that is delivered into a combustor
22. A pressure regulator valve 61 controls the amount of
compressed air delivered from the storage reservoir 13.
Fuel and air is burned within the heater 62 to produce a
hot gas that is used to heat up the compressed air from
the storage reservoir 13 without decreasing its oxygen
content so that the compressed air delivered to the com-
bustor 22 is at the temperature and pressure that would
normally be discharged from a compressor that would
feed to the combustor 22 of the gas turbine engine. The
non-vitiated compressed air would have normal oxygen
content because no fuel is burned directly within the com-
pressed air. Water can be injected into the exhaust from
the combustor 22 in order to cool the hot exhaust prior
to discharge to the atmosphere. With the combustor test
facility of the present invention, a combustion chamber
can be tested at the component level, and at full scale,
and for a long duration, and with a low cost compared to
that available in the prior art.
[0055] Figure 14 shows a variation of the test facility
of figure 13 in which a high Mach number heater 81 is
used between the non-vitiated compressed air heater 62
and the combustor 22 that is to be tested. The heater 81
would be a high enthalpy heater. The figure 14 embodi-
ment is used to test a combustor or other component at
a high Mach number by further increasing the inlet tem-
perature of the non-vitiated compressed air and thus sim-
ulate the conditions at an inlet to a component of an air-
craft traveling at a high Mach number.
[0056] In figure 15, another embodiment of the present
invention shows a test facility that can test a component
such as a combustor at high altitude where the ambient
outside pressure of the air is low. The figure 15 test facility
is similar to the figure 14 test facility, but with the addition
of an ejector 82 positioned downstream from the test ar-
ticle such as the combustor 22. The combustor 22 would
discharge into a low pressure atmosphere at high altitude
and thus the discharge pressure for testing should also
be low. The ejector is supplied with compressed air from

the storage reservoir 13 that is discharged into the ex-
haust gas from the combustor 22 and decreases the pres-
sure. The ejector 82 functions like a jet pump in that a
first gas is discharged into a second gas and pulls the
second gas forward, resulting in the inlet of the second
gas to decrease in pressure. The non-vitiated com-
pressed air is delivered to the combustor 22 and burned
with a fuel to produce a hot gas stream that is exhausted
from the combustor. The compressed air from the stor-
age reservoir 13 is discharged into the combustor ex-
haust gas to decrease the pressure and thus simulate
the combustor conditions at high altitude.
[0057] In figure 16, the test facility is used to test a
component such as a combustor at a cold environment.
Compressed air from the storage reservoir 13 is delivered
to an air turbine 84 that will discharge the compressed
air at lower temperature into a combustor 22 that is then
burned with a fuel to test the combustor under cold con-
ditions at inlet. A flow regulator valve 61 controls the pres-
sure and flow into the air turbine 84. No combustion oc-
curs in an air turbine, only a decrease in the pressure
and temperature of the air. In an example, compressed
air enters the air turbine at 30 degrees C and is dis-
charged at -120 degrees C.
[0058] In figure 17, the test facility is used to test a
compressor under normal operating conditions. Com-
pressed air from the storage reservoir 13 is delivered to
a non-vitiated heater 62 to increase the temperature of
the compressed air to a normal inlet temperature for the
compressor being tested. Compressed air from the stor-
age reservoir 13 is also delivered to an air turbine 84 that
is used to drive the compressor 24 being tested. Pressure
regulator valves 61 are used to control compressed air
flows into the heater 62 and the air turbine 84. An advan-
tage of the figure 17 test facility is quick on and off control
which results in little to no upset of the electrical grid.
Also, large compressors can be tested with full scale op-
eration. A bypass line with a pressure regulator valve 61
from the storage reservoir 13 to an inlet of the compressor
24 can be used to vary an inlet pressure or temperature
of the air into the compressor 24 to test for varying inlet
conditions.
[0059] In figure 18, the test facility is used to test a
compressor under a cold environment such as high alti-
tude. The compressor 24 being tested is driven by a first
air turbine 84 using compressed air from the storage res-
ervoir 13. Compressed air from the storage reservoir 13
is also delivered to a second air turbine 85 that decreases
the pressure and temperature of the compressed air that
is then delivered to an inlet of the compressor 24 being
tested. The second air turbine 85 can drive an electric
generator 86 to produce electricity for use elsewhere.
The compressed air from the compressor 24 being tested
can be delivered back to the storage reservoir 13 or else-
where for use in another test. In another version of the
figure 18 embodiment used to test a compressor, the air
turbine exhaust could be used as the inlet air into the
compressor. This would provide a lower pressure and a
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lower temperature of inlet air for the compressor 24 being
tested while the air turbine 84 is still used to drive the
compressor 24.
[0060] In figure 19, the test facility is used to test a
turbine under warm air conditions. Compressed air from
the storage reservoir 13 is delivered to a non-vitiated
heater 62 to increase the temperature of the compressed
air to a warm condition and passed through the turbine
23 without burning a fuel. The heater 62 can be a non-
vitiated heater or a duct burner. The warm compressed
air can be used to test the turbine 23 for aerodynamic
and cooling data. The turbine 23 can drive a load 87 such
as a compressor or a generator.
[0061] The test facility is figure 20 is used to test a
combustor at full load conditions. Compressed air from
the storage reservoir 13 is delivered to a non-vitiated
heater 62 to increase the temperature of the compressed
air to simulate the conditions that would be discharged
from a compressor sized for the combustor that is being
tested. Fuel and air are burned to produce heat that is
then used to heat up the compressed air within affecting
the oxygen content. The preheated compressed air is
then delivered to the combustor 22 where the air is
burned with a fuel to produce a hot gas that is discharged
to the turbine 23 that is being tested. The turbine 23 can
drive a load 87 such as a compressor or a generator. A
large industrial engine turbine can be tested at full load
conditions for many hours using this test facility.
[0062] Figure 21 shows a test facility for testing a tur-
bine at high altitude conditions. Compressed air from the
storage reservoir 13 is heated through a non-vitiated
heater 62 and then passed through the gas turbine 23
that is being tested. Compressed air from the storage
reservoir 13 is also delivered to an ejector 82 that lowers
an outlet pressure of the turbine 23 exhaust to simulate
high altitude conditions on the discharge end of the tur-
bine 23. The turbine 23 can drive a load such as a com-
pressor 24 or a generator. At high altitude, the air has a
lower Reynold’s number and thus can cause separation
in the low pressure turbine. Thus, testing can in the facility
of figure 21 can improve the design of the turbine at high
altitudes. Figure 22 shows a facility for testing a turbine
at high altitude conditions where the turbine 23 drives a
generator 86 as the load.
[0063] In the Figure 23 embodiment, a non-vitiating
heater can be eliminated from the combustor testing op-
tion. Compressed air from the reservoir 13 can be sup-
plied to an air turbine 23 that will drive a compressor 24
to produce the proper compressed air with the pressure
and temperature required for discharge into the combus-
tor 22 that is to be tested. Thus, the high pressure and
high temperature compressed air is produced from an
actual compressor that is sized for use with the combus-
tor 22 that is to be tested. In the figure 24 embodiment,
the air turbine 23 is used to drive a compressor 24 that
is being tested.
[0064] The test facility shown in figure 25 is used to
test a component such as a full-sized aircraft in a wind

tunnel. A component to be tested is secured within a wind
tunnel 88. Compressed air from the storage reservoir 13
can be passed through a non-vitiated heater 62 to in-
crease the temperature of the compressed air delivered
to the wind tunnel 88, or compressed air from the storage
reservoir 13 can be passed through an air turbine 84 to
decrease the temperature of the compressed air for de-
livery to the wind tunnel 88.
Alternatively, the air turbine 84 could be replaced with a
throttling valve that would lower the pressure and tem-
perature of the compressed air from the storage reservoir
13. Compressed air from the storage reservoir 13 can
also be delivered to an ejector 82 located downstream
from the wind tunnel 88 to decrease the exit pressure at
the wind tunnel 88. The ejector 82 functions to decrease
the pressure of the air at the discharge end of the wind
tunnel 88. With the ejector 82 at the discharge end of the
wind tunnel 88, very high Mach number tests can be done
on a component and for long periods of time compared
to that available in the prior art. The huge amount of com-
pressed air available within the storage reservoir 13 can
be used to supply a large volume of compressed air to
the wind tunnel. With the test facility of figure 23, a vehicle
can be tested at full scale and at high Mach numbers
(Mach 5 to Mach 10) and for hours and not seconds as
is the current conditions of the prior art.
[0065] Figure 26 shows a test facility using a storage
reservoir such as an underground salt dome to provide
long duration, full scale combustor, augmenter, and hy-
personic propulsion system tests. As a nonlimiting ex-
ample, this testing facility may provide a 10-hour test
time, whereas currently known testing facilities provide
only about 60 seconds of test time. Also, lower operating
costs are possible due to nighttime electric rates and zero
electric demand charges. A significantly lower capital
cost is achieved due to a compression system cost re-
duced by 80% and a power infrastructure reduced. The
test facility of the present invention can provide for aero
testing with a nominal flow rate of 500 lbs/second at a
pressure of 1,100 psi and a temperature of 1,450 degrees
F. the test facility of the present invention can provide for
hyper testing with a nominal flow rate of 1,000 lbs/second
at a pressure of 2,800 psi and a temperature of 2,050
degrees F.
[0066] Figure 27 shows a CAES (Compressed Air En-
ergy Storage) test facility of the present invention with a
cave fill process that includes a number of compressors
91 and intercoolers 92 and an after cooler 93 formed in
series flow that discharges into the cavern 13. The inter-
coolers 92 and the after cooler 93 decrease the compres-
sor 91 exit temperatures. Control valves 94 and 95 reg-
ulate the flow into and out of the cavern 13. An externally
fired heat exchanger 96 increases the temperature of the
compressed air form the cavern 13 and delivers the heat-
ed compressed air to the test cell 97. Hypersonic and
aerospace testing can be achieved with large volumes
of compressed air and at much longer periods of testing
than is available in the current prior art test facilities.
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[0067] It will be appreciated by persons skilled in the
art that the present invention is not limited to what has
been particularly shown and described herein above. In
addition, unless mention was made above to the contra-
ry, it should be noted that all of the accompanying draw-
ings are not to scale. A variety of modifications and var-
iations are possible in light of the above teachings without
departing from the scope and spirit of the invention, which
is limited only by the following claims.
[0068] The invention thus provides the following em-
bodiments set out as clauses:

1. A process for testing an aerospace vehicle or com-
ponent under low atmospheric conditions, the proc-
ess comprising the steps of:

filling a first underground storage reservoir with
compressed air;
forming a vacuum in a second underground stor-
age reservoir;
securing an aerospace vehicle or component to
be tested within a wind tunnel;
passing compressed air from the first under-
ground storage reservoir into the wind tunnel for
testing; and
applying a vacuum from the second under-
ground storage reservoir to a downstream side
of the wind tunnel.

2. The process of clause 1, wherein the aerospace
vehicle is a full size aircraft vehicle.
3. The process of clause 1, wherein the aerospace
component is a rocket engine.
4. A process for testing a combustor of a gas turbine
engine under low atmospheric conditions, the proc-
ess comprising the steps of:

filling an underground storage reservoir with
compressed air;
securing a combustor to be tested on a test
stand;
passing compressed air from the underground
storage reservoir through a heater to increase
a temperature of the compressed air;
passing the heated compressed air into a com-
bustor for testing;
burning a fuel with the heated compressed air
within the combustor; and
passing additional compressed air from the un-
derground storage reservoir into an ejector lo-
cated downstream of the combustor to decrease
a pressure at an exhaust of the combustor to
simulate a low atmospheric condition.

5. The process of clause 4, wherein the step of heat-
ing the compressed air from the underground stor-
age reservoir includes heating the compressed air
without decreasing an oxygen level of the com-

pressed air.
6. A process for testing a compressor of a gas turbine
engine, the process comprising the steps of:

filling an underground storage reservoir with
compressed air;
securing a compressor to be tested on a test
stand;
passing compressed air from the storage reser-
voir into an air turbine to drive the air turbine;
driving the compressor to be tested with the air
turbine; and
monitoring the compressor during the testing.

7. The process of clause 6, further comprising:

passing compressed air from the underground
storage reservoir through a heater to increase
a temperature of the compressed air; and
passing the heated compressed air from the
heater into an inlet of the compressor that is be-
ing tested.

8. The process of clause 7, wherein the compressed
air is heated in the heater to a normal inlet temper-
ature for the compressor being tested.
9. The process of clause 6, further comprising:

passing compressed air from the underground
storage reservoir through an air turbine to de-
crease a temperature of the compressed air; and
passing the compressed air with the lower tem-
perature from the air turbine into an inlet of the
compressor being tested.

10. A process for testing a turbine at a high altitude
condition, the process comprising the steps of:

filling an underground storage reservoir with
compressed air;
securing a turbine to be tested in a test stand;
passing compressed air from the underground
storage reservoir through a heater to preheat
the compressed air to a proper turbine inlet tem-
perature of the turbine being tested;
passing the preheated compressed air through
the turbine for testing;
passing an exhaust from the turbine through an
ejector; and
passing compressed air from the underground
storage reservoir through the ejector to de-
crease a pressure of the turbine exhaust to sim-
ulate a high altitude condition.

11. The process of clause 10, wherein the step of
preheating the compressed air from the under-
ground storage reservoir includes heating the com-
pressed air without decreasing an oxygen level of
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the compressed air.
12. A process for testing a combustor of a gas turbine
engine, the process comprising the steps of:

filling an underground storage reservoir with
compressed air;
securing a combustor to be tested in a test stand;
passing compressed air from the underground
storage reservoir through an air turbine to drive
the air turbine;
driving a compressor with the air turbine to pro-
duce compressed air where the compressor is
sized for the combustor being tested;
passing the compressed air into the combustor;
and
burning a fuel with the compressed air within the
combustor.

13. A process for testing a compressor of a gas tur-
bine engine, the process comprising the steps of:

filling an underground storage reservoir with
compressed air;
securing a compressor to be tested in a test
stand;
passing compressed air from the underground
storage reservoir through an air turbine to drive
the air turbine;
and driving the compressor with the air turbine
to produce compressed air for testing of the
compressor.

14. A process for testing a full-sized aircraft or full-
sized gas turbine engine in a wind tunnel, the process
comprising the steps of:

securing a full-sized aircraft or engine in a wind
tunnel for testing;
filling an underground storage reservoir with
compressed air;
passing pre-treated compressed air from the un-
derground storage reservoir through the wind
tunnel for testing of the full-sized aircraft or en-
gine;
connecting an outlet of the wind tunnel to an
ejector; and
passing compressed air from the underground
storage reservoir through the ejector to de-
crease the exit pressure at the wind tunnel dur-
ing testing of the full-sized aircraft or engine.

15. The process of clause 14, wherein the step of
pre-treating compressed air from the underground
storage reservoir includes preheating the com-
pressed air, and the process further comprises pass-
ing the higher temperature compressed air into the
wind tunnel.
16. The process of clause 15, wherein the step of

pre-treating compressed air from the underground
storage reservoir includes preheating the com-
pressed air without lowering an oxygen content of
the compressed air to a higher temperature.
17. The process of clause 14, wherein the step of
pre-treating compressed air from the underground
storage reservoir includes passing the compressed
air from the underground storage reservoir through
an air turbine to lower the temperature of the com-
pressed air, and the process further comprises pass-
ing the lower temperature compressed air into the
wind tunnel.

Claims

1. A process for testing a combustor (22) of a gas tur-
bine engine under low atmospheric conditions, the
process comprising the steps of:

filling an underground storage reservoir (13)
with compressed air;
securing a combustor (22) to be tested on a test
stand;
passing compressed air from the underground
storage reservoir (13) through a heater (62) to
increase a temperature of the compressed air;
passing the heated compressed air into the com-
bustor (22) for testing;
burning a fuel with the heated compressed air
within the combustor (22); and
passing additional compressed air from the un-
derground storage reservoir (13) into an ejector
(82) located downstream of the combustor (22)
to decrease a pressure at an exhaust of the com-
bustor (22) to simulate a low atmospheric con-
dition.

2. The process of claim 1, wherein the step of heating
the compressed air from the underground storage
reservoir (13) includes heating the compressed air
without decreasing an oxygen content of the com-
pressed air.

3. The process of claim 1 or claim 2, wherein passing
the compressed air from the underground storage
reservoir (13) through a heater (15) includes control-
ling the release of compressed air from the under-
ground storage reservoir (13) with a flow control
valve (61).

4. The process of any of claims 1-3, further comprising
controlling a pressure of the compressed air within
the combustor (22) for testing with a pressure control
valve (64).

5. The process of any of claims 1-4, wherein the un-
derground storage reservoir (13) is an emptied salt
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cavern.

6. The process of any of claims 1-4, wherein the un-
derground storage reservoir (13) is a storage reser-
voir of a compressed air energy storage (CAES) fa-
cility.

7. The process of any of Claims 1-6, further comprising
passing the passing the compressed air through the
heater (62) and then into a high enthalpy heater (81).

8. The process of any of Claims 1-7, further comprising
injecting water into an exhaust of the combustor (22)
to be tested.
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